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Abstract; Nowadays the air-breathing hypersonic vehicles are focused on by the researchers of aeronau-

tics and astronautics. This type of vehicle usually uses a scramjet engine and an integrated design method,

which brings a series of aeroelastic problems. This paper first describes the research progress of integrated air-

frame/engine modeling of air-breathing hypersonic vehicles. Then the research status of aerothermoelastic dy-

namics is introduced from the aspects of aerothermoelastic/propulsion coupling, control system coupling and

uncertainty analysis. The related aerothermoelastic experimental research is analyzed. Finally, several sugges-
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Simulation results of temperature field in cabin

Fig. 11
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Fig. 12 Simulation results of PMV in cabin

x5 RELMPMV EAZHEBELERE
Table 5 Simulation results of left-right difference of

passenger head PMV

e A A PMV 2411
10-1 0.64
92 0.56
8-3 0.40
74 0.1
6-5 0.02

x6 FEMDPMV EAZEBELER
Table 6 Simulation results of left-right difference of

passenger chest PMV

ZE AT PMV 2:{H
10-1 0.54
92 0.54
8-3 0.44
74 0.11
6-5 0.04




55 10 3]

PETN B , % - R A H K FH 48 5 0F RT3 1 Y 2 T

AL LF 4R

T
e |5 1929

AT 2o A R O R R

3 £

=

vl 3
o

ARSI R I3 S BT EE AT A R v i
SR, 4 CFD gl 05 EWHE A AN R 458

1) R B K BH R S 0 T TRAL R AR P9 0 st Al
I 5 7 O B S RE R R D i 22 N i
2°C s {HJE X 7 7 Jel L RS S R AR 1) B A
T B0 7 T R e v 3 22 1T 2k 20°C

2) i CFD sh2s 05 B P e K B, BLA Y a6
DA i 5 30T 2R FH I DG AR IR Rl URE 7 i P 6
F18 2 Al B T A AR X 2 50 B S R E S 0y
A i) FFRH B 000 88 A A7 A8 BRI 22 5 1k o

3) PrEATRE N, RALE IR A K BH
SR 23 SR TR R B B R R R,
If] BHN 3fe %5 19 PMV 6 B S i 5 95 B0 ) PMV
{E, DA ot 3 — 28 SR ORT A8, AR 7 ) 1
SPIRLIE , D/ 0N DK B 4 S Xk BATL 8 A 1 B0 7 1
P 9 BAE 3 1R R T

S Z 3 #k (References)

[ 1] RANCESCA R D A,BORIS I P, GIUSEPPE R. Notes on the
calculation of the PMV index by means of Apps[ J]. Energy
Procedia,2016,101 :249-256.

[ 2] HASAN M H,ALSALEEM F,RAFAIE M. Sensitivity study for
the PMV thermal comfort model and the use of wearable devices
biometric data for metabolic rate estimation[ J]. Building and
Environment,2016,110:173-183.

[ 3] SHEN C,YU N. Study of thermal comfort in free-running build-
ings based on adaptive predicted mean vote[ C] // International
Conference on E-Product E-Service and E-Entertainment. Pis-
cataway , NJ: IEEE Press,2010:1-4.

[ 4] MARCEL S,ANDREAS W. A framework for an adaptive ther-
mal heat balance model (ATHB) [ J]. Building and Environ-
ment,2015,94,252-262.

[ 5] BECK P, ROLLET S, LATOCHA M, et al. TEPC reference
measurements at aircraft altitudes during a solar storm[ J]. Ad-
vances in Space Research:The Official Journal of the Commit-
tee on Space Research( COSPAR) ,2005,36(9) :1627-1633.

[ 6] Paintindia Group. PPG quick-application windshield coating kit
available for general aviation[ J]. Aviation Maintenance,2010,
60(10) :66-68.

[ 7] LVMY,YAO Z B,ZHANG L C, et al. Effects of solar array on
the thermal performance of stratospheric airship [ J]. Applied
Thermal Engineering,2017,124.22-33.

[ 8 ] BATTISTONI G. The FLUKA code, galactic cosmic ray and so-
lar energetic particle events: From fundamental physics to space
radiation and commercial aircraft doses[ C] // IEEE Nuclear

Science Symposium Conference Record. Piscataway, NJ: IEEE

Press,2008 :1609-1615.

[9] M3, L, MR, %, Fanger PMV JAEF i #6 R % Jig 1)

PR i Ay AT L), IR I 2 ST 4 R, 2017,39 (10) .
125-128.
HEI S G,JIANG S G,YANG J, et al. Development and applica-
bility analysis of Fanger PMV thermal comfort model[ J]. Cryo-
genic Building Technology, 2017,39 (10) :125-128 ( in Chi-
nese) .

[10] Bl , FARK, B AL, 5. UL i i B2 3 3l 92 46 BF 52

[J]. Bl2edi AR5 TR ,2017,17(31) :364-368.
YANG J Z,ZHANG Z B,CHEN X Y, et al. Experimental study
on temperature disturbance in aircraft cockpit[ J]. Science and
Technology and Engineering,2017,17 (31) :364-368 (in Chi-
nese) .

[11] AR, SRR, AR, S5 B 4T T e 52 1 B2 3 i B fe
AL T]. HLBR SR BE 2017 ,39(2) :479-483.

HE L,WU C S,LI Q J,et al. Numerical simulation of tempera-
ture field in passenger compartment under solar radiation[ J].
Mechanical Strength,2017,39(2) :479-483 (in Chinese) .

[12] SR, XM (LA, 36T ASHRAE £ R ) % it 2 1 X

FRERST AT ()] 7 LR AR RF %M CH AR ,
2017,36(6) :645-650.
HAO G H,LIU Y H,WU H Y. Analysis of solar radiation on
cabin surface based on ASHRAE model [ J ]. Journal of
Lizoning University of Engineering and Technology ( Natural
Science Edition) ,2017,36(6) :645-650(in Chinese) .

[13] SHI G L. Discussions on the application of Fanger’s thermal
comfort theory [ C ] // The First International Conference on
Building Energy and Environment Proceedings,2008 ;8.

[14] SRR, BEHE, BT, 25 1 ROHL S8 4 2 A0 P 05 1 0 100 H 40 #r

[J]. 24 38 T #,2017,14(10) :8791.
ZHENG Z,TANG H,CHENG Z. Analysis of climate and envi-
ronment test projects in military aircraft laboratory [ J]. Equip-
ment Environmental Engineering, 2017, 14 (10) ; 8791 (in
Chinese) .

[15] DUAN P Y, LI H,LIU C C. PMV based hot/cold complaint
model for dynamical thermal comfort[ C] // International Con-
ference on Manufacturing Science and Technology, 2015, 3
1185-1188.

[16] ALF5WE. % HLAEAG WM 126 XS B AL B AR B ITFA [D ]
PR B KK 24,2017,

DU X Y. Optimization of air supply parameters and thermal en-
vironment assessment of nozzles in passenger aircraft cockpit
[D] Chongging: Chongging University,2017 (in Chinese).

[17] ISO/TC 159/SC 5. Analytical determination and interpretation
of thermal comfort using calculation of the PMV and PPD indi-
ces and local thermal comfort criteria; ISO 7730—2005 [ S].
Geneva;1S0,2005.

EEE I
B LML HUR. BN AT IR

Z=E B LA FEBIR D AT SRR



AL HLF W

IV [ a5
1930 | AD U =N/ NI N = 4 2019 4

Effect of solar radiation on thermal comfort in civil aircraft cabin

PANG Liping"** | LI Heng', WANG Tianbo’, FAN Jun*, ZOU Lingyu'
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2. School of Aero-engine, Shenyang Aerospace University, Shenyang 110136, China;
3. School of Economic and Management, Shenyang Aerospace University,Shenyang 110136, China;

4. Army Air Force Research Institute, Beijing 101121, China)

Abstract: The requirement of thermal comfort for passengers is constantly increasing, which puts forward
more urgent requirements for the overall thermal comfort of civil aircraft cabin. Based on the actual measure-
ment of flights flying from north to south, it is found that the temperature distribution on both sides of the cock-
pit is extremely uneven due to the influence of solar radiation, especially around the windows, the average
temperature difference reaches 20°C , and the thermal comfort on both sides of the cockpit is quite different.
Combined with the CFD dynamic simulation, based on the actual situation, the thermal comfort of the cockpit
on both sides of the cockpit is quite different. Real-time measurements of temperature and thermal comfort
PMYV in the cabin of civil aircraft are reproduced by setting up a simulation model of equal proportion cabin.
The simulation boundary condition is temperature and pressure data measured in practice. The theoretical basis
for quantitative analysis of thermal comfort in the cabin of north-south flights is provided.

Keywords: thermal comfort; solar radiation; CFD dynamic simulation; real-time measurement; quanti-

tative analysis
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Table 1 Comparison of composition of chemical elements

in lunar regolith simulant and A12 returned sample
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Table 3 Designed and measured geometric

dimension for fabricated gear
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In-situ forming of lunar regolith simulant via selective laser melting
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(1. Aero Engine Academy of China, Beijing 101304, China; 2. School of Aeronautic Science and Engineering, Beihang University, Beijing
100083, China; 3. Institute for Advanced Materials and Technology, University of Science and Technology Beijing, Beijing 100083, China)

Abstract. Selective laser melting (SLM) technique in combination with the in-situ resource utilization
(ISRU) concept can be an off-world manufacturing solution to the significant engineering challenge on the
large-scale construction for extra-terrestrial bases. The feasibility of SLM process applied to the additive manu-
facturing of lunar in-situ resource was investigated by utilizing lunar regolith simulant. A laser source was uti-
lized to melt the powder locally in a layer-wise manner. In order to successfully fuse the powder into parts with
low laser power, high efficiency and high geometrical accuracy, the SLM process parameters were investigated
and evaluated by laser volume energy density. The results show that the simulant can be successfully fused into
parts with high geometrical accuracy using SLM process with low laser power due to its high absorbance and
low mass loss. The fabricated part quality depends on the laser volume energy density: increase of laser vol-
ume energy density input results in better mechanical properties of parts; however, excessive laser volume en-
ergy density input leads to high distortion of parts. Poor powder fluidity of the raw simulant is observed due to
its complex particulate shape and a wide range of particle size distribution. The powder fluidity of the simulant
is improved by optimizing its particle size range, resulting in a denser and more uniform powder bed, which
can avoid defects within fabricated parts.

Keywords: lunar exploration; lunar regolith simulant; in-situ manufacturing; in-situ resource utilization

(ISRU) ; additive manufacturing
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Structured simulation platform architecture for fighter cloud operations
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Abstract: With the rapid development and wide application of information technology such as big data,

cloud computing, Internet of Things, and mobile Internet, new combat modes continue to emerge. The “cloud

operation” with the core of the task distributed command & control process becomes a brand-new cross-domain

full-dimensional combat style. Based on the analysis of the feature of combat cloud and cloud operation, com-

bined with conventional combat simulation process, cloud operation system simulation process is proposed, and

the cloud operations structured simulation platform architecture design and system function design are pro-

posed. Through cloud operation structured simulation examples, it compares the observe-orient-decide-act

(OODA) cycle of traditional combat styles with cloud operation styles. The resulis show that the cloud opera-

tion style can effectively shorten the OODA cycle time.
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Rough surface target and jamming signal recognition of FM fuze
HAO Xinhong ", DU Hanyu, CHEN Qile

(Science and Technology on Electromechanical Dynamic Control Laboratory, Beijing Institute of Technology, Beijing 100081, China)

Abstract: A rough surface target and jamming signal recognition method for the ground frequency modu-
lation (FM) fuze is proposed in order to effectively identify the ground target echo signal of the FM fuze and
the digital radio frequency memory ( DRFM) transmissive jamming. A rough surface beat frequency signal
model of the ground FM fuze is established, and a two-dimensional distance-speed extraction method is used to
extract the beat frequency and Doppler frequency. The beat frequency peak bandwidth and the Doppler peak
bandwidth are used to identify ground target and the DRFM transmissive jamming, and their utility is verified
by Monte Carlo simulation and non-parametric hypothesis statistical test. The results show that the spread of
the beat frequency peak bandwidth and the Doppler frequency peak bandwidth is positively correlated with the
size of the rough surface under the illumination of the fuze antenna. The Doppler frequency peak bandwidth
spread is proportional to the carrier frequency. The peak bandwidth characteristics can be used to distinguish
between rough surface target echo and DRFM transmissive jamming.

Keywords: frequency modulation (FM) fuze; rough surface target; two-dimensional distance-speed ex-

traction ; digital radio frequency memory ( DRFM) jamming; nonparametric hypothesis test
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Table 1 Main performance indicators of several

electromagnetic tracing products

7 M PR /mm  (LE RS/ mm JFALRE R/ (°)
Aurora 500 1.6 1.1
Fastrak 762 0.762 0.15
Isotrak 762 2.54 0.75
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Fig.2 Space expansion device of electromagnetic
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Table 2 Position error and orientation error of different planes before and after expansion

iR T L 1% 25/ mm iR )5 o 1% 25 /mm RIS R/ (°) RG22/ (°)

#/mm Mean SD Mean SD Mean SD Mean SD
0 2.74 0.71 1.34 0.28 2.36 1.13 1.41 0.41
90 2.42 0.64 1.28 0.19 2.29 1.25 1.32 0.28
150 2.68 0.65 1.39 0.22 2.62 1.38 1.37 0.32

-1 2.61 0.67 1.34 0.23 2.42 1.25 1.37 0.34
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A method for expanding workspace of electromagnetic tracking system
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Abstract; Aimed at the problem of limited workspace and inconsistent measurement accuracy of NDI
electromagnetic tracking equipment, a method for expanding the workspace of electromagnetic tracking system
and guaranteeing measurement accuracy by moving magnetic field generator is proposed. This method uses the
indicator value returned by NDI system as the measurement of accuracy. When the indicator value exceeds the
set threshold, the magnetic field generator connected with the manipulator is moved to relocate the sensor in
the optimum working area, and the position and attitude measured by the system are unified into the coordinate
system of the manipulator base through spatial transformation. In order to verify the effectiveness of the pro-
posed method, experiments are conducted to verify that the measurement error is positively correlated with the
indicator value and the distance between the sensor and the center of the magnetic field generator. Then, by
comparing the errors before and after the expansion, it is shown that the mean position error can be reduced
from 2.61 mm to 1.34 mm, and the mean orientation error can be reduced from 2.42° to 1.37°. This method
can be used to locate and track large-scale moving instruments such as vascular interventional catheters.
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Table 1 Position error and orientation error with different scenes for various algorithms
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Table 2 Comparison of network precision of

different estimators
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Table 3 Comparison of network precision between o

weights loss function and o weights loss function
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Table 4 Comparison of network precision

with and without transfer learning
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A visual localization method based on encoder-decoder dual-stream CNN
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Abstract: In order to calculate the camera pose from a single RGB image, a deep encoder-decoder dual-
stream convolutional neural network ( CNN) is proposed, which can improve the accuracy of visual localiza-
tion. The network first uses an encoder to extract advanced features from input images. Second, the spacial-
resolution is enhancedby a pose decoder. Finally, a multi-scale estimator is used to output pose parameters.
Becauseof the differentperformance of position and orientation, the network adopts a dual-stream structure from
the decoder to process the position and orientationseparately. To restore the spatial information, several skip
connections are added to encoder-decoder architecture. The experimental results show that the accuracy of the
network is obviously improved compared with the congener state-of-the-art algorithms, and the orientation ac-
curacy of camera pose is improved dramatically.
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EST image reconstruction based on primal dual interior point algorithm
XUE Qian" ", LIU Jing', MA Min', WANG Huaxiang’

(1. College of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China;

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

Abstract: The passive induction mechanism of electrostatic tomography (EST) determines that the num-
ber of independent measurements is equal to the number of electrodes, which is much less than the number of
independent measurements of relatively mature electrical tomography (ET) technologies such as elelctrical ca-
pacitance tomography (ECT) , resulting in a more severe underdetermined inverse problem. In order to ad-
dress this problem, compressed sensing-based EST image reconstruction algorithm is studied. The sensitivity
matrix is processed by singular value decomposition (SVD) to satisfy the restricted isometry property ( RIP) ,
and thereafter the /, norm regularization model and primal dual interior point algorithm ( PDIPA) are utilized to
reconstruct the image. Besides, constraint on the number of non-zero elements in the image vector is imposed
in the iteration process according to the sparsity of debris distributed in oil. Simulation experiment demon-
strates that compared to the “Circle of Appolonius” based back-projection ( BP) algorithm and Landweber it-
eration algorithm, the aforementioned algorithm has obviously improved the imaging quality; accurate recon-
struction can be obtained for single charge distributed at different positions; for two point charges whose dis-
tance is more than or equal to 1 mm, both the number and positions of the point charges can be correctly ob-
served; for 10 groups of three randomly distributed point charge models, the accuracy rate of charged debris
number monitoring is about 80% .
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Table 1 Rank and singular value of observable matrix under multi-position
(oA B A S
3 8 29.861 29.713 29.562 29.405 29.405 29.405 4.220 2.969 1.715 x10 7
4 9 41.585 41.585 41.585 29.716 29.562 29.405 6 5.168 4.198
5 9 41.585 41.585 41.585 41.585 41.585 29.564 6.708 6.708 5.968
6 9 41.805 41.585 41.585 41.585 41.585 41.585 7.3484 7.3484 5.9683
7 9 51.106 46.513 41.693 41.585 41.585 41.585 7.9372 7.8196 6.0063
8 9 55.280 46.533 46.513 46.493 46.493 41.657 8.3749 8.2633 6.0331
9 9 59.063 55.107 50.992 46.596 46.493 46.493 8.6499 8.3946 6.4519
10 9 64.408 57.427 50.991 48.495 48.261 46.572 9.1542 9.1223 8.2048
11 9 68.476 58.829 55.023 50.931 50.931 47.303 9.8828 9.8328 9.4636
12 9 72.041 65.751 58.810 51.012 50.931 50.931 10.392 10.392 9.8817
13 9 72.041 67.576 58.813 58.810 52.764 50.951 10.816 10.765 10.605
14 9 72.041 68.973 62.385 62.377 55.011 55.011 11.178 11.149 11.132
15 9 72.041 68.973 65.779 62.394 62.394 62.377 11.458 11.456 11.439
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Table 2 Comparison of calibration results between proposed method and Newton’s iteration
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B./(m-s?) 0.11646 0.11629 -0.146 0.11644 -0.017
B,/(m - s7?) 0.0361 0.0359 -0.554 0.036 107 0.019
B./(m-s7?%) 0.13644 0.13842 1.451 0.13637 -0.051

S 9.80518 9.8052 0.000 204 9.8059 0.007

S, 9.78718 9.7882 0.0104 9.7876 0.004

S, 9.77107 9.8115 0.414 9.7711 0.0003
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Table 3 Comparison of operational time between

proposed method and Newton’ s iteration
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Table 4 Mean of horizontal attitude errors
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Rapid calibration method of MEMS accelerometer based on adaptive GA
GAO Shuang” , ZHANG Ruoyu

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

Abstract; MEMS inertial measurement unit ( MIMU ) calibration is one of an important research direction
in low-precision inertial navigation. Traditional calibration method has complex operating procedures and de-
pends most on turntable accuracy. In order to overcome the problem of MIMU calibration in batch production,
this paper presents a rapid micro-electro-mechanical system (MEMS) accelerometer calibration method based
on adaptive genetic algorithm (GA), which converts calibration task to parameter optimization. Firstly, the
principle of norm observation is adopted to establish the objective optimization function. Secondly, the optimal
calibration scheme is designed on the basis of system observability analysis. Finally, calibration parameters
can be optimized through adaptive GA with global search capability. Experimental results demonstrate that,
compared with Newton’ s iteration, the proposed method can improve calibration accuracy by 1 —3 orders of
magnitude and increase operational speed by 61% . After the proposed calibration, the horizontal attitude error
is less than 0. 1° and its accuracy can reach the same order of magnitude as that in traditional method, which
verifies its superiority and practicability.

Keywords ;: micro-electro-mechanical system ( MEMS) ; accelerometer; genetic algorithm ( GA) ; norm

observation; calibration; observability analysis
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Variable selection in regression models including functional data predictors
LIU Kesheng', WANG Siyang” "

(1. Big Data Center of Student Affairs Department, Beihang University, Beijing 100083, China;

2. School of Statistics and Mathematics, Central University of Finance and Economics, Beijing 100081, China)

Abstract: The variable selection and parameter estimation problem is researched in the framework of
mixed-type regression model with both functional and multivariate predictors, which broadens the scope of
functional data analysis and the application fields of variable selection methodology. First the functional pre-
dictors are projected into spaces spanned by functional principal component basis functions. Then variable se-
lection and parameter estimation are implemented simultaneously for the multivariate predictors and derived
projection predictors in the form of grouping, where the tuning parameter of the penalized term is adaptively
selected and the loss function is based on absolute median loss function. As to the optimization procedure, by
introducing slack variables, it is transformed into a linear programming problem with several constraint condi-
tions, which simplifies the computation. The simulation results illustrate that the proposed method performs
quite well in variable selection and parameter estimation in the mixed-type regression model.
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ponent

Received: 2019-04-11; Accepted: 2019-04-26 ; Published online: 2019-06-19 1119

URL : kns. cnki. net/kems/detail/11.2625. V.20190618. 1535.001. html

Foundation items: National Natural Science Foundation of China (11501586,71420107025) ; Program for Innovation Research in Central Uni-
versity of Finance and Economics

# Corresponding author. E-mail: siyangw@ 163. com



20194 10 H
45 F10H

tEMEMRKEFER

Journal of Beijing University of Aeronautics and Astronautics

dtﬁ##ﬁ Octob 2019
W

Vol.45 No. 10

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2019. 0044

jbuaa@ buaa. edu. cn

RAE N & & ZN PR 12 B 25T B H HIL 381

REE, HUE, pE, B, AP

(1. PYde ok R 2y SREIRABe, V9% 7101295 2. JbRtfi K3h I#F5E T, JLat 100076)

B N T ERAEBREKE LA K LK ED W, KA FPGA 5§ DSP 40 4

BT R A E R YT T RED WS, L P FPCA BH G RE A/D % H B TEREEHK
¥ K % ,DSP = AT % [ 7 W Bk 0 8 4 RS il , X I 0 BT A o B R A B0 9 R B AT T RIS
BT — A MRA (RESID) R A TRAEKFRAANKE LU, ZF & TE 6ms H 1)
MR ERREE, BEETHELH B TENNEFEFR(HILREF &, XA B K
HEREAREFERDE &M A RESID i #t 77 K o if, @t A ALR & # AT
Zo HRELVRESID KRB AN DU RS ILE Rk e AR E D B & LI, H ik
fTotlE 3. 9ms, RE LU BT U LA LW KEEMNAKELB , A THELEFEEM DR
MEFA RTUEANRREERA WTEAEBAF e RTAFHE

% @

Fb
MESES: V433.9
XRARIRA ;A

WA KT A S WL AE R i ) BRSO R s AT 1
SR R GE, FLH s Y ke A Rk i B AT A i
F8 RSP FRR R B B IR I X K S ALY
LA FEPESR TR 2R, R AT SR A
R J S HLEL 2 W &R G, W] LA K 3l L T A
T B A e e L U R W, S B B I SR B
A BB , DR I A KT R 28R *24 4, A 2308 B e
TR B WL T 5 0 IO i

AT, FE P AN 0 9844 KT K 3 BIL B 2 W
FEM IR B T IR R B, BT
BEFAERR (HIL) 5 HOF 6 5 bRk 45 & 247 5
TR AR R T a6 R A, X
SO 5 R BB AR ME R T T AL & | AL RE
T4 15 B IE T EL 4% N T LR Gl R 2
Wi BB TR o A B2 I e IO T 00 KR
KANPUPLER GE, Xb RAT I F v 1tk e 47t 0

W A K R Sl BE B dk E D BT A8 FPGA + DSP; R A & pk; HIL

XE4HS: 1001-5965(2019)10-1995-08

AL A0 Ry 2 N A 2 BT & — BT LA
FF HLE 12 7 0 B 2

AR Bl 2 TR R R 1 2 R B A P 4
¥ (Un 2 F- AL ARM  DSP 1 FPGA %) ] F % ¥4
SRS VB vk Ak B F 9 MR B 22 E A K
i & S 2 W 4% R — AR L 2 i TR, O
HILZR G AR, A 2R H — Rl R R F 52 2%
PERE R 15 1) 2 A0 B3R 2040 fF DL 1 B — 2l
.S5G8k, AT UL BoAb o WA KCHT K B L
HC [R5 T A T2 58 B R A 3 800 R 4R AR a2
LI BRAE . R FPGA 3% 1) JiC & fig J) #1 DSP
iz B RE 7 b A B AT R S T e R —
FlE R G B O R AR BN I A% AR B, O
HiE s, 5 T g,

L, A Sci% 3 1 LA FPGA il DSP B 4 1
RS W 2 T WA KR R S DAL B AE R ik 12

Y B 2019-01-31; FRAEH: 2019-04-26; M4 H KR A 8 : 2019-06-12 14.57
P 4% H R 3k . kns. cnki. net/kems/detail /11.2625. V.20190611. 1601. 004. html

= BIE1EE. E-mail: yqguo@ nwpu. edu. cn

SIRE: B 7B, BAF, B, F OREKXGR AP NE DS B E XA HIL BE [T ], AL FATE AKX A F #4, 2019, 45 (10 ) :
1995- 2002. ZHAO W L, GUO Y Q, YANG J, et al. Design of liquid rocket engine fault diagnosis device and its HIL verification
[J ]. Journal of Beijing University of Aeronautics and Astronautics , 2019 , 45 (10 ) : 1995- 2002 (in Chinese ).


qwqw
新建图章

http://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&filename=BJHK201910011&dbname=CJFDPREP&uid=WEEvREcwSlJHSldRa1FhcTdWa2FjVHcxLzV6enlxekc3d2x6VnVoc0FNYz0%3D%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

1996 b B = R KR

2019 4¢

Wro B, XIS BT A ) R RS AT T A
FLU, 73 Bl Bt 1 RO 2 W s 1 BE R AR 5 2R
Ji T R 2 W 2% BT T — Bl T Tl RS
(19 33 9 25 44 3R 51 (RESID ) 5303, 2 4 596 ik
Wle W g kA A S AU A2 BOF 5 F 5 9 5K
SIS & a7 RFESR T 5,
X RESID $3k BEAT 1 50k

1 i AR It
1.1 &PEi2 W88 24981t

TR AAR K & Sh ML R 12 W B 58 AL SR A
55 R AE AP A AR A SR IR T RE 3B 1T B
W R R 12 T S RO S IR E T e
AR FPGA + DSP XU Gt 2K X i [ 12 W i i#F

(i e

FPGA + DSP XU R Gt ) f KA s R 450 R 1%
A A TE A S A R R R A
B, 5 T4 MY R . R ML il
AL R 0 2 1 A B, 55 A 3 A 4 — S8 A [l ) il
B . RG4S AE, I FPGA 58 K1 I
74k BRRE 7 R AT B SR A IE 0T R G S g R AT
¥, A A DSP )iz 5 68 1 45 5 2F 47 52 i 4k 3
BT IR 2 Wi 3, R B 5 FPGA Z [a] 1 4 %k
P05 B 54 . MR AE K bR b AL i ]
A BT R AR A R 12 T 1Y ) e R 43 1
ARG BRI RER, I 1 R H R A R
Bide A/D SRAERIH JF 5685 5 A AT A
B A A AR

IPATDRRIEEERET = {

SRR A L

________________________________

PoRE—— ‘;{}; ._.. GPIO]

T b

—_— N SDRAM
o

JRE IR )

GPIO

BT BRSBTS

Fig. 1  Overall architecture of fault diagnosis device

1.2 P12 W 88 18 i it

TE 4 512 W 2% 3, FPGA i Zh A = 24y
5 24 G B R AR N AE YT R DSP B JE 1F
TE AR I B8 2 o X 4 o 25 B 25, e ] Xil-
inx /Y @ A Spartan-6 Z ¥ i R/, & 5 h
XC6SLX16-2FT2561, % 256 i) BGA Hf 3 FH
NERGL S 14 579 245 H6, 32 R8I ofe vk 4%
136 Kbit 7] Jif & @ #5 #t ,576 Kbit ) Block RAM , 1]
JH 10 Hi ok 232 47

TEM B2 W as R4 H , DSP EZ AT g & i
AP WAL, I H S FPGA 5. h T RE
AT EAATHORE IS W R, RS REFE A
S, PTLLEFE C2000 R A A DSP, Z5 b iR
WEFERY AL Sy TL 24 w) A 77 1) TMS320F28335,
Je— I b 45 K 1Y = PR RE 32 7 A DSP, 4N
150 MHz, J™ 32 F 3 oMl 42 1 S

AR SO AN ERAL AR T BT R DS F
K 16 i 53 BEAR 1) ADT606, AD7T606 J& — K £
A 8 T IE [ AP SR B R SR AR R GE, I 3
AD7606 , i i I AT A5 & 1 5 FPGA HEAT $ 4l 52

B RO R A 16 47 43 BER ) ADT606, 3 K
AD7606 ] 16 3 %4l 28, 4 B 7E— A48 4 JR
WA IR A B 2 g A/D SR AR S HAE &
FIH FPGA [y n] 4 72 32 45 4 il 45 50, SR AR AL
AR 38 I S AR BE T ADT606 [t 5 5 i e
W R AE B 285 S 52 i PR AE ZE AL H RAM HL T, F 1
SEHLERE B A/D SREE

BR824 1) S s A B 2 B FE RS 8 R AT
FIRCEEFR /R AT 2 B4y o B 3 by Sk /s A5 e e 12 2 A5
LS AE . DSP 1) GPIO M5 LED #i%, .78
TR 2 B 25 R RE , 4 60 To RS, 206y ik
BOPR S ARG 7R AT 5 2 R T AR A0 45 B B
B K /9 AR 25 55 5 DSP (1) GPIO 1 55 8% 13 2% A 3%

A R AL S

Ber
R AL [ -
S RIALE S ﬁﬂgﬁ%

K2 A/D RASHAE R

Fig.2 Block diagram of A/D acquisition implementation



55 10 39

AT B A WA R A S LERRS WA Bt S H: HIL 35910

1997

O =0

B3 B AR R A A e 5 BUAE ]
Fig.3 Block diagram of display module and

alarm module implementation

SEIHCE T RE , Y bR R A B g 2R 30 s Jin LA
PR,

1.3 &S HREGIET

1.3.1 FPGA ¥4 %3 R &

AT R R R R A/D B R R B
PUAL I 1 R () B 40 3 5 Ak o B0 i, S A% 4
WAL B0 e, v e i 5 i S I R IR AR
K, R R 12 W B 1 AR G W K S LIRS, 45
vt FI W {5 B . FPGA 3@ 2o If 11 % 2 4> 1%
S B AT R, A LT R AT R AR e, AT AR
f A 23R R A S B P SRR i 1 B 12 BT R
Hh, T AL i 22 A A% I B R AT AL R SR T OR AT
Rk R T B ir g

AD7606 R LLXF i A 8 % 1 A5 40 i A i i
725 %A, 24 2 4> CONVST 5| i (CONVSTA
H CONVSTB ) & 7E — & I, Fr A 18 38 [7] 20 R A%

FEL 3 A CONVST {5 5 (1 1 Ty J8 gh % i 45 45
P AR E B[R 20 R A (VL ~ V8) . fE FPGA HL
A BRAR S ALK 2 B AT AD7606 [y 45 4, CS F
RD ¥ 4b F 32 841K 6 SF 1, 0 £ 6l fiE i o 46
DB[15:0 ], i % 46 25 2 4 10 76 Jf 47 M2k |, AD_
BUSY i th £ 35 55 #8 -, 12 Jr A3 38 38 19 % 6 2
FESE LM Ak, 8 i RANGE 5] Ji ok i 425 455 400y A
MG . AD7606 A3 FRCAR 25 L Y 45 #4 42 1 G [ 4
JiiR o ARHE AD7606 11y T 1F J5t B AT 7 (8], Se 5 A
159, FHe 4, 58 UG 51— Bt [ #6417 A/D i
MEEHC . BARR S HLAE R R 5 BiR

MRS
T

Q[15:0]
LB ~—!
R

Kl 4 AD7606 A7 FRAR 25 L E5 A4 AE 5]
Fig. 4  Structural block diagram of AD7606

finite state machine

2 READ_DONE\_Wait_busy

Kl 5 FPGA ¥l AD7606 45 FRAR A H1
Fig.5 FPGA controlling AD7606 finite state machine

1.3.2 FPGA X% DSP i@ 4%

Wt FPGA HEAT 84l R4 Z I, T 2 R A
KO %% 45 DSP AL HRER AT IR 2 Wi . 7E FPGA
H3E o TP A — B0 0 RAM, H T 17 %
AD7606 [ %4 iy 1 25 5 . DSP A Sk [ 12 W 11
F AL PR, T LAAT 2 B 20 5 OO T RAM B
SRARERE , 538 o b W Oy 20k A ik Oy = OR
FEBCHE A B, 08/ T 6 DSP BRI 5 L 4R T

DSP %R . 7£ FPGA HL 3% F IP & 44 # X 1T RAM
A PLL #8 j@ 1f PLL 43 S5URUAE AT, 43 il 46 38 10
50,75 .100 MHz [ B} B0/ R BT RAM [ B 46
T e XINTF £ 1, DSP 7] DLAR J7 5 4 132
e E S A FPCA 1y A7 4%, IRIE T R 581 L)
PO 3 I X 3 e i A AT A B o LA A
B 12 W B3 0% P 5 T A A, AT R 12 W, P43l
1o I s TR R O S R IS T 2 R



1998 b B = R KR

AL

2019 4¢

I E AR TR 2 AT B B SR 2 TR Y i
TR HOMA S E LR, B RTW A A i n]
AT R A AU JF F 202 DSP p

2 HESEEZIRIT

AR SO B A 1WA JCHT K S LT R 4T
HEE ST B g A R B I S 5 B T A, 1 R
w il G2 HN R 1 PR, 1A W e i 58 R e
AT B R W R A TR D R R R TR
PN BN U S N U o L TS
T FE ARG b I IR A L S AR 0 WA I
T3 KR AR T T RS A A iR R e TR
J1o A FAT E A SRS WA KR K sl &
GEIHOE R AR I E AR R R Y. KB
BLF B B 3= R AR 3 JE M 1 56 2R 3R 8l e
A A SO AR KRG e s PIL 32 B8 A R 6 1,
I 1] O B2k B A Al b A A AR A AR

RESID B3k T F i 7 27 ) W 28 A8 o &2
2 IR AL 4 21 19 Al ek o6 R ] — S i Y k47 3R
B IR R 4 51 R A 15 AR 2 0, i a8 IE R 7
BN TR L s Z B AR E G R o RESID 55
5 W R AE S AE 138 VA 3 i T — 25 AP W S e (I A
B, RESID Bk 45 /g an 18 6 frn. Bl E
RESID 59 3 p i — 25 R BN 2R 50 1%, o, i A

®1 BENFRHVAERFNS
Table 1 Sensor measurement points for

liquid rocket engines

SR RS BLf
FH 5 16 46 2 e ik ng r/min
TR 0 T n, r/min
bE 55 B ) Py MPa
WHEEREN P, MPa
I 2R 5 H o 8 i R H Py MPa
I 3R G5 SR S i T R P MPa
F R G5 H e S W TR ) Py MPa
F 7R G0 WA B TR P, MPa
IR RS P, MPa
IR AR T T, K
e = IR ) P, MPa
X, O— vV

! E

x E >X(/|z
i O ¥,
b — %

.‘I\

E E

K6 Wigk RESID F 4R 2 1Al
Fig.6  Schematic of two-level RESID network

IR S B WA AR I S B T A O L
R R Eo SRR AR P TR /N O IR 25 5K
F R ZMITR P IR, HRITTR BN T —Br
Bl gr e B 0 BRI Fn A o 3 8 )11 25 Rk 9% 22 3R
A, R AR B s AT AT — 2 ) 2t
15 RESID 55k rp il S0 BERY vp i — A1 S Bk 47
R o AT AL 8 B AR 2P 181 )3 07 125, A SCR
T PERE A A A 2 R Bk

RESID i il i B £ n A& s Bl 15 o
AR A T A A X, 1A A2 S s B0 A A el A Y
BEAS Ry, 5L J7 By = fune (X (1), X(2), -,
X(n)) , X(1) ~X(n) HTINAE 250 fune
DA T o 30 S R R Al 1 ) 7 A RS A
ORI R . ARG TARIE R W8 19 A
AR BT B PSS B A TR, 17 45 5 B A%
I R A B A — P s 7 TN R A

B 7 O MR KR e s Bl RESID 553k AE [
851 R AT WAL B . 2R 2 2 MR I 2R AL
P, xF By A Al LLBE X A9 RESID A5 780 9 47 gl A5
BN n AR B RO e O e ) TR
55 3 0 PR AT AR op BN 8 5 A iR 28 Bl
ABERY, B T ORIZAEEY . 55 4 0 AR EEH E H ok
AR TR B i A 4 ) s S L A 8 R — s AU
BRI I ) = = IR0 (56 3 22 23 4 Bk Ut
11, BB m RIS ) o 25 2P, K i B
AN L 9 RESID B 8Y v | 32 458 70 1) ] 326 € 1Y)
n A SR it O A ) % % R K ONME S
K HE I3 28 3 e R0 o A e B, A B AR 22 B
55 6 0] T A BB 1 5k 25 T BT S d X R 25 A
A S 2 B B, WA A R R A

B I SR I 2 R A ST e A R A 3
F1% TN {0 5 552 P {EL 22 1) A9 F 49 4 0 2R 22, F 44 4
X R 22 O A AR Y R 25 B A iR ZE AR N
- fERR AR EER A

nZ15iA

| Zgl

LEIETPN

|rawASE
V5%

! SR B
il 1

| RESIDHRIEE T

' |

| U R

| l

| Pk B 9o
SR AL 2

___J[____J

HCREH

W ||
; |
]

-

m/ R |

1 't

Kl 7  RESID S iLAE &
Fig.7 Block diagram of RESID algorithm



55 10 3]

BATT LS AR T A Sl ML RR 2 I s B T O HIL 58 9E

e A iR
1099

B2 IR ) S 1 o o 7SI T A ) K Bl
ARABERE 15 B4 g 2 % e 1 B , 4 000 i
5 SR LU A B2 0 3 B 40 1) S 249 4 ) R 2
R I3 2 4 0 R 2 5 N 1 24 268 X R 2 A LG
B o A I R o1 35 2 X iR 2 A 0 A, A
AR e A o A A D SCRR L TR e B3 S,
AR S8 b A S LR S AT IR 4 o

Bt X A R A KR B ALY A SR 4 s TEA
BB, A R R L O 0.9, TERCTF K
SR, ] GUT Fbyi nf LA 17 38 18 3% £
SR, K] 8 iy GUI FL i . 7m 1 Il 41 5% 2%
I 25 5% 22 e K AE0. 020 69 [ {H  [6]9 2 GULA

RESID ¥ i # B -8

FHlls | |

— Wl 2
SFHESN | YRE 4

5 X 10" _lsne

0 'M‘x,%%ﬂw

5

0 200 400 600 800 100¢

K8 RESID 57kl 45k %=
Fig.8 Training residuals of RESID algorithm

A
_’l“)\ - - -
mEmR 1 smeenE 1
Yad | 4 FEAM 0001
HERN 5 s
GEGRANGN CURE &MaE  aPoE
Wi 0020838 1 m:
2 it £
| b
o s - " s
2 _REAE
’ |
00 2 4 6 - 20

K9 RESID 53k b ig W 45 R
Fig.9 Fault diagnosis results of RESID algorithm

PCHL
4/9%”

— 7RG
Vindows 10 4l i 6410

fiffl
R§2, % :MATLAB R2014A
= USR-TCP232-Test |- {if #iL

1] 527 I BRI W 2 B0 B i W 45 S 5w, -
IS E /8" & SN N1 S R AN
AR ME . FTLLE HFESE 45 B BI{E AR B
MR TRz BT DU EAESS 4s RAE Tk,
S M RIS 43 9 UEAT TE 32 W R ) B
H4.006s, FERATEEZ G, 7T LAFE 6 ms 2 W7
kL BE T EBCF O ELR RESID 83306 v LT
4K % Bh AL 2 T

3 HIL X836

3.1 HEFEBEEMEIT

R BB 12 B 25 T 2 0 VA K R B AL
FRE 0 TAERSHAT 2 W . 5 X & S AL AR
B2 W oK, W 5 AL 80 R 12 W ol o R
P O BRI SR T RS 30 A e A A g il e
Wiy, 5k o & Th g (R R 48 Bk T g
KA W e Re (L m PESE ) | A il 2 W TR A
HLBTF 4 28 2 R Lm0 A SCM T X R B0
HIL {5 5V &, 32 %8 Hy 52 B 4 i 4% F0 kg 4000 42 41
J, HeAT DU A sl AL 52 B as A7 3 78 0 R R AL
SRR R 12 T A DR A L S R i R A R
LI RE S PR RE B AE LR S8 I 50 3 ik

F& 0 HIL 5 5O & 32 280045 R 12 8 o
e A2 i A 57 WL, RGO SR P BT Y R 2
Wids  THHLK PCHLAE IS B " Hirp i pEig
W 3ty 5 4 W 4% s Z 8] SR A D/A R A/D A 7 5
SRS SR RS B, O I2 W S AR Z AR
JH RS232 5 115 {75 52 B A 41 S B 28 1, B M 428 iy
5 ETAESZ 2R ] TCP/IP 3 {5 5% B4k 48 55 B
EH. il gk TCP/IP Gl A , #5124 R A% fai 45 TCP/
IP [y B LS . BEAR R HIL {5 5OF & 1 8 44 6
PEE5FRE L AN 10 TR
3.2 RESID Z:% HIL 1§

P L1 Sy 2 ST 9 WA KC#i7 K B WL R 12
Wr 4% 5 35 @ I HILY- & 529 18, 32 2060 3 A ok

| PCHL

ThinkCentre M3000OT

A/DD/A
-2

DIAAD | TCPAP NN
P A/DHIH i EilAR
fa fi
'ﬁ —_— BRECHTIRAEERL 1 DSP FPGA
Ee (FPGA+DSP) PEF i ThL 13k VR (IR B b
ikt : RTL8139C 1L K EfE: TMS3 Bt XCOSLX16-2FT2561
PCL-727 8l 45

#RE: XDS100V3{lTTEF (il : USB Blaster {/j TL#%
RS232 1 USR TCP232)

{10 HIL f§ B & B R E5H BHE

Fig. 10 Overall structure design block diagram of HIL simulation platform



2000

b B = R KR

A A7 1
I
W ) yoto i

5 4 B LS IR 2 2 808 R PCL-727 B ™ A
AR AD e i B AL B s R B2 R 4
T SEBRAE LR S WY 22 Bl D RE R, F
4 B 12 BT i 2R AT RE il R A R Bk S B
R ARICBAT T — P AR B K 52 Ry 25 44
B G R AT AE AT IR o 3 2 AL 43 5
HWI il {4 iy 26 72 A1 TSK AT 55 2 e o HWI B {7
Hh T 2 R LA i e B DR ST R A Y SN o
W7 IR 55 A8 1 ok ] WL oo T e A8 i I 4
Hh BT 58 B, T S B S I R aR SR AR TR LB RS
BEE R Bk o TSK AR 95 e R AL e AR, 75
B AT B AT LA T, R BT SR B AT .
i T R P Y R A S 18 AT B IR 3 Sk e b

B (b

(F

PCL-727
LU i

AL E R RENLYE , MR T TSK AT 55 2 f X &6 o
i P S2 BUAE A 14 B D RE L RIVRE i [ 12 W 25 21 )
AR 12 W S % A ) A% SRR i A B R
YEu
FE T I H B S 00 S W K R S
2 ARGy TR AR W A 55 AR Y . fE AR Y
EEPEAT AR AN L BB iR e, R CPU &
I 25 BT, 20 ms [ gl fish A — UK, 7 BT AR 55 eR
s {7 RS WA R LA R AR = LS
T, A5 53032 T3 i A0 T 0 I 20 0] A e — X I s A
s S E, IR R LU S Bk 1) o AT )
RIS W R 1 TR BT A9 B B AU AR T 5K
PEAT AR, e X H it 4T DO-178C b HEAG £, 71 2%
PR G R e R BB, o H AR i A X C AR,
T e R AR A AC TS A 2 DSP ARG H
i RS422 HR LR A/D SR 4 B B0 (Ml s
WSS SRR A AR T R S LS BT B Y
EAIHLEBEAT A, AN 12 B o A/D R4
B EE S xPC i R B8 2E AT X B, R BE AT L gk
1 mV, 75— (A A A SR, B AL % 2S5
KRR I R R AR, B AAE 20 ms (1) H T
Hizf7 1 3.9 ms. (I, R AIA 3L i DSP
+ FPGA XUR GU A T DL 50408 R 46 K5 12 0 w5 Jf:

A W v 25 3T Pyt Ly N~ 2D
Pl 11 RIS T2 A HIL SF 5 554 1] Hig/b CPU & AR, 2R 35 AU 5 i A AR
Fig. 11  Photo of fault diagnosis device and HIL platform LS E 0 )7 58 HIL SEE 8 IT % -
> £
B K i R BB 2 T &
RALRE B d
RiOriy SiT 50 WV.0nkr S50 000 tha S0 € Sa2s 00 E
Phout gé.imi Poin ga 200 Be g:id.ﬁ'n Poout g';-:.'m'
HORHOA |
e 1.0 TV R EATE Oeis Jt.00 i
< mlae 0%
= :
Fowitation 3100 B Rasistuned 3100
witatien 5100 PR et 3100 -
v | mimsEns | BV
Fuske J1.00 O axistancel 5100 130000 21000.0- 1200.0- e 16.0.
12200 f— 19600.0 1109.0 14.0——
———— - et = s ==
EHIEE TR - s600 0 16200.0. e00.0 la."
™ ¥ 1000, 0000 9000.0 , | tsoo0n- ) 700.0-, . 6.0
— 1800, 0000~ | g oo 2000 00 a 1 20 o W 20 (] 1 2 (1] | @
/ o0 000’ /m‘m’ ::m': ¥ (12439 67207 pfain B 1970010 chain 16 108511 K TR T
0.0 o | [ HBBom 7 B Jetn= POMEARERE  RMEERE  ORBASERN  rTRIEEEN
" a0 - ;maﬂ-m-' : FED 18,0~ 10.0- 10,0~ 13.0-
W - 16000, 0000 500.0000- i ::.1- 9.0- 2.0- 1.6~
- g e s —t— 8.0 8.0 10,2 ——
axs? WS e F Gmm=s ) -
13 ST hin  TEEE 123 KN m.c-a 5 10 15 20 so_n' 10 15 20 s'o_é ST 2 10 15 20
@ 0 rr T 14267 Ba Tor 659089 B MO 715904 WP FF oI e
1 1000, 0000 1000. 0000 TeOREaiE SRR Foftin R R PR AR
00000 200,00, 4 oong 200000 . 0000 2000, 008 . .0
| | === 155
(WE - e 2 Dol Kra s:: g 0—t— 3."
L L L 60, . - 0-, E :.o_, E
100, 0000 1000, 0000 1000. 0000 — 1o 15 20 0 5 1016 20 0 1
o000 i | s Ky PO o ro DM P e rower Ba T 104t B
10,3051 - 70280 -8 oo .
B2 W AR KR S AL RS W & B AL I

Fig. 12 Upper computer interface of fault diagnosis platform for liquid rocket engine



e R
a5

510 1 XL 4 K R LS I % L B 2001
2016:318-321.
4 & i [T B KT B, % 3T FPGA (55K £ AD

AR CHE T FPGA Fil DSP XUAL B 2§ 284 1511 T
FLA 50 M 1 W 2 W 2, T R T ROR KRG & sh
PUMLARAE 2B 12 W7, X 4 32 W97 2 2 1 1 i
BRI W Ak AT TR R A B E . F B A
mr .

1) X B 12 W 25 25 B B A RE 4 147 T 31T
FIFH FPGA 235 i L A8 71, 3 T4 BRAR A HL 5L
LT X ADT606 47 % s B R AR i i . AE
FPGA #4435 XL 11 RAM, DSP i i XINTF 34 48 i
Ty A XLITT RAM H sz B A/D 5 36 25 16 5040

2) & T —Fh RESID 573k F F W44 k& &
AL W 6 50k A sh AR S It 5 F 5 ik
ARG G, R )G TR E WL W a8 b k17
Ik .

3) Mk L Wigs  TEHLM AP T
M FE RN HIL 5 57 & IE 88 T 308
FE R B2 Wi v 52 B of 5 1, 5 80 0 4G
—3.

AR A AR KT R S AL 12 W TR RE ML
VO AE T Sk 4 AR I TR AR KT R B HL K
B 32 W 4TS I 9 A o AR SO TE TR KT K 3h
PLIA AR R R R AT 1Y, J5 26 1T 7 Hb T i 4 5 %
I 2 W g 0 A 300 3 5 e L T L AR
B

2 %k (References)

[ 1] LIYJ,PENG X H,CHENG Y Q,et al. Research of pipeline
fault diagnosis for liquid rocket propulsion system[ J]. Applied
Mechanics and Materials,2012,232:305-309.

[2] LIYJ,PENG X H,CHENG Y Q,et al. Research of faulty sen-
sors data reconstructed for liquid-propellant rocket engines[ J].
Applied Mechanics and Materials,2012,229-231.1449-1453.

[ 3] ZHU F,WANG Q,SHEN Z. APSO-RVM for fault detection of
liquid rocket engines test-bed[ J ] . Information Technology Jour-
nal ,2012,11(10) :1496-1501.

[ 4] DOU W,SUN L. Analysis of on-site fault diagnosis technology
of a liquid rocket engine[ J]. Strength and Environment,2010,
37(5) :46-51.

[5] J W,TAN D L, NDAGIJIMANA E, et al. An embedded hard-
ware-in-the-loop testbed for aeroengine simulation education:
ATAA-20184621[ R]. Reston: ATAA,2018.

[ 6] CHIZ,JIA Q,WANG X, et al. An intelligent interface design
method based on DSP and FPGA[ C] // International Confer-

ence on Electrical, Mechanical and Industrial Engineering,

REERGE MBI S EMT]. A3k 5105K,2014,29(9)
49-52.

XU JY,ZHANG Z W,CHEN X L, et al. Design and implemen-
tation of high speed multichannel AD sampling system based on
FPGA[J]. Automation and Instrumentation,2014,29 (9) :49-
52 (in Chinese) .

[ 8] Zhm, il 153, DSP Al FPGA JEATH@ (5 Jr ik B s [T ].
i 4 B R ,2008,31(10) :146-148.

JIANG N,MA Y J,FENG X. Research on parallel communica-
tion method between DSP and FPGA[ J]. Electronic Measure-
ment Technology,2008,31(10) :146-148 (in Chinese) .

(9] SRy, iU, 3k =45 D0 308 f 4 2l AL ke 38 W7 Tl 2 7 [ i
SeEf O FE A [T]. i TAREE R ,2014,5(2) :165-170.
GUO Y Q,FENG J P,ZHANG S G. Hardware-in-the-loop simu-
lation platform for turbofan engine fault diagnosis[ J]. Journal of
Aeronautical Engineering,2014,5(2) :165-170 (in Chinese).

[10] WU J. Liquid-propellant rocket engines health-monitoring—A
survey[ J]. Acta Astronautica,2005,56(3) :347-356.

[11] LEE K,CHA J,KO S,et al. Fault detection and diagnosis algo-
rithms for an open-cycle liquid propellant rocket engine using
the Kalman filter and fault factor methods[ J]. Acta Astronauti-
ca,2018,150:15-27.

[12] ZHUO P C,ZHU Y,WU W X, et al. Real-time fault diagnosis
for gas turbine blade based on output-hidden feedback Elman
neural network [ J]. Journal of Shanghai Jiaotong University
(Science) ,2018,23 ( Suppl) :95-102.

[13] THOMAS G L,CULLEY D E, BRAND A. The application of
hardware in the loop testing for distributed engine control
[C]// ATAA/SAE/ASEE Joint Propulsion Conference, 2016 :
1-11.

[14] KULIKOV G G, AR’KOV V Y,ABDULNAGIMOV A I. Hard-
ware-in-the-loop testing technology for integrated control and
condition monitoring systems of aircraft gas turbine engines[J].
Russian Aeronautics,2008,51 (1) :47-52.

[15] BJb, SR, P W2 K S Bk e 12 W 2 8 B 1 76 25 5
7 B 5 [ ] s & 3L ,2017,43(3) :4349.

LU S,GUO Y Q,SUN H. Hardware-in-the-loop real-time simu-
lation platform for aero-engine fault diagnosis device[ J]. Aero

Engine,2017,43(3) :43-49 (in Chinese).

EERAN:
BAE B LA RIS B KR S AL
W32 W i B LT 3000 BT B Bt

WWF T A LA EEOTFTT AU K SIS
HEP R RS W S B A

BE LWL BRIy A R 0 R
HH.



A fu S 4R

2002 b B = R KR 2019 4

Design of liquid rocket engine fault diagnosis device and
its HIL verification
ZHAO Wanli', GUO Yingging""*, YANG Jing', XUE Wei’, WU Xiaoping

(1. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China;
2. Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract: In order to realize the real-time fault diagnosis of a liquid rocket engine onboard, a fault diag-
nosis device is designed by combining FPGA and DSP as the hardware architecture. The FPGA controls the
high-precision A/D for sensor data acquisition, the DSP runs the fault diagnosis algorithm and outputs the re-
sult. The hardware and software of the fault diagnosis device were designed separately. A recursive structure
identification (RESID) algorithm is proposed for liquid rocket engine fault diagnosis. The algorithm can diag-
nose traffic attenuation faults in 6 ms. Based on the hardware-in-the-loop ( HIL) test platform of fault diagnosis
and industrial computer, the algorithm was tested and verified by the combination of automatic code generation
technology and handwritten code, and observed through the upper computer interface. The results show that
the RESID algorithm can accurately diagnose the common faults of the engine and realize it on the fault diagno-
sis device. The running time of the algorithm is 3.9 ms. The fault diagnosis device can realize real-time data
monitoring and fault diagnosis, which is more compact and economical than the traditional platform. It can be
used both as an onboard device and as a general platform to develop new algorithms.

Keywords : liquid rocket engine; fault diagnosis; fault diagnosis device; FPGA + DSP; code generation;
HIL platform
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Supervised clustering of variables based on Gram-Schmidt transformation
LIU Ruiping', WANG Huiwen'’>, WANG Shanshan'"

(1. School of Economics and Management, Beihang University, Beijing 100083, China;
2. Beijing Advanced Innovation Center for Big Data and Brain Computing, Beihang University, Beijing 100083, China;
3. Beijing Key Laboratory of Emergency Support Simulation Technologies for City Operations, Beijing 100083, China)

Abstract: In order to study the dimension reduction method of high-dimensional data based on regression
model further, and the supervised clustering of variables algorithm based on Gram-Schmidt transformation
(SCV-GS) is proposed. SCV-GS uses the key variables selected in turn by the variable screening idea as the
clustering center, which is different from the hierarchical variable clustering around latent variables. High cor-
relation among variables is processed based on Gram-Schmidt transformation and the clustering results are ob-
tained. At the same time, combined with the concept of partial least squares, a new criterion for “homogenei-
ty” is proposed to select the optimal clustering parameters. SCV-GS can not only get the variable clustering re-
sults quickly, but also identify the most relevant variable groups and in what kind of structure the variables
work to influence the response variable. Simulation results show that the calculation speed is significantly im-
proved by SCV-GS, and the estimated regression coefficients corresponding to the latent variables are consist-
ent with the comparison method. Real data analysis shows that SCV-GS performs better in interpretation and
prediction.

Keywords: dimension reduction; variable clustering; regression; high correlation; Gram-Schmidt trans-

formation
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concealed forbidden objects on human body
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Composite localization based on contrasting

fusion of detection results
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on human body from far distance
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forbidden objects on human body
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Detection and localization of concealed forbidden objects on human body
based on complementary advantages of PMMWI and VI
ZHAO Guo, QIN Shiyin "

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

Abstract: According to the performance requirements and technology demands of human security check
in public place, combining the performance advantages of perspective imaging of passive millimeter wave ima-
ging (PMMWTI) and high discriminability in image details of visible imaging ( VI) , an approach for detection
and localization of concealed forbidden objects on human body is presented in this paper based on the comple-
mentary advantages of PMMWI and VI. Firstly, an improved U-Net based on feature fusion in low layers is
presented to enhance the sensitivity of deep neural networks ( DNN) to the contour of dim small targets, and
improve the accuracy of segmentation of human contours and concealed forbidden objects. Meanwhile, the pix-
el-level segmentation of human contours in VI is also implemented. Then, the contours of human body in PM-
MWT are registered with some corresponding ones in VI by scale transform and sliding fit, so the concealed for-
bidden objects on human body can be detected from a single frame with a high precision. Finally, the con-
cealed forbidden objects are localized by contrasting fusion and optimizing decision according to detection re-
sults with sequence images. A series of comprehensive experiments and comparative analysis results validate
the good performance of the proposed detection and localization algorithm of concealed forbidden objects on hu-
man body towards security check of public places.

Keywords : millimeter wave security check; passive millimeter wave imaging (PMMWI) ; contour seg-
mentation of human body; deep learning; deep neural network ( DNN); detection and localization of con-

cealed forbidden objects
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Explicit assembly algorithm of unstructured overset grid

XUAN Chuanwei, HAN Jinglong®

(State Key Laboratory of Mechanics and Control of Mechanical Structures, College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To solve the problem that the hole mapping method occupies too much physical memory, an
improved hole mapping method was developed. Based on the neighbor-to-neighbor search algorithm, a donor
search method based on adjacent front was developed. An explicit assembly algorithm of unstructured overset
grid was presented by combining the cut-paste method with the implicit cutting technique. First, the algorithm
generated a set of Cartesian grids surrounding the wall surface. Second, those Cartesian cells intersecting the
wall surface were stored. Finally, relative positions of the stored Cartesian cells were used to determine wheth-
er a grid point was inside the wall. After successfully determining all the grid points inside the wall, the cur-
rent fringe grid points were used as the initial front, and the overlapping area was optimized by the wall dis-
tance of each grid point to generate the final interpolation boundary. The proposed explicit algorithm optimizes
the traditional implicit assembly process of unstructured overset grid. It features in low physical memory occu-
pation, low cost of donor searching and high computational efficiency. The accuracy and applicability of the
proposed explicit method were verified by two typical complex flow examples.
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coated pin-finned surface
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transient conditions
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Boiling characteristics of array jet impingement with
various pin-finned surfaces

ZHANG Tian'*, ZHANG Chang"?, XIE Rongjian'*, DONG Deping > *

(1. Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Array jet impingement cooling technology can effectively solve the heat dissipation problem of
high heat flux devices. In order to verify the effectiveness of heat transfer enhancement on the impacted surface
for optimizing cooling performance of two-phase jet cooling, this article studied the effects of different pin-
finned surface structures on the flow and heat transfer characteristics of confined array jet cooling combined
with high-speed microscopic imaging methods. Two kinds of pin-finned surface morphology were designed:
smooth cutting needle rib (0.6 mm x0.6mm x 1.0 mm) and rough needle rib with porous sintered layer ( par-
ticle size 73 ~53 wm). In the experiment, jet cooling heat sink with smooth surface was used as the control
group, anhydrous ethanol was used as the working medium, and all the inlet temperatures were the same
(20°C). When the flow rate is 7. 5 mL/s and the heating heat flux increases from 5 W/em® to 100 W/em”, the
heat transfer coefficient of the heat sink continues to increase but the increase rate gradually decreases, and no
phase change is observed. Under the experimental conditions of changing the fluid flow rate (fluid Reynold
number) with fixed heat flux 82.6 W/cm’, 80.5W/cm”, when the flow rate decreases from 7.5mL/s to 1.0 mL/
s, it can be clearly observed that the working fluid in the jet cavity gradually enters bubble flow, slug flow and
annular flow from stratified turbulence flow, which correspond to the initial boiling zone, nuclear boiling zone
and membrane boiling zone, respectively.

Keywords: high heat flux; confined array jet; porous media; boiling enhancement; visualization
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A shifter look-up table technique based on HXDSP
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Abstract: With the development of digital signal processing technology, the application of high-perform-
ance signal processing has attracted more and more attention, which also poses great challenges to the compu-
ting speed and throughput efficiency of the corresponding processors. The shifter unit is an important compo-
nent on the digital signal processor ( DSP). By designing additional dedicated random access memory (RAM)
and look-up table (LUT) for the shifter unit, this paper optimizes and adjusts its instruction set and architec-
ture, so as to improve the use efficiency and transmission rate of the processor. In addition, based on the
shifter and the corresponding look-up table instruction, it can carry out shift, extraction, arithmetic and logical
operation processing at the same time of data temporary storage. And the process of the partial data operation is
directly merged into the data read/write process of the shifter RAM, which greatly improves the efficiency of
arithmetic unit. Experiments show that the temporary storage technology based on the shifter look-up table can
achieve the throughput rate close to the transmission bus, and the signal processing algorithm fast Fourier
transformation ( FFT) can achieve the performance improvement of the acceleration ratio of 1. 15 to 1.20.
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Table 2 Test data ( test under motion, point 1 to 3)
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Positioning system construction and scheme based on
ground base station
GENG Ke, HUANG Zhigang ", SU Yu, SHI Peichen, GAO Qiang, XIONG Huagang

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

Abstract . For the harsh internal signal environment and the large signal attenuation of satellite navigation
with the difficulties of capturing and tracking signals stably inside large-scale, complex and multifunctional
buildings, the multipath effect is serious, and the short multipath has a great influence on the positioning ac-
curacy. Taken in this sense, it is difficult to locate directly with the navigation signals. This paper proposes a
method of indoor positioning method based on a large area of ground base station ( building group). According
to the relationship between frequency and signal penetration performance and spatial attenuation, the frequency
band of very high frequency is selected as the signal carrier, with the combination of the code pseudorange and
the carrier pseudorange, to achieve the coverage and positioning performance. In this paper, a basic test sys-
tem is built by using the proposed new positioning method. The signal acquisition, tracking and pseudorange
differential are carried out through signal generation, transmission and wireless propagation, which preliminari-
ly verifies the feasibility and the coverage ability of the proposed method.

Keywords: large area; high-precision positioning; code pseudorange; carrier pseudorange; ground base

station
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Effect of strake and canard on aerodynamic characteristics of
forward-swept wing and back-swept wing

ZHANG Dong', CHEN Yong®* , HU Mengquan®, FU Xiangheng’

(1. Graduate School, Air Force Engineering University, Xi’an 710051, China;
2. Aviation Engineering Institute, Air Force Engineering University, Xi’an 710038, China;

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

Abstract: In order to analyze the reasons why the design of forward-swept wing aerodynamic configuration
cannot be popularized and applied in aviation industry, simplified strake-wing, canard-wing and strake/ca-
nard-wing configurations were constituted by fixing strake and canard on forward-swept wing and back-swept
wing, so as to deeply understand the flow characteristics and the mechanism of vortices interference between
the two different configurations of forward-swept wing and back-swept wing. and First, the reliability and accu-
racy of numerical computation method were validated by comparing the computing results with experimental da-
ta of a standard model. Then, the lift coefficient curves of different configurations were obtained through nu-
merical computation. Finally, the complex vortex interaction mechanism of different configurations were ana-
lyzed by pressure contours and streamlines. The results indicate that induction and convolution between vorte-
xes of configurations based on back-swept wing enhance the lift coefficient and increase stalling angle of at-
tack, and the effect was more apparent on the configuration fixed with strake and canard. There is no convolu-
tion effect between vortices of configurations based on forward-swept wing, and vortexes of configurations based
on forward-swept wing perform an adverse interaction by bumping and squeezing, which makes the lift coeffi-
cient of the forward-swept wing much lower than that of the back-swept wing at high angles of attack. The
leading-edge vortices of the forward-swept wing cannot be coupled with the canard wing vortices and strake vor-
tices at high angles of attack, and cannot make full use of the non-linear lift force, which is the shortcoming in
the aerodynamic layout design of the forward-swept wing.
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Small-scale periodic state Duffing oscillator FMCW fuze
signal detection at ultra-low SNR
ZHU Zhigiang' , HOU Jian®, YAN Xiaopeng'' *, LI Ping', HAO Xinhong'
(1. Science and Technology on Electromechanical Dynamic Control Laboratory, Beijing Institute of Technology , Beijing 100081, China;
2. Beijing Jinghang Research Institute of Computing and Communication, Beijing 100074 , China)

Abstract: Aimed at the problem that the signal of frequency-modulated continuous wave (FMCW) fuze
is very difficult to detect at ultra-low signal to noise ratio (SNR) , a detection system based on small-scale pe-
riodic state Duffing oscillator is established. This system combines Duffing oscillator characteristics with stop-
ping oscillation system theory, eliminating the inherent deficiencies of the traditional transformation-dependent
Duffing oscillator detection methods, extending the frequency detection range through a single Duffing oscilla-
tor, and reducing the computing cost. On this basis, the phase trajectory characteristics of the small-scale pe-
riodic state are analyzed, and then a FMCW fuze signal detection method based on small-scale periodic state
Duffing oscillator is proposed. The experimental results show that the small-scale periodic state Duffing oscilla-
tor detection method has an average detection error of less than 1% for the real FMCW fuze radiation signal at
—30 dB ultra-low SNR, which verifies the effectiveness of the proposed method.

Keywords: frequency-modulated continuous wave (FMCW ) fuze; Duffing oscillator; small-scale period-

ic state; stopping oscillation system; signal to noise ratio (SNR)
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Table 1 Correction of mean atmospheric density compared to GRAM primary output in January
IR 49 A X D 1 7 IR 49 A % D i e 1 IR AR X D i 114 7
5 J# /km BIER v/ % 7 /km BIER /% 17 /km BIE R v/ %
1 -0.60 9 -2.20 17 -5.13
2 0.22 10 -3.37 18 -5.28
3 0.91 11 -4.61 19 -5.56
4 1.57 12 -5.20 20 -5.57
5 2.26 13 -4.87 21 -5.62
6 0.10 14 -4.85 22 -5.57
7 -0.43 15 -4.83 23 -5.43
8 -1.03 16 -4.91 23.5 -5.57
F2 7TRXSEEHEMAI GRAM R HHMEIE
Table 2 Correction of mean atmospheric density compared to GRAM primary output in July
4R BE/ T (AR X D i L 1 AR L/ P AR i i o1 1) AR L/ YA AR i i o1 1)
km BIER v/ % km BIER v/ % km BIEHR v/ %
1 6.69 9 4.06 17 -8.95
2 7.84 10 1.81 18 -7.97
3 7.05 11 -1.58 19 -6.72
4 7.66 12 -5.07 20 -5.16
5 5.69 13 -5.33 21 -3.87
6 6.67 14 -6.35 22 -6.59
7 6.00 15 -8.18 23 -4.46
8 5.21 16 -9.02 23.5 -3.43
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Table 3 Correction of standard deviation of atmospheric density perturbation compared to GRAM

primary output in January

V4 B/ km BIENT & A B/ km BIEHNT k A5 B/ km BIENT &
1 1.76 9 2.85 17 1.11
2 1.33 10 3.28 18 1.27
3 1.31 11 2.70 19 1.33
4 1.06 12 1.82 20 1.20
5 1.12 13 1.61 21 1.07
6 1.02 14 1.51 22 1.11
7 1.29 15 1.17 23 0.95
8 1.60 16 1.12 23.5 1.34

x4 TAXSFEEANMAYHENMIHENIREEZRX GRAM FHHKMEE

Table 4 Correction of standard deviation of atmospheric density perturbation compared to GRAM

primary output in July

K/ km BIENT & T30 B/ km BIEHNT k T30 B/ km BIENT &
1 1.99 9 2.40 17 2.79
2 1.40 10 2.31 18 2.59
3 1.25 11 1.53 19 2.02
4 1.05 12 1.32 20 1.79
5 1.28 13 1.87 21 1.42
6 1.50 14 2.73 22 1.28
7 1.68 15 2.72 23 1.24
8 2.01 16 3.03 23.5 1.17
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A method for range reference atmospheric density
modeling and application

LIU Yibo, SHEN Zuojun* , ZHANG Xiangyu

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

Abstract: To meet the requirement of reference atmospheric model in aerospace application, that is, the
model should have global scale coverage across seasons and space, and high accuracy of key trajectory points,
such as the range for takeoff and landing, a method for modeling and application of range reference atmospher-
ic density is proposed. First, the characteristics of atmospheric density in typical months of winter and sum-
mer, including monthly mean and density perturbation, are analyzed. On this basis, a quantitative correction
method of the global reference atmosphere model (GRAM) based on sounding measurement is proposed in this
paper. Then, the range reference atmospheric density model with atmospheric perturbation and seasonal varia-
tion is constructed. Finally, the transition method and application method for the transition from the range ref-
erence atmospheric density model to GRAM are proposed. The simulation results show that the atmospheric
density characteristics of the measured area have obvious seasonal differences in winter and summer, and the
atmospheric density model should be built according to the season. The results of Monte Carlo simulation of the
range reference atmospheric model show that it can effectively simulate the atmospheric density characteristics
of the measured data. Combined with GRAM transition, the reference atmosphere model has both global cover-
age and high range accuracy.

Keywords: sounding measurement; atmospheric density; aerospace application; modeling; simulation
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Table 1 Detection results of different algorithms on VOC2007test

Rk Il B4 T 25 ACES PP NIN HUUHE BL TR B/ (B - s™") m_AP/%
Fast R-CNN'® 07 +12 vV VGGNet 600 x 1000 * 300 K40 3.125 66.9
Faster R-CNN®1 07 +12 vV VGGNet 600 x 1000 * 300 K40 5 73.2
R-FCN!?2 07 +12 vV VGGNet 600 x 1000 300 K40 5.8 75.6
YOLOv2[1] 07 +12 Vv Darknet-19 352 x 352 Titan X 81 73.7
ssp300! '3 07 +12 x VGGNet 300 x 300 8732 Titan X 46 74.3
ssp300! '3 07 +12 Vv VGGNet 300 x 300 8732 Titan X 46 77.2
Ssp300 * L3 07 +12 x VGGNet 300 x 300 8732 1080Ti 43.5 74
DSOD300!'¢) 07 +12 x DS/64-19248-1 300 x 300 8732 Titan X 17.4 77.7
DSSD321 114 07 +12 vV ResNet 321 x 321 17080 Titan X 9.5 78.6
FA-SSD300 07 +12 x VGGNet 300 x 300 8732 1080Ti 30 79.0
FA-SSD300 07 +12 Vv VGGNet 300 x 300 8732 1080Ti 30 80.5
R 2 §3F VOC2007test E fi 25 5l B 46 i X bE
Table 2 Comparison of specific category detections on VOC2007test
25 Fast R-CNN'®) Faster R-CNN!®’ TON!22] R-FCN!?)  MR-CNN[%!  ssp300!'*)  Dpssp321i'!  FA-SSD300
Aero 77.0 76.5 79.2 79.9 80.3 79.5 81.9 86.4
Bike 78. 1 79 83.1 87.2 84. 1 83.9 84.9 85.9
Bird 69.3 70.9 77.6 81.5 78.5 76 80.5 79.6
Boat 59.4 65.5 65.6 72 70.8 69.6 68.4 73.3
Bottle 38.3 52.1 54.9 69.8 68.5 50. 4 53.9 53.6
Bus 81.6 83.1 85.4 86.8 88 87 85.6 90.2
Car 78.6 84.7 85.1 88.5 85.9 85.7 86.2 89.2
Cat 86.7 86.4 87 89.8 87.8 88.1 88.9 91.7
Chair 42.8 52 54.4 67 60.3 60.3 61.1 60.0
Cow 78.8 81.9 80.6 88.1 85.2 81.5 83.5 84.3
Table 68.9 65.7 73.8 74.5 73.7 77 78.7 80.9
Dog 84.7 84.8 85.3 89.8 87.2 86. 1 86.7 89.1
Horse 82.0 84.6 82.2 90.6 86.5 87.5 88.7 87.4
Mbike 76.6 77.5 82.2 79.9 85 83.97 86.7 86.5
Person 69.9 76.7 74.4 81.2 76.4 79.4 79.7 83.3
Plant 31.8 38.8 47.1 53.7 48.5 52.3 51.7 54.2
Sheep 70. 1 73.6 75.8 81.8 76.3 77.9 78 83.2
Sofa 74.8 73.9 72.7 81.5 75.5 79.4 80.9 82.3
Train 80. 4 83 84.2 85.9 85 87.6 87.9 89.2
Tv 70.4 72.6 80.4 79.9 81 76.8 79.4 78.5
mAP/% 70.0 73.2 75.6 80.5 78.2 77.2 78.6 80.5
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Single shot multibox detector based on asynchronous convolution
factorization and shunt structure

ZHAO Penghui' , MENG Chunning” ", CHANG Shengjiang'

(1. Institute of Modern Optics, College of Electronic Information and Optical Engineering, Nankai University, Tianjin 300350, China;

2. Department of Electronic Technology, China Coast Guard Academy, Ningbo 315801, China)

Abstract. Single shot multibox detector (SSD) owns the relatively independent regression computations
of multi-regressive feature maps, while the object detection algorithms based on SSD cannot make a tradeoff
between detection accuracy and real-time speed. To solve the problems above, a single shot mutibox detector
based on asynchronous convolution factorization and shunt structure ( FA-SSD) is introduced based on asyn-
chronous convolution factorization algorithm and shunt structure. The shunt structure, based on the proposed
asynchronous convolution factorization algorithm, is designed to staggerly connect the layers of regression fea-
tures, enhancing the unity and coordination between regression calculations. In order to optimize the main-
stream of high-level structure, the asynchronous convolution factorization algorithm and max pooling are imple-
mented to reduce the dimension of image features in the mainstream and shunt respectively, which can hold
the spatial information while improving the diversity of features. According to the experimental results from
VOC2007test, FA-SSD achieves a mean average precision of 80.5% after the training of VOC2007trainval and
VOC2012trainval with nominal resolution of 300 x300, while the detection speed exceeds 30 frames per second.

Keywords: object detection; convolutional neural networks; asynchronous convolution factorization;

shunt structure; structure optimization
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Three-dimensional point cloud registration technique for
self-designed LiDAR

HUYAN Jiayue, XU Lijun, LI Xiaolu"

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

Abstract: In order to realize the registration of point cloud data respectively obtained from LiDAR and
camera, we used a fast multi-scale registration (FMSR) algorithm to register the point cloud data, based on a
self-designed three-dimensional scanning laser radar system in our laboratory. The algorithm includes two
steps: coarse registration and fine registration. In the coarse registration, an adaptive scale key point quality
(ASKQ) algorithm was used to match key points and determine the initial parameters for fine registration. And
in the fine registration, K-nearest neighbors ( KNN) algorithm was used to simplify the search process and im-
prove the algorithm efficiency. The optimal rotation matrix, translation vector and scale factor between two sets
of point cloud data were obtained through many iterations. The simulation verified the stability of FMSR algo-
rithm for multiscale registration. Simulation and experimental results show that the proposed algorithm success-
fully registers the point cloud data of the self-made LiDAR system and commercial camera. The root-mean-
square error of the registration is 0. 194 m and the execution time is 16. 207 s, for a building with size of
20.30m x7.85m x26.56 m. Compared with an existing scale-iterative closest point ( S-ICP) algorithm, the
registration accuracy of the proposed algorithm is improved by 0. 131 m, and the execution time is reduced by
30% . The proposed point cloud registration method can provide an algorithm basis for scene reconstruction
and texture matching.

Keywords ; LiDAR; image reconstruction; spatial point cloud registration ; adaptive scale key point qual-
ity (ASKQ) algorithm; fast multi-scale registration ( FMSR) algorithm
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Table 2 Horizontal flight data segments

T AR ]/ SEY ] /s
1 4666 4688
2 4698 4721
3 4757 4783
4 4849 4872
5 5428 5457
6 5787 5808
7 6172 6206
8 6366 6393
9 6674 6699
10 6787 6808
11 6871 6892
12 7045 7074
13 7237 7269
14 8089 8114
15 8186 8210
16 8266 8300
17 8428 8458
18 8662 8698
19 8852 8888

2.3 BHEHTNERNEREH

2P RBE , TR AP I ] BXT B A 45
Z RO A AR B AT I8, 0 A5 2 B LS
WA A L1 AR B f SE SRR A L R . 22
WX T LAY 19 A OERIE B 5 A /AT
BT oy, B AF RN 3 Ps i PF a4

TEZ BT o F 09 B Al b, 38 2o 0 B 0 5 &
ZRAE il (1) R R T 1R 19 4F
REE B R LI T TR

i A (12) REAT 73 204 4% T 1 B9 &7 70
{4 0.20807,

x3 a9k
Table 3 Score sheet
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3 17371 0.8199  0.3327  0.2267  0.859
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5 1.3078 0.5577 0.2818 0.2133 0.7474
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Quality evaluation model of unmanned aerial vehicle’ s horizontal flight
maneuver based on flight data
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Abstract: The unmanned aerial vehicle (UAV) manipulator’ s flying performance mostly relies on ex-
perts’ subjective evaluation and different flight maneuvers lack pertinent evaluation criteria, so a model which
uses flight data to evaluate the horizontal flight quality of UAV is established. Firstly, the flight data segment
of UAV’ s horizontal flight maneuver was identified by the flicht discrimination rules. Then, according to
Bollinger bands theory, the scores of multiple flight parameters in each flight data segment were calculated.
Finally, the weight of each parameter was determined by the entropy weight method and the indexes reflecting
the horizontal flight maneuver’ s quality of different UAV manipulators were obtained. In a quadrilateral flying
training mission, four groups of different UAV maneuvers’ flight data and one group of flight data under auton-
omous control were input into the model. The calculation results show that the model can well identify the hori-
zontal flight maneuver and distinguish the horizontal flight maneuver’ s quality of different manipulators, which
can provide advice for the training of UAV manipulators.
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IMM mixing estimation method based on unequal dimension states
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Abstract: The interacting multiple model (IMM) estimator has been proven to be of excellent perform-

ance and low complexity in tracking agile targets. The success of IMM attributes to mode mixing, where model

outputs are mixed for model-conditional reinitialization. The problem of unequal dimension states mixing in

IMM estimation is studied and an optimal method for IMM mixing is proposed based on summarizing the exist-
ing methods. By introducing the concept of “switching” state into the target state, the new method dynamical-
ly adjusts the hybrid strategy with model probability and innovation to achieve optimal estimation. The simula-
tion results show that the proposed approach outperforms the existing algorithms in the scenarios of mixing dif-
ferent models.
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