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Table 1 Structural properties of software networks
A% 24 B N M <K> <L> Cc d <I> <D >
tar 1204 3285 5.384 4.132 0.087 11 35.322 35.322
MySQL 4598 16018 6.514 4.294 0.119 11 1176.345 1176.345
x2 tar RUEERNEHEN
Table 2 Structural properties of software modules in tar

fHFES B RR N M <K> <L> C d <I> <D >
1 sre 687 1817 5.287 3.059 0.037 9 7.760 7.760
2 gnu 563 1104 3.840 4.405 0.049 14 6.350 6.350
3 lib 110 151 2.745 1.543 0.026 9 0.242 0.242
4 tests 79 112 2.835 1.620 0.024 6 0.181 0.181
5 rmt 57 101 3.544 1.760 0.058 6 0.190 0.190

#3 MySQL REGERMEHE K
Table 3 Structural properties of software modules in MySQL

I8 Sh k= 8 M 44 B N M <K> <L> C d <I> <D>
1 mysys 1042 2718 5.217 2.991 0.046 12 2.513 2.513
2 libevent 667 2219 6.654 4.139 0.041 9 4.090 4.090
3 storagemyisam 568 1839 6.475 4.392 0.053 8 3.201 3.201
4 cmd-line-utils 556 1179 4.241 3.522 0.057 10 2.890 2.890
5 strings 342 628 3.673 2.049 0.075 12 0.303 0.303
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Table 4 Properties of node with maximum dependency
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Table 5 Properties of node with maximum influence

B WAAS  REAE RBUE ME AL IR
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tar 379
MySQL 2337

getopt_long 731 2 0 0

mi_open_share 2224 59 0 0

tar 976 strlen 456 0 97 0
MySQL 1151 free 1087 0 129 0
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Table 2 Comparison of small target detection accuracy
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Table 3 Comparison of normal-size target

detection accuracy
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SSD 86.7
R-D SSD 88.1
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Table 4 Comparison of performance among different

detection algorithms
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Faster R-CNN ResNet50 88.5 8.2
YOLOv3 Darknet-53 83.2 51.0
SSD VGG16 82.9 52.6
R-D SSD ResNet-101 86.9 40.5
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Detection algorithm of aeroengine installation station
based on R-D SSD model
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(1. School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. Key Laboratory of Advanced Manufacturing and Measurement and Control Technology of Transport Tools, Ministry of Education
Beijing Jiaotong University, Beijing 100044, China)

Abstract: In order to solve the problems of manual installation and inaccurate positioning in the process
of aeroengine installation, an improved SSD algorithm ( ResNet-Dilated SSD, R-D SSD) is proposed to meet
the detection requirements of aeroengine installation station in the research of its automatic installation method.
The VGG16, the backbone network of classical SSD model, is replaced by the residual network ResNet-101
and the number of preselected boxes on output feature map is increased, which solves the problem that original
algorithm has insufficient ability to grasp the underlying features, and thus results in poor detection effect of
small target. The dilation convolution is used to expand the network’ s receptive field to obtain enough edge
feature information of installation station, which ensures the good real-time performance of the model and the
detection accuracy of the target without changing the network structure. The experimental results show that the
average detection accuracy of the R-D SSD detection algorithm is 8.6% and 4. 0% higher than that of original
algorithm for the small target dataset and the whole dataset. It can meet the requirement that the average de-
tection accuracy is not less than 85% when the aeroengine is installed.

Keywords: installation station; residual network; dilation convolution; SSD model; small target detec-

tion; number of preselected boxes
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Reliability and sensitivity analysis of relief valve mechanism of
aircraft door considering wear
ZHOU Changcong” , ZHAO Haodong, CHANG Qi, JI Mengyao, LI Chen

( Department of Engineering Mechanics, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: As an important part of the aircraft door, the relief valve mechanism plays an important role in

maintaining the normal and safe operation of the aircraft. In this paper, the multi-body dynamical model of the

relief valve mechanism is built in ADAMS to study the effect of pin wear on positioning accuracy. The perform-

ance function of the positioning accuracy of the mechanism is established. The active Kriging model is intro-

duced to find samples points which can obviously improve the fitting accuracy according to learning criteria.

The Monte Carlo method is used to estimate failure probability and three sensitivity indices at different wear

times, and the change rules of failure probability and failure probability based global sensitivity indices under

different thresholds have been studied. The results show that under different wear times, the global sensitivity

indices of a pin with a larger wear amount are also larger, and there are differences in the changes of various

indices with the wear times.
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Password authenticated key exchange protocol in
electronic vehicle key enviromment
MING Yue® , ZOU Junwei, SHEN Ting
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Abstract: The rapid development of Internet of vehicles has promoted the research and development of
digital key. In order to solve the communication security problem between digital key and car locks, a security
model and password authentication key exchange protocol are proposed. The protocol completes the authentica-
tion between the digital key and the car lock through the assistance of the smartphone. Even if the smartphone
is attacked by malicious code or is lost, the protocol can protect the privacy of the user. The security proof and
performance analysis of the protocol under the security model show that the protocol can resist dictionary at-
tacks, man-in-the-middle attacks, replay attacks, malicious code attacks, disguise attacks, internal attacks,
etc. The performance of this protocol in computing consumption is better than that of other protocols of the
same type, reducing the total computing consumption by 50.7% .
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Hydraulic cylinder position system controlled by piezoelectric
high-speed on-off valve
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(1. School of Mechanical, Electrical and Information Engineering, Shandong University ( Weihai) , Weihai 264200, China;

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

Abstract: Aimed at low position resolution and slow response of on-off valve controlled cylinder, a hy-
draulic cylinder position system controlled by piezoelectric high-speed on-off valve was designed. Firstly, the
position system model of on-off valve was built in order to analyze the influence of PWM carrier frequency on
the on-off valve flow characteristics. The system structure based on differential flow of double valve is adopted
to realize the nonlinear compensation of hydraulic cylinder load flow, which reduced the influence of dead zone
on the static and dynamic performance. Then, mechanism and principle of on-off valve controlled hydraulic
cylinder position chattering are obtained by analyzing the influence factors of load pulse flow of double valve
controlled hydraulic cylinder system, and PWM, PAM and PFM control methods based on the pulse flow are
compared. Finally, considering the piezoelectric high-speed on-off valve flow characteristics, a composite con-
trol method with PWM and PAM is proposed, which helps the system realize fast and accurate position control
by adjusting the duty cycle and flow amplitude according to the error signal and change. Simulation and exper-
imental results show that the positioning accuracy is nearly 1% , which provides a theoretical basis for the ap-
plication of high-speed on-off valve and control system.
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Table 1 Threshold of normalized field strength and

interference factor with different £ /E
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Fig.2  Flowchart of electromagnetic radiation effect prediction under multi-frequency in-band continuous wave for

spectrum-dependent equipment
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Table 2 Comparison of electromagnetic radiation
critical interference threshold between sine AM wave and

single-frequency continuous wave for tested equipment
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Table 3 Dual-frequency in-band electromagnetic radiation effect test results of RMS-field-strength sensitivity equipment

T ARSI AR/ MHz T4/ kHaz AR RZI T AL S, Wik fE S ¥MA
60 15 0.950 0.981 1.020 1.057 0.986 0.999
60 10 1.080 1.057 1.057 1.080 1.022 1.059
80 5 1.015 1.007 1.053 0.992 0.948 1.003
80 10 1.105 0.992 0.982 0.952 1.000 1.006
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Table 4 Tri-frequency in-band electromagnetic radiation effect test results of RMS-field-strength sensitivity equipment

T AESi %R /MHz F 4 454/ kHz LR 2T R% S, Wik (E S\ ¥l
1.075 1.016 1.091 1.052
40 40 1.042
1.015 1.052 0.996
0.936 0.949 1.015 0.981
60 10 1.009
0.999 1.091 1.091
1.016 1.045 1.030 1.004
80 5 1.038
1.065 1.059 1.013 1.069
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Table 5 Dual-frequency in-band electromagnetic
radiation effect test results of peak-field-strength

sensitivity equipment with f, =40 MHz
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Table 8 Tri-frequency in-band electromagnetic radiation
effect test results of peak-field-strength sensitivity

equipment with f, =60 MHz
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Table 6 Dual-frequency in-band electromagnetic
radiation effect test results of peak-field-strength

sensitivity equipment with f, =60 MHz

I 5 T4 1 -/ dBm
BIER  BIER
B/ U T 45 % T A 4 S, Sy
59.994 MHz 60.003 MHz

B -11.4 -9.4
-13.8 -16.7 1.19 1.068
-14.6 -15.6 1.182  1.057
i -15.4 -14.6 1.181  1.054
: -16.2 -13.7 1.185  1.058
-17 -13.1 1.178  1.052
-17.8 -12.4 1.187  1.062
BIH 1.184  1.059
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Table 7 Tri-frequency in-band electromagnetic radiation
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effect test results of peak-field-strength sensitivity
equipment with f, =40 MHz
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Blocking jamming effect prediction method under multi-frequency in-band
radiation environment for spectrum-dependent equipment
LI Wei'?, WEI Guanghui"* , PAN Xiaodong', SUN Shuging’

(1. National Key Laboratory of Electromagnetic Environment Effects, Army Engineering University, Shijiazhuang 050003 , China;
2. Joint Operations College, National Defense University, Shijiazhuang 050084, China;
3. Unit 61035 of the PLA, Beijing 102200, China)

Abstract: In order to solve the technical problem of accurately evaluating radiation effects of spectrum-
dependent equipment in complex electromagnetic environment, based on the basic theory of electromagnetic
wave coupling transmission, this paper deduces and reveals that the poor linearity and insufficient dynamic
range of RF front-end are the essential reasons why the electromagnetic radiation effect is sensitive to the effec-
tive value or amplitude of interference field strength. On this basis, two kinds of electromagnetic radiation
effect models are established when the spectrum-dependent equipment is interfered by multi-frequency in-band
continuous wave. And the method to judge the electromagnetic radiation sensitivity type of the tested equip-
) of amplitude
>0.9,

the tested equipment is sensitive to the effective value of interference field strength. And when 0.612 < E_ _/

ame

sine

ment is proposed by the effective value ratio of critical interference field strength (E_ _/E
modulation wave (modulation depth 100% ) and single-frequency continuous wave. When E_ . /E .
E . <0.9, the tested equipment is sensitive to the amplitude of interference field strength. The dual-frequen-
cy and tri-frequency electromagnetic radiation tests are performed on difference communication equipment in
this paper. The results show that the error of the forecasting method is less than 10% , and the proposed meth-
od can effectively predict electromagnetic radiation effect when the spectrum-dependent equipment is interfered
by multi-frequency in-band continuous wave.

Keywords: spectrum-dependent equipment; multi-frequency in-band interference; mechanism of bloc-

king effect; effect model; radiation effect prediction
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Fig. 1  Schematic diagram of model
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Table 2 Required parameter values of lateral

collision risk model
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Table 4 Collision risk at different intervals

4 4 i) f /km BEFE XU/ (U - 6AT /)

10 7.36 x10 "
9 3.42x10 M
8 4.32x10°"
7 3.47 x10°°
6 6.43 x10°

PRI, H ORG24 (A AR RE 8 IR IE K
Frde s B A /N AR . SRR 4R/ R 7 km
i, A5 SR Al UG UE 5 B A0 BIE B il 48 XU RS 2 H
LAFERLNT o X0 T LG 238 50 20 A6 F TR
A —E B E

4) S BIEFE A FR ORI oF R FE KR 4 5
Sr o B -1 A 3WQF120-12 /R D FEAS 31570 %
ARG 7 ~ 10 km B 5 R AT BE 22 1] A4 00 1a) Al
FXUBS, I 3 R ALY A 45 R AT L. AR KK

PEUNE T Frs o

10

ol —o— Tl
? A —&-3WQF120-12
g8
€ 7y
¥oo6r
= st
2 4
b
g >
2 2|
2

O =&

7.0 7.5 8.0 85 9.0 9.5 10.0

% 4x[6] fi/km
F7 il g XURS: ]
Fig.7  Collision risk
A LA B, N T ALY, AR AL S RO
UL DR 1) 0l £ DRSS 2 i 5 22 4 1) B 1 3 D T s /)
[vi) bsf 13 2 Bt A R 618 /N T/ LA BRONS T il
{28 XU 19 52 0 LA ] DL 22 g AT
5) SR UETT i A R, MR AS ST I X3
k(17 ] op RS TC AHLA A320 76 T8 AL AE v 15 22
1.5 m,A320 RATHEJEE Oy 1 i HLIN 1) 5 /)N 2 42
I B 1k A7 TF 5, A5 R de /D AL 1 22 4 T B O
6.367 km, 53CHRH SRR ZEAE 1% LI, UL
BT SRV AT

5 & #

1 45 EVENT #ERL ) 5L fb &, % 8 T A
To NAL FETR A, A8 8 T 55 BT A BE 22 18] A ] 1)
Tl 58 DR T A Y IR0 5 T A5 A B3 Al
JRUBS B 500 o A5 AR 258

1) HAT 10 km (4% 42 8] [5G B BRGSO ©AT %

A AEAAT 4R /N AT REE AT RLgE— 2B 4/ T km
PRt , 3 35 T8 AN AL 25 2 Sl st 5 A S 0 4 R 155
7 ke Ry 2 (8] i B AT (45 2 Jul ) TR R e 2

2) St TS TRAT I, T LA MERE 3 AL B B —
FFUG TS, AT LI/ B AT BE A 5 0 o X — 28
FRA MO I ML N Gr it J5 4 3 € 1R 1k —
TE IR 478 o

3) FERICAALE BT BE A R KU 2 bl
A 2 A ] B 3 O T/ 2 B AR BR Y /N T
BB/ o AR BRONS T 8 XU 1) 5 R B A T L 2
W o RGP BRAR 25 4 K o A LA 7 2
7 30 BT Y N R s J

i B AR AR, TANL RIT &2 B2 MR
SRR AR TABHEER, F—
A Ak S PR 5 LA DR 20T T il £ XU P52 )

S Hk (References)

[ U] Mo M E A E0TH 3" BAMLI]. B E,
2017,25(2) :82-85.

HU T. Decode the pterosaur UAV that independently developed
by China[ J]. Science and Technology of China,2017,25(2):
82-85(in Chinese).

[2] REN L L,GUAN X M,LI X Y,et al. A large-scale flight multi-
objective assignment a with cooperative coevolutionary[ J]. Sci-
ence China ( Information Sciences) ,2016,59(7) :185-201.

[ 3] SHEPHERD R,CASSELL R, THAPA R, et al. A reduced air-
craft separation risk assessment model [ C] // Guidance, Naviga-
tion,and Control Conference. Reston; ATAA 1997 ;1418-1433.

[ 4 ] BROOKER P. Lateral collision risk in air traffic systems; A
‘ Post-Reich’ event model[ J]. Journal of Navigation,2003,56
(3):399-409.

[ 5] BROOKER P. Radar inaccuracies and mid-air collision risk:
Part 1-a dynamic methodology, Part 2-enroute radar separation
minimal[ J]. Journal of Navigation,2004,57(1) :25-51.

[ 6 ] BROOKER P. Airborne separation assurance systems: Towards a
work programme to prove safety [ J]. Safety Science, 2004 ,42
(8):723-754.

[ 7] BWE GOW, 88, 5%. 3 g 4br R T8 AT bR &
HLT] IR 22 (CLREREE ) ,2013,45(2) :88-93.
LIANG H J,YANG H Y, XIAO C,et al. Flight conflict detec-
tion algorithm based on the three dimensional coordinate system
[J]. Journal of Sichuan University ( Engineering Science Edi-
tion) ,2013,45(2) :88-93 (in Chinese).

[ 8] fidh, RCI%, SR He T Sfd i S HE 3270 = 4 A5 B2 3 i
MR (] T 545 B 2440 ,2015,37(2) :360-366.
SHI L, WU R B, HUANG X X. Conflict detection algorithm
based on overall conflict probability and three dimensional
brownian motion [ J]. Journal of Electronics & Information
Technology,2015,37(2) :360-366 (in Chinese) .

[9] EMWE, BFP,KET BTHRRERMW AN CITRMAT
o2 g REARE KB S Y [ ] o R 498 3, 2016, 11 (19)
2183-2186.

WANG S T,LV Z P,ZHANG Z N. Study of the collision risk



730

b B = R OR

AL AT W

2021 4F

[11]

[12]

[13]

[14]

model involving flight environment conditions under free flight
[1]. China Science Paper,2016,11 (19) :2183-2186 (in Chi-
nese) .

SO, EREIR. KL AT 0T B 0 XL B T 7
[J].3F&E ML T ,2017 ,37(2) :115-117.

DANG S W, WANG K L. Prediction and simulation of aircraft
lateral collision risk on parallel route[ J]. Journal of Computer
Applications,2017,37(2) :115-117 (in Chinese).

TR R B — NPl g AL M. B 7Y 2
8 K 2F H RALE ,2013 107111,

CHENG Q, ZHU D W. New generation ATM system [ M ].
Chengdu : Southwest Jiaotong University Press, 2013 107-111
(in Chinese).

FEEE NI MITAN = G RETFED]. PR
P IE R ARG K57 ,2017 :8-15.

WANG Z J. Research on UAV gimbal system of small-sized
multispectral camera[ D]. Shaanxi: Northwest A&F University,
2017 :8-15(in Chinese) .

A T TN PR AT P A S AT XU B AL PSR (D ]
Rt RR A, 2013,

ZHANG W. Research on collision risk of parallel routes model
based on human reliability [ D ]. Tianjin: Civil Aviation Flight
University of China,2013 (in Chinese).

SR, 45, EEA, % 5 M %R AT AL FR 505 ik 5 4
ST LI]. Az bR AL S5 B iR, 2017 (3) :46-49.

SHI X C,JIN L,WANG C S,et al. A case study of the United

States military and civilian UAV system accident[ J]. Aviation

[15]

[16]

Standardization and Quality,2017(3) :46-49 (in Chinese).
WA, BRIE T BT Event SO R (Y 58 SUAT % filh 48 LB
PEAGLT]. i R R 2 24 412 ,2015,33(3) < 14.

CAO X W,ZHANG Z N. Risk assessment of cross-way collision
based on EVENT model[ J]. Civil Aviation Flight University of
China,2015,33(3) :1-4(in Chinese).

sk et R A, B B L AR - B T T S 0 1 BB ( RNP4)
AT RS & TP [T, BE R 5 TR, 2014, 14
(29) :307-310.

ZHANG X Y,ZHU D W, YANG C (. Safety assessment of
RNP4 Chengdu-Lasa parallel routes[ J]. Science Technology
and Engineering,2014,14(29) :307-310 (in Chinese).

. T ADLS RAL K PUAETE % 4 KA [ D], Kt
R K% ,2019:19-31.

YANG M. Safety risk assessment of collision between UAV and
civil aireraft[ D ]. Tianjin: Civil Aviation Flight University of
China,2019:19-31 (in Chinese).

EERAN:
@ B, 00L U, Ry RS TR

HEHA F WL R, A S EEBS T A

il

ERIE Lo L R RS ) A .

ERRLE L P PRI BT A

Risk assessment of lateral collision between military
UAV and civil aviation flight
LI Qi', GAN Xusheng” ", SUN Jingjuan’, WANG Minghua’

(1. Xijing University, Xi’an 710123, China;

2. Air Traffic Control and Navigation College, Air Force Engineering University, Xi’an 710051, China)

Abstract: In recent years, Unmanned Aerial Vehicle (UAV) has become a new combat force. In order

to solve the flight conflict between military UAV and civil aviation and ensure flight safety, this paper improves

the classic EVENT model and proposes a collision risk model suitable for UAV. The influence of navigation

mode, human factors and high-altitude wind on UAV flight is emphatically studied, and the corresponding po-

sition deviation model is constructed. Monte Carlo method is used to calculate the loss frequency of lateral in-

terval between military UAV and civil aviation flight. MATLAB is used for example simulation to verify the

effectiveness of the model, and the relationship between the lateral collision probability and the parameters is

obtained. By calculating the collision risk at different safety intervals, some suggestions on the use of airspace

are put forward.
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Autonomous planning of on-orbit evasion path based on Frenet and
improved artificial potential field

LIU Bingyan"*> ", YE Xiongbing', FANG Shengliang’, LIU Huaixing", JIA Jun'
(1. Academy of Military Sciences, Beijing 100191, China; 2. PLA 32032 Troops, Beijing 100194, China;
3. University of Acrospace Engincering, Beijing 101416, China; 4. University of Information Engincering, Zhengzhou 450001, China)

Abstract: In the process of evading the space target, the spacecraft should take into account the absolute
motion of flight along the transfer orbit and the relative motion of evading the space target. The corresponding
path automatic planning is difficult, and there are few public research results at home and abroad. In view of
the above problems, a method of autonomous planning of on-orbit evasion path combining Frenet coordinate
system and improved artificial potential field is proposed. Firstly, this method constructs Frenet coordinate sys-
tem to express spacial evasive motion, solves the problem that the relative position of spacecraft and the given
transfer orbit is not easy to express in path planning, and achieves a simple representation of spatial evasive
motion. Secondly, this method improves the artificial potential field function, adjusts the area of action of the
potential field, and avoids the phenomena of premature trajectory deviation and local oscillation in the tradi-
tional artificial potential field method, so as to achieve the autonomous evasion of the space target. Finally,
the global optimization function is constructed by taking into account the factors of evasion safety, orbit hold-
ing, braking time and fuel consumption, which can meet the requirements and preferences of different tasks,
so as to realize the minimum deviation and fast recovery of the flight along the transfer orbit. The results of al-
gorithm comparison and numerical examples show that this method has obvious advantages in application, with
smooth path and small offset, and can meet the requirements of path planning for spacecraft to evade space tar-
gets.

Keywords: orbital transfer; evasive maneuver; path planning; Frenet coordinate system; artificial poten-

tial field method
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Table 5 Optimal design power and mass distribution
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Table 6 Optimal design power and mass distribution

scheme ( mountain freight)
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Optimal design of series-hybrid electric system for unmanned convertiplane

CHEN Gang, JIA Yuhong, MA Dongli®, XIA Xinglu, ZHANG Xin

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

Abstract; A new method is proposed, for the optimal design of Series-Hybrid Electric System (S-HES)
equipped on the unmanned convertiplane, to cope with the special power demand of this type of new aircraft.
The method includes multiple physical and mathematical models to describe the characters of convertiplane’ s
S-HES, such as the power requirement solving model in rotor, fixed-wing, and transition modes, the hybrid
power solving model based on S-HES structures, and the battery mass sizing equation considering the power
constraint, energy constraint, and battery charging. The mass sizing equations of other S-HES components are
also established on large amounts of statistical data, and a fuel consumption analysis model considering the en-
gine operating point variation is built based on the Willans line method. Based on the above physical and
mathematical models, the hybrid control parameter optimization is carried out at each flight stage in the flight
profile using the Cauchy mutation particle swarm optimization algorithm, and thus the top-level aircraft design
demand can be translated into the optimal operating strategies, design power, and mass distribution scheme of
S-HES. The proposed method was verified in urban freight and mountain freight application scenarios. The re-
sults reveal that the adjustment of the mission profile of the unmanned convertiplane and the performance re-
quirement changes at each flight stage have an important impact on the final optimal S-HES design results, and
the proposed method can well capture the impact and has good adaptability to various application scenarios of
unmanned convertiplane.

Keywords: hybrid-electric system; unmanned convertiplane; vertical take-off and landing; parameter

optimization ; conceptual design
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Fig.4 Latitude-altitude distribution of minimum and maximum heating transfer variations caused by atmospheric density

disturbances in different months
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Fig.5 Latitude-longitude distribution of minimum and maximum heating transfer variations caused by atmospheric density

disturbances at 80 km in different months
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Influence of atmospheric density disturbance on aerothermodynamic
environment of hypersonic vehicles in near space

CHENG Xuan'?, XIAO Cunying”* , DU Tao*, HU Xiong', YANG Junfeng'

(1. Key Laboratory of Science and Technology on Environmental Space Situation Awareness, National Space Science Center,
Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Department of Astronomy, Beijing Normal University, Beijing 100875, Chinas
4. Beijing Institute of Astronautics System Engineering, Beijing 100076, China)

Abstract: Based on the observation data of TIMED/SABER from 2002 to 2018, atmospheric density in-
fluence on aerothermodynamic environment of hypersonic vehicles is analyzed at 20 —80 km. Based on the es-
timation method of heating transfer on stagnation in engineering, the relationship between the atmospheric den-
sity variations and the heating transfer changes is used to analyze the distribution characteristics of heating
transfer changes in the vertical and horizontal directions qualitatively and quantitatively. The results show that;
compared with the heating transfer calculated by USSA76, the heating transfer calculated by monthly mean
density of SABER is higher in the middle and high latitudes in the summer hemisphere and lower in the winter
hemisphere. There is a maximum value of heating transfer increments around 80 km in high latitudes of sum-
mer hemisphere. In summer, the maximum value of heating transfer increments in the southern hemisphere is
higher than that of the northern hemisphere. Especially in January of southern hemisphere, the maximum val-
ue can reach 32.2% . In the longitude direction, the distribution of heat transfer in the summer hemisphere
shows a small difference, while the heating transfer distribution in the winter hemisphere is significantly differ-
ent. Considering disturbances in the real atmosphere, the heating transfer predicted by SABER is higher than
that of USSA76 by up to 40. 7% and 36. 6% in summer of the southern and northern hemispheres around
80 km, respectively. In the longitude direction, the distribution of heating transfer caused by atmospheric dis-
turbance is significantly different. Therefore, the effects of atmospheric disturbances on hypersonic vehicles
cannot be ignored in the vehicle design process. Hypersonic vehicles should avoid crossing the southern or
northern hemispheres during the summer to avoid the risk of increased heating transfer.
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B HE
R L/mH 6.53 x10 ~*
Hi B R/Q 1.1
HIERBK,/(N-m-A"") 0.024
REHHERC,/(V s rad™!) 0.034
R T4 S IR J,/ (kg - m”) 1.09 x 10
ML FRER e 75D, 0.003
ALHL S U AR E BN &, /(N - m - rad ") 1 000
NG RERE B T,/ (kg m?) 2.4%x10°8
KRG 1,/ (kg - m*) 4x10°°
NS FEAR r /m 0.005
KGR ry/m 0.0225
VWG & R b/ (kg + 87« rad™") 10%
W 5B B E BRI b,/ (N - m « rad ™) 1 000
R FLEE B J,/ (kg - m?) 1.12x10 7
TR FLIBTE M A/ (°) 6.06
BRI AR r/m 0.006
WIRLFLRE 0.85
XKL, /m 0.028 5
i R B T,/ (kg - m?) 4.1x10°°
NI BE K, 6x10°°
Ii1) B 2 56 B g,/ rad 0.000 5
JEACEESH F /N 1
HEEIE R F /N 1.5
HBEHESH oy/(N-s-m™") 10°
VIt V,/(m - s7h) 0.001
HEEES N o, /(Ns-m™") 316.23
HirEHEZE K o,/ (Nes - m™) 0.4
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Modular modeling and dynamic stiffness simulation of
electromechanical actuator
LU Jin, WU Zhigang”® , YANG Chao

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

Abstract: Flutter is a dangerous aeroelastic instability form. The influence of actuator dynamic stiffness
on the fin-actuator system flutter characteristics cannot be ignored. Therefore, accurate actuator modeling and
simulation are necessary. A modular modeling method and dynamic stiffness computer simulation method for
electromechanical actuator are proposed. The object is the actuator composed of DC motor, reduction gear and
ball screw-fork. It is divided into submodules with core functions. The main nonlinear factors that may appear
are fully considered. Then the whole actuator model is built according to the connection between the submod-
ules. Based on the above, a calculation method using step sine sweep signal as excitation and processing the
data by least square method is proposed. Taking a certain actuator as an example, the influence of the actuator
main linear and nonlinear parameters on the dynamic stiffness is studied. The modular modeling method has
good generality, which is convenient for the modeling of different actuators. The damping of the motor rotor,
the transmission ratio of the reducer and the damping at the output shaft have a great influence on the dynamic
stiffness, and three nonlinear factors, clearance, contact stiffness and friction, also have important influence.

Keywords: electromechanical actuator; modeling; dynamic stiffness; aeroservoelasticity; nonlinearity
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Table 1 Trimmed parameter values of
straightforward and level flight initial condition
a 0.078 0802
B 0
u
v
w

98.345454
0
7.694483 4
0
0
0
0.001 084
0.078 080
0
0.001081
0
9.927 x10°*
98. 64595
0.097 925
0
0
0
3000.0
6942.922
S, 0.220958
5r 0.400235
s, 6.5767 x 104
8, -0.001217
Err_D -9.0949 x 10"
Err_C 1.56319 x10 "
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Err_M 6.82121 x10°"
Err_N 0
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Fig.2  Flowchart of aerodynamic calculation and flight dynamic simulation platform for joined wing aircraft
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Fig.3 Joined wing aircraft’ s aerodynamic calculation and flight dynamic integrated simulation process
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Table 2 Elevator deflection effects on joined wing aircraft’ s aerodynamic components
SBhEE C, C, ¢, Lol C, C,
i 3 0.0037 0 0.0173 0 0.0159 0
J5 34 0.0025 0 0.0429 0 -0.0354 0
EERE 0.00001 0 0 0 0.00001 0
RB3#E 0.4169 0 1.2078 0 -8.0913 0
HL & 0.0574 0 0.0578 0 0.1087 0
x3 FEREVEERRVITHEENSIEERHZME
Table 3 Aileron deflection effects on joined wing aircraft’s aerodynamic components
A C, C, C, Cron C, C,
Hij 3 0.0018 0.0054 -0.0014 -0.4208 0.0062 -0.0109
J& L 0.5108 0.0451 -0.0252 -6.4906 0.0377 0.308
R 0.0004 -0.0338 -0.0003 0.0001 0.0008 0.0596
B 0.0001 0.0005 -0.0035 0.012 0.0212 -0.0034
HL& 0.0032 0.1007 0.0186 -0.024 -0.0982 -0.3187
x4 FEAREENERRE ITRENSIBEGRZNT
Table 4 Rudder deflection effects on joined wing aircraft’ s aerodynamic components
pﬁ“ﬁ]%{”’l“ C:l Cc CL CL.-‘,n Cm Cn
A3 0.0013 0.0011 0.0039 -0.0059 0.0039 -0.0026
Jei 0.0005 0.0029 0.0144 -0.0043 -0.0294 -0.0007
RS 0.0003 0.0012 -0.0002 0.0006 0.0007 -0.0016
L3 0.1962 0.0058 0.0118 0.3097 -0.068 -0.0348
P& 0.0838 0.6954 0.0238 0.4123 -0.0071 -6.6195
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_—_ 2 . .
Z, = 2pV (CwaAi + CLrw,i + CLjp.i + CLluil,i + CLb,i) Xio1 = arcsln% [COS a,cos B;sin ¢,cos 0, —
1 sin a,cos B;( cos ¢,;sin ¢, — cos @;sin 6, -
Lo = TPVZ(mem + L. Lrulljp»i + Lo + . IB v ¢ go. ’
sin ¢,) + sin B,(cos r,cos @, + sin @,
Lo.:) sin ;sin ;) |/cos y,,, }
1 . . .
M= TPVZ(CM“,/-}_ Coni* Coipi+ Crins + € ) M = arcsini[cos a;sin B;sin 0, - cos 6, -
L (sin a,sin B;cos @, — cos B;sin @,) ]/cos vy, |
N, = TPV (Cnfm,i+ me. T Clljp.l + Cnlail. .t Cnl),i) 5 3 3
U i «/uin + Uiy T Wi, COS X, COS Yy,
(10) v = Jul, +v,, +w, siny
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Fig.4 Joined wing aircraft surface mesh
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Table 5 Straightforward and level flight initial

boundary conditions
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Fig.5 Joined wing aircraft aerodynamic calculation

verification cases
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Aerodynamic and flight dynamic iterative simulation
method of a joined wing aircraft
CAI Yuhong, LIU Gang”™ , HONG Guanxin

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

Abstract; An aerodynamic component-oriented flight dynamic model of joined wing aircraft was estab-
lished based on the joined wing aircraft aerodynamic force and moment distribution characteristic, and a simu-
lation platform is established by combining the computational fluid dynamics and flight dynamic simulation
method. The entire simulation is spatially discretized with time steps, and is executed by iterating Computa-
tional Fluid Dynamics ( CFD) calculation along with the above joined wing aircraft flight dynamic model at
each time step. Moreover, the platform is able to output the change of variables of interest, such as aerody-
namics, mechanics, attitude and the space track of all components throughout the entire simulation process.
Based on the dynamic response of the platform to different input signals, the longitudinal and lateral dynamic
characteristics of the joined wing aircraft are analyzed. The simulation results show that the joined wing aircraft
is longitudinally stable, but is not laterally stable. Lateral and directional motion couple clearly, and the yaw
and side slip motion oscillations are in line with the main characteristics of the Dutch roll. The developed plat-
form can provide a useful guideline for investigating the ontology system model, flight quality, flight safety
analysis and flight dynamic response characteristics of the joined wing aircraft.

Keywords: joined wing aircraft; Computational Fluid Dynamics ( CFD) ; flight dynamics; dynamic char-

acteristic ; simulation platform
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Table 2 System failure probability %
i fi fa fa fa 1 fe f fs fo fio fu fiz fis fia fis fie
W% 0.1 0.1 0.1 1 1 1 1 0.2 0.1 1 1 0.25 0. 1 1 91.1
#=3 FTRAMKEA
Table 3 Available test cost
{Dllj ﬁ—t ty t) ty ty ts te t; tg ty tyo
WA 60 66 120 60 52 90 50 60 20 36
)3 ty 2% 3 iy ts Lig ty; g g Ly
WA 7 18 36 80 30 60 45 9 20 30
F4 mMEEE
Table 4 Detection probability %
F
) t) ty ty ts te t; tg ty tyo
fi 95.18 92.65 94.72 92.32 95.32 94.26 92.22 93.97 96.12 95.75
£ 89.33 0 93.7 97.32 86.91 88.98 89.68 87.93 85.83 98.59
fs 96.74 0 0 87.42 0 0 0 0 0 0
fa 92.95 91.23 96. 13 98.72 85.16 91.57 91.06 90.32 93. 44 98. 86
/s 90.19 0 98.4 88.8 97.51 85.91 88.16 95.97 85.7 96.04
fe 0 0 88.53 87.79 98. 84 93.12 94.53 90. 82 91.14
f 94,84 0 0 97.26 89.18 93.16 95.65 91.46 89.27 91.98
fs 0 0 0 0 0 90.93 92.42 92.95 97.24 88
fo 0 0 0 0 0 0 0 0 0 94.01
fio 0 0 0 0 0 0 0 0 0 0
fu 0 0 0 0 0 0 0 0 0 0
Si2 0 0 0 0 0 0 0 0 0 0
fis 0 0 0 0 0 0 0 0 0 0
Sis 0 0 0 0 0 0 0 0 0 0
fis 0 0. 0 0 0 0 0 0 85.21 0
fie 0 0 0 0 0 0 0 0 0 0
F
ty ty, 178 Ly ts tie 28 g Ly 12
fi 89.48 87.98 85.61 93.22 91.7 95.02 91.42 91.02 90.91 0
S 98. 44 96.75 85.38 85.81 92.77 93.97 97.18 97. 46 0 96.98
/s 0 0 89.38 90. 15 86. 69 87.67 98.08 95.29 0 0
fi 95.17 93.8 85.18 93.84 91.31 96. 81 88.7 94.62 0 0
/s 90.77 86. 87 90. 38 95.05 95.02 97.12 87.24 89.85 0 0
fe 95.42 87.9 94.56 94.7 97.5 87.39 97.22 87.32 0 0
S 88.75 93.5 86.3 86.18 88.82 98.92 88.33 87.18 0 0
fs 91.16 93.82 85.49 91.36 88.57 91.16 94.04 87.68 0 0
fo 98.07 90.19 93.57 91.19 97.12 89.76 98.54 0 0 0
fio 94.57 93.05 93.52 89.95 88.25 97.12 94.31 0 0 0
ful 0 91.32 85.22 87.15 96.27 90. 11 97.19 0 0 0
Si2 0 0 85.23 94. 46 97.72 90.51 85. 14 0 0 0
fis 0 0 0 94.79 88.25 93.28 86.92 0 0 0
in 0 0 0 0 88.35 86.68 0 0 0 0
fis 0 0 87.66 95.19 85.7 97.52 96. 46 0 0 0
fie 0 0 0 0 0 0 0 0 0 0
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Table 5 False alarm probability %
T

F

ty 23 3 ty ts Lg t; g ly Lo
f 0 0 0 0 0 0 0 0 0 0
5 0 0.1 0 0 0 0 0 0 0 0
£ 0 0.17 0.18 0 0.14 0.18 0.11 0.2 0.17 0.11
fa 0 0 0 0 0 0 0 0 0 0
fs 0 0.17 0 0 0 0 0 0 0 0
fo 0.15 0.2 0.19 0 0 0 0 0 0 0
fr 0 0.16 0.18 0 0 0 0 0 0 0
fs 0.18 0.14 0.14 0.15 0.17 0 0 0 0 0
1o 0.15 0.12 0.16 0.19 0.18 0.15 0.17 0.11 0.2 0
Jio 0.15 0.16 0.17 0.13 0.14 0.12 0.14 0.14 0.18 0.19
fi 0.15 0.17 0.12 0.17 0.14 0.17 0.11 0.15 0.17 0.19
fiz 0.14 0.14 0.19 0.14 0.16 0.2 0.16 0.13 0.14 0.16
Jis 0.19 0.1 0.16 0.16 0.16 0.18 0.18 0.16 0.16 0.13
Sia 0.1 0.14 0.16 0.17 0.17 0.17 0.17 0.1 0.18 0.19
fis 0.13 0.18 0.12 0.14 0.15 0.15 0.2 0.16 0 0.15
fis 0 0 0 0 0 0 0 0 0 0

T

F

tyy ty ty3 tyy s tig ty; tyg tyy tyg
fi 0 0 0 0 0 0 0 0 0 0.0018
5 0 0 0 0 0 0 0 0 0.13 0
fs 0.17 0.19 0 0 0 0 0 0 0.16 0.2
/i 0 0 0 0 0 0 0 0 0.15 0.16
/s 0 0 0 0 0 0 0 0 0.11 0.1
fo 0 0 0 0 0 0 0 0 0.11 0.18
£ 0 0 0 0 0 0 0 0 0.13 0.16
fs 0 0 0 0 0 0 0 0 0.14 0.17
£ 0 0 0 0 0 0 0 0.11 0.15 0.11
Sio 0 0 0 0 0 0 0 0.19 0.19 0.14
ful 0.14 0 0 0 0 0 0 0.18 0.16 0.14
fia 0.2 0.13 0 0 0 0 0 0.18 0.13 0.12
fis 0.11 0.17 0.15 0 0 0 0 0.18 0.15 0.18
fia 0.16 0.11 0.14 0.16 0 0 0.16 0.17 0.16 0.18
fis 0.13 0.14 0 0 0 0 0 0.12 0.12 0.15
Jie 0 0 0 0 0 0 0 0 0 0

FIH NSGA-TL X b i [a] & 3k 47 4 4k 3% X, SATAR BN Pareto fEAE AN A 7 FoR , 78 X 46
NSGA- I 7 5 i S BB &, a0 3k AR Tl B 4% Pareto fift H, T AR 4fs 2 AR AL A6 1 575 5K 55 O ) > &

A,k 6 TR .
F6 NSGA-TISHIKE
Table 6 NSGA-II parameter setting

E Y HfH
H A7 bR 501 51 3
PSR AR AL 20
AR EL 200
ol A 500
PHE R T 0.5
38 AR 0.9
A AR 0.05
E AT 20
ST 20
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1) 25 AR A fi 56O B B N, AT LAAR X 22
W e G R L9 R R L R K, 3 UBUAS R G
MAER (R T HE 1RO o
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MR AL 1L Pareto fif 4R

Fig.7 Test optimization Pareto solution set
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Table 7 Several typical optimization combinations

¥ 1 W2 A BA WER % RER/ %
A LA A {1,1,1,0,0,0,0,0,1,1,1,1,0,0,1,0,1,0,1,1} 452 1.22 1.24
Tk 5 5 s R L A {1,1,1,0,0,1,0,0,1,1,1,1,1,0,1,0,0,0,1,1} 567 0.12 0.27
LA ik A {1,1,1,1,0,0,0,0,1,1,1,1,1,0,0,1,0,0,1, 1} 533 0.88 0.82
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3) A E 3 ML HARRE A i A, —
LG BN AL 4L A B, 7T LA Pareto fift 48 ik
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Multi-objective test optimization selection based on NSGA-[I
under unreliable test conditions
ZHAI Yuyao', SHI Xianjun" ", YANG Shuai’, QIN Yufeng'

(1. Coast Guard Academy, Naval Aviation University, Yantai 264001, China;
2. PLA Unit 78102, Chengdu 610000, China)

Abstract: Since test optimization selection plays a vital role in the test design of various equipment sys-
tems, in the testability design of various types of equipment, test unreliable factors seriously affect the optimi-
zation of test selection. First, this paper describes the mathematical model of the multi-objective optimization
selection problem under unreliable test conditions. Second, under this mathematical model, the test cost,
missed detection rate, and false alarm rate are used as the optimization goals, and the fault detection rate and
isolation rate are constraints. Thus, a multi-objective optimization problem was established. Third, the NSGA-
Il algorithm, a fast Non-dominated multi-objective optimization Sorting Genetic Algorithm-][ with an elite
retention strategy, was proposed to optimize the proposed multi-objective problem. Using the NSGA-[ algo-
rithm , a set of Pareto optimal solutions are obtained, and the optimal test combination can be selected accord-
ing to actual needs. Finally, an example analysis is performed on a certain equipment, three sets of optimal
solutions are obtained, which can meet the optimal selection under different needs, and the feasibility and ef-
fectiveness of the mathematical model and multi-objective optimization algorithm are verified.
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Fig. 1 Illustration of Tiangong-2 structure and quadrant line definition
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Table 1 Positions of measured loads and reference

COM before launch
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Fig.3 Illustration of position and normal

direction of antenna
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Fig.4 Illustration of Tiangong-2 yaw-steering

attitude mode
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Table 2 Analysis of influence of 10 cm COM

offset in X, -axis direction on orbit

determination results

H #q R./cm R,/cm R,/cm
2018-01-08 6.39 6.81 2.58
2018-01-09 5.69 7.28 1.67
2018-01-10 5.42 7.63 1.85
S 5.83 7.24 2.03
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Table 3 Analysis of influence of 10 cm COM
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determination results

=R R, /cm R,/cm R./cm
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Table 4 Analysis of influence of 10 cm COM
offset in Z, -axis direction on orbit

determination results

H i R,/cm R /cm R./cm
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2018-01-10 3.08 0.44 8.65
S 4l 3.00 0.53 8.55
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Table 5 Position of COM and antenna phase center of Tiangong-2 computed by fuel consumption
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Table 7 Estimates and uncertainties of COM offset in
three directions in satellite-body-fixed coordinate

system in attitude mode of yaw steering

H X,/cm Y,/cm Z,/cm
2018-01-01 -16.54 +0.35 -7.49 £0.74 1.20£0.13
2018-01-02 -16.09 +0.36 -5.68 £0.86 1.21 £0.13
2018-01-03 -16.26 +0.41 -4.69 £1.07 1.04 £0.11
2018-01-04 -16.02 +0.43 -6.76 £1.38 1.11 £0.14
2018-01-05 -15.74 £0.41 -6.53+£1.34 1.29 £0.16
2018-01-06 -16.13 +0.44 -9.57+2.19 1.02 £0.13
2018-01-07 -15.30 +0.48 -7.19 £3.03 0.94 +0.14
2018-01-08 -15.54 £0.47 -3.84 +£3.36 0.80 +£0.14
2018-01-09 -15.79 +0.53 -11.25 +5.09 0.87 £0.16
2018-01-10 -15.03 +0.43 -10.87 +3.27 0.88 +0.19
S (H -15.84 -7.39 1.04
TR 0.46 2.49 0.16
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Fig. 10  Empirical acceleration after COM offset estimation
in three directions in satellite-body-fixed coordinate

system in attitude mode of yaw steering
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Center of mass estimation of Tiangong-2 spacecraft using
GNSS measurement

JIN Zheyang'®>, WANG Wenbin'** | LIU Jiangkai'"

(1. Technology and Engineering Center for Space Utilization, Chinese Academy of Sciences, Beijing 100094, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Due to fuel consumption of orbital maneuvers, payloads’ load and separation, and the release
of small satellite, the Center of Mass( COM ) of Tiangong-2 space laboratory moves. To solve this problem, a
reduced orbit dynamic determination and COM estimation method is given based on Global Navigation Satellite
System ( GNSS) measurement data in this paper. Fuel consumption is the main reason for the COM of
Tiangong-2 moves. The COM mainly moves along the X-axis of Tiangong-2 body-fixed coordinate system. The
COM estimation and precise orbit determination of Tiangong-2 are performed using GNSS measurement data.
And in a three-axis earth-pointing stabilization attitude mode, the orbit determination results are not sensitive
to the displacement of COM in the X-axis of Tiangong-2 body-fixed coordinate system since the X-axis of
Tiangong-2 body-fixed coordinate system coincides with the tangential direction of the orbit. However, in a
yaw-steering mode, the X-axis of Tiangong-2 body-fixed coordinate system has a large projection on the orbital
normal direction, which makes the displacement of COM in the X-axis of Tiangong-2 body-fixed coordinate
system have a greater impact on the precision orbit determination results based on GNSS measurement calcula-
tion. And the qualitative and the quantitative analysis results show that the COM estimation is feasible in a
yaw-steering attitude mode. Compared with the results without considering COM estimation, the Tiangong-2
measurement data calculation results considering COM estimation show that the empirical accelerations which
represent orbital dynamics modeling error in the radial, tangential and normal directions are reduced by 62% ,
50% and 65% , respectively, and the standard deviation of post-residuals of the carrier phase is reduced by
0.04 cm. Besides, the comparison accuracy of precision orbit data and the global laser ranging improves by
0.86 cm. The method proposed in this paper can be applied to COM estimation of the large-scale low-earth-or-
bit spacecraft.

Keywords: Tiangong-2; Center of Mass ( COM) estimation; yaw-steering attitude mode; empirical ac-

celeration ; laser ranging
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Cooperative search algorithm based on pheromone
decision for UAV swarm
WU Ao'?, YANG Rennong’, LIANG Xiaolong'*>** , HOU Yueqi'”’

(1. Aviation Swarm Technology and Operational Application Laboratory, Air Force Engineering University, Xi’ an 710051, China;
2. National Key Laboratory of Air Traffic Collision Prevention, Air Force Engineering University, Xi’ an 710051, China;
3. Air Traffic Control and Navigation College, Air Force Engineering University, Xi’an 710051, China)

Abstract: To solve the problem of Unmanned Aerial Vehicle (UAV) swarm search in unknown environ-
ment without prior information, this paper proposes a UAV swarm cooperative search algorithm with pheromone
as decision mechanism. Firstly, considering the communication constraints of UAV, two search models which
are star communication network with external nodes and self-organizing communication network without exter-
nal nodes are established. Secondly, the task environment model is established by mapping environment map
to pheromone map. In this paper, the task process is divided into three stages. In the search stage, the UAV
can update the local pheromone map by moving constantly. In the communication stage, the fusion of UAV
swarm pheromone maps is realized through the communication network. In the decision-making stage, the de-
cision is made based on the local information and the global information, and the grid pheromone concentration
is taken as the decision function to guide the position update of the UAV. Based on pheromone map coverage
rate, the search results are quantitatively described. Finally, the simulation results show that the method pro-
posed in this paper can search and cover the region, which is characterized by high search efficiency, strong
destruction resistance and little influence by the initial location of the swarm.

Keywords: pheromone; unknown environment; Unmanned Aerial Vehicle (UAV) swarm; cooperative

search; search coverage rate
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Impact of ambient temperature on GDIV emission

HU Shouxin, ZHAO Yaowei, LI Xinghu”

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

Abstract; Two typical Gasoline Direct Injection Vehicles (GDIVs) were selected, and emission tests in
the environmental cabin were performed under Worldwide harmonized Light-duty rehicles Test Cycle ( WLTC)
at different ambient temperatures after the vehicles cold-started and hot-started. The gaseous pollutants and
particulates in GDIV emissions were measured and analyzed with the aim of providing a theoretical basis for the
GDIV emission system design and control, as well as for related research to evaluate the impact of automobile
emissions on the environment. The results show that ambient temperature has a significant effect on the Parti-
cle Number ( PN) and Particle Matter (PM) emission factor of the tested vehicles. The PN emission factor un-
der the cold start condition is difficult to meet the China 6 emission limit when ambient temperature is below
14°C. The emission factors of Total Hydrocarbons (THC) and CO are significantly affected by temperature un-
der cold start condition but are not significantly affected under hot start condition. Regardless of the hot start or
cold start conditions, when the temperature gradually rises from —7°C to 40°C , the CO, emission factor of the
test vehicle first decreases and then increases, and the CO, emission factor of the two vehicles during hot start
is reduced by 4% and 7% on average compared to cold start. There is no obvious rule of Nitrogen Oxide
(NO,) emission factor influenced by temperature under cold start and hot start conditions.

Keywords: ambient temperature; gas emission; particulate emission; gasoline direct injection engine;

gasoline vehicle

Received: 2020-01-21; Accepted: 2020-04-09 ; Published online: 2020-04-26 13 :50
URL: kns. cnki. net/kems/detail/11.2625. V. 20200426. 1342.001. html
Foundation item: National Key R & D Program of China (2017YFB0103402)

# Corresponding author. E-mail; Ixh@ buaa. edu. ¢n



2021 4F 4 H tEMEMRAEEZR April 2021
ATk FHAH Journal of Beijing University of Aeronautics and Astronautics Vol.47 No. 4

http : // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2020. 0040

T i3t Hopfield 8 25 [ 2% B9 X 3t I o5 BY
£T T AW B 8 HEM
3L, EWH, AR, RRA, B F

(1 S HETRRE REEMSRANTEYR, F% 710051,

2. EETRKY Wiz TR, 199 710051)

jbuaa@ buaa. edu. cn

] B A EREANZLARARNEAREZL —, AL EERE
HERD,BERARNTANGEBERE S, I ERATANG E 8 A ENT
WEAR Nt RFER THRAFZL2ENANTE, FMNENRR S S K, #
BT —sxEWa TRV FNERER, S BB E K E, 28 F 7 82 # % it Hopfield
G EAEAEE, R R THRE OB R RE Rt WSSl W xR0 IFNRR, 3
HHREBEANRGE T A H#TENLD R, FELERKNA AT £ 4 Hopfield # £ K
% oRHAHERGE -—THEAMBERENEENE BRALERE IR LER S LA
K E R TAN ARG B E AT WEFN

x #
hESERS. V271.4
NHEAPRERRD: A

X 3t Tty B OGN HLR AT ML TR H b RS 5 T
155, HopL B To N VB A AT 55 K i W 0 03 B 5 ok
E T RN R AR A M, Ak
T3 B h Xk M Bty BTG KLY S 7R A A RE T o TR
IR R SR BUAE AT 55, Bk 2 A 8 X b 2
TR AN B E RN febr Ik &, 52 HHE 5
FOARPEAE AN A T4 A0 B RE M 7 I
FE T TC N AU R AR SO RE , HA 8 VIR 4 <R

PEAN AR 1A 28 M Z5 5 PRAN O 1 2 0 b Bt Y
TN E ERET RATEN B . E PR TR E
AT EAY, FHOETE AN OGN R G Y
FE AR R A A R T R A A i T 5
e A S REPE R bR AT 55 B A6 bR 2 D2 L. )

W MR ERLAN; B ER A BAAER; Wit Hopfield # 4 F % & &3F )

NXEHS: 1001-5965(2021)04-0835-09

REVEAE b5 1, SCHR (2 ] 8F 3 6 ABLEY A EfE
PO ER R T A R RN DG 2 R PP AN R s SR (3]
BT HRME 7 J MR T 2 AT G AL R
GeRARTT PR HEN o AT 55 R4S bR D7 T, SCHR
(4 TAR A B AT 55 19 52 BT JEE SR PP A1 5 001 5 B 45
AW TN W X P 45 bR B o g
X JE N R G255 PN T i 2 A BB 255 PR A
B DU R 45 A B S BT (SEA) Jr ik
5 ARG MR G VR O % M R 0K H A
T AR G, Hopfield $1 28 [ 4% 38 1 #4017k
Py ip 22 W 2% 1)L A HL R, HAT 58 R A Ik AR 12 RE
J1, REWS IR LI 2% 22 G 0F M 418 s 14 S I OC & A XS
TG E AN R R A R G
AT

75 EH#E: 2020-02-12; S HEI: 2020-05-08; W4 H AR B id . 2020-05-26 17:08
4% B AR b3k . kns. enki. net/kems/detail /11.2625. V. 20200526. 0943.001. html

EE&TE: L&WumA
= BIS{EHE. E-mail: dawny418@ 126. com

S| FHAF, ARt BMRA, ¥ KT K Hoplield # ZH KX L HFRAXANE £ HITFN[T]. LFEMEMRXAFF
##%,2021,47 (4):835-843. FENG Y X, LIU S G, XIE W J, et al. Autonomous capability evaluation of ground-attack UAV

based on improved Hopfield neural network [J ]. Journal of Beijing University of Aeronautics and Astronautics , 2021 , 47 (4 ) : 835-

843 (in Chinese ).


qwqw
新建图章

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202104017&dbname=CJFDAUTO&uid=WEEvREcwSlJHSldSdmVqMDh6a1dpNjBscHI4VG5TR1F6T1NxZFFVMjg5Zz0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

836

b B = R OR

2021 4F

LR EFTIR AR SCAE o M WL 4 2R A SR 1k
RES R SLnt B Je 7 — B SRR WA B &
1 JEHE ) PF 4 48 AR AR &, 9 32 T it Hopfield
AWM B LEE N T AL B ERE ST, i e T X
Mo Tt R A ML A 368 T S PR 1R AL, D
AL A F 1 5 i 98 B K LA FR 73 i 42 Bt A 2%
i

BEREATFMEIRERMES S0

HERET =N RGEIA B W oy
Mr B TR E PR AN AT B RE TS, S8 RN 2
b AHLSSHAG B AT S5 o nT L, PR X ot
BITC MRS A RSy, 2R W (0) K Ik
(0) B (D) 473l (A) B IR, HEEL
NHLRGAERS A IR B AR, oF i AL P o
HEBEANTAIARGR A /T, R B M
TATE ALV BT RS — Ak, I % 18 H 22 4 fE Ty 1
R A SO ABE 1 (0) BRIERETT (D) AT
NBESI(A) 4 RETT (S)4 A>Ty Ihi Fy fd X b T ot
BIAPLRGER A LRSI 16 br . RONRE 12
PLHERE 1 10 AT B, DR SRERE ) SR I RE I i H YL AT
N RE T B BE I MR RE I WU G, %
S RE SR A R E AT 55 T AR R . A B RE I E
bR R R W 1 R .

eI I M HLECHE % 2 U TEAHLA T2 RE
TP AR R R B RZ 16 bR o 1R R RHLIRGT T
W TEAALBET T 5 A [ 22 S O SRR Al
b PLECRE A S R E N HLECE & R B B 4
bR 2 SCRR B BCA AR U0 B 43 B0 TR E 2K Pk
B, 4 PR bR 9 B R R TR R AN

1

[7i] 84 55 B5CH0 P X b ) (] B 2 2 0 i koK
P A5 A% o 8 AH DG N4, 1k HCRE 8 1R R DL 2k
RS, AT ARSI S
) EL A AT LGP, SR X 8500 A R fiois B 5
P EE Jo = AL ; [a) IR Rk s 0, 3K 2 48
5 ERIEIR R
1.1 REREnge

I RE 7 2 % Hb T B T A ML i 3 B HLEL
1 IR ER AR 1B R 55 15 B A RE T, 2 T AL SE
WA EERYELEEERR, HTERAERA
B M, JC AHLAL A0 32 AR IBOR SRR B0 B
ERR BFR ARG B, W — 2 A FikR ko
I S T A4 48
11,1 R & s 2 e fl

X i i BTG AL — B 5 R RS A%
M, RGN B F UL G AT B PEAL  H
W JC AALIE 75 AT DAAR 2R R o RUT) A8 S 48 XU
FERTT ) SRS, 2 Y Hif I AP R F I EE A
SRINZ 2 XU R B R T 5 B I, o fi
R HET, E N A AL i A X
V) A T R 450, Be e B IR U D48 (5 B . I,
FHIR) A2 107 2 g vk s pt 45 i 2 Jc AHL I K] 42
M BN E T o , A SCRR [ 11 ], 328 HOXU ) A8 1378
RS EREAL S 50w A P9 25 FAS [ -5 () 4
HERTXT L S50, 8 iy fe /NI BE 2 3 i 0
B R AN
w=06Q+g%+gDu (1)

ST D, K /NI S 0, Hy BT U B D,
W,

\ HAHLE EhE S \
[
ATy Ve S et
| I I 1

{ iy :ll“' - .
R);&z@% gff Ol B I Ki7 1] AR it R || A
o R poiodl B A fis i sul B AN
f g f g 187] el e e fieh e G

| | | | | | |
LLLLLLLLLLflLLLLﬁﬁLLLLLLLLLI&I&

e [

" % | (o] oe| || |ae| |77 e Lo | (6] ] |2 11
VR e ]| | o L] e ] o) s 20 6] 1] Ll ] | e ] e | L] ()
Hjﬁ%}?jtﬁ‘mm%%m%"ﬁ]jtj(km%Ef)‘?&””ﬂ;”n{”‘}}gﬁgr‘muﬂj
g (] (e (%0 s] |l |2 ar Tl el e (5] ] 1L ] (o] (2] (o e (] L] (2L ||t
il V| (2] (o] [0 VPR | (22| (mis| | iz | [ise] (el | 250 (5L (o (o] (2 Vel Ll e T ] e | 2 (|
WV s el o 22 | V| (o] e o] e 0 o 2 2 ] (s ] (2
S Vo0V U o [ ) L] (o] el (5] ) ] 2] () (] s ™ V] (2]
allls | |t ] ] | || || %) ) o ] | B %| |

pe| |pe| %
Bt TR AHL B F RE A R K R

Fig. 1

Evaluation index system for autonomous capabilities of ground-attack UAV
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ZHENG P S. Dynamic analysis of Hopfield neural networks and

Autonomous capability evaluation of ground-attack UAV
based on improved Hopfield neural network

FENG Yuxuan', LIU Shuguang"* , XIE Wujie’, RU Le'

(1. Equipment Management and Unmanned Aerial Vehicle Engineering College, Air Force Engineering University, Xi’ an 710051, China;

2. Aeronautical Engineering College, Air Force Engineering University, Xi’an 710051, China)

Abstract; The ground-attack UAV has been one of the most state-of-the-art unmanned equipments,
which requires a high degree of autonomous capability. Autonomous capabilityis a typical operational ability of
UAV. In view of the quantitative evaluation of autonomous capability forground-attack UAV , this paper propo-
ses a detailed evaluation index system of autonomous capability from four aspects of observation capability, de-
cision capability, action capability and security capability, and places emphasis on the analysis of airborne
equipment parameters. Combined with the model factor library, the weight matrix of Hopfield neural network
is designed by singular value decomposition, and based on sparsity, the weight reduction algorithm is intro-
duced to improve the network structure. Finally, the evaluation criterion of autonomy is established to quantify
and grade the autonomous capability for ground-attack UAV system. The simulation results show that, com-
pared with traditional Hopfield neural network, the improved algorithm can delete the unimportant connection
weights within a certain range, reduce the network complexity, and easily achieve quantitative evaluation of
the autonomous capability of UAV system.

Keywords: ground-attack UAV; autonomous capability; index system; improved Hopfield neural net-

work ; comprehensive evaluation

Received ;: 2020-02-12; Accepted: 2020-05-08 ; Published online: 2020-05-26 17 .08
URL: kns. cnki. net/kems/detail/11.2625. V.20200526.0943.001. html
Foundation item : Equipment Pre-Research Project

# Corresponding author. E-mail: dawny418@ 126. com



2021 4F 4 H tEMEMRAEEZR April 2021
ATk FHAH Journal of Beijing University of Aeronautics and Astronautics Vol.47 No. 4
http : // bhxb. buaa. edu. cn jbuaa@ buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2020. 0041
BAR RMAS GPR EE MY
BEEEXRHMEG GPREREWNIE
=¥ 1;/& 3 i
2T Fe il aiE
-
s 1,2 = 1,23, % L 1,2
SCE BEE, SEE, K
(1. HE BB/ TR GH PR Be, L 2012035 2. dEE2EBE K%, JLaT 100049 ;
3. LR RY FERAFSHEARSE, [ 201210)
1 B TEARESAHR, ENBEFEXAL BTV S EREFI, mydEEA

(GPROBATUAEZWENSHREHS TR, AR LA REE TREAE NI EAER,EE2
BAETEHEER CPREAEARTRE, B, ARME LN ENSHEM RO HSTR, &
GPRAEA WM L RAEFHXRABNFTMNEEATAE  RPBEEARPIHEE, BB E
WA FETRANZARZUREEENTNR A, ReER AR, BN
MEFERE TLREALEREHRTH A LR, R THEEHERAARAS GCPREANT E
RERMTETUATEREFHRMNAKE RS MAREG TERGTONM R, BKT EEE,

X 8 W:ZERERN; BHAIBREA(GPR); BEEMX A% RESEZE; ZHKRE

hESES. V5577.3; TNO11.71
NEtFRER: A

B TR 250 1 #4522, 11 3 AL 78 B2 AR Ik
PR X RRAL . A R ok i R
B i B A B R X B A L TR i AT
HAWILE B Lo S TR
R E ALY o T TR AL AR 16 ER 8 Y
AR 5 T 2 S T 0 sk ) R PR, TR A LB AT
T[] S T S b 2 B — S SR B B A
IESMERS NG S0P Y - NN 5 i
Bi7 1k TR — 4 Ak, i TG v A 1 1 S
AT, 5 T 5080 5K 3 i #il Jr ik FE S
o 45 F A )i MK e AT B
SRS T 1 B0 4 A AR ) PR 83T 40 BT 8K
R U AL RS 2 > 25 B0 X 1F 4 B 2 S B A
FHAS B LR 22 % B % B0, B B r e
Ak IR 07 P o T 50 BIK 30 1 S A 0y 3 ST
PAGY g 3 T4y i 7 i B TR AR Y 7

XE4HS: 1001-5965(2021)04-0844-09

W T R LW LT TRy
W R AT R R ORI Y Y R T
AN [E] PR HSCHE S DA A A [] 1 1o P 25 R D AR oK o
Pan %7 5 E 2 502 ] 8 5 S BN, O 3 5
¥% F 145 43 #t ( Kernel Principal Component Analy-
sis, KPCA ) i 45 fiE 45 B 23 Hr ) 25 (8] /) 25 44, LA
e s TR S ) 7 R 88 5, 1 Ho 23 Fr I
HLIU] (1 72 Ak mT LA A B BRI S o B R 4 L (H2
ZHT 2SR YN ; Cohen 452 {ii Fi] 243
23 18] | HL ( One-Class SVM, OCSVM ) ¥ %5 ¥
ke 555 3] v A4 2 ), AR 5L R O ME— 9 S, SR
— A P TR AR 2R A AS R i s 2 1) DA e K 1 i
I3 TF, — BB B 08 - T B A T R
TRIT VI B A BRI A e 2 R A A TR S R Y
BRI 2R ] R, (H 2 TR S5 G - T A O
R T) L, B R, 2 B A i BRI RIOCR 4

Wi B H. 2020-02-17; A BH: 2020-04-17; M4 H AR E ;. 2020-05-07 1657
W 4& H R b4k : kns. cnki. net/kems/detail /11.2625. V. 20200506. 1748.010. html

E&WE: LA ARZRSHBHTR (17DZ1100700)
= BIS1EE. E-mail; ligt@ microsate. com

Sl IFFE, TEHA, Ke§ EBFMXAZAHBEGCPR #ANTERERN T F[T]. LEMEMKXAFFH, 2021,47(4):
844-852. SUN Y H, LI G T, ZHANG G. A satellite anomaly detection method based on distance correlation coefficient and GPR
model [ ] ]. Journal of Beijing University of Aeronautics and Astronautics , 2021 , 47 (4 ) : 844- 852 (in Chinese ).


qwqw
新建图章

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK202104018&dbname=CJFDAUTO&uid=WEEvREcwSlJHSldSdmVqMDh6a1dpNjBscHI4UU5ZRXZ1TVcxYU1PTHV1MD0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

5 4 39

PN, A5 BB A 5 R LR & GPR BEEY Y TLAL S A5 000 5 3

845

2% s Tariq 287 T — Fi 45 48 A R 3 4
IrHT R 2 A8 B RGBT IC 12 ) 2% ( Long
Short-Term Memory, LSTM) J5i, /] LI & T E &
A RS R L AE R O R AR O S T
EAU P MER-= S E iy ivalll

EAT, P TR A S o G I AT 90 32 245 B A
BEE B B, ik R B B S bRy TARE b, TR Bk e
o A% 8 1 B0 0 1 J7 vk 0 T S B AT
M AE 3 o o A B R R R ), LR RS
g I 2 B T 1) PR =2 P B (T HG 2 5 i A DG Y
WO ) B — B B TG AR AT SR . il an i
JES R B TR S Is 47 AT R W i TR
T HL 78 AW B2 Fe A0, PR B 1Y 1) R HE L L
B B I IR i A ) i 2 B AR AR A AR W 2%
18, 5 R R /N T E B B AR AR B, O A
NI N B 1 1 A o TS | B
B LA ) 0] 32 S5 4 1 AR 28 00 5 4, — 2 5C
F1R) 22 N 2 02 ) D T3 % e B R 2 Y T AR A, A
IR RGO R, VR o RGERY IR B, &
WEDREWNAEES HEN TERNTER
GEOR AL, B — 128 I 2 BOR B 28 115 Bk ME
B S e R GE RS T L — Sl e S A I, A [k — A
T 2 B0 50 23 B e E AR A A,
PRI, S A I o 9 S A 1R I S, Xl 3 A
TR S RS A RS ELA e M X — R 5 T L
R PAEZ U IR oRlllE1 €/ =Ry SNEN = <]
N 252 ) 2 () BRI AT A5 48 D2 55 DY 3R 32 0, 8
Bt BRI ST 3R A AR D 4 SR A
A, ISR 4 TR S R T OMERE

T X A b Bk, AR SCE g 397 5 2 191 T ( Gaws-
sion Process Regression, GPR) #& Fy 129200 3
B R T B TR R AR OC (DC) £ B T A
TR TR 58 K 7 % DC-GPR. GPR BRI H A
R4 B AR S W BE 1, RE % S ik 1) e 51 [ A7
Rl 2 M AR 3 1 BE D AE S A Y TR RE T 2 8
FEAE— A SIS TR, i A e S AR Y Y
TN 25 SRR GEAT S H A A I &5 SRAR R B
B TR R U MERE o Hy T TR R AR A Y 2
HEPE, B 5 (45 GPR LAY & B2 52 J% , A 3Ci i it
SR T T 0 2 50 I ) B A OC AR B AT R T
e E BICAR TR, 52 = SR AT A R
FTI RE 7 5 I HLEH X 35000 A AL 25 5y ik 30 E T
B 1 IR, AR SOAS TR R A 32 Ak iR 22 IR
AT DX 1], 32 o AR 1 32 A RE ) I B A M 4 52
T A T e i R — S R 2 B O RO
S RO 2 SR B (R I I A AR

AR S A SOR I R H U G 2 5 O
A0k, LAl G R A S G I 3 ) U B v A
RS ) E T

1 ##3 DC-GPR ##%!

1.1 a8k

LA B BT 43 T AT, T S 4 0
[ 1 45 0 B P i S L, R I, TR TR 244 #9510
7 S A N — A AR 1 S e S

TEEEERESES R EEARIE B,
VR A A R DR I W TR B R
T L — 26 2 5 5 0L ) 35 2% i e 25 A G, TR
TEAEZE B £ R AR A1 APV K S BE B E
WS A G BT A e R L AN, T
ARG BA REERE J M KRR EN S
B B AT 56 Z R AR AR Y, R R 2
K1) B A 6 5 2 AT B 43 B e s 2 2B A Ak, R
I 7 745 5 LA R 6 T 18 2 B, I AT
A g T A A

TE SR TR v, T S R 0 7 S I
T ARE I 2 50, U0 SRR 3 B B I 2 K 4 TR A A B
BRI S 2% B R R i A5 70 AT it B A
BE T AR, 17 L3 i 400 & i B IZ AL BE ) R R, &
SRR LSRR A5, ] 1 2018 4E A
53 22 4 5 B AL I T B S R T R T A
A ELAT AR e DL B L B L T 2R
A TR X 16 #5 FEL Sk T/ 7 TR IE B AT RS
TRV 2 50 SR R S 7 R

PRI, A% SOl o BE B AH 56 2 B0 1 4508 I 2
KON M 25 ik 6 9 A 96 6 2R, IF 1 UM 6 R BOR
(92 501 g WU A8 it . Szekely 2577 LT S
IS R, 0 IR AL B2 1Y Pearson #E RELMY
Bt AT LB AR R MR R R ML R, T
KSR, B Pearson A3 R ¥ 0, B 6 ik

34

TR AR
32 ‘

30

28

BEEIC

E
26

24 ¢

22 : : * "
8H3H 8H4H 8H5H 8H6H 8H7H

95%E 5 LI 95%E {5 IR
JEME * I S

BT 4B R g K

Fig. 1 Detection results of overfitting model
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A satellite anomaly detection method based on distance
correlation coefficient and GPR model
SUN Yuhao'?, LI Guotong' >’ * | ZHANG Ge'"

(1. Innovation Academy for Microsatellite of CAS, Shanghai 201203, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. School of Information Science and Technology, ShanghaiTech University, Shanghai 201210, China)

Abstract: During the orbital operation of the satellite, the telemetry data is usually represented by multi-
dimensional time series. The Gaussian Process Regression ( GPR) model can provide dynamic thresholds for
important telemetry parameters and timely discover failure symptoms hidden within the engineering threshold.
However, high dimensional satellite data makes GPR model limited. Therefore, in order to obtain the dynamic
threshold related to multiple telemetry parameters, based on the GPR model, the distance correlation coeffi-
cient is combined to select predictive variables, reduce the information redundancy and the amount of calcula-
tion, and improve the interpretability of the model. The generalization error of the model is estimated to set a
more reasonable prediction interval, to improve the generalization ability and detect the continuous abnormality
of the data stream. Simulation experiments on actual orbiting satellite data verify that this method can detect
data anomalies in the early failure of the satellite, improve the prediction performance of the model and reduce
the false alarm rate.

Keywords: satellite anomaly detection; Gaussian Process Regression ( GPR); distance correlation

coefficient; variable selection; generalization error
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Roll angle and sideslip angle response under different cross wind



860 B AN I T N N

JeAi 4R
o

-
=1 L
0 2 4 6 8 10
tls
————— R4 A6
(2) RIF {5
3 ran
AN
5
3
1
0
RSB, ———— - JRGBLAHE A o
......... JRBLOHR B, —-—-—- KUBL6FE A
(b) & He

P14 O [RIRCT R 1 Ul 4 55 R I 9 i 7 Y BRI 4
Fig. 14 Tracking results of lateral stimulating signals and

roll angle response under different cross wind

40

3/(°)
o

RBLe

0 2 4 6 8 10

3/(%)

K6
0 2 4 6 8 10
tls

(b) J5 Iafieth 2

LS AN R AR £ A ) 5 4 4
Fig. 15 Directional stimulating signal under

different cross wind

3.4 XHRERMEITE T ZHX LLIRIE
T2 S8R SO At S A R AEL XHIE T £ A T
WAl 4 Bt 5 s Bk T I Je e v 1 RS E A
PERE D7 R B IE B R S A BEAE 5 0 B T YR AR
8 S R P 1 D 5 R BE AT X LB E
IR B 45 20002 2 H AT B /Y B B AT 5E 1Y
— ol i B A B TRL AR R e M 8 P E T 8 TR I

HEYS ™)

t/s

S
=5
~10 .
0 2 4 6 8 10
t/s

(b) M £y
RIASL A, ————— R AHE 4> o7
--------- RSO AR ===~ RIBLOFE A f

PR 16 AN [ 00 IR i L 3 25 5 000 3 7 o) O ) B 2 45
Fig. 16  Tracking results of yaw rate and sideslip angle

response under different cross wind

JETRAT i BROMLYE MIL-STD-1797 A" v #fi 2 1)
SERRPEIEE O Bk DRI, S S IR I SR R S e
v AR 9 26 380 i o I 58 KLY R E R, A X
2 B 5 v A B A R E P VR E 45 B SR AR — B,
VLA SCO7 v 2 TE B A PR

K AR B S5 30002 VP 8 CHL IR AR e R 1 I,
SRR S B RHEM RE S & VLR GE R
A FEARL B A3 R A 0 TG XHIC B &R G Y R e e b
PEATIEAE o Jovb, R LBC 0 2 B 4E e L o i g
g6 K, AR 25 0 9 W AR 1/ T, O
R ] RE R 7, R RS BB [ £, 5 iR
Ko, M K, SR R R T, TR
AR 2 I I3 0 T MU 25 I IR0 3 B T O 1
35 K, U0 1) 25 00 ] FE SR 7, o 22 VR 2 1 B2
&y SIRGIE o,

FE T 0 B AR, A7 B0 4 4 o 1] 25 Hh 91
HLEIE B 25 3800 Bl 405 3, B 3% 2 TR

3 ) 5 T A T A 4 AR TROALI 7 1 B ik 0
1 550 I 45 3 v 3 9 3R A% TRODL AR S P T E 4
N 3 R 4 R,

F 2 3 W11, SR P B 0o 06 1 9 3 T 45 A
IR JE LR 0. 55 4%y 2. 62 rad/s 5 5 AR B 55
Rkt 3 BRGSO 15 5 BT A E) B I 45
B — B R B et 2 0. 59, e A 9 45 %
209 2. 83 rad/s , X HO AR By 25 3 5 i JoR G 1 3% O
753 10 6 R B RS R, — g Rl B LR



5 4 39

TR 4 ML XUIE R B A P A9 AL 5 O vk

AL AT W

861

x2 HOITKHIEMERMUELER
Table 2 Low-order equivalent matching results of

example aircraft
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Table 3 Short-period mode characteristics of
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Simulation and evaluation method of aircraft response
characteristics under wind disturbance
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Abstract; Aimed at economic and safety problems of investigating response characteristics of aircraft un-
der wind disturbance by flight test, this paper presents a method of stimulating aircraft by designing input com-
mand of control surface in a calm atmosphere, to make it simulate motion response under wind disturbance and
then complete the evaluation of aircraft characteristics under wind disturbance. Taking a certain aircraft as an
example, stimulation command signals were designed based on PID control method. Response characteristics
of aircraft that encountered vertical gust and cross wind were simulated, and the stability of aircraft was evalua-
ted based on time-domain peak value. The stability characteristics, based on response data under wind dis-
turbance, were compared and validated by adoption of low-order equivalent matching method. The results
show that the design method of input command of control surface to simulate wind disturbance response and the
evaluation method of stability characteristics are correct and reasonable. The research methods and results pro-
vide valuable reference for the evaluation of motion characteristics of aircraft by flight test.

Keywords . stimulating signal ; response under wind disturbance ; stability characteristic ; flight test; PID
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Table 3 Simulation results of interception with different ranges
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-34862 48202 -35956 50.09 15.79 -34870 48188 -35965 19 4686.31
-69770 47692 -71961 100.02 19.06 -69626 47677 -71812 208 4066.02
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Table 6 Uncertainty simulation results
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Predictive guidance method of THAAD-ER interceptor
ZHANG Rongsheng, CHEN Wanchun "

(School of Astronautics, Beihang University, Beijing 100083, China)

Abstract; Based on public information, the model of THAAD-ER interceptor was established. Aimed at
longer range, the high throw trajectory was planned, and a bunch of standard trajectories were produced. Pre-
dicted impact point iterated method is proposed, which contains solving time-to-go with analytic solution, see-
king out the expected standard trajectory with polynomial fitting, and ascertaining the predictive impact point,
and finally predictive guidance completes. Comparison is taken between predicted impact point iterated method
and flight time iterated method, and it is easy to choose initial value with predicted impact point iterated meth-
od, and the program runtime decreases by 20% ; standard trajectory files are not necessary during guidance
process, which can save storage space of the computer on the interceptor. Large amount of simulations were
carried out with different range and course shortcut, and the results show that interception range of THAAD-
ER interceptor can reach 600 km, and the interception task can be completed with average miss distance less
than 200 m when course shortcut remains. It has a good response to aerodynamic uncertainty.

Keywords: THAAD-ER interceptor; predictive guidance; a bunch of standard trajectories; predicted

impact point; time-to-go
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Fig. 1  Structure of embryonic electronic cell
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self-check circuit
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1111 00 11
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Fig.6 Functional signal input coding circuit
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Table 3 Hardware consumption of basic logic units
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Table 4 Hardware consumption ratio of embryonic
electronic cell with different I/O router widths and residue

code modules to classical embryonic electronic cell
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Fig.7 s27 circuit mapping results based on embryonic array
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Table 5 Gene of embryonic electronic cells of s27 circuit

40 i A b E S
(0,0) 1_8515_610F_82_7_020C_3C0_0899
(0,1) 0_5542_9466_99_4_004E_13B_FDF0
(0,2) 2_5555_6996_0A_0_0000_649_0000
(1,0) 1_5555_6996_00_0_0000_000_0000
(1,1) 0_1608_E1EE_4D_B_082F_616_8878
(1,2) 2_5150_966B_8B_4_COB3_ECI_FFFD
(2,0) 1.5555_6996_0A_0_0000_649_0000
(2,1) 0_5555_6996_00_0_0000_000_0000
(2,2) 2_6454_FOSE_84_4_1430_E89_9918
(3,0) 1_5450_E996_00_7_30F0_4BF_8000
(3,1) 2_5555_6996_00_0_0000_000_0000

(3,2) 3_5555_6996_00_0_0000_000_0000
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Table 6 Fault detection rate for embryonic

electronic cells of s27 circuit
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(1,0) 100 100 100 100 100
(1,1) 100 100 100 100 100
(1,2) 100 100 100 100 100 100
(2,0) 100 100 100 100 100
(2,1) 100 100 100 100 100
(2,2) 100 100 100 100 100
(3,00 100 100 100 100 100
(3,1) 100 100 100 100 100
(3,2) 100 100 100 100 100
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Table 7 Detection performance of different check methods
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A residue codes and berger codes combined coding self-check method for
embryonic electronic cell
WANG Bo, MENG Yafeng®

( Department of Electronic and Optical Engineering, Army Engineering University, Shijiazhuang 050003, China)

Abstract; According to embryonic electronic cell self-check demand, the residue code and berger code
relationships between operands and results are analyzed based on basic logic and arithmetic operations. Aimed
at address generator and 1/0 router, embryonic electronic cell equality operation is analyzed between inputs
and outputs. With single fault detected by residue code and multiple bits unidirectional fault detected by ber-
ger code, a residue and berger combined coding self-check method is proposed. The process and realization of
the proposed method are presented, and the checker is designed. Embryonic electronic cell fault detection
rate, self-detection rate and hardware resource consumption based on the proposed method are analyzed. A
simulation experiment is presented based on a sequential logic circuit to verify fault detection ability and self-
check ability of the proposed method to various modules of embryonic electronic cell.
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