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Parameter optimization of pulse compression method in
air-coupled ultrasonic testing

ZHOU Zhenggan ', MA Baoquan', SUN Zhiming', ZHOU Hui’, HUANG Ziyu®, LIU Jingjing’

(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Institute of Aeronautical Manufacturing Technology of Shanghai Aircraft Manufacturing Co. , Ltd. , Shanghai 200436, China)

Abstract: A variety of pulse compression methods are viewed as viable solutions to improve the signal to
noise ratio ( SNR) of received signal in air-coupled ultrasonic testing. However, the use of corresponding
method to realistic inspection is faced with problem of optimal parameter selection to get better compression
effect. Based on the basic principle of pulse compression method and its implementation in ultrasonic testing,
an air-coupled ultrasonic testing system with function of real-time pulse compression processing of ultrasonic
signal was established. The impact of key parameters of linear frequency modulation, nonlinear frequency
modulation and phase coded pulse compression method on compression effect in narrow-band air-coupled ultra-
sonic transducer was analyzed, respectively, and then the optimal parameter selection criteria was acquired.
Finally, the corresponding pulse compression method of optimized parameters was verified in air-coupled ultra-
sonic inspection of a honeycomb sandwich composite sample with simulated defects.

Key words: pulse compression method; air-coupled ultrasound; nondestructive testing; parameter opti-

mization ; signal to noise ratio
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Design of high-gain unknown input observer based on Riccati equation

ZHU Fanglai* , ZHANG Yongjun

(College of Electronics and Information Engineering, Tongji University, Shanghai 200092, China)

Abstract: For a class of Lipschitz nonlinear system, the reconstruction problems of state estimation, un-
known input and measurement noise were studied. Regarding the measurement noise as an extended state, the
original system can be transformed into a descriptor system. For the descriptor system, first, a high-gain ob-
server which can estimate the states and the measurement noise of original system simultaneously was devel-
oped based on the solution of a Riccati equation. Second, a second-order high gain sliding mode observer was
used to exactly estimate the derivatives of the system outputs in a finite time. Third, by using the estimates of
the states and the output derivatives, an algebraic unknown input reconstruction method was proposed. It was
pointed out that both the unknown input and measurement noise reconstruction methods are suitable for stron-
ger time-varying signals. Finally, a numerical simulation of a practical model was given to illustrate the effec-
tiveness of the proposed methods.

Key words: unknown input observer; measurement noise reconstruction; Riccati equation; unknown in-

put reconstruction; high-gain
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Method for airborne video capture and
preprocessing based on FPGA

JIANG Hongxu * , LI Huiyong, LIU Tingshan, DUAN Miyi, ZHANG Ping

(School of Computer Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Video capture, color space conversion and video data transmission were researched in order to
improve video capture and pre-processing performance of airborne multi-mode video coding system. Taking in-
to account the requirements of real-time multi-mode video capture, a robust video capture strategy based on
field-programmable gate array (FPGA) was designed. It monitors the correctness of video capture on-time to
avoid accumulation of errors by adopting self-checking mechanism. To solve the problem of wastes of compu-
ting resources and increasement of power consumption in floating-point multiplication, a truncated look-up ta-
ble multiplier based on the separation of high and low bits was designed to save memory and computation band-
width. It achieves an efficient color space conversion combining pipeline technique, with power consumption
decreasing 27% at most without loss of computing precision and processing performance. Considering the fre-
quent transmission of mass data between FPGA and digital signal processor ( DSP) , a data interaction mecha-
nism taking FPGA as the control core was proposed, adopting the transmission mode of serial rapid 1/0
(SRIO). The burden of DSP was alleviated due to concentrating on video coding, and thus the application
performance was improved.

Key words: video capture; preprocessing; low power; data transmission; video coding
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Wind turbine airfoil design method with low noise and experimental analysis
WANG Quan*', CHEN Jin’, CHENG Jiangtao’, WANG Jun', SUN Jinfeng', YOU Ying'

(1. School of Mechanical Engineering, Hubei University of Technology, Wuhan 430068, China;
2. College of Mechanical Engineering, Chongqing University, Chongqing 400030, China;
3. Department of Mechanical Engineering, Technical University of Demark, Lyngby DK-2800, Denmark)

Abstract: In order to study the noise characteristic of wind turbine airfoils, the airfoil optimal design
mathematic model was built based on airfoil functional integrated theory and noise calculated model. The new
optimized objective function of maximizing lift/drag to noise was developed on the design angle of attack.
Then, the comparison of sound pressure level between CQU-DTU-B18 and NACA-64-618 airfoil was analyzed
under the same condition of wind tunnel experiment and wind speed. It is indicated that the changed trend of
the predicted noise results are in agreement with that of the tested data, though there is a certain difference be-
tween the theory results and experiment data. Compared with NACA-64-618 airfoil, the CQU-DTU-B18 airfoil
exhibits lower noise, which validates the feasibility of this design method. It is a guide to design wind turbine
airfoil with lower noise and to reduce airfoil noise.

Key words: wind turbine airfoil; noise; wind tunnel test; sound pressure level; frequency
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Table 1 Tensile strength of solid propellant carton

¥ AP AR R/ a P B/ MPa
1 1 0.710
2 5 0.680
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Table 2 Simulation data of solid propellant
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Storage life assessment for solid propellant based on
generalized linear model
HONG Dongpao”™', WANG Yinghua', GUAN Fei', MA Xiaobing
(1. China Academy of Launch Vehicle Technology, Beijing 100076, China;
2. School of Reliability and Systems Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Abstract: To describe the influence of performance degradation on storage life and reliability for solid
propellant, a method of storage life and reliability assessment based on generalized linear model was proposed.

According to the characteristic of solid propellant degradation data, the local scale model was introduced to re-
late the solid propellant tensile strength to storage time, and the storage life and reliability model for solid pro-
pellant was established. The maximum likelihood estimations of the model coefficients were obtained with the
generalized linear model for Poisson distribution. Furthermore, the approximated confidence interval for the re-
liability function was obtained with Fisher information matrix according to the normal law. The instance analy-
sis shows that the performance data under varied storage time was used synthetically to enlarge the sample size
and increase the information for storage reliability assessment. Thus, the storage life and reliability assessment
precision was improved

Key words: storage life; generalized linear model; location scale

solid propellant; tensile strength;

model
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Evaluation method for distortion of arbitrary waveform

SUN Jingyu'?, WANG Zhongyu"', LIANG Zhiguo®

(1. School of Instrumentation Science and Opto-electronics Engineering,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Beijing Changcheng Institute of Metrology and Measurement, Beijing 100095, China)

Abstract: The index of distortion to evaluate the total quality of waveforms has special advantages and has

been accepted widely by most people. Based on the analyses of the distortion definition of arbitrary waveform,

a method using nonlinear-curve-fitting to evaluate the distortion of arbitrary waveform was discussed. Firstly,

by moving the model in time domain, the“similar-fitting” model to the arbitrary waveform to be evaluated can

be obtained. Then, using the least-square fitting method, the fitting curve on amplitude domain can be gotten,

and this is just the best fitting curve to the arbitrary waveform to be evaluated. Thus, the distortion of the arbi-

trary waveform can be calculated. The results of the experiment show that this method has obviously practica-

bility and flexibility, and can resolve the problem of evaluation for the distortion of arbitrary waveform. And

then, it can resolve the problem of calibration for arbitrary waveform and arbitrary waveform generator

(AWG).

Key words: arbitrary waveform; distortion; evaluation; calibration; metrology
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Table 1 Operational performance at heat power

200 W for DCCLHP
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Table 2 Operational performance at heat power
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Experimental investigation on operational performance of
loop heat pipe subjected to acceleration force

XIE Yonggi“', YU Yin', XIE Liyao', GAO Hongxia', YU Jianzu®
(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. National Defense Key Discipline Laboratory of Ergonomics and Environmental Control,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: To solve the problem of temperature oscillation, even operation failure when loop heat pipe
with single compensation chamber was subjected to acceleration force, the experimental setup was built for tes-
ting the performance of dual compensation champers loop heat pipe (DCCLHP) based on the centrifugal ma-
chine system with constant acceleration. The operational characteristics of DCCLHP were researched when it
was subjected to acceleration force after reaching the steady state at gravity field. The influence of different
heat load, acceleration value and direction on the performance was analyzed. The results show that the opera-
tion of DCCLHP can get to the steady state at 7g acceleration field. The steady operation temperature at elevat-
ed acceleration field is lower than that at gravity field and the heat load and acceleration force have an impact
on the decrease. It takes less time along the acceleration direction from compensation chamber 2 to compensa-
tion chamber 1 than in the opposite direction when it gets to the steady operation. Moreover, the temperature
oscillations at the outlet condenser and liquid line occur as a result of the acceleration effect.

Key words: loop heat pipe; acceleration field; dual compensation chamber; operating characteristics;

experiment



tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

2015 45 1 H
HA1E 1

January 2015
Vol.41 No. 1

http : //bhxb. buaa. edu. c¢n
DOI. 10.13700/j. bh. 1001-5965.2014. 0054

jbuaa@ buaa. edu. cn

EERIEIH K SHmERSHB V-5 35

ZAM’

CREPRF B SEHRBTF B, dJbat 100094)

i E: Oliver T 1993 £ U &y K 2 A4k &40y V-hit B (VE) ,BERAH R T

XELETF RN T EEATME T REEOEA, B, XETHEEHRTIHFS LA
FIRE, AR 2 HIAFRENHI. h K8 E, X V-1 5 o it e £ 347

CRIRZE)
% fn o

M 89 2 A b, 38 1t — % 7] Monte-Carlo 5L 5, V-4 1+ 2 Bt ik A SCHR B 89 B A ARIE BBy V- 3F

#(VCE).VCE =R T V-fhit & LS. F EL Bk WA, VCE ;i 4 12

2E®T

VE, i EAEREMBERE AR TEAEH AN REE @ W EG TSP Uit H HHE, X

WEFER,VCEEZATFANFAKETHEL, XA GEEECEETLRNA.
X 8 W Kaof; BREH; V- E; REF; REZHK
FESES: TN95T.51

STRRARIRAD . A TEHE . 1001-5965(2015)01-0045-05

a4 AR T 2 K 046 TR S 5080 i
TR ISR 19 1) . Horp B R ARUSRAG T 07 1%
(MLE) B3¢ 45 i T | AE 0 o S 806431 R
i, i T MLE § A3t i 38 9 & 0T 20 - ks
M) Z RO T 5, — A H A SE B R A A
1, A B B A A T (MOMD) B T 4 0 B
BT 5 3 0 7 .

FERZ A AL TT 2%, H B B 7Y () J2& Oliver 42
HEY U,V R W 3 B K Sk S 8l ot

AT SR Ak s PR AN I R e —
ST ORGSR P BDAS TR B, R R
J BG40 R Blacknell'™ 2047 T U,V Hl W 1
THESORS BE S B A 2518 02 U A h 2% 094l RS B
e ARAL TR U A W XHEIR S 0 i R U2
FELR 1k pR K, % e I T AR K A T T VA
THas Al E AR AR X o W AS T, A 5K A 1
BAMRE VAT A T ROR e

TN E LB AT & B, VAR T 284 T A
JEAREI S — AN B 45 A 2 B

SRR WA FE, L E B v <0 55 BR OR AT fE
BB R AL T D T 2 R R B R e T
VAl e S B e 0

FI Oliver 4211 U,V Fl W fili 1% LIk , AfiT—
FLAEE THRZE M — X K A ARS8 0 47
AT [ i B AT RS L v R BT LR AL T s
O VRTS8

ASCHEH —F BA K IESTR V-AliTE 68, B
Mz 7 HTIA V-AETE AR st BEOREE T 5 VAT AR
AR TR A Al T ] iy SCHEAT AR e i Al TR BE . D
FLI R WY, AT 2805 LR Al T 408 Ak T 22
FIAG AR EZE 3 05 T #2555 25 J& , 3 Fl il A 1E 10
i VAt &0 T U-fhiit4s.

1 X V-f&it 2550 Bzt

1.1 V-fAirst REREDT

1993 4F  Oliver' " $/ T 3 35 4 19 K />
RS E A 2% Hob i VAT 28 (VE) B
KL

FE HE: 2014-01-27; A HHR: 2014-04-29; W4 H AR AT iE : 2014-09-29 11:12
[ 4 H R H 3k . www. enki. net/kems/doi/10. 13700/j. bh. 1001-5965.2014. 0054 . html

* BIAEE : 2R (1979—) , 5, BIRILFF MR, Bh BB SE 5, xxoxhhhh2222 @ sina. com , 32 BEWF 58 7 1] Ry {5 5 4b 38 5 S 50qh 1)

SIAtE: FAM RAKRETHK 2B HRKSHE V-t #[]] AFMEAMXAFEFH], 2015, 41 (1) : 4549.

Li D P. V-estimator with corrective term for K-distribution shape parameter[J ]. Journal of Beijing University of Aeronautics and As-

tronautics , 2015 , 41 (1) : 45-49 (in Chinese ).


Administrator
全文下载

http://www.cnki.net/kcms/doi/10.13700/j.bh.1001-5965.2014.0054.html

46 b B = R R

2015 4

(]
V= 1
[2]? )
V:<IA/>:2(1+L) (2)

Ko,z 8 K i {55 &, 1575 [f(2)] =
(1/N) Zf(zi) JNAFEARKE 3 <+ > FoR BUI 2

{E 7755 7 R Al e, AR RE(L),
G

T, 3
_<T> (3)

<>

5

1 < ~
(WZZ) -
T2=[zz:| =WZZ?
/T, =1/[ 2] FEEWMEIE L <z > bR

HE44 1/N i, )5
3 B 2[z]

<z> <z>®

B AV g VA TR g 22, A B X (4) A

1/T, =

(4)

A T
AV=<V>-V=<V V>_<72>-V~
1
T( 3 2[z]) <z > _
<z > <z > <z >
_%(<z > <z >) (5)
<z > <z >
HIREs
AV:A% +0(A%) (6)
2(<z2 > <z >
AL=—f( - ) 7
v NV <z <z>? (M

Hrito(AL) N AL N— oo B )55 Bir Jo55 /1. #R X
Hry A D RET. i 3(S) (3U(6) AT A
(<V>-A1) -V=o(A1) (8)

WK HEIIR (8) (< V> - AL) H i —
MR T K 4B RS E v WAk 8%, W AS 3
I I 25 23 b VAl T 28 B 22/ 1 B (N—o0 ).
1.2 RIEGIMKZERE

Ryt B A TR BE A % SCRR [ 13-14 ] 38
i S T B, & 00l R i Al g A b R e
WA Tk, g BA R IE B VAL T AR
(VCE) kBT .

A [zz] .
- — i Al 9
1 2 A (9)

T:<f‘>=2(1+]7) (10)

Forb 8RR R R E R, BB 1L 3
BIF 4 2 st (10) [GEDT: ot (7)), BAH
lim[j-AL] =0, EREE(S)MA(6), 0

[£]
MR
21+ )= limG - A =2(1+ 1)

T:<f‘>:

_]'A%>:

(11)
1.3 KREZRBHBE
AR AL TF K ARS8 v,ve [0.2,
2] BT LA 2 A R S R O, R I
XiF B IR A T A A S AR K AR R AR AR 2% U T B
AT A B A TR A A B TR
S o R RINIRE, & ﬁﬁk)ﬁfj@frﬂﬁ‘:iﬁﬁ%%ﬂﬂm
1T 51 76 R e LAt 2 L BT LA, 7 S BRI B s A
S, AT N AR S8 v e [0.2,2]
Y IR JE T, AR SCRL v e [0.2,2 ] A3 [l R 5 45
ﬂéﬁﬁ%ﬁi%%&j A6 S B 1 FH 8 AR
LEG R, KR IE R A BA B E I VCE
PR A T S50 i 2 0 o 22 1 1 . 48 R A IE R 8K
R RTEL -3, 31BN LL 0.1 K ik
FT0. A T U, B 1 A4 RS IE & 8 43 i B
fH0,1,2,2.5 1 3 & 60T, MWL Ak 11 2% 18] B 22
10 000K Monte-Carlo 52 %5, f 1534 11 35 {11 b 4%
Bl S 2 FEAR K N =250, K 43 i JE R 2 4
e[0.2,2], 5P KK 0.2. HHIE 1 Al UL, AL IE
FE =25 oA AN TE 08 R A, BOBRORE OF &R 8K
Jj=2.5. %,/ =0 By VCE H S gh 2 VE J
Oliver 48 i (1) VAl 7128 , 1M H: 78 52 56 v Jir 15 ¥ {8
TE AR S =2. 5 B VCE 75 21 1) 3 7 BEAR ) 155 B
—HSUE T VCE A A IE TR RS 1E F8 B 58
HAEH.

il

02 04 06 08 10 12 14 16 18 20
3
1 fEflihas VCE o 42 0E R 8 IROAR R
A AL T 1E T #
Fig. 1 Comparison of estimating mean value obtained by

the VCE for different corrective coefficient j



%013

47

ZRM B AEIR K 23RS B VA T 4%

B2 25 A ] — 52 50 vh 1 OF R 40 BUAS T
(BT A5 T O 22 1) L 35

K2 T VCE P08 fER IE R4 =
2.5 B, VCE X} K 53 A AR S50 o Al 3 09 1 22 475
SR ER T WE A AL, i FadE =0
Y VCE BI VAl 1 28 453 2] 09 Ah 1T 2. 1+ 40 w]
T, B2 R 2 B T RS AR A 2 2
Bl A v BRI R A RS I =2.5 BF 1
VCE Al 71 25 50 52 BB A o 36 KT/ 1) B 47

BRI T a R T 0.
1.4 2
1.2} :
—— Jr="> !
1Lop -es- =0 e
—— =1 A
g 08[ e j=2 Pr i
= —— =3 ot |
0.6 : - . VI
04} 2
02} -2
e *
— Q——Cﬁ—\_

08 -
02 04 06 08 10 12 14 16 1.8 20
.

B2 Feffithas VCE b K E R % BOA R
P A5 A T i 22 LR
Fig.2 Comparison of estimating bias obtained by

the VCE for different corrective coefficient j

K3 45 HAE Al — S50, IR R 80 7 O [A]
(EL BT Al T A v 22 19 LR A

90
80F o j=25 ::\a‘
70t -8-,=0 'y
—— = ;o
60+ i 1A
TR B =2 i \
W sOF =3 )
E 40t ! |
s ] 4
30+ 1 o
|
20} !
I
10+ !
_-a
4] = - i —
02 04 06 08 10 12 14 16 18 20

L

3 fEALTEES VCE 1 IE R A U TRNE
T A A b o 25 EL A

Fig.3 Comparison of estimating standard error obtained by

the VCE for different corrective coefficient j

P A TR B B B R
U, 25058 I, DL JS AR SC T8 VCE Bt /2 A%
EZE¥j=2.5 1 VCE.

2 fhEXE

P4 ~ 16 % i Tl L 5 205 %, VE, VCE
FU A B A TR0 22 bR 22 3 4 )y T
f L.

Wi

%2 04 06 08 10 12 14 16 18 20
i
Kl 4 U,VE Il VCE fhiH2% T3 %5 o 094l 11 9 ¥ (E H i
Fig.4 Comparison of mean value for estimating v

obtained by U,VE and VCE

3.3 ™
i\
3.0+ i
i
) —U ;i
2.5+ -s-VE 1 \
i
-z YCE '
" 201 ]
_:'2 I
=~ L5} !
]
]
1.0 I
_ A
05t g,
e
o &

02 04 06 08 10 12 14 16 18 20

L

U, VE Al VCE i - 28 45 %% o Bl 3 F 09 1 22 H
Fig.5 Comparison of bias for estimating v

obtained by U,VE and VCE

B3 B AR, 1T j =2 B HY VCE irf3 4R
WE 2K B e p AR SEBR A , N LB 2 B, =2
B VCE B A5 S5 (8 A fw 25 05 BE JV B (IR =3
FKARLE . BT LA, DA T 4 G T 22 F0 G AR
WE2 4 H i i, VCE IR IE R B =2.5 A&
i H, B3 BT LUE E] L, =0 B VCE B V-l
TR B AT AR E2ZE v =1.6 b I T & 5+
M. X FERIGIE T VCE s F 35 AR 1F 2 500

250 o
Ny
Iy
I
200} i 23}
-8-VE ¢ &
g 150t —e— VCE [
ot} ]
= ! ‘1
= oot ; '
| \
1 1
! \
50t ! [
[ e
a ’;/,_;::
i - =p——0——yg

2 04 06 08 10 12 14 16 1.8 20
3
K6 U,VE Fl VCE fi 4% BF 18X o g4l i1 1Y
i 22 L
Fig.6  Comparison of standard error for estimating v

obtained by U,VE and VCE



48 b B = R R

2015 4

LR AR E N =100, K 53 A B R S
Boel0.2,2],525 4K 0.2,100007% Monte-
Carlo SC .

K4~K6RW AEHEMve [0.2,2]1
o (HIE N, WA TS &, VCE B9 A3 B /Y
KSR R EDLT U-fhih4s, 20T VE; M MAG T
fivs 22 75 1& , VCE Ak 11 22 9 4G B2 [8) 4 2 B 2 A0
T VE, 3f H B o {8 00935 K, 8Ok 8 n it 7
U-fliiha% 5 1 N Al 31 19 b5 oE 22 % &, VCE 7
ve [0.2,1. 2 Y A, Al 115 o 22 000K 3 A 4
T U-fhi T 9K B2, A5 9K 5L 5 T VE BYAGTHHS
JEMifEve [1.2,2]7EHIA, BBEE o {4 /5
K, B b o 22 J0BOR 8] 2 45 F U-Al i 4% T
&, WA T Ak O 22 ARG AR E 22 3 D Tl Y
G RN B0 4 2% & %A, S T VCE 7R 4l
TR EAE R E T VE, Wi w7 -3t
ar- MG TR R % &, VCE 1 VE — 4, B A
FEIF R P TG R AR 2 Oy B, R A X
v BASTHE I R R0 X2 U-fGH 8 e N iy,
Ve Je SR e A 2 M D7 R HEAT AN TR i AR A T
an T B R R A A

AR B 1~ B3 S A R R TR A K
JE N =250 (5 F AR, R 4 ~ 6 /Y52
SERBEAEREARKE N =100 11500 F 3R 5 0.
I, A R LSRR R T XA — ] SRS R
WRAE RFEANE O T b R 7E /NEARTE LT, VCE
FROA TS B B A AR AS K R 85 )T Y 3R
PE AR, B 4 ~ 6 iysEse WL, VE 5 U AfTF
AR /INEE A B0 B S HE 22 1.

3 & it

) ASCEBARAKIETKN VAL 4
VCE, fEfR B 55 VE [R]RE i B9 Al 285 19 6] i), 2
EARE T AETHIOR B LR AT S A O 22 R
THAREZE 3 AN T5 4 W] ol d VE A4

2) P ESEE R, AR SCR I HA R IE T
V-Alidta VCE FE/MEAE BL T, xE K 704 JE 4R
S0 AT IR B S RCRARAL T U-Afiit &%, VCE
XA BE A B ) W 3 W B T A S
B B

S 2 #k (References)

[1] Blacknell D, Tough R J A. Parameter estimation for the K-distri-
bution based on [z log(z) ][ J]. IEE Proceedings: Radar, Sonar
and Navigation, 2001, 148 (6) :309-312.

[2] 2R, XU, SAR EHRGEiHER 2538 [T ]. 1H AL T2 5 6

JH,2013,49(13) :184-190.
Li Y C,Liu L. Review of statistical method of SAR image[J].
Computer Engineering and Applications,2013,49(13) :184-190
(in Chinese).

[3] PMHE. JET5 gttt ng K 4 S8 (7], 5 bl
Wi F#FE,2013,30(1) :1-4.
Sun Z G. Parameter estimation of K distribution based on second-
kind statistics [ J ]. Application Research of Computers, 2013,
30(1) :14(in Chinese).

[4] 2=, F AR , 42930, 45 F O N 5% o7 0 A0 A B A U
BELI]. 7Y% 203 K2 2 4k ,2013,36(3) : 1-6.
Li Y C,Zhou R Y,Quan Y H, et al. An algorithm of ship target
detection based on the adaptive background window function
[J]. Journal of Xi’ an Jiaotong University,2013,36(3) :1-6 (in
Chinese) .

[5] kA, koSS, JE T3 B 40 A NM PR 2 0] 530 1 1 1 2% I8
SR LT ] B IR B AR 5 R ,2011,25(6) :70-73.
Yang Y S,Zhang 7 J. Parameters estimation of sea clutter based
on fractional order moments and NM algorithm[ J]. Remote Sens-
ing Technology ,2011,25(6) :70-73 (in Chinese).
[6] ffh, Rk, —Fh K 5310 2 W S HU 7 2 (I ], iRl 7
XFPr,2013,36(3) :89-91.
Xu W,Chen Y S. An estimation method for K-distribution clutter
parameters [ J ]. Shipboard Electronic Countermeasure, 2013,
36(3) :89-91(in Chinese).

[7] WISCHk, ERR, EHH. 5T og(z) B MY K 431 Z K fl
T B 515 B 4% 4 ,2008,30(1) :203-205.
Hu W L,Wang Y L, Wang S Y. Estimation of the parameters K-
distribution based on z"log(z) [ J]. Journal of Electronics & In-
formation Technology,2008,30(1) :203-205(in Chinese) .

[8] 2R, Wik, XF Jahangir 21 & A A F &5 A ek [ T]. db 5t
Fi 25 fii R R 22441 ,2012,38(6) :788-792.
Li D P,Yao D. Improvement of Jahangir’ s multiple moments es-
timator[ J]. Journal of Beijing University of Aeronautics and As-
tronautics,2012,38(6) :788-792 (in Chinese) .

(9] &KW, Bt X K A JE RS H M Al m m ek (1] i
F 55 B2 ,2011,33(7) :1752-1755.
Li D P,Yao D. A further enhanced M-estimator for the K-distri-
bution shape parameter[ J]. Journal of Electronics & Information
Technology,2011,33(7) :1752-1755(in Chinese) .

[10] Joughin I R. Maximum likelihood estimation of K-distribution
parameters for SAR data[ J]. IEEE Trans on Geosciences and
Remote Sensing,1993,31(5) :989-999.

[11] Oliver C J. Optimum texture estimators for SAR clutter [ J ].
Journal of Physics D: Applied Physics, 1993, 26 (11 ):
1824-1835.

[12] Blacknell D. Comparison of parameter for K-distribution [ J].
IEE Proceedings: Radar, Sonar and Navigation, 1994 ,141(1) .
45-52.

[13] Jahangir M, Blacknell D, White R G. Accurate approximation to
the optimum parameter estimate for K-distributed clutter[ J].
IEE Proceedings: Radar, Sonar and Navigation,1996,143(6) :
383-390.



%013 ERA) HABOET K A RS H V-t 4% 49
(147 ARTEME, Gt — Bl K200 2% P95 5 F B9 XS Bl 1 (157 AN, 2wt , B0 . — BB 09 K 20 A5 2R 2 Bl o 4%

R[], i 515 B2 41,2007 ,29(3) :756-759. [J]. L7 515 B 4541 ,2005,27(9) :1404-1407.

Hao C P,Hou C H. A two parameter CFAR detector in K-distri- Hao C P,Hou C H,Yan J. A new estimator for estimating the
bution clutter[ J]. Journal of Electronics & Information Tech- parameters of K-distribution[ J]. Journal of Electronics & Infor-
nology,2007,29(3) :756-759 (in Chinese). mation Technology,2005,27(9) :1404-1407 (in Chinese).

V-estimator with corrective term for K-distribution shape parameter

LI Dapeng*

(Academy of Opto-electronics, Chinese Academy of Science, Beijing 100094, China)

Abstract: The V-estimator (VE) for K-distribution shape parameter proposed by Oliver in 1993, bears
the characteristics of without solving non-linear equations so it has a high estimating efficiency, but the estima-
ting accuracy of it is lower than that of many other moment estimators, sometimes the VE even results in odd
value. In order to make the best use of the advantages and bypass the disadvantages, on the basis of derivation
and analysis of the VE bias, by means of a set of Monte-Carlo experiments, the V-estimator with corrective
term (VCE) was discussed, which overcomes the shortcomings above of the VE. Simulation results show that
not only the estimating accuracy of the VCE is significantly superior to the VE, but also, on both of estimating
accuracy and efficiency, to the U-estimator considered as the moment estimator with the highest accuracy usu-
ally. Especially, experiment results demonstrate that the VCE is better suited to performing in the case of
small samples, this feature makes it possible that the VCE is more applicable to the practice.

Key words . K-distribution; shape parameter; V-estimator; corrective term; corrective coefficient
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Nonlinear dynamic behaviors of electro-hydraulic servo system under friction
ZHU Yong'?, JIANG Wanlu™"?, ZHENG Zhi'’

(1. Hebei Provincial Key Laboratory of Heavy Machinery Fluid Power Transmission and Control, Yanshan University,

Qinhuangdao 066004 , China;

2. Key Laboratory of Advanced Forging & Stamping Technology and Science, Ministry of Education,

Yanshan University, Qinhuangdao 066004, China)

Abstract. With electro-hydraulic servo system as the research object, the influence laws of nonlinear fric-

tion on system dynamic characteristics were explored. Based on the principle of the nonlinear dynamics, the

nonlinear dynamical model of system was established. Then, a conclusion was put forward that the effect of

nonlinear friction could be described by Van Der Pol equation. The bifurcation phenomenon and typical non-

linear dynamical behaviors which implied within the system were revealed through numerical experimental

analysis. Moreover, with the nonlinear dynamics methods, the measured dynamic data were thoroughly ana-

lyzed. And the “limit cycle oscillation” phenomenon caused by friction was revealed. The results indicate that

the nonlinear effect of friction can cause nonlinear vibration occurred in system working process. The influence

of friction on system dynamic characteristics cannot be ignored. The nonlinear effect of friction should be taken

into account in system modeling and dynamic characteristics research.

Key words: electro-hydraulic servo system; nonlinear friction; limit cycle oscillation ; bifurcation; chaos
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Dynamic modeling for a morphing aircraft and
dynamic characteristics analysis
ZHANG Jie, WU Sentang

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The physical model of a variable-span variable-sweep morphing aircraft was simplified. Based
on Kane’s method, the morphing movements were assumed to be controllable known input, and the wings’
movements were expressed by constraint equations. The six components of the translational velocity and the
angular velocity of the morphing aircraft’ s body in the body coordinate frame were selected as the generalized
speeds. Six degree-of-freedom dynamic model was built. Additional forces and additional moments were
defined to describe the dynamic influence imposed on the morphing aircraft by the morphing movement. The
simulation results show that, in the condition of steady-state flight, the additional forces and moments cased by
the wings’ morphing are small compared to the variations of aerodynamic forces. The aircraft’ s longitudinal
dynamic responses during the morphing process are simulated and analyzed at different morphing speeds. Re-
sults show that the aircraft’ s height, velocity and pitch angle will change considerably during morphing
process.

Key words: morphing aircraft; dynamic model ; modeling; variable-span; variable-sweep; Kane’s method
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Table 2 DOA (direction of arrival) in different normalized angle
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HR L3/ () 1 fl g _ _
ERME/(°) RMSE/(°) FHIfE/(°) RMSE/(°)
13.0, -3.6 1 BW 12.91, -3.41 0.45,0.46 12.89, -3.39 0.59,0.63
-3.6,2.0 1/3 BW -3.20,1.91 0.51,0.40 -3.19,1.89 0.62,0.59
0,3.2 1/5BW -0.22,2.90 0.53,0.67 -0.21,2.89 0.68,0.67
Transactions on Signal Processing,2007,55(5) :1815-1827.
5 Ql:él: -i{e [3] Chen C E,Lorenzelli F,Hudson R E, et al. Stochastic maximum-

Bayesian & 43 $¥ J7 5 Al 1+ J7 5 M BE T 40 1k
BT R AR A S XN R Tk T2
TR0 R0 22 2 A 4 1k 45 2% T 5 B0 1 58 1 K OME LA
TR A TR A K i 22 WU SRR 5 Bayesian Jf
PiAb I AR ES & S T — Rl T R S U
) Bayesian ( ACO-Bayesian ) J7 (v fili 1138 5 ik, 45
T R AN R IR AT T 07 LR R 4 B ROK
b SIS B E. {7 FLE5 R R W], ACO-Bayesian J7 i 78
PR35 Bayesian J5 AL RAEBER [A] I , 4 Bayesian J5
LT EN (0, -0,)/s)" x AW B (T x I, +
L+CyxI) xA,BEFWA TR EZBE, K S5k
45 ] W], ACO-Bayesian J7 1% fEE# Al 1 I 1 hy
1/5 PR TEBER TG H bk, T4 Bayesian J5 {5 4 11
J5 ik B AR A T — o Oy k.

£ %3k (References)

(1] mv4ge. kN Hbres 20 37 Gl $OoR B[ D], 9% - Pk
Tl k27,2004
Feng X A. Study on the high resolution DOA estimation tech-
niques of underwater targets[ D ]. Xi” an: Northwestern Polytech-
nical University,2004 (in Chinese).

[2] Tadaion A A, Derakhtian M, Gazor S, et al. A fast multiple-
source detection and localization array signal processing algo-

rithm using the spatial filtering and ML approach [ J]. IEEE

likelihood DOA estimation in the presence of unknown nonuni-
form noise[ J ]. IEEE Transactions on Signal Processing,2008,
56(7) :3038-3044.

[4] Vorobyov S A,Gershman A B, Wong K M. Maximum likelihood

[l

direction-of-arrival estimation in unknown noise fields using
sparse sensor arrays[ J]. IEEE Transactions on Signal Process-

ing,2005,53 (1) :3443.

—
W
[

Huang J G,Chen J F,Liu C M, et al. Bayesian approach to high
resolution direction-of-arrival estimation[ C]//Proceeding of the
Fourth International Conference on Signal Processing. Piscat-
away,NJ:IEEE, 1998 :377-380.

[6] Li X,Huang J G. Bayesian high resolution DOA estimator based
on importance sampling [ C ]//Proceeding of Oceans 2005-
Europe. Brest, France: Institute of Electrical and Electronics
Engineers Computer Society,2005:611-615.

[7

[

Djuric P M,Li H T. Bayesian spectrum estimation of harmonic
signals [ ] ]. IEEE Signal Processing Letters,1995,2(11) :
213-215.

[8] Viberg M,Swindlehurst A L. A Bayesian approach to auto-cali-
bration for parametric array signal processing[ J]. [EEE Transac-
tions on Signal Processing,1994 ,42(12) :3495-3507.

[9] Dorigo M. Optimization, learning and natural algorithms [ D ].
Ttaly : Dipartimento di Elettronica, Politecnico di Milano,1992.

[10] Socha K,Dorigo M. Ant colony optimization for continuous do-

mains[ J]. European Journal of Operational Research, 2008,
185(3) :1155-1173.
[11] Dorigo M,Gambardella L. M. Ant colony system:a cooperative

learning approach to the traveling salesman problem[ J]. IEEE



70

b B = R R

2015 4

Transactions on Evolutionary Computation, 1997 ,1(1) :53-66.

[12] Costa D,Hertz A. Ants can colour graphs[ J]. Journal of the

Operational Research Society, 1997 ,48(3) :295-305.

[13] Gagne C,Price W L, Gravel M. Comparing an ACO algorithm

with other heuristics for the single machine scheduling problem
with sequence-dependent setup times[ J]. Journal of the Opera-

tional Research Society,2002,53:895-906.

[15]

London, UK : McGraw-Hill ,1999 :63-76.

PV, AR I W . T 3% S ORE P AR R 1 0 N BT
BTz ) il P Bk [T ], 7 5 45 B % 4, 2011, 33
(4):972976.

Jiao Y M, Huang J G, Han J. Continuous ant colony optimization
based weighted subspace fitting fast algorithm for DOA estima-

tion with few snapshots[ J]. Journal of Electronics & Informa-

[14] Corne D,Dorigo M, Glover F. New ideas in optimization[ M ]. tion Technology,2011,33(4) :972-976 (in Chinese).

Fast Bayesian DOA estimator using continuous ant colony optimization

JIAO Yameng“"*, HUANG Jianguo’, HAN Jing’

(1. College of Electronics and Information, Xi’ an Polytechnic University, Xi’ an 710048, China;

2. School of Marine Science and Technology, Northwestern Polytechnical University, Xi” an 710072, China)

Abstract: For the effectiveness of the ant colony optimization algorithm for solving high-dimensional non-
linear search problem, a Bayesian maximum posteriori direction of arrival (DOA) estimation fast algorithm
based on the ant colony optimization algorithm ( ACO-Bayesian) was proposed. This algorithm adopts Bayesian
maximum posteriori probability function as the objective function of the ant colony algorithm, exploits a weigh-
ted sum of several one-dimensional Gaussian functions in the sampling process. The global maximum of Bayes-
ian spatial spectrum function can be reached after reasonable iterations. Simulation results show that the pro-
posed algorithm provides similar performance to that achieved by Bayesian estimator, but its computational
complexity cost is only 1/14 of original method. The water tank experiment results verified the correctness and
validity of the proposed ACO-Bayesian method, which promote them to promising in engineering applications.

Key words: array signal processing; Bayesian estimator; ant colony optimization; computational

complexity ; water tank experimental
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Method to estimate the Doppler parameters of moon-borne SAR
using JPL ephemeris
DING Yixing'*, GUO Huadong’, LIU Guang "’

(1. Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, China;
2. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100039, China;

3. Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing 100094, China)

Abstract; Compared with the low earth orbit synthetic aperture radar ( SAR) system, the moon-borne
SAR is distinct from its unique imaging geometry, so the Doppler parameters estimation method is different
from conventional pickaback and satellite-borne SAR. Precise jet propulsion laboratory (JPL) ephemeris was
used to interpolate the position, velocity and acceleration of lunar barycenter as well as the libration in geocen-
tric inertial coordinate system. Then the position, velocity and acceleration of an object at any selenographic
coordinates were able to be acquired via the coordinate transformation. Based on this, two quadratic equation
sets were put forward to calculate the beam direction at any off-nadir angle and squint angle, and to solve the
modulus value of line of sight, then coordinating the footprint center. Simulation results show that the beam
angle needs a continuous adjustment along the orbit to point the earth disk in moon-borne SAR case, and the
antenna position displacement leads to a significant shift on the Doppler parameters.

Key words: moon-borne RAR ( synthetic aperture radar) ; Doppler parameters; jet propulsion laboratory

ephemeris; earth observation from moon; libration
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Maneuvering target tracking with modified unbiased FIR filter

FU Jinbin', SUN Jinping"', LU Songtao’, ZHANG Yaotian'

(1. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Department of Electrical and Computer Engineering, Towa State University, Ames, Towa 50011, USA)

Abstract: In the field of maneuvering target tracking, the performance of Kalman filter( KF) and its vari-
ants is dependeds on the accuracy of the assumed process noise statistics. If the assumed process noise is not
accurate, the performance of the KF and its improved algorithms will be degraded significantly. In some ca-
ses, the filters might even cannot be converged. Unbiased finite impulse response (UFIR) filter does not need
the prior knowledge of the process noise statistics during filtering. Hence, it can be utilized to overcome the
problem of the inaccurate assumed process noise statistics to realize the maneuvering target tracking. Since the
generalized noise power gain ( GNPG) of the existing UFIR filter cannot be adapted to the measurements inno-
vation, an improved UFIR filter was proposed. The proposed UFIR dynamically adjusts GNPG according to the
ratio of measurements innovations between the adjacent time such that it can improve the detecting ability of
the UFIR filter for target maneuver. The simulation results illustrate that if assumed process noise is accurate,
the performance of the existing UFIR filter and the proposed FIR filter is similar to KF; but if assumed process
noise is not accurate, the performance of the proposed UFIR shows better than the other ones.

Key words: maneuvering target tracking; unbiased finite impulse response filter; Kalman filter; general-

ized noise power gain; adaptation
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Hybrid iteration sliding mode control for ultra-low altitude airdrop level off

LIU Ri, SUN Xiuxia“, DONG Wenhan

(Aeronautics and Astronautics Engineering College, Air Force Engineering University, Xi’ an 710038, China)

Abstract: For the ulira-low altitude airdrop level off stage, many uncertain factors such as ground effect,
sensor measurement errors and low altitude airflow interfere the precision of trajectory tracking, which exert se-
rious threats on the aircraft safety and mission performance, a hybrid iteration sliding mode flight controller was
designed. In the first order sliding mode, a global dynamic switching function was adopted, which eliminated
the reaching stage of sliding mode and ensured the whole response robustness. In the second order sliding
mode, a nonlinear integral switching function was adopted and the overshoot caused by the integral term was
brought to the first order sliding mode, so not only the tracking accuracy was guaranteed but also the dynamic
performance was improved. Lyapunov stability theory and Barbalat lemma analysis show that the flight control
law can completely reject constant model perturbation and disturbances, and can control the upper bounds of
the steady errors with dynamic model perturbation and disturbances. Simulation results confirm the robustness
and ascendant tracking performance of the proposed approach.

Key words:; ulira-low altitude airdrop; flight control; hybrid iteration sliding mode; level off control;

ground effect; robustness
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Table 2 Hierarchical dependence matrix

w4 D' T T T T
A 0 1 1
£ 1 1 1
¥a 1 1 1 1
fi 0 0 0 1
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Table 3 Evaluation on different maintenance levels

B YRR/ J 2
R
Ligy Yo/ % Bt Yo/ %
g 65 127
) 3 73 139
W EE 1 27 41.5 127 100
M 2 2 54 83.1 127 100
IR 3 62 95.4 127 100
T B 4 65 100 127 100
Yin/ % 100 100
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Method of testability evaluation using hierarchical testability model

YIN Yuanwei', SHANG Chaoxuan®', MA Yanheng’, LI Gang'

(1. Department of Electronic and Optical Engineering, Ordnance Engineering College, Shijiazhuang 050003, China;
2. Department of UAV Engineering, Ordnance Engineering College, Shijiazhuang 050003, China)

Abstract: The layered and modularized design is always used in complex electronic equipment, where
the maintenance level and test requirement are both characterized by hierarchy configuration. Therefore, a
novel evaluation approach was presented based on hierarchical testability model. The multi-signal flow graph
model has ability to present multi-fault factors, according to the hierarchical classification based on mainte-
nance level and physical structure of equipment, the multi-signal flow graph model could be established for
each level respectively. For any part which can’t be tested or maintained, the multi-signal flow graph model
would be established on lower level; thereby the hierarchical testability model was built up. The hierarchical
dependence matrix was obtained based on above model, and then the testing level of equipment on each main-
tenance level was obtained by using the mathematical model of testability evaluation. The analysis results of
example prove that this method could effectively evaluate the testability levels of equipments in different situa-
tions, at the same time this method could provide available guidance and assistance for the design of testability
and maintenance.

Key words: testability; multi-signal flow graph; testability evaluation; hierarchical testability model;

hierarchical dependency matrix
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Intelligent decision-making algorithm based on bounded FART-Q
ZHOU Yanan, GONG Guanghong "

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Fuzzy adaptive resonance theory ( ART) with bounded side length was proposed to address the
problem emerged while applying fuzzy ART to intelligent decision-making. Integrating the modified fuzzy ART
and Q learning algorithm, bounded fuzzy ART-Q learning (FART-Q) intelligent decision-making network was
built. The original fuzzy ART might make unreasonable classifications only according to the fuzzy similarity be-
tween input vector and weight vector, without considering the physical meaning of the state variables. To solve
this problem, a modified algorithm was proposed, strengthening the resonance condition of fuzzy ART with
bounded side length. The improvement made it possible both to limit the side length according to the physical
meaning of the state variables and to reduce the number of categories. The minefield navigation simulation was
conducted to verify the availability and effectiveness of bounded FART-Q. Compared with the original fuzzy
ART, the modified algorithm is able to make classifications more reasonably with higher success rate and less
operation time.

Key words: artificial neural network; adaptive resonance theory; fuzzy set theory; Q learning; intelli-

gent decision-making
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Modeling and reinforcement decision analysis in
air force combat based on data link
NIU Dezhi', CHEN Changxing”', XU Haoxiang’, LI Yongbin’, WANG Zhuo', CHEN Qiang'

(1. Science College, Air Force Engineering University, Xi’ an 710051, China;
2. Equipment Management and Safety Engineering College, Air Force Engineering University, Xi’ an 710051, China)

Abstract: Force change problem during air combat course was studied. First of all, operation ability in-
dex of aircraft was converted to average combat level. Furthermore, in view of data link’ s influence on air
combat and reinforcement force’ s joining to original force, differential equation model of every force changing
which was represented by variety of aircraft number was set up based on Lanchester equation. Then numerical
computation method of the model was given, and what time step should meet in discrete computation was
pointed out. According to different reinforcement mode, the model was extended to different representation
forms. Simulation experiment shows there is effective reinforcement time range if reinforcement force was
joined in air combat, reinforcement only in one time and reinforcement with constant deceleration have merits
on time. High reinforcement efficiency of the two reinforcement mode was illustrated by constructing the judg-
ment function, which provides one new thought for air combat application and decision making.

Key words: average combat level; Lanchester equation; data link; judgment function; reinforcement ef-

ficiency; decision making
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Ik FAR FRR EER
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Offline signature verification based on ASIFT
TANG Youbao', BU Wei*?, ZHANG Enze’, WU Xiangqian'

(1. School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China;
2. Department of New Media Technologies and Arts, Harbin Institute of Technology, Harbin 150001, China;
3. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract: A novel offline signature verification method based on the affine and scale invariant feature
transform ( ASIFT) was proposed by analyzing the existing local invariant features and the property of the dis-
guised signature. The method consists of the following steps, the preprocessing including image graying and re-
sizing was performed on the signature images; the key points were detected and the corresponding descriptors
were extracted from the processed images; the descriptors extracted from the query and reference images were
matched and the random sample consensus (RANSAC) algorithm was used to refine the matched result. Then
the average distance was computed according to the distances between the descriptors of the correct matched
points. The verification decision was given by comparing the average distance and the number of the correct
matched points with the thresholds. The proposed method was evaluated on a public signature dataset including
the disguised signatures and the experimental results show that the proposed method outperforms the state-of-
the-art algorithms with reducing the equal error rate (EER) by 5% .

Key words: offline signature verification; disguised signature; local feature; affine and scale invariant

feature transform ( ASIFT) ; random sample consensus (RANSAC) algorithm
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Table 1 Video quality measurement of videos
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Table 2 Video quality measurement of video with

different parameters
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Video encryption algorithm of content associated key
WANG Wei', HUANG Hao"?, XIE Changsheng’, HAN Lin'

(1. School of Computer Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Wuhan National Laboratory for Optoelectronics, Wuhan 430074, China)

Abstract: With the development of computer technology and video, display technology, there are new re-
quirements of video encryption algorithm. A video content associated key concept was proposed and used in
the encryption of video after the research of current video encryption algorithm’ s defects in video copyright
protection technologies. The extraction algorithm which used the motion vector prediction residual as sensitive
data extracted the sensitive data from the plaintext video. The extraction algorithm effectively destroyed the
video quality within 10% sensitive data extraction ratio. In order to prove the effect of extraction algorithm ,
the video quality measurement algorithm of peak signal to noise ratio (PSNR) and structural similarity index
measurement (SSIM) was used to assess encrypted videos with different video contents and parameters, and
proved the performance by performance analysis and comparison with other algorithm. The experiment results
show the validity and consistency of video encryption algorithm based on the content associated key.

Key words: content associated key; video encryption algorithm ; video quality assessment; video extrac-

tion; sensitive data
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Synchronizing compensation control of electro-hydraulic load
simulator using command signal of actuator
HAN Songshan'?, JIAO Zongxia“'?, SHANG Yaoxing'”’>, WANG Chengwen'"

(1. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Science and Technology on Aircraft Control Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Abstract: Electro-hydraulic load simulator is a typical case of the force (torque) servo system which is
strongly coupled with a hydraulic position system. How to eliminate the extraneous torque from motion disturb-
ances is the key difficulty in electro-hydraulic load simulators. Based on theoretical analysis of traditional syn-
chronizing compensation controllers, the improved synchronizing compensation algorithm was put forward. This
algorithm can make full use of actuator’s velocity command signal and load simulator’ s torque feedback sig-
nal, which does not need actuator’ s velocity signal, acceleration signal and servo-valve current signal. Due to
utilizing load simulator’ s torque feedback signal, it can effectively eliminate the extraneous torque and achieve
a more accurate synchronizing compensation than traditional velocity synchronizing controller in big gradient
loading conditions. The comparison results based on simulations and experiments show that this algorithm is
more effective to eliminate extraneous torque from motion disturbances and improve the dynamic torque track-
ing accuracy in various typical operating conditions.
Key words . electro-hydraulic load simulators; hydraulic servomechanisms; synchronization; disturbance

rejection ; velocity command
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Definition of state variables and sketches of

reference frame
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Table 1 Moments and product of inertia of dronefly at

hovering and forward flight

y L1 )/ 1.(1,,)/ L7 1)/
u,
( ) (10 kg - (10 kg - (10 kg - (10 kg -
mes m?) m?) m?) m?)
0 8.406 1.800 1.217 -7.016
(8.134) (1.791) (1.186)  (-7.020)
) s 3.885 1.797 1.671 -3.413
’ (3.591) (1.791) (1.640)  (-3.427)
45 3.100 1.797 1.748 -1.011
’ (2.806) (1.791) (1.718)  (-1.030)
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Fig.2 Model of a dronefly’ s wing and body
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Fig.3 Sketches of reference frames of wing motion
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Table 2 Kinematic parameters of dronefly at

hovering and forward flight

u,/ 7 B/ x/ b/ n/ ay/ o,/ (;/
(m-s™ 1) (°) (°) (°) Hz (°) (°) (o)
0 0 11.0 40.5 111.0 181.5 40.0 29.0 1.0

2.5 0.32 33.0 17.0
4.5 0.57 46.5 7.0

91.0 180.5 50.0 66.0 10.5
91.0 194.0 41.5 67.5 15.5
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Fig.4 The u-series, w-series, g-series non-dimensional

force and moment data at J =0.32
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force and moment data at J =0.32
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Table 3 Longitudinal aerodynamic derivatives

J X/ z; M; X; z; M; X/ z/ My

0 ~1.34 -0.26 1.21 ~0.02 -1.37 0.25 ~0.19 ~0.04 ~0.02
o 3 -2.13 -1.82 0.93 -0.27 -2.17 0.25 -0.17 -0.08 -0.16

‘ (-1.91) (-1.63) (0.98) (-0.13)  (-1.81)  (0.16) (-0.14) (-0.07) (-0.07)
057 -1.65 -1.39 0.93 -0.31 -3.59 0.29 0 -0.05 -0.31

: (-1.41)  ( -1.20) (1.09) (-0.14)  (=2.97)  (0.26) (0.04) (-0.03)  (-0.20)
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Table 4 Lateral aerodynamic derivatives

J v L Ny v, L Ny v L N
0 -1.03 1.12 0.16 -0.10 -1.18 0.28 0 0.42 -2.04
0.32 -1.34 -0.25 0.99 -0.30 -1.92 0.43 0.13 2.19 -2.19
- (-1.19)  (-0.16) (1.06) (-0.30) (-1.92) (0.42) (0.11) (2.20) (-2.15)
0.57 -1.39 -0.51 0.43 -0.39 -3.36 0.85 0.16 1.65 —1.45
: (-1.22) (-0.46) (0.38) (-0.38) ( -3.36) (0.84) (0.12) (1.65) (-1.42)
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Table 5 Eigenvalues of longitudinal system matrix of

dronefly at hovering and forward flight

J Aia Ay A
0 0.040 £0.0761 -0.091 -0.009
0.32 0.046 £0.0501 -0.118 -0.012
0.57 0.059 £0.0321 -0.152 -0.017

x6 BHEEBEME CHEEREEEFEFER
Table 6 Eigenvalues of lateral system matrix of

dronefly at hovering and forward flight

J Ay Az s Ay

0 0.081 -0.076 £0.059i -0.471
0.32 0.016 -0.057 £0. 1451 -0.636
0.57 -0.000 -0.034 £0. 1221 -0.906
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Table 7 Time constant of longitudinal natural modes

B A 2 A3
J
T Ldouble Lhalt Lhalt
0 82.7 17.3 7.6 77.0
0.32 125.7 15.1 5.9 57.8
0.57 196.3 11.7 4.6 40.8

RS HEESEESHR EF

Table 8 Time constant of lateral natural modes

A1 A2 A3
J
Ldouble T Lhalt it
0 8.6 106.5 9.1 1.5
0.32 43.3 43.3 12.2 1.1
0.57 ®© 51.5 20.4 0.8
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x99 BBREBEMAI CHNEERENMAFLEDE
Table 9 Eigenvectors of longitudinal natural modes of

dronefly at hovering and forward flight

J [T du dw " d3q " 36
0.142 0.003 0.086 100°)
(123.6°) (-117.6°) (62.1°)
0

2 0.156(0°)
3 24.9(0°)

0.003(0°) 0.091(180°) 1(0°)
118.5(180°) 0.009(180°) 1(0°)

0.177 0.508 0.068
1 1(0°)
(141.1°) (5.1°) (47.7°)
0.32
2 0.138(0°)  0.696(0°) 0.118(180°) 1(0°)
3 3.731(0°) 13.996(180°) 0.012(180°) 1(0°)
. 0.189 0.807 0.067 1(0%)
(156.2°) (6.7°) (28.8°)
0.57

2 0.113(0°) 1.296(0°) 0.152(180°) 1(0°)
3 1.052(0°) 3.331(180°) 0.017(180°) 1(0°)
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Table 10 Eigenvectors of lateral natural modes of

dronefly at hovering and forward flight

J [F S * p” or® dy

1 0.146(0°) 0.081(0°) 0.004(180°) 1(0°)

0 5 0.144 0.096 0.080 100°)
(-139.5°) (142.2°) (79.0°)
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Dynamic flight stability of a model dronefly in hovering and forward flight
XU Na, SUN Mao "

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Insects usually keep hovering or forward flight. Thus the dynamic stability of the two types of
flight is significant to study the insect flight. The dynamic flight stability of a model dronefly in hovering and
forward flight was studied. On the basis of an averaged model and the small disturbance theory, the linearized
equations of longitudinal and lateral motion were given. The method of computational fluid dynamics was used
to compute the aerodynamic derivatives and the eigenvalue and eigenvector analysis was applied to solve the e-
quations of motion. The experiment results reveal that at hovering, the longitudinal and lateral disturbed mo-
tion both includes the unstable mode, therefore hovering is unstable. At forward flight, for the longitudinal
motion, the time for initial disturbances to double for the unstable mode is decreasing, and the instability of
the longitudinal motion is increasing; the instability of the lateral motion decreases to a weakly or neutrally sta-
ble mode. The forward flight of dronefly is unstable.

Key words: dronefly; hovering; forward flight; dynamic flight stability ; natural modes of motion
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Table 3 Fitting value of altitude correction coefficient
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Flow rate of nitrogen-rich air and influence factors for
onboard air separation unit
SHAO Lei', LIU Weihua', FENG Shiyu”', GU Yuankang’, LIU Weipan®

(1. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. AVIC Hongdu Aviation Indusiry Group, Nanchang 330024, China;
3. Research and Development Center, AVIC Aircraft Company, Xi’an 710089, China)

Abstract . The flow rate of a certain type onboard air separation unit to produce the nitrogen-rich air relat-
ed with the flight height, inlet pressure, temperature and the nitrogen concentration was experimentally studied
on a test apparatus. An empirical correlation to predict the flow rate of the nitrogen-rich air was obtained and
verified via the polynomial fitting method and experimental data. In addition, the influence factors affecting
the flow rate were investigated and the variation of the flow rate along the entire flight profile was calculated.
Results indicate that, the obtained empirical correlation has high prediction accuracy; the flow rate of the ni-
trogen-rich air along the flight profile could be calculated based on the present mathematical model; under a
constant pressure, temperature, flow rate of the nitrogen-rich air is reversely proportional to the nitrogen con-
centration, so when nitrogen concentration increases, the flow rate decreases; especially, the effect will be
larger under the higher inlet temperature and pressure; the flight height, pressure, temperature are proportion-
al to the flow rate, and the lower nitrogen concentration, higher flight height, temperature and pressure will
bring larger impact on the flow rate. The research results could be beneficial to the design of fuel tank inert
system.

Key words: onboard air separation unit; nitrogen-rich gas; flow rate; polynomial fitting; experiment
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Fig. 13 Wing spar’s torsional deformation
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Aeroelasticity quick analysis method of very propeller/flexible wing system
XIE Changchuan® , ZHANG Lijuan, LIU Yi, YANG Chao

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The propeller’s revolving slipstream passing wing changes the drag/lift property of the wing.
For the hyper long endurance unmanned flight vehicles design, the slipstream effect should be analyzed for the
aeroelasticity of the very flexible wing. The Prandtl revised blade element-momentum theory was applied to
calculate the aerodynamic parameters and in-plane loads (1P loads) of the slipstream. Then a Rankine vortex
core was placed along the propeller’ s installation axis to simulate slipstream’ s induced effect on the wing.
Further, the 3-D lifting-line method was utilized to calculate the steady aerodynamic loads of the curved ben-
ding wing. And the generalized surface splines and large deflection interpolation method were adopted to solve
the geometrical characters of structure/aerodynamic coupling problem. Coupling with the nonlinear finite ele-
ment method of the structure, the iterative approach was constructed for the solving of propeller’s slipstream,
1P loads and the static aeroelasticity of very flexible wing. Finally, a validation study of a very flexible rectan-
gular wing with one propeller was carried out using the method constructed. The numerical results show that
the revolving slipstream changed the local incidence angle of a wing, thus changing the aerodynamic forces and
deformation distribution. And in the small advance ratios situation, it has greater influences. The results dem-
onstrate the applicability of this method in early stages of aircraft design.

Key words: propeller; flexible wing; slipstream; advance ratio; static elasticity
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Estimation of target’ s acceleration based on empirical wavelet transform
CHEN Hao, GUO Junhai®, QI Wei

( Beijing Institute of Tracking and Telecommunication Technology, Beijing 100094, China)

Abstract: Target’s accelerations lead to spectrum shift and broadening of target’ s echo signal, resulting
in the inaccuracy estimation of target’ s Doppler frequency with traditional pulse radar velocity measurement
method. To overcome the effect of acceleration on pulse radar velocity measurement, an empirical wavelet
transform (EWT) based radial acceleration estimation method was proposed. The instantaneous frequency of
the echo signal can be extracted through EWT and energy-oriented principal frequency components extraction
method. The high order coefficients of the phase were obtained through robust least square fitting on the in-
stantaneous frequency, which correspond to the radial velocity and radial acceleration respectively. After com-
pensating the echo signal with estimated accelerations, the Doppler frequency of echo signal can be accurately
estimated. Simulations show that the EWT method is a fast algorithm with high estimation accuracy, and the
estimation error is close to Cramer-Rao lower bound. Applying EWT method on measured pulse radar data of
high speed vehicle, the estimated acceleration error is smaller than 0.4 m/s’. EWT method is applicable in
real time pulse radar acceleration estimation.

Key words: radial acceleration; non-stationary signal; empirical wavelet transform; instantaneous fre-

quency ; frequency extraction
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Fig. 1 Geometric situation of aircrafts to target
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Fig.2 Control structure of two aircrafts’ collaborative

passive target tracking system
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Trajectory optimization of two aircrafts in
collaborative passive target tracking

RAN Huaming, ZHOU Rui®, WU Jiang, DONG Zhuoning

(Science and Technology on Aircraft Control Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: To solve high accuracy requirement in collaborative passive tracking of two aircrafis, according
to the geometric situation of the two aircrafts to the target, the effect of the geometric situation to the passive
detection accuracy was analyzed, the formula of position dilution of precision (PDOP) was presented, the op-
timal geometric configuration of two aircrafts was obtained. A control structure of two aircrafts’ collaborative
passive target tracking system was presented, extended information filter ( EIF) was used to estimate target
state, maximizing the information entropy was used as the optimal performance index for trajectory optimiza-
tion, receding horizon optimization (RHO) was used to control aircrafts’ motion in real-time. The simulation
results demonstrate that this trajectory optimization algorithm can make aircrafts fly with the trajectory which
meet the optimal geometric configuration, illustrate the validity of the optimal geometric configuration based on
PDOP, reduce location estimation error of target, and improve the collaborative passive tracking precision of
two aircrafts.

Key words; collaborative passive tracking; position dilution of precision (PDOP) ; extended information

filter (EIF) ; receding horizon optimization (RHO) ; trajectory optimization
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Decomposition and coverage of multi-UAV cooperative search area
YU Sinan', ZHOU Rui®', XIA Jie', CHE Jun®

(1. Science and Technology on Aircraft Control Laboratory, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Automatic Flight Control Research Institute, AVIC, Xi’ an 710065, China)

Abstract. Coverage search of multi aircraft is a major task for unmanned aerial vehicle (UAV). After di-
viding the searching area, the problem turns into single UAV coverage search problem in each sub-area. This
method will make the whole search problem simpler. The parallel searching strategy was analyzed in detail. U-
sing the parallel searching strategy, the bases of determining the beginning point, turning key points and the
ending point was given. This strategy enabled 100% coverage in the search area. The minimal turning radius
impacts search path and different situations were discussed. The convex polygon search area was decomposed
using a method based on the initial position and the percent of search area of each UAV. Based on the charac-
teristic of UAV searching, the decomposition result was mainly assessed by the quantity of turning. The path
from initial position to the search beginning point was discussed. Finally, the simulation result proves this
method is feasible.

Key words: multi-UAV (unmanned aerial vehicle) ; cooperative search; convex polygon decomposition;

parallel search strategy; coverage path
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Table 3 Transmitter coordinates of four

stations measurement
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measurement uncertainty distribution
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Analysis method of iGPS measurement uncertainty spatial distribution
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(1. School of Mechanical Engineering and Automation, Beijing University of Aeronautics and Astronautics, Beijing 100191, China;

2. Shanghai Aircraft Manufacturing Co. Ltd, Shanghai 200436, China)

Abstract: The spatial distribution of iGPS measurement uncertainty was studied to help rapid assessment

and layout optimization of iGPS measurement. According to the measurement model of iGPS, a typical two-sta-

tion model of measurement uncertainty was established. Furthermore, a universal analysis method of iGPS

measurement uncertainty distribution was proposed and modified in accordance with transmitter coverage. This

method is applicable to diverse iGPS measurement environment with an arbitrary number of the transmitters in

different layouts, and can be used to calculate the measurement uncertainty at any spatial point. Real meas-

urement environment with two stations and four stations were established respectively. The distribution of actu-

al measured deviations corresponded to the numerical simulation results. This analysis method was proved

effective to describe the measurement uncertainty distribution pattern of iGPS.

tion

Key words: iGPS; measurement model; measurement uncertainty; two-station model; spatial distribu-
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Table 1 Design parameters of the X-tail near

space airship m
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Fig.1 3D model of X-tail near space airship
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Simulation on stealth characteristics of X-tail near space airship

XIAO Houdi, LIU Longbin, LU Mingyun "

(School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: In order to reduce the radar cross section (RCS) of near space airship, the effect on the RCS
of near space airship was studied, when its X-tail has different deformation angles. The RCS character effect of
head, side and tail in the near space airship was simulated, when X-tail has different deformation angles based
on physical optics method. Physical optics and multilevel fast multipole method ( MLFMM ) were applied to
simulate the RCS of contrast ball, and the results show that the physical optics method is accurate and appro-
priate. The simulation results show that the X-tail angle on different deformation has less influence on head
RCS of airship, but has great influence on side RCS of airship. The side RCS reduced to 13.7% when de-
formation angle changed from 0 ° to 20 °. The deformation of X-tail can significantly improve the performance
of near space airship lateral stealth, while increasing the other direction RCS.

Key words: near space airship; X-tail; stealth; physical optics; multilevel fast multipole method
(MLFMM)
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