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DRI HE 45 1 4 DR TS 7 248 TR 22 501 0 R 2 A
MRS B . % 18 %) TDP 1% 2 Rl , Pa-
gani % 4R — B TDP () #4242 T FE (ther-

BEEE, WETHE; E4584; 2HEAR; 5 AETHE

XE4HS: 1001-5965(2022)07-1115-10

mal safe power, TSP) 4 AR, WRBILEE T S
BC B 43 A1, TSP R AR 3 32 70 A 1H 53 3 e K Ao i
FETGE s 5 W), TSP 4 25 H e IR TT i3 2% 0 43 A 1
OUT Ry OR R VF I FE T . SR, TSP & —Ff 5
155 T8 5 1 25 AR TR 58 07 1, O RE RS
R s A7 B P T S A% O W BRI AR EAT 32 gy
B, S EA IR 0 BiESE— I AE TR . A
M, Wang %21 i FRURSE RS B 7 0 , 2 it — i
W 285 Tk A2 A 1 B B D FE T R O AE B S
Hh— ik 7 B0 L AR A0 B 25 T #E (greedy based
dynamic power, GDP) " B A , i% 77 ¥k 8 it F
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ARAT DI AE UG 1] 850 A 9 O A At {EL R 5 BB AT 55
[ 30817 L2 8 46 ) 0, AN J2 AR IR SES i 2 PR iz A7 /Y
PERE

ARk, 2 9 52 7% ( multi-level caches, MLC)

WS EEF: 2021-01-11; FAHH: 2021-05-09; WL 4 AREiE: 2021-06-02 1601
W 4% H AR #h 4k kns. enki. net/kems/detail/11.2625. V. 20210602. 1053.001. html
HEEWB: HEARFS¥ISE (61501377) 5 BRiG4H A AR IR F 5T 1R (2021JM-074)

# IS 1E®&. E-mail: xinli@ nwpu. edu. cn

SIAE: &, 28, A#, = ETESMAWEESFHRTFT 7 E[]] B ZMEMKAFFM], 2022,48(7): 1115- 1124.
LI X, LIZ,ZHOU W, et al. A power budgeting method for dark silicon chips based on task mapping [J ]. Journal of Beijing Univer-
sity of Aeronautics and Astronautics , 2022 , 48 (7 ) : 1115- 1124 (in Chinese ).
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Table 1 Results of total power budget and AWMD using three methods

TSP J7 %) GDP 777 Ay
ARy EIN RN

UIFET /W AWMD IR E /W AWMD UIRETE /W AWMD
82.00 1.00 86.01 2.00 83.89 1.00
9 4 128.13 1.47 137.69 2.00 134.52 1.02
8 179. 04 2.03 188.53 2.26 187.50 1.30
4 127.73 1.47 138.02 2.38 133.70 1.02
16 8 179.78 2.17 199. 80 2.70 193.94 1.41
12 210.47 2.20 230. 10 2.90 227.24 1.54
8 179.17 2.27 198.97 2.82 196. 63 1.27
25 12 211.70 2.49 239.15 3.61 235.97 1.69
18 241.39 2.74 268.72 3.60 267.45 1.91
12 213.96 2.97 247.25 3.92 238.07 1.80
36 18 242.30 3.29 281.56 4.21 276.37 2.27
24 269.65 3.34 319.59 5.10 316.69 2.58
18 254.57 3.68 297.45 5.99 291.76 2.36
64 24 265.01 4.33 319.35 6.39 311.45 2.63
46 313.88 5.02 361.22 6.92 357.12 2.77
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R2 AXFEFHMAFERAMRIEE(36 20 R5)

Table 2 Comparison of improved performance between the

proposed method and other methods (36 core system)

YrkE TS $E T LU/ % AWMD ¥ /b L5l / %
BIHBEE A vs AIOE: vs AR vs A7 vs
TSP J5{: GDP J7{: TSP J51%: GDP 7
tgff-12 11.27 -3.71 39.39 54.08
MWD 11.71 -3.33 35.41 56.77
MPEG4 12.41 -2.72 39.86 59.08
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Abstract: The power budgeting for dark silicon systems can be regarded as a NP-hard problem. To
achieve two opposite optimization objectives of improving chip average temperature and reducing communica-
tion cost, a power budgeting method based on task mapping for dark silicon chips is proposed. To reduce the
computational complexity, a model is established to transform the task graph into a maximum spanning tree,
based on the rule that the task with high throughput and less impact on subsequent mapping is mapped first.
The priority value determines the mapping order of tasks. Then, the core-by-core optimization is carried out in
a steady state. The sorted tasks are assigned to appropriate active cores. The power budgets of the identified
active cores are solved in the form of convex quadratic programming. Experimental results show that compared
with the classical thermal safe power budgeting method, the method proposed increases the total power budget
by 11.8% and reduces the communication energy consumption by 38.2% for 36-core system with 12 active
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POPN [ Jit i J2 JIr N token BE IR R | 5
AT token B4 € SRR ) & (4508785
MeN" M 155 i AL E R p, 1Y token ¥
IHC, B— PN([E—B 2 Er P 23283 T
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=
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Fig. 1 POPN model of discrete event dynamic system
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o bys  ANTATIUARTE g 15 1,05 BRAS 13858 0t0t51 52y, T
B RTARIE S 13 0y s, AN AT WRAZ ST 15 15 114
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Fig.2  QBPN model of fault transition ¢,
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Fig.3 Transition ¢, of the influence of quantum interference
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Fig.4 Transition ¢,, of the influence of quantum interference
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Fig.5 Transition ¢, of the influence of quantum interference
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Fig.6 Classical Bayesian probability and quantum

Bayesian probability
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Table 1 Comparison of probability estimates between

total probability and quantum Bayesian

M AR 1 MG
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Fig.7 Change of quantum Bayesian probability value of

t,, under the condition of 5
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Fig. 11 Interference angle {,,6,} causes the

change of firing probability of ¢, under the condition of ¢,

3.3 ETET NN el Heokitb &2

R 5 A5 5 5% 0 A 5 3R I nl WL AR AT il % R A
TE QBPN 4574 i iy ] £ - DU J7 4 3 530 AS W R
I A R B R A S BRI T R R A Y
AN A T RO R AR S . RSO T
AHERZS 1 POPN R GE A, F| H] QBPN i i
LW AT R R R, R 2 S QBPN 5k
BWgE R,

FHZ W A8 3T Ry 1 L 1y, AT AZ IR 1
by byl by tiso AT AR MR F A o, = (4,
1)(t,,0.883) (¢,,0.926) i, A5 iF t,, AN TEAS i #E
RS MBS A AR 0, BEIEE R 0, REEHK
FEMER A 0, RGVIRAS N TR, YW R Z T Y
Mo, =(t,,1)(t,,0.883)(¢,,0.926) (t,,,0.879)
B, o RDURAR I 1 vty o1, 15 W0RE AR I 1, 1
WEAR N Pr(e’ ey, 1,,0,) =0.162 1, AR 45l WAL IE
by fil A RS FNE (7)) THA QB BREL, 15 BB IE 1Y L
B AR R Pr(e” ey 1, 1y ,0,5) =0.047 1, [5]3E, %t
HCRE AR T o AT 3 AT, O ik e BE S 0..007 6,
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B, 26Tt 5 B AR I o, il 2 AR R AT AR A 4,
filh 2, AR5 =X (6) T8 Bl B A 5 o ik 2 1) 5% R AR
OO = /2 WHHER N Pr(e’ I, .1, ,t,) =0.162 1;
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Table 2 Fault diagnosis results of quantum Bayesian fault algorithm based on POPN
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Partial observable Petri nets fault diagnosis with
quantum Bayesian learning
LIU Jiufu® , ZHANG Xinzhe, WANG Hengyu, A. M. TOMAS DIAS, WANG Zhisheng, YANG Zhong

(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract; This paper proposes an algorithm to construct a quantum Bayesian Petri nets model for the
fault, and uses the sub net model to analyze the fault of Petri net system. According to the reachability identi-
fication diagram, which is the transition firing path can not judge the system state, establish the quantum
Bayesian Petri nets subnet model to tackle the unobservable faults in partial observable Petri model. Through
the quantum interference caused by the uncertain path, recalibrate the conditional probability table of the tran-
sition to obtain the quantum probability amplitude table. According to the pre-set of fault transition and quan-
tum Bayesian reasoning, calculates the firing prior probability of transition. The posterior probability is modi-
fied by the observable transition in the post-set, and the state of the system is estimated by the maximum pos-
terior probability. When the fault transition is not unique, the fault with the maximum probability is selected
as the fault source. Finally, establishes a partial observable Petri nets model of a real fault system. Combined
with the probability sequence information of observable label and quantum Bayesian probability estimation, the
fault diagnosis of the unobservable parts of the system is carried out to verify the effectiveness of the algorithm
with the data in simulation experiment.
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Fig.1 Schematic diagram of pedestrian foot gait cycle
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Inertial pedestrian navigation algorithm based on zero
velocity update and attitude self-observation
DAI Hongde* , ZHANG Xiaoyu, ZHENG Baidong, DAI Shaowu, ZHENG Weiwei

(Naval Aviation University, Yantai 264001, China)

Abstract: Aiming at the problem of reduced navigation accuracy caused by the divergence of the heading
angle in inertial pedestrian navigation, an inertial pedestrian navigation algorithm based on zero velocity cor-
rection and attitude self-observation is proposed. A four-condition zero velocity detection algorithm is used to
detect the zero velocity interval in the walking gait. In the detected zero velocity interval, the principle of the
zero velocity update is used to construct the observation of the velocity error; the characteristic that only gravity
acts and the heading angle remains unchanged in the zero velocity intervals is used to construct the observation
of the attitude angle error. Then, the attitude angle, velocity and position error in the zero velocity interval are
estimated by Kalman filtering. The error correction of pedestrian navigation is carried out using the obtained
state estimation to further improve the accuracy of inertial pedestrian navigation. Actual walking experiments
show that in the rectangular path, the average value of navigation trajectory relative error of this algorithm is
only 0.98% , which is reduced by 78.11% compared with the zero velocity update algorithm and the standard
deviation of navigation trajectory error of this algorithm is only 0. 14 m, which is reduced by 88.62% com-
pared with the zero velocity update algorithm. In the closed loop path of the classical 400 m playground, the
relative position error of the solution end point is only 1. 18% . The solved trajectory has a high degree of matc-
hing with the actual trajectory, which has good application value.

Keywords: pedestrian navigation; zero velocity update; attitude self-observation; Kalman filtering; error

correction
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A rapid path planning method for multiple UAVs to cooperative strike

CHEN Qingyang”~ , XIN Hongbo, WANG Yujie, TANG Zhongnan, JIA Gaowei, ZHU Bingjie

( College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Focusing on the cooperative strike problem to important with multiple suicide UAVs, a cooper-
ative striking strategy based on hierarchical space distribution is proposed. The strategy is proposed with the
vehicle kinematic constraint, the collision constraint of UAVs, and the space-time cooperative constraint. With
the proposed strategy, the collision constraint can be solved. What’ s more, with the strategy, the resistibility
of the UAVs to the recovery system of the target can be improved, and the chance of survival can be in-
creased. A rapid path planning method for multiple UAVs with space cooperative requirements is proposed.
The Dubins curve is combined in the method, and the exponential increment of computation with the number
of UAVs is transformed intoa polynomial form. The real-time requirement can be satisfied with the method,
and sub-optimal trajectories can be generated. Simulation and flight experiments are carried out, and the re-
sults show that the UAVs can be guided to the target with the generated paths effectively, and the effectiveness
of the proposed method is verified.

Keywords: suicide UAV; cooperative strike; hierarchical space; collision constraint; path planning;

Dubins curve
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Occlusion recognition algorithm based on multi-resolution
feature auto-selection

XIE Xiangying, LAI Guangzhi, NA Zhixiong, LUO Xin", WANG Dong

(State Grid Digital Technology Holding Co. , Ltd. , Beijing 100053, China)

Abstract: The identification of obstructions of photovoltaic modules is an indispensable link in modern
photovoltaic operation and maintenance systems. Traditional identification methods mostly rely on manual in-
spections , but they are costly and inefficient. Therefore, based on the convolutional neural network, PORNet,
an occlusion recognition algorithm for photovoltaic modules, is proposed. By introducing feature pyramids,
image features with rich semantic information at multiple resolutions are constructed, enhancing the sensitivity
to the scale and density of occlusions. Through feature auto-selection, the most representative feature maps are
screened out to strengthen the semantic information expression of the object contexts. Finally, the screened
feature map is used to complete the occlusion recognition, improving the recognition accuracy. Experimental
comparison and analysis are carried out on the self-built photovoltaic module falling leaf occlusion dataset, and
the recognition performance is evaluated. Compared with existing object recognition methods, the accuracy and
recall rate of the proposed method are increased by 9.21% and 15.79% , respectively.

Keywords : photovoltaic module; occlusion recognition; convolutional neural network; feature pyramid;

feature auto-selection
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Table 1 Design parameters of pressure reducing

il [13,24-25]

valve for a certain pneumatic actuator

WA AR
S 1/ MPa 0~51.0
BUE 1R )/ MPa 9.8
SR /K 293.15
i) )2 FL. 4%/ mm 6.0
& AT E 4%/ mm 4.0
HETE R A1/ () 30.0
HETE R e R S B4R/ mm 12.0
mEREAB/L 0.1
KR A R/L 0.1
S A I %E H A%/ mm 20.0
4R B FF O/ mm 0.5
i) S 57 2 R/ Keg 0.1
Joit i B BR A7/ mm 0~0.5
it R 0.7
PR ERE/ (N - mm ") 800.0
A 595 100 45 B/ mm 2.7
S EENIEE/ (N« mm ') 500.0
B A 0 TS 45/ mm 0
T AL E A2/ mm 1.2
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Fig.4 AMESim model of pressure reducing

®

valve under steady inlet pressure
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Fig.5 AMESim model of pressure reducing

valve under unsteady inlet pressure
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Table 2 Comparison of outlet pressure deviation

O ES/ H TR Jy/MPa I 22 44 5}
MPa it D] 16/ %
51.0 9.87 9.85 0.2
30.0 9.70 9.77 0.7
10.5 9.45 9.22 2.4
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Design and characteristics of reverse direct-acting high-pressure
reducing valve for pneumatic actuator
LIU Yanbin', WANG Xuesheng' * , QIN Xinya', WANG Hao', CHEN Qinzhu', ZHAO Sai’

(1. Key Laboratory of Pressure Systems and Safety, Ministry of Education, East China University of Science and

Technology, Shanghai 200237, China; 2. Shanghai Spaceflight Precision Machinery Institute, Shanghai 201600, China)

Abstract: Pneumatic actuator is the key component of the flight attitude control system for air-defense
missile, directly influences flying stability and attitude control ability. Missile-borne high-pressure gas provides
power for pneumatic actuator through pressure reduction, which can reduce the space occupied by the pneu-
matic system and increase missile range by carrying more gas. For a particular type of missile, a reverse non-
balanced direct-acting high-pressure reducing valve with conical clack was designed. Mathematical models of
thermodynamic and static analysis were built for the valve and the design & check software were developed.
The simulation models with steady and unsteady inlet pressure were built based on AMESim , and the character-
istics of pressure, flow rate and spool displacement were analyzed. Results show that the pressure reducing
valve has good pressure and flow characteristics under design parameters, and the theoretical calculation and
simulation results agree well.
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Table 1 Stationary ring material properties
g M106D
SHMAEH/ (W - (m-K) ™) 140
Pk R H/K ! 5x10°°
R/ GPa 15
TH L 0.3

x2 HRHMBEME

Table 2 Material properties of moving ring
LR 38CrMoAlA
FHREH/ (W - (m-K) ™) 80
Pk R /K 5.1x107°
Bk i/ GPa 600
THF L 0.24

®3 BITEMBEMN

Table 3 Material properties of stationary ring seat

ok 0Crl8Ni9
SIMAR/ (W - (m-K) ") 13.8
P ik R /K ! 1.654
A5 B/ GPa 204
NER =4 0.25
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Fig. 14  Effect of rotating speed on temperature
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End face deformation and friction and wear of high-speed
dry friction mechanical seal
MA Runmei, ZHAO Xiang, CHEN Xiaozhu, LI Shuangxi®, YANG Haichao

(Research Center of Fluid Sealing Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; In order to solve the problem of seal failure caused by excessive deformation and wear of me-
chanical seal end face due to improper design under high-speed dry friction conditions, a thermal structure
coupled numerical calculation model was established to analyze the temperature field and end face deformation
of mechanical seal. The temperature rise of the stationary ring was tested, the characteristics of the end face of
the stationary ring were analyzed, and the wear mechanism under high speed dry friction was discussed. The
results show that; the established finite element model can accurately predict the temperature and end face de-
formation of the seal, and the difference between the calculated value and the experimental value is less than
11% ; the peak temperature of the seal end face is more sensitive to the rotating speed, and with the extension
of the operating time, the temperature first increases rapidly and then gradually slows down; the static ring is
prone to taper deformation, resulting in the uneven contact pressure and wear of the end face, and the “cor-
rection” effect of the stationary ring seat can improve this kind of deformation; the existence of friction transfer
film plays a key role in the temperature rise and surface roughness of the seal. The moving ring surface is
sprayed with Cr, O, metal oxides, which can better maintain the dense graphite transfer film and reduce the
wear of the seal. The research results provide a basis for the design, optimization and application of mechani-
cal seals.
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Fig.7 Variation of oxygen volume fraction in flight

envelope at 10 min inerting time
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Table 3 Suction flow rate in dual-flow inerting mode

g S/ (L - min ")

LR ANV

in % HERIFIN VN (5] SR N N 17N
WAL B B A BB
10 0 3 100 2 280
10 50 1 400 2 280
10 97 172 2 450
20 0 1550 2 280
20 50 826 2 280
20 97 115 2 550

- RO — — RUES0% — HIEO%
9 TEALISIE] 10 min XU AT A AR AU B fE
Fig. 9 Variation of oxygen volume fraction in dual-flow

inerting mode at 10 min inerting time
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Effect of suction flow rate on performance of catalytic inerting system
WANG Chenchen" " | PAN Jun', WANG Yangyang', DUAN Weijie’

(1. Aviation Key Laboratory of Science and Technology on Electromechanical System Integration,
AVIC Nanjing Engineering Institute of Aircraft System, Nanjing 211106, China;
2. AVIC Helicopter Design and Research Institute, Tianjin 333001, China)

Abstract:; Based on the principle of oxygen-consuming inerting system, the AMESim simulation model of
low temperature controllable oxygen consumed catalytic green inerting system (3CGIS) was established. The
effect of the suction flow rate of 3CGIS on the inerting time, and the change of the oxygen volume fraction in
the fuel tank ullage under the flight envelope were researched. The prediction of oxygen volume fraction under
the entire flight envelope was verified against the experimental data, showing a satisfactory agreement, and its
validity wasvalidated with the comparison of results. On the basis of modeling, the suction flow rate is approxi-
mately inversely proportional to the initial inerting time were obtained; under a certain inerting time, the re-
quired suction flow rate increaseswith the decrease of fuel load. Aiming at the possibility that the oxygen vol-
ume fraction in the fuel tank ullage during the descent stage may exceed 12% , a dual-flow inerting mode de-
sign method is proposed to ensure that the oxygen volume fraction is less than 12% under the entire flight en-
velope. The results can be provided as a reference for design and optimization of low temperature controllable
oxygen consumed catalytic green inerting system.

Keywords: oxygen-consuming inerting; low temperature catalysis; suction flow rate; inerting time; oxy-

gen volume fraction; AMESim simulation
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Table 2 Parameters of different compliant walls

75 m d T k
1 1.45 0.1 14.5 0.069
2 7.25 0.1 14.5 0.069
3 1.45 0.5 14.5 0.069
4 1.45 0.1 29 0.069
5 1.45 0.1 14.5 0.69
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Numerical investigation on evolution of T-S wave on a
two-dimensional compliant wall with finite length
HONG Zheng, YE Zhengyin”

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Inspired by the flexible characteristics of bird feathers, numerical simulations are used to study
the influence of the compliant wall on the evolution of T-S wave in the subsonic boundary layer flow. First, the
numerical results on the rigid wall are in good agreement with the linear stability theory, which verifies the re-
liability of the adopted numerical methods. On this basis, part of the rigid wall is replaced with a compliant
wall, and the results show that the compliant wall can suppress the spatial growth of T-S wave, thus delaying
the flow transition. Furthermore, the deformation of the compliant wall not only follows the waveform of T-S
wave, but also includes larger-scale vibrations with the same frequency as the disturbance source, which are
caused by the leading edge and trailing edge of the compliant section. The actual deformation of the compliant
wall is a superposition of these waves. Later parameter study shows that increasing the surface mass density has
almost no effect on the compliant wall in terms of attenuating disturbance. Increasing the surface tension or in-
creasing the elastic coefficient of the foundation can increase the stiffness of the compliant wall and thus reduce
the amplitude of wall deformation. Increasing the damping can suppress the propagation of large-scale wall vi-
brations generated at the leading edge and trailing edge of the compliant section, while having little effect on
the deformation directly corresponding to T-S wave. The overall trend is that when the amplitude of wall de-
formation decreases, the attenuation effect of the compliant wall on T-S wave decreases.

Keywords: compliant wall; finite length; T-S wave; boundary-layer transition; drag reduction
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Table 4 Results contrast with 28 m/s velocity
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Gust load alleviation analysis based on vortex lattice
method in state-space form
YANG Lan, AN Chao”* , XIE Changchuan, YANG Chao

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

Abstract: Gust response and gust load alleviation control system design is an important issue in aeroelas-
ticity. This paper presents a gust response model based on the vortex lattice method ( VLM) in state-space for-
mulation and gives the couple relationships between finite element method modes/control surface modes and
boundary conditions of VLM, which can be applied to complicated aircraft model. This method can avoid the
disadvantages of the traditional gust response analysis method with no requirement of rational function assess-
ment and iteration calculation with lots of resources. Introducing the traditional PID control algorithm, a gust
load alleviation system is given, and gust time response of open loop/closed loop under a discrete gust and von
Karman continuum gust excitation are presented. The alleviation effect can be solved by contrasting the re-
sponse amplitude. The simulation results show that gust response analysis results based on this method are ac-
curate and the gust load alleviation control system can alleviate the load response of the original aeroelastic sys-
tem effectively.

Keywords: aeroelasticity ; aeroservoelasticity ; gust response; gust load alleviation control system; vortex

lattice method ( VLM)
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Decoupled active disturbance rejection control method for magnetically
suspended rotor based on state feedback

YIN Zengyuan', CAI Yuanwen®, REN Yuan™*, WANG Weijie’, CHEN Xiaocen’, YU Chunmiao'

(1. School of Postgraduate Management, Space Engineering University, Beijing 101416, China;
2. Department of Space Science and Technology, Space Engineering University, Beijing 101416, China;
3. Army Academy, Beijing 100190, China)

Abstract: A decoupled anti-interference control method for rotor tilting is proposed to address the strong
coupling of rotor deflection channels of magnetically suspended control and sensitive gyroscope ( MSCSG) , as
well as disturbance instability during spacecraft attitude measurement. The coupling of rotors tilting with two
degrees of freedom is analyzed, and a decoupling controller is designed based on state feedback. The MSCSG
interference torque to the magnetically suspended rotor produced by attitude motions during spacecraft attitude
measurement is deduced. The anti-interference control of the rotor is realized by the active disturbance rejec-
tion control ( ADRC). The tracking performance and stability of the constructed extended state observer
(ESO) are analyzed. The stability of the system with bounded inputs is achieved by adjusting the nonlinear
state error feedback coefficients. Simulation results show that the state feedback decoupling can realize the
complete decoupling of tilting freedom degrees, that ESO has good tracking performance, and that ADRC has
better anti-interference performance than the traditional PID control method.
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Fig.1 Framework diagram of target tracking algorithm using Siamese network based on efficient attention and context awareness
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Fig.7 Comparison of accuracy rates of different algorithms under 11 types of challenges
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Table 1 Comparison of test results of different

algorithms on the VOT2016 datasets

ik T £k EAO
SiamCC ( A 3C) 0.61 0.16 0.448
SPM 0.62 0.21 0.434
DaSiamRPN 0.61 0.22 0.411
ECO 0.55 0.20 0.375
C-RPN 0.59 0.27 0.363
SiamRPN 0.56 0.26 0.344
STRCF 0.55 0.313
SASiam 0.54 0.34 0.291
MDNet 0.51 0.25 0.283
SiamFC 0.53 0.46 0.235
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Table 2 Comparison of test results of different

algorithms on the VOT2018 datasets

Bk HEA A rEE EAO
SiamCC (A 30) 0.58 0.19 0.405
SiamRPN + + 0.60 0.23 0.414
ATOM 0.59 0.20 0.401
SiamMask 0.61 0.28 0.380
SPM 0.58 0.30 0.338
DaSiamRPN 0.56 0.34 0.326
ECO 0.48 0.27 0.280
GradNet 0.51 0.38 0.247
SiamRPN 0.49 0.46 0.244
SASiam 0.50 0.46 0.236
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Fig.9 Comparison of EAO of different algorithms on the
VOT2018 datasets
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Fig. 10 Comparison of performance and speed of

different algorithms on VOT2018 dataset
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Table 3 Ablation experiment of the proposed algorithm on OTB2013 and VOT2016 datasets

LN LN LN Tt B OTB2013 J 2 # VOT2016 EAO /(- s
0.661 0.417 93
ECANet 0.665 0.420 91
CCNet 0.667 0.422 88
ECAM 0.669 0.426 91
LCAM 0.676 0.431 88
ECANet CCNet 0.672 0.429 85
ECAM LCAM 0.684 0.448 85
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Target tracking algorithm based on efficient
attention and context awareness

BATI Luo, ZHANG Hongli®, WANG Cong

(School of Electrical Engineering, Xinjiang University, Urumqi 830047, China)

Abstract; The matching-based Siamese network algorithm often lacks the overall perception of a target,

which easily leads to inaccurate target state estimation and target missing in complex environments. Therefore,

this paper designs two lightweight modules on the basis of the twin network to achieve more accurate and robust

target tracking. An efficient channel attention module is embedded into the backbone network after its con-

struction for feature extraction. Efficient extraction of target features and enhanced differential representation

are achieved. so that the network pays more attention to the target information. The features after template

matching pass a local context awareness module, thus enhancing the network’ s overall perception of the target

to deal with the complex and changeable environment in the tracking process. The Anchor-free state estimation

strategy is used to achieve accurate estimation of the target. Experimental results show that on the datasets
OTB100, VOT2016 and VOT2018, SiamCC algorithm outperforms DaSiamRPN algorithms and ATOM algo-

rithm, with the tracking speed reaching 85 frame/s.
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255 R R B 3R 4k 2% 2] (deep reinforcement
learning, DRL) , 5 i 1 A K Fe A AL T 9 Alpha-
Go HI%i#r T DRL 554 R B MR ", KT
DRI 7 fiff the 48 R A ) 2R ) U A0 5 R L, A
il T 58 Ak 4 20 B0 oR A TT i 30U B SR Y 22
B R AR AR B SMT 5 W 35 4w, {H3% Oy i
I RE TR A% i R AR e B B0, R X TT 3 2 ik
7 AR AL, AL o 25 I ] fih & 9 2 (8] B % RC
TH B HE 3R Y 52

AR SCAR I TR 5 SC BV T B T R 18 1R AT 55 i 0

ST IR
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R MARATES

JeHIT £ NoC 1) b S e i b1
K NoC 31 B9 B2 ih 42 O o 7K Al K ok 5K ad 2
(Markov decision process, MDP) , Jf & 57 £ & ¥
B8 e OIRAS R R U EE AR, TR A b B
BLAE 122 20 53 A S [ 1 55 38 B2 01 8L 4, 8 4 2% T
BIAT HA SR T B AR T 78 1 0 K i 358 2 Dl A7
NG, Fr 2 50 W A7 W 5 BE ML R AR T & 5
F 51 RN Aol 22 0 2% 0 A5 01 2, I 5 58 U AR A A
RUHE SRSV BE o [A] I, X BE A U Q ™ 2%
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1 FEDRAE TT 4 B vl o B2 M A9 |32~ , BEWS 4
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P25 5,
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Fig. 1 System architecture of avionics network
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M AT TP A%, R w4 B 26 422 1 (NT) |, 7 5¢
% 1 55 40 3P T [B) BCHE A XY B 4 . 7E Mesh |
Torus | JFERISE AR 22 NoC #iFh 4514 Hr, Mesh 4544 LA
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A B HA S R RS A
Mgt & 5 AN A e L 2 0 S 2R P R
At 4 A J5 ) by AH S8 8% Hy A KA H b 3R T
AHE .

1.2 HEZHH

TTNoC 7E IEEE 802. 3 #5 i L A M %k 41 0 5
LB R - B R Ak ] Ak 2 3 % B0 TR AL A
A ) e S R o v LA K 9 1 44 fih & (ET) 35 8
R e M TT 5 B,

TT {4 18 ELAT 7™ B [R1 i 5 1, 4% B 4 Jm) 3 2
TR K, BA fem I Je 9, % iy S i 25K i
= AR 55

ET 315 8 X 4> RC i B R J1 1% (BE) 31
Bo Hr RC B 5 AFDX 34, LA HAK T
TT 34 8, o5 FH 1] fih & o) B AL BR A% S, 3 a5 75 22
T LA 40T 1) B M e R 2 R A
BE 1 B 1 e P e A%, JE MR 55 o AR GE, ff A TT
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R1 K R i A S A7 AF il F O, B s oy 19 1)
(e a R1 (0w fan b B % el 2 R2 i dbdm ) 5 %
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@ pR Y
SXSEXITH4 G[%]‘ KREIA
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Fig.2 Router architecture with virtual channel
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2 ET DDQN i E#&E

2.1 FEBEFIIEM

2.1.1 BRTRAEFRTA
LA R L (D), BT —RE

S, ALH Y ETARAS S, PhoE , 5 I AR TE G, W FR

B AR HA TR R

P(S, [8) = P(S., 18,8 ,,8,,8) (1)
MDP i 2 58 Ak 2 SF (9 K dty ', AT LA —

ANINTCH < S, AP R, m,y > F=n,S YR

A RREES A NARDEES KM 7 £R

FEFR RS T AT I SR RS2, e ) b, 7tk

B s FHATIIE o BER R

a(al|s) = P(A, =alS, =5) (2)
P IR SRR TE s, RIENE o, 3

ik s, LSS P T RIR K

P:_']‘ﬂz =P(S,,, =s5,|8, =3s,,A, =a,) (3)
R Jp 2 hiE b i TAEARAES s, RELENAE o, 7]

RE BN A AT TAIRAS, R BT A ] 38 RS T 35 % Jily

) BB R A S AE s, SRELENAE o, BY2Z )50, D

R = E[R,[S, =5,,4, =a,] (4)
PG AZ il LN R AR L R B B A RS B M

B,5IA G, FRTEmt 2] ¢ ARZS s TR IR UT R 5580

B IR L ) R A, B

t+1

t+1

r
G/ = R1 + 7R1+1 +‘yzRL+2 + oo +7TR1+T = z ,y"RH"
n=0

(5)

Krfoy e [0, 1] 9 5 B 37 411 9 7, 7 BRZE i
JHATIRAS s M BTSE R 5 T g BOIRZS s W 24 iy 032
B 3k 2 5T 25 T BOIRZS B

Tk — RS s ERRNE 7 W LUA £ 5%
B IR Z AR R ZS 09 B, T A B0 BB S A 1
EFROPIRAS MR BV, (), R ERIRES s 19
SRR, S I 5 VE v o LA 3 15 A B3 3
LA DR SRR HH V() 1
V,(s) = E[G|S, =s] =

E.LR +yV,(s,)|S, =5s] (6)
Ars,, FAORE s HEM 7 AT —RE
2.1.2 Q% 3

BT 5> 37 B 0 (7 7 PO AN R 28 80 01
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EEWL, e Q gk — 2 LT RE—E”
HPREL Q,(s,a) , FRFRMAEIRE s s $0F73h
VE o, JR BRI HE KW o AT BT AR AT 149 2 Dl {8
12 Q =20, Q, (s, a) TIFRN Q BREL, FIRIR N
Q.(s,a) :E[G,‘S, =s,A, = a] (7)

W IR, Q 2 2 B IR S e B A AR AE
Ve P AR FE R J2 R R, 5 25 B 58 (AR 3C
PREE R A W 48 Fh F s, £ 35 Fir A7 4 s 60 HE A J7 X
LB A B e 09 A I OL) ZE EOR BT P
MR,

WK 3 Fron,Q = B IR Kg o 5 B 58
B, R P 22 0 WLV S o, BB AT — 3
VERR AT Q HEE BT # 2 BIRME = 19 Q ()5, 1E
AR s B AT RS VEGE A P PRAT B R Q (BN Iz Y )
VERI AT A3 2 S ng o, RI

a = argmax Q_(s,a)
aeA

1
7 (als) ={ (8)

0 Hofte

XA Ry i 9T 0 1 R AR PR AIE 25 RE SR ar LB
LRHERRR 7" 0 L m=m BN %, HE
We BRI Fre SR o Q (LAY IR 22 73 T 4 Uk
Q.(s,a) =0Q.(s,a) +

a(RZ' +y Y PlomaxQ (s',a") = Q. (s,a) )
s'e S’ @€

(9)
A rae (0,11 AR M TP RRTE s $h
17 a FeRe 2 s B Ay s BSR4 5 " 5" HY
Un 2R R 5 v AT A SR R RS Fe A
B € 1, BB~ KA
Q.(s,a) =0Q.(s,a) +

a( R+ ymax @ (s',a) = Q. (s,0) ) (10)

a'=arg max O, (s.a)
B3 Qg
Fig.3 Training process of Q-learning
2.1.3 HEEQ W%
Q 2= JHRMALE Q 18, X TR B & e K
PN 5 5, 4E4 Q T o 4 R i A A S R) HLAE
IR MR BAR" . B Q M (deep Q-net-

work , DQN) 25 & @%&@%@ﬂ%ﬁ*@
b B2 2 A s Q (E AR THE, Tk T Q T
YRR AR ),

ALRE DON [ I 2 ak B A0 Sy [l 5 [ 50, B 3
TS 1) A 486 T T I 4% 2 0, L e /N A 19001 R A 25
] 9 I 22 , LB iR 22 B SCF R s L(0)

L(8) = E[ (R +ymaxQ,(s'.a',0) -

Q”(s,a,e))z] (11)
A R +y max Q.(s",a’,0) NYNIrZ ;0 Jtp
ZMEBREQ (s",a’,0) T Q_(s,a,0) L
I 48 FE AN ] “ AR —BIAE” X5 B 4 b 1 048 o

28] L(6) J5 , 8 BEWLER T B 58 0 ffi it
% pR W BB VT 5E Bk o

AR R 45 I R AR 2 3 B A
bk B = AT BORAR M, 5 S BUI A ROE ,
A B A B bR 2 B sk — 1) 5
El 4 Fis B A 58 K i a] Bok o — AN el 4
H b W 48 S 5006 B4 B (8] 28 R AN A8 B b C
AN YN 25 D0 25 2 500 B 25 H b N 4%, A B ) 25
N A Ry SRR — A m 2 [ 52 19 (10 05 () 8T, L(9) 1
o7 17 Ry

L(6) = E[ (R +ymaxQ,(s',a’,07) -

0.(5,a,0))" | (12)

K0 F 67 435 25 I 25 F0H bR I 25 28,
H o mur—mmEn e,

WAL B0 I A A S PR By S BON R A R
E R SRAE B M RE A AR AN G50, BB [ 5 1 [A]
A5 16 b v i BT SR A 1 2

O LO)=E[(R+y max 0 (s'. ', 0°)~ 0,(s.a, 0)]

SN

SHymax O (s, a', 07) O, (s', a', 7)<

s
FRRCL TR }
B4 I 2 L
Fig.4 Target network mechanism
2.1.4 REE QM
Q 2%#>] 5 DON i i #0471 R s e K Q A
X N S AE KA AL 5, 25 5 3k i Al v E A sh VR Y
M AE, T DDQN W] 3 3 X Q A J6 I Al 11 fift e =
fhTE S DDQN WY JH & 4 B 7R (0 W 28 45 4, 5.
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KA TR NI Q fH, H L(6) A

L(6) :E[ (R\“ +yQ,(s",arg max Q.(s",a',60),07)~

Qﬂ(s,a,@))2] (13)

DDON JF 3 7E T2 27 Y 25 X 2% i Al 1 4> 3
1R, B H BRI K Al e sh 4R A7) vl 4% H Ar 9 4%
THRE M HERS Q 18 ;4 B M & m il 73k, B
BN R 25 R S A SR WZ S EAS S %
2.2 E-T DDON )i E#EEg T
2.2.1 TR Z I R S AU

i M1 M2 M3 =2 EE (DA IE, R
AR B LA T e ) 28 0 % % 1 A e
B2 BGK H A . WE 5 (a) Fras, 2 i 2%
FE 70 R B3 25T B o5 4 N [R) R 3 G 38 T A i
FH 552 B JC i 13 14 o o HG Al ) O 22 A7 X
FH L M1 M2 M3 HRE S 2o [7] — i 3 T e, R
LA 0 SR Y I 2 A% i 58 WS AR T A 22
£, B P ] — i 8 3 1% T S5 A% i I A] AN B 52 X

E 5(b) Fras, M1 X kg 8 38 0 o5 B[]
i M2 AR ek 2 B B M2 i Lk H M3 A
AR ML @8 FL B 58 A% i, B e ] O, J 00 e
(9 TH BB B BE AL IR . e Ah T B i K
TH BRI A E A I 4 AR X B S A 2 5 i 3 BE M
FE o 5 B & R 2 ] JC AR DG & ), AT AR A
JEE TR T 2% JE 0 e e B0 U i B H Y o Y A
XTI (LA e A R RO £ ) el R B A i i
KB ST 0] P B HE T . PP TR IR A 5 Y
HE P AT DU 53k fe 22 4506 2 o5 T Ta) — g 3 5 30
T 25 R B G , Bk ok e S B I TG A R o e
25 I 2% WL BH

M3
(b) A} Mg E T B
S M I G AE 0T S A% B 52 )

Fig.5 Impact of virtual channel cache on

1 - 1 ,

2

message transmission
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2.2.2 TTNoC A & o5 i

JAE TTNoC X A [) 2 1Y 91 &L A M 55 I 42 1
UEAS ], [F) 26 B30 5L A 1 A9 J 1 IR & I 200 40 4% A
AR, (E D B A ] B8 3 B2 20 BT, 4 1 3 2 T R
A5 3 20 B g b 98 R T S A R A O 2R B o A
R A AT G, S RS T, Bl (1) fir
IR A FAREE

i M IF 53 22 hk Y SEAR R ) 18] Bl o A A
S5 [R) o IF L, 51 I B2 58 10 B AS BR  H , oH JB A
i S [ b b 1 9 B A% i X TR) 53 TC e 10y B oY
W} o3 IC, i LA 45 MDP B Bsh 7 20Kk, i —
A B TTNoC 8 BJH B2 AR 2. 1. 1 5 ir iR 1Yy
MDP 5 #2826 55 g B A 00 45 30 45 8
DDOQN 533 4 0 oy 15 B 58 22 . 00 B AR IR 2 s
TR YT HCE B B O R B S HE A 42X
[ phy A5 R Y 2R A 5 A R S AE o IR B AR
QTR B A3 E , 7 2 R I 20 8 B I A% B B Y
A I A% i 2 AT S5 2R R B0 IO
RE AT 1] T~ 2 5 45 By SR A5 8 3% HL v 1) 3 2B 3R 45
N IR A K
R:Ad+ALf+%+h (14)
Kb Ad R HATSIMERT R BT ET S H RS
U R (Y TR Y e e B AR R ) 2
2 ,0d =1 FoRFEE AR, Ad = -1 LRI HE
H 7 50 A S BBk E 3R B $0AT 3h 4R 1T 5 6 B
IR 2 2 22 5 ¢ by 2 B B 10 O 58 0 2, o )
o, H B 0 4 ¢ =0. 55 B EAE TR Ak
PSR 52 A B, S AT 2 T SR S I R 8 R
JE,% h=10, 70 h =0,
2.2.3 DDOQN #:# 5230,

Hasselt ¢/ 11 DDQN i} 3R ] £ )2 % L i
2 N 4% ( convolutional neural network , CNN) 41 it [§]
BRFAE , %5 T TTNoC JH B I B2 A 35 2 [R5 4k 2R
HB B TR SRR R R, T
DDOQN (1) ¥ 25 45 14, R B 6 fv 7R 19 22 )2 SR
(multilayer perception, MLP ) f# 25 [ 2% #5181 . [&]
Hreny, A g 300 S 2T B TR SR H R Y
MG AR IT N p, B p, RS MZ b
JT A7 B 1] B R R

ik MLP AL g AR 2 oo D EUR T
240 4 ML . B4, N x N ) Mesh 45 ¥y 3L A5
AN(N = 1) 2 RUT e, AR s RATRER R
2R B R AR, A A% SR 1] B B X B — B 22
JCL, AR IAT AN(N - 1) +2 MM ZETT, I
A, B2 2 B I e T2 BOH R 1 3 45 A
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My Os.a) 3. for each time step ¢:
e 0sa) 4:  HERS s T Q MBI (e R
59 CLa L
N w;) S AR R FIKIORS o
o 6: if current buffer depth < Dy ;
7: B (s,a,RY s ) FFA LR
B 6 2 J22 IR At 25 [0 46 A A2 8 else:
Fig.6 Muliilayer perception model of neural network 9 M (s,a,R,s") BRI 250 704

A AR B L AR D 4 R R )2 2 B iR B
2 ~ 42, IR Relu 8% A H )2 R AT Soft-
max T BREL, F R B BE IR ERZS s T & A 3
PEXTRL I Q {8, 1y M 28 SEA B BDIRZS s T i T
BEEERL
2.2.4 3L DDOQN A 3

R DDQN 55 ¥ 16 TT 3 B4 B wh, H
B/ S B3 9 SR 75 R — Bk E B T R 2 % A
25 DRIARE B, 0 P 50 10 B0 2 T 2 i S A B (B
TV A T T R R I TS
Bk [8 ) Fh Y 1 5 75 98 B 7 2R L, e TT 3 A
TR M, G A BE DB L SR RC 9 B A S Ay
FEIR PR, 7R AR IE TT 3 B AT R B RG4R T (R
YT TT 9 B Lk 309 BR AT A T A 2 R )
AR AT 30 I 2 B A 2SR I A S — A
B

M LB DDQN Bk st B, (LT 8 Bt (14)
O AF BT BDOTT 9 Bk 0RO AE T
W) WA T AW BRI, AT SR AF =1, 58
H4 Af =3, X RERITT L8 R AR5 T 1 5 Af =2
fEHAE, I RC I BT T — AW B, b T8
Fisf B2 B AT B /DN, 2 H — A I B 7E 42 8 RC I
B S 1 TR N O R 2 AR AR B3 TT 3
LR 3 R B A OR

KR 2.1 A5 i E b 0 4 0 2 5 ] i HL )Xo
MLP B8 AT 2, o (- SE R0 Q {F 95100 154 o4
W, BEHL A R 22 20 43 A A [R) A 38 2 0 B A I
GHEAR IR e B RMIRRE—FNE
BN 1 - s R IR Q EEE A, L & 1Y
5 B AL 6 R B 1R, R A I g AR k1
FIF 7R
2.3 EF DDON Kyif B2 KR

Bk 1 DDON BRI E %,

BN < AR 9 46 5007 05 R C B Uk SR B B
B ZM3 D 2 MK Dy Y BAES M,

1. 6—Q-network,f —target network ,0 =6~

10: ME g D S BENLREE B A2
ot

e GEX ™ =arg max Q(s,a",0)
12 if s’ is teiminal; Target y = R!
13, else; Target vy = R:’ +,yQ(S!’amax’

07)
14, F SGD 7E4 L %L |y - Q (s, a,
0) | TEHSHE 0

15; B CABREIEAS 6 =0
16. end for
17 . end for

WGRSE G , DR A7 2 50U Ok 48 5 TTNoC
TH SR BE ) B BVE IR 2 iR .

Hi&2 T DDON Wy ER L.

BN R BN B M MLP BEAL,

MM PR SR sch,

1 for i in range(1,the number of M) ;

2. forjin range(i-1,-1,-1);

3. 7E X temp = msg (the j" message of M)

4. if (msg'. period > temp. period) || (msg'.
period = =temp. period && msg’. hop < temp. hop) ||
(msg'. period = = temp. period && msg’. hop = =
temp. hop && msg’. length < temp. length) :

msg’*' —msg

end if

end for

msg’ "' «—temp

O 00 9 O W

. end for

10 ;for each msg in M.

11:  while 2R R BIEL IR do

12 M3 1 25 py MLP A 5 38 45
ik

13: 1 msg (56 K I 205 A BE R

14. end while

15 .end for
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delay between DDQN algorithm and TBDA-SMT method
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A DDQN-based mixed-criticality messages scheduling
method for network-on-chip

LI Guoliang, LI Qiao” , XU Yajun, XIONG Huagang

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

Abstract: Real-time scheduling of mixed-criticality messages carried by network on chip (NoC) is the
key to its application to on-chip muli-core communication in avionics system. A double deep Q-network
(DDQN) method was proposed to solve the problem of satisfiability modulo theories ( SMT) to low efficiency
and high delay of low-priority messages. The message scheduling problem under wormhole switch mechanism
was modeled as a Markov decision process, and a scheduling model including environment, action, state and
reward was established. Then, DDQN was applied to interact with environment in different message distribu-
tion generated randomly, and the empirical sequence obtained through interaction was regarded as the training
sample of the neural network. In addition, a scheduling method named pore-DDQN was implemented , that is,
a time slot was reserved for rate-constrained (RC) messages on the condition that time-triggered (TT) messa-
ges can be scheduled. The case study shows that the solution time and the average end-to-end delay of TT
messages of DDQN are lower than that of SMT, and the delay of RC messages with pore-DDQN is significantly
lower than that of DDQN and SMT.

Keywords ; network on chip (NoC) ; time-triggered (TT) mechanism; double deep Q-network (DDQN) ;

mixed-criticality message ; message scheduling

Received: 2021-01-06; Accepted: 2021-04-11; Published online: 2021-04-26 1007
URL : kns. cnki. net/kems/detail/11.2625. V.20210425.1811.003. html
Foundation item; National Natural Science Foundation of China (62071023 )

# Corresponding author. E-mail: avionics@ buaa. edu. cn



2022 4 7 H
F48 4 7]

tEmMEMRXRXEEZR = 2, ly 2022
Journal of Beijing University of Aeronautics and Astronautics ;Il:l&‘-f'*&‘ 8 No.7

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2021.0019

jbuaa@ buaa. edu. cn

o]

ETER AR VWKNN (i &

2T
SCEL

HBO M EE

(LR Tk R {5 B 28, Jbat 100124)

] B NERAHFEETREALMRANEIEF AP AL N BN ERE &
EVHEACMEEWNEIERFZ —, BW , AAMBEWEREEZHREFHE K LG H &
AR KESEE, HF , RAFHEMKABHEERR AL RITESH 50k A
Z B W BRI BE B X LR L B e, T A K AR H kB R R B T BKK B B At R
B, AR AWEMERRARKE &I — A EHAT IR, HEAFEE AP 5 0K 5 %
MEMERGRFERAGEH, Hb, AN EN ERAEZEN Rt RETETEH
ARHBRH#WNMANKIESHE, ERLMBERIMERAEEE, EALNBEA TR A HK
R AP E 5 M REM, S F R RE 5 F K 80K K BE & AT i A, i 8 WA &

Hm AR B BE B )R, A P 2 IR BE B

TWENSER GHEFEMSNWEMNE, LRhERE

W ETEHABRAN MR K EFEETULA P HEMBE L KESHERE 15% ~
17% B A K EGHERET 11% ~13% th T LB R

x & .
hE45EKS . TN92
NHEAPRRRD: A

Wit 7 TR 9 R e B s R e 2 i ) AN W A T
53 K, NATTAS 3k 7 1) B A IR 55 95 SR AN I8 3
T B B B4 IR 55 R BEAT TRk
RGBT B . BORTE S ANIRBE R GPS E (4R
A © 2k BRG (BIE A B 2R = NIREE
o T5 5 2 A A Il Z A8, (4% GPS R
FEARREARA M RAEAE o SRS A R W, A
A A= 185 HR A R o B [ 8 2 Ak T 3 N B E R AY
AN 0 i R A o Vs <R O I = S @8 A - ]

FEWNEMBORAIRZ B, 2T Wi-Fi 1947
BIRBUE AR GEA R AT E WAL R
(PDR) & (i H AR (L1 A 2 3 B AR Lol 58 7 7€ 37

EWEM; MEHLG APREFTEE; MR KELG; BHAK

NEHS: 1001-5965(2022)07-1242-10

FeAR&GD M Wi-Fi G 7EE N6 R,
245 5 TN SE IS AR B S B R T R K B A )
AT ) Wi-Fi $F47 % N 8 O AT A E B AE
i X TETHIMZ B E 2R, M E
WM FEARBF TR 22—

HAr, 2T Wi-Fi %N E MR ETF
S F K] (TOA) G 3 1 L 3 15 5 5 3k i ] 24
(TDOA) % fi ¥  JE F 15 5 535 8 1 (AOA) 5 fif
W B E AR B0 L TOA E 7 B T B R ol 5 ¢
S U B A5 S VR AR 2615 S B0 B 8 I [A] S 4K 7%
fE S VR S B P O HAR A HE B i TOA
SR AT R AL Y DB AR 5 IR 1Y SRS B 2
= N 1 < N S e 1 P Bk N ]

Wi B 2021-01-14; A BH: 2021-05-07; M4 HAATIE : 2021-06-18 09 :06
M 2% H R # ik ;. kns. enki. net/kems/detail /11.2625. V. 20210617.1652. 001 . html
E£TH: FIEEAMLIT (2019Q0Y(Y)0601) ; W44 H AR K4 (ZR2020MF029)

= BI5{E&. E-mail; znf@ bjut. edu. cn

IR Fa, MED, ¥, £ RTEHAHKH# VWKNN (L EHALEMEF[T] b FMEAK A FFHR,2022,48(7):
1242- 1251. XUT,HE JS,ZHU N F, et al. VWKNN location fingerprint positioning algorithm based on improved discrete coeffi-
cient [J ]. Journal of Beijing University of Aeronautics and Astronautics , 2022 , 48 (7 ) : 1242- 1251 (in Chinese ).


Administrator
全文下载

https://t.cnki.net/kcms/detail?v=gYE-JcWgi4V6tzCnMV9wiVOtBUAXAXPEbcv35l8mgNe2saizxWEd3In1tJ4bbsNlQtFwl7UbHmpAESkt5PvaIEtAPUvddxUmdBBkKQN_61Li4h6tUYy1fw==&uniplatform=NZKPT

557 3]

> b,
YRR, S5 3 T B ORI 1 VWKNN i 8 58 S0 (5 vk ALATF 15

N\ —

BR2E X R AL Y HE A 1 T AR RS e . T A
TCERAF T AR AE B2 A3 R 2 A e 1] ] 25 P o 3 o
ENEIT R TS E I E, TDOA E A J& — Fh A F it
(] 22 R A7 5 67 19 5 ¥ 38 3 D 445 5 380 8 MR
F8 RF ) ff 5 15 5 1 A B 5, PR TS 5 O B 4%
U S B A A S A LR ER X
I ) — 8 25 M 00 i, s 5 2 A1 114 A 47 15 4% 1A
IFR] o AOA JE v AN 24 I & i (] 4R BBCIE 2, i
T 3 VA O R 2 W 1) S At e AT 15 T B TE AR 5
f S5 AR B AR 5 R 5 i B B sl 4 S 9 B R
TE JSURA) N A7 28 1 I e 2 1) 52 1 st 2 5 o 2 i A £
B B ok [ R T S AR A A
B A R LB RS0k 5 H A 3 A T R
fR 5 BLITVEAH LG, AN o I i Wi-Fi (9 52 A 7
BN T el 0 S (R RN A RE A RE A R A, B
A BAFAESE SRR, R N E AL T P i
Pz 7k o LR AR B0k A A A R
B 20 AR AL 17 A AL Y W) A, R R
JA BRI TE B A BOR BT A R R ARSUE B,
AL B A BOECE P AR AR 2 B B TR 4 3
AR S 57 a5 A RIS SO 122 v i) £ 95 S0
FRUCHC , 75 5 15 5 07 5 0 A AR o

KL, B X AP {5 558 B2 AN o 2 BU7E 26 B
BB e A1 22 0] L, A SCHR Y T — b TR AR
Bk i B AL K T 4B ( weighted K-nearest neigh-
bor, WKNN) 53 o B & BOAT LA e 5337 3 {8
R BRI L A5 AP £ SRR B LR BT
TREF Sz e il 4 A AP IR E R E . W58, 1A
M AP RS R B 0 H AT H — A b B 3
AR AP PR, Hrb, AP fF 5 IR
SE , FCB LR BOM N A L AR B 5 AP {5
RO RS E B IR B R, A A AR A
BN o XRE, G E B AP {5 5l Bl S 2 %
D TG P 8 1 53 v (S0 A 0 AL 1 I B
S b S A E L S S R Z AR BLEE o 4R
L R EM A S &S H R Z RS R
PASIS 4 BR TG R 8, % LR AT HE P, 28 i IAS I G
FRE R/ kA5 SR AT e & L 45 R 13T
B TN BB RS S % R R T AP
5 B NP XT R 7 45 R 3 R 5 e e 48 3
(kA B AR B9 2 25 1 R, THE A T
PLEYY A AR AR NS . f i, A SR
HEAT B AR, UE T B IS S R O R

1 ERYEX
(30 45 S0k R 1 S B 3 5 24 e G L

R R R ok e A 4 v
SUrfE B, T WisFi 60 {8 5 S0 Ik 5B
AR 2 BB AR B AR B 1
BANBEERESE 5, RS S0 (8
H (3 L S 2 (o A SR R S TR AR
B T (00 1 98 S 5 S 24 0 45 B8
e o 45 5 £ UG B 75 51 7 £ 450 B
B TR L M A R

R A SR
WSS L
R fioRE| |
I P B B
MRES S |
TR AL
|
Hy R P W AWKNN
B . Pk
BRI B
BB

________________________________________________

P17 B SOk 5 o
Fig. 1  Positioning schematic diagram of

location fingerprint algorithm

1.1 BE&HWBRAEERUBEEFENEL

e, WEAHMSE N, WEENSH A
M BRAL B PR 0 A AP TR — DS AR
LI n A AP W05 5 5 AR, s’ AL B 98 SURE
v o A A SR R A R A

o1 2 n
%, y, rssi, rssij -+ rssi
X, y, rssiy rssi; v+ rssis
2 2 2 2 2
LF = (1)
-1 -2 . .n
Xy Y TSSL, TSSL, rssi,

A LF & B AR a0 e, 05 5 — 12
% R AL B AR R AP FE RS
A AR 7 58 A (c,, 5, ) 9 m 25 AR 1
Py ERALE srssiy, HH m DS AR n
A AP B 5 5 R
1.2 FEL&HBRITEE L

TELE W B , 5 56 R 4 Fip i (0 s Ak 45 AP B {5
oo B AH, 3 5 AR A DC RC Sk AT A 15 5 ot
JEE 5 1 2 00 48 SOBK A P v ) % B % R AP
15 59 E(H R AT VR IC , $ 2 5 7 52 7 a5 fe A1 0L A
k A2 R PR X T AR kS5 S B
AR HEAT TE B, DT A B 1 AR 07 a5 Ak 9 )



-

1244 db AL % AR K ¥ ¥ R e
——— — [ T |
PR B AL FR PN A TN >

W B 37 B R S0 vk A R 4B (NN)
B K EAR (KNN) 33k J2 WKNN &kt
1.2.1 JZiFEARHE %

J5 T A0 0k 1 5 57 T 2 ¢ S R AR 1 S
b4 AP (15 5 5 5 8, A AP 15 5 08 3 T
R E R R R el 1 R AN SR v
WK FG I 5 55 /N9 5 2 110 50 8 A B A SR R 5 3L 4
BRAMP A E AR HEMESE A4S
2% w2z A By i G B A

D, = \/Z (RSSI; - rssi))’ (2)
A DONTFEA S G DS r Z ] KR
PR ES s RSSL i 28 A7 s AE 55 j A AP AL I A5 1 15
TR A srssi] KA i DS SAESE J A AP LT
3 B4 5 2R A

15 2 57 51 ) B A7 A sy
(x,y) = min(D,) ie (1,m) (3)

R A8 Bk A N T G Al R 78R 1 Ok U L AR
] B, A % 1 I ) L B, DA Oy HE R SR
TR HE B B /N (8 08 o 8 A b g AT DL fHR AR 5
bR b (5 5 ML 2 A FRE 1, At o/
FR DTG B B 1 Dy 0 W 2 2% 49 A 0 o R S IR
ARALAY 958 5 2 AN HE B0 19, 25 45 5 L 1Y 45 2R Ok
AR B 1R 2 o
1.2.2 KitARH &

KNN 5392 02 75 e 3T 48 3305 31 550 0 AR5 0 7 1
5452 5 2 10 B BR TG BE 5 ), % T A A9 BR LG BE
BEIEAT /N B B HE I, 2 Y RRCIG R B SR /N k
(k>1) N3 5 01X kA5 2% 5 W) B B Ak
PRAEREAHEBE bR P S (B A 158 AL i e & 1)
B AAR T

TF 28 7 1LY ) BRAL B AR AR

(1) = P X () k> 4)

KNN Bk e d 2 2 ARt 2 k(W
T IPURIN A 2 B 3 530, A PP B kAR S Y A IR
FEESIR/ANE kA S . TR B E A O T, W]
AT S0 A R 64 kA 3 A7 55 36 o 8 U L B9 &
o HURAER B B TH R T7 T, T 5 i 7 B
BERNTR 2 2% md % 5 o 25 2 (952 R 2 R [8] 19, BR
R B R IS 2% 0, 5 1o R 8L e 22 T8 9 AH BLEE
(LTSI (R W R VATE S N WAL R RSl
Ko WRAMRE B — A2 R0 E (45 2 1) TRk
T2 45 42 % T 1 Al AU 2R AT B 2 2 r
ERMTEE 0 — G 23 X e 2 1Y R 0 45 51 7 AR AR

1.2.3  Aein K 2548 ik

WKNN 535 5t e /£ KNN B35 i) L0 1, % 8
)5 145 5 AL A 2 8] A IR ER IR B A [ 19 2 25 s 0
IAEES AR NGOG E S R T34 Sty
(9 k A BT 48 2 % W R A .
WKNN 50k 3153 75 1 07 5 0 ) BE A 5 A A

(x,y) = Za)[(xi,yi) E>1 (5)

A (oo, y) 9 RE A A5 W) BB AR R 5 (%,,0)
NERABEIH) kD RILBN S E SRS i 2%
KLY BRAT B AR s 0, N § S RUBUE, o,

5y
1
D, +1
w; = ﬁ E>1 (6)
Z{ D, +1

DO IR A b DGR WIS % i, B
— B NG T E AL A R RR IR B . X R,
DA IR B 2 /0 st U 9% 2 2% 0 5 1 S A2 A, 22 [
F1R LB B B0, X {445 2R 119 2 W gl 8K, A 5
REEhECE NIV Y TR SR e L A ()
SRLIRE AR D A AU B R . WKNN 503k % 18 T 15 &
A1 135 AN TR 2 25 i 2 8] AR ARLJEE X 5 o7 45 2R 7™ A=
S (14 R 3 ek R PR B ) 2 o2 45 2R BE AT AL
VB, AT LATE — R bR A O AR B
KNN 8095 8 A7 25 S8 R B 2 AN [A] 1) 2 %5 A
Xt LG R AR, R B AR k2%
A A0 B A A ) 25 2 i B IOT- BB R AT R A
B s AR AR B TR, 23 0 Fie 2 B0 S o7 45 R 1 AR R
GRME . WKNN 53k BRIk A T KNN 533k i it
R 0 DG B AN () ) 2 2 D AN ) ) AL 3
AT B LG R TS R A SR B,
AP [FSATE , 22 BB P 55 g k%
PR AF R, W SR AE TR N AP 55 AR E
P2 Ok H BT A 1 AP 5 S H —RE AR E B
SAEARKARE FRE M B R e L4521 . NI, 78
TR ERECEE BN R AP 55 IR EE X — N K%
JEFEA T DIAE — i AR b e N RS

2 ETFBHZH#Hi#HEKN VWKNN
ik
1T S2 BRI 5 b i ER B 43 2 2, AN B
I B (14 SEE 4 2 5 SRS B 28 0 X (3 5 B 2 A i R
A I DN e TR RIRAY [ 4 S % I R
FEEAEREST . T REAE, 54 AP (5



557 3]

> b,
YRR, S5 3 T B ORI 1 VWKNN i 8 58 S0 (5 vk ALALF 15 S

—

SRR E MR AN R Y o B R AR O, AR SCHE
TR TR W R et WKNN Bk, BR
VWKNN 5335, Rl 2% AP 1Y B R 800 BRI B
BT MAGTH A, I AUE B BRCIG R 2 e T
Hb S e 1 E S S iU B AR AR B
2.1 fEERRIKES

WKNN S0l i e it R e s 5 2% 8
22 [i) F R G B 5, P NG G B8 25 DA/ 1) Kk A7
A i TR v e Y A S S U N E e S SR (BB
AR A ZH AL Z R EADS % s ER
PR Bl o AU T3 A A & B AU, i
SR R A L A ) B AR

RA n A AP {558, W Rf 2 A7 i Ak 351
B n A AP {5558 B (E 1Y [n] 52 4H R
RSSI = [ RSSI, RSSI, RSSI, ], .. (7)

MBS NS H W e A
AP G5 B 0 M SRR R
rssi, |y, (8)

R4, B8 28 A7 135 07 8 48 SO JE A A
Z: 7% mi A 1 R TG BE B 3 2R
D; = [ (RSSI, - rssi) )? + (RSSI, —rssi))? + -+ +

(RSSI, — rssi’)2]7 (9)

TR ENL R 52 H i Z G SR B 2
SRR E AL S 27 2 (] 1 BRI B R AR
TE—E R AT LR B E L 5 2 7% sl Z 1] 1Y
AEARLEE | SR, 15 G0 BR ECHE 25 03 F 50 07 2O H %
JER] AP (55 PSR4 R AR .
TAESLBR i NI E P, 5 5 1 B 3h & 5 B0l &
A5 o 5 BEARLJT AN 20 MEW , (5 5B E R
S R B ME R 5 (5 S BN AR REBINE S
SR T {1 A A A AT o sk AR fe A 9 R TR B 8 3
SOTE I A RRAR S 3 S B B L i 5 2 % s Z ()
AR AL o
2.2 EFE R Bt a9 A RR K BE B

IR BT DA S e B Y 1 Y B AR
FE T B A W) B R A 22 (8] Y 2 BORE B
a2 AP 1 55 B3R B0k W A% Gt W IR BE B E 47 A
KT LAEAN [R) AP A5 5 09 35k 2l 1 2% B gk ok, il 11
B HE R Y N AR G L 55 R B G b S B E v S
Z: 7% 13 Z A AR AL B2

BREA n A AP A5 5 I8, 7E 15 2 £ a5 Ak X
A AP AT m YO & 15 3] — A m AT n 5 HERE

s _ .j .j
rssi; = [rssi| 1ssi)

.1 2 -n
rssi, rssi} -+ rssi
rssi,  rssic -+ rssi’
2 2 2
RSS,., =| _ _ (10)
.1 2 . on
rssi,  rssi, rssi’,

— — ) 5
5 A AP f A

Vt.zii ie (1,n) (11)

'dVI"
Ko, NE A AP 55 19 m Y B8 A B i
2 save, 95 1A AP fF S m Y I i E 87
PIE

briEZE o, W N

1 . .
o, = {—[(rssli —avr,)? + (rssiy —avr,)” + -+ +
m
L
2
(rssil, — avr,)”] } (12)
I ave TR AN
rssiy + rssiy 4+ + rssi,
avr, = (13)
m

TR AP (8 BR BUR , 18 A
ABOT A M EEA AP fF S IARE N T 5 i 4> AP

F S AUE T
1/,
W, =— (14)
Ny 1y,

23 B MR BOM AU 59 BRI B 15 0k
l~)j = [W,(rssi) —avr,)® + W,(rssi), —avr,)” + - +

W, (rssi), — avru)z]% (15)
W N A AP S S I BUE s ave, 9 16 15 52
B RCRE RS @ 4> AP B m A5 5 5 B2 (H -7
HIMH srsst, REE S SIS n A AP 1
R 0k BEAH

HI T4 AP I m S S 5 B A B (2 A
[, 45 AP f14 5 1R BORT LS 4 i B ke iy
AN AP REA KOG 19 B IORE . B IR BOR
AP {55 5 B2 AR P 3l FEBOR R s s B R
BN AP 55 58 R D 3l Fe B/ R M .
i FH R T 2 1 2R Bt I A AS R R B 3R
L S i )R AR DL RS I 7R A Y T 5
A i R O R RO AT 5, T DA
AR BOR ) AP B AL E A~ B /N IRt vl LAl
AP {55 BN R 0E VR e 26 1 7 L 495 2R 38 Il 1Y 1%
2 R
2.3 ETEHAYULEMNNKRRERRN

VWKNN E %

VWKNN 583k 76 31 50 W Qs I, B8 1 &
BOHEAT AL, 38 5 DG C 530 2k 4R 30 09 55 R o 67 A%
LB b ASZS 75 ER . 1, TR R 2 L
AbXFEEAS AP {55 R m RAS 5 9 JEE {E, 3l i
IR BOM AW TG B A 3O A s 5



1246 b B = R KR

3

2022 4

27 i Z (B A BRI B 5 AR 0, T
BRI B OR A7 HE 1, 32 HR n S G B
BRI kS G R X A S A
A% G IR B ACE R 1 RS TR E AL
S AL E AR . B I A [
RS

D, +1
w, =] E>1 (16)

i F )
; D, +1
KXo, A i NS H SRR R 15D, 0 fi 2 itk
W kA RIEB S Goh L BB H S
37 A, 2 16 114 225 1 R RO 1 T R 6
T 58 L 5 B ) B 5 A A A

(x,Y) = Zwi(xi’yi) ko>1 (17)
VWKNN Bk i im f an &l 2 frs o

iR ]

H AL EAEBOBARIE | 152 DS AR APRY
mRLE | kA

IR E AL AL EE AP mUCTI B A T-S1H
B2 A R R

HHRPE LR SN S
ZI 2 BRI 1
A BRI MR EC B 5

!

XTI Y ISR ER 8 B/ N SR
HEATHEF

!

| R R S|

!

| imsssmammsEn |

]

LR k275 m LR BRI S E L Y
7B DATE Y

K2 VWKNN &2
Fig.2  Flowchart of VWKNN algorithm

3 XBmESH

K MATLAB R X 2 F 85 B &R ol it s
i VWKNN 53 g7 0 5, O HE 5 KNN B9E A
WKNN Rk gE47 O, Bk T VWKNN 5303 fig
P 1 3 N S ALY LR
3.1 KBEREHEE

S 56 0k R I W R W 04 — R AT A5 0

L L L o g
(L 6 N BB 10 AP £ B0, I 6 1 AP 75
e 6 P B 4407 B T I R A L
FR MoK 20 m 9 15 m MR B, %
I 5 I P 2 D DA T I
P85 e SR, FLAT A B B 8 D)
1k ) 8 30 46 B 49 2 T IE 7 JE
o 165084 £ 5 S5 18 o 45 B0 e o £
B4 g 3266 A5 K L (5 9 1 1 R 1
4/ HONOR V20, #1534 PCT-AL10, 2%}y An-
droid 10, ffi HH Wi-Fi 23 #71¢ APP R {5 550 fF
(R 1 s RO U S 7 F A B
Uh R AP RAE 10 1 {25 90 (8 JH 2 35 8
AL SO BUAL B [ 52 W 7 KO 2 50
A5 2 A A T T W 9 i (T
{1, 5 A i R SO P g R 2
SR RS 1 10 F 16 B ek B B 15 A (41 i
P O 1 A (0 L 7 B
SLARKHEE A AP A 20 Y f B I, X1 R 4 5
B 10 Y25 5 3 8 (830545 KO UL 30, 28 1 e
GRS T B WKNN 0 5 41 0 526

S X K B B 5 1 4
B3 . [ AT 266 5% g F 15 A
B

© 0 000O0OOOO0OGO OGO O0OOOO O
. .
© 000 O0OOOOOO©OOO OO OO OGO OGO 0.0 O
° .
© 000 O0OO0OOOOO OO OOOOGOOO0 O O
© 000 00O0OOO OO OGO OOO OO0 OO0 O O
. .
10F o o 0o 0o oo 0o 0o0o00000O0GO0OOO
.
g © 0 0O0O0OOOOOO©OOO OO OO OGO OGO OGO O O
1% ©00000000OCOCOOGOOGOOO O
== .
= © 0O0O0O0OO0OOOOO OO OOOOOOO0 0.0
£3 ) °
= © 0000 O0OO0OOO©OOO OO OO0 OO0 0 0
N - =
5 ©O 0O 0O0OO0OOOOO®©OO OO OO OO OOO OO
© 0O 000OO0OOOOO OOOOOGOOO0 OO0
©O 000 OOO© O OO OO OO OO OGO OO0 O O
. .
0,0 0 0000000O0O0DO0O0O0O0O0O0O0
© 00 0O0OO0OOOOO OOOOOGOOO O O
T A AR /m
X = Jde o g e
o B o FRENLR

3 SR IX RS R A A
Fig.3 Reference points and distribution map of
pending sites in experimental area

3.2 FAEAEMEZX L ERNIERE

#£ KNN 533k VWKNN 533 2 WKNN 5k,
EAEMERESE T B W, ECORNFEM b HSH
P BN G R 22 5, O TR E AL
i 2E fe /N b AE, 1S AT 5 A7 X% KNN 52
7 WKNN 27k &% VWKNN B3k b E 1752586

T A, TE ST I A B 2 B AR SO e L
FH KNN B95 k{53 1 ~ 6 JFA7 S5, X 78 fir
WRZEFFAT AT o B 8 AL S R AL 1R 25 1 TR
KX



557 3]

VERIE, 45 2 T B OR Bk i VWKNN {7 4 80UE LR

3

1247

~ N —

E = J(x, %)% + (yy = y2)° (18)
K E, NS 0 AT Y R 22 5w, By
G39NRER TR E A A SIS B AL A A B R Ak
B 20, Iy o 0 00 R 55 0 58 0 O 50N 2 45 21 09 o7
B A AL R RN AL A

&l 4 Jy KNN BIEAEARE kAT B8 AR 2 o
KA BT B 2 e i AR Bk B Dk (LR 1
N TR EGR AREIL W iR 2 . IR 4 ]
PLE B3 Q8 57k 10 5 A 1R 25 K8 4 i F HAth
VRN ENMIRZE, MY k=3 I, iR LA
T A B A {E P 1 il 4, 3 3E 10 ], KNIN 330 9%
TR, 2 k=3 W, B R E R/ b BORE
LA, KNN S0k - B8 L2 22 3R 1 iR,

MFE 1 ATLLE A KNN Bk k=3 B
PR 22 /o R 76 J5 S i SE B il F v, X
T KNN Bk b {H4— B 3 R AT 5050

SRIG X T WKNN B3k k B 40 B2 ~ 6
LI, I X 3X JUAS b (H 19 %8 7 1% 25 47 50 o
K5 WKNN S3LAEAN TR kAT A58 LR 2% .

WS sl DLFE 2 k=4 B, WKNN 83
(49 5 o7 1 22 1t 2 R 43 #0AE kU A A (9 22 7 12
262 F o Pk, fE WKNN B3k k=4 i), 5@ (i 8%

35

30t

25¢

20}

1.5

S (iR 2/m

1.0+

0.5}

0 5 10 15

FRERLRIIT

——fk=1 —k=2 ——f=3
——k=4 k=5 —k=6

Kl 4 KNNSETEARIE kAT 092 0 i 2%
Fig.4  Positioning errors of KNN algorithm under

different k& values

#1 KNNHEMFEHEMIRE
Table 1 Average positioning error of KNN algorithm

k P A B 22/ m
1 2.63
2 2.47
3 2.25
4 2.41
5 2.40
6 2.57

ST pTY I L 7 Y ey
WREMER 2 PR,

M2 ATLUE 9280 Hh , WKNN BE7E k =
4 B iR 2= e/ o BRI, 78 DL S B9 S5
AR f X WKNN B DL E{EH 4 SRk f7 )5 4

W 4 VWKNN B3 431 2 ~ 6 47
Sl I R IE LA K A B0 5 (R % 3 A7 4 BT
K 6 VWKNN BiE7EARTR k{E N A EN IR 2

M 6 ] LIFE H, M k=4 I, VWKNN &
0 S AV 1R 22 2R R ER A3 AR AE kAR Y or

35

3.0F
25}

20

FEALIRZEM

—— k=2 —+— k=3 k=4 k=5 —=[=6
5 WKNN BIETEA ) & (HT B E %2
Fig.5 Positioning errors of WKNN algorithm under
different £ values
&2 WKNNEEHEHEMRE
Table 2 Average positioning error of WKNN algorithm

k B R 25/ m
2 2.37
3 2.26
4 2.14
5 2.32
6 2.33
35
30F
25¢
£
B 20F )
oK
Eo1s5t
1S
1.0}
0.5
0 5 10 15

FREOLRIRF
——k=2 ——k=3 —+—k=4 k=5 —— k=6
Pl 6 VWKNN BERETEARIE k(5T 0 E AR 2
Fig.6 Positioning errors of VWKNN algorithm under

different k£ values



1248 b B = R KR

WEZ T B, 78 VWKNN 53k k=4 i, 58
PERORBAF o b BN TRME S, VWKNN 533 (9 4
TENIRZEMNFR 3 Fiom o

M3 T LLFE L, S8, VWKNN 553k 78
k=4 B2 RE AR 22 fe /o PRI, 78 RUR A9 52 5
EFEH % VWKNN 53k 1k {E0RE B 4 R 2B 1T s
ZE S

®3 VWKNN EEMEHEMIRE
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Table 5 Average positioning error of three positioning

algorithms under different deployment modes
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VWKNN location fingerprint positioning algorithm based on
improved discrete coefficient
XU Tian, HE Jingsha, ZHU Nafei” , DENG Wanhang, WU Shuang, TA Yongjun

( Faculty of Information Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: The location fingerprint algorithm is the main method to study the indoor positioning technolo-
gy, and the online matching algorithm is one of the main factors affecting the indoor positioning accuracy. At
present, the matching algorithms in online stage include the nearest neighbor algorithm, K-nearest neighbor al-
gorithm and weighted K-nearest neighbor algorithm. However, these three algorithms do not take into account
the influence of the fluctuation of AP signal on the positioning result. In order to improve the matching algo-
rithm in online stage, a weighted K-nearest neighbor algorithm based on the improved discrete coefficient is
proposed. In offline stage the purpose is to establish a fingerprint database, in the online stage using discrete
coefficient to reflect the stability of the various AP signal and treat the anchor point with weighted Euclidean
distance between the reference point, calculate all the weighted Euclidean distance, choose the nearest k refer-
ence points, so as to estimate the physical location of pending sites. Finally, experiments show that the weigh-
ted K-nearest neighbor algorithm based on the improved discrete coefficient can achieve an average positioning
accuracy which is 15% -17% higher than the K-nearest neighbor algorithm and 11% —13% higher than the
weighted K-nearest neighbor algorithm.

Keywords : indoor positioning; location fingerprint; AP signal strength; weighted K-nearest neighbor;

discrete coefficient

Received: 2021-01-14; Accepted: 2021-05-07 ; Published online: 2021-06-18 09 :06
URL: kns. cnki. net/kems/detail/11.2625. V.20210617. 1652.001. html
Foundation items: National Key R & D Program of China (2019QY (Y )0601) ; Shandong Provincial Natural Science Fundation (ZR2020MF029 )

# Corresponding author. E-mail: znf@ bjut. edu. cn



2022 4 7 H tEMmMEMRKXEER ;It'ﬁ,:if%_"* ly 2022
48K HTH Journal of Beijing University of Aeronautics and Astronautics 48 No.7
e oo

http: // bhxb. buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2021. 0007

KITEBB=FHIMEMLFENZITSMRL
PN . Em BERC, aeRC, R

s
Q ﬁ (1. VLR PULAR T AR Be, Jo) 2141225 2. VIORE A MCHHER SR ARE LR =, T8 214122)

jbuaa@ buaa. edu. cn

] B AR EAATBRSRABBEEN =T HENTE, BRET —AHA
QTR AamzpEl, XT 2R AEE, Rt T = FHhBMEMFEmEM; XA FLEREE
RAITFeN-NBRAEEZREGME LR FRXRANBPE T RRLT FaEAMEN
BEAEA XA ERARNEN ZFHBEIMFe#TT SEEN;BLARTH ERIET Ei
EAWEHRE, B HHESHETRRERZNA . FE&—NEHMEN S51.27 Hz, £ | mm & 5
RN xzB TN EREH LA DT0.67% .0.20% N5 h T2 BE, FRERE

T E5E F e ST a R R AR AT

x #
mE S V414.5; THI22
XERAR ARG A

e MGUATLAA) 2 38 2ok A ek i 5E A T ok S 932 By
748 338 K 3 e g — Fh LA o SR IBUAL A B
JCIA) BT i TR 48 T I 32 SR B e S A
BT AL R E S e
SRS

=P UE AL B o — 28 AL Y SRR AL A
H A T RO e sk R e R AT b AT S B R
GeAE A3 8] v X L B RORS % e L. B AT, BN A B
X = e AL B A SR © IS T — 2 1Y
Ho Awtar 255 SR R VWA E RS S AL, B
TR AT R BB mE A =
R = VB ioE AT o Li Al Hao 287 43 1]
T A ESAR RN L T 2TIR 5
F2T2R BIZEVEZ S @l If it i 3-PPPR 2 5 3-
PPPRR A R A7 =¥ 3 il E i F & R X%
250 R FAE g R 1) A I 4 S K B Y 7
BB 3-PPP B 2 e A L KT T 3h P
AR ARG . Xu' R 22 B0 3 1 52 sh R 4 L

W EMALAM; EMEE; SRR e St FHEEE

NXEHS: 1001-5965(2022)07-1252-11

B 45 BT T — Rl a5 4 0% 19 3-RPC AL
FENLE B o R TR = ST B AR X R A R BT
B PR 5 B 5 R R 25 S I A, 2R i e
Zhang' " %43 W4 H T 6-PPPR %I 5 6-PPP %I —
- Bl {3 R 7 - 5, SR FH 7N SCBE G BR A R R T 3h
B 0w SRR A DR BRI B G S5 8 5 2% R
TN T 520, Ak, Hao ' 5 W 4500 5
Vit T S HE A R 1 = F Sh e T & 3T
=S A JR 2 R R B N SR AT R T BR DR 2 A
Mo LR LFTIR N AR X = sh i AT B
WEFE A T KR, AHE & I Oz sh
VB A5 Y S B ), 2 LB B RAT R
S PERE 0GB Q BB RO A AR E =3
B -6 55 S R B R L, R PR
Ak

BTG, AR SCHR I T —Fpog B 2T3R AU iz 3))
Al 3 Fzis sh @ ok T — Fh R AT R R
=T ahiE G, Al Ey TMEN &

Wi B 202101-07; EABH.: 2021-02-10; M4 H A E : 2021-03-11 2026

M 2% H AR # ik ;. kns. enki. net/kems/detail /11.2625. V. 20210311. 1605. 002. html

EEWB: ILHAAANRKAA @G E (ZBZZ-012) 5 L7548 BF 50 AL RIS 52 B BB i
R (JSCX20_0760) ; VLR K= A RHBF 5 92 BT 1R (JNSJ19_005)

x* BIS1EE. E-mail; caoyi@ jiangnan. edu. cn

Sl Hhw, M, EF#E, ¥ ATEMBBZFHHEMFEHRITSHEMT] FMEMKXAFF®R, 2022, 48(7) : 1252-
1262. LIN M, MENG G, JU Y J, et al. Design and optimization of large-stroke decoupled three-translational micro-positioning plat-
form [J ]. Journal of Beijing University of Aeronautics and Astronautics , 2022 , 48 (7 ) ; 1252- 1262 (in Chinese ).


Administrator
全文下载

https://t.cnki.net/kcms/detail?v=gYE-JcWgi4VIHKOmcmhkY-7Hwuxwbb-tIOhYs_2TeGgNiUkuTp6qkAFFvd79plWV3bScj9pSlTaGusfJOfB7wmmrdwd7kgpU4ElZl4TI1izQvCCG10PYng==&uniplatform=NZKPT

557 3]

AU, 5 RATRE M = F 3 U 7 & W Bt S5 01

N\ —

B AR B BRI, ARCE (T 5 1 & R as
g5 A H AR X H AT T 2 H b 2 8
o I A BRIC O ECR I T BRI R R A IE A
Pt T s SR CF B 4 BT A R S
DAL ) T A7

1 &gt

1.1 2T3R EizFhE| &gt

TE AL 5 22 R FH IR ) #5% 7T [ 72 2226 1) I 3k
AL =B CE T B 0 S 4 S R A
AL E 3 A B b & A3 A b ER
F M1z BRI WUE AT 5 S5 BT Y G HE

K1 EA 2T3R H iR s sha ™,
mE 2 s, Zizsh@El h 2 4 EA 2T2R H i JE
P4 P AT 235 A 2 1) B R T G, HL 2 4 P T 485 4 25 i)
EEAE . T A WS AR b
2T3R Rz S @I H R R
[%,y,0,,0.1 U {x,y,0,,0.1 = {x,y,6,,6,,06.}

(1)

Xrh:0,.0,.0. 730 5E «y 2 B FE S A

&l 3 /R 2T3R Az gh @iy « 40 2h (12 3l
JEHE, Mizas SRl U« B AL e, B, R IH]

il i

E T

1 2T3R B 5 Al
Fig.1 2T3R type compliant motion pair

g

SIPIFEALS EPEELE
K2 2T3R Az g @l [ s
Fig.2 Freedom principle of 2T3R type motion pair

Z T T Tl T

A/L5 ez \\/e—\‘
v z 1'[ ,: N
|
1
U

X ll 1
|

3 2T3R #liz 3 gl iz 3l 7 21
Fig.3 Motion principle of 2T3R type compliant pair

PIFF ARG 5 IF 18] 1 FF LR 23 77 A2 W = Bl i 27 A= 52
Bl e, ey, T IAH R IR AP A BHRIE o W B, X
EARE y W S i S AR 2 B ki
Bho T LRI, R R R 0% 4 O X A
2T3R A2 g @l vl HE 12 sh BIVE & 3h B B 05 1)
iz gl iy AR ) AF AR B B, AT 4R T T B A A
PERE

O30 28 B 22 M PR T LR ) H R Y 9 3 o
i 2T3R Wiz Rl G KRYBahir#, Hixiz
a5 0 B, RS 800 il Se B b e i
A 3% 35 B R A8 T 6 1 1 R4k 3R A A
TR AL T 5 BRI E AR Y B

A1 AR, SEA 2T 5752 3 @A
F ,2T3R A5 8h Bl A7 TC 75 22 b6 8l (5 m] HE 7 2
HEBEE I A S B B 2TIR B8 B Jl A
b, 2T3R #liz 8 @l i 4509 B R i s 15 T 5 T
TSR, MAh, & H B is sh @b T
-5 S5 R BET I 22 BRI
1.2 FHEZ#igit

NEIHENCE G 3 AN B B E, A2
BRI A 3 3 B R M S

NP 4 B R, B F e B BB O
53R F 22 Ve AR B sl | g B I 2 T3R Y52 )

e

B w15 %) PPPR % 5 PPPRR %Y 2 Fh 2
SCBEHH A I IR

fa,y,6.} Uz = {x,y,2,6.1 (2)
{x,2,6,,6,1 U iyl = {x,y,2,0,,0 ! (3)

1.3 =FHRWEMTFEELERILIT

=t oA EEA =B N X
3R R T, Hith, = SBE O A 45 fRT B (H
V6 Z ST R RR, B AR . N S EE
-5 5 K8 58 A X B, BT BR PR AR DR B RO 5
REE ) E 2%, KR T In T 5 2e %% i 457 4 F
GRIEE & = Sk 5N 28 A, gE
PERE f 1 .

R T B 3 G 0 P2 A e O 25 BT 5 1 T
5z de N %R S8k R A R o5 L KR 4 p
PPPR #1Y5 PPPRR # 2 Ff ¥ 2 55 M 45 &, 1T
i 4-PPPRR&PPPR #! = V- i fF- & , H 451



1254 G| AN T Nl N = 4

e L

el

L
(a) PPPRE: S

S

BeshE]

5K
(b) PPPRRE: 14 44
B4 &A 3 AREN 1 IO F b S e

Fig.4 Compliant limbs with 3 DOF of translation
WS (a) FiR. T fe s Bag ™ % moE i F
&AM ERRRA
4ix,y,2,0,,0,} N {x,y,z,0.f = {x,y,z] (4)
A N KRB EE

WICE AL B AR vy P TR SCHEE A R
SCh) s, Horp 3088 1 ~ SC8E 4 X PR A &, LA
BRI G A2 S A G K 5(a) ~
() iR, iz 6 X HE 1 ~ 38 4 th 2 PR .
2T3R Bz @ P 4K AT S BE 5 R P AR 24 5
A HFE RS S50, DE TR 1.,

KHBA M =Fah e F 670" %
FHEEALTFAA:OF &I s @l ¥
[f] — BB 2T3R #3z By @l , A8 T8 B AS 7= A 3F AR
B3, BIGRE RIS 52
SRR ES A AL @ F A rh R R S
AT X Ry oA 2 U a5 0, B RG22 800, ik
%A Bz s AT R R, RS B Bk T @ 3
HARHEE TGN ELE %S, B FinT
SE 1

KT I %K 5 (a) FimF &6 BARKK
B ZATARR DR ARL SR F AT 4 I 2 oK g IR Bl K 1Y
LRI s ER Y IR S PO DACHIUE bR DA

I
_T
i

=
<
=

| ek |
(b) P 1~ 4

(0) V-5 58S
{5 4-PPPRR&PPPR B 5 i F- &5
Fig.5 4-PPPRR&PPPR type micro-positioning platform

2 B HIBEHHESW
2.1 EBEEBHELH

2.1.1 P& i h-EBXESH

TRk K AR 5 W B Z AR R, i S
A -0 &0 B REAY  ANAAT L J 22 1 5
o6 4 ) 42 AR Al of W] RUAR o B R L Ae B3t
VB -0 R O A B BE o A U5 vk A R
Pk ORIk Ay R Rk
LAERIRL ) Horh AR A 7R KA AR
AR BA B R IR B o 7R KUK B i 75
PERIR 185 (a) Frs-F & BB Sl Rl 23 77 A R 1Y
ARSI | [N 1 18 T AR 42 A B 95 X 1% F 5 1)
T1-Bi k8 KR BEAT ST

HSF- 15 45 K B9 065 B2 T AL, T oy il T 1)
Rt se A A, DR L & Jl D ) S RIF S 0 42, ST
TR AE x BT 1 -0 G R AL



57 W

AU, 5 RATRE M = F 3 U 7 & W Bt S5 01

WK 6 Jr7R , 24 o« BihJ5 1 SCEE 1 SK Sl R ol
MamIRE A 8, i, SCHE 1 S8 3 IR Sh Rl S
SCHE 2 SCEE 4 SCBE S TS R A SRR ALY il
e S K B S AR S B S RG-S 5 R
BERY TR 3 BEARUT & BT 1 9 - S AR

F6 e A i« Bl 1 3K 3h s = R

Fig. 6 Schematic diagram of micro-positioning

platform driving along x axis direction
DLSCHE 1 R dliti a, B, 2 R PEHAR a,
W JhOT LA 6, I, AW a, 7 AR A A
PR ASIE ELAE y Bl 1) B9 B8 K R PR R AN,
TR KRB 7 P o MR R AR a,
TE x 575 16 19 32 03745 25 4F, Hoiy o o7 10 % )

500 6, Z KRN

Fulx = F;LllJend + FallensSin ay (5)

F B Eltiw1 (6
ajbend li )

lllens - ll 1
Falt = ! Etw, (7)
Lins = Y, lf +8§ (8)
1)

sin @, = lir (9)

e Fy pena Foene 7000 WA 2, P32 25 il

PLAE R 150, o0 o, 53000 R PR AR a, AOHCRE |

FEHE R L o O30 SRR AR a, TS Y

KB ﬂ‘rﬁ;ﬁﬁFﬂ’J%ﬁa

WAABLAR SR Y AR a, TR ¢, 5)R
BEw, W2 1 > 10w, B SRR E WA IE KT
ik B, % Z AR R

F7 RPEWAR a, B TI-0088 50 AR

Fig. 7 Force-displacement relationship model of

flexible sheet a,

P T 152 o
1 -v
AP v AR BHETHRA L
SCHE 1~ SZEE S sl R 2T3R Bz 5l
R, 1%z sh Rl O S 1m) 8 BR 4 4, A2 Y I T ) Ak
RN, H 32 01 578 Z B R 2Pk 6 & %08 3l Rl
I SRR )

Et}
ko = ZT (11)
Fopp, = szsRBX (12)

Ko, oo, 35 AR AT R B R

RAE(5) 2 (12) ATARF & i« By ) i
AKX ;¥ 8, Brids Bk sl gk
F, =8F, +8F,, (13)
2.1.2 F&zih-ithk R oM

WE 8 BroR, M 2 iy 1n) SCEE 5 3K 2 Rl R
Mt AR s 67 #% 5, I, SCEE 1~ SCHE 4 Bk B
A5 SCHE S v B gl @ A R AR R 8] B AT AR
B EARTE 2 BT iR R R

PLEE 5 R TR b, R, SRR b,
Wz m 2% k. B, HJ7-f0 8% 6 R AR A 4
Bl Offr s, Rl EE, Evkwit b, Wz rm =z 15

it 8. Z I K Z N
Fblz = Fblbend + FbllenSSin a, (14)
E'Cw,
Fb,bend = 3 (15)
L
l -1
Fbll 2te sl 2E1 t2w2 ( 16)
2
by = /1 + 8. (17)
4]
sin o, = — (18)
l2lens

e Fy s F oo 23900 R AR AR b, 52 25
PARVET 7510,y vy 53 0 R R AR b, IR |
S R 5y, v SPONCH REAPEEAR b, IS Y
K RIE TG A

f-'e}

K8 e AT & Uy 2 Ty m 3R Blos =K
Fig. 8 Schematic diagram of micro-positioning

platform driving along z axis direction



1256 b B = R KR

9 RAMEMIH b, BT -f0 R SR R AR
Fig.9 Force-displacement relationship model of

flexible sheet b,
W3, 4 1~ SHE 4 h 2T3R A2 3 &l 1
TPk X ZR N
Frrsn. = ks, (19)
PR AR A= (14) (3 (19) /157 53 2
J5 s ISk 3 AL A% 8. FT i KBl 1 K

K, = 8Fh]z + 8F 5. (20)
2.1.3 FEEREHFN
ZRBIRTE AWK T5 15 f A L

BZE M 2E, P A AR FAF7ERAE A d BT M
3 S 7 A Al 1) AR I S B B T IK ) J7 6]
PR TR R R 6 0 € AR RE AT
WrEX - B 1Y B R s s g AT A .
V-5« Bl 5 ) SCBE 1SS @ i 0 9K 3 467 7%
8, IF, SCHE 1 A AT 2 Bl 1a) 7 AR AR BT
SERE,CFRUT o BT B E KRB
(F, -4F, )1,
Ot = Et, (21)
V- U 2 Bl ) SCEE S 3K Sl &I it n 5K 3 67 5%
8. I, S8k S w A A 52 b ) g 7 AR il e AR E
[, -6 2 Jhos & Ris s
(F. -8F,.)1,
- Et
2.1.4 FEHHEASH
HORAER R A AR AV N, B £
BRI BN I, A XSS B HEATRORERL ) 2 A G
K10 Bz, 43T ooy oz Bl D7 1a) [ i A e R L 3%
8, I, LASZEE | A K AT e, 5 308E S thal KAT
e, J, FLRT R A2 1) B KON )

010 (22)

O imax = Oxeomp T T abend (23)
O max = o-zcump + T hend (24>
A

F, - 4F‘W
Owcomy = g4 (25)

F, - 8Fb|z
O-ZC()mp = T (26)

Ei's
_ _ O max 27

T thend bend ZWli, (27)
5. =6, =0 =8, (28)

B 10 fE i F 5 2 Bk shs ZIE

Fig. 10 Schematic diagram of multi-axis motion for

micro-positioning platform

0y ~ O a3 HKAT €, JTZ 4
M T 5 0 o ~ T o 73 0 A AT €, T 52 T 46
BN WA 53 AT e ve, B BT AT
ZHC R 6, .8, .8, 43 I h e B B 0
y 2 5 ) AL o
2.1.5 T &R

TWOE AT & HR 2 R ) B A A A AT R AR
IRV, 5T 52 W - 15 00 e S R RE L DRI XS
HEAT JE Hh AT

W 10 Fros, S0E A F 6 3« Bl 5 16 52
HE LIRSl & Ak sh 62 8% 8, I, SCHE 1A gl s Al
AR ) 5 ) Sl R Sy B B IR 25 A, Horp e
] P FF LI 7R 32 T O AT e, A RAT R R X
R, HoRkZ ) F,oh

Foo= o (F —4F,) (29)

) B, Y O AL 5 0T 2 Bl 5 1) SCBE S 3K Eh
RN AK S 8 6, I, SCHE S AT AT e, 1R AT
KA, HORZ R T1 F ),

Fooo= 5 (F. =8F,) (30)

P 12

RRAE BRAHE 23 30, 4K AT ey ve, TR 32 1 Il 5
J&J1 F A

2
El
F,o= T (31)

l,
5)

I, WK e, ce, WYRL R,
2.2 EEHMSW

A R O 3 5 1 18 IR S, ol T e
B dOE L -6 7E m PR sh i LR B 4, B b
BEXT H AT RS T o

WP S (a) ~ () Fim , A4 32 4 B A 45 3
R e ™ e MR ke | N3
BE 5 DK BRI Y SR s W EE 43551 Sk

4E' 1w,

kdmel = kdri\'e.’: = 3
L

(32)



557 3]

MBS AT R AR A = Sl e 2 & it S Ak

SEIt;w2
L
W 11 s, B T 0E A & & SCHER) T IR
KA (1) (5(32) K (33) al i3 F 51
vz B 75 1] 2 80k W EE ) Sy
K, = 8kypy + k +k (34)
Ko = 8kymn + ks (35)
ik A 2T3R 52 3l BB 9 30 NI EE
HF SR AIRAR BT H 7R R ROE AT A
TREZS ST, AP 5 BT = B [ A A R

Bria|
Jfo=1 = VK /M. /(2m) (36)

BEF
f. = K pm/M /(2) (37)
Ao M, M, 530 R CE AL G T vz BT R AY
R ﬁ,,ﬁ\ﬁﬁjﬁ%ilzzﬁiﬂ#ﬁiz*ﬂo

Eoives =

drive!

(33)

drivel drive3

n

F % r—,, |

| b | | e

L AAM— i | AN

| | | |

| 2y | | 2y |

I AA#—H—)‘L%}M | AAA—H—;‘L%}M

I | | |

I kdrl 3 I | 2k2'l'3R I

| I Lot | | Lol
AN s A

: 2k2'l'3]( : : 2k2 T3R :

I -W‘H— 4 | -W"‘T— S hlE4

| | I |

| 4kz‘r31< | kdn\ci |

[ _J \_/ \_/ “'_DJ— SCEES |L L/ \_/ \_’ \"‘—DJ— SRS

K, K,

(a) Xﬁ‘l’&&&ﬁﬁ/\l‘]ﬂ)ﬁ (b) Zf*ﬂl’«'@’ﬂ@fuﬁ/\l‘]'”ﬁf
P BOE T F 25280k A IS R 2 T
Fig. 11

Schematic diagram of equivalent input
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Table 2 Static and dynamic performance parameters of micro-positioning platform before and after optimization
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Design and optimization of large-stroke decoupled
three-translational micro-positioning platform
LIN Miao'?, MENG Gang'?, JU Yongjian'>, XU Weisheng'?, CAO Yi'**

(1. School of Mechanical Engineering, Jiangnan University, Wuxi 214122, China;
2. Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology, Wuxi 214122, China)

Abstract: To design large-stroke three-translational micro-positioning platforms with excellent decoupling
characteristics, a new 2T3R type motion pair was proposed. The structure of three-translational micro-positio-
ning platform was designed based on the 2T3R type motion pair. The theoretical models of force-displacement
relationship and lost motion were established by nonlinear model method, the theoretical models of platform
natural frequency were established by Lagrange equation. The goal programming method was used to optimize
parameters of the micro-positioning platform. The correctness of the above theoretical model was verified by fi-
nite element simulation. According to the theoretical calculation and simulation results, the first-order natural
frequency of the platform is 51.27 Hz. the lost motions in x and z directions are less than 0. 67% and 0.20%
in 1 mm motion stroke, and the input and output motions are completely decoupled. Results show that the
structure design of motion pair and platform is effective, and the optimization model is feasible.

Keywords: compliant mechanism; structural design; micro-positioning platform; parameter optimiza-

tion; compliant motion pair
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PM based super-resolution method of azimuth detection for
electromagnetic vortex wave fuze
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(1. Science and Technology on Electromechanical Dynamic Control Laboratory, Beijing Institute of Technology, Beijing 100081, China;

2. Ordnance Science Institute of China, Beijing 100089, China)

Abstract; To improve the azimuth detection accuracy of air defense missile radio fuze at low signal-to-
noise ratio (SNR) background, a super-resolution method of azimuth detection for electromagnetic vortex wave
fuze based on propagator method (PM) is proposed. Vortex electromagnetic waves with different orbital angu-
lar momentum modes are sequentially emitted to irradiate the target by a phase-controlled uniform circular ar-
ray, and the target echo mathematical model is derived based on the multiple-input single-output ( MISO )
model. The received signal matrix is constructed through the approximate deformation of the echo equation.
Then, PM is used to construct the spatial spectrum function, and spectral peak searching is performed to esti-
mate the target azimuth. The effectiveness of the proposed method is verified by simulation. Results show that
the proposed method can accurately detect the azimuth of a target in the case of low SNR and few elements.

Keywords: electromagnetic vortex wave; orbital angular momentum ; azimuth detection of fuze ; multiple-

input single-output ( MISO) ; propagator method ( PM)
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) 1
ST 8, [+ e
i ERE A, (3) H iy RTV AL AT H]
LU EL S W N
(ve =v) " "(ve =v,)) + A(v.C.UW.Cv, +
v;‘C:‘U},WyC},vS) (15)
Krfrovg Fov, R EMR S M TG 2 51K &
C. M C, 5350y « J5 W Ay J7 ] (0§ ) 26 53 86 BE

(14)

B A EHE U, U W, W, X
M BRI U Li,i] =u,,, U Li,i] =
w, Wliyil=w,  ,Wl/[ii]l=w .

PG (15) oK Al 1
(1 +AL") - vl =, (16)

Kbt e [0,2] ;L' = CIUW.C +CUWC K
TR S & v BAUERE 1 + AL g X}
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P& IR A BCR AR B0 TR R 2 B i B2 IR AL 2k
38 38 4, L) S B[] J2 R A P A 0 0 2 T R £
BRI RS S AR AR E i R R SR AR
T5 AT SN AEEA o [RII 255 I 2R A AR A 2
I Xof UG B Re AR 20 A BEAT 27 20, A A5 b 42 1 S0
HAT Z R . Bt G i B n] s
I, = G,(I,) (24)
S50 T AR R o IR L7 5K ROBORT L,
XF BT A R AR AT 25, B
min max L’ (G, ,D,) = )\iN]‘LidV + )\?]L?] (25)

Gy Dy
K EMA SRS =1,4] =4, BFR“27 %R
i 240 1) 2 B B o

L # eREUE LN
L= 1, = Lo, (26)
SV ERY SPSER (L

K SN-PatchGAN S 5j1] g #5081, XoF 47T 45 2K oA
HOR ] hinge $1 %, HEAIE UNF -
L, =E, [ReLU(1 - D,(I,,M))] +

E, . [ReLU(1 +D,(G,(1,),M))] (27)
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3 XBWEERSH

A SCHRE TN TF A0 1 B B 4E Paris Street-View
XTI 4 0 455 R0 A7 PE AL, Horh Paris B4 £ S
14 900 5K VIl 25 A% F1 100 ik 3 B 4%, R A /)N
H 256 RFR x256 R, LHd b, T RE
TG b 36 I 2 RS TR (1 B kR T 1) HE
A PConv' "™ 28 T B 48 JE 0 28 48 v Bl L2 IR, 3%
WX A N AL B 12 000 5K A K0 i) 4 s /&1, O BB
Tk BRI B HE 7 FE AN TR R, Sy T e A
MR 5118 2 W AR RN TR, AR = 9

omple

% Y
454 256 x 256, 7 S BB PRk g 7 4 o b
41°F : Ubuntu 18. 04, Tensorflow v1.8, CUDA v9.0,

CUDNN v7. 0, python 3. 6.2, Hi i i {4 ict & .
1 HeIntel (R) Xeon (R) E5-2680 v4 @ 2. 40 GHz
CPU 2 H: NVIDIA(R) 2080TI GPU(11 GB) {3+

W28 IR B, AL U A 8 sk RGBSR
JH B & W % Al 31 ( adaptive moment estimation,
Adam) {428 (B, =0. 5,8, =0.999) A 1L 4t
R eRE, WG AR 3 0 %R X £ UK 4 I 4% By
B G a5 A e as AT N S, Horp 2 A AR 2
G, Gy WS R E N 1 x 107, & B
o S0 2% 6 W0 B S I 28 1 2R L8 G LG, AT
)35 A A BRI 2, R 2E 21 %0 1 x 1077,
3.1 EEXEaSHR

R T WEA B WA SCRE AL PE g SR FH LA
TR $5 5« 18 {H {5 M2 1 (peak signal to noise ratio,
PSNR) . A4 AH L1 & & % (structural similarity in-
dex measurement,SSIM) L, ¥{HIRZF1 L, ¥{H IR
7% ,PSNR I SSIM % {8 /8% Vi RE B 4, XF I 19, L,
F L, BUE B /N PERE LT o o B A 4R bR 0T 4 b
S Wl RS AFAE 1 PR 52, AL {68 28010 0 B I8 s ) 45
TS, A S BRAR R R R B TE Rk, S
B o A rp R AR SCOT AR B 4R Paris Street-
View |5 H T ER & bR e iy B8 S0
# 3 ( contextual attention, CA) 454 % ( Struc-
tureFlow, SF) #1%i%#: (EdgeConnect, EC) Fl
1% (GatedConv, GC) % J7 ik HEAT A Ho o
Ay ALY SR 100 5K 45 B 2E 17 56 0, 4
R S P 505 AT AN TR B HE T o5 L, B 0% ~20%
20% ~40% 40% ~60% , I FH H:4 5 % fr & ik
AT

B2 1 A AL, A SCHY & A IE f 48 B0 IR T

R 1 AREFEEHIEE Paris Street-View FRIITLE &R

Table 1 Comparison results of different approaches over Paris Street-View dataset
ik HE I 5 L/ % PSNR/dB SSIM L,/% Ly/%
0~20 28.71 0.953 2.49 2.07
SF 20 ~40 25.41 0. 895 3.96 3.65
40 ~ 60 22.32 0.756 5.26 5.03
0~20 31.03 0.963 2.12 1.21
EC 20 ~40 26.07 0.876 3.43 3.04
40 ~ 60 23.45 0.721 6.33 5.89
0~20 28.26 0.932 3.30 2.30
GC 20 ~40 24.83 0.821 4.21 4.26
40 ~ 60 22.61 0.650 7.21 6.13
0~20 26.83 0.831 8.12 3.84
CA 20 ~40 23.81 0. 694 10.2 5.49
40 ~ 60 20.26 0.535 11.32 7.81
0~20 33.40 0.969 1.31 1.07
AT 20 ~ 40 28.65 0.883 3.10 3.01
40 ~ 60 24.51 0.762 5.09 4.75
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() ECHik

EE\J‘E/E\Eéﬁ’MH{uE’-&%EEE&éX B R Y
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Fig.4 Visual comparison of output results for different

methods in the coarse network stage

() GO (Mm e

5 ON[E D5 A S 4E Paris Street-View [ (1 ] #0 4k %t b 45 1

Fig.5 Comparison of visual results of different approaches in Paris Street-View dataset
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I 50 0 P s 2 1 2
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Paris Street-View X Il 2 4 B 8 51 7 551 £ 17 I3,
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H1E 2 AT, 3 o AR SCHR Y 7 B XA A
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Y b AL PP 8 ORI T I G A5 B sl G R 1R
S B T P A AN AR T DL
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Table 2 Image inpainting results of different input

information outputs through network test

Bl ERs) PSNR/dB SSIM
BEER 28.25 0.842
-1 15 B 24.637 0.767
P A (K30 30.23 0.971

(a) A JE

(b) MEfEL
F6 A A 4540 15 845 2 /Y "] LA 18 2 45 21

Fig. 6  Visual restoration results obtained from different input structure information

(0) BRTHRELR

(d) P A7 (A 30)
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Images inpainting via structure guidance
HU Kai', ZHAO Jian>" | LIU Yu', NIU Yukai’, JI Gang’

(1. School of Microelectronics, Tianjin University, Tianjin 300072, China;
2. Institute of Systems Engineering, Academy of Military Sciences, Beijing 100089, China)

Abstract: Aiming at the problem of obvious visual artifacts in the content of rough network with less prior
knowledge, a two-stage image inpainting method based on an edge structure generator is proposed. The edge
structure generator is used to perform feature learning on the input image edge and color smoothing informa-
tion, and generate the missing structural contents so as to guide the fine network to reconstruct high-quality se-
mantic images. The mentioned method has been tested on the public benchmark datasets such as Paris Street-
View. The experimental results show that the proposed approach can complete the hole images with the mask
rate of 50% . The quantitative evaluation indicators; PSNR, SSIM, L, and L, errors respectively surpass cur-
rent images inpainting algorithms with excellent performance, such as EC, GC, SF, etc. Among them, when
the mask rate is 0% —-20% , the PSNR index reaches 33.40 dB, which is an increase of 2. 37 —6.57 dB
compared to other methods; the SSIM index is increased by 0.006 - 0. 138. Meanwhile, the completed images
get clearer texture and higher visual quality.

Keywords : image inpainting; semantic contents; visual artifacts; edge structure generator; coarse net-

work ; fine network
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9 16QAM 616 2.406 3
10 64QAM 466 2.730 5
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12 64QAM 666 3.902 3
13 64QAM 772 4.523 4
14 64QAM 873 5.1152
15 64QAM 948 5.554 7
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Fig.2  Video layer transmission model
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Fig.3 System rate comparison with constant channel bandwidth
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Fig.5 Spectral efficiency comparison with

constant channel bandwidth
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Low computational-cost multicast subgrouping for SVC streams
YANG Jingxuan, XU Zhen "

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

Abstract: Multicast is widely used in multimedia transmission because it can utilize channel bandwidth
efficiently. However traditional multicast scheme has bottleneck rates problem, which may limit the multicast
transmission rate. Subgroup formation can solve the problem, which involves splitting and classifying the mul-
ticast group into smaller sub-groups based on intra-group users’ channel qualities. Firstly, this paper proposed
a user-oriented video multicast transmission scheme, that combined scalable video coding (SVC) technology
with subgroup formation. Each subgroup demodulated SVC streams of different layers according to actual data
receiving capability, during which the scheme maximized the total system rate on the basis of user video trans-
mission. Moreover, a low computational-cost subgroup algorithm for fair resource allocation is proposed. This
proposal considered SVC layer limitation based on low-complexity subgrouping ( LCS) algorithm and adopted a
constant vector to suppress unfair resource allocation. Finally, the results show that the proposed algorithm
achieves well performance in terms of system rate, spectrum efficiency and system fairness when the bandwidth
resource and the number of users change. In addition, the computational complexity of the algorithm is low,
thus it can be applied to video transmission under 4G and 5G network architectures.

Keywords : scalable video coding (SVC) ; multi-rate multicast; resource allocation; wireless network ;

video streaming
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Orbital dynamics of rings of small bodies

WU Tailong, WANG Yue”®

(School of Astronautics, Beihang University, Beijing 102206, China)

Abstract; With the development of astronomical observations, it has been found that, not only Saturn,
Jupiter and other giant planets, but also some small bodies are surrounded by rings. Focussing on rings of the
Centaur 10199 Chariklo, we study the orbital dynamics of particles in the gravitational field of Chariklo, and
analyze the impacts of equatorial ellipticity and rotation of Chariklo on the orbital motion of particles. The first
kind of periodic orbits and 1:3 resonant periodic orbits are obtained by using KAM torus iteration on the
Poincaré sections. The relationship between the position of rings and the mean motion resonances are revealed
by analyzing the properties of the periodic orbits. The results show that, the particles in the inner ring of
Chariklo are most likely associated with the first kind of periodic orbits and their quasi-periodic orbits, but are
also likely associated with the 1:3 resonant periodic orbits and their quasi-periodic orbits. The particles in the
outer ring of Chariklo are not associated with the 1:3 resonant periodic orbits, but are associated with the first
periodic orbits and their quasi-periodic orbits.

Keywords: rings of small bodies; 10199 Chariklo; Poincaré section; mean motion resonance; resonant

periodic orbit
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Table 1 Specification of lattice calibration plate
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Table 2 Comparison of camera calibration results

S8 I WIRES ES @RS
. S/EE 904. 829 920.942
£/ B % 905.350 918.769
- uy /5% 604.321 616.318
F AT AR bR
v/ R HR 344.552 333.515
k, 0.016 2 0.003 4
k, 0.010 2 0.002 0
5% 3k WA AR A ky -0.103 4 -0.0289
P 0.001 3 -0.000 8
Ps -0.003 2 0.001 2
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Table 3 Comparison of re-projection errors in

camera calibration

AR RIE/ G F
F18)7 5
fte 57 1% (ST
1 0.077 992 668 0.027 848 8
2 0.160 459 9 0.050 742 9
3 0.099 213 23 0.024 396 3
4 0.139 6515 0.050 264 5
5 0.066 711 65 0.023 466 5
6 0.125 5553 0.045 840 3
7 0.097 389 74 0.037 083 4
8 0.128 29 0.057 8313
9 0.099 505 6 0.034 262 6
10 0.151 173 0.043 1327
11 0.049 206 0.018 771 4
12 0.070 045 991 0.024 623 1
13 0.089 888 6 0.023 999 7
14 0.112 454 0.036 633 7
15 0.060 713 33 0.022 829 6
16 0.079 800 88 0.022 511 8
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Table 4 Comparison of average re-projection

errors in camera calibration
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Calibration method for high precision camera based on
plane transformation
PENG Yan', GUO Junbin"* | YU Chuangiang' , KE Bing’

(1. Missile Engineering Institute, Rocket Force University of Engineering, Xi’an 710025, China;
2. Equipment Department of Rocket Force, Beijing 100089, China)

Abstract; Traditional methods do not consider the existence of perspective deviation, and usually extract
the center of the ellipse as the projection point of a real physical center, resulting in camera calibration errors.
A calibration method for high precision cameras was proposed based on plane transformation. The corner points
on the inner and outer borders of the calibration plate were extracted to carry out the plane transformation of
the calibration plate, and the marked points were projected from ellipses into approximate standard circles.
The coordinates of the center of the standard circle were extracted by image moments, and were projected back
to the plane of the original calibration plate to obtain the pixel coordinates of the actual center of the marked
points. According to the coordinates of the actual center of the circular markers, the Zhang Zhengyou calibra-
tion method was used to complete the camera calibration. Experimental results show that compared thus the
traditional method, the proposed method reduced the camera calibration error by 66. 169% , thus effectively
improving the camera calibration accuracy.

Keywords: camera calibration; Zhang Zhengyou calibration; circular marker; circular center detection

perspective transformation
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Fig.1 Photovoltaic arrays photographed by a UAV
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Fig.2 Network structure of reflection elimination
BLH o 578 B ) 4% Be 8 2K 15 3 =F & 15 UfE
BTG RE U3 TR, ResNet fif g 1 517K 2 1R M 2%
B AR BE T O AR I ) R, ] 3 A O AL B T
A A5 0 2 55 T AE I 25 1 2o A2 v 2 o B R
JREG R B DI R AE (R A AT R B H AR ) o

TEFFAE S WU B, B e A RN T xT 1)
BB R AT W) A0 S 3, S 1 R b 3 R
WEALKR 2, EE N 64, RGN
3 x 3 [ A — 20 5 PR URRIE , i 42 4 1>
SE #5% e, 5 > B By 3@ T8 4y ) Dl 256 512
1 024712 048, 38 H X8 £ |, SLHCH (3l 5 M 46 15
HilZ,

SRJG 5 F RPN K475 21 B 4 AF ] il S35 [m] it 151
B, B B 1 A 7] K /N anchor ) 28 AR i X3
PSR, B DB S M A B 3 2 el A R B, xk H
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Fig.3  Hot spot detection framework of HSNet
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B, T REARGE R, WA SR R R, A r
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CNN f anchor B3t H R H 1 9 B A 8] RS Fl 58
= L) anchor, MBI 1 ARl DUF Y A [FDGAR 41
PRI R/ 5 5 s L ER AR ARL, SR FH B 4R anchor K/
B 7 A — 7 2 77 A K 1) o ] anchor, SE K
AGz 0 B (8], 53 — 77 TH AN & 3 Y anchor /N 23 52 Wi
S TR g e D IR

AR M k-means & 2K 19 7 2 E K
anchorf) K/N, #5 HERY k-means SR H 2 4> 45 i HE
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HE ] REA B 10 4 26454 53
AR SR ) B R S AR S e 5 BRG]
ARG S YRS s v] LUl RPN i i i 75
F, & 0,e {0, 1} RIRE i NEWLXBES Y
I, C, Fms i DEWIX I EE i R-CNN J5 128
ST, W) 5 22 288 531 U m] R Sy
P(C,) =P(C. |0, =1)P(0, =1) (9)
SR KA T AR, B AR R I o A
ETCT AR, A KA SR 1) #R B, 288 031 ) 45
.
InP(C.) =lnP(C, |0, =1) +InP(0, =1)
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Table 2 Number of different kinds of labeled boxes

GBS G o 1 AT it/ %
normal 440 24 846 89.32
dirty 286 2 736 9.84
hotspot 28 109 0.39
hotline 98 125 0.45
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Fig.7 Qualitative results of reflection elimination
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Table 3 Comparison of results with different models

ok bbox_mAP/ % mAP/ % WET R/ %
HSNet 55.97 70. 95 98.22
Faster R-CNN 50. 64 67.77 95.80
RetinaNet 20.98 38.17 43.92
SSD300 66.57 67.96 96.50
YOLOv3 48.78 59.48 91.32
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Fig.8 Comparison of P-R curves of different models
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Hot spot detection algorithm of photovoltaic module based on
attention mechanism
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(1. State Grid Corporation of China, Beijing 100031, China; 2. State Grid Digital Technology Holding Co. , Ltd. , Beijing 100053, China)

Abstract; The hot spot phenomenon is one of the important reasons for the reduction of power generation
capacity of photovoltaic panels, and the detection of hot spots is an essential task for operation and mainte-
nance personnel. The scale of distributed photovoltaic power plants is generally small, the site is scattered,
the environment is complex and diverse, and the operation and maintenance personnel need to invest a lot of
human resources to detect hot spots using traditional hot spot detection methods. In this paper, we propose a
new hot spot detection algorithm HSNet. Firstly, the influence of reflection is eliminated through image seg-
mentation. Secondly, the feature information between channels is learned in combination with the channel at-
tention mechanism to enhance the importance of the target area. The method of user-defined anchor points is
used to improve the detection speed. Then, the focus loss activation function and the category prediction meth-
od based on the prior probability of objects are used to improve the problem of low classification accuracy
caused by the imbalance of training target samples, Finally, the accurate target position is obtained by regres-
sion method. Experiments show that the target detection algorithm designed in this paper has significant advan-
tages over other algorithms in terms of window regression accuracy and classification accuracy, and the mean
accuracy and accuracy of the bounding box are improved by 3.18% and 2.42% , respectively.

Keywords: hot spot detection; object detection; residual networks; attention mechanism; distributed

photovoltaic plants
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Mechanism analysis of a new aeroservoelastic instability mode
JIANG Yu, YANG Chao, WU Zhigang "~

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

Abstract: Recently, the structure of a supersonic missile disintegrated due to aeroservoelastic instability
in flight test. Through the analysis of flight test data, it is found that the vibration frequency of aerodynamic
servo elastic instability is higher than the first-order bending elastic modal frequency of missile body. Based on
the frequency domain analysis of aerodynamic servo elastic stability of missile, it is not found that aeroser-
voelastic instability occurs in this frequency band. To solve this problem, a simulation analysis method of
aeroservoelastic stability considering the influence of sampling process of digital flight control system is estab-
lished, and the missile is modeled and analyzed. The numerical results reproduce the instability phenomenon
of the missile. The causes of this new instability phenomenon are discussed, including the frequency shift phe-
nomenon caused by the discretization of continuous structure filter and frequency aliasing. Finally, the corre-
sponding improvement measures and relevant conclusions are given.

Keywords . aeroservoelastic; discretization; structure filter; sampling rate; frequency aliasing
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Optimal design of motion parameters of flapping wing
WU Yue, XIE Changchuan”, YANG Chao, An Chao

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

Abstract: The flight of an ornithopter depends on the motions of the flapping wing. The optimal aerody-
namic characteristics of a specific flapping wing will be obtained when using an optimized motion strategy.
Furthermore, it provides a design basis for the transmission mechanism of a flapping wing aircraft. However,
there is currently a lack of effective method for motion optimization in design stage to determine a set of optimal
motion parameters for a given wing. In this paper, the unsteady vortex lattice method (UVLM) is applied to
calculate the aerodynamic effect caused by the flapping motion. To verify accuracy of the aerodynamic calcula-
tion method, the result is correctly compared with existing experiment data. Then based on the DIRECT ( di-
vide rectangle) global optimization algorithm, the flapping kinematics parameters are iteratively optimized to
maximize the propulsion efficiency. The results show that the optimization method can effectively solve the op-
timal parameters of flapping kinematics parameters and improve specific aerodynamic performance. The aver-
age thrust calculated by the optimization algorithm in this paper has a 104% numerical improvement compared
to that of the baseline motion. Besides, it indicates that reducing the lift and thrust constraints are beneficial to
the optimization to achieve a higher propulsion efficiency in the design process. The maximum propulsion effi-
ciency without aerodynamic constraints in this paper is improved by 46. 8% compared to that of the baseline
motion.

Keywords : unsteady aerodynamic force; vortex lattice method; global optimization; flapping wing; air-

craft design
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Fig.9 Displacement resolution of drive strut
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Table 3 Driving struts quantization steps corresponding to platform pose resolution
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Table 4 Platform pose resolution corresponding to driving struts quantitation steps
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Fig. 10  Principle of 6-DOF parallel platform controller
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Fig. 11  6-DOF parallel platform
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Fig. 12 Resolution test system of 6-DOF parallel platform
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Fig. 13 X-DOF translation resolution test curve
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Table 5 Comparison between platform resolution

index and measured value
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Design and implementation of a high precision 6-DOF parallel
platform for a space optical remote sensor
LIANG Fengchao® , TAN Shuang, HUANG Gang, FAN Jiankai, LIN Zhe, KANG Xiaojun

( Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: The high precision 6-DOF parallel platform can precisely adjust the position and pose of the
secondary mirror of the space optical remote sensor, which could realize the ground optical alignment and the
active correction of optical aberration on orbit. In order to solve the two difficulties, ie, ulti index and multi
constraint structural optimization design and high-resolution driving strut design, in the development of a high-
precision parallel platform, 3 steps are taken as follows: Firstly, the inverse solution mathematical model and
ADAMS parametric model of the 6-DOF parallel mechanism are established, and the structure optimization ob-
jective function is determined. The structure optimization design is carried out in combination with the con-
straints such as strut length and hinge angle, therefore, the structure parameters and the requirement of 60 nm
driving strut resolution are obtained. Then, to get high resolution strut, the driving strut based on “brushless
DC motor + ball screw + grating ruler” is designed, and PI control law is used to realize the high-precision
closed-loop servo control of eliminating static error. As a result, the resolution of the driving strut reaches
50 nm. Finally, the accuracy of the parallel platform is tested, and the test results show that the resolution of
the platform is 0.2 pwm, and the angular resolution is 1”, which meet the requirements of the index. The plat-
form has been successfully applied to the ground optical alignment and aberration active correction experiment
of the space remote sensor, which lays a solid theoretical and practical foundation for the on orbit application.

Keywords; 6-DOF; parallel platform; secondary mirror; space optical remote sensor; structure optimiza-

tion design
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