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Hand gesture recognition method by radar based on
convolutional neural network
WANG Jun, ZHENG Tong, LEI Peng” , ZHANG Yuan, QIAO Minglang

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

Abstract; With the widespread use of hand gesture recognition technique, capabilities of robust measure-
ment and classification in non-contact and all-day conditions are much desired in its applications, such as hu-
man-computer interaction, life entertainment and medical service. According to this requirement, the paper
introduces a hand gesture recognition method based on linear frequency modulated continuous wave ( LFMCW )
radar range-Doppler (RD) information and convolutional neural network ( CNN). Firstly, for LFMCW radar
echoes from hand gestures, dechirping, fast Fourier transform in fast-time domain and coherent integration are
applied to produce the two-dimensional RD images of hand gesture. Next, they are used as the input data of
CNN, and the feature space is constructed with the process of two-layer convolution and pooling. Finally, the
effective hand gesture recognition is achieved by full connection and softmax classifier. On this basis, a
24 GHz industrial radar sensor is used to design the experimental system for hand gesture measurement, and a
dataset of four typical hand gestures is also generated with the LFMCW waveform. The experimental results
show that the proposed method based on RD information and CNN is applicable to general radar sensors at
24 GHz and could achieve effective recognition of typical hand gestures.

Keywords: hand gesture recognition; linear frequency modulated continuous wave ( LFMCW ) radar;

range-Doppler (RD) ; convolutional neural network (CNN) ; softmax classifier
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Detection and classification algorithm of suppression interference
based on characteristic differences of FRFT domain
WANG Guohong, BAI Jie”, ZHANG Xiangyu, SUN Dianxing

(Institute of Information Fusion, Naval Aeronautical and Astronautical University, Yantai 264001, China)

Abstract: Aimed at the problem that the reliability of the active suppression interference classification
recognition result is low when the jamming-signal-ratio is unknown, a detection and classification algorithm of
suppression interference based on characteristic differences of FRFT domain was proposed. Firstly, the exist-
ence judgment of suppression interference was carried out by the sequential decision algorithm of FRFT domain
peak order to ensure that the suppression interference classification was carried out under the condition of high
jamming-signal-ratio. On this basis, the standard deviation of the extreme value orders and the peak orders in
FRFT domain were taken as the classification features, and at the same time, in order to avoid the classifica-
tion error caused by the hard decision, the fuzzy decision method was used to obtain the classification recogni-
tion results which are based on different characteristic parameters. Finally, the two kinds of classification rec-
ognition results were merged to improve the accuracy of classification recognition results according to certain
criteria. The simulation results show that compared with the existing classification algorithm, this algorithm can
solve the problem of low confidence in the classification results. At the same time, this algorithm has a high
accuracy of classification.

Keywords: active suppression interference; interference detection; classification recognition; fuzzy deci-

sion ; decision fusion
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Table 1 Comparison of theoretical and simulation compliance values of new flexure hinge
Cs,,,swy Czrl": CM‘X
rad - rad - . . . .
(N = mm) "")(N-mm) ") f ( mm) ( mm) b ( mm ) ( mm ) f
4 0.2 64.442 66.383 3.01 10.420 10.770 3.36 37.143 38.302 3.12
4 0.3 23.106 23.298 0.83 3.775 3.805 0.79 28.384 28.538 0.54
4 0.4 11.298 11.005 2.59 1.858 1.810 2.58 23.641 22.985 2.77
4 0.5 6.202 6.123 1.27 1.026 1.014 1.17 19.700 19.352 1.77
6 0.2 77.907 78.843 1.20 28.263 28.695 1.53 42.968 43.792 1.92
6 0.3 28.290 27.365 3.27 10.316 10.023 2.84 33.563 32.419 3.41
6 0.4 13.458 12.810 4.81 4.927 4.724 4.12 27.114 26.029 4.00
6 0.5 7.401 7.073 4.43 2.720 2.626 3.46 22.915 21.882 4.51
8 0.2 86.393 88.427 2.35 55.480 57.161 3.03 46.336 47.892 3.36
8 0.3 31.454 30. 408 3.33 20.309 19.784 2.59 36.874 35.342 4.15
8 0.4 14.781 14.133 4.38 9.571 9.259 3.26 29.199 28.345 2.92
8 0.5 8.288 7.761 6.36 5.282 5.012 5.11 25.165 23.827 5.32
10 0.2 95.256 96.204 1.00 95.177 97.148 2.07 50.632 51.210 1.14
10 0.3 34.478 32.827 4.79 34.696 33.372 3.82 38.963 37.730 3.16
10 0.4 16.066 15.174 5.55 16.209 15.534 4.16 31.940 30.258 5.27
10 0.5 8.849 8.299 6.22 8.997 8.557 4.89 26.450 25.449 3.78
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Topological structure design and compliance analysis of a
new single-axis flexure hinge
QIU Lifang® , CHEN Haixiang, WU Youwei

(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract. Based on three-dimensional continuum topology optimization theory, aimed at maximizing com-
pliance ratio, solid isotropic material with penalization model was used to establish the topology optimization
model of a single-axis flexure hinge. With the help of OptiStruct, this paper designed a kind of single-axis
flexure hinge with a new three-dimensional topological structure. Secondly, combining Castigliano’ s second
theorem and the method of energy for the compliance of flexure hinge in theory, it deduced the compliance ma-
trix of the new flexure hinge. 16 groups’ analysis in theory and finite element simulation analysis showed the
correctness of the theoretical formula because the relative error of analysis and FEA was within 6.35% . Final-
ly, it compared the difference of compliance between the new flexure hinge and circular flexure hinge with the
same cut profile. The results show that the new flexure hinge has much better performance in compliance.
Compared with the circular flexure hinge, its compliance can be improved by 300% . Based on the three-di-
mensional continuum topology optimization method, this paper presented a new thought for the design of single-
axis flexure hinge.

Keywords: circular flexure hinge; three-dimensional continuum topology optimization; variable density

method ; compliance ratio; compliance analysis
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R AR, R AN, CoB R aFe,0 HlRMERMERELBHTHNRALERREE
H0.453 mA/em®, & KB A #7206 15 ,P B2 a-Fe,0, #| Kty B A AT R K B A T 0 &
AKERAEEEH 0.276 mA/em’ 2 KRB LB BN 12.5 5 A& T @R CMAMEE, Fi#
it SEM TEM . XRD ,UV-Vis fr Mott-Schottky Ml X % ¥ %, & & W 5 & MK ME, X T a-

Fe, O, By o o fb 3 4 4 ACME i % o ALEE

X B A bR MFEMDMEA; a-Fe,0,5 CoBde; PH A, 4k E MM R

hES S 0643.3; TQ116.2
XEKARIRAG: A

Ot A 2 A Ak 43 i K O R K BH S 1 e o ol
KA For i, A A MA R A3 UAE N
T RE R A7 K, O fiff DR BRI 1] 42 T 28
MR R 1 JF e T K BH RB G i Ak 43 ff /K B2 AR B
RIFEE" ) a-Fe,0, B4 B IF ML
PETCHEPE AT OGRS R AR A A
S R AR AT SE R /N (2. LeV) N iiF i AR T
IKAEAL I a-Fe, 0, 1 5 H BH % b1k
FOlr AL AL A i K Al ok T A 825 3F HoBg
B AERRE SRR T AT LA AR R A 12, 6 mA/em” FY)
JEA W B, K PH BB B e 80K B EUE & ik
15.5% 8K 1fi a-Fe,0, FL S %L (107" Q -
e A2 o AP M SRR Bl ) 2 25 DA RS T
FCHE 25 (2 ~ 4 nm ) 55 45 JLAS 56 B R 28 A K b PR )
T a-Fe,0, b2 6", A 20 it

cm) |

XEHS: 1001-5965(2018)06-1141-06

70 AEAC LI, BHIF A B W T i 9F 45 5% 42 B JE %
(Ti[7-10] R Zr[11-12] \Mgi13-14] \Cu[ISJ \Zn[16-17] ) 5[;72/%
a-Fe,0, 58 YL F 4R s 72 A DR S 2
MBE5E. T Fe 78 a-Fe,05 H +3 #r, %M 4
JBICE B BN T (T 2 ) B
R(Mg’™ o’ " Zn’") . BB ZEIE%M4)R
LR B a-Fe,0,, 8[54 8t KB4
a-Fe, O, 42 5 0t A6 27 M 16 73 1 7K P R 19 iF 5%
HIH

Co 5 Fe [n] )@ VIl % o0 2 , H A3 A0 LAY I+
R T3 A Schrebler % F] Co B 715
i o-Fe,0, ML, 425 T HAEI K 370 ~450 nm
AT UL Y [ P9 B9 O AL B A0 3R (IPCE ), Liao
U SE A RS, A Co B AR a-
Fe,0, REM /NI ik K 10 S8 AL R A3 o AR SCa 3 7k

Wi EEF: 2017-07-03; A HHE: 2017-09-22; M4 4 ARATE: 2017-10-09 17 ;47
M 2% H AR # ik ;. kns. enki. net/kems/detail /11.2625. V. 20171009. 1747.001. html

HEEWMB: BRAARRELES (51201004)
= @IS 1E&. E-mail; yuyouxing@ buaa. edu. cn

Sl £H, A FE, WEE. Co WP HHEI aFe,0; L MFHEMSBABGZH[]]. LFEMEMAAFFR, 2018,44(6) :
1141-1146. ZHU S, YU Y X, HAO W C. Effect of Co and P doping on a-Fe,0 ; photoelectrochemical catalysis water splitting [J .

Journal of Beijing University of Aeronautics and Astronautics , 2018 , 44 (6 ) : 1141- 1146 (in Chinese ).


lenovo
全文下载

kns.cnki.net/kcms/detail/11.2625.V.20171009.1747.001.html

142 Jb 5B R OK ¥ R

AL LF R

2018 4F

POE R INK Co B4R F] a-Fe,0, H . TEAMIE T
1.23V vsRHE [ ( RHE A A X} 7] 33 & H i) )
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Effect of Co and P doping on «-Fe,O, photoelectrochemical

catalysis water splitting
ZHU Shan', YU Youxing" ", HAO Weichang’

(1. School of Materials Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

2. School of Physics and Nuclear Energy Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract; Among many photoanode materials, the nanostructured material a-Fe,O, is considered as one
of the most promising materials due to its remarkable light absorption, good chemical stability and abundant re-
serves. Co and P doped a-Fe,O, nanomaterials with excellent water splitting properties were prepared by hy-
drothermal method. After doping, a-Fe,O, nanomaterial is still nanorod shaped, and the particle size of nano-
rods increases. Experiments show that the maximum photocurrent density has reached 0. 453 mA/cm’ ( Co
doped a-Fe,0,) and 0.276 mA/cm’ (P doped a-Fe,0,) in the standard light, which are 20.6 and 12.5
times higher than those of the undoped samples, respectively. Thus, they have the property of efficient photo-
catalytic water splitting. At the same time, we used SEM, TEM, XRD, UV-Vis, and Mott-Schottky testing
methods, which are combined with the morphology and structure characterization, to study the property influ-
ence mechanism of photoelectrochemical water splitting of a-Fe,0,.

Keywords : photoelectrochemical catalysis water splitting; a-Fe,0,; Co doping; P doping; nanostructured

material
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Micro-thrust high-precision satellite formation system based on
Cartwheel configuration
YANG Bo" ", ZHAO Xiaotao' , MIAO Jun', LIU Xuhui’, LONG Jun®

(1. School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract; Micro-thrust satellite formation can better complete the high-precision aerospace satellite for-
mation tasks. Close-range cooperative work is the basic feature of satellite formation flight, and the specific ge-
ometric configuration and relative movement between the satellites is the basic condition of the cooperative for-
mation. But perturbation and other interference factors lead to the uncertain change of the relative relation-
ship. It is necessary to design the formation configuration and information topology to achieve long-term high-
precision formation maintenance. How-ever, the micro-thruster’ s mechanism requires a higher reliability and
fastness of the satellite formation system. To this end, a micro-thrust satellite formation system based on Cart-
wheel configuration is proposed, and a topological network structure is designed to meet the system perform-
ance requirements. An online trajectory optimization algorithm based on particle swarm optimization ( PSO) al-
gorithm was designed. The application to the control system of satellite formation maintenance achieves a high-
precision fast and stable control with low energy consumption.

Keywords: Cartwheel configuration; topological structure; micro-thruster; formation maintenance; co-

operative work

Received: 2017-07-10; Accepted: 2017-10-20; Published online: 2018-01-12 09 .33
URL: kns. enki. net/kems/detail/11.2625. V.20180111.1707.003. html

# Corresponding author. E-mail: yangbo@ buaa. edu. cn



2018 4 6
$44 4 6 1]

tEMEMRKXEFER

Journal of Beijing University of Aeronautics and Astronautics

AL LF R

oy June 2018
e
Vol.44 No. 6

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2017. 0664

jbuaa@ buaa. edu. cn

25 ¥4 T U W) B R B A 1T R o BUAE KR T ik

N 1,2 2, * 2 v o ]
= F Ex R, KB, FE, 2K
-
Q ﬁ (1. BEAAE iR R s FHisERE, M at 2100165 2. HEE 3K H AR BF 5B, dbat 100076 )

i =

ETHMETHTEET R TET 2 BAER AR EN 0 4547 8207 kR

ARAMBREGEE RS Eem Rt m T SR T AR R &N P 2 K5 4 e B2 4
FER MUY 3 A0 B R MTT %, B 45 1E R 2 (DRI) 77 3% VA Bt W A% R - (SGI) JF % fn 2t &
B(UT) ik, BMRTAHERMEZR IR, BH T FENWHTERE, oM T FEHEA
Vo 3 M 2 BUHE KM T AR RAT EOR 00 B T LR KRR R D M - R A R
RRBE , KRB RITAHRE, @t 5 Monte Carlo {5 L 2 T, Wik T 3 £ 2 H 8 R

M7 E R S &

X OB A BB 280 BERS (DRD); fm MR (SCI); R Z# (UT)

HESXS . TB114.3
SCERFRIRAD: A

TE T RS54 1 0 AL B B ] S 1 3 A7 v, 3
A7 FE G SR AN 2 v, TR TR X S 5 AN
W P AT o A A, RS 8 0 Pk 53 B O
AT S B G i AR LA T S A b
Y ORHRSE PR T 7 T S A R G O vk
BE 23 T 4 5 1 A SR v o W T — S S0 pR TR
5] 1, 45 ¥ s A\ 2 8] R il 2[R B oR DA L 3 B
Tk IEAT R S AL A AN B T Y 22 U5 R A
T A G AR ME R A F T RO A0 Rl B A5 3 T O
ABFFE

DIABE 2 5 3 S i il 1) S Wl 2 1A 336 43 15 5
T R)TIZ WS, L S5 R AT A B R R B
57 WA A, 4 L 4R R R IR A
ARFEVER 3 KHR GERET L B R
TR B R 0 LA AT R DA
fE PRBL I S R LA, L) FORM H1 SORM Jy i J 4%
22,0 IR T RE R BCAE BT A 2 M B IR B T, %
FT5 1R R BE AN AN 52 BT ot A5 1 2 kG B T

NXEHS: 1001-5965(2018)06-1156-08

HORIE T2 Re ek 805 B R e tE i & 24 )it . %k
(LSS DL 32 U] B T T % 2y 8 R 0 3 AL, X T 25 4
i 17 o KR 1) I8 XA 225K, B Monte Carlo 3 |5
SRR TR S AR SR T — ) R, B (AR A
i B R A A T D RE s B A RS B G
PRI ZEFE, U /N R RO 2R 1 TR ),
BN TR Z , BE W REES AN ARS
TR R R SR R AR SR R o R R I 2 H
KOG FR R i R A RS R AT )
AT R AR B TR R H R AR R Krig-
ing SR ] HE ML A, SR T AT 5 R A B 0 R B A
FAC AR [RGB IR AR I i 8 S B R
WAETE A W I8 K S o

FE LA LS B O T R SR Sk b 1, A
M CEE 0 TR VAOR ol R Qi T e o
FE R BTy HEAT AT S o0 M 1) JEL 8 32 31 T F g
TR BR o L AR O HE AR B Tz
Fe O S I AR SRS AL Y Taylor 2% %R T =X,

R EH: 2017-10-25; FAEH: 2017-12-15; P4 HARASE : 2018-03-07 1052
P 4% tH AR b4k : kns. enki. net/kems/detail/11.2625. V.20180307. 1029. 003. html
BEEWME . FREA LM+ =107 3 & WA SURHE 4 (6140244010216 HT15001)

* @IS {E#. E-mail; leigang_zhang@ 163. com

SIHAH: Fx5F, KEMN, W, & SWaHmEREFEG P2 BERMyF[]] MFEAEME A F ¥R, 2018,44(6) :
1156-1163. LIBY ,ZHANG L G, SHI J, et al. Solution method of fractional moments involved in probability density estimation of
structural output response [J ]. Journal of Beijing University of Aeronautics and Astronautics, 2018 , 44 (6 ) : 1156- 1163 (in Chi-

nese ).


lenovo
全文下载

kns.cnki.net/kcms/detail/11.2625.V.20180307.1029.003.html

5 6 3]

EE R AF 45 L AE 3 A T R o O SR A 5 1

Je A
.

A AN IE (975 B AT — WA BOE L3 T K
MBS REL " S BRI AE S
) B i 8 0 B T 40 B 1 W A AR o U
— b R R TR W R B T RO 5
BT B AR B T AR K R R

A A o ) ) AR 5 S 0 R R A
AR A A 2 B A0 A, R T L R 5 AR
TRCHE b Bk T4 5 KOG o 45 0 o i) 24 3R 4%
e ——7A5 85 4 B G SR AR T 5 AR, IR g oK
BB R, A 7 SR A ) I R KK 23
RO SIS A4 W T 405 400 ) 57 R K519 £ 3,
S X A PR TG A B A B e A R R
S50 43 O SR AR 7 i T LA R B b R AT A 26 1
N R O N TN E S ima B &SR R DOy
B R % B9 & TBF 5T LU, R, AR SCRFSE T
3 ol 26 B A0 OO SR A v T AR AR I A e i
SRR I TR R I T A A o U A 4
6T — RS BE B AT SN U5 . AN, B TR
SC A SR AR 7 T A R A A T R A3 LA % R
i PR Al 25 o7 P (AR G i B AR S

1 SEEHS

O RO I HE— A e 2E 1 AR R v U £ A
JEES5HE T, T 23 B 0 B R AR o U 2 3k X
A D) Bl 20O Foe Ay R A A 1 45 44
B R RS Y PR ABE R L RS () o

rmmHUKw)=—LﬂUHMﬁUONy

s. L. Ly”fy(y)dy =My k=1,2,-.m (1)

KfHOf () () IS BB MG D Y Y«
B o3 RO 1T e R A A I 7 o 4 A Bl A 3 A
A FRAT BT O 2 i HL— B I B A
TR IR S BOE

O RO BT B B R O TR A R AL, R
VA5 H 28 B8 10 i L R R Y = ¢ (X)) O IE Y B
Bl X = (X, Xy, X,) " (n HE AR AEHRO) Ny
A TR it B i A R Y L YR o B 0 RO AT L
BN

Aﬁ:E<W>=L<ax>ﬂA«ndx (2)

A o A —MEREHL
DROER ST E L NS E R Y
PEAT Taylor ZLEUETT, g E(Y*) AT KRN

E(Y") =E( Y CYT (Y -Y)' | =
i=0

2 CYTEC(Y - Y)) (3)
Aop:C=al/[il(a-i) 1]V, BAE—S08

B (Y =Y, HEAT IR IE, SR (3) T LU
HRH
E(Y) =% 3 C.C(-1)7Y7E(Y) (4)

i=0 j=0

g1 (4) T LR Y, — A4~ IE Y BEAL A 4
BORAL & T KB B HOR (5 B R, R 4y
BOHEAE 9 233, AT LA S A R o U 48 A3 B 22 1
AR RS R 4w R B TR BE . bRl L,
RO T AR R VR U A0 5 R A

2 SHIEKBRTIE
2.1 BRERSTE
4R R £ L (High Dimensional Model Rep-
resentation, HDMR ) J7 % i 4F % 2| T K & /9 of
F N HAE A B H AT OB L — A R 2% H o B
ARRRYLPRBIAL, R AT T HDMR f [ 4k F1
43 ( Dimension Reduction Integration, DRI) J5 ¥ A
SRR 445 K i HH O 1 43 B0 - Cut-HDMR ™2 3
MWk z—, X[ 12 ] %) Cut-HDMR 3E47 T 2K
JE o XAy A N R R Y = g (X)) BEAT B AR R AL
Liglep
@(X) =In(Y) =In(g(X)) (5)
¥ @ (X) % Cut-HDMR'" B30 IT, #6350

p(X) =¢, + ZQDL(XL’) + Z SDL;,'(XL‘;X,') +oe At
sl 1<i<jsn

@i (X1, X500, X)) (6)
j:ﬁl:'j:
o =1In (g(py))
%(Xi) =In(g (s st s Xt s o)) = @0
0l (X, X)) =InCgCaey s ey s Xt > s
E Xt s o)) =@ (X)) =@, (X) - ¢,
L

(7)

Aoy = Loy opn s, 1T S HI A ] 5 X 1Y
BIE

Fie B Cut-HDMR J5 75 R B =X (6) o & I 1
PR 5 — B o, 9 i A5 2 18T Ak 5 A Y 25 4
e e 07 R

¢(X) =~ zln(g(ﬂl’“'/“brl’Xi’MHl"“’/J‘n)) -
i=1

(n = Dln(g(r) = ¥ In(eg(X ) -

(n = 1)In(g(py)) (8)



1158 Sl A PSP

e

2018 4F

Xop 3 (8) MEAT 396 A% e, 45 B S 4R 1) S i
Y = g(X) =exp(p(X)) =

(g(ﬂx))lﬂl Hg(Xi’Mx) (9)

H1EC(9) T LA i, o i me R ek 500 {0 3t 3%
KN nA>— T BR B TR BUE 5, AT Sy 2 H0RE 1Y)
ARG T HiE . DRI J7 k45 i — > TE 1 it i
IS B o B AR T ARk (10) #fl T

M5 = [ (X)) (X)dX =
J|[ e Ttk | TTA cx00% -

(et T [ [ a0 077, 001 |

(10)

ATRLE 30 (10) #5717 — A2 T8 B L
5 — U R B BOE YOG &, d I DRI J7 3545 —
A~ 22 70 eR B3 BRI SR A G B A A 2 > — D0 bR
Boor BOE SR o R AR B IE 50, 30 (10) dL AT AT
KSR W LA R RO, R o B RN
A] AT e g S AR o U o SR % — T R R

®2 AEBHH

BRI, 3 1 gy il 7% B JL AR 23 Al 2 B Y — J0 R
Bl oy k" o AU BRI B T
R AR e 0 AL ME U, 3R 2 45 i T U B
P2 Ih w, BUMLE z R

®1 —TEHESBETENTHEASRER
Table 1 Gauss integral expression of one-variable

function fractional moment computationm]

Vil o [SE AV BAEAR Sy
2 [X 38 e FikX
N
2 WJ L g 7}) — az/ +
15 gy B TS N
2] > a, o N
ik fl Wb
2
- i .
EZA (-, +®) lﬁz_\'ﬂﬁﬁ j;wj[g(u+z/n-)]
R B o L
MHIEE (0, +2) 0 2 w;iglexp(p +za) ]
= N
N R 3w es/0))°
15 -
AT IR (0, + o) T;J?/Eﬁ{ Zu{,[g(az}/ﬁ)]“

Jj=1

AN AR5 E R

Table 2 Integral data of five-point Gauss integral criteria®

1

TR ) B A5 j=1 j=3 j=4 j=5
. ! w; 1.13x107? 0.2221 0.5333 0.2221 1.13x107?
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Table 3 Input variable information of

numerical example'*’

LTINS ¥oE 2EH T
X, 2 2.0
X, 3 2.0
X, 1x1073 2.0
Xy 2x107? 2.0
X 4%x10°3 2.0
X 5 %1073 2.0
X, 3x107? 2.0

TE 1822 PR R AE X B A5 43 A A 43 BB

53T Monte Carlo $U{HfF H 454 . 1LAh, X T SGI
TiiE O TR HE o A AN TRDRS JBE K P I A 3B 46
O BIAEAG K S k=2 Rk =3 I iy o3 RO 245
R AT VR T AR, GBOR EEAKCF k=2 1,
O 28 A] LUAS B4 i b BE 3155 45

BEAb 22 4 FP B pRBORE TH R N0 1 I 3 XS
Pt 7 DRILSGI UT 3 FJ7 % B 3H 5 280 % o
HHEL T Monte Carlo 34, ¥ HU 22/ 18 YR ok L
b5 T A5 20 R L A O A R AR R D
TIEAUY . Rk, BL B 59k Al g B R i o U A
AR/INTT S8 (0 D0 2 A3 5 O A 14 70 0 249 0K
15 R\ BERS AT 25 3t i 0 6 17 40 00 o DU 134 T g 1
O3 IT A AR A BT

R4 HEHOSBETHEER

Table 4 Calculation results of fractional moments of numerical example

@ DRI SGI(k=2) uT SGI(k=3) Monte Carlo
-0.3 13.228 13.228 13.825 13.243 13.208
-0.05 1.535 1.535 1.543 1.535 1.535
0.62 5.217 x10 7 5.171 x10 73 5.146 x107* 5.204 x10 73 5.209 x10 7*
1.3 1.856 x10°° 1.743 x10°° 1.859 x10°° 1.838 x10°° 1.849 x10°?
1 2.197 x10~* 2.131 x10 ¢ 2.190 x 10 ~* 2.186 x10 ~* 2.190 x 10 ~*
2 6.407 x 10 78 5.202 x10 78 6.265 x10® 6.142 x10 7% 6.445 x10°*
3 2.449 x10 " 1.313 x10 " 1.386 x 10~ 2.008 x10 ~" 2.640 x10 7"
N 36 15 15 113 10*
4.2 TiIEEH S5 AL T RE BRI KR ME 30 R R B, LI DL 2 15 G
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Schematic diagram of a plane ten-bar truss structure

Fig. 1

v B IR R 0.003 5 m 1k 24 3 4% 10 4 B 45 4
AGURPBER . T BB RS T IEm
AR BB ) S BE R K G = 0. 003574,
A, N2 N AL RS o B A3 Bl s kR
T BOERI SRR 6.

Xt LUA BROCIE 23R Ak 1 B a1 41 52 28 45
U, 3 7 6 45 K4 ) RE BRI 4 73 B0 SR ek 280R
[ 4.1 45 B BOE 5 01, 25 R BUE + 0 33 Monte
Carlo AT A5 R, FRR IR T 3 FP 7L I HOR
JE o DRI o — iR TR ) AL A ) R R A AR
B R A T R HE P 23 A I, b T AR O AR B R T S
JE 04 23 BOR 29 RA B B TSR AT 8 £ 4 b SR AR SC
3T BOH SR % 07 125, RE S o AR AR L 9 29 R A5 B

RS THHREHNANEERR
Table 5 Input variable information of

ten-bar truss structure

iy N\ ¥ 5 R
A,/m? 0.001 0.15
E/GPa 100 0.05

L/m 1 0.05
P,/kN 80 0.05
P,/kN 10 0.05
P,/kN 10 0.05
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Table 6 Calculation results of fractional moments of

ten-bar truss structure

ik &l
Uik Nean
d=-1.5d=-0.47d=0.08d=1.8 d=2.5

DRI 0.7874 0.9250 1.0137 1.3828 1.5856 61
SGI(k=2) 0.7861 0.9248 1.0137 1.3830 1.5856 31
uT 0.7929 0.9263 1.01351.3821 1.5869 31
Monte Carlo 0.7863 0.9246 1.0137 1.3840 1.5872 10*
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Solution method of fractional moments involved in probability
density estimation of structural output response
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(1. College of Aerospace Engineering, Nanjing University of Acronautics and Astronautics, Nanjing 210016, Chinaj
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Abstract: For the fact that the fractional moment based principle of maximum entropy for structural relia-
bility analysis has some advantages in computational efficiency and precision, in this paper, three computa-
tional methods for accurately estimating the fractional moments of constraint condition output response involved
in the principle of maximum entropy, are studied and presented, including the dimension reduction integration
(DRI) method, the sparse gird integration ( SGI) method and the unscented transformation ( UT) method.
The computational theory and process are expounded, the calculation efficiency of each method is given, and
the applicability of each method is analyzed in the paper. The presented three methods can greatly reduce the
number of structural input-output model estimates and ensure the accuracy of calculation at the same time, so
the efficiency of statistical analysis can be greatly improved. Besides, compared with the Monte Carlo simula-
tion method, the accuracy and efficiency of the presented methods are verified according to the applied exam-
ples.
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Fig.1 Tandem fan wing layout
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Fig.2 Geometry definition of fan wing section
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Table 1 Geometric parameters of fan wing
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Fig.3 Geometry definition of cross flow fan blade
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Table 2 Cross flow fan blade parameters

z H o
98B b/mm 36
B XU P A2 R, /mm 98
AR AR 1, /mm %
A AR AR ry,/mm 68
I AR S IR 92 42 7,/ mm 3
2Rl D/ (°) 36.5
R EEE o/ (°) 2.5

2 X B
S 3 JE K 1/mm 500
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AN R,/ mm 155
IIGHI AN R,/ mm 160
MR ZK ¢/mm 561
JRG IS 6/(°) 18
BIZIF g/ (°) 24
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Fig.4 Change of lift coefficient and thrust

coefficient with cross flow fan speed
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Fig.5 Schematic of definition of distance between front

and rear fan wings of tandem fan wing
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Fig.6  Change of aerodynamic force of tandem fan wing

with distance between front and rear fan wings
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front and rear fan wings of tandem fan wing
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Fig.7 Velocity contours and streamlines when distance between front and rear fan wings of tandem fan wing changes
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Fig.9 Change of aerodynamic force of tandem fan wing with height of front and rear fan wings
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Fig. 12 Curves of lift and thrust of front and rear fan wings when installation angle of front fan wing is fixed (a, =0)
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Fig. 18 Curves of lift and thrust of front and rear fan wings when front and rear fan wings have opposite installation angle
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Fig. 19  Velocity contours and streamlines of front and rear fan wings when front and rear fan wings have opposite installation angle
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Numerical simulation and test on aerodynamic
characteristics of tandem fan wing
DU Siliang" * , TANG Zhengfei’, ZHAO Wenjin' , CHEN Hui', WANG Yingyu'

(1. Faculty of Mechanical & Material Engineering, Huaiyin Institute of Technology, Huai’ an 223003, China;
2. National Key Laboratory of Rotorcraft Aeromechanics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; Fan wing aircraft is a kind of new-concept new-principle aircraft, and especially its wing has
unique aerodynamic principle. Fan wing can simultaneously generate lift and thrust. In order to further im-
prove fan wing’ s aerodynamic characteristics, two fan wings were installed along the longitudinal body without
changing fan wing’ s basic geometric parameters, which is composition of a tandem fan-wing aircraft. Through
numerical simulation, the lift and thrust of the fan wings were calculated with the change of distance, height
and installation angle of the front and rear fan wings, and the interaction rule of the aerodynamic characteris-
tics between the front and rear fan wings was analyzed. In addition, the wind tunnel test model of a tandem fan
wing was designed, and the wind tunnel test results and numerical calculation results were compared and veri-
fied preliminarily. The results show that in a certain condition of height, distance and installation angle, the
aerodynamic characteristics of tandem fan wing have more advantages compared to single fan wing. Therefore,
a tandem fan-wing aircraft has good development prospects and application advantages.
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SMSP jamming suppression method based on jamming
reconstruction and kurtosis maximum
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(1. Air and Missile Defence College, Air Force Engineering University, Xi’ an 710051, China;
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Abstract: Smeared spectrum (SMSP) jamming is a kind of correlative blanket jamming to linear frequen-
cy modulation (LFM) signals. According to the periodicity of SMSP jamming sub-pulse, a jamming suppres-
sion method based on jamming reconstruction and kurtosis maximum is proposed. Firstly, the period of sub-
pulse is estimated by utilizing the autocorrelation method, and the frequency modulation rate is computed
based on the principle of SMSP jamming. Then we can reconstruct each jamming sub-pulse while the phase is
still unknown. Secondly, each reconstructed sub-pulse is set with different phase, and then the conjugate mul-
tiplication between received signal and reconstructed signal is done. The initial phase of jamming signal can be
achieved by analyzing the result of conjugate multiplication. Finally, the jamming suppression factor is compu-
ted based on the kurtosis maximum and then the jamming can be suppressed. The simulation results show that
the proposed method can suppress SMSP jamming efficiently, the SIR can be more than 20 dB after jamming
suppression, and it can maintain high signal-to-interference and noise ratio gain even when the noise and
phase error exist.
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Fig. 1 Block diagram of sponge structure
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Table 1 Parameters of sponge structure
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Table 2 Security boundaries of similar

270

lightweight hash functions

424/ bit
BRE R R LIRS e S S S
et e Bl A P
ATSHash-88/80/16 72 40 40
ATSHash-88/88/8 80 44 44
ATSHash-144/128/32 112 64 64
ATSHash-144/144/16 128 72 72
SPONGENT-88/80/8 80 40 40
SPONGENT-128/128/8 120 64 64
PHOTON-80/80/16 64 40 40
PHOTON-128/128/16 112 64 64
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Fig.2 Encryption process of internal permutation structure
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Table 3 Sixteen affine equivalence classes of

optimal 4 bit S-box'""!

s & 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F
G, 0,1,2,D,4,7,F,6,8,B,C,9,3 E,A,5
G, 0,1,2,D,4,7,F,6,8,B,E,3,5,9,A,C
G, 0,1,2,D,4,7,F,6,8,B,E,3,A,C,5,9
G, 0,1,2,D,4,7,F,6,8,C,5,3,A,E,B,9
G, 0,1,2,D,4,7,7,6,8,C,9,B,A,E,5,3
G 0,1,2,D,4,7,F,6,8,C,B,9,A,E,3,5
G, 0,1,2,D,4,7,F,6,8,C,B,9,A,E,5,3
G, 0,1,2,D,4,7,F,6,8,C,E,B,A,9,3,5
Gy 0,1,2,D,4,7,F,6,8,E,9,5,A,B,3,C
G, 0,1,2,D,4,7,F,6,8,E,B,3,5,9,A,C
Gio 0,1,2,D,4,7,F,6,8,E,B,5,A,9,3,C
G, 0,1,2,D,4,7,F,6,8,E,B,A,5,9,C,3
G, 0,1,2,D,4,7,F,6,8,E,B,A,9,3,C,5
Gy 0,1,2,D,4,7,F,6,8,E,C,9,5,B,A,3
Gy 0,1,2,D,4,7,F,6,8,E,C,B,3,9,5,A
Gis 0,1,2,D,4,7,F,6,8,E,C,B,9,3,A,5
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Table 4 Cryptographic properties of optimal

4 bit S-box
S & Np(S) N(S) B| S & Ny(S) N.(S) B
G, 24 36 3 Gy 24 36 2
G, 24 36 3 Gy 18 32 3
G, 24 36 3 Gy 18 32 3
G, 15 30 2| Gy, 15 30 2
G, 15 30 2 G, 15 30 2
G, 15 30 2 Gy 15 30 2
Gq 15 30 2| Gy 18 32 3
G, 15 30 2 G5 18 32 3
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BIE 22 53 43 BT sl R A 23 AT F RT 0 A £ 85 B AR i
o

2.3 (hgEH®mSE

% B BEFTF B, A% SC 05 55 78 e 45 4 £ R
FHERVELS A, 7 S A8 e R B S & it 22 43 1 50 )%
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Table 5 Affine transformation S-boxes

SS LTI i 5t As 4 S &

00 ¥;llyolly2 lly, s .0,4,1,E,2,7,F,3.,8,8,D,5,6,C,9,A
o1 v llyollyslly, s .0,1,8,7,4,0,F,9,2,B,E,C,5,6,A,3
10 v, llya llysllye 82 .0,1,8,7,4,D,F,C,2,E,B,9,5,3,A,6
11y, llyellysllyy $%.0,4,1,E,8,D,F,9,2,8,7,5,C,6,3,A
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Fig.3 Internal permutation structure of ATSHash-96
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Table 6 Lowest numbers of differentially active S-box

BAME S fR

® M
ATSHash-96 ATSHash-160
5 10 10
10 21 24
15 31 41
20 42 56
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Fig.4 Poor diffusion trail in permutation layer
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N T840 sk ®i A AR distrib_out[ 256 ]

b By oA distrib_out[ 256 ]
initial distrib_out[ 256 ]to the all-zero state
for each 8 bit values text do

for each 8 bit values rand do

fix the 8 bit trail to text and xor with sk

fix the 8 bit non trail to rand

apply the S-box

apply the permutation

evaluate the value of the 8-bit trail out

update distrib_out[ out] = distrib_out + distrib_
in[ text | /256

end for
end for
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