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Real-time monitoring method of cable coupling signal
SU Donglin, LI Bing, WANG Junjun®, SONG Xinwei

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

Abstract. Cable coupling is one of the most important reasons for electromagnetic compatibility problems
in avionics systems. Monitoring the cable coupling effect is of great significance. A method of monitoring the
coupling signals on the ports with the spare wire in the cable is introduced. Since the monitoring wire is in the
same conditions as the monitored one, the influence of the stochastic routing and field distribution could be
counteracted. The monitoring and monitored wires could be regarded as the same two-port system, which could
be described with an ABCD matrix. Then the frequency-domain analytical model of this system could be con-
structed with the transmission line theory. Finally, it could be converted to a discrete-time model and the sig-
nal flow graphs of the system could be achieved, which is convenient for the real-time signal processing and
hardware realization. A four-wire cable system is taken as the case to validate the method. Compared with the
results of measurement, the errors of the current peaks are less than 6% , which is small enough for practical
applications. This fact proves that the method is effective and accurate.
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Abstract: Modular design and development technology can realize flexible manufacturing of complex
product system (CoPS) , but inappropriate modular decomposition will increase managerial difficulty and man-
ufacturing cost. Based on the analysis of the product system modularization theory, this paper summarizes the
modular processing flow of the complex product system, lists the modular decomposition principle of CoPS,
proposes the modular decomposition model and modular-enterprise performance correlation analysis model, and
then uses the wide area moniting analysis protection-control ( WARMAP) system as an example. This paper
discusses that calculation by the modular decomposition makes the wide-area monitoring and analysis control
system of power grid is divided into four functional models under the complex condition, which greatly shortens
the development cycle of WARMAP system, improves the quality of research and development, verifies the va-
lidity of the modular decomposition model, and provides theoretical guidance and decision-making reference
for enterprise product modular design.
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Monocular SLAM plane discovery method enhanced by
line segments matching
MENG Shan” , TANG Wenming

( College of Information Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: To meet the self-navigation need of light-weighted robots, e. g. small UAV, we propose a
multi-dimensional geometric feature extraction method for monocular SLAM. Feature points based SLAM map-
ping method is vulnerable to noisy samples and its description efficiency of complex environments needs to be
increased. This method introduced the line and plane features to the three-dimensional map building process.
It improved the monocular SLAM application system’ s key frame matching speed and overall stability. A rapid
line matching algorithm was implemented, and three-dimensional lines were drawn by two-dimensional lines
matching. Traditional space points based J-Linkage method drove its preference set’ s dimension high, and
then remarkable calculation cost was needed for clustering points with multiple models, which is common dur-
ing monocular SLAM mapping process. An enhanced J-Linkage algorithm was presented for feature plane ex-
traction. With the combination of multi-dimensional geometric features, the reliability monocular SLAM sys-
tem’ s mapping process was improved. The representative redundancy of the SLAM applications was reduced.
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Element failure correction method for UH model
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Abstract: The problem of some elements’ damage often appears when finite element calculation of using
UH model UMAT is conducted, including tension failure and shear failure. The failure stress state not only
makes the results unreasonable, but also reduces the stability of calculation. To solve the problem generated
by unreasonable failure stress state when the UH model” s UMAT is used to conduct finite element analysis,
based on certain assumptions and combined with stress transformation relationship under different coordinates,
three-dimensional element failure correction formulas for UH model can be elicited. Then FORTRAN language
is used to write the subroutine of element failure correction, and it is embedded in the UH model’ s UMAT to
eliminate the unreasonable failure stress state and improve the stability of finite element calculation. Finally,
an example of foundation pit excavation is used to verify the validity and rationality of this method.
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Effects of NFFD control points distribution on
aerodynamic shape optimization
MA Mingsheng' >, TANG Jing', LI Bin*, ZHOU Guiyu’

(1. School of Aeronautics, Northwestern Polytechnical University, Xi’ an 710072, China;

2. Computational Aerodynamics Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: The NURBS based free-form deformation (NFFD) , which is universal for representation of ob-
ject geometry, and whose control point influence zone is local for geometry deformation, is used widely for aer-
odynamic shape optimization. By extending the control volume and locating the outer control points appropri-
ately, NFFD is used to parameterize the surface, deform the surface grid and volume grid in one single
process. The grid cells both inside and outside control volume are preserved consistent theoretically after shape
deformation. With the gradient of object function calculated by discrete adjoint method, both the quasi-Newton
(QN) and sequential quadratic programming ( SQP) optimization techniques are applied to inverse airfoil de-
sign from the initial airfoil, NACAOO12, to the standard flying-wing airfoil, EH1590. The effects of the num-
ber and distribution of control points on optimization result are discussed. In the case of the lift-to-drag ratio
optimization for a whole aircraft with flying-wing in a single design state, the convergence speed is improved
obviously and higher lift-to-drag ratio is obtained by improving the distribution of control points.

Keywords: aerodynamic optimization; inverse design; free-form deformation; grid deformation; control

points distribution; airfoil; flying-wing
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Error evaluation method of aircraft altimetry system based on ADS-B

JIN Kaiyan'?, ZHU Yanbo'** | XU Youchen'?
(1. R&D Center, Aviation Data Communication Corporation, Beijing 100083, China;
2. National Key Laboratory of CNS/ATM , Beijing 100083 , China;
3. School of Electronic and Information Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)
Abstract: Aimed at the accurate evaluation of the altimetry system error for the automatic dependent sur-
veillance-broadcast ( ADS-B) height keeping performance monitoring, a data smoothing and fitting analysis
method based on the kernel smoothing and mixed-Gaussian distribution was proposed. The kernel smoothing
method for improving the resolution of the height data in the ADS-B messages was proposed. The optimal
bandwidth of the data smoothing was analyzed. The analysis using real data demonstrates that this error evalua-
tion method of the altimetry system is effective. To solve the problem that the two independent altimetry sys-
tems of an aircraft have different height keeping performance distribution characteristics, the fitting method
based on the mixed-Gaussian distribution was proposed. The analysis using real data demonstrates that this
method can accurately describe the double split peak characteristic of the aircraft altimetry system error. The
proposed methods have been used in the analysis of Chinese RVSM aircraft height keeping performance. Eval-
uation results follow the requirements of International Civil Aviation Organization.
Keywords: automatic dependent surveillance-broadcast ( ADS-B) ; altimetry system error; kernel smoot-

hing; mixed-Gaussian distribution; model fitting
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experiment = and numerical simulation under different

strain rates for [ (45/ -45),]_ laminate structure
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Fig.4 Results of experiment and numerical

simulation of specimens under different strain rates
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Numerical study for damage of carbon fiber reinforced resin
matrix laminates related to strain rates
PENG Liang, HUANG Wenbo, MAO Wei, ZHAO Meiying "

( College of Aeronautics, Northwestern Polytechnical University, Xi” an 710072, China)

Abstract: In order to study the effect of high strain rate loading on the deformation and failure of carbon
fiber reinforced resin matrix composites, a numerical damage model, in which the stiffness and strength of
composite material were modified by the strain rate correction method, was established in consideration of the
strain rate effect. The in-plane failure behavior of the laminar structure under different strain rate conditions
was simulated and compared with the literature experiment. The results show that the numerical model con-
structed in this paper can effectively predict the failure characteristics of the resin base plate structure under
different strain rate conditions, and has high accuracy in predicting the stiffness and strength hardening phe-
nomenon. For the specimen dominated by 0° and 90° layer, because of the quasi-linear mechanical proper-
ties, the numerical model obtains high accuracy in strength prediction; however, for +45° layer dominant
specimen, it exhibits the characteristics of strong nonlinear damage under different strain rate conditions, so
the model has some errors in its strength prediction.
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Table 1 Measuring range and calibration accuracy of

force balance

M/ M/ M/

5% X/kg Yk Z/ke
" ° ° ° (kg m) (kg +m) (kg +m)
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Fig.1 Flying wing aircraft model
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Table 2 Plasma actuator number corresponding to

different arrangement positions

LI 2% 25 5 5=/ % i ¥~/ %
A0 0
Al 5
A2 10
A3 15
BO 5
Bl 10
B2 20
B3 40
B4 50
Co 0
Cl1 5
Cc2 10
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Fig.3 Plasma actuator number corresponding to

arrangement position D
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Fig.4 Variation of rolling moment coefficient increment with

angle of attack corresponding to arrangement position A
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Fig.5 Variation of rolling moment coefficient increment with

angle of attack corresponding to arrangement position B and C
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Fig.6 Variation of rolling moment coefficient increment with

angle of attack corresponding to arrangement position AC
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Fig.7 Variation of rolling moment coefficient increment with

angle of attack corresponding to arrangement position D
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Fig.8 Variation of rolling moment coefficient
increment with angle of attack corresponding to

different modulation frequencies
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Fig.9 Variation of rolling moment coefficient increment with

angle of attack corresponding to different excitation voltage
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Fig. 10 Variation of rolling moment coefficient increment with

angle of attack corresponding to different duty cycles
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Tests of flying wing aircraft roll control using plasma actuator

YAO Junkai'"* , HE Haibo', ZHOU Danjie', HE Chengjun', SHI Zhiwei’, DU Hai’

(1. Beijing Electro-mechanical Engineering Institute, Beijing 100074, China;

2. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract. Flying wing aircraft usually uses multiple aerodynamic control surfaces for flight control. The

aerodynamic control surface has a complex structure and control efficiency decreases dramatically at large an-

gles of attack due to flow separation. The plasma actuator is usually used in flow control due to the advantages

of simple structure, light-weight design and fast time response. In this paper, tests were done using the plasma

actuator to produce asymmetrical aerodynamic forces for flying wing aircraft roll control by suppressing the flow

separation on unilateral wing. The optimal dispose position and discharge parameter of plasma actuator were

obtained and aileron roll control effect was also investigated and compared with plasma actuator. The results

indicate that the plasma actuator arranged at the leading edge of inner and middle wing can get the best roll

control effect. The modulation frequency of plasma actuator has significant impact on aircraft roll control,

while excitation voltage’ s impact is small. Compared to the aileron, the plasma actuator achieves better roll

control effect at large angles of attack.

Keywords: plasma actuator; flying wing; wind tunnel test; roll control; flow control
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Table 1 Fusion results for different decomposition level
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Table 3 Fusion results of different fusion methods

[&] ky RASE(0) ERGAS(0) SCC(1) [SEEA [ISS RS RASE(0) ERGAS(0) SCC(1)

0.1 3.7960 0.9501 0.9931 GS 14.4536  3.6260 0.99838

0.5 3.5448 0.8874 0.9853 IHS 13.1930 3.2728  0.9996

0.9 3.4032 0.8520 0.9749 MTF + GLP 3.9503  0.9907 0.9661
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Fig.5 Fusion images
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O(MN) , 57 LB R E A8 O (MN) Ak
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BRBOE 3 T S A4 BE Sl O (JMIN) |, i i 46k O
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5 905 R AR 2 00 A B DA B ARHE Tter A
K, N O0(TterJMN) o Z5 b, A SO ik i35 2 2%
5 R RN o3 i OB L BOR AR Ko
5 AL TT AT UL, A SC S — A ] MATLAB 7
3.4 GHz THiY5 8 GB A7 LK IREL T iz 47 A
[l 4 (0 85 Ak O vk i R ), 5 Bz 47 i ) WLk 4
M3 4 nl R AR SO L B as AT R o 7 s e A, AR
T MTF + GLP 5 SRDIP J5 ¥k, S[H A 3CT5 %
He T HER SR HEAT 70 M, I AEHE L R KRl & v 5 18
FIERAHEZE R R SR G0 AL, AR5 B B 4 4
R T —E A A%, 5 GS THS
HAWT 4577 AR L, 32 17 I A A W 8K, ] B
AT AT I . £ b AR SO B R T A A
BESE v, I fr 4.3 90, AR P AT SRR B Ok,
[(LSERE i s

x4 FREMEFENESTHE
Table 4 Elapsed time of different fusion methods

S

il 5 7 1% PY E G55 W7 &4
GS 0.1956 0.2326
IHS 0.1143 0.1176
MTF + GLP 73.7185 72.5311
AWT + CDWL 0.8355 0.8774
AWT + SDM 0.7185 0.7795
NSCT 4.8544 4.8736
NFLT + CI 0.5570 0.3948
SRDIP 1243.1256 1306.8966
RW 1.6520 1.6665
NFT + RW(k, =0.1) 7.5135 7.2322
NFT + RW(k, =0.5) 7.5109 7.2542
NFT + RW(k, =0.9) 7.5301 7.3754

5 & i

1) 42— Tl 5 7 HE 28 i) B AL 90 S 4 £ B0
Wk . BRGSO E R R 2
I A A T T AR OUHE 2 R B A 5 A v A
B B v S ) o Bl ST AR T RE AL E ST
THRL AR TR TR I i AUAE S 2R B0 G T
P, TR A 3 BE AL AE Bh 4 R, 388 3 SR A AE SR 0
Y BRI T A A A 1] AR B g AU 2 28 B A
B

2) AfESER R, AR 4 A 4 0 B AL T 3

2 REREG TS RS 8 M ER 2B
71 LA R KL T 5 1) Jel 4 i WL 90 A i T ik LA
MR 15 b5 55 32 R & ROR 2 A 75 ] A
SCOT VAT LLAE G35 TR 22 Wl /N 5 25 18] 23 B R R i 2
(] 3k B B b 19 7 5, OF AT M T IR Bl S R B Y
i AT, S G HH B SR
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Framelet-based random walk pan-sharpening method
WANG Jingkai, YANG Xiaoyuan®

(School of Mathematics and Systems Science, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: A novel pan-sharpening method was proposed for the fusion of multispectral image and pan-
chromatic image. First, the original image was transformed from spatial domain to framelet domain by intensi-
ty, hue, saturation (IHS) transform and non-subsampled framelet transform. Second, the statistical fusion
model of high frequency framelet coefficients was established with the random walk method based on graph the-
ory. On basis of the neighborhood correlation and scale correlation of high frequency framelet coefficients, the
novel compatibility function for random walk was constructed. Finally, the fusion weight estimation of high fre-
quency framelet coefficients was translated into the solution of the random walk labeled problem. Experimental
results show that the proposed method is beneficial to keep the spectral information and edge contour informa-
tion of the image. It can reduce the spectral distortion while improve the spatial resolution simultaneously, and
it outperforms the other state-of-the-art pan-sharpening methods.

Keywords: pan-sharpening; framelet transform; random walk ; multispectral image ; panchromatic image
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RSN DL R S 2 g )

ENCIIE R R R 3 S R U VR
HRU L 5 RN 2R Sk A T A B R A
FCA B RN T oK - QORI 88 AL 4y A2 4
REZE €= R R ORIR SR RN IR B
1) 5 LA I 266 0 DRI T LA U 28 7 A
RIS T s (R T A AR 7 S
ST A 22 U 2 K50 2 R 1 9 R R 3 ALY S B
R S AR T L2 S 2 A B B, B A AR R
B BT A3 9 B s @) phy T 7 B k3 2025 () 500
HIF IS Y 350 5 2 T RS S K i ) X
BRI AL RE 8 52 306 8 I T R

=] P AR 22 0F 5% 35 0T b 30 25 (] A AU 11 3R s il
HEIAT TIRABG, FE I B4 5 TIARY
Jrig BT Web Service 75 ¥ G
A (meta model) Jy iz ™7 o BT 1 7 15 7 i
HERC B AT 0T b A — 5 o3, BBk i e T 1%
AR E IR RS BHE IR DL S B FAT 55 AR, AT
JEPEANTE ; Web Service 2 — 43 B HLAR 52 31 i3 72
AE 1 R o A2, (H 2 A8 T WSDL 2k
J& REST & Web JIk 55 I #8 il = Xf %5 [A] 1 3406
G LT R4 S B 2 TR S IR BE 7, DR X
DLAE 5 1l 52 2 A 0 A 28 1 s 7 oK ik T oT s
BRI RSy vk T 88, S R A AT S
bR I A0 1 R K

BEX bR 1), A SCAR Y — T ) M R N
Wi SO 1) A A A AIF A S Y A BEBIL | (LC-MM)
LC-MMALEE 3 A& 55« WF 2 55 P A R BR B8 AT 1) ¢
503 [) 52 L HE 48 DL K F ) 9% 8 P ) 22 B b B
FIGE A ATIAI th 2 P g BT 5 2 A WA Y
ik /1 i 75 5 (MDCL) AR P i/ 32 i i 5
(DSDCL) , 7ERIFHA) 5% 5 A 5 B0 055 1) Sk il I, 523
— BT Agent (0T H BT IR D3 [R) 52 BAE R, OF 2
TIZHER BT T — 20 03 5] 52 B Bp S0, SHE 22 B
ORI IR RY BH0E I8 A0 B AT 55 22 1) Y S A
* &40~ App_Context , Model _Invoker F1 Data_
Channel 3 1~ Agent #8142 [8] i P R 22 B2 &R

Xf LC-MM #4552 b iz HI 22 B, iZ AL 1l BE 98 A 5%
WA AT IR A B I8 AN A R AT 55 22 8] 1) S 5
P, B S R Y S R Gy AT R sl A H
PRI 5 T S, DT A 4 g b 72 7 2 2R 5 Jo
PEpt—E R B .

1 FFAFERXULER

1.1 #FFER
EX 1 PFHEAE Analysis_Model = ( Model _

Name, Inputs, Params, PROC, Outputs), FH .
Model _Name Sy F JI 55 751 44 B, ME—HR 3 — 4> BF )
FAY 5 Inputs S 3% F A5 B 1) g A 72 it P 51 5 Pa-
rams A A HIASE Y () 2 80T 41 5 PROC Sy iZ F H1
FERLAG T I 7 5 Outputs Sy iZBIF 145 70 ) iy ) A2
P,

PLR 2350 45 i A 22 4 5 41 Inputs | 2 50748
i F7 41 Params LA K fii i 728 4 7 41 Outputs {9 JE 2
o o
Inputs = < InputVar, , InputVar,, -+, InputVar, > ;
InputVar = (Input_Name, Input_Type) ;
Params = < Param,, Param,, ---, Param kK > ;
Param = ( Param_Name, Param_Type) ;
Outputs = < OuputVar, , OutputVar, ,--- OutputVar, > ;
OutputVar = ( Output_Name, Output_Type) ;
M_ Control _ APIS = {is_exist _model, getModel,
send_modelexist_flag, list_models, verify_model | ;
He :Input_Name ,Param_Name L) }2 Output_Name
30 O AR S O BRI S R 44 R
Input_Type ,Param_Type DA } Output_Type 43 5] K
BN RSB B M R R S
M_Control _APIS Sy AIF 45 11 3¢ 4 f) 422 1l 5 1 AR
¥t 11 (APT) ¢

TR ISR Y o 17 98 A 1 B R il B, AR
SCUET 17 I ) 1 53 0 2 0 17 14 BT ) A i/ 4
il T F MDCL, fdi J 12 52 73 =0 (BNF) $ifi ik, 0 F
FIr7R o

< model >;: = < model _description > < model _
body > ;
< model_description > :: = < model_name >

<model_memo > ;

<model_body > :: = < params > <inputs > < proc >
< outputs > ;

< params > :; = { <param > | ;

< param > :; = < param_name > < param_type > ;
< param_type > :: = <simple_type > ‘

< geometry_type > ‘ < complex_type > ;

<inputs > :: = <input > { <inputs > | ;
<input > ;; = <input_name > < input_type >
< input_type > ;; = <simple_type > |

< geometry_type > ‘ < complex_type > ;
< proc > :; = < executeable_program > < program _

executor_path > ;

< proc_type > ; ; =class | dll | { scripts| ;
<outputs > :: = <output > I < output > } H
<output > :: = <output_name > < output_type > ;



722 | R [ N N S < 4

2017 4

< simple_type > : : = string | float |int | double | -+
< simple_type_coll > ;: = { simple_type| ;
< geometry_type > :: = < point > ‘ < line > ‘

< polygon > | <vector > | <raster > ;

< geometry_type_coll > : : = | geometry_type| ;
< complex_type > : : = {simple_type | | { gis_type! |
intensity_circle_type luser_define_type ;

< complex_type_coll > ;: = { complex_type! ;

AFJ) A5 A Fiy 452 7Y i 38 ( model _description ) il
B A (model _body ) 2H i . 468 11 47 3 475 45 2 44
R (model_name ) FIA % £ 73 ( model_memo ) , 15 7
2 FROE— AR — RIS AR R 455 45 Y 2

BUF 5] (model _params ) #5574 i A AF i 7 51 ( model _

inputs) LRI 5 i A& (proc ) FIASE 1Y iy AR B
%1 (model _outputs ) ZH A%,

WFRIRE R, 22504 (param _name ) J& — > F
P BRI AT g 6 08 simple_type) 554
[6] 2% 5 ( geometry _type ) BY & 2% 2% I ( complex _
type ) ; £ 5 # A AR 18 ( model _input) f 2 A4~38 4 4H
B A AR B 44 FR (input_name ) Fl %y A 2 5 25
(input_type) o A5 4 (proc) 1 2 >4
2 A T AT RE R (executeable_program ) DA K H AT
R T I TS R A B0 ] O AR ) B AR
( program_executor_path) . & & %y 4 28 £ ( model _
output) Fiy 2 I HB 4 2H A%« fay AR = 44 FR (output _
name ) Fl%i 28 5 25 B (output_type) .

MDCL H #i 2 faj BA 2 Al XML Schema A
R L B 2R B A, A0 string B float B
double BYZE  hy 1 3 )W TAI 5] iy 52 17 8 i) 17 1 BF 4]
BERY K 7R 75 K, MDCL o B T AR 10 1 5 GML
€ ST LA 2 ( geometry_type) , 4% 5 (point) |
£k (line) (M ( polygon) LA K2 [ ( circle) | [ 5
(ellipse) #E JE (rectangle ) %%, A5 AMD/CL #
E Xy LA 25 R B 4k R T GML i
AbstractGeometryTypeZ& 8, 3X #£ B T #YA f 12 T
R AH JC TUAR] X G ] (N 1 7% 52w 3 ) B A R
H GML 7 B S AR b 45 5 i SC L K i 181 B0 A6 5
SRS, R R G B R IR MDCL
AR S SCHY LA xF g, B Pl nl LA G gk K
MDCL H L AA7E 1 S8 AL e SCH E OB, X 4
SROCIZIEE BN DL 5 A AR G A2 B
AEJ1 .

1.2 #H#E IR

b R2 I e o e AR v e A B T A
55 AR 5 il SR A S I NS BOdE A . b,
b 55 B 2 A8 B 3 Al b B R 2 A0, R G AE AT

WA A TR - R R R M B SR R
GEC E A, R A OC R B I s BE Al 5
i — o3 R 2 38 REEUE (Vector Data) FIHH#%
Kl (Raster Data) , — £ 7R 25 18] 4 P b
S T S A 9 F kAR R T A AR SR S
B EHE , BT 32 B A LA

ENX 2 HHEJE Data_Source £ X H—44 JG
ZH , Data _Source = ( DS_Name, DS_Type, DS _
Addr, Data_Set) , H 1. DS_Name b Z0 35 T8 24 FR s
DS_Type Jy 80 #i5 i 25 &Y, DS _Type = ( DB, GIS,
Text, WebPage ) ; DS_ Addr & % 35 J& #b 41l ; Data _
Set S B4 IR AL 5 B AR 5 o

T 4 R AR A Data_Set BB SUAL I
Data_Set = set of Data
Data = (Data_Name, Data_Objects, Data_Operation)
Data_Objects = set of Data_Object
Data_Object = (Obj_Name, set of Obj_Val)
Obj_Val = DataObjec | Object
Operation = | GET, PUT, POST, DELETE}
DS_Control_APIS = { hasDS, execute_bind,
sendDataObjs |

EX 3 Hdiig oK Data_Req 52 4 £ 4fs 9 b
B 0y iE oK #4E € Ll Data_Req = (Req_Id,
DS_Name, Operatoin, Predicates, Ret_Format) , H:
W :Req_Id M5 # 12K 1d; DS_Name b 5045 U5 44
% ; Operation 38 7~ 30 95 152 7E 5 Predicates & ] T 4
SE BUHE B 2 1015 17 £E 45 s Ret_Format Sy ik [n] %5 4fg
FUESR Y e

1A 15 i8] Predicate = V R,C,, H:h . R, JyiZ %R
BT C N — R EIBA,C =5, 0p ¢, x,
BB R, e, H— DR EE, op N —DIR
1] True &Y False FAf /KB, 5€ Lop = { =, #, >,
<,=,<}U OP it s OP il = { Equals, Disjoint , In-
tersects , Touches , Crosses , Overlaps , Within , Contains } ,
OP i A 25 A AT R BRAE S AS o

DSDCL JH > 2 7 AIF ) 5 21 31 55 B 5 1) K3
VLKA G #AE . DSDCL iy 2 ¥ 73 2H Al - B4 U 4
WRTE AR s ) APL, BRI R IE S T
il A — A WA Y PEAT TS5 I i 5 68 2080 X A
AR OCHEARAE s B DR A2 ) APT IOk 5 A0 5 B4l
VR22 5, A i) B TR T A A AR OB A 45
VB o 3T 508 U5 RN B0 3 oKk i e Ak e X, 44
R IR 4 1/ F DSDCL | BNF Hifi i& , 1 F i .
data_source; ; = < data_source_description > < data_
set > ;

< data_source_description > ;; = < ds_name > <ds_
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addr > < ds_type > < ds_memo > ;
< ds_type > :: = spatial | db | weburl I text| -+ ;
< ds_memo > :; =string;
< data_set > :: = {< data > | ;
< data > ;: = < data_name > < data_type > < data_

operation > { < data_object > | ;

< data_object > :: = < data_object_name > , {< data_
object_value > | ;

< data_object_value > ; ;= < data_object > ‘ < scalar > ;
< data_operation > ;; = < operation_type > < operation_
cmd >

< operation_type > ;: = GET|PUTIPOST |DELETE;
< operation_cmd > : ; = string;

Bt I R 2 AT o0 2H G Bl TR A (data_
source_description ) F1 8 3% 4£ ( data_set) , {5 %
A 3 AL 5 2005 PR 4% FK (ds_name ) | K038 I8 3 4k
(ds_addr) B4 9528 84 (ds_type ) DL S K4 U6 4%
TE (ds_memo ) 2 il o H: P 8CHE U844 PR e — AR i —
A B I

Hedi (Data) i 3 A>#8 73 2H 1, £dhs 44 #% (data_
name) K4 28 M (data_type ) | K4 #7 AF (data_
operation ) Fl— #H $ & X 4 ( data_object ) #H i, %X
Y %F 2 X BUHE X % 44 FR ( data_object_name ) Fl
—2H B8 X 4 {8 ( data_object _value ) #H 1% . (&
Xt RAH I T M RE SO A R — AR &, B
o AT R K B AR (data
operation ) i X N FEVEZE A (operation_type ) F1 R AE

4> (operation_emd ) , #AE Ay &0 — D FAF A

JOOHE R S A B9 AR S AR AR iy 4 2077 B bR R K

2 MAFEHEIRZEHELE

MDCL il DSDCL 45 531l 365 A7F 4 455 74 i1 5 3 I
HEAT T B2 XA B 2 R T B RO S A
TR BRI AY K R R AE AT 55 k2B A R
Ho AWBRA T —FPEET Agent BYAFH U5 5 [
LHMESR  ZHERE T FOCHAR R 2 FiEE K
1% GE i W A58 B 5 50 U ) SRR G OC R O i R
3 A~ Agent HAFZ [H A EMEZE H. G & .

WFABF IR U IR) 52 HAE ZRE S84 03 R 4 )2,
WmE 1R, N EET A AR R REE
R 2 AR Z . AT 55 2 BT 55 X 4
Task ZH 1,2, 1 9545 45 i WFFIAT 55 X5 00 A0 G 5E
o ARHLZE F 2l W HI PR EE F R 3¢ App_Context
ZH L, B DT AR O 119 Y ke DL R R RS S )
AR H PR 2 DO A
Model _ Invoker 11 3¢ 5 HF H £ % 52 H., Data _
Channelfi F 5 %2 22 H. ., Model _Invoker #H {4
Hh AL G 3 A R YN AR Loader 5544
S5 4% Mapper FIEE AL AT 8% Executor, 31 2.3 77,
Data_Channel ZH 43 45 4 A~ 3 S8 B 8098 1
KU A Req_Receiver B H i 3K 43 #7 %% Req_
Analyser Ay 2 % 1% #8 Cmd _Sender F1 % 45 0 .0>
Data_Hub, % 5 JZ £ 5 AF J0 B 50 A0 AH O %540 V5
Horp WP R 5 1 5 4t 39 MDCL AR 547

F1 BT B 5 bk ] 28 B E B

Fig.1 Analysis resources coordinating and interacting framework
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5, {CPLZ M) App_Context ZH F 5 b 8] 14 )2 19
Model _ Invoker, Data _ Channel 21 {4 3 J5] ¥ i,
3-AgentZ5 K, WFFIAEAY ) 1153000 AR B G 5 R 1ok
ZHZ MR E s Bk B . R A EHE R B R
T ER A A P A B
2.1 HHES

WFHATE: 55 Task & L —1> 3 JoéH -
Task = (Name, Process, Report)
Horp:Name KR8 WFFIT 55 44 FK, ME— A5 30— > BF
FIUTE 55 s Process Fon BFHI AR, & T AT 55 24
FH BB % DL AT 55 9 s B0 0 20808 U5 4 i
B AT FE78 S Process = ( Model_Name , DSDCL_File_
Name) ; Report 275 BF HI 4T 55 45 R £ 5, W16 IR 25
TAEWESEFH] <init, , init,, -+, init, > , T
FATE T K15 B B BRI A 45 R I GRH

N} Task 7] % 7~ & Task = ( Name, < init,,
init,, -+, init, >, Model _ Name, DSDCL _ File _
Name ) ,DSDCL_File_Name 3/~ — i i DSDCL
95 I IAVAS , BRAT 2 B A B2 3 AR SC BIF ) A5 Y i
7 R RH SR X 4
2.2 MAWMREETX

I HER S5 BT 3C(App_Context) iy 2405 5 42
B b 55 Ed i 9 A2 BB R 8 006 2807 )
3RS L, WIHRARE T, N H S ER SC
HEE

App_Context 5 X H—1 3 JLH : App_Context =
({DS,,DS,,-,DS,}{, < (a,,cond,,ds, ), (a,,
cond, ,ds,), -, (a,,cond, ,ds,) >, <init,,init,, -,
init, >) o Hp . {DS,,DS,, -, DS, | s B I8
G H A S 2 S UG, A 2 55 B
<(a,,cond,, ds, ), (a,, cond,, ds,), -, (a,,
cond, ,ds, ) > FR HAKAY M 55 B 7 51 502 508
P A,a, =c, KR BEEHE ¢, H—A Wk ;a, =
b, ol 55 Bl , cond, S — AR FRIKI, ds, F
N a, FEAE B ECE JR 5 < init, , init,, -, init, > 7R
VIR SHUT 9, B0 < L 52 A RH IR >

WL EREE R SCHMTE 55 D e AT 55 FIAR 2 g |
s I 22 B, 985 L4k App_Context,,
2.3 HERFPRE

A3 HH # (Model _Invoker) £ 5% #5 i) i H
BT RS Y 2 5 A7 A5 R AR R AT B SRS, 4 A AT
T A 1 31 3 P 4

Model_Invoker = ( Loader, Mapper, Executor) ,
Horbr: Loader i 28 % , £7 52 A5 B 10 Jonn 28, X 452 Y
PEAT PR UKL A i M B 2R ; Mapper Sy G 45 , 7 5%
LA AR iy AR i RN 2 BT 51 B B BE U Y

S, AR i A7 e RIS A 2 B80S ) A 5 Executor
AT A TR A B R AT

A5 AU 8] P 2 67 T 9 I ASE AL ol A5 AL o 4%
i LS AR AT R 3 TR A R, AL AN 2 g
BTN AR XA FEAT PG A, SRS AT F
SRR ; eSS 25 B0 5T 1 N7 AR Y iy AR R 8 R 2
BT 5 B HCHE U 0 I, DA A g A A
BEHL S B I A 5 AT A% B 5T WF IR T B 7
HIRAT o
2.4 HIREE

% ¥ 1838 ( Data_Channel ) J2& )i FH 2 5¢ i) 248
VA SR B s 0 b A, il 4 A BT HC B Data
Channel = ( Req_Receiver, Req_ Analyser, Cmd _
Sender, Data _ Hub ), J . 3 3R 32 I #8 Req _
Receiver i T #2 OB 38 >R i & 126 A9 8504 145 oK 5 5k
AR B7 25 Req_Analyser 1 3¢ B iR 19 Dy i
Kty AT, SR 5 K B0 i SR W S A B 1 i
AT A A K 3% 2% Cmd_Sender Fi] T 3% 12 U4 %%
V5 BRI 1) BOHE U8 36 A % s Bt vhoL Data_Hub 71
TR BRI B o (] ) AR AR (] 2 A K

3 HHAIFEDERZ BRI

T 485 AT B U5 ) 52 B AE 2R DA, A 95 4
Hh — BRI B R B ) 52 LM, IS AT
5 AN B, A 20 3l kB AN B Be gt AT A 45
A BE B9 22 B i A P L R D AR A

BB 1 R R 44 R AG A BT A 4 B
FIBERUERAFAE, WA 2 s

BrBe 19 Do AR 0k R B s

$ B 1 task. is_exist_model ( app _context,
model_name) ,
S 2 app_context. is_exist_model ( model _

invoker, model_name)

#1 3  model_invoker. is_exist_model ( model,
model_name) ,

HIR 4
name)

H B 5 model. sendExistFlag( model_invoker,

is_exist«—model. is_exist_model ( model _

is_exist) ,
HB 6 model_invoker. sendExistFlag (app_con-

text,is_exist) ,

B 7 app_context. sendMExistFlag (task ,is_
exist)
MrEz 2 J@ i DSDCL JI A K £ fir 75 2048 A

Je T AFAE, WK 3 PR .
BB 2 59 D AR R R s
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$H B 1 task. is_exist_ds(app_context, dsdcl_
file, init[ ]),
I8 2 app_context. is_exist_ds ( data_channel

dsdscl_file, init[ ]) o
#1 3 ds_name<—data_channel. parse_name

(dsdcl_file, init[ ]),

1 4 data _ channel. is _exist _ds ( data _
sources, ds_name) ,

B 5  is_exist«—data_sources. hasDS (ds_
name) ,

$H I 6 data_sources. sendExistFlag ( data _
channel, is_exist) ,

$1 7  data_channel. sendExistFlag ( app _
context, is_exist) o

$ 18 8 app_context. sendDSExistFlag ( task,
is_exist) .

B3 M EREE R 3C App_Context ] 4

e, K 4 fros .
B BL 3 (4 D AT 0 3 4 s

HB 1  task. init_appctex (app_context, dsdcl_

file, init[ ]),

B 2 app_context. req_data( data_channel,
dsdcl_file, init] ),
H B 3  data_req<«—data_channel. parse_req

(dsdcl_file, init[ |),

B 4 data_cmd[ ],ret_data_format«—data_
channel. mappingCmds ( data_req, init[ | ),

18 5 data_channel. send_cmds( data_sources,

data_cmd] ], ret_data_format) .

B 6 data_objs< data_sources. execute _
bind (data_cmd[ ], ret_data_format) ,

H B 7 data_sources. sendDataObjs ( data _
channel, data_objs)

# B 8 data_channel. sendDataObjs ( app _
context, data_objs)

HB 9 is_init<—app_context. initializing ( da-
ta_objs)

B 10  app_context. sendInitFlag (task, is_
init) ,

BrEg 4 WEAEERSEIE, A S Bs .

B2 BB 1. kA B A A R 45 A7 A

Fig.2 Phase 1 : Checking existence of analysis model

3 BB 2K e TR 7 A 1

Fig.3 Phase 2; Checking existence of data source

4 BBt 3:App_Context ] 4 1L
Fig.4 Phase 3: App_Context initialization
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Fig.5 Phase 4: Analysis model instancing

BB 4 (D AR il 34 40 R B
FR1
name) ,
]2
voker, model_name)
$R3

model_name) ,

task. instModel ( app_context, model _

app _ context. instModel ( model _ in-

model _invoker. instModel ( models,

HB 4 m<model. getModel ( model_name) ;

m to model_invoker,

HB 5 is_legal<—model _invoker. verify_model
(m),
HIB 6 if is_legal = =true go to FYE7

else ERROR,
$H B 7 model_invoker. mapping_model (app_

context, m)

&1 8 model_variables [ | <—app _context.
binding_data( )

1B 9 is_inst<— model _invoker. instmodel
(m, model_variables) ; is_inst to app_context,

$H 1 10  app_context. sendInstFlag ( task, is_
inst) o

MBS PATHRRHIR RS R, ARSI
S50, K 6 Fros .

BrBLS i O AR A T s

TR 1

model_name) ,

task. req_exec_model ( app_context,

6 BB 5. thAT O IR Y 3153 5o A

Fig.6 Phase 5: Executing analysis model computing process

S 2 app_context. req_exec_model ( model _
invoker, model_name) ,
HBE 3  outputs<—model_invoker. execute ( mod-

el_name) ,

HB 4  model_invoker. sendResult (app_context,

outputs ) .
S 5 app_context. sendResult(task ,outputs) ,
$ B 6 report<—task. fillReport (outputs) ,

4 NAR%

H T A SR A9 LC-MM L], B IR S8 17
HEPrEZEN A E RS, FRZR L ERE s
1, R AH T MR 2T H R R A
FURR G L A TAE, T 1 % [ B o 52 0] b &
AGAT A

| P i 52 07 FH A B R G R A TR A1 7 BT R o
] P o 72 0L P Ak B R GEAE M oy O 4 )2, o3 i)
eI HE)ZE 5 R U RERZE . BIR)E E
AL AT R Y 0 22 RGN RO IR LA SR AL A
2 AR AY, RIS SCA Y LC-MM RIS T i 2145 R
ARG (GIS) R F & F it il 5 (G-
UIDL) b 5 4F 4 45 2R AT 40 A s A8 38 23 (338 20 %
73 SCHR IR ) 5l 55 TR 1) JE 2 = 4R At I B o =
b FR G R0 DI RE AL R RN AR R B
FIAT 55 98 BERE B, W1 0 20080 42 11 A e 3R 48 T 38
R R A5 7 J2= LA I 45 2R P R e 7 St T
LR NT TS BE i A 5 2L K AT A
GEURER R PR BT A AT S IR AR B ER B AN 1A 8 B
N BIFFIME 554 B AN 9 BT

AR SCHR ) LC-MM HLA LA T A

1) HXFF1% 5 F B, LC-MM #L ] 7T DL &
MR 2 N R G Y AT R AL RS T b R
MR N AR G R 9 R A% b A2 2R B AT RIS R i A )
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P7 e B i L A AR S AR

Fig.7  Architecture of international strong earthquake handling system

P8 F I R AR B R

Fig.8 Interface of analysis resources modeling environment

A {0 3153 S I 0 B b R R AT SCHR T
HRAE SE PR 9 R A, AF A S 20 R 50 4l 1 1 e L
[7) IS 4 7 73, BIVATE ) A5 70 R 5 30 J5CA ] fiE AN DT
Pic , Xt 2 BHAS R GL ik A b ) o il T LC-MM #lL
T BIF RS R0 O U R AT 55 AR G T R
TS TR 6 A% Xk R dhe U R 9 BC B, SR R AT R
SEIT S, A6 45 B A7 7 VT E 1 B4 IR P R A7
JREETT R X AE —E R E FiE T RERIT A
R

2) AN T AL G T B, LC-MM HL $2 & 1
e IV W 1V R G Y L T A R B s . T

G N 2 AT 4 B 2 P, B 0 A TR R R e A
(R RIF 5T ISR AT 168 B, 040 VR Al 7 3 W K 5
0 % JR T G, DA BT O B S A A ) A AR
T, 0 SR 0 590 VR R A A R e, U e
LT IF ) A TR0 0 50 B 0 AT BT YR . BT
LC-MM HE 50 fF ) 05 U5 57 1 48— A e B R B
SRR AR R R R A R R X R —
TR b A e T T A 25 R0 B0 5 %) S R i)
BB T RGP R RN ] A R

3) X T AL 5 T Be, LC-MM ML 3255 T b
RN 2 YRGB I, TR A AR R
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Fig. 9 Interface of analysis task management

il MDCL i 5 #E47 £ %<, BIF IR RY 1) 3 55 5 72
oL TR, A B TR RS M. BT
2 THT [ia) 3 752 07 7 ) 17 ) T A 7R 5 20 T e 3
B AT ORIz B B LA 2 A R B A
[ (9 T+ SR 5T rp 2R A A #8049 RE 7, A SRR A
T RO DA AT AT 55 AR A, DU LA S B 53R
By R 3% I A5 . LC-MM HL il Kt F ) 455 80 fifi
MDCL 35 55 BEAT i i, 5 B A 280 1) 3 50 e 5
B FIRE RU A B WA &, AT B T PR T B 31 3 3R 05

4) MX T g T B, il A LC-MM HL il A4 B
THEATHE RO HT AE L o % 58T BOR AR 5L A
ROl BEIR AT 55 SR G, B AT R, X
SNRILUN R G TE RGBT, RS A AR
BRI R RSN T L X S R AT
XM RE R A8 75 IR AE . iy T LC-MM s o ) 462
YRR U5 A /8 45, 23 31 4 il MDCL 38 & #1 DS-
DCL B F ATk, — B R 4t ih BLAT o2, W AE 8
HCPR R 5 e O B A R AR DAL AT R R 1
S PAT o R R R R 3 R G R T, R T R R
I3 BT RIS 2R 5E A3 o

5 &

Gl o b 72 07 22 7 45, I S A Y ) e A5
R R, — Tl I ) b 7R RN 2 A R A A
BF 55 70 45 FRAL ] LC-MM , BIF 58 B SR an F -

1) 4341 1 b 5 10 2 e iy AIF A A8E 780 A R A
XoF ML 7 2 ) 7 ok AR R A R A R R TR (AR
SCHERR B IR ) #EAT R AR A O s
BT BFH R R 6 3/ s 1 1 T MDCL TR U5
Wi F DSDCL, M\ J57 Wi AIF ) A5% 76 R 50408 U5 1) 5
P

2) BT Rk 2 MhEBGEF BT T M T
Agent (4 BIF H B¢ I b 5] 22 BAHE 28, % HE 38 0
4 2 WO H G B EE FR SC App_Context |
R JE FH # Model _Invoker D Fz % 48 18 8 Data_
Channel,

3) WA BT IR P [ 52 A S Y — b T
BEVR O [R) 52 E WIS, R W A R B0 T R R )
N Agent 4115 Z 18] 9 P [A) 52 B A AR L i B RS A
W B 28 5 3 2o 32 PR SCRE I 55 AF S A 2R R
Pa DR ARG G RN Agent 41 2 [8] (14 13 [F]
LHKFR

4) FETRIM LC-MM HEZR, B IRl 1
B ProR e B v Ak 8 R 58, HRTZ R g 2R E
BT, WSEBR RO R, LC-MM RE 98 47 S04 i
R IV A2 W AR e R AT R M L Bl 25 R A
TCRNE WA A GE A7 I H 30 5 R B T 0E AL Ay
i, RE 8% 55 4l 39 A2 b 7 I 2 o 1o i AR v ) AT )
BT 4 PR 5K o
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A loose-coupled mechanism of analysis model management for
earthquake emergency response
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(1. School of Computer Science and Engineering, Beijing University of Aeronautics and Astronaulics, Beijing 100083, China;
2. Beijing Aerospace Control Instrument Research Institute, Beijing 100039, China)

Abstract. Because analysis models in earthquake emergency response system ( EERS) have special char-
acteristics, traditional model management methods in decision support system are not suitable well for the man-
agement requirement of analysis models. We propose a loose-coupled mechanism, called loose-coupled mecha-
nism for model management ( LC-MM ) , for earthquake emergency response. LC-MM is composed of three
parts; 1) an analysis resources modeling environment, which consists of 2 modeling languages,i. e. , model
description and control language (MDCL) and data source description and control language (DSDCL) ; 2) an
Agent-based framework for analysis resources coordinating and interacting, which is divided into 4 layers and 3
Agent components,i. e. , App_Context, Model_Invoker and Data_Channel; 3) a protocol for Agent-based
components coordinating. The protocol changes the tight-coupled relationship between analysis models, data
sources and tasks into a loose-coupled relationship through Agent components. Practical application shows that
LC-MM can effectively cover up analysis resources’ heterogeneity and improve the scalability, dynamic flexi-
bility and flat-independency of EERS. The proposed mechanism can match the management requirement of
analysis models in EERS.
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Abstract. Multiple shift-frequency jamming is an effective coherent jamming type to linear frequency
modulation (LFM) pulse compression radar, which could produce multiple false targets before and after real
target when it is applied in self-defense jamming. Considering the jamming suppression problem, a method
based on blind source separation ( BSS) to separate echo and jamming signals and frequency compensation to
suppress jamming signal is proposed. First, the feasibility of cross polarized channel expanding was illustra-
ted. Second, a radar-receiving-signal model was established after channel expanding. The separability of echo
and jamming signal was discussed. Finally, the jamming suppression method based on the maximum signal-to-
noise ratio blind source separation and frequency compensation was studied, and the influence of accessional
noise from jammer was analyzed. Simulation results show that the proposed method could extract the target
echo signal from the mixed signal effectively even when the jamming-to-signal ratio is 20 dB, which will sup-
press the main lobe shift-frequency jamming.
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Table 1 Phase difference between two array elements of echo, interrupted-sampling

jamming and mixed signals under different JSRs

Rk WHAE /R ES/km

FIARZER! 4% 0E A o 22 BE (H / rad

IR A3 BT Mo 25 R £/ rad

JSR =6 dB JSR =9 dB JSR =12 dB JSR =20 dB
[ 35 30.0 B 5.026 5.026 5.026 5.026 5.026
1 31.5 i 4.960 5.026 5.026 5.026 5.026
T+ 2 28.5 2 5.089 4.901 4.909 4.909 4.909
RAE1 30.0 B 5.026 5.026 5.026 5.026 5.026
RA1 31.5 I3 4.960 5.026 5.026 5.026 5.026
A2 30.0 H 5.026 5.026 5.026 5.026 5.026
RAE2 28.5 1 5.089 4.909 4.901 4.901 4.901
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Table 2 Phase difference between two array elements of echo, repeated-sampling

jamming and mixed signals under different JSRs

R R km

FIARZERL 4% B AH o 22 BB {H/ rad

AT 5 He T AR B 22 0 4 E/ rad

JSR =6 dB JSR =9 dB JSR =12 dB JSR =20 dB
[ 35 30.00 H 5.026 5.026 5.026 5.026 5.026
RAE1 30.00 H 5.026 5.022 5.021 5.021 5.021
"AE1 30.75 i 5.000 5.020 5.020 5.030 5.030
RAE1 31.50 1 4.960 5.020 5.020 5.020 5.020
RAe1 32.25 I 4.930 5.030 5.040 5.010 5.000
RE2 30.00 H 5.026 5.028 5.033 5.034 5.039
RE2 27.75 i 5.120 4.820 4.790 4.790 4.790
RAE2 28.50 It 5.090 4.900 4.900 4.900 4.900
A2 29.25 & 5.060 4.930 4.920 4.920 4.920
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Fig. 9 Measured spatial frequency of echo and
repeated-sampling jamming signals
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Table 4 Measured spatial frequency of echo and

repeated-sampling jamming signals
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Discrimination method of range deception jamming based on FDA-MIMO
ZHANG Zhaojian, XIE Junwei® , LI Xin, SHENG Chuan, HU Qiyong

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

Abstract: A range deception jamming discrimination method based on the multiple-input multiple-output
(MIMO) radar with frequency diversity array (FDA) is proposed. In FDA-MIMO, the phase difference or
spatial frequency between different elements of echo is dependent on both range and angle, which implies that
the false targets can be discriminated and suppressed due to the mismatch in either range or angle. This paper
derives the phase difference and spatial frequency formula of echo, jamming and mixed signal, analyzes the in-
fluence of up and down conversion, matched filtering, frequency shift and signal mixing in details, and intro-
duces the entire identification process. The effectiveness of proposed method in suppressing jamming is demon-
strated via theoretical analysis and computer simulations. Results show that this method can extract the phase
difference and spatial frequency accurately, and discriminate false targets successfully under different scenarios.

Keywords: radar; repeater deception jamming; frequency diversity array ( FDA); phase difference;

spatial frequency
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Fig.2 Design domain for a bilateral clamped beam structure
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Fig.3 Layouts obtained from topology optimization of bilateral clamped beam
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Table 1 Topology optimization result of bilateral clamped beam J
] Fatg e ik 2 P 1L
Jil 1 8k — - — —
EpIEN P i 2 [ER 7 HME by i 2 H 7 o 5L
M=1x1 525.62 11.98 268.80 529.72 7.84 268.78
M=1x2 601.58 1.78 301.68 615.17 17.70 316.44
M=2x4 862.01 35.40 448.71 884.58 33.04 458.81
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Fig.6 Layouts obtained from topology optimization of Michelle structure
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Table 2 Topology optimization result of Michelle structure J
) Fatg L i Wi 2 P AL
Ja,ﬂ;’qﬁ — i 2. — ) — Vi 2. — N
HE T v 22 H b5 6 5 HME T e 22 F s b £
M=1x1 92.43 10. 46 51.45 141. 66 67.41 104.54
M=1x2 120.52 14.87 67.70 359.52 235.67 297.60
M=1x4 139.89 20. 44 80.17 265.13 132.34 198.74
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Table 2 Distribution function and parameter of support activities
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Fig.4 Aircraft equipment quality information control system
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Instantaneous availability of military aircraft during
mission preparation period
LI Junliang'*, TENG Kenan""*, YANG Chunzhou', SUN Yuan', LI Jiying'
(1. Scientific Research Department, Naval Aeronautical Engineering Institute, Yantai 264001, China;
2. The 92635th Unit of PLA, Qingdao 266041, China)

Abstract. Military aircraft is a complex repairable system, instantaneous availability analysis of it is a
difficult problem in the integrated logistics support field. The stochastic maintenance task net (SMTN) based
on mission requirement and technical condition of the military aircraft is constructed, and the maintenance
function distribution types of activities in the SMTN are different. The moment generating function is defined,
and the numerical characteristics of the system maintenance distribution function are solved. The functions are
verified by substituting expectation and variance into different distribution functions, and the maintenance
functions that meet the actual situation are selected. And the military aircraft availability in the mission prepa-
ration period is simulated. In the calculation process, a new method is designed based on the Monte Carlo
method, which can increase calculation efficiency and well reflects the logic, topology and randomness of the
maintenance process. The simulation result can truly reflect the fluctuation of the instantaneous availability of
military aircraft in the mission preparation period. This method can be widely applied to complex repairable
systems to provide basis for decision-making of the use of equipment and to provide quantitative indicators for
support effectiveness evaluation of support system, and is of certain exploration value on the research of “dy-
namic” indicator in the integrated logistics support field.

Keywords: instantaneous availability ; stochastic maintenance task net (SMTN) ; maintenance function;

military aircraft; Monte Carlo
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Table 1 Mechanical properties of aluminum alloy materials

ok E/GPa o,/MPa ¢ /MPa 5/ %
2024-T351 72.4 473 364 18.0
2397-T8 70.0 472 421 9.5
6061-T651 71.0 311 246 14.7
7050-T7451 70.3 510 455 9.0
7050-T7452 70.5 475 399 11.1
7475-T761 70.5 526 482 13.3
I AC R 8 mm HYH) 4 N T 2L, Ik T
e ak #

FiZHE ASTM E647-11 K %6 7 "™, 7 MTS-
880-100 kN % 57 ik 5 AL L, AT R ST L R g — 1
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RIS (ANE 2 FFoR ), N D o IE 5% %, 0 Zk 45
R[4 10 Hz, F3 Fp b RE 2L S0 R Mk ae it i
MR EL 3 M, KRB, RA
WZHDO850 I £ 52 i1 b B B (D 500G 3 oy
0.01 mm ) I & RE O LI ) 24 0 R K
% F SDGDYD-180/ + 350 7 75 % 6 ¥ 55 4 (iR
JE B R 8 22 °C ) 5 1 56 VR B K TR R B

P AwifE M(T) ik
Fig. 1 Standard M(T) specimen

K2 oy il
Fig.2 Crack propagation test
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Fig.3 Crack propagation test results
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Fig.4 Fractographic analysis of 7475-T761 aluminum alloy
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Fig.5 Crack propagation da/dN-AK curves

K2 HGgY EFEZE da/dN-AK BHE
Table 2 Parameter values of crack propagation

rate da/dN-AK

R T/°C c m
125 9.93 x10°1° 3.45
2024-T351 25 3.56 x10 ! 4.08
-54 1.17 x 10 -2 4.87
150 4.60 x107° 3.07
2397-T8 25 7.61 x10 71 3.51
-70 3.52x10° " 4.22
150 1.24 x10°1° 4.23
6061-T651 25 3.10 x10 ~ ! 4.48
-70 5.63 x10°"2 4.80
150 9.02 x10°"° 3.60
7050-T7451
25 2.35%x10°"° 3.94
150 1.31 x10 78 3.01
7050-T7452
25 6.66 x10 ! 4.54
125 6.67 x10~° 3.45
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Temperature effect on crack propagation properties of
aluminum alloys in aircraft
LI Kuang', XIONG Junjiang"*, MA Shaojun’, CHEN Bo’

(1. School of Transportation Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083 , Chinaj
2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract. Fatigue properties on crack propagation rate at low and elevated temperatures are the precondi-
tion of damage tolerance design for aviation metallic structures. Therefore, in order to determine fatigue prop-
erties on crack propagation rate, fatigue tests were performed on six categories of aluminum alloys (i.e. 2024-
T351, 2397-T8, 6061-T651, 7050-T7451, 7050-T7452, 7475-T761) at five kinds of temperatures ( =70 °C,
-54 °C,25°C, 125 C, 150 °C ) under constant amplitude loading, and fatigue crack propagation properties
were determined and the comparisons between fatigue properties on crack propagation rate at different tempera-
tures were carried out. The mechanisms of temperature effect on crack propagation rate were deduced from
fractographic studies by using scanning election microscope (SEM). The results show that,compared with the
situation at 25 °C , logarithmic crack propagation resistance coefficient decreases by 7% to 15% at low temper-
ature, but increases by 5% to 23% at elevated temperature; crack propagation exponent increases by 7% to
21% at low temperature, but decreases by 5% to 34% at elevated temperature, compared with the situation at
25 °C ; hydrogen embrittlement and oxidation effects are likely to be the main reasons for more rapid crack
propagation with the increasing temperature.

Keywords: aluminum alloy; crack propagation; fatigue; temperature; scanning election microscope

(SEM)
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Schematic of ultrasonic levitating bearing structure
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Fig.6  Operating mode of ultrasonic bearing
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bearing’ s output amplitude
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An ultrasonic levitating bearing supporting radial and axial loads

LI He, QUAN Qiquan®, HUA Yuxiang, DENG Zongquan

(State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150001, China)

Abstract: An ultrasonic bearing that can support radial and axial loads simultaneously is proposed based
on piezoelectric-driven principle and ultrasonic levitation technology. Supporting in two directions can be
achieved only relying on single excitation source, which brings about compact structure and simple control. To
predict the ultrasonic bearing’ s working frequency and acoustic impedance, acoustic impedance network of
ultrasonic bearing is modeled. Finite element analysis (FEA) method is adopted to calculate the amplitude on
radiating surface of the ultrasonic bearing. In order to verify the ultrasonic bearing’ s performance, a prototype
is developed and levitating capability experiments are conducted. Results in the experiments demonstrate that
the ultrasonic bearing shows good suspending performance and is able to support larger radial loads and certain
axial loads simultaneously. The design of this kind of ultrasonic bearing will open up a new way to develop no-
vel bearing structure in the future.
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Fig. 1 Landing buffer mechanism
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Fig.2 Buffer mechanism and mechanical
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Fig.3 Equivalent method of external buffer
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Table 1 Value of parameters of landing condition

28 HUfH
" 0.3,0.8
a/(°) 7
n 0,1,2,3
v_‘/(m-s’]) 3.5
vz/(m-s’l) -1, +1
6,/(°) 0 ~45
0:/(°) -3,+3
m/kg 700,800

1, 0,1,2,3 535 %oR B M de B A
HRERRYE A M, 2 S5 4 5 5B & AT,
1 554 SHEMBEALGIN, 15255455
il BB 73 ALTE Hr 5 v, IBCTE B 26 7 7K P 3 B2 7 1) 8 B
BT, B e s oK P RS B ) BT 5 6, BOE A R R
G Pl 2 DR AV 71 SR AV £, S AF 9 7 ARFAVID 73 S AR 81 5 3
Py 7% O A0 AR DL 10 0 19 5 AN 0° 8 i 28 45°, %
RIMESHBEHTHE 3095 TR
ANEEH2 x1 x4 x1 x2 x46 x2 x2, 012944 F
&R o
2.3 HREKRWRIZSHEE

& BL TR E 00 T B Bl 3 Rl b 2 Bl
i 5T 2 R 555 R BB fee /MEL (L) 5 O i aod
i v 32 A 32 4 ) B B KA (F ) 5 805 Rl 2
3 Bl 7 5 RS TE Hh O a5 E AL EK SR T IR S RS A D
B (Ly ), W AR IZ L0 — Fhobi R 80, X 0 A o
{ELR g — A BR 48 B A

LT 2944 Fhg b T 00, 38 i f BT, 15 5]
3 Z AR BR 00 B ) O B BRFE AR a2 2 Bl

FRAE 2 2 45 2 vl 0 45 Bl &% o0 B B 80 055 A
JINHE B A T 4 A (30 mm) |, 3% 4% 0L A N 3 il 2%
T2 M) 5 B2 ok o T B 42 R BB /NI o Bl B
U TR Fh s e 3K R T i /) B S IR T TR (A R
{EL (760 mm ) , 35 [ili £ H B 5 B2 BR 3 T A A lf 43 5
HY 40 B 3CRE 2 vhoRE ) BER , EAR T Z 1R OK
Rl 48 7 0 T FAK 5 40 G2 vh 1 i 4 4, 4208 Ao
VRE (30 kN) o S 1 2 TH 45 Bli & 1 3 Bli 7 BE
TSR 2 B bR LA T X G2 vp HLRS 32E AT AR b
wits

F2 BRIRTELR

Table 2 Calculation results of the worst landing condition

e PR 48 Fr Al u on ov/(m-s") 6,/(°) 6,/(°) m/kg

Ly=1.11mm 0.8 2 1 9 3 700
Ly =734.23mm 0.3 3 -1 0 -3 800
Fy=27.22kN 0.8 3 -1 0 3800
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Fig. 6 Performance analysis of lander
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Table 3 Value range of design variables

BT AE i HU{E G
k, 1 ~2
k, 1~1.5
d./m 1.37 ~1.45

3.2 HEMMESERAUNIH

P Ly Ly Fy VR B AR, AR Ly Ly,
Fo i 2 2.3 19 458 BV VG, 45 8 Bt 22 5 Y
WE, S BCERRLANT
" <x <xV
min — L, = L, ,Fy
s.t. 30 - L, <0

760 - L, <0

F, -35 <0 (4)
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Table 4 Value of optimal parameters''"’
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Fig.7  Flowchart of multi-objective optimization



780 b 5 At = At K K % 2%

2017 4

RS MERRMABE

Table 5 Pareto optimal solution aggregate

I k k d./m

, . Ly/mm Fy/kN  L;/mm

1 1.46 1.07 1.45 757.91 24.07 413.92
2 1.46 1.23 1.45  757.97 26.31 416.59
3 1.49 1.13 1.44  761.38 25.57 378.00
4 1.49 1.03 1.43  763.07 23.36 349.08
5 1.49 1.05 1.41  765.81 23.95 258.71
6 1.49 1.22 1.42 764.49 27.31 306.33
7 1.49 1.08 1.43  762.92 24.07 352.49
8 1.49 1.04 1.43  762.57 23.50 360. 83
9 1.49 1.03 1.42 764.15 23.46 311.13

10 1.48 1.19 1.43  761.46 25.72 365.11

F6 MRALETEERERTLL
Table 6 Comparison of performance before and

after optimization

o b3 k, k, d./m Ly/mm Ly/mm F,/kN
e Ak Tip 1 1 1.36 1.11 734.23 27.22

fiiefs  1.05 1.49 1.41 234.36  765.81 23.95
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Soft landing performance optimization for novel lander based on
multiple working conditions
WU Hongyu', WANG Chunjie'>* , DING Jianzhong', MAN Jianfeng'”’, LUO Min’

(1. School of Mechanical Engineering and Automation, Beijing University of Acronautics and Astronautics, Beijing 100083, China;

2. State Key Laboratory of Virtual Reality and Systems, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;

3. Beijing Institute of Spacecraft System Engincering, Beijing 100094, China)

Abstract. A rigid-flexible coupled dynamics model was established for simulating and analyzing the soft
landing process of the novel leg type lander. Three groups of bad landing conditions, in which the lander most
easily overturns, bottom surface of the lander most easily collides with rocks on the surface of the planet, and
body of the lander bears the greatest impact force, were found by iterating over landing parameters. According
to the configuration of buffering mechanism, design variables of optimization were selected. Based on the three
groups of bad landing conditions and non-dominated sorting genetic algorithm [[ (NSGA-1I ), a multi-objec-
tive optimization method was applied to enhance the ability of the lander to resist overturning, reduce the pos-
sibility that the bottom surface of lander collides with rocks on the surface of the planet, and reduce the impact
on the body of lander. In the simulation using optimized parameters, the model does not overturn any longer.
The minimum distance between bottom surface of the landing platform of the lander and surface of the planet
increases by 4.2% , and the impact on the body of lander reduces by 12. 1% .

Keywords: leg type lander; rigid-flexible coupled model; dynamical analysis; soft landing performance;

multi-objective optimization
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)5 B AR B AU, A B R AT B i B 8 5 e
RKAT 55 0 LD AT, H 33X 26 5 32 8 02 B % Y1 25
RUCRE AN T7 T, 50 W S8 e MOl R, R EE
AT BRI MR R B D7 . TR RN, BR
S M S0 G A A T T T PR 2
PRAT 55 VIR AU RE /Y IFAl AR, 25 i3 1 B THPILAR
RK KN GRELRE 1 )2 G A 8 b Ak 22 L (H I P4
FEAIALRE F] T34l 2K AT 3h B9 RLRE , ok % 1B 3 K
KGR HABFR Y, [8] i K AT 55 19 52 e AT A
RUCRE VA 48 A 8] 47 78 AH B 52 ), 3 A () 201 7 A5 Y
Tl B 2 M o PR B THRIL AR ORI ZRARE
PEAL PP AR R FR Y R RN DAL 5 vk B B
ity EHE— L5

AR SCHE 53 1T A VIR R BE PP A 7 V56 AN JE
filt b, 2% BN ZRAT 55 00 3k 2 1 DY) 38 %) e 44T 55 4K
RE Y TTHR L B 25 37 Ak 48 b 8] A9 AR M 57 OC &, S 4
7T SR T B R ) 48 43 Bk ((Analytic Net-
work Process, ANP) f B FtHL 5 AL £F K K kI 2k
MBEVAL TV . SRS Sh B SR SR B 5 A
B R G AR B BT LA AL AR bROK K
YIERAT: 55 53 f D 43 An FE I [R) 7 3 E s T S
T 80, I A% A1 3l v eSS R IO RE AT Al 5 45
PRAEUIZRAT 55 W i BRI R 2 5 s AR 1 T
fili, VAT 8 b5 AR 22 SN 42T & BE R ] ANP &L
RE P AG S A AT SR A T L 58 0L W, {EL 20 58 53
T VTR B E] AR S R OC AR T Al AR
WAF G AT 55 SEBR AR, PEAG 45 R Al (5 B o
I, A SO 8 9k P 55 (Super Decisions, SD) ¢
R4t ELAAR I8 SR 490 43 W LA S8 UE DA D7 vk 9 T
A R

1 EANZHRRNGHESEE
e

1.1 HHEHIREENESKE

HIHHLAR BRI N G R BE AL AR ot 12—
N ZIRPREE D VM R, DR G b 1A 2R B R
VAL B B IR R 2 — , R TG B v S B
(OFERE o FEVEAT VR4 0, A6 BT AR AN A AT
ELTPHLAR AR I K B AT 55 0 T RN 25 2 45 2, M ot
55 B RL, AT B R B SR il R U 2R A RE I 5 125
B IE AR IR R AR 4w A

FLIPHLAR BRI I — i B oA I 0 A PR R AR
AL 55, A K R B il B BN DL e 4, 2
IRIE BIHHLIBOK K K H 2= AL 55 58 i, e th BAY
I 1 B AT 55 TR PR 2L ALY, X R AT 55 1 i

T PR 3 X AT: 95 28 ik B 5 i R g 2w 4
I Bl I S WA 55 BE R A A T 230 BT 52 0 2% 55
TR RAT B R 2R e it e 18] B 2 B8 OC &%, JF T
PEAR i RAE I K AT 55 3R

FOFE SR IR T B B R G
HOEME SRR RGP 2 M EAME,
I IR Bh B AR AR GRS S A A A Y o — i
PR T35 sl T R 2 A 32 B A O A A AR
PR 1A sk B0 TR O S O R R T L G
A TS AR B - AR R R SRR BT, B
JCIH] G [ R 4 X R R B T R SR F A
WHEh . AR, HITHHLARAR K il 2 B HOF 1R &
GERY5E SC, T LIAR AR LA S S

MR H 3 ) B T BLAT 5 T B EL L ]
BRI A i 1Y CEL TR LR AR K AT 55 I 45 R
20) FRH 5 SCHR BT R, F4 BT HL AR bR KR
PRESh R 1 ME 1L FoR. B 1 IR LK)
HAOE N FI WA AT 55 o L RE I R W F A 2
) — G ST

x1 EFHMEIHAR

Table 1 Content of each event and activity

Pl E, HIFNE W A TN
E, KRR A K B
E, KR 2 TS W) i 4, Kk AR A A1
Es BT 2 AT 5 4, KIAL S5 H
E, AT 45 LA 52 1 4, KKV
Es P 16 15 58 T As HLLL T A 7K PR UK
Es Tk 52 i Ag Z8 Hhli 7k
£, FI WK R A K 4 A 4 iR i
Eq ) W2 A D FEAR Ay iR [ L7 b FE AR T
E, S8 i b 78 5E AR A HLA R A
Ey T

BT BT HLAR AR K Y 0 3 3 i
Fig.1 Event-activity flow of helicopter forest firefighting

1.2 ESEEMEL

FFE SRR BT ALAR AR DK ZRATE 55 19 BT
A FAFFING ) KOG R F AR T R, 7E Al B
A LAE— 20 73 B 4t 34 I 2R 80RE A I R R T R A
HEAR R B PPAL FE bR A & o B H TR SR ST
TE R R, HA AP R e LA IR 34 RE iE
FVPAL o BRI, X B T AL AR bR K I 5 84 A T
LA
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1) %3l A, A, 5ETHILERARK KTEE, B A
FH I BV ZRRLRE VPl AN 5 1 A, A, RS2

2) BME ) AR KA T 2 R T
PIRRITC &, 7] A o 22 25 i g PR B 3L 2 Ik
REVEAG BTN 2% o PR AR SC R 52 B FH LA HL 2R
RN B RE VA, R SC R B B B THBIL AR bk
KRG BIE TS 5 R KK

3) [ AR OGSOk T 4 K i T BIL AR bR K
R 2N L3 B T B B A ~ Ay B HOM
KA, AAE TR 51 X L, Kk 267 2 Fn
e SCH K KIES) A,

L THHLAR BRI I L5 9 4T 55 15 20 DR 0k 17 Ak R
Ay Ay FLA 3 AR PR TG 30

2 ETF ANP m9ill & BE 1 E 1 7%

TEAE ] ANP 34 5 T+ AL AR KK I 2555 fg
I, 5 AR B4 B A2 77 06 L ANP 9 45 455 7 ) 8 57 A
R T LR ERER, NI E o 2
SNERRGE .

ARLMLRRGEWNE2 iR, il 2 5860
BRAEIEN 2 Z LK 2 AT A AL 4
A0 5 A L, & AL SR A A B SR 1A
PRI SR E MR R IR IH — L =X A [0,1], L
(B W L 508 H Ao 18] 4 40 W 15 J8, ol 45 5
R

R2 EREFER

Table 2 Information of expert system

A2 LRER LR
1 IR L K 0.383
2 A K 0.78
3 SRR 0.68
4 s 0.66
5 A B 5T A 0.55

2.1 ETFEHREOTHERERGRE

L THHLAR BRI R 3 i P AR A el 75 7 KK
Zirh, Ee 2 I 2R RRE h 25 15 8 89 58 UBOR 36
[l R o AR SCHR HE T 5% 2l e S5 B DA 5 A AR R
RS TT 5 A0 25 1 3 N 2 1 R b L 0k
A0 3 58 SR B9 715, O W 5 8 1A 91 #4431 2
RRERY VAL FE b5 , 2 AR AR IR &

ACSHICHRLS | $2 Hh A 98 bk R 454, OF
AR Sl , 4 45 30 2l ke S5 7 28 1 PP Ak 45 4 20 1)
HZE L 55 246 b A [R) 2 45 b5 b I 0 T BT
BLAR BRI K N 5 2 RE Vil B0 PR 4E B2 435 A 1R & 45
Fy o FEBRIRFR 0 — A~ 4k BE Oy ) ] 4, AL 4535 2
WIS 7 AR B P A AR A I 2 0 A o B I

X ANHE R AT B T ANP [ 45 450 8 1) i 57 R it 5
73— N YERE O R WHE DR B SCHR LS ] 98 Bn o 28
J7 ¥ XA JEE A b 1A 22 8 HAT T M B0 )2 S5

WSt 8 AR I, X T B A S AL R BR T RS
FASCHRLS T84 45 R IF I UE IE s XF 3% 3l A,
Ay FEAR WS IE 3223 2 52 AR I 1) A 5T
Tr 5 . 58 AR b MG R R T ILAR AR K
N ZREBE (14 P 4 BEDFAl 45 A 1A R AN 1&D 2 P

IRJA X AR AT 1% o Delphi 3 J2& — 7 H]
HAXMI5 i, 2% 3CHk[ 11 ] Delphi % (9 A {4
R X 8 B O U, A 0 AR R 15 A B
AU — A B 2 O 0. 022 (/T 0.05) , B Al
Bro B2, ELIHHLAR MK IO 2R 2% RE 89 J= AL 48
NN SR N

P2 T R ST A 4 B M R

Fig.2 Two-dimensional effectiveness evaluation index system

B3 R RAE AN Ji 0 0
Fig.3 Final effectiveness evaluation index system
2.2 ETEXRESHMEEEZEMN ANP W% ER
=V
ANP 1 5E [ Satty #8276 H 2 2 R B
% (AHP) JEa] 1 — 20 K R ok , & — il fiE 4k 2
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B ANP PEAh B TFHL AR MROK K I 255K
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A ARBRII AT C 0 2, I LIS 2 19 7 28 22 15 5 A
e BB TG bR ] B AE OC 06 R — AR A s B,
FURBAE B % SR AR AR A A0 EURI A 6 4508, T % A o1y
g LI o o 3% ) A, SCk [ 10-11 ] o fei i 45
PROCIE BE S R ORAE AR A M R IER I
FAw S G T KA WHE B LA 3 48 A5 G B
W 485 5 o 56 T 2 A6 o 161 T A B0 T 45 31 30 4% £k 1
TEAGFE AR IR R, HOm B a1 4 s .

1o 2 7 3k AT LA g ST B T ML AR MO KN 23
BEIPAli 9 ANP 28R 0 4, i T B THHL AR AR
TR 2 rh 443 B B AT B BT DL — kI 2
A T B TR U 3 Bl BT B S A A bR Tk X
Wi Sl WS A 8 b 7 A B B RS R R R G
T [R] P B () 32 A A AF A (AT D AE bR ik R 1
B[] 4 -l S ANP [ 28 455 70 B i 7 i, 5 78U &5 4
KK TR e Ny o A b ) 5 e it 2, B
ASH 17 4k 4 48 o O 06 52 6 1y LA R AR TE 51 T
FK 3 Ry, RAEPR I MRS 1 B9 OCHR B, 4R
brgi s 5K 2 h—3,

PR AR AR I AR R IR AL, ¥ 3h A, A,
A, WS 7 A 15 4R 20 91 5 U MR R B €, .C, .
C,, 8 ANP W25 BRI IE] 5 iR

B4 DAL AL 36 b i R AR
Fig.4 Process of establishing networked

evaluation index system

R3 EUMERXEKESER

Table 3 Simplified correlation matrix of indexes

Yij
EERN

I, I, I I, I Iy I I I,
I, — 0 0 0 0.7 0.7 0.9 0 0
I, 0 — 0 0 0.8 0.8 0.9 0 0
I 0 0 — 0 0.6 0.7 0.9 0 0
I, 0 0 0 — 0.7 0.8 0.8 0 0
Is 0 0 0 0 — 0 0 0
Ig 0 0 0 0 0 — 0 0 0
I 0 0 0 0 0 — 0 0
I 0 0 0 0 0.9 0.8 0.8 — 0
I, 0 0 0 0 0.6 0.9 0.8 0 —

K5 ETHHLARAR K ) ANP [ 26 4507
Fig.5 Network model of ANP for helicopter forest firefighting

2.3 ANP#EHit+H

ANP #E RS 500 fe 4 H Y 215 21 4 46 bR (10
FUE AR R B 0 SR R I AR A IR R
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FEVEAS 5T b 2 ) DT R B, R A i AOME T R AR R K
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AR AL TR ERE

ANP f5 5 4 Ff 55 B4 00 11 58 J7 v8 AH G SCHk 3
CA TR B EAR T A, BT B UL AR
KUNGRAREVE Al 19 ANP AR RL v 3 A4S 38 45 % i 4K
21T Bl [R] A7 L o [B] 322 58, PR O 6 T Ak
b= D R A X A S R A
& A 1A 2R O B () 4 2 7 ANP AR () Ji [
2.4 ENMNEMRERMETE

e L 6 PR 7 A I — S AR 1 o
HAITRY AR AR S, B A A7 00 JE (R AR X
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Ko, HXRAEAR 1, FFEE A

B E FHHLARAR I KN R 1Y & 16 A 2 b 1

w = [w,l w,,
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TEM L8 S5/ 52 28 iR A B B 2 W IE L T,
ANP BERY B THF R H RME . SD R 2 —Fh &
[T ke RNz B ANP B RS () 7 30 | AR SO
SD 52 ji ANP 5270 g gl Fne e 7

7E SD Hrky g B T HL AR AR K I 2R 8RR PF
B ANP A5 8] 6 FiFR

M SR B 1 B AW B A #5458 A AL B A 1]
FAE P57 £ 9 FI AR B . 0 A 52 IR T LA
LU ASE 11 45 5 A 8 48 B 378 AH X T H AR 5 00 355 Fn—
HER IS 5, I T R

XF FT A 6 A AR b i B2 R AE , 52 A
WA A o TS BB BROR S R & AR R
R 3 4 s,

SRR R B 2 A 4k ARG, 43 3 AR I
2 VIR (V1) 4 XF T 75 14 45 $5 bR AT HEAT 0T 0 1E )2

5 6 SD H1f) ANP %) 25 5 7
Fig.6  Network model of ANP in SD

KT 48R B bR R D0 3 B A — B AG 36 45 2R
Fig.7 Superiority degree and consistency check

results of indexes or index clusters
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Effectiveness evaluation for single helicopter forest firefighting
training based on ANP
CHEN Jie', LIU Hu'""*, SUN Xue', WANG Ning’, DAI Xin'

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, Chinaj
2. Sino-French Engineer School, Beijing University of Aeronautics and Astronautics, Beijing 100083 , China)

Abstract: Existing effectiveness evaluation methods for single helicopter forest firefighting training only
aim at process of firefighting and getting water, ignore contributions of other processes during task to the train-
ing effectiveness, and assume mutual independence of indexes, which leads to incomplete evaluation index
system, unreasonable distribution of indexes’ weights and low reliability of evaluating results. The event-activ-
ity flow established by using theory of discrete event system modeling divides the task of single helicopter forest
firefighting training into several related activities; the method mapping from activities analyzes elements of ac-
tivities” effectiveness, transforms them into effectiveness evaluation indexes, and finally establishes all-sided
two-dimensional effectiveness evaluation index system; with the dependency and relationship between evalua-
tion indexes considered, the use of analytic network process ( ANP) reallocates the weights of indexes reasona-
bly, making evaluation method more suitable for actual situation of the problem and results of evaluation more
reliable. The analysis of a case based on Super Decisions (SD) indicates that the proposed effectiveness eval-
uation method possesses feasibility and reference value in engineering applications.

Keywords: helicopter forest firefighting training; effectiveness evaluation; event-activity flow; mapping

from activities; analytic network process ( ANP)
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Simulation realization of high dynamic GPS signal coarse
acquisition and fine acquisition algorithm
ZENG Chan, LI Weimin® , BI Bo

( Beijing Microelectronics Technology Institute, Beijing 100076, China)

Abstract: For the purpose of solving GPS signal fast acquisition problem under the high dynamic, a
coarse acquisition method combining improved partial matched filter ( PMF) and fast Fourier transform ( FFT)
was proposed. The principle and structure of PMF + FFT were analyzed, and windowing of traditional method
was put forward for the problems of scalloping loss and low acquisition performance. Since the high dynamic
tracking method based on extended Kalman filter has a high requirement for the precision of the parameter after
acquisition, a fine acquisition based on Chirp-Z transform ( CZT) algorithm was proposed on the basis of
coarse acquisition. Based on the theory model of GPS signal and high dynamic trail, this paper has realized
digital intermediate frequency GPS signal of high dynamic. In order to further speed up the acquisition, a fast
blind search method of combining pseudo code correlation was adopted for cold start. Finally through the
MATLAB simulation experiments, it is verified that the proposed coarse and fine acquisition algorithm for high
dynamic GPS signal can achieve the acquisition dynamic performance of 100g and the accuracy of about 10 Hz
in high dynamic environment.
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Performance analysis of a new-type third-order TVD limiter
ZHAO Yatian', YAN Chao" ", SUN Di', QU Feng’

(1. School of Aeronautic Science and Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China;
2. General Department of Manned Spacecraft, China Academy of Space Technology, Beijing 100094, China)

Abstract.: For numerical scheme in computational fluid dynamics (CFD) , limiter technology is an impor-
tant factor affecting computational accuracy and stability. Although the present classical second-order total var-
iation diminishing (TVD) limiters with a wide application can well satisfy the computing requirements, its
performance not only largely differs but also cannot be properly weighted between resolution and dissipation.
Therefore, a new third-order TVD interpolation limiter ( T-3 limiter) has been studied and compared with
three classical limiters. First, through one-dimensional Riemann problem, it has been found that T-3 limiter is
simultaneously characterized by both high intermittent resolution and excellent stability; then, by numerical
simulation of hypersonic flow over a double-cone body and X-33 configuration, it has been found that T-3 lim-
iter boasts the capability of portraying complex flow and good aerothermodynamic calculation performance.

Keywords; limiter; computational fluid dynamics ( CFD) ; shocks; double-cone disturbance flow; aero-

thermodynamic
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Table 1 Parameters of PID control
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Fig.1 Attitude angle response under Case 1 fault mode

2 Case | g B o 4 25 A 02 i oy it 2k
Fig.2 Attitude angular velocity response under

Case 1 fault mode
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Fig.3 Singularity measurement under Case 1 fault mode

Pl 4 Case 2 i B T 2835 #f WA 1E
Fig.4  Attitude angle response under Case 2 fault mode
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PS5 Case 2 g B o T 26 25 £ L 1 mig 17 il 2
Fig.5 Attitude angular velocity response under

Case 2 fault mode

A Sy I I L 2R 3fe P R, PID 3 ) R B A R
T B A AR B K PR 2 I 2 o O RS
RASITG 4 il A 5 (25 ) BE 8 18 15 90 K 45 78 ik
B LR I S8 A5 A DR 5 R, [ R 2 B HE X i
ol isf A28 S AL 3 A i e o ) B PR L T I 3 AN
P 63 [ R W], Jo e & A MR b e B, 53 PID 4% 1l
ol 45 W H X (25) , B RE & A I 2, BE R Y & 5
(ELHR 23 A= W] A0 ek, B AR T A il 45 X e

qosBcosé, sin 8, - cos 3 cos d,
A, = % sin g, - cosfBcos b, - sind,

LinBcoss,  sinfBcoss, sin B cos 8,
KXHr:p=68.7°,

PSR E R k=2,c,=0.5, & =0.5,
¢, =10, [ 3E R A& SR PIEF 3.1 95,

Case 3 i fA7EFEIRTE TAEDI N & A= R AL
R | R 2 0

=0.7 >t

=0.5 t >t
[e] = 0.7 +0.15rand(z) + 0. 1sin(0.5¢ + 0. 2iw)
>t i =2,3,5

ey = —0.01 =1,

J00R0E0E

(30)
it =0s51, =20 ;¢ =100 858, =130 s5¢, =
200 s,

&7 FEL 8 e B B X6 U e ) A2 A g B8R, B
A7 7 B2 MR 6 4 % A e EL A T BE IR T A0 30
PRI , AR SCUE T 45 4] 4TS B AR HIE T K 2% 75 50 s
7e A S ASRRE X U ) A 2 (25 ) Xk

6 Case 2 E IRt x0T &5 5 I 4
Fig. 6  Singularity measurement under

Case 2 fault mode
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Fig.7 Attitude angle response under Case 3 fault mode
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Fig. 8 Attitude angular velocity response under
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Fig.9 Singularity measurement under Case 3 fault mode
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Sliding-mode fault-tolerant attitude control for spacecraft using SGCMGs
ZHANG Fuzhen, JIN Lei”

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

Abstract: Based on sliding-mode control and adaptive control, the passive fault-tolerant attitude control
problem of rigid spacecraft using single gimbal control moment gyros (SGCMGs) was studied. First, the sys-
tem mathematical model with fault of the speed of gyro framework was established. Then, a fault-tolerant con-
troller, based on sliding-mode control theory, was designed to control the speed of gyro framework while an
adaptive control law was employed in the controller to estimate the fault and disturbance message. Thus, it can
achieve the attitude stability control with strong robustness in both defective and trouble-free cases, without
knowing the prior information of the fault and disturbance. Finally, the simulation results of different fault
modes of two configurations of SGCMGs verify the effectiveness and feasibility of this method.
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Fig.1 Schematic diagram of direction selection between
autonomous path planning and human-machine

cooperative path planning
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Fig.2 Schematic diagram of path nodes extension
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Table 2 Specific information of threats
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Fig.7 UAV autonomous path planning reference path
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Table 3 Position of guide point with autonomous path planning and human-machine cooperative path planning

R d/km W B[] /s ST/ km LA 515 4L /km
SRES I RUT % 1.000 208 85.996 0.443 (20.300,14.000)
NAHLEAE s 550 1.403 208 86.724 0.364 (24.742,15.697)
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Fig.9 Real-time path planning when different

evasion directions are chosen
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Table 4 Comparison of path planning results with different evasion directions

BT 1] d/km 1758 5 [)./s SR/ km B A 51 a5 AL #/ km
eI 1.403 185 82.404 0.595 (15.258,24.304)
s 5 1.403 208 86.724 0.364 (24.742,15.697)
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Fig. 10 Guide point position with different task emergency levels
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Table 5 Comparison of path planning results with different task emergency levels

s BamE d/km T R A [ /s SR/ km AR G155 5L/ km
n=2 3.595 215 1.144 89.447 0.307 (26.365,14.224)
n=5 2.833 212 1.141 88.390 0.328 (25.800,14.736)
n=38 1.403 208 1.137 86.724 0.364 (24.742,15.697)
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UAV real-time path planning based on human-machine cooperation

ZHANG Shuai', LI Xueren''* |, ZHANG Peng', ZHANG Jianye’, BAI Han', ZHAO Xiaolin'
(1. School of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’ an 710038 , China;
2. Department of Science Research, Air Force Engineering University, Xi’an 710051, China;
3. Theory Training Department, Air Force Harbin Flight Academy, Harbin 150001, China)

Abstract: A human-machine real-time path planning strategy in complex battlefield environment is pro-
posed when unmanned aerial vehicle (UAV) is performing tasks and encounter unexpected threats. Human
undertakes the tasks of making decision and analysing threat information, and then sends the messages of
direction for evading unexpected threats and emergency degree of task to UAV. UAV independently calculates
the position of guide point which attracts UAV to change course, realize the evasion of unexpected threats by
adopting fuzzy logic method according to the message that human provides. Simulation result shows that hu-
man-machine real-time path planning strategy combines human’ s intelligent decision-making and UAV’ s fast
calculation ability, optimizes the path under the condition of complex threats, and dynamically adjusts the
position of the guide point. Thus evasion path can be flexibly chosen on the basis of the emergency degree of
task.

Keywords: unmanned aerial vehicle (UAV) ; human-machine cooperation; path planning; unexpected

threat; guide point
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Fig. 1  Four original medical images
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Fig.2 Reconstruction images of three algorithms in limited view

1 ARAETARNEREEINERZSER

Table 1 Reconstruction results of different reconstruction algorithms in limited view

) Phantom il L E i
HEARE
RRSME SI  ##AE/s RRSME SI  #E#ANfE]/s RRSME SI  ##EATE/s RRSME SI HELia] /s
FBP 0.77 14.41 1.18 0.74 10.76 0.77 12.99 5.24 0.76 13.55 1.49
SpBr 0.48 10.41 155.28 0.41 8.13 149.06 0.41 9.90 202.54 0.37 10.69 201.22
UIAL 0.06 1.54  29.22 0.17 3.81 29.69 0.13 3.78  48.62 0.14 4.80 44.27
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Fig.3 Pixel comparison of reconstruction images with %UTF%T 98.5% ,42.8% ,53.2% 1 67.2% , i
original images in limited view &ﬁ$*ﬂ$@%@f%ﬁﬁ ﬁ%%ﬂ‘( = 2),

4 FRBifAE R 3 sk & g Eg

Fig.4 Reconstruction images of three algorithms in sparse view

R2 HHRAETAREREZEESER

Table 2 Reconstruction results of different reconstruction algorithms in sparse view

Phantom Jii ¥4 I I JiF ¥
Rk
RRSME SI  FEmE/s RRSME SI  TAmtE/s  RRSME SI  HEmtE/s RRSME SI T AAT(E]/s
FBP 0.38 12.13 1.19 0.28 9.47 1.29 0.19 8.87 1.52 0.26 12.49 1.73
SpBr 0.20 6.15 148.19 0.19 6.43 129.84 0.10 5.08 178.15 0.20 9.66 183.95

UIAL 0.003 0.09  23.60 0.11 3.68 24.06 0.05 2.38 28.02 0.07 3.17 17.49
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Fig 5 Pixel comparison of reconstruction images with
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CT image reconstruction model and algorithm from few views

LIN Luping, WANG Yongge

(School of Mathematics and Systems Science, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: To improve the accuracy and efficiency of few-view computed tomography (CT) image recon-
struction, CT image reconstruction is studied from limited view and sparse view, and a novel objective function
of total variation norm is proposed. According to the newly-developed objective function, the next iteration is
based on the information acquired in the previous one, through which the updated sparse representation model
is achieved at each iteration. Additionally, the constrained optimization problem is converted to unconstrained
optimization one by adopting the augmented Lagrangian method. Then it can be equally expressed by three
sub-problems which can be solved by the alternating minimization scheme. The experimental results using the
proposed strategy show that it can attain higher quality CT images which possess integral information, clear de-
tail and high precision. Furthermore, the relative root mean square error can be reduced by 42. 1% -98.5%
and the streak indicator 42.8% —-98.5% , compared with those using Split Bregman-based algorithm.

Keywords: computed tomography ( CT) ; image reconstruction; compressed sensing; total variation reg-

ularization ; augmented Lagrangian method
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Fig. 1  Angle of attack response curves
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Fig.5 Angle of attack tracking error curves
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LPV robust tracking control for chain smooth switched morphing aircraft
JIA Zhen', DONG Chaoyang'*, WANG Qing’

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

2. School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Aimed at morphing aircraft with variable sweepback, this paper studies the issue of modeling
and control for a class of morphing aircrafts. Fitting the relationship between aerodynamic parameters and
sweepback, we developed linear parameter varying ( LPV) model by Jacobian linearization approach. Then a
smooth switching system approach with limited switching sequence, chain switching, is modeled, and the suf-
ficient conditions are provided to ensure the finite-time boundedness and robust performance index of the chain
smooth switched system. A solving algorithm of stabilizer for smooth switching controller is proposed, and the
solving steps for gain control are presented. Based on the generalized system theory, the sufficient conditions
for robust stability of the attitude tracking system are proposed. The numerical example simulation results are
given to illustrate the validity of the devised approach.
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Fig.1 Schematic diagram of experimental apparatus
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Table 1 Acceleration values under different inverse loads
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0 0 0
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1.0 9.8 2.5
1.5 14.7 3.9
2.0 19.6 4.1
2.5 24.5 4.6
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Fig.2 Schematic diagram of test section
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Effect of inverse load on critical heat flux of steam-water
two-phase flow in a tube
SONG Junhui, SONG Baoyin® , ZHANG Zhao, LI Gang

( College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: An experimental investigation using a rotating platform was performed to obtain the critical heat
transfer performance of steam-water two-phase flow in a rectangle tube under inverse load. By changing the pa-
rameters such as magnitude of inverse load, inlet subcooling and mass flow rate, the critical flow and heat
transfer data of steam-water two-phase flow boiling under static and inverse load were obtained. The results
show that mass flow rate decreases with continuous heating, but the variation of fluid pressure difference in the
test section is opposite. At critical state, mass flow rate decreases with increasing inverse load and/or inlet
subcooling. Fluid pressure difference increases with increasing inverse load and mass flow rate, and decreases
with increasing inlet subcooling. The critical heat flux increases with increasing inverse load, mass flow rate
and inlet subcooling. Inverse load greatly impacts critical heat flux. Within its changing range from 0 g to
2.5 g, the critical heat flux could be increased by 50% .

Keywords: rectangle channel; two-phase flow; critical heat flux; inverse load; experimental research
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Fig.3 Schematic diagram of flexible lever

magnifying mechanism
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Stiffness analysis of a flexible lever magnifying mechanism
based on transfer matrix method
ZHENG Yangyang, GONG Jinliang® , ZHANG Yanfei

(School of Mechanical Engineering, Shandong University of Technology, Zibo 255049, China)

Abstract. Stiffness is an important performance index for the dynamic performance and positioning preci-
sion of compliant micromanipulator. Concept of transfer matrix in engineering was applied to the stiffness anal-
ysis here. First, according to its structure characteristics, the compliant micromanipulator was modularized
and each unit was treated as flexible body. Taking axial, shear and bending deformation into consideration,
we solved transfer matrix of the subunit. Then each unit was assembled through the transfer matrix. Finally,
relational model between input force and output displacement of compliant micromanipulator was established
according to the force balance. The research result indicates that because multi-dimensional real deformation of
each unit was taken into consideration, high-precision result was guaranteed. At the same time, the deforma-
tion compatibility equations between flexible and rigid units did not need to be solved during the analysis, and
conversion of compliant micromanipulator global coordinate system was avoided. The analysis and computation
time was also reduced. A kind of flexible lever magnifying mechanism stiffness model was established with this
method. The error is less than 6. 4% compared with the result of finite element analysis. The accuracy of anal-
ysis is improved effectively, and important theoretical basis is provided for parameter design.

Keywords: compliant micromanipulator; transfer matrix ; flexible lever magnifying mechanism ; stiffness;

finite element
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