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AFSA-PSO & R B FEHAHUT S5 A
TARREF V BB K s WF N T 6. A
3 vk AR F Y GDOP AR B 5% i
— I %) | [Al— 2 BOROR [F (B ) GDOP 525,
3.1 MEFXEEMEZME

f£ AFSA-PSO # 5 53k h 38 i 2 W ) B i
WA 385 100 B 00, 2% 1k AR R B8 50, B Bl 4
K%k 10,3045 BN T8 0.4, 7535 ) GDOP i
2 K e R I 1 TR

Fo 1 S5 R VB, 1 2 1 2 G RE
K, GDOP 5 22 (/) , fH 2 8 3 % K 1y GDOP
TR ZETE 0 ~0.07 Z[f], 3 W WLEF 4 AFSA-PSO
1 L A T SRR K

F1 NHMEEEEEOEMN

Table 1 Effect of visual field on algorithm performance

ME K GDOP iR 2% -5 GDOP % 2% e ARFERT /s

2 0.1125 0.06521 2.451830
4 0.1375 0.057 34 2.691055
6 0.1005 0.05191 2.869438
8 0.1075 0.03003 2.938141
10 0.096 4 0.02748 2.969203

3.2 BHTKWEERMERZ

£ AFSA-PSO & 2 53k h, B B 2% 1R AR
Bl 50, BT MR 10, P EF N 108 0.4,
GDOP 72 Je vk B FEM 4N 2 P i o

F2 BHSKMEZMEENTN
Table 2 Effect of step length on algorithm performance

B K GDOP % VI GDOPiR%E  EEFEN/s
6 0.2892 0.09355 3.291174
8 0.1686 0.05569 3.018298
10 0.1075 0.047 54 2.855520
12 0.1135 0.08741 2.866246
14 0.1196 0.094 40 2.965653

T2 HURKW], B RK N 6 ~10 B FiH
B s K BN, AFSA-PSO - 2 3k 2 FE I i 2>
GDOP ¥y 25t b 2 0/ 5 5 8 3 8 K ik 10
i B £% 8 K B B, AFSA-PSO - 1 3k &2 #E
I B4, GDOP 152 2 2 ¥ 1 K
3.3 AFERTHNEEMEELT
1E AFSA-PSO & B kv, 0B 2% 1k kAL
Bl S0, BN 10, B 842 K 8, H GDOP 4%
ZEAH Mk REAERS N2 3 FT7R o
F3ERFEM 2 5=0.2 F15=1H,AFSA-
PSO B35 B € I 33 0 5 DA, O 52 B PR e A2
PHFREN T AILE 0.4 ~0. 8 Z A UK .
®3 AFEETFHEEERNZNE
Table 3 Effect of crowding factor on

algorithm performance

PWHEHE T fk GDOP iR -1y GDOP 275 JEARAEH /s

0.2 0.2149 0.12394 3.153434
0.4 0.1075 0.06793 2.240370
0.6 0.1290 0.09577 2.083249
0.8 0.1196 0.08065 2.022105
1 0.1135 0.097 68 3.082750
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R T B UEAS SCR PR RE, SE e TR LR
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A3k B T IGS(International GNSS Service, 1GS)
W3, b=F/ GPS FIR LA A5 oy [ 2279 827.3156,
5004704.3094,3219776.2093 |m, &2 WA H 6.
TR A SR DA, TR A R R R A
5 EBK A 3h FELK A Tmin, K145
BT 3h AL k/GPS XA JE T AT L T8 A B K
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B 1 28,3 h pydt2k/GPS SR & Tl W T
EACH 292 18 M5, B 75 A4 w] UL T A v i Bt
6 T, 41 W B vk v B, i AT C = 18 564 1K
GDOP {H [ 155,k BEAFERT 29k 4.5 s, i /)y GDOP
H -k 2.251028,
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Table 4 Single satellite selection time of different

satellie selection algorithms

RN KRR /s GDOP{H RETRHAS

i 4.902 163 2.251028 921 27 31 38 39
AFSA-PSO 2.502947 2.251028 921 27 31 38 39
PSO 1.695711 2.358500 921 27 39 38 37
A
5 & it

AR SCHETE T — Fh Btk O AL T2 5 Ak
B 5 AFSA-PSO 5k 5 Ak 2 i #2 o,
/b GDOP {4 3153 YK, 38 3 %o 35005 47 07 L9 4k
Mo, #2245

1) AFSA 5| A PSO 3k, 5ifle T PSO
LA il e U AN AL o
2) fEH A M, 12 BB [F] I, AFSA-
PSO & 2 45 R HERAPEOL T PSO 2 2%

3) R e B R 3% i, AFSA-PSO % B2 55
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4) S DIEAR L, 2k RO 6 B, AFSA-
PSO & B 3515 3 i 3
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Satellite navigation satellite selection algorithm based on
improved particle swarm optimization
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Abstract: In order to improve the performance of satellite selection algorithm, the Particle Swarm Optimi-
zation ( PSO) satellite selection algorithm based on artificial fish swarm algorithm is proposed. Using the global
convergence characteristics of artificial fish swarm algorithm, the algorithm can overcome the shortcomings of
PSO algorithm that is easy to fall into local optimum. The improved algorithm treats each satellite combination
as a particle in space, and the Geometric Dilution of Precision ( GDOP) is chosen as the fitness function. The
particle updates its position based on the optimization principle of the particle swarm optimization algorithm and
artificial fish swarm algorithm, and the optimal satellite combination and GDOP value are obtained. The algo-
rithms are verified and compared with real data, and the results show that the improved satellite selection algo-
rithm not only guarantees the efficiency of the satellite selection, but also the accuracy of the satellite selection
result is better than that of the satellite selection algorithm based on the PSO.
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Statistical analysis of electromagnetic radiation from random
multi-conductor transmission lines
YAN Xuezhi, SHI Ce, ZHAO Yu", YANG Jinpeng

( College of Communication Engineering, Jilin University, Changchun 130022, China)

Abstract: In this paper, a statistical algorithm based on polynomial chaos expansion and dipole approxi-
mation for electromagnetic radiation calculation of interconnected cables with random parameters is proposed.
In this method, orthogonal polynomials are used to expand the equation of the multi-conductor transmission
line with random coefficients, the current along the transmission line is obtained by combining the boundary
conditions, and then the electric dipole approximation and the mirror image method are used to calculate the
total radiation caused by the current of the transmission line. Simulation results verify the accuracy of the pro-
posed method, and the computational efficiency is greatly improved compared with the traditional Monte Carlo
method. This method has certain reference value for predicting cable radiation field with random parameters,
evaluating cable electromagnetic radiation and testing system performance index.

Keywords : electromagnetic radiation; polynomial chaos expansion; dipole approximation method ; multi-

conductor transmission line system; statistical analysis
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Fig. 10 Flowchart of manufacturing for experimental sample
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Table 2 End face torsion angle of spiral wound actuator
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0 0 0 0
10 19.97 20.6 18.5
20 39.51 40.3 37
30 55.25 58.4 50.6
40 70.86 75.8 68.4
50 85.73 92.2 79.5
60 99.42 107.1 9.5
70 112.74 122.8 109.6
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Fig. 13 Torsion angle relative error comparison of

actuator end face
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Fig. 14  Grabbing experiment of spiral wound actuator
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Design and research of closed bionic spiral wound soft gripper
CAO Yi'"** | GU Sucheng'?, ZHAI Minghao'>, WANG Baoxing'”*, DENG Xiaolong’

(1. School of Mechanical Engineering, Jiangnan University, Wuxi 214122, China;
2. Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology, Wuxi 214122, China;

3. Department of Electrical Engineering, Jiangsu Vocational College of Information Technology, Wuxi 214153, China)

Abstract: Aimed at the problems of lacking the theoretical research on the spiral winding deformation for
soft gripper and the traditional soft gripper having a low load capacity, the research on the spiral deformation
characteristics and the closed capture form of the fiber-reinforced bionic soft gripper was carried out. First, a
bionic soft gripper was designed, which is composed of a software holding device, a soft clamping sleeve, a
fixing sleeve and a connecting device. Secondly, a nonlinear mathematical model of the driving pressure and
the torsion angle of the soft driver end face is established based on the Mooney-Rivlin model. And the end-
closing characteristics of the soft gripper were analyzed. Then, the simulation and experiment of the unit spiral
wound drive were carried out. The results prove the correctness of the theoretical model. Finally, the closed
grabbing experiment of the bionic soft gripper was carried out. Experimental results show that the closed bionic
soft gripper has a large load capacity and good target adaptability.

Keywords: spiral winding deformation; fiber-reinforced structure; bionic; soft gripper; closed form;

Mooney-Rivlin model
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(LR WESFELTRESER, 1# 200444)

i E: FF RN H B A (SLAM) 2 S MAR M R #EAZ —, HFRNE
SLAM #y 2 #ff 17 AL, 4t % AL % SLAM [ 20 A% 0 v o8 2 0 & 09 5] AL, 48 W — b & 308 9 v 1 30
BMEE, ZEEHARES HELSMRE REFTMNER 3 MM &, &%, %74
EE&RRFMEME S, HIT T HARBEAEEHREMRRER, WRER B LWE 27 KA
Bz meEmE, REATEEN, A, BREMKRBRERKENC A - LI AEKE AR
BHEER, - EWHAGHEEEARBEENGR, TERIA L RH RS AdLRH
AFEABRATELENZ T A ARGAR, K, A ERAXRMNEEAHHERKEN
T 2 3 A ey PR, Bt T RBR M AR S, MR F I ERE, LR +,5 £ DBoW ik M
b, 4R B SRR R R R T 20% DL b, LR B H R AL

X B8 W ASEMEHEMZE(SLAM); HXAARN; B#HFMLE; &8 FIME; Kz F

hE 45 KS . TP242
XEtRER: A

vt 8] 26 41 55 Hb & M4 2 ( Simultaneous Lo-
calization and Mapping, SLAM ) 37 AR 240 % 5 AL 19
SRR Z ", H R 3 R T LA S
FUR AL HE SLAM SR 3 %58 0o AH AL AR A 3% 22 5]
G, R LA J7 325 A 11 AR 28 18 1 3z 3l 978 ) S
STHHEAT U AR PR R A I 4 O S i O 4k g
KPR A P A AL 2 7 220 ) — i X
I8, AR R 5 s pe A ) B SEAR A o PR B A I 45
25 0 E A IR T R A BR R A AR A 2 W0, I
T i 25 A 000 S i A P G T 5 92 14 S B T 7
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Map) 28 5 ¥, Clemente Davison™*! F 2007 4E 48
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SR A i 1 i % Y DA B AG T £ R AR AR Ry
GO AN T R HEA . Q&1 2 3 B (Image-to-

NEHS: 1001-5965(2021)01-0024-07

Map) % J5 5 . Williams 46" £ 8 i 5 5 i 45 5
I3 HE T — it i A R 2 1 5 W e P A X
N FR KA E TR I DB E G &, H & X Ay
207 E AR — WY P B A5 SR TR I 2503 25 4%
PR TSI . O H AT 32 i Y R 3 E R
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WEE KRG A BT TR R 4 SR
T, Krose 4™ 3 i 32 43 43 #F ( Princi-
pal Component Analysis, PCA ) % 4k 4= i B 1% 1) 4
JRHAR T o JE RN T IR % I AR A B i 1
Jio Lowry 45" 3 1f 75 £k % ) st f T PCA il iR
T 48t PCA FHIT 3020 1 2 2 AR T BG4
FRARLA A B, , 0] P18 78 48t L AR, T i~ B o 4
JE R PCA FFAE I AH B2 , B8 BE I A BREE A9 28 48 o AH

Wi BH: 2019-12-23; FHBH: 2020-01-17; M4 HATIE : 2020-03-13 10:37
M 4& H R b4k : kns. cnki. net/kems/detail /11.2625. V.20200313.0820. 001. html
E4WB: EXARF¥I4 (61828105); il iRIZm H (17DZ2292400,18XD1423900)

= BI54E&. E-mail; anping@ shu. edu. cn

SIA%X: w7, FEF, fEF, £ — 5B H T SLAM [ F A0 5 35 [J ] A FATE ALK A # #F 4%, 2021, 47 (1) : 24-
30. AN P, WANG G P, YU J D, et al. An efficient and accurate visual SLAM loop closure detection algorithm [] ]. Journal of Bei-
Jjing University of Aeronautics and Astronautics , 2021 , 47 (1 ) : 24- 30 (in Chinese ).
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Table 1 Loop closure detection accuracy
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An efficient and accurate visual SLAM loop closure detection algorithm
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Abstract: Simultaneous Localization and Mapping (SLAM) is one of the key technologies in visual navi-
gation, and loop closure detection is a basis of SLAM. An efficient and accurate loop closure detection algo-
rithm is proposed to solve the problem of low accuracy rate of SLAM loop closure detection. The loop closure
detection algorithm consists of bag of words module, structure checking module, and tracking module. First,
we design the bag of words model and structure checking module, combining local features with holistic fea-
tures. The bag of words model compares the image similarities using visual words to obtain the closed-loop
candidate frame. Then, structure checking module grayscales and normalizes the current image and the closed-
loop candidate image. The normalized images are directly used as the patch of local feature to obtain holistic
feature. Whether the closed-loop candidate frame is a valid closed loop is determined by the holistic descrip-
tor. To address the problem that time consumption increases rapidly with the increase of image numbers, we
design the tracking module to improve the computational efficiency. The comparative experiments with DBoW
algorithm show that the proposed algorithm improves the accuracy by more than 20% and also has better real-
time performance.
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Table 1 Extracted values of poles (p,) and residues (r,) for Y -matrix coefficients of cross patched FSS
n Pn r, (Yy) r, (Y, /Yy) r,(Yy)
1 -7.6377 x 10° 1.5825 x 10’ -1.5815 x 10° 1.5815 x 10°
2 -3.5720 x 10" -1.8120 x 10" -2.2841x10" -4.0307 x 10"

3,4 -5.4996 x107 £5.6279 x10'°i 4.9884 x107 £4.0166 x 10*i
5,6 -5.7592x10% £5.6608 x 101 1.4635 x107 £5.0617 x10*i

7,8 —-7.3577x107 £9.0890 x10'°i 2.2978 x10% £1.0530 x 10°i

1.5107 x10° £8.7063 x10%i -3.0963 x 10> +1.1851 x 10%i
4.4702 x10* £2.0128 x 10%1 1.4682 x10* +1.4643 x10%i

6.6378 x10° £3.9340 x10*i  1.1916 x 10° £9.24 x 10%i

=2 REBIMNTFMREFSS £ Y ERESH
B RN ERBERNSH d
Table 2 Extracted values of d for Y-matrix

coefficients of cross patched FSS

Y d
Yy 0.0507
Y, 0.0064
Yy 0.0064
Y, 0.0113
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Fig.4 Reflected wave and transmitted wave of cross

patched FSS in time domain
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Table 3 Computational parameters for different methods

BInA W CPU

Jr ik At . N
(K x T8 x &) * I 8]
£ %5 FDTD 16.7 fs 41 x41 x1040 60000 18 d
DA 0.42 ps (LM% )
41 x 41 x 80 3000 14 h
FDTD 16.7 fs (405 )
INBC-FDTD 0.42 ps 41 x 41 x 80 3000 17 min

X AN 2 B 7R 0 TH ST R Sl A S i
WEE N G R R 8 GHz 1 WL 4% 5% 18 il =5 157 ik
Mo FIR R A IE X R A Y A S 00 5
PR T A B A X R 20K S B R 4
MmFESs g, 8 Ax = Ay = Az =0. 25 mm
(At =Ax(y, 2)/(2¢,)) [ A% F F XF 1% FSS i
TR, IF4% L0 H T INBC-FDTD J7 32 o o X 45
0 LR M S RO AT BT B . BT i T B
SEAE R B R O 18 8 45 i T 48 INBC-FDTD

D,
P SERRE '
. Y

K6 Jr B S5 I B AN FSS K H BT 45 0 /R 2 A
Fig.6  Schematic diagram of complementary FSS with

square ring and its unit cell

x4 RBRBIMATREENEHBEFS ZM Y EESHMERYNSHEEXSH . Map, RBHr,

Table 4 Extracted values of poles (p,) and residues (r,) for Y -matrix coefficients of

complementary FSS with square ring

n Pa r, (Y1) 1, (Y12 /Ys0) r,(Yy)
1 -5.5890 x10° 2.2538 x10° —-1.8466 x10° 1.7576 x 10°
2 -1.6656 x10" ~1.0364 x 10" -2.8250 x10" -2.4103 x 10"

3,4 —1.9918 x10* £3.9373 x10'% 4.6291 x10° +1.9769 x 10°i
5,6 —2.0305x10% £3.9733 x10'°i 2.9647 x 107 +1.6071 x 10°i

7,8 -3.1957 x10® £6.5865 x 101 4.5659 x10% +3.6116 x10°i

-1.1933 x107 £3.0714 x10°i 3.0113 x107 +3.3140 x 10°i
—7.1241 %107 £3.9974 x10°i 1.7558 x10® £3.9536 x 10°i

—2.6659 x10* £2.0237 x10%  1.5558 x10® £1.25 x 10%i

x5 REBIAMARHEEMEHE FSS &4 Y EK
SEMFEHENEREFEXNSH .d
Table 5 Extracted values of d for the Y-matrix

coefficients of complementary FSS with square ring

Y d

Yy, 0.0624
Y, 0.0169
Y, 0.0169
Yy 0.1446

JPETHRAS B G B S B R (. TR,
T AET O, R A () B ks 2 B T I 19 R
FDTD J5 i R X &5 iy BEAT B AL . 3X 2 A5 ik
MREITR SRR 6 hol . nTRIE ), A3
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HA WEARA T L . J3 50 FEIE] 8 i gy iy
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Jik o
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B 7 J5 I B AE R H AN FSS 5 S i B S Y
Fig.7 Transmitted wave of complementary FSS with

square ring in time domain
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Table 6 Comparison of computational

parameters for two methods

A CPU
ik At T T
(K x5 x ) i1

W 0.42 psCRIIH)

41 x41 x80 3000  14h
FDTD 16.7 fs( 41 FIH5)
INBC-FDTD

0.42 ps 41 x41 x 80 3000 17 min

4 5 £

ARSCHRE T — T R SOR Al 5 A 4 R 2
S 24 IR 380 W R AR 2 M INBC-FDTD J5 3% .
BB B JE TR BL)Z 1 )R BEARE, AR A R e
— WL 5L FDTD JT M X 25 ¥ 28 17 SR A, % oo
JE ) RO 2R AEARAR BT %10, 5 B 08 /) S 4l 12 0
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1) O o8 A8 1 R R AEL Do At Sl A6, DA TAT I i) 2
K A2 8 2 19 5 1 1 R A
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B
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FDTD method for periodic structure based on INBC

XIONG Ying® , LI Xiaojian, WANG Tiannan, ZHAO Xiaofan

(EMC Laboratory, China North Vehicle Research Institute, Beijing 100074, China)

Abstract; In order to solve the problem of electromagnetic characteristic parameters of periodic struc-
tures, an INBC-FDTD calculation method based on network analysis method and vector fitting method is: in-
troduced in this paper, which can be used to quickly solve the electromagnetic characteristic parameters of
low-profile periodic structures. In this method, the two-port frequency domain impedance parameter curve of
the metal layer is firstly fitted with rational fractions by the vector fitting method, and then the time domain
transform is carried out to embed the FDTD formula to complete the update of the electric field and the magnet-
ic field. The proposed method fully considers electro-magnetic fields transmitted in the metal layer, and its
two-port network impedance parameter fully considers the mutual coupling between the ports.

Keywords: Frequency Selective Surface (FSS) ; vector fitting method ; Internal Network Boundary Con-
dition (INBC) ; periodic structure; Finite Difference Time Domain ( FDTD)
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A o 0 R 85 22

x1 ARAEEREBIER
Table 1 Comparison of advantages and disadvantages

among different algorithms
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Fig.1 Proposed algorithmic network architecture
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Table 4 Comparison of evaluation indicators among
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Fig. 10 Human eye detection results of infrared image
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A human eye detection algorithm in complex scenarios
CUI Jiali', CAO Heng', ZHANG Yaming', LUO Siwu®, LI Jintao’, WANG Huafeng'*"*

(1. School of Information Science and Technology, North China University of Technology, Beijing 100144, China;
2. School of Software, Beihang University, Beijing 100083, China)

Abstract: Aiming at the problem of human eye detection in complex scenes, indirect methods and direct
methods have certain limitations. A direct human eye detection method which is independent of face detection
is proposed. The proposed method detects eyes under multiple scales especially small scale in complex scenar-
ios. The improvement of the proposed method consists of improving small-scale human eye detection ability by
reducing the down-sampling factor and adding extended residual units; ensuring the accuracy of multi-scale
human eye detection by concatenating the multi-scale features; improving human eye detection efficiency by
reducing the number of feature output channels to simplify the complexity of the model. The experimental re-
sults show that the proposed model can distinguish the left and right eyes effectively under small scale and has
good performance with infrared data. The training and test on DIF dataset show that the human eye detection
precision of the proposed method is 82.59% , and the detection rate is 30.5 fps.

Keywords: human eye detection; deep learning; small target detection; complex scenarios; multi-scale

features
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Nonlinear moving path following control and its
application to carrier landing

BI Daoming'”, HUANG Hui’, FAN Jing’, ZHOU Haitong’, GUAN Zhiyuan', ZHENG Zewei" "
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, Chinas
2. Shenyang Aircraft Design & Research Institute, Shenyang 110035, Chinas
3. School of Automation Science and Electrical Engincering, Beihang University, Beijing 100083, China;
4. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China)

Abstract; This paper proposes a novel Moving Path Following ( MPF) control method by improving the
time-varying vector field method. Moreover, it is applied to the automatic carrier landing problem of carrier-
based aircraft. Based on the nonlinear model of carrier-based aircraft, backstepping method is used as the
main frame. Besides, the path following error is defined in the time-varying vector field. In addition, Lya-
punov function is designed for the defined virtual control variable to achieve fast and accurate tracking for the
heading angle and the climb angle, and the path of the aircraft is ensured to follow the desired moving path.
The stability analysis proves that the following error converges to a small region, and the simulation results
show that the control method has good performance in carrier landing.

Keywords: Moving Path Following ( MPF) ; automatic carrier landing; time-varying vector field; back-

stepping method ; disturbance observer
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Remaining useful life prediction of multi-stage aero-engine
based on super statistics
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(1. Civil Aviation College, Nanjing University of Aeronautics and Astronautics, Nanjing 211000, China;
2. Foreign Language College, Nanjing University of Aeronautics and Astronautics, Nanjing 211000, China)

Abstract:. Traditional aero-engine Remaining Useful Life ( RUL) model cannot objectively describe the
multi-stage degeneration process, and the accuracy of RUL prediction is low. To solve this problem, a new
multi-stage RUL prediction model for RUL prediction is proposed, including super statistics theory, mutation
point detection, Unscented Kalman Filter (UKF) and nonlinear prediction. In the paper, a Multi-stage Seg-
mentation Filtering based on Super statistics ( BS-MSF) theory algorithm is proposed. In this algorithm, first,
super statistics theory is used to conduct mutation point detection and divide the health data of aero-engine into
multiple degradation phases. Then, UKF is used to filter the fused time-varying parameters. Finally, the real
RUL of the aero-engine is estimated by nonlinear fitting. nonlinear fitting, and the aero-engine data was re-
leased by National Aeronautics and Space Administration. Simulation results show that the presented method
has better adaptability in predicting engine performance degradation, smaller fitting error, and more accurate
prediction of RUL. The prediction accuracy is 5.5% higher than that of single-stage method.

Keywords: super statistics; multi-stage; Unscented Kalman Filter ( UKF ) ; aero-engine; Remaining
Useful Life (RUL) ; nonlinear
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2. FOE b PR B R BLBETHBT S T, YR FH 110035

i . RARE B E RN (SAS) Xt & #% #3900 oy [ A% 42 % & IT K EE WL, 4 1k
A EREMN(DES) it H AR A Xl P LR B, RRFT KT SAS M W A% R oy X Bk
M. BEFART AR HEMRERITERGY 0, 20 THFITREERL KWK
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Grid scale dependence analysis of scale adaptive simulation
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Abstract: Scale Adaptive Simulation (SAS) is used to study the flow around a circular cylinder at Reyn-
olds number 3 900. SAS predictions are compared with the popular Detached Eddy Simulation ( DES) and ex-
isting experimental data. The effect of grid resolution and spanwise domain size on SAS model performance are
systematically analyzed, time-averaged turbulent statistics and instantaneous distributions of the von Karman
length scale in the wake region are discussed in detail. It is concluded that the recirculation length of SAS is
smaller than that of Large Eddy Simulation ( LES) under the same grid resolution, indicating an earlier onset
of instability in shear layer. Velocity magnitude inside the recirculation bubble increases and the peak value of
Reynolds stress decreases with grid refinement for SAS simulation, which are in good agreement with the ex-
perimental data of Lourenco & Shih. Additionally, changing the spanwise domain size with the same resolution
has little effect on SAS predictions. The investigations on the influence of grid resolution and the spanwise do-
main size on SAS model performance can provide guidance for industrial applications of the SAS method in fu-
ture.

Keywords: Scale Adaptive Simulation ( SAS); von Karman length scale; grid scale; flow past bluff

bodies; massively separated flow
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min mlulal = mlhrusl + mslruulure + menergy + mpayluad
(mthrusl + M e T M pergy + mpaylnad)g -
s. t L-B<0
Qg =0y SO
(50)
min mlulal = mlhrul +m alrucluu +m cnclgv + mpd load
(mthrusl + M e T M o pergy + mpdvlnad)g -
s. t L-B<0
Qug = €
(51)

TFRS SN DT SIE SN PR
WI7E B, 6AT 2R AR 30°N,
®1 BEWERLMBESH

Table 1 Initial parameters of hybrid airship optimization
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HAESE v/ (m - s7") 20
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K PR L T p,/ (kg - m 7)) 0.3
AT EE m 00/ ke 1 000
R EE L RE B Y prss/ (Wh - kg ™') 1 000
HL L SR 3 T R R A L SP L, /(W - kg ™! 440
HEE R GAE 1,00 0.72
AR R T L B s 0.55
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Fig.9 System analysis of hybrid airship
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Table 2 Comparison of optimization results
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REH LSS 0., /kWh 4968. 84 4642.65
SERCCE S Bl b/ m 19.5 19.5
K B 8 B 7 25 SR AR AR x,/m 96.32 94.68
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e RO E R m g kg 8974.32 8592.95
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Fig. 13 Flight altitude and speed curves of hybrid airship
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Multidisciplinary design optimization of a lift-type hybrid airship
MENG Junhui'** | LI Moning' , MA Nuo', LIU Li'*

(1. School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. Key Laboratory of Dynamics and Control of Flight Vehicle, Ministry of Education, Beijing 100081, China)

Abstract; Lift-type hybrid airship is an important choice of long-distance and large-load transportation.
With the development of global trade, it has gradually become a research hotspot at home and abroad. As a
new concept aircraft combining aeronautical science and technology, new energy technology and high-perform-
ance material technology, multiple disciplines should be considered and optimized in the design process of hy-
brid airship comprehensively. To introduce the Multidisciplinary Design Optimization (MDO) method into the
conceptual design of hybrid airship, it is decomposed into energy subsystem, aerodynamic and propulsion sub-
system, and structure and weight subsystem. On the basis of building subsystem model, a Concurrent Subsys-
tem Optimization algorithm based on Response Surface ( CSSO-RS) with the self-adaptive ability is put for-
ward. The weight balance and energy balance are set as the constraints to achieve long-distance transportation.
Meanwhile, a multi-stage task profile with climb, day cruise, gliding and night cruise is proposed to make full
use of solar energy battery, fuel cell and lithium batteries and realize the optimal design of hybrid airship. The
optimization results show that the adaptive optimization algorithm has obvious advantages in accuracy and com-
putational efficiency, and the weight distribution results also put forward higher requirements for lightweight
design and energy system design of hybrid airships.

Keywords: hybrid airship; hybrid energy; Multidisciplinary Design Optimization ( MDO ) ; Concurrent
Subsystem Optimization algorithm based on Response Surface ( CSSO-RS) ; approximate model
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Reliability analysis for systems subject to competing failure
processes based on uncertainty theory
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2. College of Physics and Electronics Science, Shanxi Datong University, Datong 037009, China)

Abstract: For complex systems with newly developed products and less failure data, a competitive failure
model in which natural degradation and external shocks are independent of each other in an uncertain environ-
ment is proposed. Considering that the system suffers from natural degradation and external shocks at the same
time, the continuous natural degradation is described by an uncertain process, and the time interval of the
shock arrival and the damage to the system caused by each shock are described by two different uncertain vari-
ables. Using the uncertainty theory, the system belief reliability is studied under the extreme shock model, cu-
mulative shock model, and & shock model. The results show that in the case of newly developed products and
complex systems with less failure data, the method of uncertainty theory is more appropriate to describe the
model, and numerical analysis shows the effectiveness of the model.
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Fig. 1 Example of coding particle
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P ey e
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bi”l — { " 1 (13)
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o py s WA F Fo 38 XX CRGIREE Wi AL A=
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h B8 UEAS SCERE vk JE Y B AT 800 AT AT
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Table 1 Combat capabilities of aircraft
KL ' S B/ L4 feh

X ik /m —
Gity  fiE/m B (moes™) g et SPAS
1 (1000,500) 100000 4 200 v vV
2 (500,1000) 100000 4 200 vV
3 (1000,1000) 100000 2 300 AV VARV
4 (0,1000) 100000 4 300 VoV
5 (1000,0) 100000 8 300 ARV
6 (0,0) 100000 4 200 v oV

®2 ESERAGER

Table 2 Information of task target points

H 5 . PATAE 55 BTl AL %L
o H ¥R/ m - - —
%i = k73l wif A
1 (10000,10000) 1 1 1
2 (20000 ,20000) 2 1 1
3 (14000,6 000 ) 0 1 1
4 (8000,16000) 0 1 1
5 (20000,10000) 1 1 0
6 (10000 ,20000) 1 2 1
7 (15000,15000) 2 2 1
8 (8000,5000) 0 1 0
9 (1000,3000) 1 0 0
10 (5000,8000) 1 1 0

X1 Bt : :
[ o KL
16 -
*
- L
< 127
3;*: 5 * *
- L +
-
4.
*
of o8
0 4 8 12 16 20

Kenciykm
2 ff FLER UG AL

Fig.2 Initial location of simulation environment

BB TCIE B AL 2 XL, 4800 AF: 55 hA T 1 1)
20 s, Bl AR 55 PAT IF 1) O 10 s, PEAG AR 55 AT
8] 2y 20 s, PEARAT: 55 F0 Mo iti AT 55 22 18] A [ B 29
A, F/ BRI ] 10's, SR B FA I ] 120's, H
brgis 3 FH RS 8 i H AR , A AT 55 10 20 29
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T3S WAL, BIAE EHLT 135 ~ 155 s [ i
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Fig.3 Task assignment results of aircraft
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Fig.4 Results of target tasks being executed
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Table 3 Missile and distance of aircraft

“HL BT CHSH

G WH WH B m AT/
1 4 3 100 000 51628
2 4 1 100000 46126
3 2 1 100000 80654
4 4 2 100000 61454
5 8 1 100 000 71654
6 4 1 100000 38302
0.075

0.065
Eo
i
=
0.055
—-— DPSO-GT
————— DPSO-GT-SA
—— DE-DPSO-GT-SA
00455 40 80 120 160 200
LS AN/ €14

F5 5 FhERTE I pe ik AR A HL
Fig.5 Comparison of optimal iterative process

among five algorithms
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AL ALF
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Table 4 Comprehensive comparison of five algorithms

N 3 Ty E
i BRE BB TE B i/«
DPSO 0.0678 0.0570 0.0602 91.8340
DE 0.0753 0.0629 0.0672 99.5494
DPSO-GT 0.0781 0.0625 0.0685 222.8136
DPSO-GT-SA 0.0794 0.0634 0.0706 355.0673
DE-DPSO-GT-SA 0.0802 0.0652 0.0718 359.2447
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1) 25 R B3 ] 23000 1 XSUAIL Py ) g ot 4 55
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Cooperative multi-task assignment based on DE-DPSO-GT-SA algorithm
LI Guiliang*, BI Haiyang, HONG Xuejian, JIN Lincheng
( Shenyang Aircraft Design & Research Institute of Aviation Industry Corporation of China, Shenyang 110035, China)

Abstract: Aimed at Cooperative Multi-Task Assignment Problem (CMTAP) of Unmanned Aerial Vehicle
(UAV) formation, considering the situation of cooperative detection and attack of two aircraft, combining the
constraint conditions of time constraint, time sequence constraint, time interval constraint, ammunition con-
straint and task capability constraint, the model of cooperative multi-task assignment is extended, and a mixed
Differential Evolution (DE) and Guo Tao ( GT) algorithm, Discrete Particle Swarm Optimization ( DPSO) al-
gorithm and Simulated Annealing(SA) algorithm are fused to propose a DE-DPSO-GT-SA algorithm to solve
the cooperative multi-task assignment problem. The performance of DE-DPSO-GT-SA algorithm and that of
other algorithms are compared. Simulation results show that DE-DPSO-GT-SA algorithm has better conver-
gence performance than other algorithms.

Keywords: cooperative task assignment; cooperative air combat; Discrete Particle Swarm Optimization

(DPSO) ; Differential Evolution ( DE) ; Unmanned Aerial Vehicle (UAV) formation
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Table 1 Performance indexes of control system

under different T',

T, ty i, l t, (5% ) o %

p

0 0.355 0.430 0.808 0.59 4.20
0.05 0.366 0.361 0.749 1.44 5.96
0.1 0.388 0.326 0.856 2.01 16.0
0.2 0.382 0.320 0.787 6.02 31.6
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Longitudinal maneuver simulation of an X-51A-like aircraft
based on numerical virtual flight
WANG Sheng' , WANG Qiang’, LIN Boxi’, YAN Chao" "

(1. School of Aeronautic Science and Engineering, Beihang University, Beijing 100083, China;
2. China Academy of Aerospace Aerodynamics, Beijing 100074, China)

Abstract; In the maneuvering process of air-breathing hypersonic vehicles, the aerodynamic characteris-
tics show strong unsteady characteristics due to the complicated configuration. Traditional flight simulations
based on database or aerodynamic models cannot exactly describe the complex aerodynamic characteristics and
motion characteristics in the maneuvering process. To solve this problem, a numerical virtual flight simulation
platform is established based on the distributed and modular development trend of modern software. With this
coupled platform, longitudinal maneuvering simulations of an X-51A-like aircraft is carried out and the results
are compared with those of the engineering method. It is found that For the X-51 A-like air breathing hyperson-
ic vehicle, the results given by the engineering method may not fully reflect the influence of unsteady effects
when it pitches up longitudinally. In this case, the more accurate virtual flight method should be used to study
the closed-loop response characteristics of the vehicle. In addition, the influence of the rudder loop time con-
stant on the control system is also studied with the aid of the simulation platform, which provides a certain ref-
erence for the design of the control law.
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Neutron measurement and inversion based on CLYC scintillator
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Abstract: Neutron is one of the important radiation factors that affect the safety of spacecraft and astro-
nauts. It is difficult for neutron measurement to optimize the neutron detector, improve the measurement effi-
ciency, and improve the inversion accuracy. A neutron detector based on a new type of neutron detection ma-
terial Cs2LiYCI6:Ce (CLYC) scintillator will be installed on the space station in China. This detector has the
characteristics of measuring thermal neutrons and fast neutrons simultaneously, and has high detection efficien-
cy, etc. For the neutron spectrum inversion of this detector, the response characteristics of different energy
neutrons in the detetor are analyzed, and the advantages and disadvantages of the probabilistic iterative method
and Non-Negative Least Square (NNLS) method commonly used in neutron spectrum inversion are analyzed,
considering the disadvantages of these two methods in the inversion application of CLYC detector, a Non-Nega-
tive Least Square method based on the Augmented Matrix ( AM-NNLS) is proposed. The numerical experiment
results show that the AM-NNLS method has the characteristics of high inversion operation efficiency and small
inversion relative error, which verifies the effectiveness of the method.

Keywords: space station; Monte Carlo simulation; neutron detector; least squares approximations; spec-

trum inversion; Cs2LiYCI6: Ce (CLYC)
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Table 1 Moran’s I test results of dependent variable
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Table 4 Simulation results comparison of artificial
neural network incorporating spatial structure and

classic neural network
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Artificial neural network modeling method incorporating spatial structure
ZHAO Xianduo'?, WANG Huiwen'®, WANG Shanshan'""

(1. School of Economics and Management, Beihang University, Beijing 100083, China;
2. Beijing Key Laboratory of Emergency Support Simulation Technologies for City Operations, Beijing 100083, China;
3. Beijing Advanced Innovation Center for Big Data and Brain Computing, Beijing 100083, China)

Abstract: In this paper, grid-search method is introduced into artificial neural network model incorpora-
ting spatial structure, which is a new method of model estimation, to do out-of-sample prediction. This method
is based on the artificial neural network algorithm, is combined with the idea of spatial autoregressive model,
and introduces the spatial lag term in the model to consider the spatial effect of variables. Meanwhile, instead
of maximum likelihood method, it uses the method of grid-search for the optimal solution to estimate and model
the spatial autoregressive coefficient. Then, combined with the out-of-sample data and spatial structure, the
spatial matrix is extended and the new model is brought in to make out-of-sample prediction, which gives full
play to the strong generalization ability of the neural network model. Finally, the simulation results show that,
compared with ordinary artificial neural network, the prediction effect of the new model is significantly im-
proved when the spatial effect is considered reasonably, and the prediction accuracy is better than that of the
spatial autoregressive model when there is a nonlinear relationship between spatial variables.

Keywords . artificial neural networks; spatial autoregression ; out-of-sample prediction; spatial correlation;

spatial lag
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®1 iRf54E+H RMSD
Table 1 Damage index RMSD

JEHL R IR TE J1HE/(N - m)

W5 40 35 30 25 20 15 10 5 0

0.003 0.052 0.066 0.071 0.076 0.085 0.088 0.090 0. 104
0.002 0.050 0.073 0.080 0.086 0.096 0.098 0.101 0. 106

1
2
3 0.0030.044 0.060 0.066 0.071 0.076 0.078 0.079 0.085
4 0.0030.0320.044 0.047 0.050 0.054 0.054 0.056 0. 064
5

0.001 0.023 0.031 0.036 0.041 0.042 0.044 0.047 0.059

®2 #MGiEH MAPD
Table 2 Damage index MAPD

TEHL A WA T S 4E/ (N - m)

H5 40 35 30 25 20 15 10 5 0

1 1.05 15.0220.38 22.61 23.57 25.51 26.56 26.95 30.99
2 0.81 13.48 19.76 21.61 23.8226.78 27.44 28.46 31.32
3 1.35 12.17 15.44 17.43 19.23 21.07 21.63 22.34 25.08
4 0.91 9.4414.4115.1516.33 18.40 17.69 18.5720.19
5 0.45 7.23 9.5910.6111.7912.93 13.47 14.0616.71
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Table 3 Damage index CCD 30F
st B HUR IR/ (N - m) 2 oot
H5 40 35 30 25 20 15 10 5 0 2*; 20t
1 0.0030.0110.0160.018 0.020 0.025 0.027 0.028 0.036 -.g 51
2 0.0030.0110.0200.0240.028 0.034 0.0350.0370.040 §
3 0.0030.0060.0100.0110.0130.0140.0150.0150.017 B- 10F
4 0.0030.0050.008 0.009 0.0100.0110.0110.0110.014 S5t
5 0.003 0.004 0.004 0.005 0.006 0.006 0.006 0.007 0. 009 5 L
40 35 30 25 20 15 10 5 0
x4 WMIHIERER,/R, T% Jy#/(N-m)
Table 4 Damage index R, /R, "'E_Ll_if_l El‘ﬂ'}:ﬁf»’f ETL&TSELHH 3
JEH J IR TR )4/ (N - m) K6 MAPD i<
W5 40 35 30 25 20 15 10 5 0 Fig.6 Curves of MAPD
1 0.001 0.002 0.004 0.009 0.008 0.008 0.008 0.0050.010 0.045
2 0.0000.002 0.001 0.003 0.006 0.006 0.009 0.004 0.004
3 0.0000.0050.001 0.000 0.001 0.003 0.004 0.001 0.004 I
4 0.0000.001 0.0050.005 0.004 0.004 0.005 0.005 0.002 I
5 0.000 0.000 0.001 0.002 0.003 0.002 0.001 0.000 0.007 %04030-
3 H{ptEfRxttt 5 = o015}
3.1 BRI 5 I
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Table 5 Damage index RMSCR

IR TR IR/ (N + m)

JEH 45
40 35 30 25 20 15 10 5 0

1 0.005 0.051 0.069 0.075 0.080 0.090 0.093 0.093 0.107
2 0.004 0.050 0.067 0.073 0.080 0.089 0.092 0.095 0. 105
3 0.005 0.041 0.056 0.063 0.067 0.072 0.073 0.076 0.084
4 0.004 0.034 0. 049 0.053 0.057 0.063 0.063 0.065 0.071
5 0.002 0.026 0.033 0.036 0.042 0.045 0.046 0.049 0.061
0.12
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Fig.9 Curve of RMSCR
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Fig. 10 Schematic diagram of positioning bolt looseness
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Fig. 11  Layout of piezoelectric sheet
R 6 IIESKI P AYIR {5 5 4R RMSD

Table 6 Damage index RMSD in verification experiment

(b) st Jrg

R7 WIEXE P AIIRG SR MAPD

Table 7 Damage index MAPD in verification experiment

T HL B IZRETE S 4/ (N - m)

T 40(1#) 20(1#) O(1#) 40(2#) 20(2#) 0(2#)
1 0.573 10.11 15.32 0.678 6.730 9.019
2 0.434  8.630 13.61 0.672 8.441 13.49

T HL B IR TE 14/ (N » m)

W5 40(3#) 20(3#) 0(3#) 40(4#) 20(4#) 0(4#)
1 0.640 7.012 9.181 0.550 10.07 14.89
2 0.511 5.981 7.873 0.512  5.871 7.903

£8 WIEXWHHHHIEIR CCD

Table 8 Damage index CCD in verification experiment

RS BRETUE IR/ (N - m)
T 40(1#) 20(1#) O(1#) 40(2#) 20(2#) 0(2#)

1 0.002 0.089 0.110 0.002 0.041 0.062
2 0.002 0.063 0.093  0.001 0.067  0.096

TR S IR SR/ (N - m)
G5 40(3#) 20(3#) 0(3#) 40(4#) 20(4#) 0(4#)

1 0.001 0.044 0.063 0.002 0.086 0.107
2 0.001 0.031 0.043 0.002 0.034 0.045

R9 WIEXBPHHHRHERR,/R,

Table 9 Damage index R /R, in verification experiment

R RS M/ (N - m)

G 40(1#) 20(1#) O(1#) 40(2#) 20(2#) 0(2#)
I 000l 0.031 0.037 0.002 0.027 0.028
2 0.000 0.035 0.040 0.001 0.043 0.041

JEH R RS M/ (N - m)

WS 40(3#) 20(3#) 0(3#) 40(4#) 20(4#) 0(4#)

1 0.001 0.024 0.021 0.000 0.034 0.041
2 0.001  0.030 0.028 0.002 0.028 0.031

F10 RIELBHEHRHIEHR RMSCR

Table 10 Damage index RMSCR in verification experiment

TE B H RS M/ (N - m)

G5 40(1#) 20(1#) O(1#) 40(2#) 20(2#) 0(2#)
1 0.023 0.427 0.489 0.021 0.302 0.344
2 0.021  0.430 0.495 0.024 0.427 0.489

JE B IER TR JI4E/ (N - m)

G5 40(3#) 20(3#) 0(3#) 40(4#) 20(4#) 0(4#)
1 0.018 0.297 0.351 0.015 0.420 0.487
2 0.020 0.289 0.346 0.015 0.291 0.350

JEHL A AR S S HE/ (N - m)

G5 40(14) 20(1#) O(1#) 40(2#) 20(2#) 0(24#)

1 0.001  0.063 0.081 0.001 0.037 0.046
2 0.002 0.053 0.069 0.002 0.055 0.067

JE H B PR S/ (N - m)

G5 40(34) 20(3#) 0(3#) 40(4#) 20(44) 0(4#)
1 0 0.035 0.046 0.001 0.064 0.083
2 0.001 0.027 0.038 0.001 0.026 0.039
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Research on Improved damage index for evaluating bolt
looseness of flange structures
TANG Tao, HUA Mingjun, JIANG Xie, ZHANG Yuxiang" , ZHANG Xin

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

Abstract; The method based on the piezoelectric impedance method using statistical parameters as the
damage index to evaluate loose bolt has a wide range of applications. However, most of the test objects adop-
ting this method are structures such as plates under laboratory conditions, which are not real structures. There-
fore, for real flange structures, whether these damage indexes are still applicable and whether these damage
indexes need to be improved need further study. The rules between different damage indexes and loose bolt of
flange structure are obtained through experiments: the larger the degree of bolt looseness is and the closer the
position is, the larger the values of the Root Mean Square Deviation (RMSD) , the Mean Absolute Percent De-
viation (MAPD) , and the Correlation Coefficient Difference (CCD) are, and R /R_ is not suitable to be used
as a damage index for evaluating the loose bolt of flange structures because it has not a significant rule. The
comparison of results shows that the structural difference affects the first three damage indicators to different
degrees, and the improved damage index Root Mean Square of Change Rate (RMSCR) is only related to the
position and degree of the loose bolt of flange structures, which is barely affected by the structural difference.
Hence, the RMSCR has a crucial practical significance; when any piezoelectric sheet is damaged, it only
needs to be replaced with a piezoelectric sheet of the same type without updating the damage index library. Fi-
nally, verification experiments verify the correctness of the above results and the applicability of the detection
method for loose bolt of flange structure based on RMSCR.

Keywords: bolt looseness detection; flange structure; piezoelectric impedance method; damage index;

Root Mean Square of Change Rate (RMSCR)
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Table 1 Chemical composition of elastic alloy 3J33B

TLH I3 HL %
C 0.008

Si 0.10
Mn <0.10

P 0.005

S 0.005

Ni 17.50 ~19.00
Co 1.50 ~8.50
Mo 4.60 ~5.20
Ti 0.35~0.50
Al 0.05~0.15
Fe 65

F2 3JBBHEUSESHERNFERE
Table 2 Main mechanical properties of elastic

alloy 3J33B

BLHL5E JE / MPa =1 800

Jit B3 ) / MPa =1 720

HipE 4L/ GPa 188
SEAR 2/ % =8
T Ji /HRC 30

DI EI Ao TR AN P 0 V0 Y3 o 08 P 0 o
S 0.002 N [ Kistler 9119AA2 7Y =65 B il 74 m
L . I H B A (SEM) Il & fL
B RSEF T B . B 1 S T R T 1) SEM &
B 1 Ce) S a2 3200 i 0 A gl 70 0 X 88, il
1] P HIHS BE g 100 o, &D] 1) JT K BE 24 2y 33 pum
J1 RARTiEfA D 450 AR AR JT B LA C R AT,
VI T i BE 298 95 pum,

UL ER N L. 6mm, EE RN 3.5 mm, K 2
SR E R R ARE TN LR G XYZ Ak
b2, Z B 5 g2 ) EL A b 1) 2R 45 05 1), Y BT [n)
& 1 B A e i 45 5 1) U0 E s 0 B LR (8
JaJ7 a1z s 1 By [ R i s o 13 ALy
BEH s o AR ST R BE N i R Y B
WL EE AT BT
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Fig.1 SEM illustration of micro milling cutter used

(OPIES

in this experiment
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Fig.2 Experimental setup for milling holes
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Fig.3  Schematic diagram of process for milling a micro hole
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Table 3 Cutting conditions used in milling

A

¥
1 2 3 4 5

n/(r+min~") 3000 6000 12000 24000 48000
»/(me+min~") 9.42 18.84 37.68 75.36 150.72

v,/ (mmemin ") 12
v,/ (mmemin ") 15
[,/mm 0.01
l,/mm 0.1

K4 LTomEE
Fig.4 Schematic diagram of workpiece
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Fig.5 Milling forces for micro milling holes
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Fig.6  Schematic diagram for measurement of orifice
diameter of the fifth machined hole
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Table 4 Measured orifice diameters of machined holes

fLH EA/mm
v/(m - min~")
No. 1 No.2 No.3 No. 4 No. 5
9.42 1.613 1.612 1.611 1.610 1.608
18.84 1.610 1.609 1.607 1.606 1.604
37.68 1.612 1.609 1.608 1.607 1.605
75.36 1.611 1.608 1.607 1.605 1.604
150.72 1.630 1.626 1.625 1.623 1.622
1.635
1.630 =
1.625} 2
£ I
@ 1.620
Bliun
R ] - AL
™ 1610} * s . * A2l
1605F 7« v 554
‘ i < S
1600 1 1 1 1 1 1 1
0 40 80 120 160

B (memin)

B 7 eimTFmsl 0 BER N E

Fig.7 Scatter diagram for machined hole’ s orifice diameters
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Abstract: In this study, several sets of experiments were carried out to evaluate the characteristics of mi-

cro milling holes in high-strength elastic alloy 3J33B material using an ultra-precision machine tool. The mill-

ing forces were measured using a Kistler 9119AA2 dynamometer, and the sizes and surface burrs on the ma-

chined holes were measured using a Keyence 3D laser scanning microscope. Furthermore, tool wear was exam-

ined using a Scanning Electron Microscope (SEM) and an Energy Dispersive Spectrometer ( EDS). Experi-

mental results indicate that the force in Y direction is always greater than the force in X direction regardless of

the cutting speed variation. High cutting speeds or high spindle speeds may affect the machining dimensional

accuracy during micro milling holes. The most serious region of tool wear is the tool tip of cutting edge in mi-

cro milling holes, and the wear is mainly concentrated on the whole cutting edge roundness and the flank

which is near the cutting edge roundness. Abrasive wear is the main form of tool wear at a low cutting speed ,

and the effect of oxidation wear on tool wear increases with the increase in the cutting speeds. The elastic re-

covery of the machined surface aggravates the wear of the flank wear and affects the cutting stability.
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Table 2 Excitation levels and corresponding RMS

value of random excitation force

il 7K P BEHLJ) RMS/N
1 0.004 8
2 0.0118
3 0.0226
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5 0.0690
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8 0.2308
9 0.4860
10 0.7296
11 1.1000
12 1.9974
13 2.2159
14 2.7679
15 3.7220
16 4.9704
17 7.3731
18 11.6105
19 25.5010
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0.2308 -0.2505
0.4860 ~0.2440
15
— i
= 10f R
=l
g
£ 05
Z
R ok
@
=
M 05
F.O0
™ 1.0}
U002 00 002

-15 L L L L L L
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
(R0 B e e £ frad

BE13 % (300 30 v HERL I Al G A 52 th &
Fig. 13 Nonlinear restoring force identified by CRP method
3.2 MEHIELKMEFTEEHRER

A A5 FH B 38R 4 5 TR0 R ) R A ek
B AR PE R B S, (o) B9 3E X2 (27) , k&
20 MR, E LN

{y,-(t) =0 la(t) [< d;
y].(t) =,U,].(a—dj-sgn(a)) ‘a(t)‘>dj
(32)

P od, ATk BRI R/ s, 5 j AR
TR R Lot R AL

R T RE % LS b 220 1 [ B /N R R Y e
A RS TR [0, max (| o |) 13543 20 B, 433 h
(d._,,d],d,=0,j=1,2 20",

J=10

0 i K SE R BEAL J7 RMS 0.0226 N « m A,
I 3 e 25 )k B R AR B 1 FR R M R B
w W 14 FrR . ATRAE Rt R R
ZE 0. 01 rad fff i

T AR B0 R B 0 45 SR, wT DLE— 2B 45 /)N
TEE B AR d, () DX (3] A7 [ 0. 008 ,0. 012 | rad , #4i%
DX ] 34943 A 10 B, 38 2 5 — U IR AR £ 1 7 25 1)
EHFRA B R AR Lt R BN E 15 iR, B 16 4
HT R 2 R ULS 4 59 i o8 550k 28
B17 SR T 2 B AS Ay Ak 2tk i ) il 4%
bR PR i x o 25 SRR i d R e v
[ PRI DA o A b R A5 ) R 2 45, A R
I3 i P B A AG T o TR

F AR AT 20 A e gk — 03 B ULS 5[]
B2 80, m] DA AL % AR R M o0 3 B AR PR R 1
R Y5, HOm ) oR R i 2k R 18 BroR . AT RLE
P g A £ P 7 4 ) i AT Lo 0 9 L o D il
LM RGRIIRFREE RS 728 PR IR
PR AR 28 Gt 119 550 W) pR %5 AT LA {5 1l il B Poly-
MAX " S48 25 B 00U B HE IR, T 19 IFA S
P T L L0 M S e 2R 4 A S R

25

-

0 0.01 0.02 0.03 0.04 0.05
d,,/rad

14 X0, max( | a|) TR R B 1

Fig. 14 Nonlinear parameter distribution in the

interval [0, max( |a|) ]

25
20

15F

=

10F

5 =

0 0.01 0.02

d /rad
B 15 IX[A[[0.008, 0.012 Jrad Py i) AEZ %k R By A
Fig. 15 Nonlinear parameter distribution in the

interval [0.008,0.012 ]rad



e R

G
.

510 AEYL, % B T S
20 [
E— 3.3 gt | | |
ol — AU P T BT 5 D o e e

AT R I/ dB

-80 1 L
0

10 20 30
A%/ Hz

16 HHRS B ALk — o3 Br ULS (% 4300 ok 4% ith 2%
Fig. 16 Identified FRF of ULS of nonlinear 2-DOF wing section

1.0
—— IR
B — g
g o5k iﬂll:,fl:{
£
Z
R ol
i L
= 0.05
H
EEE -0.5 0
bt
0.006 0010
-1.0 s L
20.04 ~0.02 0 0.02 0.04
IR E 5% ffi/rad

B17 AR St T TR PR A AR L MR AL T il &

Fig. 17 Nonlinear restoring force identified by TNSI method

20
—OLS

— H]
0F —— TNSI

AN BR RO/ dB

10 20 ‘30
FiZ/Hz

F18  HriRe Ay AR &tk —ou3E Br OLS fy 53 i ok 501 28

Fig. 18 Identified FRF of OLS of nonlinear
2-DOF wing section
30 e 3 e— —10*
s 2 o s D S
.3, . .08 . 4
= 5 o + B
25+ 00 + o + g 102
. + + 4
: N -
20+ + . %
0 i
fé +~ 110 &
w15 S Sy
= : .
G 10
st b
i
i
i
2 . 106
0 5 10 15
i /Hz
o MFFAE BNy
+ SR e R E e apillifited

19 BT3B i OLS Hi e pR AL it 2k 72 25
Fig. 19  Stabilization diagram of identified FRF of OLS

WHEHR AR E R GL M OLS, —J5 i, B F 2 ff
7 18 T A AR AR By il R AN TR 4% 1R 09 ik i)
VAE ARG R GEM OLS, {H % 8] Bt AF 4 1 4 w19
B ACHER 5 I S Al 2 1 1 =3 [ 3k m] B4R 3RS
AGLH ULS L REVMERA o B iR (] BR AR L 49 2, &R
Gify OLS Wi BHM o 73— J7 i, A5 AF 0035 i H%
PURAT AR 2R RO R A B 8l i iy 11
23 (] PRSI 1 B PR PR, A Al S R P B
P A1 BB AR AT 19 90 ) o Rl 2R o 2 BRI 1Y
FRPEAERR 4 AT RGEAIXT LRI 4G .
x4 FHEEENNEEREFESEERER L

Table 4 Property comparison between CRP and TNSI

Ja 1 USRI 37 B S AR 2R M 45 () 32
B A5, it 35
Z AW 2 =
Z Fh AR L1k 2 =
A 2 7
Kt R HdE [E=% ¢
A i b 2 BRI L AR 4 4
Ii1) s 485 3k oA B 2 A bR E A4
o i LIk
ULS B iFRs B [ &
OLS HEiFURS Ji = =
S i ] B 0 A s — % [ B 0 <

WIS B RITEE B -

45 ®

1) R A 300 3% 32 R0 I AR 4k 7 2 M) ik 24 T
BT IBRAR LML 3 122 R GE, 3R AT R GE I AR AR
e ARG5S L AR L R B

2) 2 Fh 7 ik B B bl ) B AR LR
TN B A, 2 R AR TT 5 B fH — U AR
LMWK T 2 o I S AR A s [ 3k 0 1] A
SRAE A A A VR I AR SR Rk T D)
RAGHR RN R G

S Z L Hk (References)

(1] 7. Bl 4k 45 4 A 3l 3 1 e B8 15 00 A7 O 16 BF 52
[D].dbat b mtfi a8 it K K4 ,2014:1-2.
YANG N. Studies on aeroelastic modeling and analysis methods
of structures with freeplay nonlinearity [ D ]. Beijing: Beihang
University ,2014 ;12 (in Chinese).

[ 2] DOWELL E H, EDWARDS J, STRGANAC T W. Nonlinear
aeroelasticity[ J]. Journal of Aircraft,2003,40(5) :857-874.

[ 3] SHETA F,HARRAND V J, THOMPSON D E, et al. Computa-

tion and experimental investigation of limit cycle oscillations of



148

b B = R OR

e R

M ]

2021 4F

[8]

[10]

[11]

[12]

[13]

[14]

nonlinear aeroelastic systems[ J]. Journal of Aircraft,2002,39
(1) :133-141.

BAE J S,YANG S M, LEE I. Linear and nonlinear aeroelastic
analysis of fighter-type wing with control surface[ J]. Journal of
Aireraft,2002,39 (4) :697-708.

FEE, HR . MBARL S R R T]. i
25 2 4%,2012,33(11) :2002-2009.

LI Z T,HAN ] L. Identification of a nonlinear aeroelastic system
with freeplay [ J ]. Acta Aeronautica et Astronautica Sinica,
2012,33(11) :2002-2009 (in Chinese) .

KERSCHEN G,WORDEN K, VAKAKIS A F,et al. Past, pres-
ent and future of nonlinear system identification in structural
dynamics [ J ]. Mechanical Systems and Signal Processing,
2006,20(3) :505-592.

KUKREJA S L,BRENNER M. Nonlinear black-box modeling of
aeroelastic systems using structure detection: Application to F/
A-18 data[ J]. Journal of Guidance, Control, and Dynamics,
2007,30(2) :557-564.

POPESCU C A,WONG S Y,LEE B H K. An expert system for
predicting nonlinear aeroelastic behavior of an airfoil[ J]. Jour-
nal of Sound and Vibration,2009,319(5) :1312-1329.

WU Z G,YANG N,YANG C. Identification of nonlinear multi-
degree-of freedom structures based on Hilbert transformation
[J]. Science China Physics, Mechanics & Astronomy,2014,57
(9):1725-1736.

WU Z G,YANG N, YANG C. Identification of nonlinear struc-
tures by the conditioned reverse path method [ J]. Journal of
Aireraft,2015,52(2) :373-386.

CRAWLEY E F, AUBERT A C. Identification of nonlinear
structural elements by force-state mapping[ J]. ATAA Journal,
1986,24(1) :155-162.

RICHARDS C M, SINGH R. Identification of multi-degree-of-
freedom non-linear systems under random excitations by the
“reverse path” spectral method[ J]. Journal of Sound and Vi-
bration,1998,213(4) :673-708.

RICE H J,FITZPATRICK J A. A procedure for the identifica-
tion of linear and non-linear multi-degree-of-freedom systems
[J]. Journal of Sound and Vibration,1991,149(3) :397411.

RICHARDS C M,SINGH R. Feasibility of identifying non-linear
vibratory systems consisting of unknown polynomial forms[ J].

Journal of Sound and Vibration,1999,220(3) :413-450.

[15]

[16]

[17]

[18]

[19]

[20]

MARCHESIELLO S, GARIBALDI L. Subspace-based identifi-
cation of nonlinear structures[ J]. Shock and Vibration, 2008,
15(3-4) :345-354.

MARCHESIELLO S, GARIBALDI L. A time domain approach
for identifying nonlinear vibrating structures by subspace meth-
ods[ J]. Mechanical Systems and Signal Processing, 200822
(1):81-101.

LEE B H K, PRICE S J, WONG Y S. Nonlinear aeroelastic
analysis of airfoils: Bifurcation and chaos[ J]. Progress in Aero-
space Sciences,1999,35(3) :205-334.

BRI, XU B, . e MR AR R M Wik R T4
Wik [J]. ¥R 35 ehik ,2011,30(3) :129-134.

CHEN Y M,LIU J K,MENG G. Some analysis methods for non-
linear flutter of a two-dimensional airfoil : A review[ J |. Journal
of Vibration and Shock,2011,30(3) :129-134 (in Chinese) .
W&, B, A AN, 45 7 LR i AL 3R A 3l 3 (] BRI 5
HER[J]. a8 24,2016 ,37(7) :2013-2044.

YANG Z C,TIAN W,GU Y S, et al. Advance in the study on
wing aeroelasticity with concentrated nonlinearity [ J]. Acta
Aeronautica et Astronautica Sinica, 2016,37 (7) :2013-2044
(in Chinese) .

M. AT A S b B [ M. 2 B b dE BT A AR
K2 th hEAL 2016 :76-79.

YANG C. Principal of aircraft aeroelasticity[ M ]. 2nd ed. Bei-
jing: Beihang University Press,2016:76-79 (in Chinese) .

[21] DIMITRIADIS G. Introduction to nonlinear aeroelasticity[ M ].
Chichester: John Wiley & Sons,Inc. ,2017:264-269.

[22] PEETERS B,AUWERAER H V D,GUILLAUME P. The Poly-
MAX frequency domain method: A new standard for modal pa-
rameter estimation [ J ]. Shock and Vibration, 2004, 11
395-409.

EE®E /-
MEH B WML A. FEUE RS E
PR

L7F < T L o € R L B o [ P S 1 e R W 8

125 Tl
RER T ML, R, LTI, RIS MG

BYE T 225 TS .



AL AT W

W |
%1 PR, 25 I B AR ek o3 B AR G R 149

System identification of a 2-DOF wing section with freeplay nonlinearity
SUN Yukai, YANG Chao, WU Zhigang"

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

Abstract: On one hand, it is difficult to establish an accurate dynamical model description reflecting
structural characteristics of a real-world complex structure with freeplay nonlinearity because of the inconven-
ience or impossibility of measuring the gap. On the other hand, even though the freeplay has been estimated,
the modal parameters of the nominal linear system of the structure are still out of reach. Therefore, in this pa-
per, nonlinear system identification was performed by the usage of conditioned reverse path method and time-
domain nonlinear subspace identification method to obtain the parameters of freeplay nonlinearity as well as the
frequency response function of the nominal linear system of the nonlinear structure. A 2-DOF wing section was
chosen as a demonstration, on which the numerical experiments of ground vibration tests were performed. Non-
linear system identification was carried out by applying the conditioned reverse path method and time-domain
nonlinear subspace identification method. Consequently, the nominal linear system can be accurately estimated
by both methods, and the identified parameters of freeplay nonlinearity can also be obtained by smooth func-
tion approximation in conditioned reverse path method and by reconstruction via a series of piecewise linear
functions in time-domain nonlinear subspace identification method.

Keywords: freeplay nonlinearity ; subspace identification; nonlinear wing section; system identification;

conditioned reverse path method
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Abstract: A new ISAR imaging algorithm for high-speed maneuvering target is proposed to solve the
Doppler ambiguity problem under Migration Through Range Cells (MTRC). First, the algorithm transforms
the original signal to the image domain, then extracts the strongest scattering point, estimates the chirp rate of
the point, and estimates the Doppler ambiguity number based on the maximum contrast criterion of the image.
The next step is reconstructing the echo signal, correcting the MTRC, and using CLEAN technology to reduce
computation and the impact of noise on imaging results. Finally, a high-resolution ISAR image without ambi-
guity for high-speed maneuvering target is obtained. The simulation results prove the algorithm’ s effectiveness
and strong robustness under conditions of low signal-to-noise ratio.
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Zr0, R, FXA

(RFETRERS B ITRERE, Vi 710025)

1 E: EARILEFEL(SAR) HE SR, CHEN —HEE B 47, X HE AN
MABZEEN, A ERSARBECHANEZFEAIR ITHMCLESHBER 209,
# T — AT %t Faster R-CNN 8y SAR E g KA F %, #l1ET — 4 SAR B & L%
#& & (SAD) , LA Faster R-CNN 27 # I 4E 22 , | | % ¥ k-means & 3% % 1T & & 38 By 58 50 45 2AE,
PLE L AL E AR B IR A R L inception R B AR IF S B AR R+ HERZUY &N %
TE B ERERENRE; DT ARENLE LayerS BEWHERHEEAEANEZH, HH L
K EHATHMERE S U A E LW ET X E; BB 5 A\ Mask R-CNN & 3% # 4% H & Rol
Align 370, R AFAE T 5 R 46 R BB St R 2 . 20 45 R & 91 . A b JR 46 19 Faster R-CNN %
%, iR %k ¥k By Faster R-CNN H 3 % SAR R KM HAEE LT HRMNEERE T 7.4% , F B

PRFFT BRI

X 8 i WHLRI; Faster R-CNN; & R AFAE3 %5 £ T 50 &5 Rol Align

hE 4RSS TPI51
XEFRER: A

4 % L #2 & 15 ( Synthetic Aperture Radar,
SAR) 5ot ML Hh 5w s AL AS A 1, B 4
NN N TN 82 SN0 R o RPN
SRR B A H AR PR FORS B T S A U A
S A I T o TRALAE S — B A A H
B, 2 (R HG R R R E B BRI A
SELE I AL ARAE B, X S 3R UK 3 4
i T E AR SR A R

H g 2% ( Constant False Alarm Rate, CFAR)
K6 I 5% 2 A% 5t SAR IR H b A6 I d5e T B4 A6
SRkt TR R GOKF AT R, IR AR 2
FOBCHESE s, 07 CRAR 553 WS 4L CFAR
FUEk Ao SCHRL4 ] 42t —Fh3E T 40 CFAR (19
R B3, T PR 52 B XS SAR H A5 A9 A, LA
ARSI SR o SCHRES T4t 1 — b Bk 7 T A8 77 Y
CFAR B33, R I 22 RUBE Jay #8 0F LE B2 AT 72 7 L)
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N7 EAE, RS I 4t 1 5 g i) S, ikt A
F AR R GO0F e BE JEAT A, X LASE N 52 2% 75 5t
R SR, 2 b T SRR R e A I £

TRBE 27 2] BAT 5 R 1 A5 H A 6 RE g, ik
T2 R 4% (CNN) /Y B AR #5332 5l 1
MR ERSEIE T o SRR B AT B B 5
7 SSD"”! (Single Shot multiBox Detector) ,YOLO"'"'
(You Only Look Once) .YOLOv2''" [YOLOv3 "' &,
DA KWL BE K I 3 5 R-CNN'™ (Region-Convolu-
tional Neural Network ) | Fast R-CNN ' . Faster R-
CNN'" 46 Hl, 36 F I 2 ) b AT AL B ARt

U FE B H7 . 2020-01-04; R F HHR: 2020-05-22; W %& $H AR At iE : 2020-05-27 11:39
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+* @IS {E#. E-mail; suj04@ mails. tsinghua. edu. cn
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159-168. LI GS, SU J, LI Y H. An aircraft detection algorithm in SAR image based on improved Faster R-CNN [] ]. Journal of
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2: 1,3 H G0 9 R4t S HE ( Anchor Boxes) |, 4 5
HE R B B a8 2 e, R Rk B L R 15 R At
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Fig.1 Faster R-CNN detection flowchart
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Fig.2 Schematic diagram of anchor box
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2270, 2 3Tk iE Faster R-CNN [ SAR FE% &AL 20y
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(2)
chg(twti*) = R(ti - t;) (3)
0. 547 x| <1
R = smooth,, , = { (4)
|x|-0.5 HAth

KA AR AE B F 5 L o Sk R L, 3R
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R IE 44 B0 2%, 5 0 o IR ) 4% )2 09 i R AIE 4 B
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A Z LR XEER, BTN B bR A AR
@1 1] Rol Align FLIT , F FH 4 {8 J5 16 O B i s 8K
DA v G RS

2 i fy Faster R-CNN &%

2.1 IBEINAH

GG I AL g B AR L IR A
TR 28 I 45 1 8 Wt R 2 R, Sk T IR I 45 02 i
FRARAY I 25 00 2505 X (H 2 B T SAR BIHG Bh il 4
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17 5% 22 M 4% ResNet101 & #: L VGG16 W 25 1E
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Fig.3 Schematic diagram of VGG16 and ResNetl01 structure
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(b) ResNet101
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Fig.4 Schematic diagram of bottleneck structure
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16 x 16 (1) DX 353 Bl A6 R AE P A B a2 1 x 1 4%
FH WA ] A = T, SAR K{E b, AL H bR
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K/NK3I8 x57, TRMHGELEM 3 x3 HH, LIH
B TR B S5O0, A5 B RFAE 1] T4

Layer5 A7 4 DELZEE JF F R AE 2 4%, f th
(L 1] 8 B R Y 1732, ML T Layerd 1) £l
HOFL A E ORI B . RS2 B R, St 3
JE P B AR AT LA FE R B SUE R
H B VA (R 1 64T R AR B RFAE I 12,
KK 2 57 x 38, LISL B Layerd 1% F1
PEATHRRE RS, JF 200 3 x 3 BB, LA BR i & 3
NS B RFAE I F3 o oK F3 A F4 EATREG , 15 3 5
AR, B A E RPN W 2% F1 Rol Align B0

ResNet101
—_——,,,,,,—,,
900%600 1225x150,64 225x150,128 113x75,512 57x38,1 024 29x19.2 04
1 1 1 1 1
1
1| Layerl Layer2 Layer3 Layer4 Layer5
1
1
1
L
: i
' ["Conv |[ Conv |[ Conv |[ 3tfk | 1 Cony
b3 i 1x1,64 || 1x1,48 || 1x1,64 || 3x3,32 : 3x3,1 024
Erj | Conv : F3
e 55,64 : | RPN }—»
1 | ] D FHIER Rol
75 I : F4 Align
H ! |
e : Conv
1 1 [3x3,1 02
i | Convixl,1 024+BN+ReLU | !
|

& 5
Fig.5 Structure of improved Faster R-CNN

Yt i Faster R-CNN 2514



513

250, 4 5L Tk Faster R-CNN (% SAR &5 CHLK I 531

Ean
»

R S o 2R 5 E AT 55
LA, Faster R-CNN [ 26 X iy A J1 14 225K
O BRA B /NI R T 600 {8 R e KL/ F 1000

BE A
min{w,h} = 600 {4 (7)
max{w,h} < 1000 4% (8)

A FA 5350 Dy B T8 BE A . AR S
2%t A B 9 R SF R 900 x 600
2.3 $HRIETIR

VOoC #fli et B R K AR K F &,
Faster R-CNN 55k % FH 3 Fh R (8,16,32) Al
3P TEE (1:2,1:1,2:1) 29 R4l S HE, SAD
Bt S v C AL H PR RAT A 8/, HAS 58 B 3 B
g1, B RS N R 1 A B 55 AL
H bR B RCR A, N T3 P 5 4 S HE , 75 223k
7R LB SR AT Bk, JF H 3 H AN A B0 A I 45
o1 N — R S o

AR AT #E k-means B35, DLAS I Lo BR
B B AR A b AL H AR RIS R R e
HHTRE anchor, DL T3 i A HE KN, (i 2 0
ST VAT SIS /719 AN I -9 = /A i 1 )

D(b,c) =1 -10U(b,c) (9)
10U(b,,b,) = b, 0 b, (10
p? g) - bp U bg )

XD (b, ) AL b FIZEH Pt ¢ 2 1 R HE
B b, MBI b, HEPRRE. (I D(b,c) =
1= 10U (b, ) 4 HE it , 45 5IF T 3% Bl 5 A 31 36 2%
HUL B B R, HLTOU (K

SHF SAR PR 6L E BRI AR L X PO
VLR O i 15 B 4B, I 1 B K
. {(42,36),(48,54),(63,72),(70,48),
(96,75),(101,102), (129,120), (168,141),
(228.,210) | 2 F B fi 4 HE % 25 W ) 6
. XFHE 6(a) R 6 (b) W1, 58 15 %) 1 B
Pt HE B R B CBLH AR RS AN O ik
I A T B A HE B 5 R B 1, — i R
ER T O TR A B A 45
W,

900x600

56x37 Roltifk,

__________

300x280

1
” > @77
“J , . I

(a) Roljihfk

4.

(@) UGB (b) B A
6 T A T L 1

Fig.6  Example range of preset anchor box
2.4 Rol Align #5¢

Faster R-CNN H1{i F Rol jth 4k )2 {8 15 4 51
i BEAE B 5 77 AR [ E ROST B R AE 8], 5 Faster R-
CNN X % A BAGAS 225K J2& [ RoF . (A
VGG16 28 1T RFAEBE BUR) , 25 4T 4 IR KME.
WAL , 5 75 AR AE B RS 4 /0N 16 4%, FEFRAE B L iF
T F AL, i RSP 7 x 7, Rol Ak )2
Zoad 2 TR AT BB B AL, £ (0 A5 R AE ) g
Y DXl DA 7 2 Al 2 , 5 | A 1Y R DC IR [ 8 2%
8 R BE A S 3k P AR R D 25 4 i AR S 8 Il A
A7 1 T M R R

St b )R, AR SCR A Mask R-CNNP 4
P 3 A AR 51 A Rol Align J7 ¥ #E 17t 1k,
ek Rol th £k J2 45 K 1 1 4k I 22 , 1] FH B4k 1 4
BV AT G, PR B8 77 B, o A BRURE A R N
A, LR a5 18] 6 Bk P (Alignment) |, # HC4
“Rol Align” . Rol H14k .Rol Align %% #4 7 % & U0
B 7 s, W BRI R AR

1) 551 ik, 5% SAR E &+ H iR Rt
300 x 280, 28 3o R AIE 42 O 2% 5, X3 g U AE
A5y R Y 116, Fc /Ny 18,75 x 17. 5, ROI
Aligns 1 WAL (P B8 77 s 80 Ja , X s BUHE R
SPAE R 18,75 x 17,5, 1fi Rol b fb 55 1 W & 4k (1R
) Ja RoP A8 18 x 17,

2) 2 Wb, DXk BUHE 48 5 v Ak [
H T x T RSE K K HEBUHE ) 43K 49 (7 x 7) A~
457 X 48, Rol Align &5 2 YAk (IR B 7% S %0 45
AT IKIREL 2. 68 x2.5(18.75/7 =2.68 17.5/7 =
2.5) ;Rol i Ab5E 2 YAk (HUEE ) T IXJ B 2 x 2
(18/7 =2.57~2 17/7=2.43=2) ,

3) wAKMEMAL . B R REAE A

900x600

56x37 Rol Align
300x280 875x17p | —m—m jl
>  @7x7 d
A HE — |
= I_ 006 H |
18.75/7=2.68 1 ]

17.5/7=2.5
(b) Rol Align

7 Rol #ifk .Rol Align /5 = &
Fig.7 Schematic diagram of Rol Pooling and Rol Align



164 Jb 5B AL R K ¥ ¥

o

2021 4F

PRI AR B A 49 BT T x T R
/NEREAE B

Hi B AT, Rol s fb 85 2 WU B4, AR
TEFFAE P L WS 1 18 x 17 SR/ 114 DX Jal A A v
ZEN 14 x 14 FUN 77 A B9 A8 38 i 22 008 I 22 9 (]
SENE 2 HE RS o Rol 3t Ak 1) T {5 12 £/ B 9 A
B, A R T 8RR B I 22 A R 1 R LR 22
[

3 XBWERSHM

3.1 XHBFESH

Sz d FH 9 B4 2 45 : Ubuntu 16. 04 LTS, fifi
i CUDAS. 0 F1 cuDNNS5. 0 Jin 33 Il Zk; {#F FH 19
GPU:NVIDIA TITAN Xp GPU (12 GB . 1%) ; ffi Ffl
()2 FEiH = : Python i 5 F1 C 35 & 5 AT Y W 4% IF
K HE B8 . Pytorch; i Fi 49 Ab HH 2% . inter® Core™ 7-
6850K CPU@ 3.60 GHz x 12 ;Faster R-CNN HE 48554 .
https : // github. com/jwyang/ faster-rcnn. pytorch,

3.2 HiEE

AR SCHE IR VOC B e s U 17— T
SAR [E8 KAL H b A5 I i £ 4 SAD, B4l 4 vh
647 MR F, 1% 2 A 2 RoF i KHLH B
22944, SAR BIGEHERE NS =5 LA,
TerraSAR-X TL A2\ #HL 2K SAR 25, 4R 53 BF R
0.5m%| 3 m ANEE,

VOC % 4 b 5 K5 9 963 i, 3L 20 2k H
bR, A H bR & R BN 18 8 Fras . VOC %
20 KA FA IS KA EGEENT
647 g, Py R AT — 38 H AR Y SAD %4 4 0 2
SAR WAL AR A I 3 3 1 RE A G D 25K

SAD Hdfa 5 b KL H AR AE B g8 it B 07 B
K9 Frm o A G B & CHLECR e it o7 1
WE 9 (a) i, & LS 2ER R G gt |

tvmonitor [ 485
train jwe— 520
sofa jwwes 452
sheep jm 193
pottedplant jwess 469
person 4015
motorbike jwwwm 467
horse w561
dog | 839
diningtable | 390
cow |[mm 268
chair [wess— 862
cat [m— 659
car [wes——— | 434
bus [wes 360
bottle w456
boat jwes 353
bird [ww— 612
bicycle [mwmm 482
aeroplane jmwm 442 . . .
0 1 000 2000 3000 4000 5000

el 4kt
B8 VOC il 4 v & B 4 B B K

Fig.8 Number of various target images of VOC dataset

TrE WA 9 (b) Frow . BRiEE G5 3.5 28
KHLHE AR, HRHLE R S HERZHAE 0.05 DLF,
AL A BRI, — BB b 3 A I AT 55 PR M JE
SAD il 4k vh B H b5 T | e R A T AR
LIS gt 28k 1 iR .

€ 10 2 SAD %irdla £ v JL B L 780 37 5% 1) R AL

150

100

EHGEL

50

0 2 4 6 8 10 12 14 16 18
KRR
a) KA ETE
700

600

500

400

300

Rk e

200

0 0.05 0..10 O,I]5 0.,20 0.‘25 0,.30 035
IREE S
(b) RHURER & L E T
Ko WHLAMERSEIE T
Fig.9 Statistical histogram of aircraft target information
x1 TXHBRKITSH

Table 1 Statistical parameters of aircraft target

it S RRMHE H/MHE 11
G/ AR E 459 27 87
B B L 0.510 0.030 0.097
/AR E 378 42 81
B L 0.630 0.070 0.135
wi R/ 1R & 173 502 1134 7 047
T AL L 0.321 0.002 0.013

10 SAD Mgl 4 p A 2> SAR TKHLIER
Fig. 10 Some SAR aircraft images in SAD dataset



513

250, 4 5L Tk Faster R-CNN (% SAR &5 CHLK I 531

165

HAR, A5 % 4 2L H AR 5 0 g 24 R AL F AR, H
RHLEBIA — RF RIS m) 24 A 08 18 B
900 x 600 ) R~f, I J IF I 4 £ Labellmg” X
UL H B EATAR I, SR B LR SAD B il 4
53 7 Bk I ZRAE S A4 T, 3f 4% g 8: 2
() L 8] ] 431 25 4 i X 4 o
3.3 E\EENIG ST

RS EBE I AE ImageNet B4 4R F 1
Sl Gh 4T 1 ResNet101 A )1 25 (1) batch_size Y
1, %] 4G % > 2% (Lnitial Learning Rate) Bt 0. 001, #¢
U R B ( Weight Decay) Bt 0. 000 5, Il 24X £
epoch H 300, Z % 58 7 1 K JHAS B B 2% ( Sto-
chastic Gradient Descent,SGD) , 5% A T ( Momen-
tum) K 0.9, F 5% e 5% | 4 80T 6 1 2
FEAY T2 1169 i

fdE FHAF- KA 00 RS B (AP) A A0 4k 2145 £ it
KRG B2 8- 13 7] ZE ( Precision-Recall , P-
R) WA PPN FE AR o PR RS B 19 E Sy
AP = f;P(R)dR (11)

A AP I KENAS s R A [E1 3R PO HER R
A 1] 2 0 A 0 LA

TP
= 12
R TP + FN (12)
TP
P = 1
TP + FP (13)

Ao TP AR HUI A 1E /Y IEFE A FN A SR 000
R IEREAS 5 FP AR B A 1E By SRS
3.4 MRERDH

FIIAG ) SAD s 48 , B0 ik A SCHR i ek
i Faster R-CNN B35 %F SAR 4 AL H 5 19 &
MIVERE . ANFR 2 AT DL Y, A SCOR 25 1 1 28 46
K BEAH LE T 1T 3 b 8307, A SOk 0 SF 246 0 A
PR L iR T 88.5% , H Ml 78. 1% Tt &
89.5% ,MEWR R 77.0% 42 T+ & 85. 9% , 46 1 3 /&
AR EE T A S A P AL, B R R AR SO R T
B 22 M 2% Layer2 J5 ¥S IN T 2 2 I R AIE 3 s 4544
R T B SUERMAA S BEGHE R N,

R2 LRHERL

Table 2 Comparison of experimental results

. F5AIE 32 B i 3ok i/
Bk 4% AP/% R/% P/% e

Faster R-CNN
Faster R-CNN
Faster R-CNN +

k-means
ARSI
TE : fps g Wi/s,

VGG16 81.1 78.1 77.0 16.6
ResNet101 ~ 82.3 80.2 79.4 13.2

ResNetl01  83.5 81.7 80.8 13.5

ResNetl01 ~ 88.5 89.5 85.9 12.7

H P 1L AT, AR SCR ik i P-RO AR A IR
o, BT Bl o s #H LT 05 4h 3 Rk fE AR
T AR [R) 44 100 3R 4 [ ), BE A% DR 317 A5 g RO AR RS 2
W JZ R A 39 SR B A LR SCfE BRSO 1
R IORS A U AR o A SCH ki P-R 2k S
93 A48 Ao A £ D FR) TT BUBE R, TR T R XS SAR ]
B H AR ARG 1 RE B4

1.0 R i R
08} e b
W
|

06} % 3
% L
g i
= 04f 4]
' il
ro AR i
) e Faster R-CNN+k-means(ResNet101) ::
| =~ Faster R-CNN(ResNet101) i
[~~~ Faster R-CNN(VGG16) if

0 02 04 0.6 0.8 1.0

PEI S
BT OR[RSEE P-R 4R H g
Fig. 11 P-R curves comparison among different algorithms

12 79 SAD Bflade i o i &5 XS e R
J7 AE X A I 45 2R, AN R B AE E 47 X 70 - 2 8
FIEE CAE S LR I A5 2R, v (0 e A,

12 71, (1) 2 "ML H AR BRSO B 22 1 15
B, QLXK 8 52 s U, A S s T .
B 12(b) 19 (1) mr A 2 ZERBLERAG I o 1 227K
HLL B 12 Ce) B (1) (BT 12.(d) By (1) A X Hi el g
RHLE T A, AR SO S B TOXE 3 BT
AN . (2) o B — g Y T ST, 2 S0
FABHIE SR HECHS % GATL H AR A i BT, i
3 FPAEIENS 2 QLRI AT U R, AR AR A
R AL AT S5, SE B 7 A kil (3)
SRR TINEIE . R 12(b) B (3) L L
VGG16 Jy e fik 48 BUR 45, J2 TREC T, e AL 2 48 A
&R B 7 R R J7 KA B b R A (A
HE) I H B —Ab B A (B EAE) 5 B 12 (c) 19 (3)
i, R ResNet101 [ 25 48 URRAE | 5% 119 10 2% A1
GIRR I CE S/ E EP I € L AR S R
PRI (ELE T 4 Ab iR A (B EAE) s I 12(d)
(9 (3) A, 3l 2 BRI A Il 2 4R R RAL H AR I R
FUE 6 BB OHE EAT R, AR A M AR TR
o, (H LRI Y 4 2R, R 1 AR TR (G
HE) s A SCEEEXE 5 B QP A AR AR I 1, JF oK 1 7
WA (4) PAFAEZ AL /N H AR T3, B R
HERIN 7 T RIS, A S s R, A 3 b
BRI AEAN TR R JEE 1) R 4G 5 T A, AR SR TR A



166 b m o= A R R

Ean

2021 4F

(a) PRIEHE

(b) Faster R-CNN(VGG16)

12

(c) Faster R-CNN
(ResNet101)

SERR I

(d) Faster R-CNN+k-means
(ResNet101)

(&) A5 IE

Fig. 12 Comparison of detection results

il k-means BB E G RAE R & £ T SCE R,
A LAAR G 3 A e X A7 B S BE A DR AR, R N
Layer2 5 #5 @2 FRAESE 3R 4500, W BR T X AR
A CHLA TR G, S B 1 X TRAL A A R AR o A 52
B A RKFE AL & T X SAR EE KHLH
PREGEINEE ST, BB T UM AR I ROR o

4% ®

JE 1A Faster R-CNN 2 3k H 42 0 I T SAR &
BB ROR A, Ry A SCH T — T ik
f) Faster R-CNN 5.3 FZER#anh .

1) SER BRI, DL S - 4 B % R A
AT TR A

2) i RUNE Y EEBT BCE A Rol Align 19 5] A,
3L GG W T SAR R AL H AR AR A5, U
DRENLIRZE o

3) Bt ke AR 4R I 2%, i —
WOR

TE SAD $dl 52 v, Ok i) 3006 A UK T X
T-HE B AR A AT 55 /N L E AR T A A
SRR BRI T 7.4% o Tk B LA
J BEAG T HG I, S S5O ) T RE W AR R BRAIR T4
4 fps, TEFEZ I H N o A SCSEB R 1 R T A)
WG EHE 2E 1 Faster R-CNN-H AR A I 55 125 1T %
& SAR G B I £ 1 FT AT M, O &1 X SAR #1148
ML BRHEAT G M O B T SRR R A

BRI T R

JE A 5 2519 SAR FURKAL H ARG I A 7 2 A T

223 Hk (References)

AN BN, GF . — BT B & HE CRAR A 88 B2

1. 258 L FHE A ,2018(3) :61-64.
LIW P,LIY,DUAN C L, et al. A new robust CFAR detector
design method[ J]. Space Electronic Technology,2018(3) :61-
64 (in Chinese) .

[ 2] CUI'Y,ZHOU G,YANG J,et al. On the iterative censoring for

(1] BpsE
Jrkl)

target detection in SAR images[ J]. IEEE Geoscience and Re-
mote Sensing Letters,2011,8(4) :641-645.

[ 3] BRUSCH S,LEHNER S,FRITZ T,et al. Ship surveillance with
TerraSAR-X[ J]. IEEE Transactions on Geoscience and Remote
Sensing,2011,49(3) :1092-1103.

[ 4] 2% B4, EFE, % T RIK CFAR 17 SAR K& H
FRpREAS I 7 5[] BUCH 15,2019,41(2) 22125,

WANG Y H,CHEN W,WANG ] F,et al. Fast target detection
method of SAR image based on cascaded CFAR[ J]. Modern
Radar,2019,41(2) :21-25(in Chinese) .

[ 5] CHEN S,LI X. A new CFAR algorithm based on variable win-
dow for ship target detection in SAR images[ J]. Signal,, Image
and Video Processing,2019,13.779-786.

[ 6] GAO F,XUE X, WANG J,et al. Visual attention model with a
novel learning strategy and its application to target detection
from SAR images[ C] // International Conference on Brain In-
spired Cognitive Systems. Berlin; Springer,2016:149-160.

[ 7] TU S,SU Y. Fast and accurate target detection based on multi-
scale saliency and active contour model for high-resolution SAR

images [ J ]. IEEE Transactions on Geoscience and Remote



513

25, 2 L Tk Faster R-CNN ) SAR B2 K AHLAG I &7

e R

M ]

167

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Sensing,2016,54 (10) :5729-5744.

BENGIO Y, COURVILLE A, VINCENT P. Representation
learning: A review and new perspectives[ J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence,2013,35(8) :
1798-1828.

LIU W, ANGUELOV D, ERHAN D, et al. SSD: Single shot
multibox detector[ C] // European Conference on Computer Vi-
sion. Berlin ; Springer,2016 ; 21-37.

REDMON J,DIVVALA S, GIRSHICK R, et al. You only look
once: Unified, real-time object detection[ C] // IEEE Confer-
ence on Computer Vision and Pattern Recognition. Piscataway :
IEEE Press,2016:779-788.

REDMON J, FARHADI A. YOLO9000 : Better, faster, stronger
[ C]/IEEE Conference on Computer Vision and Pattern Rec-
ognition. Piscataway ;: IEEE Press,2017 :6517-6525.

REDMON J, FARHADI A. YOLOv3: An incremental improve-
ment[ EB/OL]. (2018-04-08 ) [ 2020-01-01 ]. http: // arxiv.
org/abs/1804.02767.

GIRSHICK R, DONAHUE J, DARRELL T, et al. Rich feature
hierarchies for accurate object detection and semantic segmenta-
tion[ C] // IEEE Conference on Computer Vision and Pattern
Recognition. Piscataway;: IEEE Press,2014:580-587.
GIRSHICK R. Fast R-CNN[ C] // Proceedings of IEEE Interna-
tional Conference on Computer Vision. Piscataway: IEEE
Press,2015 ;:1440-1448.

REN S,HE K M,GIRSHICK R, et al. Faster R-CNN: Towards
real-time object detection with region proposal networks[ C] //
Proceedings of Advances in Neural Information Processing Sys-
tems,2015:91-99.

WM K, Be . Faster R-CNN AU 15 38 SR I 4 AL H bR iG:
WA AR ALT]. B4 L ,2019,49(10) :925-929.
CHANG P F,DUAN Y L. Application of Faster R-CNN model

[17]

[18]

[19]

[20]

[21]

in aircraft target detection in remote sensing image[ J ]. Radio
Engineering,2019,49 (10) : 925-929 (in Chinese) .

RARAT, UET AR, 55 G Bl 28 0 45 11 38 JBOE AR
RALEARKZM[J]. 2224 ,2019,48(8) :1046-1058.

YU D X,GUO H T,ZHANG B M, et al. Aircraft target detection
in remote sensing image using cascaded convolutional neural
network[ J]. Journal of Surveying and Mapping,2019,48(8) :
1046-1058 (in Chinese) .

FHT, w8, PG S TR TG AR 2 I 4% B R 2 BE AR SAR
PR AL AR g5 [T ] 5 3k 24 41, 2017,6(2) : 195-

203.

WANG S Y,GAO X,SUN H, et al. Method of aircraft target de-
tection in high resolution SAR image based on convolutional

neural network[ J ]. Journal of Radar,2017,6(2) :195-203 (in

Chinese) .

LECUN Y,BOTTOU L,BENGIO Y et al. Gradient-based learn-

ing applied to document recognition [ J]. Proceedings of the

IEEE, 1998 ,86(11) :2278-2324.

IOFFE S,SZEGEDY C. Batch normalization ; Accelerating deep

network training by reducing internal covariate shift[ C] // In-

ternational Conference on Machine Learning,2015 :448-456.

HE K M,GKIOXARI G,DOLLAR P et al. Mask R-CNN[ C] //

Proceedings of IEEE International Conference on Computer

Vision. Piscataway : IEEE Press,2017 :2980-2988.

EERN:
= BB LT A, BRI R TR H
FrAS N o

758

B/ R € T A S [ s X 7l R i 9

Bak BRI



AL AT W

168 B[ AU =N/ NI NI = 2021 4¢

An aircraft detection algorithm in SAR image based on
improved Faster R-CNN

LI Guangshuai, SU Juan” , LI Yihong

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

Abstract: In the field of Synthetic Aperture Radar ( SAR) image analysis, as an important target, air-
craft detection has attracted more and more attention. In order to solve the problem that traditional aircraft de-
tection algorithms need to design hand-crafted features and have poor robustness, this paper proposes an air-
craft detection algorithm based on improved Faster R-CNN. In this paper, a SAR Aircraft Dataset (SAD) is
made. With Faster R-CNN as the detection framework, the improved k-means algorithm is used to design a
more reasonable prior anchor frame to adapt to the characteristic of aircraft size. Based on the idea of inception
module, multiple convolution kernels of different sizes are designed to expand the network width and enhance
the expression of shallow features. By analyzing the residual network, the feature-map of Layer5 has a larger
receptive field, and feature fusion is carried out after upsampling to make use of more context information.
Meanwhile, the Rol Align unit proposed in Mask R-CNN algorithm is introduced to eliminate the mapping de-
viation between the feature-map and the original image. The experimental results show that, compared with the
original Faster R-CNN algorithm, the proposed algorithm improves the average detection accuracy by 7.4% on
the SAD, while maintaining a fast detection speed.

Keywords: aircraft detection; Faster R-CNN; shallow feature enhancement; context information; Rol

Align

Received : 2020-01-04 ; Accepted: 2020-05-22 ; Published online: 2020-05-27 11 .39
URL: kns. enki. net/kems/detail/11.2625. V.20200526. 1548.002. html

# Corresponding author. E-mail: suj04@ mails. tsinghua. edu. cn



2021 4 1 H
AT 1

tEMEMRKAEFER

Journal of Beijing University of Aeronautics and Astronautics

AL 4R

Jﬂ 2] January 2021

Vol.47 No. 1

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2020. 0008

jbuaa@ buaa. edu. cn

& T BDS/GPS 1) KBLMS {5iE M= R EBHEE

£R

Fym'?, 207

%2,3,* , ﬁ%@lﬂ

iﬁ TR (FE SR, AR 0300245 2. (P4 % 1045 B R 4 TR ARBFF A0, K 030024 ;
3. RJEFLT RS KBRS R, AJE 030024)

i E.EARTEFMALR(GNSS) F 4t Wk A B R ALK E LK 5 K9
FEHRHREBREUERXATENFE A, 8E T — A X T BDS/GPS Wy F R # & /N 77 i it
(KBLMS) Y 5 A K., ¥R, BEIRAAHEA, XA, R AT FRE/HIT U RS T
REWERGIHES AEERET ENSERE, &5, RITLE(LOS) &t 1+ 3 L& K
GEESFEAEHREEE A THENHERIEEE RS, B TNHESIRHGE, »
#r KBLMS 8y fF 8 #Mx £ 2 R E L Wt . 45 R Kk W :KBLMS th 5 & #MZ % 2 % WM S A A
RT&RANHF(IMS) R L H Pk s, EMR IR £%E ENU ZAEE R Z R D
T 0. Lchip, HFRERZWMD THO0. 125em, HHEBRKT FERUIILWEZ, FARRKNIEZE
th LMS F& {5 7 0.035 chip, WA ik B & WM EE T UHTE N B ENEIT, ATTRIET &%

o M .
x #

% ZEIE; LB (LOS) fiit
hES %S, TNIG6T. 1
XHktRERD: A

SR H AT BDS 75— B 00 R 5 1 5 iR
B AELTE ST e A X Bl 25 O BRI T L AT I T
RS T, R 2B TR 81 T, B
MLHE ( Line-of-Sight, LOS ) {5 5 ik /b, T B 4% Wi i
B E) pn] W TR i B 2URIE D, BDS BLR 5
fRT DL TLR A AN 2 4 B, T s B AR o RO R
e

AR SO 42 Bk T AL 3 )it 22 4¢ ( Global Naviga-
tion Satellite System,GNSS) H & R4 4H S M £ F
P, LA S BDS &5 GPS 7E %3 i) b9 A8 b5 & AE 4%
VT, FUA JE K G0 26 ], Jo e /N T AR 22 0 A
2,1 BDS 5 GPS i RGEHATH A, WEE IE
EAGE T E 2Ry W TR R 2

W: 2RI EFMAL (GNSS); Z R %M, F/RZ & AT it (KBLMS);

XE4HS: 1001-5965(2021)01-0169-08

IR

EE RN S DR SRS
5 HAt & 45 A W], COMPASS Fil JH b Bk # 11 138
(GEO) #5144 b BR [7] 2B TL AL %13 (1GSO) T 4%
P KUK 55 . SRT, th T GEO TLAL (¥ &
B, L 2 4R 300 1L 1GSO B b L M Bk TR
(MEO) DR ™EHL ", B, CF T2 H B
EZRRN . H Al 24 B0 AR i i Bt K
2 W 5 SR Bk 0 2 4% (EUA T 119 Bk 2 A DL i o
AR . X T8 20 4% S 5[] A0, o 0 o ) A O
T R0 1 B Bt B A 22 AR i Y TR
T S A 5 2% 4E 3R 91 5E PR ( Delay Locking Loop,
DLL) 7 416 ¥5, {H & A Ry LR BE 9k b 48 3R /N T

Wi EH: 2020-01-09; FABH: 2020-03-13; MK HRRATIE: 2020-03-24 1535
W 4& H R bk . kns. cnki. net/kems/detail /11.2625. V. 20200323. 1547.002. html
E&TH: HEKARRB¥EES (61772358) 3 FZK S M &R (2018 YFB2200900 )

= BIE1EE. E-mail; lidengao@ tyut. edu. cn

SIA#: Fuedt, FO%, B4 HTFBDS/GPS #y KBLMS F##M2 5 B R M A K [T] HFMEAK A F ¥, 2021, 47 (1)
169-176. WANG X Y, LID A, ZHAO J M. KBLMS channel compensation multipath mitigation algorithm based on BDS/GPS[] ].
Journal of Beijing University of Aeronautics and Astronautics , 2021 , 47 (1 ) : 169- 176 (in Chinese ).


qwqw
新建图章

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202101021&dbname=CJFDAUTO&uid=WEEvREcwSlJHSldSdmVqM1BLVW9RNjZhVCt1SlJUMXluMzlNSWpDbzBXST0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

170 Jb 5B AL R K ¥ ¥

2021 4F

Lchip (chip 5 R A ), 2 J5 # 5 F 25 4 o6 2
A I AR I B R 5 A — A BN AR IR
TR, A5 Dy 00 6 % 22 AR AE, (B AR O 56 1 B AR
K PR e, A RE G2 il i AR 2 ARG S IR .

VFZUETE T2 AR SRR U > 242, 40
BT 25 58U 1 2 AR A6 T 8 B BUE B (Mul-
tipath Estimation Delay Locking Loop, MEDLL) """
PR EFETELZ DML, S AT
A AESHAE T R P IR EARIR . Hi, B
RS EATIREE AR T R T —H
e 3 AR AL SR 7 ") (Fast Tteration Maximum
Algorithm , FIMLA ) . $K 1117, {LL 4R o& %5114 11 55 & 1)
A 2 — M

ARSCEXE S T H AR B OL T, R G E
SENL K ZARIRZEN R, $ 4 T BDS/GPS A4t
TH—f /R E & /NS I (Kalman estimation
Based Least Mean Square, KBLMS) f{) {5 i #Mx £
B, IF X GNSS Z R AL @ 15 1
OYHT e B, A T A G o BT A IR Al A
P, 6 B EAT A SR, UM 2 AR {5 TE 1 5
Wi o SRIG , Beit LOS S Al e LI AE B st [l g
ARG B RE R T LOS {55 24
ARG 52 2% B8 A R AL AR Al 3, A 935 A8 3R A &2 3 45
LOS f5c Al 1B A B A J32 4E B 1Y) 5% 22 [n] 4, S 5%
25 A 3 A T MR PR BT AR PR R B
FOM SE B ARAR BL, AR 3OO vk R R R A O
T2 AR,

1 BDS/GPS Z4%HEHE %

WA R R G 30 S RE SRS R £
i PR 2% 61 81, 2% SCOR ) BDS 5 GPS WU il 4 1
J7 RS BUE L, o2 2 G P B R 8 3 AR 157 00
AT LR

Py = Ph + cAt,, + cAty,, + D:)m t Epy (1)

Pl = p" + At + cAt,, + At + D, + &)
(2)

QD?F = P]) + At + cAty,, + D]!)m +NA + SZIF (3)

@ = pit At + At +cAt,, + D+ NA + g
IF

(4)
Ko bR b g 5151t % BDS RERIE R 1) GPS
Rbfese T s An, K EHCHLER 225 P i gy 50 51
Hy RBE AR 50 o AUHE U B L5 T
i D08 s A, TR 56 2 B D3585 5 A, Ayl
BLH BB : A, 9 6 7 A O ESR 5 D,, JX4 i
FAER (N S BRI s A WU K s, o,

O R P AR A I R

D, 2R FIKS 5 i 8 RLBORTEAT A 5, 1 R 0
SRS RAR B, DL D BE LI 5 e Y 52 e
IR, TR ), fF E R 2 Ar,, 2 FE
FR , BE A SE SR A - 2 B o i 22 O 0. 39 ns, 5 5 A
25 At AE 2 ns JEHINE S, AT LIE R e 56015 Bk
D fr i R R

BDS il GPS RG22 At K T0UX i 2 4E 3R
D, A IEIR Ae,,, TERLN [R) NS E  1F R eI fF
K AT LA A H8 B R S BRI O R AR

Pl pt ke, + el (5)

QD;FI‘) = pb + CAII_H(: + NI)/\ + 8:;! (6)
IF

Pi=p* + cAt, + aiiF (7)

gol'Fg: pg + CAtrt_(, + Ng/\ + EiiF (8)

A PR o3 ) BDS R Gk TR IE 5 Y
R R Z AR AL 5 PR o143 ) o GPS R Bt 5
R TE JE 1 B R 2R U R

2 BDS/GPS WR G #E X T R ER

BB IR

BDS/GPS W RGBT, B Ex 5 i i i 2L
JETE 2 B AR AR 1 2 E 5 1 8 AH T 5 4T
L2 AR FUAME o BE DR AR B B A S S A A
KRB A v, i H oA X LOS {55 [ A O R K
BIAE T 5, K BE R n, R B B R A A S e 2
] 6 R KRN
&k = y,C (9)
K C A E R n xn B IR FE . A H
Bk AL B R R B e A i € LB £ 4%
(R TEIN A

FEBR A BT 5l A 2 S LOS {5 5 Al
THREHCH 7 B Il B b e A iR 2 E S, A
TP (=B R AN c=2/ BoAg e R il = B A L T N =3 EN
B 1R . B IR Sy sp 5 5, NCO Sl %k
2.1 KBLMS # B i&E Rz g B &R fh it 4= 8

RIOR SR W SETE Sy 2 A b B < i ) R
TR RN R A AR

I} 5] B8 75
X(k|k-1) =AX(k-1]k - 1) +BU(k) + W(k)
(10)
P(k|k-1) =AP(k-1|k-1)A" +Q (11)
R R TR
X(k|k) = X(k|k-1) +Kg(h)(X(k) -
HX(k|E-1)) (12)



513 F M, 4F 2T BDS/GPS fy KBLMS {518 #h 2 2 18 208 55 ¥

e AL iR
| M | 1

HIENCO

IF ——>

HIENCO

1 3T KBLMS [ id N JE il A9 4E 3R Ak 1145 B

Fig.1 Delay estimation mode
Kg(k) =P(k|k - 1)H' (HP(k|k - 1)H" +R)"
(13)
P(k|k) = (I -Kg(k)H)P(k|k - 1) (14)
AR B E S 1 Hermitian 75 25 46 B
U(k) RS 0% AR X (k) 9 RGIR A2
B RECA TN B OIR A AR A [5 W (k) Ay 7 e
FiX(k[k-1) e R" NEIAHIHE, X(k|k) eR”
G KA T s B8 Ke (k) R RIR 225 H
SR 785725 e 06 4 5 @ Ay UL W6 75 7 2 46
FUFH IR 8 g B 0 1 0 LMS E47 e ik, He
ANEE T 1R 2 Rl 1k X A5 5 IR O 2 B R iR AT A
T A AR L AR Y i R v 27 A B R I A FE MR
LU Sk A8, SR B AR 2% e (k) K. B, R
IR B U P X LMS AT it o HL A kAR e AR 4
KT L 07 9 e, WA TTT Wi 5 A e, 4 LR
BErERET
LMS £ A=y
w,(k+1) =w, (k) +upx,(k)e, (k) (15)
A ISR T5x, (k) N R G IR 4728 i
w, (k+1) ¥k AL R ik s e (k) M5k 2
P e I 2
AHRK B AR ATE R
w,(k+1) = w, (k) +u(k)x, (ke (k)  (16)
i (10) ~ X (14) Al i, RG] UFH
Tl 28 B A R B C (k) 7E ARk B 8%
JERiA C(k+1) =C(k), LR A REGIREE
WA A =1,B=0, TGk B W5 5 b £
ZRC AL, HRE LI B LOS 15 5 A 181 He 11y
Wy (k) RER A T F & I A 18 D2 B B )
H
y(k) = y(k)C(k) (17)
T AR B K G, X £ B I 2R B AT
e 0T DA R 2 0 4 05 25 d /N, L R B U
RO AL f ME— A2 7 R 22 AU R R

| based on KBLMS adaptive filtering
€Y = By - 50 [ =
E[(y(k) =y(k)C(k)) (y(k) =y(k)C(k))"] =
w{E[(y(k) = y(k)C(k))"(y(k) -

y(k)C(k)) 1} = w{E[e(k)"e(k)]} (18)

Kby, = o &0, N LOS 5 S AT it
[ F 2 R 2 05 5

T DL B B R 9
e(k) = y(k) - y(k)C(k) (19)

His (18) AT 1, 78 MSE o 0] o, 4% # 56 %K
Pk e8] Sy QIR | QR AW R A 6
MELFE I C T RO B o 0, AT AR F R
S

E[y"(7(k) —y(k)C(k))] =0 (20)
2 (20) WJ LA R A R
RC =T (21)

AR = E[y"y] AEU(E 51 Hermitian B J7
FHEM; T = E[y'"y],

fip g0 (21) W 1%
C, =R'T (22)
B (22) A (18) J5 TR
Jow = tr|R, - T"R'T} (23)

s Ry = E[3"y] BRI B R K%, X &
PPN ey Y NS TIPS Ty 3
KRN A

WK 40 S B H =y (k) o ik (13) 7]
B K w k) A
PCk|k - 1)

wR) = PGk k- ) (k) + R (24
SR R
P i 7R
PCk|k +1) = (T=p(B)y(B)y" () Pk - 1)
(25)

B (24) fUAS(16) AT 45 KBLMS 25 4



e R

|3
172 b B = R OR 2021 4
ENGR-SIDBES (WA W

Clk+1) = C(k) +u(k)y(k)e (k) =

P(k|k-1)y(k)e (k)

Y (RYP(k|k - 1)y(k) +R
55 KBLMS %53 % B 19 2 A ad L F
i ) B 7 7 7 g

C(klk-1) =AC(k=1]k - 1) +By(k) + W(k)

C(k) + (26)

(27)
P(k|k-1) =AP(k-1|k -1)A" +Q (28)
R TR
C(k|k) = C(k|k-1) +
Kg(k) (y(k) —HC(k|k -1)) (29)
Kg(k) = P(k|k - 1)H (HP(k|k - 1)H +R)"
(30)
P(k|k) = (I - Kg(k)H)P(k|k - 1) (31)

Ay (k) B RGHIHAA T C (k) N REHRE
AR C(k|k-1) e R" 5B, C(klk) e
R" g J5 WAt
2.2 LOS S #ARE IR

BEIF— A~ LOS {5 Bl 145 B | 2 4B 7= A4z 35
KRk (k) %A% 2% 5% 1 T A B0 MG B 0 1, %
60 35 4 A5 ) 1 O L T R B e L T
FEHE R R B

TEHA (5 SRR R B op y, RN
Vi = QB (32)

R e, oo AU B B K
AR N PR HE SR 43537 Ky
8.G'y
T = arg max{ >~ k} (33)
LOS,K g {g?G”g,
H -1
g;LOS KG y
a‘?LOSK T Yfl . (34)
' g;LOS,K g;LOS,K

2P G Ry T AR, DRI b, E A i
RGN ON -5 N ) B T D cc )= - R s )
PUfE T v,

3 XWHRMITIE

3.1 XWHFRE

N T S UEAR SCHE I A R Sk e B A
2 s B R RAE 5 R R AR 2 B2 IR
PLANR WA AT AR SR 5200, 3 1 ik T kAT
LH S BB

FEBEA BRI, T2 — > DU AR i 18 A g
JZ S SR AR 14 39 T B 358 0 AT T R R 4L A
B 37 o &4 FIER 2 2050 Sy AS Ui i 1 3l i
F| i1y GPS/BDS {55 19 LR KRG KA 24

B2 ks
Fig.2 Experimental equipment

x1 XBHESH
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Fig.7 Convergence performance comparison of two
optimization algorithms in tracking loop

(C/N, =40 dB/Hz, u =0.0175)



174 Jb 5B AL R K ¥ ¥

e AL iR

2021 4F

7L
1 0.4 l
S 0.2 [ "
E 1§ OPN* ™
2 150 250

) 100 200 300 400 500 600 700 800
[} [E]/ms
— KBLMS — LMS

[ 8 {55 A UG 0T T A 00 A B vk oy R B i HE R
(C/N, =40dB/Hz, u =0.0175)
Fig.8 Tracking performance comparison of two optimization
algorithms in the event of loss of signal lock

(C/N, =40 dB/Hz, 1 =0.0175)

— P ARG 1Y B, X R R KBLMS A DL R &
RREFEFEN IR, TR E S RENE
PR g W S BT AC 7 S B N ST N R (=1
AR T I TA] o 33X A2 1 3 7 B3 %) i S0 o fe]
S GNSS U ML R 1Y I 1A
3.3.2 kIR £3Tib

B9 2t 1 2 oA Ak B30 0 X R B 1R 22 1Y 5
M. MIEL 9 Ca) AT LAE M 48 1 2 Fp £ 580 1k XoF
FOEAME R BT LA, A5 RTE ENU = A 4E
OB BR R 158 22 78 0.5 chip {5 [H 4, KBLMS 552 4
BT LMS Bk F A R R iR 2 4E ENU =44k

2Z/chip

TR
5

PR
=22 /chip

TR i
=22 /chip

0 100 200 300 400 500

[ [E]/ms
—KBLMS —LMS
(a) ihERERIR2E

£

2

H

o

glﬁ.

=

=

EaS

0 50 100 150 200 250
Ff [E]/s
—KBLMS —-LMS
(b) AR IRER IR

9 PHRL AT T A A R B 1 2 A A e R R 22 L AR
Fig.9 Comparison of code tracking errors and carrier

tracking errors between two optimization algorithms

JEDRZZ kD 1 0. 1 chip, R BRER IR 2200 T 24
0.125 em, AR FEAR T 24280 51 E R 2. M
Pt LMS 55341 5 , KBLMS 57 3 fiE 5 4 3t 52 BE XS
5T BISEI R ER AR 2 AR T AR 25, A AL B
XHEE A S RS . X2 B T KBLMS fE
% %5 o 52BN B A0 AL 3T, 38 G 1B I SR AR A TR
22 X YOS RE 1Y Jg BR 1K o

M 10 /T AEE], iR R 2 8 D i AR
AR L R AR R ZERI AR L LMS SEE AR T
0.035 chip, [H i, KBLMS 523 (19 fili 11 SRS 1

0.10

— KBLMS
. 0.08 —LMS

K
o 0.06F
i
% 004t
0.02}

Od 5 10 15 20 25 30 35 40
EARREL
10 BRPCAL B i A TR AR IR 22 HL
(C/N, =40 dB/Hz,u =0.0175)

Fig. 10  Final residual error comparison of two optimization

algorithms (C/N; =40 dB/Hz,u =0.0175)

1% #

AR SCAE IR 5 43 Fr Ik 1T 0ok 45 R 5k BF 5 v GNSS
B ZR G5 AN BE S5 BAE A [A] E, BE T BDS/GPS XU XL
MARGEAE T —Fh KBLMS {5 38 #h 2 2 12 22 i 4%
Ko TP EFBZAFETFTWENRI K p =
0.0175 f1Zk M [t C/N, = 40 dB/Hz, ik — 4 %t
KBLMS Fi1 LMS BEAT T 5Bk, 25 R R W .

1) FEFRI/REAE1H1 KBLMS 53k B A fe bl
WS RE L R WL ST R BA RO W 2 A2 {5 1 R
PRRE ) BERETELS 5 B AR MG 0L T TR EUK 2 (5 5
) B o

2) 5 LMS F kA0 b, KBLMS 553k A A gk 2>
T 0.1 chip A% R ER 38 22, i Ik 2> T 29 0. 125 cm
F14) 28R R BB R 2

3) TR R S R Bk 10 4F AL, KBLMS 53
el &M Bk AT iR 22 b LMS B =N, UL B
KBLMS 53 3% w] LA S il 4

2% i@k (References)

[ 1] 2 Rede, Lk, 5. GNSS Z 425 5 #E 1 K I #& J5 1%
[J]. AE RO 28 T K K 2222 41,2018 ,44(6) :1239-1245.
LI W,ZHU Y L, WANG F,et al. GNSS multipath signal model
and altimetry method[ J]. Journal of Beijing University of Aero-

nautics and Astronautics, 2018, 44 (6) ; 1239-1245 (in Chi-



e R

M ]

1M F R, % AT BDS/GPS fi) KBLMS {5 18 #M& 212 S U5 0k 175
nese) . gation ,2000:73-79.
[2] BAy, B, B —FsE T TERERSEAEW LMS (ZiE [12] YUAN G,FENG L,TENG L. Analysis of multipath parameter

(7]

[8]

(9]

[10]

[11]

BPRZSBERY [T, 7Y 22 v 7 B 4 K 2% 2 4, 2015, 42 (1)
161-167.

LIAO X,XUE R,ZHAO D F. State modeling of the narrowband
LMS channel suitable for dual-satellite systems[ J]. Journal of
Xidian University,2015,42(1) : 161-167 (in Chinese).
MILLER S,ZHANG X,SPANIAS A. A new asymmetric correla-
tion kernel for GNSS multipath mitigation [ C] /2015 Sensor
Signal Processing for Defence,2015 :15490738.

JIA Q,WU R B,WANG W Y ,et al. Multipath interference miti-
gation in GNSS via WRELAX [ J]. GPS Solutions, 2018, 21
(2):487-498.

CHEN X,DOVIS F,PINI M. An innovative multipath mitigation
method using coupled amplitude delay locked loops in GNSS re-
ceivers[ J]. IEEE/ION Position , Location and Navigation Sym-
posium. Piscataway : IEEE Press,2010:1118-1126.

RUI X,SUN Y B,ZHAO D F. CPM signals for satellite naviga-
tion in the S and C bands[ J]. Sensors,2015,15(6) :13184-
13200.

ROST C, WANNINGER L. Carrier phase multipath mitigation
based on GNSS signal quality measurements[ J]. Journal of Ap-
plied Geodesy,2009,3(2) :81-87.

CANNON M E, LACHAPELLE G, QIU W, et al. Performance
analysis of a narrow correlator spacing receiver for precise static
GPS positioning[ C] // Position Location and Navigation Sympo-
sium. Piscataway : IEEE Press, 1994 :355-360.

DE BAKKER P F,VAN DER MAREL H,TIBERIUS C C J M.
Geometry-free undifferenced, single and double differenced
analysis of single frequency GPS, EGNOS and GIOVE-A/B
measurements[ J]. GPS Solutions,2009,13(4) :305-314.
SANCHEZFERNANDEZ M, AGUILERAFORERO M, GARCI-
AARMADA A. Performance analysis and parameter optimization
of DLL and MEDLL in fading multipath environments for next
generation navigation receivers[ J|. IEEE Transactions on Con-
sumer Electronics,2007,53(4) :1302-1308.

TOWNSEND B, WIEBE J,JAKAB A. Results and analysis of
using the MEDLL receiver as a multipath meter[ C] // Proceed-

ings of the National Technical Meeting of the Institute of Navi-

[13]

[14]

[15]

[16]

[19]

[20]

estimation accuracy in MEDLL algorithm[ C] // China Satellite
Navigation Conference ( CSNC ) 2013 Proceeding, 2013
597-606.

SAHMOUDI M, AMIN M. Fast iterative maximum-likelihood al-
gorithm (FIMLA) for multipath mitigation in the next genera-
tion of GNSS receivers [ J ]. IEEE Transactions on Wireless
Communications ,2008 ,7 (11) :4362-4374.

STAUDER J. Estimation of point light source parameters for ob-
ject-based coding[ J]. Signal Processing Image Communication,
1995,7(4-6) :355-379.

SECO-GRANADO G, FERNANDEZ-RUBIO J A, FERNAN-
DEZ-PRADES C. ML estimator and hybrid beamformer for mul-
tipath and interference mitigation in GNSS receivers[ J]. IEEE
Transactions on Signal Processing,2005,53(3) :1194-1208.
YAN G,WEIL,LI J,et al. A new iterative method for multipath
mitigation[ C] // China Satellite Navigation Conference ( CSNC)
2015 Proceedings,2015 :667-676.

SADRIEH S N,BROUMANDAN A,LACHAPELLE G. Doppler
characterization of a mobile GNSS receiver in multipath fading
channels[ J]. Journal of Navigation,2012,65(3) :477.
SOKHANDAN N,BROUMANDAN A,CURRAN J T,et al. Ac-
curate GNSS range estimation in multipath environments using
stochastic-gradient-based adaptive filtering [ J ].
2016,63(1) :39-52.

Navigation,

CHEN X. Statistical multipath model comparative analysis of
different GNSS orbits in static urban canyon environment[ J].
Advances in Space Research,2018,62(5) :39-52.

CHANG H K,SUN Y K,CHAN G P. An adaptive Kalman filte-
ring approach to Fourier analysis for estimating various chirp-
type GNSS interference frequencies: Chirp-type GNSS interfer-
ence frequency tracking[ J]. Navigation,2018 ,65(1) ;3-13.

EERAN:
EBREG L WEBS A EEOR W DREES AR,

FATER U W R, WA RS Oy e A AR
S0 4 B MR AR



AL AT W

T
176 b om AT = i R OK ¥ ¥R 2021 4

KBLMS channel compensation multipath mitigation
algorithm based on BDS/GPS
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(1. College of Information and Computer, Taiyuan University of Technology, Taiyuan 030024, China;
2. Shanxi Province Spatial Information Network Engineering Technology Research Center, Taiyuan 030024, China;

3. College of Data Science, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: In the Global Navigation Satellite System ( GNSS), a channel compensation technique based
on BDS/GPS Kalman Based Least Mean Square estimation ( KBLMS) is proposed to address the problems that
the single system cannot locate in the city canyon, the signal cannot be captured after locking, and the track-
ing performance is poor. Firstly, a dual system model is established. Secondly, the delay estimation module
based on the minimum mean square error of Kalman estimation is designed to compensate the multipath distor-
tion on the received signal. Finally, the Line-of-Sight (LOS) optimal estimation block is designed to generate
a control error signal in the feedback loop for adaptively updating the filter coefficients. The performance of
KBLMS channel compensation multipath mitigation algorithm is analyzed through measured data and experi-
mental simulation. The results show that, compared with Least Mean Square (LMS) algorithm, the KBLMS
channel compensation multipath mitigation technology can fast converge in the multipath channel, the code
tracking error in ENU three dimensions reduces by 0. 1 chip, carrier tracking error decreases by about
0.125 cm, the error due to multipath effect effectively reduces, and the final residual error decreases by
0.035 chip. This shows that the multipath algorithm can do more accurate estimation, which verifies the effec-
tiveness of the algorithm.

Keywords: Global Navigation Satellite System ( GNSS); multipath mitigation; Kalman Based Least
Mean Square estimation ( KBLMS) ; multipath delay; Line-of-Sight (LOS) estimation
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Fig. 7 Thermal analysis model of camera
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On-orbit temperature analysis and thermal design
optimization for camera on GF-4 satellite

YU Feng'”* , XU Nana'?, ZHAO Zhenming'~
(1. Beijing Institute of Space Mechanics and Electricity, Beijing 100094 , Chinaj
2. Key Laboratory for Advanced Optical Remote Sensing Technology of Beijing, Beijing 100094 , China)

Abstract; With the increase of space camera resolution, the requirements for temperature stability and
uniformity of the optical system and the main load-carrying construction become higher and higher. It is a big
challenge for the high-precision thermal control design of the Geostationary Orbit ( GEO) camera due to the
complicated space environment. According to the difficulties and characteristics of the GF-4 satellite camera’ s
thermal control design, based on the design concept of integration thermal control design, thermal control tech-
nologies such as heat flow shield at the optical entrance, indirect radiation thermal control and coupled heat
radiating surfaces are adopted to achieve high-precision temperature control; the temperature data of the cam-
era in orbit for four years and the corresponding conditions are analyzed, the correctness of the camera’ s ther-
mal control design is verified, and optimization suggestions are proposed based on the operation conditions in
orbit. The thermal design methods also provide support for further improving the temperature control accuracy
and reducing the thermal control resources of the geostationary orbit cameras.

Keywords: Geostationary Orbit (GEQO) ; space camera; on-orbit temperature; thermal design optimiza-
tion; GF-4 satellite
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