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Table 1 Analysis results of end-to-end delay and calculation tightness for small-scale networking case
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Table 2 Calculation tightness analysis results for

industrial networking case
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Real-time performance evaluation technology of airborne
network for avionics system
HE Feng' ", ZHOU Xuan', ZHAO Changxiao’, LI Qiao', WANG Peng’, XIONG Huagang'

(1. School of Electronic and Information Engineering, Beihang University, Beijing 100083, China;
2. College of Airworthiness, Civil Aviation University of China, Tianjin 300300, China)

Abstract; Airborne network is the key to realize real-time reliable transmission of information in avionics
system. Its development degree and capability determine the overall configuration and comprehensive informa-
tion efficiency of avionics system. Unlike general computer networks, airborne networks emphasize the real-
time ability of airborne network and need strict and efficient methods to analyze and evaluate the real-time per-
formance. Taking the process of message transmission in switched networks as analysis object, the end-to-end
delay model is summarized and the comparison indexes of evaluation pessimistic degree and calculation tight-
ness for different real-time evaluation methods are proposed. The typically evaluation solutions for avionics en-
vironment such as analytical analysis, behavior simulation and model checking are listed, the differences in
calculation tightness and effectiveness of these real-time evaluation methods are compared, and the realization
approach is analyzed. Furthermore, these methods are verified and illustrated through two typical networking
cases: a simple network and an industrial scale network, and the calculation tightness of different evaluation
methods is also compared and analyzed. Finally, the development trend of airborne network real-time perform-
ance evaluation technology for avionics system is discussed.
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Table 3 Results of separation of error motion at

different rotational speeds

eui/ (100 BEIR2E/ OIS/ FBiR%E/ RPBiRE/
r+min"") pm pm pm pm

1 0.707 1.937 0.087 0.230

2 0.707 2.045 0.106 0.856

3 0.704 2.263 0.184 0.891

4 0.704 2.701 0.189 1.544
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Table 4 Effect of noise on error separation

results at rotational speed of 1 x 10* r/min

P BBEER 22/ fbiRZE/ FPRE, FPRE/

fug’é pm pm pm m
& 0.707 1.937 0.087 0.230
N 0.865 1.938 0.166 0.546
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Separation technology of system noise in error motion test
FENG Ming" , ZHOU Chengyu, ZHANG Kun, WANG Xinjie

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

Abstract: Since the error motion of the high-precision spindles is often in the same order as the noise of

the test system, the measuring accuracy of the three-point method is greatly reduced by the noise signals. With

the synchronous error motion (SEM) , a combined processing algorithm with equal angle sampling and recon-

struction, ensemble average filtering and wavelet filtering for noise-containing signal is proposed. A method for

quantitatively determining the wavelet decomposition layer based on the diameters of both sensor and measured

spindle is proposed. The simulation results show that the new combined method has good denoising effect.

With the asynchronous error motion ( ASEM ), a method for eliminating the noise of the test system is pro-

posed, and the influence of the number of test cycles on ASEM is studied. In addition, a test system was built

and the effectiveness of the proposed methods was experimentally verified.
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Fig.2 Scale economy function of transport cost
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Table 1 Airport capacity envelope curve coefficient
Ik Gk @y by Ui/ (100 )

JT A Ho AR ay ay as, by by, by, U US> U
I SZX 1 0 1 0 1 0.882 40.64 39.29 63.69
(g4 XIY 1 0 1 0 1 1.034 41.37 40.33 64.43
1B CGO 1 0 1 0 1 1.029 24.16 24.88 38.24
L& AR5k URC 1 0 1 0 1 1.001 29.45 28.51 43.77
K CSX 1 0 1 0 1 0.906 21.77 21.36 34.08
W) WUH 1 0 1 0 1 1.167 22.71 21.88 38.80
AR CTU 1 0 1 0 1 0.862 40.54 39.19 58.77
A PVG 1 0 1 0 1 1.013 55.88 54.64 80.25
5 NKG 1 0 1 0 1 0.548 25.61 26.85 34.42
W SHE 1 0 1 0 1 0.618 25.51 23.43 32.95
Jb PEK 1 0 1 0 1 0.717 85.74 56.71 92.80
N TYN 1 0 1 0 1 0.530 15.86 13.69 19. 60
] KMG 1 0 1 0 1 0.713 48.52 43.34 64.20
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Table 2 Hub construction cost under different

capacity scenarios 107 55

PLGRES  pp=0.05  pi=0.1  p;=0.15 pi =0.2
SZX 89 195.8 323.1 473.8
XI1Y 85 187 308.6 452.5
CGO 80 144 194.4 233.3
URC 68 149.6 246.8 362
CSX 73 160.6 265.0 388.7
WUH 82 180.4 297.7 436.6
CTU 88 193.6 319.4 468.5
PVG 90 198 326.7 479.2
NKG 78 171.6 283.1 415.3
SHE 75 135 182.3 218.7
PEK 95 209 344.9 505.8
TYN 73 131.4 177.4 212.9
KMG 88 193.6 319.4 468.5

x®3 FABKREETHNNEF
Table 3 Discount factors for different

demand scenarios

i oK HIE 1 THIE 2 HIE 3

5912 a5, Bi 0,72 B, 3,73 B3
0.95 0.85 0.85 0.75 0.75 0.65
0.9 0.8 0.8 0.7 0.7 0.6

oI F =

0.85 0.75 0.75 0.65 0.65 0.55
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Table 4 Results of hub location under

discount sensitivity

FrinE ¥ HXLH 5 H b e B (it /
1i§ 7% (FRKF) (10"7%)
1T 1 I 2.31
5K 2 XIY(10% ) .PVG(5% ) 2.27
5K 3 XIY(10% ) .PVG(5% ) KMG(10% ) 2.11
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Fig.5 Route network layout with different demand scenarios and different discount factors
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Table 5 Transit in discount factor Case 2

e rry OD | rp A% b5 I8 A2 U7 9], 2 Fh R [l o i it
Fe A IR By Z 18] A8 —4~ 0D, A S (3£ 6 1]
LIRS 55 K2 T OD /9 o 4% 22 7
7% 5%y KMG-SHE (KMG-TYN |SZX-TYN, % 6
fl§ WUH-SHE \PVG-URC ,CTU-WUH ,SZX-NKG #}
TP T 2 ZR AR, X BT H AR eR O B A W 45
B dR /N A TR 7 i A A A B AR A T A

x6 MMEFHEESI THREER

Table 6 Transit in discount factor Case 3

NP2 oD rpg B&AR I L A1)
KMCATYN XIY 0.3756
¥ 0.6244
KMC-SHE XIY 0.9825
L PVG 0.0175
" WUH-URC XTY 1
KMG-PEK XIY 1
NKG-URC XIY 1
SHE-CTU XIY 1
TYN-SZX XTY 1
WUH-URC XIY 1
KMG-PEK XIY 1
NKG-URC XTY 1
SHE-CTU XTY 1
KMG-TYN XIY 1
i PEK-CTU XIY 1
TUN-CTU XTY 1
SHE-NKG XTY 1
KMG-SHE XIY 1
STXTYN XIY 0.2678
J 0.7322
TYN-SZX XIY 1
URC-CGO XIY 1
KMG-TYN XIY 1
WUH-URC XTY 1
NKG-URC XIY 1
1% NKG-CTU XIY 1
SHE-CTU XTY 1
PEK-CTU XTY 1
TYN-CTU XIY 1
KMG-SHE XIY 1
1

KMG-PEK XTY

TR oD U g % 4% 9 He )
WUILSHE PVG 0.2179
Jc 0.7821
SHE-CTU XIY 1
URC-CGO XIY 1
WUH-URC XIY 1
PEK-CTU XIY 1
& CTU-SZX KMG 1
TYN-SZX XIY 1
TUN-CTU XIY 1
NKG-URC XIY 1
TYN-URC XIY 1
SHE-WUH PVG 1
NKG-CTU XIY 1
CTU-SZX KMG 1
TYN-SZX XIY 1
WUH-URC XIY 1
NKG-CTU XIY 1
URC-CGO XIY 1
PVCURC XIY 0.6745
X 0.3255
SHE-CTU XIY 1
NKG-URC XIY 1
+ TYN-CTU XIY 1
TYN-CSX XIY 1
PEK-CTU XIY 1
R XIY 0.9383
X 0.0617
SHE-WUH PVG 1
TYN-CTU XIY 1
TXNKG PVG 0.5016
% 0.4984
SHE-NKG PVG 1
TYN-SZX XIY 1
URC-CGO XIY 1
TYN-URC XIY 1
WUH-URC XIY 1
PVG-URC XIY 1
NKG-URC XIY 1
TYN-CSX XIY 1
f& CTU-WUH XIY 1
SHE-WUH PVG 1
NKG-CTU XIY 1
SHE-CTU XIY 1
PEK-CTU XIY 1
TYN-CTU XIY 1
SHE-NKG PVG 1
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Fig. 6 Differences in results under uncertain and

certain demand
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Airline hub network optimization design under uncertain demand
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3. National Key Laboratory of Air Traffic Collision Prevention, Xi’an 710051, China)

Abstract: In order to help airlines plan route network reasonably and reduce operation cost, from the
perspective of airlines, airport capacity is regarded as a function of arrival and departure flights to draw airport
capacity envelope curve. Based on airport capacity envelope curve, a two-stage mixed integer stochastic pro-
gramming model with multi-allocation and non-strictness under stochastic demand is established. In the first
stage , the hub location of the network is determined, and in the second stage, the transportation routes of each
city pair and the flow ratios of different routes under different demand scenarios are determined. When demand
scenario is a discrete variable, the model is transformed into a deterministic equivalent programming. Then
taking China Eastern Airlines as an example, 13 airports are selected to validate the model, and the sensitivity
analysis of transportation cost discount factor is carried out. The results show that the hub airports selected un-
der different discount factors are different, the larger the discount, the more the hub selected, the lower the
total network cost, and the hub selected under three discount factor scenarios is in good agreement with the ac-
tual situation; in each discount factor case, when the demand is different, the layout of the route network is
different; by comparing the model results between certain and uncertain demand, it is concluded that the total
cost of the network is lower when the demand is uncertain. Therefore, the proposed stochastic programming
model under uncertain demand is closer to reality, which can help airlines plan hub-and-spoke network that is
in line with the actual situation, and determine their capacity share in hub airports.
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Physics-based numerical simulation of AUV docking by self-propulsion

WU Lihong'>* | WANG Shiwen', FENG Xisheng’, LI Yiping®, LIU Kaizhou®

(1. College of Shipbuilding and Ocean Engineering, Dalian Maritime University, Dalian 116026, China;

2. State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract; To predict the effect of dock on hydrodynamic performance of autonomous underwater vehicle
(AUV) and to improve AUV underwater docking success rate, a method of multi-block hybrid grids combined
with dynamic layer method and user defined function ( UDF) was presented, which was applied to the physics-
based numerical simulation of AUV underwater docking by self-propulsion with a discretized propeller. In this
method, subdomain-moving substitutes for boundary-moving used in traditional dynamic mesh, which could
improve the calculation efficiency. After the numerical validation of the velocity history of AUV self-propulsion
against the experimental results, the hydrodynamic performance and flow field of AUV underwater docking
were investigated. The results demonstrate that the time of AUV underwater docking from rest by a constant ro-
tating propeller of 300 r/min is about 16 s. The end velocity reaches 0.75 m/s, which meets the demand for
collision. The effect of the dock on AUV locates on the neck point B. There is a drag on AUV before B, fol-
lowed by a suction after B. The increment of resistance is small with a value of 2. 4% . Therefore, it is achiev-
able for AUV docking with the dock.

Keywords: autonomous underwater vehicle (AUV) ; underwater docking; physics-based numerical sim-

ulation; dynamic mesh; self-propulsion
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e A iR

694 b s & ROk ¥ ¥R 2020 4
20
0
B e e A= Vy=V5g=200 m/s
SUI3FIIE % —=— V,=V,,~100 m/
kK : == m/s
ll;x$$w~n~m: : **ee(: 0 "EG
g 200 R YSLSER RO
= A, "% AN
ﬂﬂﬂlﬂ _30 }+ b Y‘\
,;g \A R
X -& [=50km  —4—H=55km a
fLE( 0T o g =51km  —=—H,~60 km ‘A
T
=50 = H=52km  —¢—H =70 km AR
0 L~ Hi=S3km  —e—H =80 km Y
= r —e— ES
-0 H=54km A " . . v VE.G+100 m/s
-70 : -
1000 1200 1400 1600 1800 2000 0 300 1 000 1500 i

I [a]/s
B3 AN[HIGE BT Sk T R R fk ih 28

Fig.3  Variation curves of 8k with time under

different initial heights
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Table 5 Value of 84 when ¢, =2000 s with different ¢,

b0/ (%) 3h/m
0 16. 80
5 17.79
10 18.13
15 18. 68
20 19.16
25 19.56
30 19.87
35 20.09
40 20.23
45 20.28
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Terrain match aided navigation method of hypersonic glide vehicle

XIAN Yong" , REN Leliang, YANG Zicheng, ZHANG Daqiao, LI Jie

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

Abstract: The height of the hypersonic vehicle gliding flight is over 30 km, so the atmosphere is extreme-
ly thin and the traditional terrain match aided navigation with barometric altimeter cannot work properly. In or-
der to improve the accuracy of terrain match, on the basis of analyzing the insensitivity of the matching algo-
rithm to the terrain constant value error, the scheme of using inertial system to solve absolute height is demon-
strated in detail, and the scheme that simplifies the short-time gliding trajectory to equal high flight is com-
pared and analyzed. Based on the strap-down inertial navigation system ( SINS) error model, the analytic
model of the short-time stability of the inertial system is established by the height channel block diagram and
Laplace transformation. In addition, the numerical simulation environment is established with CAV-H as study
object. The simulation results show that the analytical model has high accuracy and the scheme that the abso-
lute height is solved by SINS can meet the accuracy requirements of terrain match aided navigation system,
which is better than the accuracy of the normal operation of the barometric altimeter.

Keywords : hypersonic glide vehicle; terrain aided navigation system; gliding trajectory; height channel

stability ; barometric altimeter
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Table 1 Comparison of path planning simulation results

_ 7o BRSO A
KiE/m  BE/C) ZA/(C)
A” 15.4 28.8 385.0
GA 15.2 25.0 250.8
IGA 15.2 10.9 135.8
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Path planning for mobile robot based on improved genetic algorithm
WEI Tong" , LONG Chen

(School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100083, China)

Abstract. Path planning is the key technology to realize autonomous navigation of mobile robots. For the
problem that the path length is not the shortest and the path is not coherent in the two plan cycles with conven-
tional path planning method, a new method for inter-frame correlation smooth path planning based on improved
genetic algorithm is proposed. Firstly, the candidate paths were generated by combining random and direction-
al search methods. Then, the insertion operator and deletion operator were added to conventional genetic oper-
ators, and the path coherence of two plan cycles was considered in the fitness function to calculate the fitness
value of each candidate path. Finally, the path with the highest fitness value was output as the current optimal
path. Simulation results show that the proposed method is correct and feasible. Experimental results show
that, compared with A* algorithm and conventional genetic algorithm, the path length of mobile robot is re-
duced by 3.05% and 1.85% , the variation of maximum yaw angle is reduced by 38.02% and 32.43% , and
the sum of absolute value of turning angle is reduced by 23.97% and 19.94% respectively during the move-
ment of mobile robot. It shows that the resulting path of this method is more optimal, which observably im-
proves the moving efficiency and stationarity of the mobile robot.
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Fig.8 Schematic diagram of temporary data characteristics of atmospheric wind field in near-space
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Table 4 Typical near-space data after interpolation

s JE KAWEE WEERATELE KA
B T VY 4 A i =Y bR VU 4 K
HARH NetCDF DAT NetCDF
ZEJE/(°) -180 ~180 70 ~ 140 -180 ~ 180
BREYEFE/(°)  —90 ~90 15 ~55 -90 ~90
S REVEE/km 20 ~ 100 60 ~ 100 20 ~ 100

2016 £ 12 A 201841 A 2016 4 12 A
=3in
R 2] 21 {20 1H 10 21 {2 0
2016 4 12 /] 2018 4£ 7 A 2016 4 12 J
PE I %
BRI 2] 30 H24 w23 {24 B 30 [ 24 i
ZIEEE/ (°) 1 1 1
R/ (°) 1 1 1
R Al f/km 1 1
WA RE/h 2 0.25 2
AT/ GB 2.68 0.8 3.6

5 ETWINEYSS 45 IE T 2 18 £
BEWEXT L
J9 T Wi LI T AR £ AR B AR
TE R BRI EREE R, 6F 5 T RS K 4 4 7 7 v 15 5]
({50 15 NetCDF #% 2t i) % . DAT #% 2% 1) ¥ 4

A K T Z1P 40 19 7340 s 4 50030 AT 1 A [) m] HE
AR Bl 1 i /N R EE S o A TR T A
Pe o B AR E S B P (5 0 B3 1080 P I H.
VU 2 B I R A 1 52 B 2 (8] 9 38— B0 R
— o BLSh, Dk e L 2 B BT, 48— R
HTTP Yp ik 47 1% i, S 5 22 A7 R0CR ML i 22
RPN WO SE 25 Wi 1% fi i i P 3 (. 5K
B2 R ANE 11 FTR o

M TL A LA 6 A TR T A4 o L A [
ol A2 DO B el EID N R NN e i
B RN % B, NetCDF A5 2 245 5 (1
Bl f oK, AR 9 DAT s 30T 2548 i 1 %
fi i # NetCDF # 2K (9 B3l it 46 D #2300 50% , X
DAT #% UHEAT I 40 B ZIP FE 46 g A 3k L BR T A%
[F] , 45 98 A6 H2 3T 80% , AL A3 K 415 5 22 A% i 1) K A
IR /N U/ N R BE R 3 80% , [H EKF NetCDF % 5X
Je DAT A% 2 I B4 108 2o 0030 44 % 77 ik e 46 Ol #R
IR AT LK O AR 22 A% 4 i Bl i o B 7 1)
SRR TR | [ S I 28l T T, 8 i WU 46 i
11545 21 B0 R a7 190 265 B0 55 rb A% i 1) I [] e 0L fiE
fig 6 1 T AL P A 552 Pt 80 5 5K o

TE I o] AR AL L T, R T 2 TR TR
BRI Z 2 R 3 20k 08 A kA X Bl
S [ RIS AE . R T 2T
GPU i 3 #) e 3T == (8] s i 550 4 D't 2% 5 41 5
W R S A 1A KA B S S T R
SR e 30T = V8] s S 3 K a9 s e 3 B 14 52 1 Bl
BHEAT T AT A TE B

P 12 Sy R 8 B B9 I 3 2 ] R X
Bl 22 2 O R% 2 i 2 ikl AL, BodE ik %)
2016 412 H 21 H 2 mf, XA 7 ik REM A Ak 1k
HH e TR A DX 3 2 TR R R 1Y 8 V2 7 f
AE, X Wl 30 2 i) KX 8 8 B U2 T AR 20 B B A
AR T 19 00 AR AEL  (H 2 % Dt s 5 90 %% B2 A I e

- 2000
E § 1600
=
%% 1200
= 800
el 400
==
0 "Ne(CDF  DAT 2 Video
KAWL i 2 T8 R
FLL TR i ] A AS R B A% 2UF 1
YR AR i 0 L
Fig. 11  Comparison of data transmission volume under

different data formats with the same

quality visualization



720 b5 M = MK k% F M

e A iR
A

2020 4

AGER E . AL 12 Ha] DUE A A s B )2 R
SN B AE AR AL, A< SCRY A 46 G 4 5 i A
A5 1 3 23 1) EC8) m] DA SR 8007 M Bk 4 22 Lo 40 R 4
RN 22 £ JE S A AT AL o

& 13 M FI T 2016 4E 12 A 22 H 10 B il
M 2 ) KRR B H5 40 45 21 A9 A [m] w5 BE )2 (O b TAg
A 50 m 1 JZE) M6 2B AR 4 il 45 R
Kl 14 (a) ~ (d) 4351 F ] 2016 4 12 J] 22 H
16 B} . 2016 4F 12 H 24 H 16 Bf 2016 4¢ 12 J
26 H16 I} .2016 4F 12 f] 28 H 16 B} (1l i 25 7]
KA BB A5 20 0 3 B2 JZ R 50 ~ 60 JZ IO Zk
B R 22 i 25

EAT4E 1Y S, Z1P J7 X 5 W0 000 45 G 7% 07
2 B B A e LA I HLAS SO I O

‘1 KRG
B o /(ms™)
120

0 2000 km

.
L

(c) 62~63 |2

P12 ST e )2 W 2 i) RS R 4 1 45 2R
(P& BE 128 x 128)

Fig. 12 Rendering results of atmospheric wind field in

(d)72~73 )2

near-space at different height levels (number of

streamlines: 128 x 128)

KK
i RE/K
280
240
(a) 20~30)Z (b) 30~40/7 200
160
120
(l):_2 000 km
(c) 40~50)Z (d) 50~60)2
B 13 [A]— B AN ) B R R B Rk
5 1A 25 o 4

Fig. 13 Atmospheric temperature ray projection volume
rendering results at different height levels in

the same time phase

25 () B T AL B B (] 304, 2L ZIP 5§ e 45 2 i
AR, (R 4 4 i A% NN [R] T ZIP 25 R 48
ik, VPO LA i S 2 N ik T HTMLS 45 i o
9 FEAEHIE] Web % /1 3 I, 76 ] 40 Chrome
S5 00 Y0 A X — R R HRAE C 2R RGUREL
BRACHS O ELA R B e A R B A O
ANEAE ZIP 45 i B S A PR SCE 8 3l A 28 2ot
o QB 1S R, X2 8 g 4 RO JE B R 5
A S A B B (5 it AT A Ak BT 75 R &P s o 2K
[f]) M geit A b ZTP A% =X, VPO A0 A3 A A i 2806) ]
AR ) LA 28 AN T, 7 fiff e nl #0 Ak J5 Ti BA
RIRMRCR

SRR, ¥ NetCDF #% 20 f DAT #% 2
F14) 5 0 308 ok R A 4 s B v Ak A R AR T
PLRR B AR T 2 A i (B o BDEE [ 55 mT 44k
FE A SE 26l T8 T, 23t IS HR 4 2 i 75 21 7Y
B AE ) 4 0 55 v 12 i 0 B R) R A, RE 65 2
Web B 1] WAk Y 55 B 55408 7 oK

(c) 2016412126 1 168} (d) 20164£12 28 [ 168}
P14 [ — e AN [ B R R AR ek
P PR 22 45 2R

Fig. 14  Atmospheric temperature ray projection volume

rendering results in different time phases at

the same height level
1

B 220000
= E
{2 = 16 000
Py
S & 12 000
S E 8 000
=z 4000 I
2% ml
NetCDF DAT ZIP Video

Kttt
RASE sl & 2T AR« KRG
1S A WUaT Ak B o B0 & s n 48 1) X B
Fig. 15 Comparison of visualization data loading

time for each frame in client

6 4 it
1) A S A I 3T 2 1 045 1 K0



5 4 3]

WS, A5 T 1 Web %27 T RLAR B4 1 30 2 18] S804 A A6 O ¥

AL LF 4R

T
e |5 71

I 2 B4 5% v A Ay TN ) I R, BF 5T B0 G A T
245 v B RS 48 2 B 3 EK BOHE R AT 43 A A
(B R 25 () AR 4 A0 31k MR S , BE BT 538 i AR
LS 24 A 7 1 e TR AR A R A R, S BT Il 3
23 AV BCHE AT AR AL 4 76 GRUEAH [R] T W04 5T ot 11
BUER N, 28 b A0 e 45 4 B i e 2 A% i 1 500
b NetCDF 45 4% =X ) B0 406 & A E R R U8/,
S /N B 5 80% , PR I T 1 L T R A 4
S i 194 1 3T 25 ) 50406 4 28 125 T L RO R IR 43 i
14 190 25 fE i it RE S SE B Web 3£ 55 o B4 14 S i)
AL K .

2) JIr R Tr s B O 2 TR 504 AL B AR
I Gt R 5 A I TR A o (FLJR: X — B S FE Web B}
2L P M /N — 5 T I 3 A () R
VAL R B A B A, — MR AT
FA P W N 5 2 e A5 X I 1 A B T HLAE Web St
T R AT P

3) AR SRR S T 0 45 G 15 1) I O 45 (]
BE AL )y vk S BT ORI S 2 () b i 3 B
(R 45 ) A AU T 43 (8] 2% 2 3 508 (RS
) 1 v R SURN S T AR AR, BORS T A T
FERIUE &

I 3 725 ] H5 8 v 38 A 7 22 oAb s RIS R 1
Bl o PR R Ok Y BIE S T AR b 8 T A
Wi 3 2 [R50 1) R A R AT A 5, DA A ST 4 T 1) G
T 3 [ R0 1 e RO 2 405

S %k (References)

(1] BHAFse, Wil b8 ke, 4. I 25 (8] 38°N R BE 5 4 e
IR AR L] bR 2 i R R 2 2 41, 2017,43 (9) 1757~
1765.
XIAO C Y,HU X,YANG J F, et al. Atmospheric density char-
acteristics and modeling techniques of near space 38°N[]].
Journal of Beijing University of Aeronautics and Astronautics,
2017,43(9) :1757-1765 (in Chinese).

(2] w8k b & B O 2 1] R O A2 R AT SE [ D] b
AR R I 5K 23 i) B 2 R, 2016,
YANG J F. Study on the variation characteristics of atmospheric
wind field in the mid-latitude adjacent space[ D]. Beijing: Na-
tional Space Science Center, Chinese Academy of Sciences,
2016 (in Chinese) .

[3 ] X%, w2 [ R G BRI kA5 [ D], L5t
[ ok 2 B I 5% 5 ) B 2 s, 2017

LIU T. Research on statistical forecast method for atmospheric

1l

wind field in adjacent space [ D]. Beijing: National Space Sci-
ence Center, Chinese Academy of Sciences,2017 (in Chinese) .

[ 4] XBufk. Hb 5L OE T 35 4 i i 25 [ R R [ D). &
JIE « e [ B 2 4 R KA ,2018.

DENG P. Ground-based lidar detection of adjacent space atmos-

[5]

[10]

[11]

[12]

[14]

phere [ D]. Hefei: University of Science and Technology of Chi-
na,2018 (in Chinese).

PR Ke , M A WA, A5 I 3 2 ) XU R R A B R TR AT
T IR [ ] RO 28 R K2 44412 ,2019,45 (1) :57-65.

YANG J F,XIAO C Y,HU X, et al. Wind shear characteristics
of adjacent space and its influence on aircraft[ J]. Journal of
Beijing University of Aeronautics and Astronautics, 2019, 45
(1) :57-65(in Chinese).

FRICAS. 532 nm i M 2 HROLH B A T RS
TEOMIAF 58 [ D] At a0 o R 2 B [ 58 2 ) R 2
IL>,2016.

GUO W J. Several key technologies of 532 nm Rayleigh Doppler
lidar and atmospheric gravity wave observation [ D ]. Beijing:
National Space Science Center, Chinese Academy of Sciences,
2016 (in Chinese).

GOODCHILD M F,GUO H D,ANNONI A, et al. Next-genera-
tion digital earth[ J]. Proceedings of the National Academy of
Sciences of the United States of America, 2008, 109 (28 ) .
11088-11094.

LACROUTE P H,LEVOY M. Fast volume rendering using a
shear-warp factorization of the viewing transformation[ M ]. New
York: ACM,1994:451-458.

LEVOY M. Display of surfaces from volume data[J]. IEEE
Computer Graphics and Applications, 1988 ,8(3) :29-37.

SUN X J,SHEN S H,LEPTOUKH G G, et al. Development of a
Web-based visualization platform for climate research using
Google Earth [ J]. Computers & Geosciences, 2012, 47 ; 160-
168.

RIGIR TR, BRI R = 4 b & 37 3R 47 AT AL BOR
ZUR[I]. R HAER,2012,24(1) :12-16.

WU L D,YU R H,QU S. Review of large-scale 3D scalar field
parallel visualization technology[ J]. Journal of System Simula-
tion,2012,24 (1) :12-16 (in Chinese).

WATHT, SR/, WA, S IO 2 (] ARk = 4 43 R
flT]. 205N 5 HOE L ,2017,46(8) :55-60.

XIE Y X,WU X C,HU X, et al. Three-dimensional variational
assimilation of global temperature field in adjacent space[ J].

Infrared and Laser Engineering,2017,46 (8) :55-60 (in Chi-
nese) .

TR, XA H e U2 R S AF R AR G Y R I AL
R[J]. 24 IR 8 T RE 2017 ,14(7) < 7-11.

FENG J,ZHA1I W M,LIU D. Effect of ionospheric environment
on ground-air information system[ J ]. Equipment Environmental
Engineering,2017,14(7) :7-11(in Chinese) .

E I ARSI 43 R 2P Ok i 3 i 0T AL BOR
FE[D]. KU E B R AR K, 2016.

WANG W T. Research on efficient visualization technology of
unstructured grid segmentation linear vector field[ D ]. Chang-
sha: National University of Defense Technology, 2016 (in Chi-
nese) .

AL BT GPU i 1 P 7K K 35 855 2 4k nT 41k BOR BIF 7Y
[D]. 55 & v [ K2 ,2015.

CAO Z. GPU-based multi-dimensional visualization technology
of marine water environment [ D ]. Qingdao: Ocean University of

China,2015 (in Chinese) .



e R

a5

722 b om it &= i R OR ¥ Rk 2020 4
[16] SUN M,LIJ,YANG C W ,et al. A Web-based geovisual analyt- PR L AR IR [T ] KRRk 24,2013 ,36 (1) :

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

ical system for climate studies [ J]. Future Internet, 2012, 4
(4):1069-1085.

SARTHOU A,MAS S,JACQUIN M, et al. EarthScape,a multi-
purpose interactive 3D globe viewer for hybrid data visualization
and analysis[ J ]. The International Archives of Photogramme-
try , Remote Sensing and Spatial Information Sciences,2015,40
(3):487-493.

LIW W,SONG M M,ZHOU B, et al. Performance improvement
techniques for geospatial Web services in a cyberinfrastructure
environment-A case study with a disaster management portal
[J]. Computers, Environment and Urban Systems, 2015, 54 ;
314-325.

KB AR IR 55 1 OoF HHHJr ik FE [ D], L st b
1R H, K 2 ,2018.

ZHANG L Y. Research on OoE calculation method of streaming
media service [ D]. Beijing: Beijing University of Posts and Tel-
ecommunications , 2018 (in Chinese) .

KAWL AT BT HTMLS 4 W40 15 = Ik 55 i T B2 R B
FELT]. B Rl ,2012,28(10) :31-37.

ZHANG Z M ,KE W. Research on application technology of vid-
eo communication cloud service based on HTML5[ J ]. Telecom-
munications Science ,2012,28(10) :31-37 (in Chinese) .
JiU 3 HTMLS i #5450 8 A A3 T 28 %) LI R A S R [ ]
b8 B 2F e 4R ,2011,28(3) :106-108.

GU C L. The influence of audio and video elements in HTMLS
on the Internet[ J]. Journal of the Hebei Academy of Sciences,
2011,28(3) :106-108 (in Chinese) .

LI W W,WANG S Z. Polarglobe : A Web-wide virtual globe sys-
tem for visualizing multidimensional, time-varying, big climate
data[ J]. International Journal of Geographical Information Sci-
ence,2017,31(8) :1562-1582.

XS FF. BE 2 53 w) A P = A A5 i T A gy vk B 5
[D]. JLbA - Ak K 2% ,2015.

LIU H D. Research on construction method of 3D equivalent
surface in scientific computing visualization [ D ]. Shenyang:
Northeastern University,2015 (in Chinese) .

SR AR 3 il R A3 BT R iR S TR T A R

[25]

[26]

77-87.

ZHI X, XU H M. Comparison of high altitude temperature and
Chinese sounding temperature data of three kinds of reanalysis
data: Annual average characteristics[ J]. Chinese Journal of At-
mospheric Sciences,2013,36(1) :77-87 (in Chinese) .
POYNTON C. Chroma subsampling notation [ EB/OL ]. San
Francisco; Morgan Kaufmann, 2003 (2018-01-24) [ 2019-06-
01]. http: // poynton. ca/PDFs/Chroma _ subsampling _
notation. pdf.

F R, BB, TE S B0 R G A g ] AL
[J]. 31 5 HL A B 59t 5 BB 2% %% 4, 2016, 28 (12) :
2114-2119.

WANG S R,CHEN Y S,WANG G P. Vector field visualization
of digital ocean system[ J]. Journal of Computer-Aided Design &
Computer Graphics,2016,28(12) :2114-2119(in Chinese) .
BN, EEE TR TBEN T AT k],
SRR TR 224 4 (A A RR ) ,2005,6 (1) :89-91.

LI Q,FAN Y, WANG J K. Visualization method of wind field
based on particle tracking[ J]. Journal of PLA University of Sci-
ence and Technology ( Natural Science Edition),2005,6(1) :
8991 (in Chinese).

R, A8, B 52 5%, 4 TN 1) R 4D R A = ZE R B T K
TPk LI] BB 2 24 (fF B2 A) , 2016,41 (12)
1563-1569.

CHEN J,ZOU C,HUANG W M, et al. Visualization of 3D me-
teorological field for virtual earth[ J]. Journal of Wuhan Univer-
sity ( Information Science Edition),2016,41 (12):1563-1569
(in Chinese).

fEER A

EE OB, WL, ml . EEOFS 5 07 O e
wits

EEZHE L WA BB, OIS 1 BT AR SO
PG

AR 5,8l BT m . SR EREE RS



AL HLF W

me |
5% 4 W G, % T Web Bl m] UL Y ik 30 2 18] Sk BB AL 7 12 B 5 723

Video formatting method of near-space data for
Web scientific visualization
TAN Jian'?, WANG Shenghua®* , GUO Changshun’

(1. Beijing Key Laboratory of Network System and Network Culture, Beijing University of Posts and Telecommunications,
Beijing 100012, China; 2. Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences,
Beijing 100094, China; 3. Beijing University of Science and Technology Information, Beijing 100090, China)

Abstract: As a transitional region from sky to space, near-space has important value in the fields of sci-
ence, economy and military. With the development of remote sensing technology and the continuous develop-
ment of mode simulation, the massive near-space data of higher spatial and temporal resolution is increasing.
On the other hand, efficient and convenient Web scientific visualization and information extraction for near-
space data are inevitable requirements for the continuous deepening and expansion of near-space data applica-
tions. However, the existing data types are cumbersome and the amount of data is huge in near-space, which
becomes the key bottleneck of Web transmission and real-time visualization. This paper focuses on the visual-
ization of near-space data on the Web digital globe, and studies it from the point of data organization methods.
According to the characteristics of near-space data, combined with the principle of video compression, we pro-
pose to decompose, interpolate and color space transform the near-space data to form an image, and then se-
lect the appropriate video compression coding method to encode the image into video. Experiment results show
that this method can be implemented efficiently. The video organization of spatial data in the Web environment
realizes the real-time visualization of near-space data by reducing the amount of data network transmission
while ensuring the quality of visualization. The research results in this paper can directly solve the real-time
visualization problem of near-space data on Web, provide visual theory and technical support for the near-
space science research and knowledge discovery, and provide a reference for the Web scientific visualization
on similar massive data.

Keywords: Web scientific visualization; near-space data; organization method; video compression;

stream transmission; particle mapping
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Research on wagon-wheel fuel grain parametric design and internal
ballistics performance of hybrid rocket motor

LI Xintian" , CAI Qiang, LI Yancheng, WANG Xuekun, DAN Linpeng
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Abstract: The study of fuel grain design and internal ballistic performance can provide the foundation for
the design and optimization of hybrid rocket motor. Fuel grain design and internal ballistics calculation process
and method of hybrid rocket motor were established. Based on the fuel regression rate law, the variation rela-
tionships of burning area and fuel port area with fuel thickness of the wagon-wheel fuel grain were obtained.
For certain design specifications and propulsion system scheme, fuel grain schemes were designed for wagon-
wheel fuel grain with central port, wagon-wheel fuel grain without central port, double-D fuel grain, and tube
fuel grain. The calculation results show that wagon-wheel fuel grain can provide larger burning area, higher
propellant loading fraction, and lower length-to-diameter ratio. For tube fuel grain, variations of oxidizer-to-fu-
el ratio, combustion pressure and thrust with time are much less. Decreasing the fuel diameter can increase
the propellant loading fraction of tube and double-D fuel grains. However, the length-to-diameter ratio increa-
ses at the same time. The results can provide a good support for the understanding of the internal ballistic
characteristics and laws of hybrid rocket motors with wagon-wheel fuel grain.

Keywords: hybrid rocket motor; wagon-wheel; fuel grain design; fuel regression rate; internal ballistics

calculation
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Inter-satellite communication rate control method of
Beidou navigation constellation
LI Xianbin, WANG Jian*, FAN Guangteng, YANG Zhixi

('National Innovation Institute of Defense Technology, Academy of Military Sciences, Beijing 100071, China)

Abstract: Beidou navigation constellation can achieve autonomous orbit determination and performance
enhancement by introducing inter-satellite ranging and transmitting links. During data transmission of inter-sat-
ellite links, the relative position change of satellites with time causes the constant change of the characteristics
of transmission channel. In view of the time-varying characteristics of inter-satellite transmitting links, an in-
ter-satellite communication rate control method based on ephemeris is proposed. On the condition that the
quality of transmission service is satisfied, the optimal inter-satellite transmission rate is quantitatively calculat-
ed according to the high-precision ephemeris resources that navigational satellite possesses, and the transmis-
sion efficiency is improved through the dynamic adjustment of the rate. The simulation results show that, using
the proposed method, the inter-satellite transmission efficiency of Beidou navigation constellation can be im-
proved by 1.92 times, which verifies the effectiveness of the method.
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Table 1 Sample parameters of tank
28 B fE
m 2 M“}é :
p/(kg+m™3) 1000 E“
P/MPa 0.1 g
=
Z/t 280 h
h/m 10.5
T/h 50 000
0.5 : : : :
Y 4 0 1 2 3 4 5
a/m 2 I 1E]/(10%h)
h,/m 10 () #ERT IR
8. ,8,/mm 4
8,/mm 3
R'(X,0)/MPa 30
R°(X,0)/MPa 300 &
R(X,T)/MPa 200 ﬁ
x2 PEEAXRESH :
Table 2 Parameters of tank stress interval MPa
WA S.(Y,0) S, (Y1) S,(Y,0) $,(¥,1) §°(Y,1) S(Y,1)

FIE 104.89 47.15 30 0 91.02 43.87
[F A 131.10  82.07 30 0 121.59  39.52
T 160.36  75.03 30 0 132.70  57.67
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Interval interference time-variant reliability analysis
method for propellant tank

XIN Tengda', ZHAO Jiguang”, CUI Cunyan® ", DUAN Yongsheng’
(1. School of Graduate, Space Engineering University, Beijing 101416, China;
2. Department of Electronic and Optical Engineering, Space Engineering University, Beijing 101416, China;
3. Department of Aerospace Science and Technology, Space Engineering University, Beijing 101416, China)

Abstract: During the service period of propellant tank, due to the existence of uncertain factors such as
structural strength degradation and external random loads, the reliability of propellant tank is with time-variant
characteristic. Based on interval theory and stress-strength interference theory, an interval interference time-
variant reliability analysis method is proposed for the time-variant reliability analysis of propellant tank. By an-
alyzing the stress of the cylindrical tank with ellipsoid bottom, the stress and strength are converted into the
form of time-varying interval variables according to the equivalent stress distribution and strength power expo-
nential degradation model. Combined with the stress-strength interference theory, the stress and strength inter-
vals at any time are converted into the standardized interval. According to the position relation between the
critical state function and the standardized interval, the interval interference time-variant reliability index is
defined. Finally, the time-variant reliability of tank is analyzed with the sample parameters, and the validity of
the proposed method is verified by comparing with the stress-strength interference reliability that obeys normal
distribution and the interval reliability analysis results.

Keywords: propellant tank; time-variant reliability; interval theory; stress-strength interference; relia-

bility analysis
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Table 4 Comparison of parameters before and

after optimization
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Residual vibration suppression method of a cylindrical
material loading robot
ZHENG Yu, GUANG Chenhan, YANG Yang”

(School of Mechanical Engineering and Automation, Beihang University, Beijing 100083, China)

Abstract; In order to improve the material loading efficiency in vehicles, this paper proposes a new cy-
lindrical material loading robot used in confined space. The residual vibration of the end-effector has been sup-
pressed by optimizing the joint trajectory. Firstly, the overall design scheme and work flow of the material
loading robot are given. Then, combined with the structural characteristics of material loading robot, a closed-
form rigid-flexible coupling dynamic model is established according to Lagrange method. The calculation meth-
od of end-effector’ s dynamic response is obtained by modal analysis method. Finally, taking the minimization
of the sum of the robot joints’ residual elastic potential energy as the optimization target, max-min ant system
was taken to optimize the trajectory of the robot joint. The optimization results were verified by simulation.
Simulation results show that the optimized joint trajectory can reduce about 34.4% of the joint residual elastic
potential energy and about 37.6% of vibration amplitude of the end-effector, while satisfying the demand for
fast loading.

Keywords: material loading robot; vibration suppression; trajectory optimization; max-min ant system;

confined space
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Table 1 Stellar orientation data (unit vector in J2000 coordinate system )
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High-precision decoupling calibration method of
multi-dimensional mounting spacecraft
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Abstract; Aimed at the calibration problem of spacecraft multi-dimensional installation in the coupling
situation, an on-orbit calibration method based on imager observation is proposed, and this method effectively
overcomes the coupling nonlinearity of the calibration equations. Firstly, the geometric equations that should
be satisfied are derived by combining the physical meanings of the imager observation, the vector equations are
established by the installation and transfer relationship of each mechanical mechanism, and then the matrix
equations are established by the dual-vector method. Secondly, the necessary conditions for the establishment
of the matrix equation are analyzed. Through flexible use of the mathematical characteristics of “eigenvector” ,
the installation of the series mechanical mechanism is decoupled, and a mathematical method for on-orbit cali-
bration based on imager observation is obtained, extending the two-dimensional installation to the general case
of n-dimensional installation, and giving a standard calculation process. Finally, the calibration algorithm is
verified by mathematical simulation. At the same time, the influence of observation noise on the calibration
method is simulated. The simulation results show that the method of decoupling calibration using “eigenvec-
tor” is effective and accurate.
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Table 4 Simulation result statistics when satellite

position error period changes
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300 300 300 -0.0205 -0.1324 -0.0473 0.1037
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300 200 100 0.0154 -0.0755 -0.0514 0.0928
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TSKF algorithm for pulsar position error estimation
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(1. Department of Test and Control, Qingzhou Research Institute of High-technology, Weifang 262500, China;

2. College of Missile Engineering, Rocket Force University of Engineering, Xi’an 710025, China)

Abstract; In order to improve the robusiness of the pulsar position error estimation to the proper motion

and satellite position error and the efficiency of the overall algorithm, a two-stage Kalman filter ( TSKF) algo-

rithm is designed. Firstly, the influences of pulsar proper motion and satellite position error on pulsar error es-

timation are analyzed, and the simulation results are verified by combining relevant algorithms. Secondly,

based on the CV model and the principle of two-stage Kalman filter, the update equations of TSKF algorithm

are derived, and the basic flow of parallel computing is analyzed. The data of the simulation experiment show

that position accuracy of the TSKF algorithm is about 0. 1 mas and corresponding proper motion accuracy is

about 1.1 mas/a in the case of both proper motion and satellite position error. Compared with the estimation

algorithm based on CV model, the floating point operation of TSKF algorithm only increases by 0.048% .
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Formation control for high-order linear swarm systems with
complex communication conditions

SHI Xiaohang', ZHANG Qingjie> " , LYU Junwei’
(1. Dalian Naval Academy, Dalian 116001, China; 2. Aviation University of Air Force, Changchun 130022, China;
3. Naval Aviation University, Yantai 264001, China)

Abstract; The formation control problems for high-order linear swarm systems with time-varying delays,
topology uncertainties and external disturbances are investigated. Firstly, the mathematical description of the
formation control for swarm systems is established, and the formation control protocol is proposed based on the
consensus nearest neighbor principle. Secondly, the necessary and sufficient conditions for swarm systems to
achieve the formation are presented. By decomposing the state and using the variable substitution method, the
design method of formation protocol is given under the constrained conditions. Furthermore, in order to get the
upper bound of the time-varying delays, the free-weighting matrices are introduced, and the linear matrix ine-
quality (LMI) criteria with lower conservation are obtained. Finally, numerical examples and simulation re-
sults are given to demonstrate the effectiveness of the proposed method. The formation control method is robust
for bounded time-varying delays, topology uncertainties and external disturbances.
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Interval type-2 adaptive fuzzy sliding mode control design of
reentry attitude for reusable launch vehicles
YANG Zhenshu'*, MAO Qi *, DOU Ligian’

(1. Zhenjiang Key Laboratory of UAV Application Technology, Aeronautical Engineering Institute, Jiangsu Aviation Technical College,

Zhenjiang 212134, China; 2. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Considering the attitude tracking problem for reusable launch vehicles ( RLVs) during reentry
phase with high nonlinear and multi-variable coupling characteristics in the presence of parameter uncertainties
and external disturbances, an interval type-2 adaptive fuzzy sliding mode based attitude control method is pro-
posed in this paper. Firstly, the dynamic model for the RLV is developed, which is further transformed into
attitude angle and angular rate subsystems using backstepping method. Secondly, the parameter uncertainties
and external disturbances of the RLV model are regarded as part of the nonlinear terms of the subsystems.
Thirdly, the nonlinear terms of the subsystems are approximated by the interval type-2 fuzzy system, while the
virtual control signal and the actual control signal can be obtained respectively by combining the adaptive tech-
nique and sliding mode control method. Besides, the first-order low-pass filter is used to deal with the virtual
control law of subsystem. The stability of the closed-loop control system is guaranteed via Lyapunov theory and
the attitude tracking error can converge to a small neighborhood around the origin. Finally, the numerical sim-
ulation on the reentry vehicle is conducted to verify that the developed control method can track the reference
commands effectively and have strong robustness again external disturbances.

Keywords: reusable launch vehicle ( RLV) ; attitude control; reentry phase; interval type-2 adaptive

fuzzy system; sliding mode control
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Table 2 Results of different reconstruction algorithms
dB
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Table 3 PSNR values of reference map reconstructed

by different schemes at different sampling rates
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Table 4 Performance index data at 25% sampling rate

nT
5 i faxfiRze  HIUTARIRZ%E i 22
JE 45 %1 0.5978 0.6119 0.6743
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Kriging ¥ (& 2.2002 3.0117 3.1189
PSO-Kriging 1 {4 2.0524 2.3768 2.5143
x5 18.75% RFEXET & EREFREE
Table 5 Performance index data at 18.75%
sampling rate nT
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F6 12.5% RERT ZIEEIEREE
Table 6 Performance index data at 12.5%
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RT 6.25%RERT ZIERIEMREE
Table 7 Performance index data at 6.25%
sampling rate nT
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Abstract: The construction of geomagnetic reference map is the cornerstone of geomagnetic matching nav-
igation. In this paper, the compressed sensing theory is applied to the geomagnetic information acquisition,
which aims at solving the problem that the accuracy of the geomagnetic reference map is not satisfactory with
the less measured data based on interpolation methods. A high-precision method of geomagnetic reference map
construction based on compressed sensing is put forward, taking the structural characteristics of the geomagnet-
ic reference map into consideration. The discrete cosine transform matrix is used as sparse basis, the unit ma-
trix is used as measurement matrix, and the compression sampling matching pursuit ( CoSaMP) algorithm is
used as the reconstruction method. The experimental results show that the proposedmethod has better recon-
struction accuracy and stability compared withthe methods of cubic spline interpolation, Kriging interpolation
and PSO-Kriging interpolation. Compared with the PSO-Kriging interpolation method which has the best per-
formance among the three, when geomagnetic reference map is reconstructed at the sampling rate of 6.25% ,
the proposed method makes the peak signal-to-noise ratio ( PSNR) increase from 66. 97 dB to 74. 67 dB,
themeanabsolute error reduce from 25.47 nT to 10.26 nT,and the root mean square error decrease from 28.57 nT
to 11.33nT.
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Table 3 Nonlinear method calculation values,
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Design and analysis of a 3-PPP compliant parallel micro-positioning stage
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(1. School of Mechanical Engineering, Jiangnan University, Wuxi 214122, China; 2. Suzhou Vocational Institute of
Industrial Technology, Suzhou 215104, China; 3. Jiangsu Key Laboratory of Advanced Food Manufacturing
Equipment and Technology, Wuxi 214122, China)

Abstract; The structure layouts of the existing spatial translational compliant parallel micro-positioning
stages are not compact, and the parasitic motion of each kinematic joint accumulates during multi-axis actua-
tion, which leads to the augment of cross-axis coupling error. In order to solve these problems, first, a distrib-
uted-compliance 3-PPP spatial translational compliant parallel micro-positioning stage ( CPMS) based on com-
pliant sheet was designed. Secondly, the stage volume was reduced, and the parasitic motion accumulation
phenomenon of kinematic joints in each limb was eliminated by the way of structure optimization. Then, the
theoretical model of input stiffness was deduced through compliance matrix method. The validity of the theoret-
ical model was proved by finite element simulation. Besides, the natural frequency of the CPMS was calculat-
ed, and the relationship between natural frequency of the CPMS and size parameters of compliant sheet was ex-
plored. Finally, comparative analysis of the CPMS before and after structure optimization was conducted by fi-
nite element simulation. The results show that the volume of the CPMS is reduced by 67% after structure opti-
mization, and the CPMS has better kinematic decoupling characteristic and input output consistency in both
single-axis and multi-axis actuation.

Keywords: compliant parallel micro-positioning stage ( CPMS) ; compliance matrix; coupling error; nat-
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A Cache design for image warping
KANG Jie"?, LIU Qiang' > "

(1. School of Microelectronics, Tianjin University, Tianjin 300072, China;

2. Tianjin Key Laboratory of Imaging and Sensing Microelectronic Technology, Tianjin 300072, China)

Abstract; The vehicle head-up display (HUD) system displays the source image plane on the windshield
surface by image warping. Non-linear access to source image pixels degrades memory access efficiency. To
solve this problem, a Cache is designed to ensure pixel access continuity, reduce memory access numbers and
improve bandwidth resource utilization. To optimize the performance of Cache, a storage separation manage-
ment technology and an address multi-level comparison technology are proposed to improve the storage density
of image pixels and save logical resources. In addition, a method for dynamically adjusting the Cache capacity
is proposed to reduce storage resource usage and power consumption while ensuring the hit rate. The experi-
mental results show that the storage separation management technology saves storage resources by 25% . The
address multi-level comparison technology saves logical resources by nearly 10% . The Cache capacity can be
reduced by the dynamic adjusting method by 75% , dynamic power consumption is reduced by 67.578% , and
static power consumption is reduced by 14.060% .

Keywords: image warping; Cache; storage separation management; address multi-level comparison; ca-

pacity dynamic adjustment
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Research and design of synchronous GPS spoofing
signal generation technology

LIU Yachuan, KOU Yanhong”

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

Abstract. In order to meet the actual requirements of navigation spoofing of “low, slow, small” UAV, a
miniaturized synchronous GPS spoofer has been developed based on our asynchronous GPS generator spoofer.
Firstly, based on asynchronous GPS generator spoofer RF signal model, considering the spoofer signal process-
ing delay, the spoofing signal propagation delay, the status of the authentic satellite signal received by the
UAV receiver, and the dynamic model of the UAV ,established the mathematical model to accurately calculate
the simulation time and state parameters of the synchronous spoofing signal. Secondly, a local timing receiver
is employed to provide the disciplined reference clock and 1 pulse per second (1PPS) signal to synchronize
the spoofing signal with the authentic system time, and high-order direct digital synthesis(DDS) technology is
applied to accurately control the signal parameters and ensure that the difference between the spoofing signal
and the authentic signal is within the tolerances allowed for successful spoofing when the spoofing signal rea-
ches the phase center of the receiving antenna of the target receiver. Finally, the test results using a popular
commercial UAV and a commercial receiver are presented. When the UAV receiver tracks the authentic satel-
lite signal, the synchronous GPS spoofer begins to transmit the spoofing signal, which gradually deviates the
target receiver from its normal measurements and makes it output the position and velocity results under con-
trol. The results verify the established synchronous signal model, the designed synchronous signal generation
circuit, and indicate the synchronous GPS spoofer can achieve navigation spoofing of commercial UAV and
commercial receiver.

Keywords: GPS spoofer; synchronous generator; time base synchronization; synchronous signal model;

unmanned aerial vehicle (UAV) spoofing
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Dataset construction map of LSTM prediction model
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Table 1 TTE network traffic configuration
HEFEM TR HEWA BB/ Byte A/ /ms
TT1 ES, ES,, 528 64
TT2 ES,, ES,, 215 12
TT3 ES; ES,, 1505 16
TT4 ES, ES, 1273 84
TT5 ES,, ES,, 659 40
RC1 ES, ES,, 688 2
RC2 ES, ES,, 808 16
RC3 ES, ES,, 433 4
RC4 ES, ES,, 433 16
RC5 ES; ES,, 1518 4
RC6 ES, ES, 1022 8
RC7 ES; ES,, 208 32
RC8 ES,, ES,, 574 2
RCY ES; ES,, 828 4
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Table 3 Comparison of algorithm prediction results

BOLE SRR/ % 8% HEMR/ % HITiRE
LSTM 75.3 93.2 4.5
RNN 42.8 47.2 40.4
DNN 33.9 40.8 53
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Rate-constrained traffic prediction of TTE network based on LSTM
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Abstract: The rate constraint (RC) traffic in time triggered Ethernet (TTE) is event-triggered traffic. In
the application scenario of dynamic scheduling of RC traffic, if it can predict the sequence of several RC traffic
arriving at the switching node in a short time in the future, the switching node can make scheduling decision in
advance to reduce RC traffic delay and improve network throughput. In this paper, the arrival sequence model
of RC traffic is established, and an algorithm of RC traffic prediction based on long-term memory network
(LSTM) is proposed. Using OMNET + + tool to simulate TTE network, we can get the data of RC traffic
transmission under multiple groups of mixed critical configuration, and train and test the prediction algorithm
as an input sample. The experimental results show that the accuracy of LSTM algorithm in RC traffic prediction
is more than 70% . The experimental results show that the proposed algorithm is suitable for RC traffic predic-
tion scenarios.
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Numerical study on mechanical properties of seaplane in
whole water surface landing process
ZHAO Yunke, QU Qiulin, LIU Peiqing "

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

Abstract: The numerical method is used to simulate the whole process of seaplane landing movement atti-
tude and force, which is a complex problem combining water vapor two-phase flow, kinematics and dynamics.
In this paper, the global motion grid method based on Fluent commercial software is combined with VOF meth-
od for free surface capture and six-degree-of-freedom model for motion state simulation. The numerical simula-
tion of the water surface landing of a certain type of seaplane is carried out. The simulation results verify that
the overall motion grid method has good adaptability when dealing with the surface landing problem of sea-
planes. Through the simulated overload curve, motion state parameters and water surface condition, the land-
ing process is divided into three stages: impact, water skiing and floating. Through the analysis of each stage,
the general understanding of the water surface landing process is summarized. Methods and references are pro-
vided for the design and development of seaplanes.
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