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Research progress on influence of disturbance of abiotic environmental
factors on microbial community succession
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Abstract: It is one of the main goals of microbial ecology to understand factors that drive the succession of
communities. Abiotic environmental factors affect the growth of populations and the interactions between them.
Microbial communities are very sensitive and can easily respond to changes in abiotic environmental factors as the
disturbance. Studying the influence of different types of disturbance will enhance the understanding of the relationship
among diversity, structure, and function of the microbial community. With the action subject as the classification
criteria, the influence of various abiotic environmental factors on the succession of microbial communities was sorted
out, including abiotic environmental factors in non-specific, specific, and special (e.g. space) environments. Although
studies have been conducted on the succession of microbial communities in various forms due to disturbance, there is
still a long way to go for related exploration. The quantification, multi-factor effect of disturbance, and the time course
of succession have yet to be studied enough.
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3) (il IRUAE B34 2y B e A D T AL R S,

SE T 5 TR SCZ B B BRI AR, 42 1 i 2
O HER R

1 HExXIE

7 T S O3 BT S — TRl 200K B 114 1 S O3 A A
55, BEAE TR 0 545 5 J7 AT B4 1 AT i, 228 LAY
AR 2R I 2% I BT SCHR SR IR E T 5 T Y
FEAEF /R o Tang 551 1 ) H AR 10K R 12

(target-denpendent long short-term mermery, TD-

LSTM) ¥ 4% , 3 i f] 54 1) DF 42 56 Wl B br 17 2 1
¥ . Wang 25" %} TD-LSTM #E47 7 2t ik, 51 A E
T HL R A2 4 TR R R 1) 22 TR R T A A DG A
Ma 251 2 B B 4 1R 305y T A 22 (8] LA
Wi, £ By LSTM [ 45 7 53l 4 %5 b~ SCRIJy 1D, J8 aed

This tool is simple to
DET NOUN AUX ADJ PART

BAURES - WIL; | N Bey; A S N = 1] 0p: L Y

Xt A LA AN TR 1) 22 A D T I O
X S T SCAY R R A AR TRIE T T X g K
ZIEIE R o AIVE KA OC FR 08 2 23 BT 45 0 1R
I FRARIUR LS5 ), 8 7 AR AF 5 ZR A TR 1 1) 1 22 [1]
MIRAF I R o Zhang 551 R AR AE C R 7R ) 1
(LI 1), 32 F FH GON 42 800 17 55 2R v 1 g
58 o Wang S5 45 17—l 17 7 1 09 4R B 45
FA, I I T OG 2 T T T IO 8% o) A 45 A 1A T i B
BEAh, 18 RSB A AE 22, Zhang M1 Qian™ ff
TS FPIRE LB R S, B T R R A A
AR B (L 2), T8 4 s ] T8 A 20 A Y
T AL HAE B AN R R BB AIARAE R R . B 2 v
S, FTRAMRAT K R AAY, d, R 1) P AE TR v ) A
PSR . Pang VRN T — M £ 818 GCN, T
RS AEAE SUE R Li 5 R T SemGCN
F1 SynGCN #5% e 20 1% i XL GCN AL AL, LA F 41
TGS R FNE SCORER (1) B AME:

dobj
@ advmod

but it costs too much!
CCONJ PRON VERB ADV ADJ

Bl ARAF AR

Fig. 1 Dependency syntax tree'”

Was
S S, S;
Food Okay Nothing
Sy
Special
(a) B AR
Was
dy d d, ds
Food 7 Okay ) Nothing Special
3 3
L] |
d, 4
d;
(b) ELA

2 R
Fig. 2 Hierarchical graph™
G B, PP A AR AR R IE EARH R, (U
AT A B I 2 i R 22, SRR AE VR 2 A AR

1% 5 Ab # (natural language processing, NLP) 1T 55
EEEHC LG TR . Zhou 25" #2 H
FVEAT BRSNS AR G A B, TR o B
MHEAT R o Zhong AU 4R T — i 1R IA] 1Y 5
W 2%, Jf 15Tt 43 2 Tl A e S B L TE] A E Kb
Pk Chen %517 58 i 51 A S0 I & 1% K i D A [ 15
B “—ia 2 7 ), Bian U £k
B IHLHI R R s H AR LT SC, H AN AR
rh B IBONE & TR G R MY 9 R SCR H bR 0 i
&N

TEAK A3 BT AT 55 v, A% 8w IR 0 R
B FAAE R R 1 B AR FRAE AR R . 4, FIF Sentic-
Net 17 /8% 1] B35 A5 450 1 19 175 J8% o T 9 81220, Py
— Tt Z2 Ty e (1% I F TR, SenticNet 7 1 5if 17 5k
TR 5 BRI G, MaZEP R H SenticNet 34
5 LSTM 5, $IBC)y 1A [ F SCHIHIBRAE . Xing
AP BIF g 45 SR B, SenticNet Y 2 BLAL T HiAth
75 R # . Liang 25 ™ F1) H SenticNet /5 Sy & 7 %0
PR, X AT €8, 2 177 38 o 185 78 482 B0
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Fig. 3 Overall framework of MSKFSA model
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Y RF AR 25 [6) rp, 45 3 XF N A 3% 2k A ) iR R
a5, € € RO KT i) f i
A | K 55 0 12 (bidirectional long short-term
memory, BILSTM) ¥ £ 1, 15 2| | F SC{F B 4]+
BT B = [h, R B

P45 20 0 1) 5 S5 IENC R, Ak EIE A A
B3l J 38 J2 W ) T T R 2 R g vk T Y 3R A T A R
B R 2 AN B 5 250 BILSTM Ab B | F
Sk AL L SRR R ) E AR S R
WEEH, L, R AT ARG R I UZ GON ##17
BAE

1) K A TR ¢ F By 9 R RS B T A, TR
GCN i HIAH [R] (4 5 — 1k BB RR AR SRR R S
BRI 5 R AR R LYY A, R G R ISR X I Y
FIRNRY, NS, R BT

e:[el’eZ’“"eaI"“

2) RA A AU R HOCR, PR E
PRIZI, X AN [R] OC ZR A (Rl 00715 40) 50307 H A 37 o
iR IE
H=ReLU (W'- (o,")) (1)

K “@,7 Fon A 56 F XS N RN 1 3 42
WS 12 AL R R b SR GRS i it
22 FEESRERR
22,1 HREIGIERIAR S

TEAE MR AR AT SR D e R, H
o, SRFEHE FE DRYR R Sy 2595 a5 A AEAR
FERFR,MDy=1, FWD; =0, J35b, A AR
LB BB, ¥ e | B AR G &R, D
Dy=Dj;=1.

TEE LR b, Sy e 40 R B S0 S 5 e 2
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31 HIESE

i Twitter™ , SemEval-2014"° | SemEval-2015%",

SemEval-2016"4 /4~ ¥ 8 48 YE AT 5286, BEAR I 1
v

1 ABSA IEHIESE
Table 1 ABSA task datasets

YIS EL I

Piaii ik bIEL B e TR

Twitter 1561 3127 1560 173 346 173

Lapl14 994 464 870 341 169 128
Restl5 912 36 256 326 34 182
Rest16 1240 69 439 469 30 117

32 S¥HKRE

S FH GloVe #1416 il i A 7] &, BiLSTM HY
BT 1 R 0R 300, MR A 1 4 5 Ry 300, A5 Hp
A E R FH Y 51 4y A AT R0 iRk . 8] Adam /B
Pl 88, 2% 2 R E M 0.002, L, 1F W15 R Kk &
4 0.000 02, Twitter, Lapl4, Restl5, Rest16 It & Il
GRFEAR ST E Ol 16, 32, 16, 64,
33 XtHEsKe

AR SCHEHL 10 ARV HEA T X L SE 5

1) LSTM™, F ] LSTM &% I F 3Cf5 B, 6t
e Ja — )2 B R 1] i A S SCAS R AE 3RO i A 4 2
.

2) RAM™Y, ¥ Z2 5 1 B Sl AR 6918 SCERAE AN
LSTM 3R RIE 385, 15 8 R .

3) IAN", —Ff 7 = AL xR SCRTE

P28 B2 > BT

4) MGANPY, —Fh Z07 B 10 55 M 4%, m] LA
S R SCZ R iR g8 L, FEARAE Bk

5) AOAPY, B A& S 1R3¢, HFAshk
AT R E R A

6) ASGCNY!. {K#if I GON SR Az 43515
SRR, 45 5 B PL HEA T I I 2

7) BiGCN™ . — Bl & J2 U Aag vk Al P i B
2% GCN, T - 4b 1) FH TR P22 40 531 %) B i) 9045 L %
ENGES UGN

8) GL-GCNP2, —Fhig| A 4 J& il Js 3 15 B 1Y
GCN B, R & T SCA I IR RE

9) KEATGCN™, —Fh i Bh 130 I 3% 1 GCN
1A 58 B TR R, S PR SOAR T AT B BRI
= HR

10) MIGCN®Y, —Ff £ 22 5 GCN #E#Y, 7] LA [7]
k2% pE 407 B I B AR A S TR ) 1 A R, IF
Wit 2 Fhag BRI Y e &R .
34 ZHER

AR SO BB E S AT T 3 A S, X L SR
ZERANE 2 s o AR SCHE Y B9 MSKFSA #6181 73
K UER R A Marco-F, 55 3 S L HER T A b 15 R
AR, Hodr, WERG R AE Twitter, Lapl4. Restl5,
Rest16 £ 45 4 3 WUAR B A, 20 03K 80 T 75.00%.
77.90%. 81.55%. 90.10%, FH % - 3 i 455 AU (1 fe 1
ERL SR T 0.43%. 0.99%. 0.39%. 0.6%. 7
Twitter, Lap14. Rest]5 %045 45 I, AHE T X Lo AR AU
B ft 45 - B Marco-F,, 43 9 #£ # T 0.69%. 0.93%.,
1.57%. 534k, #£ Twitter, Lapl4, Restl5 £ 4 4E I,
HER 2 H1 Marco-F, 33K 8] T S 455, Tk 143
TR R 45 A ASE TR g R A

FR Al 25 2R LA, A HeAU(E T LSTM iy 58 A,
T GCN MBI RILE 4 B4R B RILBAR . 28 B

R2 TRIRBLERIEE

Table 2 Results of different models %
- - MiTES Marco-F,
Twitter Lapl4 Restl5 Rest16 Twitter Lapl4 Restl5 Restl6
e — LSTM™ 69.56 69.28 77.37 86.80 67.70 63.09 55.17 63.88
RAM® 69.36 74.49 67.30 71.35
IAN" 72.50 72.05 78.54 84.74 70.81 67.38 52.65 5521
SEH AR MGAN""! 72.54 75.27 70.81 70.81
AOAPY 72.30 76.62 78.17 87.50 70.20 67.52 57.02 66.21
ASGCN"! 72.15 75.55 79.89 88.99 70.40 71.05 61.89 67.48
BiGCN™ 74.16 74.59 81.16 88.96 73.35 71.84 64.79 70.84
GCNF7 GL-GCN™ 73.26 76.91 80.81 88.47 71.26 72.76 64.99 69.64
MIGCN" 7331 76.59 80.81 89.50 72.12 72.44 64.21 71.97
KEATGCN™! 74.57 76.65 80.07 89.45 73.34 73.21 65.90 74.81
A SCAETY MSKFSA 75.00 77.90 81.55 90.10 74.03 74.14 67.47 71.99
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&, LSTM RE WS AT R0 $2 1 F SCfE &, HA) 7 K
A, 5 T T R ) T O B M R A B A Bl 2
I, T GCN Al LA byl fife e iz ) i e o 42 402 )
TEMRAT I 2, i — AP > B 5 B 22 (] A 4 O
R, 1377 T B e RN

RT3 JEBERL, AR SO g P fE Ut — 2 4R
R 5 A PR O R T R R B SOA, AR B 4 Y

fr A B, IR TR AT DU ki A S 0 ok R
TR FIAb, LR E R B AT AT 55, Rl iR R 2
1) ) 18 JER A 43 BB 5 7 A0 7 I ASE A ) AR o T 156 J%
HEAT IE A 1
3.5 HRLSIIE

Ry E A A A TR Y g A 2 0 X T 1 R i
R SO AR AT T A5, 45 RN 3 BTN .

®3 HMIHER

Table 3 Results of ablation experiments %
AR Marco-F,
fo
Twitter Lapl4 Restl5 Rest16 Twitter Lapl4 Restl5 Rest16
MSKFSA 75.00 77.90 81.55 90.10 74.03 74.14 67.47 71.99
w/0 lan 73.99 72.26 79.89 87.18 72.37 67.28 62.81 68.95
w/o em 74.13 72.10 78.78 87.01 72.29 67.16 64.83 64.78
w/o co 74.42 70.85 78.60 86.69 72.91 64.71 60.06 67.65
w/o in 74.57 76.65 80.63 88.96 73.03 72.95 66.05 67.51
1) w/o lan, FEAs ALy 1R SCF B g A zi
B R A AR A ol T,
2) wio em, Z AL H 1R R SR T O3 86

3) w/o coo FARUBIRL b B HE A G 5 AR 43 o

4) w/o ine BRI RRAE AT B Rl GRE,
H 2 TR R PR IS 1 426 .

ATLVE Y, KBR3C BT 2 196 3 1 w/o in 524
FARFIN T H AL AR, H 550 SRR 0] 22
BEAS /N . R UIIE T RN TR AP MR R 20 (1Y) 52 ) #
GRS HT AT 55, A0 A B A% XX 2E MRS T 78 53 1Y
R, AAY EEAVE . o i 22 B 1 Ik
TR FHE 2 HIR Y w/o em Fll w/o co BEAY, 78 4 P4
P 45 b 0 3R I LA A ], wio co £ B FE Lapl4,
Restl5 #3654 [+ A9 Marco-F, 55 T w/o em ##Y | {H
7£ Twitter, Rest16 I X LT wio em £ 4, 3R B
JEHE 5 A S R R A5 E S, BOR AT 2 . [l
FBR1ET NI AT wio lan BE AL 5 w/o in BRI AH E
1 Lapl4. Restl5. Restl6 | {9 i i R A5 % K F B,
S IR I o N s 205 v 5 Bl s R = A
A EZENE UE R, S AR A s, A SO
eIt B9 MSKFSA #E A4S & Z2 IR, 5 75 T Y 3 &1
O FRIERL I bRl A, G5 T RCEY Y 4y KB T .

£ BRTiR, MSKFSA RS aT DL 1 A1 K1 UR
GCN 7351 5 | AME S L A% BHTE e 1R 3G SCRTR,
A RS HLE B AL A ) R S0 Oy T Z A Y
LHRFR, i — 5 m A e
3.6 GCN EHHIFNT
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Fig. 4 Relationship between number of GCN

layers and accuracy
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Multi-source knowledge fusion model for aspect-based sentiment analysis
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Abstract: Aspect-based sentiment analysis (ABSA) is a fine-grained sentiment analysis task that aims to give
the corresponding sentiment polarity for specific aspects that appear in review statements. Most existing aspect-based
sentiment analysis methods relying on deep learning focus on mining the semantics and syntax of review statements,
often ignoring the conceptual knowledge and sentiment degree information that may be involved in the review
statements. To address this problem, a neural network model incorporating multi-source knowledge. It reveals the
structural framework of sentences through syntactic dependencies, captures semantic connections between words
through word co-occurrence, and embeds emotional networks and concept graphs to provide emotional and
background knowledge for the model, and coordinated optimization of the contextual and evaluative aspects of review
statements was realized through a dual-interaction attention model. Experimental results on four public datasets show
that the model achieves better performance than existing models, with accuracy reaching 75.00%, 77.90%, 81.55%,
and 90.10%, respectively, all of which were improved compared to the benchmark model. This achievement not only
verifies the effectiveness of multi-source knowledge fusion in ABSA tasks, but also provides new ideas and methods
for future research.
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graph; interactive attention mechanisms

Received: 2022-08-17; Accepted: 2023-01-14; Published Online: 2023-03-23 09:01
URL: link.cnki.net/urlid/11.2625.V.20230322.0955.001
Foundation item: National Natural Science Foundation of China (62166024)

* Corresponding author. E-mail: hanhu_lzjtu@mail.lzjtu.cn


https://doi.org/10.1162/dint_a_00013
https://doi.org/10.1016/j.eswa.2021.115712
https://doi.org/10.3778/j.issn.1673-9418.2108082
https://doi.org/10.3778/j.issn.1673-9418.2108082
https://doi.org/10.3778/j.issn.1673-9418.2108082
https://doi.org/10.11999/JEIT210459
https://doi.org/10.11999/JEIT210459
link.cnki.net/urlid/11.2625.V.20230322.0955.001
mailto:hanhu_lzjtu@mail.lzjtu.cn

2024 4F: 9A
55048 5o

tEMEMRMRXKXFEFR

Journal of Beijing University of Aeronautics and Astronautics

September 2024
Vol. 50 No.9

http://bhxb.buaa.edu.cn jbuaa@buaa.edu.cn
DOI: 10.13700/j.bh.1001-5965.2022.0729

ET 21X
S

CPERMRE BT HEE

ARTE)E]fRZERY ADS-B L &

ﬁ :L.\qy iIEﬁiﬁ

XNEH*, FAE, £&
5Azhik#pe, Kidt 300300)

£ . JEES AR EN (ADS-B) 2 —HF AN MEEENETAR, BHEAHFES .

O
KRR, KA Mm% 5 EHH ,

BRERBERE £0%, ARAMREENY
ADS-B R4 % % AN R IR B T ab . v AR AL,

T k) 2 M. BT ADS-B W E VLS H
BHT —H

T 2|k wf ] 6] B 2 (IDOA) By ADS-B L& ¥ & 50 if 77 ik . # L2 T IDOA #y ADS-B L & ¥ £ %
EFAHA, ERHONMHERERITENRARAR L LM, #H—F oA BN TR N #E 7

E, AR RRI IR RN ERE S ARME. ERENA: TRV EFETI X
Wi 77 ik B A ey AR M A, BT[N B9k 2 v ADS-B fr B iR £ T,

i ] £ (TDOA) th
N A

AT TDOA #h 503 J7 3 77 72 By %4 2 T 3% B 6] B 25 1R 2 SR M Bk Ao

* 9 A
B %

FESES: TNI2S

WERERRL: A

FEREHEREN; ¥

XERS:

T #2C B 3 A 5 W AL (automatic dependent sur-
veillance-broadcast, ADS-B) & — Flt#r 8 1) fiig 25 2% W
MR, HLE ADS-B & S L3 it 423k TR T
£ 4t (global navigation satellite system, GNSS) % #1
WIRERB S i E . HE ., SMEER, 4
% ADS-B 1 B . ADS-B i S5 38 iz ok i 007 5 8 o
e 5 1090 MHz ADS-B 1% 5, Jf B LT #% & 5,
ADS-B b 1 35 2 0 ADS-B 15 5, If 586 BUA 5 1 i
P8 5 i fis, e £ 4> ADS-B {i B 3% 4 ASTERIX

CAT 021 #2485, I 38 o b v 0 28 43 K 24 25 A 20 il 4
T 2, A5 B I A8 1) 2 i ST B 28 S IS LM

B tes rh 58 m IR SS . S ARG A A% M
FEBAH L, ADS-B 248 B A A R . BRT R
P, ST B T AR S 2 T A,
DRI, HEAE B0 2 W AT e A5 32 v Y.
T ADS-B 24 LA #77 X T./E, H ADS-B {1 B.4%
KA TF, ADS-B F G2 % A3 K WUE AT fin %% 5 A UEHL

KT b Bl

I ] 225 R (TR M T 3k B[R] B P

1001-5965(2024)09-2696-08

i, 75 5 5 B FN K O PR 09 TR, 7 E b R
ias i ©AT % 4. WL, 5% ADS-B R G A7 £ 1
gm0 R) B, T R ADS-B i B B K IE 5 1
FRFE TS PR R © AT X B 2R L.

AR, 4435 ADS-B & GAELE IR IR T4
()R, B AT T R EESE, v 4 iR 5 2% g
F O A E A9 B E T L JE IR T ) 09 5 I
%L T SRR IR ik L BT LA F T A
R BE 24 2 19 55 UF J7 ¥R St T 3 3k B[R] 22 (time
difference of arrival, TDOA ) ) 56 31F J5 15 o

HEF i DA UE A9 50 UE T 9 B0 A 0 SR AR R B,
1 I B B AN D B Bk 4 ADS-B B B HE AT I, 1
H)5 B ER B ADS-B R G PSRN, B HLE
e b TAT 3 5 A 34 % O 4 . LUK O ) A B E
05 4k I R0 BELARL Sy il T Sl 308 o B U A% AR
& ADS-B i B i1 B, PRS0 2S 2% 1 25 (] & AL R,
Ii) s AR B b T 3ty Fr 07 B A e, 5 BT 4 e 4 R D R

Y ¥s BHHA: 2022-08-17; FH BEA: 2022-09-16; MI4& HARATE: 2022-11-14 14: 52

[ 4 H R iﬂgijt link.cnki.net/urlid/11.2625.V.20221111.1711.002

* B (S 'f’E%‘. E-mail: htliucauc@qq.com

SIS M4 %, M KH#E, FLE,

& 2 F 5| 4 B 5] 5] § 2 89 ADS-B 17 8 B 35 0F 7 F [J]. A6 FATSATK A FFR, 2024, 50 (9) :

2696-2703. LIUH T, LIUJ X, LID X, et al. Verification scheme of position message for automatic dependent surveillance-broadcast

system based on interval difference of arrival [J]. Journal of Beijing University of Aeronautics and Astronautics, 2024, 50 (9) : 2696-

2703 (in Chinese ) .


http://bhxb.buaa.edu.cn
mailto:jbuaa@buaa.edu.cn
https://doi.org/10.13700/j.bh.1001-5965.2022.0729
https://doi.org/10.13700/j.bh.1001-5965.2022.0729
https://doi.org/10.13700/j.bh.1001-5965.2022.0729
link.cnki.net/urlid/11.2625.V.20221111.1711.002
mailto:htliucauc@qq.com

55 93]

X, A5 JE T B K ) ] ) B 22 ) ADS-B 37 ' 1 5 ik Oy vk 2697

], WAk, 388 8 5 Ak T R AR AR HE A S
L R ], 6 2 Aok 1) £ B R AT LA, 0 i &5 %
# & ADS-B i # 15 B W B S0, B vk ok
T 3ty L2 5 W0 1e) A9 BB 7, i S TR ) i A R
Ao FETFE SRR B 56 J7 2 1A% O AR Sy
i T 355 AR R BRSO 5 5 B L 25 0 000 5 15
TIE R 65 F A 2 i o7 BV 2 1) LS, 2RO TR AP A
FG ] 0 A T R e 22 1. JRE T ML 2% > FNIR I
2 30 (R B8 E 7 2% B A% 0 JEAR PPN O 3E i X ADS-
B 0¥ B RRAE SEA TS24, ST AN [R] %) S A 78 Sk 56
UEATZS 250 B 0 8 0 B S, S A AR 1) ]
JE AR BT A AL S IR S 2o AR BT R i ADS-B 4L
ARk, 38 N AN

JE T TDOA (1) 56 iE 77 v& W A 58 SR an F « S
ik [22-23] $2 I A 22 A5 0 X AT s A T R
PO UE 5 36, BESR i v B B 44, HAAH
T 3t 22 1) CRAEAS B 0% B () ] 25 5 SCHR [24] 46 Hh R
& o A% i B TR) R4S RO BT B E s, O
AEFE 1Y) =5 B [n] B2 75 BEAE 60 HI e it 25 2% ADS-B i
B B G R 20, AR S B R b T S T VA R
T AR A5 1 25 A% ADS-B 11 2 1 5 A i 210, Xk L
TR &R GE; SCHk [25] 42 1A TDOA By 47 B9 2
Y AIE 7 i, %y vk SR M T A A 2 A, (HAFRTE
(1) ) AT 2 B SR 4% b THT 3y 22 [) % 55 K A %) B[]
[HEZS

kv i 5E T TDOA (1) 56 3iE J7 ¥4 A7 76 1) ] 5,
ASCHE T — Bl L T F 3k B (8] E] B 22 (interval
difference of arrival, IDOA) i ADS-B 13/ & 14 & .56 i
D7k o FEANIG I b s B B LT, AR A
T TDOA 11 5 UF 5725 AH 1] (4 46 04 B, FL X [ 0]
R 2 Ml ADS-B i B iR 22 AN UK, R T T
TDOA (1) 5 iF 77 12k X 1 17 338 1 5 /) 26 0 25 SR Y
Bt ASCAH AT O EH T T IDOA K
ADS-B v & I B3 UE T vk @B A gh b TR
ITRR AR T i

1 RGRE

B 145 H T 4T IDOA (1) ADS-B i ‘B 114 5. %
UERGHAY . RGe 4 /19 A MG 4(GSA) |
Hb T 3 B(GSB) | it 25 2 (AV) FIA 5 56 JIF 2¢ iy
(LVT)., 7 AT FE, Hl#k ADS-B & 4 ML i
GNSS K ALEL I £ AR HUPL 25 2507 B o B 4
58, Il ADS-B i ., ADS-B 4 & 25 ik nh iz
EEGE, BT % & S . GSA 15 GSB T AR
Y2 %% ADS-B H2OHL, H B2 U 25 25 4% & 11 ADS-
B4 &, JFid 3¢ ADS-B 1 & i B A et z1, 2 4
T RURE R B 1) ADS-B 7 B B K I 25 B

AV

av MO =10
(i) L

~ -

R ¥ s ~

~ - - ~
. - < <
- N

R

t5(7) 4 .7 =
R

LVT
GSB

1 3T IDOA i) ADS-B & B R UE RS
Fig. 1 ADS-B position verification system model
based on IDOA

R E LVT 1 8 . LVT 7 420 2 47 i 15
1) ADS-B i 1 5 A 3 SOk 220, 31550 AR W] A =5 s
ADS-B 1 # {i1 8. [ IDOA {i, I35 il J¢ 15 52 fo 4Gl
ITBR AT L, LA 5 il 25 2 46 & ADS-B i/ & 1K
SR

% GSA 15 55 F1 GSB 17 a5 1 = 4k B A A5 o
A (Xa>Y4,24) F (X5, Y8,28) o i 2 48 #% & ADS-B {if
BEIHEWIFSiENi=1,--.1}, % i% ADS-B {ii &
TH B4R K B 208 1), % B 20 28 2800 8 AL AR
[x(0), (D), 2i)] , T 25 28 38 5 GNSS A5 1 i 25 4%
178 AL bR R (%30, 53),2() ], BLAMITZS 209G R 5 i+ 1
ST B 5 B i 4 I S S R [R1 B 1E R Ar(),
1) I 20 00 25 5 37 2 1 565 i 4500 0 SR R I A Ay (i)
&t 2 GSA 17 A5, B ZIH BB GSA 17 s IE i 2
W, H GSA 15 siic s iz i B R 208 14 () o [F]
B, TS 2R R IO E i 4k T S 2 AE At (i) 15 Hi
% GSB 7 i, BRI IZIH B R I 4 GSB 15 A5 IE
FEU, H GSB 19 a0 s IZ T B HE S 210 R 15(0) o
2 AXF*E
2.1 ETFHERERZIA IDOA

GSA 7 s HE WS i 2R A i+ 14500 B3 2 A If
[ 1] o g
TA(i) = ta(i+ 1) = 1,(i) (1)

[ HH, GSB 7 mi 2R i A M0 i + 145 BT
P4 RF ] (1] s A

Tp(i) = tp(i+ 1) —15(D) (2)
*ETE:—& (1) %H:Tit (2), %IA%iATAB(i) :
AT ap(i) = Tp(i) — T4(D) (3)

K ATup(i) 2 GSA 5 AR IR i R RS i+ 155000
B R B B E] ] B S GSB Y SRR i TS
i+ 120 B 2 BsF [ [) o 1 25 11

RGBS A BYHESE, AT, () BE— RN



2698 b3 M2 it KR %% % ik

2024 4%

ATas() = Atg(i + 1) = Atg(D) — Aty i+ D+ Aty i) (4)

2.2 ETF ADS-B {iI EiE 2/ IDOA

t() IS 20 LS BT [x(i), (i), 2G)) A4 Hedl &
B i B B T 1)+ At (D) A 1) + Atp (D) B %]
23 9 Bk GSA FY 5 A1 GSB Y 5 5 Uk, GSA T 5
GSB 7 S AT 07 T B A B2 28 19 IEMT
[0, 5, 2G)] , WAL ZS 25745 505 GSA 37 5 AR
s
da (X(D),3(1),2(0) =

V=307 +0a=50OP +E =207 (5)

[, M2 g4 s 5 GSB 15 fifE B
dp (X(D),3(0),2(0) =

V=500 + 0 =300 + =207 (6)

MR (4), DL i A i+ 155 EH B 1T
AR F ) IDOA Fom Ky
AT () = dp (G +1),5G + 1),2(i + 1)) fc—

dp(X(D),5(1),2(0)) /¢ —dy (X + 1), 5 + 1), 2 + 1)) /c+

da (X(D),3(1),2()) /¢ (7)
2 oAy F IO A G

R HEH 2 BT TR RAS A2 £ IDOA A, X
PUR 5 B Hifish A 19 = 4E 48454 (10,10,0) km,
H I v B ) = 4k A8 R (150,150,0) km. {5 EL i 25
#¥LL 1000 km/h (1) AT 3 & M (0,40,10) km FH 28 &
7% (180,100,0) km, ®ATid Y, fii=s 45k & ADS-B

fLE T B AR 2 5 /so i IR IO YR 457 T (60,160,
0) km, HIR S Az — 5% 5 05 FLALAS A A0 300 AH [ 14 12

(G0 Jﬁfﬁéﬁfiﬂﬁﬁ ADS-B 1 # 1 B # & o Al
W N 2 5 /sc ADS-B 7K V-0 B 25 bn M 25 B
K 4x107 kmP, ADS-B 3 B0 B iR 2 AR fE 2N
6.6x10 km*!, b 18 34 s [ 300 ek 5 22 A v 22 1 B
6.4x107 s, {5 BTy 1366 s

& 2 45 05 BL3% 5 R AT - 5 47 ELI ] 1) 5%
RN, ATap- AR R AREE 2 5507 & T B BT 2
a2 GSA 7 iy MBS 22 A2 4 22 GSB Y sl By
ZEMZAE . AR OX T Bz 48, 2 R ik
K451 ADS-B v B 1H 8 1 AT s - cAE 7 #2300 ; @ X
T B U, 2 Fh 5 ¥ 4R 45 19 ADS-B i B IH B Y
AT, cERIAEE K,
23 KEGITE5MIIR

K5 5 ADS-B v B i B 1

wJ:

W, B AR RS

J = AT.p(i) = AT 450 (8)
MERBERE I TR 5 B Ry, WA ADS-B {7 # iH

[5o}

(=3

S
T

AT, c/m

ailissaaid o b o

0 200 400 600 800 1000 1200 1400

Hifal/s

ﬂn””%ﬁ%tlﬁlﬂ]‘?ﬂ B A 21
iz #:ADS-B Wi HADS-B

2 {HEE T ATap-c SO5EERIY SR HhR
Fig.2 Relationship curve between AT4p-c and simulation

time in simulation scenario
B BT

Hy: <y
9
{H11|J|>7 (9)

R HyFR R i 25 %% ADS-B v B 11 B IF 3 1 318
H, Rz 4 ADS-B o7 B H B 55 1 F %

H T i s 42N LIC 5% ADS-B 1553k 2 2 i

e iR 22, 5 (8) A S B gt J 1B 1E

J =Atp(i+ 1)+ &5(i + 1) — Atg(i) — £5()—
Atg(i+ 1) = ea(i+ 1)+ Aty (i) + 84 (1) —
dp(FGi+ 1), 5 +1),2(i + 1)) /¢ + dp(%(i), (i), 2(0) [ c+
da(X(+ 1), 5+ 1),2(i + 1))/ ¢ — ds (3(), (D), 2(D)) [ ¢
(10)
s £4(D)h GSA 5 LI %% ADS-B i # 14 2
BB R 225 £5(7) 1 GSB 5 s 425 i 45 ADS-B
{67 BT 2 B ()00 1R 25
i Zs 54 & ADS-B i B 1H B BT, 5 i RIfi s
i ik GNSS 3R A5 (1 i 25 #5 f & %E;&hﬁﬁf
—EMIR 2, FEI A GNSS & 48 1 5E i % 22, 1)
B () 2, L zs 280 T [x(0), y(0),20) |, FERE R 1055 i
%% ADS-B {4 3% % 2 M T 4 (4 B [R]RE R Ar, () 3%
A
Ata (i) = da(x(D), y(D),z(D)/ (11)
W) B, %08 8 1% B &= M i o B A% s (] ZE SR
Atg(i) Al R H
Atp(i) = dp(x(i), y(D),z())/ (12)
Bl (1) F= (12) fR AR (10) 15
J =dp(x(i+1),y(i +1),z(i + 1))/ c = dp(x(D), y(0), (i) / c—
da(x(@+ 1),y +1),2( + 1))/ ¢ + da(x(0), (), 2(D)) [ c—
dp(x(i+ 1), 5 + 1),2( + 1))/ c + dg(Z(), 5(i), (i) /c+
da(X(i+ 1), 50 + 1), 2+ 1))/ c = da(X(D), 5(0), 2(i)) [ c+
epi+ 1) —ep() —£4(i+ 1) +£4(0) (13)
B BE [Ax(i), Ay(i), Az(iy] FL 3 GNSS Z 5t 19 5 i
w22, F HACA R (13), JiE— BB IE N



%o

X, A5 JE T B K ) ] ) B 22 ) ADS-B 37 ' 1 5 ik Oy vk 2699

J=dp(ZG+ D)+ Ax(i + 1), 56 + D)+ Ay(i + 1),2G + D+
Az(i+ 1))/ — dp(Z@) + Ax(i + 1), 5() + Ay(i + 1),
Zi)+ Az(i+ 1)) /e —du(ZGi+ 1)+ Ax(i+ 1), 5 + D+
Ay(i+1),Z(i+ 1)+ Az(i+ 1))/ c +d(X(D) + Ax(i + 1),
) + Ay +1),20) + Az(i + 1)) ¢ — dp(R( + 1),
PG+ 1,2 + 1) /e +dp(%(0), 5(0),2(D)) [ ¢ + da(X(i+1),
JG+ 1,2 + 1))/ ¢ — dx(3(), 5(D), 2()) [ c+
ep(i+1)—ep(i) —es(i+ 1) +4(0) (14)

SRR B G i T A R R A A R
2, R R B IS, B gi it & JRR h
J =Dy Ax(i+ 1) + by Ay(i+ 1) + b, i Az(i+ 1)) [ e~
(b Ax(i+ 1)+ by Ay(i+ 1)+ b, ;Az(i+ 1))/ c—
(@it AX(+ 1)+ ay i Ay + 1) + a1 Az(i + 1)) [~
(ayAx(i+ 1) +a,Ay(i+ 1) +a.;Az(i+ 1))/ c+
ep(i+1)—ep()—es(i+1)+e4(0) (15)

PE— PR R SR C R HES, RV R ST
J R R 5 o IR A e 387 A

AR T80 70 A R, 153 2025 4% ADS-B iz 1
SOE R FI P A 2 2% ADS-B A7 B 14 B 55 i AR
(EEWR) PR N

Pya = P(H,/ Hy) = P(IJ| > y/ Ho) = 20 <(Z) (16)
J

i Q)N EW O BREG o, N ITRIFRIEZ .
1R 5% He 2 HE R Pea BUE M 0.01, AR5 X (16) 15
BRI TRR R

y=0,0" (’?) (17)

3 AEXE

31 FESH

SR W IE A SCOT 0 E A M, A 3L T IDOA 1Y
ADS-B i &M B WUEf H RS, 7 5 RS0 H i
Ul A, ML TS B # R R IR (SC) | s #5F (AV) 45
AN R, RIGHTTEREN ELHAR
32 HEZR

345 T 2 A b T s 47 B 6 B RO R B
o R PRAIE S 5 1 T HE A, 900 SR AL ZS 4% AV i il
o0 AL AR G, A A T 0 55 1099 AN 3% SE 1A %S
e WL E, LS g R AR E N 10 km,

B4 45 T RIS Se T T 0 43 A B B R 9%
3)o 2 Mk BRI, K 3 e it it J 09 B A
R R AR 5 LA 15 B0 M R % R i o8 e —
B, B THES R 56 g O i T4 A R O E

®1 MESHKRE

Table 1 Simulation parameter setting

28 B

LI A B 7 A B /km (140,140,0)
Hb T BAY L AR A km (40,40,0)
1R IR S CAY A B A R/km (157.68,4.67,0)
Wiz BAVIIAT FEHLE 180900 45 ATl
R TR0 5t 152 2 AR 22 /s 6.4x10”

Hb T R TR] ) 25 1% 2% /s 2x107°
ADS-B/K AV B 5222 1R ERE /km 4x107
ADS-BAfE {7 #1525 bR 25 /km 6.6x107

SRR 0.01
250
200 b

150 ¢

y/km

100 -

50

0 50 100 150 200 250

x/km
o GSA  © GSB  --— AVl

P32 AN Ml T b 7 B OC R KAl 2]
Fig. 3 Position relationship between two ground stations and

flight path diagram
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Fig. 5 Position relationship between two ground stations and

spoofing source and flight path diagram
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Fig. 6 Influence of time synchronization error of ground station

on detection performance of TDOA and IDOA
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performance of TDOA and IDOA
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Verification scheme of position message for automatic dependent
surveillance-broadcast system based on interval difference of arrival

LIU Haitao', LIU Jiaxiang, LI Dongxia, WANG Lei

(School of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Because of its precise aircraft position, quick update interval, and broad surveillance coverage,

automatic dependent surveillance-broadcast (ADS-B) is a rapidly developing aeronautical surveillance system that has

been extensively utilized in civil aviation surveillance. Nevertheless, since ADS-B communications are transmitted

without cryptographic security protections, ADS-B is susceptible to spoofing sources. To detect spoofing, a

verification scheme of ADS-B position messagesbased on interval difference of arrival (IDOA) is proposed. Firstly,

the system model of ADS-B position message verification based on IDOA is presented.Then, the expression of the test

statistic for ADS-B position message verification is derived. In addition, the detection threshold is given by the

derived statistical property of the test statistic. Finally, computer simulation is used to confirm the accuracy and

efficacy of the suggested strategy.The simulation results show that the probability of detection and probability of false

of the IDOA scheme is equivalent to that of the time difference of arrival (TDOA) scheme,and IDOA is not sensitive

to time measurement error and ADS-B position error. However, the benefit of IDOA is that it is not affected by time

synchronization errors.

Keywords: automatic dependent surveillance-broadcast; spoofing interference; interval difference of arrival;

detection threshold; time synchronization error of ground station
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TFICPS 1 BB 5 B2 8 o5 18] 3h 285 - A ) 7K F- o
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W R 547 R s A AR BUE AR R A, 1 28 T A5 L
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P15 ICPS 45 i M4 58 5 3 5 W2 UR 17 20 2Z [B) ) A 335 7
Pr oA KT, SR AR SO R L2 —

ICPS 215 B AL S RS m a4 1=,
DRI, VR 32 W 2 22 4 S B2 Y RUZ IR . 78 )
%4 % 4 JF 0, ICPS 3 2L 1 I B A & 96 72 A (false
data injection, FDI) | E4}i[k45 (denial of service, DOS).
b€ EN U T 7 S N L O 0) W s = g
W R A, ST M DAL B, R Al RO
AP F AR T 5, ok 12 ) ) = 3B )y % S X 3
T Esh i R, EYHL R,
ICPS = BT I 1% B . PHAT 4% A5 25 Wi () R, 7
XoF S I 2 ot A B A Bl . T Bl K IR A A A
U A BA MBI R AR HEE L, AT 3 [E B
A0 FDI X R0 4 B0 s (1 B SR JE 3 A B, SR8 S
ik [18-20] 7€ DETCS & 52 1 Y ifi 5 il i i) XL
2P, H7E ADETCS Fik/DA ¥ . Kk, 4o
i {E3 % ADETCS T, S iy E3h 212 . b &
Bl 2548 5 M5 0 P IR T, R AR SR X — 5T
Bl

AL, JCit &3 T DETCS if J& ADETCS, 5%k
T B4 A i ) B R0 X 52 64 J@ T T, TR ICPS
S N AR SRR R BE R G, W ST N Y
P32 vk B e b FL AL e o B AE R, 1 B R 4
HERY IFRIEST . L, A0k o AR S Al
I S LE AL amma, SR,
JEARSCF S SHLETAE

£ ol 11 N D O 8 10 L s e - s e
ICPS, 1t ADETCS W98 254 4 a4 i 5 3l A5 1y b
[F] BT [0) L, 5, DA {5 ML A9 e st B IR, DA
ADETCS #1054 DETCS, ¥4 84 3 s 542 M5 45
— A B UL A R LR, BE XS 3L/ ADETCS

o

l 0

fith & 285 o () AT B ) 34 252 34 DRl DA T {5 R
TGN R B IE A R BT LA B {E eR R A 2l R
Wi, 1338 —Fh S il & S 800 B R G4 TR S Y
4 25 XU [n] A8 Ak 14 58 7 ADETCS; $R ), 76 1%38 15 AL
[ RS AN NS e T g S Ko i [ OE | B e & B €77
e i A3, OF A B B A8 R 48 B L BT &Y Bessel-
Legebdre A4 SFHOR, HEUE ) G AN T8 5255
LA S AR U E B s e, SRR
284k (cone complementarity linearization,CCL) 45 7=
B AR B B vk, o/ R 2 R %5 X (nonlinear
matrix inequality, NLMID) 3K fi# 09 & 57 4, DL fiff
ICPS A] [ 3 Ly b 3o 5 4t 4 4> 5 A5 P RE, 528 —
HHELUFETTH Hr

1 RGEEE

1.1 #8 ADETCS T ICPS Z& 15 #5244

% 8z v — 28 FDI Gk 5 AT 2% i s 3L A7
) ICPS, TEM PR R G % 48 1T IR T, Rit—2
U RGERE . A ML TR, AT 5] [ A B
W & A%, AT 57 ADETCS K ICPS 24 % 4>
PRI, s 1 s o IZ R G A R E AR
X4 B REAGIRIATT (I . SRAERS . I I B 1
R A AR FEHBIT (WA L S R e
) EBIRFERS | BT SO I 4%

1 5K [20] ASFE S, BT 2R ok R
AR R A A% TR R Ry — A R B R
RAHAS, AR A fih & S HOAR 2 1) ##4S DETCS, #%
F ik & 2 80T BE R e AT O A AR AR Y B A
ADETCS it tft . i F ADETCS 7& V- ffi & 4t 5 il
PERE 5 1 238 15 T IR J7 11 0 AR B, A% 5 L
il N 4T ICPS ZR & & 2Afiil . LG L a5

a(f)

| |
! |
i |
———| s | g | e |
| I
Rl 0
FHH-RFE ) AR i
| He
I |
(=4 (D) :
ILﬁﬁ A 1
o it J FUERBI | )
: el P HOERAER | |
il(tk) : : YL ___ ,I
I RO : ¥
L R i ntntutsuintnadll DR R G117 2 R ) DA S Sy VPP
N T st | | P | N
; a‘(t) : ___________ 4 () : §as(trx)
FDI Jgif; ! |

[# 1 #7U ADETCS F ICPS £ 24yl sy

Integrated security control framework of ICPS in new type ADETCS
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2024 4%

(SR s e S Sre e K T AR A S e
1.2 ¥7E ADETCS B
2% 3CHK [4]DETCS Wit/ Ja &, $2 i~ [ 38
Dof A i e 2 A, T ST SR A A 2 5 A
e(ixh) pe(ixh) > o (th)y(ixh) dy(ich) (1)
A eich) = y(ich) — y(th)s 24 BT R 1 il %
R B 5 p(inh) R 417 B 22 22 4 A s %) 00 SR A 415
y(teh) >N 4 1 I %103 f ADETCS 114 £ 45 i R AE
{8 o (teh) R PIr s et Y B N =R ik e 248
B A% JRetse b B R SR B, SR AR J] 3 A, A% i
WT, =t h—tche S3HTyGR) . y(th) . y(th) =4 %t
;B e 3, D i i 5 e i AN G AR

ih=th+lh  1€l,2,--,j (2)

A j=min{jloah+(+ Dh >t h)s ih 9 RAE 4% K
FEI 2205 1R B 1D ik 2 ) 221

K1, 76 ADETCS T B9 B0 K 4 B an 5 A%
- 0 SRk A (1) W62, TUDHE (k) 15 34
Hot, RZ, WEFT.

Al LLA H, ADETCS b, fil & 2 ik 5
DETCS Z& 81, ¥4/ o J 22 5 46 Y i R AR 4506 5
AN R B I 2 R A R R Y AL
AT PR 24 i R 5 2 75 5 2 A% i, L ) 3 iy
P B R B s i e 2 el i ok 1 [T 1, B Dy B
RYAT AR B R B o (1) o N BRAT B 1 (PR
B AR A, E2A 2 MOy . DU R AR L b
PEE S AL, s AR B HOG . o, By Ay
[ R SCHik [5,7] B9 ADETCS, T 3CLA R 45, A48
T A PR B BETT LB, 434 R R AR, 1 T
HEAT AT XM Rt B2 H AR SCAY BB ADETCS.

FE A 38 0 1 1 oA B 3 s ik Uy X, Sk (5]
FRE V) R BT 38 N ik & S BOR R Z —
o (th) = max {omin, A0 (ti_1h)) (3)

ly@mll > lly (s Wl

0
A= { L (ny(zkh)u— ||y(zk.h>||) st
n Iyl
(4)

o o ()BT BN 0 in s SCHR [5] AR H A HEAT
T, W) R G B K RE R 22, 24 AH 48 2 Uk ik & st
ZN B R B B Ny @Ay (1o | ZEE R T 805 T %
B, A=0, LB}, o(th) = omin, 1B L H DETCS, H A7
Ay @Ay G I 2E BN T %, Ha# 10, &S
A AITE ADETCS T iaf7. FILUF ), 45 1 {1 R R
o(th) 2Bl R GAT N s &, 18 R 58 i iR
ZERE, MIRUE R GEVERE, 758 RN o(th), 2R
AR (4), o(reh) AT BE AR [ 2 2238 K, 3k LG

JERIRZE /Ml SEI TR

1E [ IE N eR A B Rk B S, 3
R (7] 2B R0 —Fh, T 5 AR S R
R ADETCS AT HLAE, #5742 AR 52 B 554
JE %%, SCHk [7] i) ADETCS 7] /R0

o(th) = ot h)+ A (5)

n' (hn(th) > p
n' (whn(ih) = p (6)
n' (k) < p
K F: o (1) € [Omins Tmax]s Timan~ Toin 7391 19 B 1 S
fil % B K o) AR . R R o IER H SCk
(7] " e k) B S P 5 A Sk A7 X6 26 55 4k, AT A5 5]
nth) = y(teh) = y(te_ih), B IIT(fkh)ﬂ(fkh)ﬁ’ FI/NTF LK
T ST pit, HLE s A ARG 2 XA S R 0.1, —0.1,
0, BIV or(ty ) 328 ol 5 326 1 N2

LA W, R il R R o (nh) S B R G AT R
ShAARRY, BITSL AR, (A 3E R fik & 2 B0 A%
DA I 2 184 1 3 102 Ak 1), X 3R e AT A AR 1)
B T AR

S5 SCHR 15,71 WA A, AR SO (B pR B R T 2
ok, i1 oh) W E IR R NBE R G AT R A, B
XU HESE G R . o (h) il 2L a0 2542

o (th) = max {0 yin, AT (i1 h)}

A=a+e? 0<a<1,8>0 (8)
W~ Iy Gl
h) = 9
2wl Y @hl (9)

KM Oy T 73BN (01 LT MBS
H 0 < Omin < Omax < 1y O X5 WA 37 52 8 Fi2 K AE
J:ﬁ‘hl o

A 8) 1, Bae 0, D, 1€(0,2). 4 y@h)l5
ly (o WIZ 1] 22 T3 KB, 0< A< 1, ffif5 o(th) <
ot h), & GEAL HE RGN S |y S ly @)l
Z A2 S BUN, 1 <A<2, 15 o(ih) > o1 h), &
Ge A% i BAIE D8 0 s  ly @)=yt bl BV R GEAL T
FRAR B, A=a, H FO<a<1,0<A<1, WA}
o (tch) = T RFFAZE o LA L, BT AR 5 201
T, 57 15 1 PR B o (rh) 1328 BCFR B, SR A A0 R %
SL WU AR A, [ AT RSP s A S TR —

2 ARCEITA BT A ADETCS, AMUFIE T
N il & S E00 B R, BT AR RRER RO, ik
ST A R Ge A7 A 3G W) HL % 2278 1k, M ff
B 00 A5 AL RT3 N R GEAT Sy, A B X e
TR S5 I, A 2GR B 29 5 2 W 45 % 5
AT PLMERER H Y.
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1.3 #& ADETCS T ICPS gyt
BEXTEA XU FDI Bty . AT 8 A H1i% 2 i A2

R R SN S A £k 1 ICPS, AT KR T

{ X(t) = Ax(1) + Bu(t) + E f (1) + E,w(1)

, . . (10)
y(ixh) = Cx(ih) + E,v(i;h)

AP x(r) e REWIRZS 1) 55 w(r) € R AT 20l 32
2| FDI Yoo i A ] it 5 f(5) € RV . w(r) € R™ 4353
R AT AR L SN B yGih) € RV | w(ih) € R™
a3 9 R R R A ) L AR AR MR AL B
E;. E,. C. E, U RGEAERF .
ICPS &AM . PAT A 1) 2 T8 ot Ay

u(1ch) = u(teh) + E.a(1,h)
{J’(Wl) = y(th) + E;a’(th)
A w () R PRAT 0 FE T ) 555 (o) Sy A A iy o1
ol HEs a'(nh) € R™ | a*(1h) € R0 B PRATON | 15 /%
M3z F ) FDI Wiy, a*(h)=a*(th); E, . ENERIE
YRR .

ADETCS 5] A, G4t F 8 0 B Hg 18 & A

i 356 S A ERCHE AT LA AR 3850 JR 0 O XA a4
X G R E S0, R, AR SCATY AT 3k i R G B G
HEATHEGE . 340, B 1 45 1Y ICPS HEZR o, |y T4k
THER FZR G 22 A9 il 45 35 A ~F XLty I 2% 22 (1) 1 4%
il BT, A R IR M (A FR T 14 9 2% 4% B R T
BRAE, Al 88 FIZR A 2 24 6l 4 7£ ADETCS N A
R TR] 1 2 S TR i, R0 T P 440 s 0 98— 11 Hsf 4 R 4
T(t)=t—t,h t€ [teh,th) (12)
o BFREBRELO < 7(F) < by, by K 0 e B 7E B B2 K
A iE [ 5

2 #8 ADETCS T&#Eit8saigit
o [F B A B8 3 @) . BT B
a* (1) K ARTT B SO £ (1), 5 = T R — A SLiK
B R F(). it (10)~38 (12) AT IR B R 4
KA RS
£(t) = Ax(t) + Bu(t) + E, f (1) + E,w(t)
{ﬂ0=(RO—TUD+EwU—TUD+Ef@
K FO=[f'0) @@-10)" (@@-1O)"] s E=
[E; BE, 0];E,=[0 0 E]|.
i A B2 Wi Al 1 2% 2k
#(1) = AR() + Bu() + E, f (1)) - L0 = 3(0)]
f)=~F [5()-5()] (14)
(1) = C(0)+ B f ()
o R0 MRS A R L FA 30 5 iR
FRIRZS (8 000 25 A0 O A 3 25 R
EX e.r) = £() - x(1), () = f(1) — F(1), €5(1) =

(11)

(13)

y&) -3(@), = (13), 2L (14) AR E RGN

é.(1) = Ae, () + (E, — LE,) e5(t) — E, w(1)—
LCe, (t—1(t))+ LE,v(t — (1))
éx(1) = —FCe.(t—1())+ FEv(—1(1)—

FEqe;(n)~ (1)
WE T, L= [el(r) e;(,)} " 15)
AR AN IR 2 R G
e(1) = Ae(1) - E,w(1) - Be. (1 —7(1)) + LE,v(t — 7(1))
(16)

(15)

— [Aa EJ] -~ —_ — [L] = _
|:0 0:|;B:LC,L=|:F:|,C:|:C Ez};

EIE 1 fE£ ADETCS F, X F4AEMIE o, B.
hio oy, HAEEIEE X BRI PSS AR X Y,
TG R 2R R R A S (17) A0 (18), A AR IR A5 4
A B L M 7 N A S, S R
R Y (16) 76 JC I B B 0 30T i 5 76 B 3h i, i
Ewmkﬁhmm%zﬁwmmwquﬁﬁ%

k=0

%ﬁawn=y“ﬂ L FﬂﬁLz[ﬂ:ﬂ”Y*ﬁﬁ
’ fo] ™ F :
(I, I, I Iu Is N I Ig
In In L, 0 N 0 0
I; Iy Iis N 0 0
I. I, N 0 0
I, 0 Iy Iy | <°
Is 0 0
I, 0
L I
(17)
Jo I,
[ 14}<0
_Jll J12 J13 Jl4 J15
J22 JZ3 J24 0
JIZ J33 J34 0
Ju 0
L Jss
[ Jis Jiu N Juw Jxn
0 0 N 0 0 (18)
L=l 0 0 N 0 0
0 0 N 0 0
L 0 0 0 Ju Jso
(=21 0 0 Jo Je
—yf] 0 Jn Ju
J4: JSS 0 0
Joy 0
L Jioo

S N A bt T = PA+ A P+Q =" R+3N-
3NT, Q. R 1F %E X FR4H %, 1122=3N—NT, I; =

3N-8NT, I, = 3N +12NT, Ilsz%R, I, =h AP,
1

5T
Ls=hi{A P I,=-Q-N-N",I;=-N—-8N", I, =
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~N+12NT, I;=-8N—-N", 134 =—8N+12N", I, =
I,=0.1,= 12N +12N" Iss = = LR, Iy=-n (YA)
Iy = —h% (YO)', Ig= —éhlP I, =—PR'P, Iy =
-PZ'P, ZﬁEmXﬁMﬁ[@ Ju=I+I, J,=
Lo Jis=Tis, J1u = 114,115——R YC,Js=YE, J =
—PE,, Jw=h?A P, Joy=—J10, Jn=1In. Jos =D,
Jo =i I =L Jao = L Jus=Luss Jss=1ss. Jus =
—hll(Yf)T, Jso=—h2 (YC)', Jo ==m(YE,)', 160 =
~h}(YE,)", J., = h,YE,, Jon = W E P, Jy= —9h1 :
Joo=—PR'P, Jipo=—-PZ'P.

IERA M ¥E AN Lyapunov-Krasovskii 32 b8
V(E) = Vi(0) + Vi) + Vs(8) + V() + Vs(0) (19)
s
Vi(t) =€ (1) Pe(r)
Va(r) = jl &' (5)0e(s)ds
Vi(t) = 2 L;m &' (s)Re(s)ds

w
Vi) = -7 ), [e(S)—E(S—T(f)]T'
Rle(s) - e(s 7(1))]ds

Vi(t) = ﬁ ft:géT(s)zé(s)dsde

Hrp. P, Q. R, ZHIEEX PRI .
FERIIRAS N FE BTN RSB O T IE R

45 (15) V)RS, A

V(©) = Vi (0) + Vo (2) + V(1) + Va(0) + Vs (2) (20)

=

Vi(r) = 2" (1) Pe(r)

Va(t) =€' (nQe(r) -

Vi() = e’ (1)Re(r)

e'(t—h)Qe(r—hy)

Vi) = —”Z [é(r)— e(t— 1(0) " R[2(r) — &(t - 7(1))

Vs(t) = e (1) Zé(t) — f} &' (s)Zé(s)ds

Bk Qo) iy B - [ Zewds, %
JH31 7% Bessel-Legebdre A~ %20 b3, B
- f’ , ¢ (s)Ze(s)ds < £ [Sym{IT"N}+h NZN| &
(21)

i Sym() 7~ Bessel-Legebdre A~ 25 2,
E=[e(t) e(t—h) y v et—10)]
Ay AEEL

Z 0 0
Z=10 32 0

0 0 57

¥ i 2024 4F:

I -1 0 0 0
mnm=\1 1 -2 0 O

I -1 -6I 121 0

# XX oy X QB S, IFid s Ny=

[I 00 0 0], No=[A 0 0 0 -LC ]|,
N13—[0 0 0 0 I],N14=[0 1 0 0 0],
fire(t) = Npé,e(t) = Nip€,e(t— (1) = Nsé, et —hy) =
N &, AL R B
V() < ET0¢ (22)
A
0:N?|PN]2+N’]T2PN|1+N—IFIQN|1—N—IF4QN|4—

’TZZ [N{, =N{;| RIN;, - N3] +ITI'"N + N'IT+
h*NT,RNy, +h(N,ZN, + N'ZN)
e Lyapunov Fa @ PEFEE, WA RHE 0 <0, U
V(1) <0, 8 Zh IR E RS (16) Wit fasE .
EEVGFMT, SRG 2N w () # 0,
HAFTEA TR 2 e, (1) # OFF, 2 U PEBEFE A
J = V() +e, (e, ()-
yi W OwO +v -t -1(1)] <0 (23)

B 20) =R 1) BEor, IF4
&=[e) et—h) v v, elt-1(0) v(i—1(1) W(t)]T

My=[1 0000 0 0]
MZZZ[X 0 0 0 —if LEW —Ew]
My=[0 0 0 0 I 0 0]
My=[0 1 00 0 0 0]
(1 0 0 0 0 0 0]
07100000
00170000
Mys=|0 001 00 0
0000700
000000O0O
L0 0 0 0 0 0 O]
0000700
M26‘_0000010

K e(n) = My, e(t) = Mpé,, et—1(t) = Mxé,
e(t—h) = Moty €= Ms), [v(1—1(1) ()] = Maé .
J < §1T€1§1 (24)
s,
91 = M;PMZZ +M2-2PM21 +MglM21 + MngMZI_

M,OM, + My,ZM,, + My [IT"N + N'IT+

— I

I’l|NTZN} M25 - X [M; —N;:I R[M21 —N23] +

”TN+NTH+h%MgZRM22 —’y%M—ZrﬁMQ(,
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HE 45 Lyapunov £ & PR # i, H %6, <0, N
J <0, My BhAS IR RGUHE R 4 E RIVERETR AR

Li TR, G IR2E R (16) W AR E Hf
FEFR I M RE TR AR, T L LR 450

0<0
6, <0
B (25) I Schur 513, 4 Y = PL, B A]

RN A SE (17) A1 (18),
St (23) M 0 B +oo A, A

(25)

V(+00) = V(0) < — jo“’" e (ne(Hdr+

7% |:J;)+°° WT(I)W(t)df + Z (tk+l h— tkh)VT(tkh)V(tkh):|

k=0

(26)

AT R <y} [||w<r>||§+2(rk+1h—rkh)||v<rkh>||§} .

HFEE
M T AR (17) F (18) & A AR L k7,
T HHEA M LML T RARIL, Fo hfgdizin
R, P v R o AR A M M ey
LRMEIT, BRI LMISREUCL . F, {5 2538 fin 5 5 6
SPME, TR CCL™ 553k, T AT B 42 A NLMI 1 15
BN RSFE R . AR SCIET CCL AR FIRELL . FIY
Tk, HARRARIT
EIE 2 S MBI W, W, fiif5
W, <—PR'P, W, < —PZ ' Pi{.~7., HiEA %X (17)
A(18) Bh T 54k Ky

i Il] I|2 I|3 114 115 N I|7 I]S i
I, I, I,, 0 N 0 1]
IL; I, I,; N 0 0
I44 I45 N 0 0
<0
Is 0 Is; Isg
I 0 0
-W, 0
-W,
(27)
[ J I
0 28
7 < (28)
-Jll JIZ Jl3 Jl4 JIS
J22 J23 J24 0
Jl = J33 J34 0
Ju 0
J55
[ J16 Jl7 N -119 Jl()
0 0 N 0 0
J,= 0 0 N O 0
0 0 N O 0
L 0 0 0 Ju Js

_?’%I 0 0 Joo Jeo
—Yfl 0 J79 J70

J:; = Jss 0 0
w, 0
W,

%} F W, < —PR'P, W, < —-PZ"'P, t1 Schur 5|
FERIAS AN R AN 2

w' P!
PR >0
fwta 0
w7
P I
>0
I P!
L (29)
I R
Wz—l P—I
A >0
M —1
A B
[z 1
>0
1 Z!

WA F CCL Al Ke NLMI ) 3R fiff 5% 4k o0 n T I
N ]

min tr (W,W;'+ PP +RR™' +W, W' +ZZ™") (30)

AR A (27) ~(29) .

#.(30) BRI 4TH# BNy ADETCS T &G0IRAs . FDI
Yo AT R I T B R AR S L. F .

¥ 3 7E ADETCS T, B Tl & S 8Kl £ 5
T3 0T Sh2s A & AR £k, 2 1l s 22 pR 4K (o) Bt 2
AR Ak, BV A A6 1) B R A 1T 4% th R DETCS T 19 i
BEIR AL T AR S . X P A i R 8
AT AR (38 AF L, ZEBA PR XTARAS | FDI Bk Ak T
I A T R A ] s 2 R R R b 24 I 4%
AE R PR

3 FALREITHISANET

TE 5 MR A 11 2% 1 LR 1, AR A X X I 4
FDI Xl . $FF BB 1 sl 2 . T oAk 558
(U Ry B AR5
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Integrated security control of industrial cyber-physical systems
based on new type ADETCS
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(1. College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. Gansu Provincial Key Laboratory of Advanced Control for Industrial Processes, Lanzhou 730050, China;
3. National Experimental Teaching Demonstration Center of Electrical and Control Engineering,

Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: For industrial cyber-physical system (ICPS) with false data injection (FDI) attacks and faults, the
collaborative design of integrated security control and communication in the new type adaptive discrete event-
triggered communication scheme (ADETCS) was studied. Firstly, the ADETCS was introduced to replace the
traditional discrete event-triggered communication scheme, and an ICPS architecture with adaptive collaborative
optimization of security control and communication was constructed. Secondly, through the optimization design of the
threshold function in ADETCS, a new type ADETCS was obtained, which could change continuously in both
directions with the system’s dynamic behaviors. Then, based on the active attack-tolerant and active fault-tolerant
ideas, the Lyapunov function was constructed, and less conservative techniques such as new Bessel-Legebdre
inequality and cone complementarity linearization (CCL) were used. Under the unified adaptive variable sampling
framework, the solution methods of the robust estimator and integrated security controller were derived so that ICPS
could defend against FDI attacks and faults at the same time and have better adaptive communication regulation
ability. The simulation results show that the ingenious design of threshold function in the new type ADETCS and the
application of CCL can achieve a better compromise between the integrated security control performance and resource
saving of ICPS.

Keywords: new type adaptive discrete event-triggered communication scheme; industrial cyber-physical

system; integrated security control; cone complementarity linearization; dynamic optimal balance
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Fig. 5 Comparison of dehazing results of outdoor hazy images
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Fig. 6 Comparison of dehazing results of indoor hazy images
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Table 1 Test results of SOTS outdoor dataset

Tk PSNR SSIM MSE
Meng? 15.78 0.8215 0.0327
Berman™” 18.15 0.846 5 0.0215
AOD-Net'"” 19.59 0.8163 0.0122
PFFNet""! 21.05 0.796 8 0.0127
EPDN"! 20.57 0.8727 0.0131
Light-DehazeNet™ 18.81 0.8718 0.0152
RefineDNet™” 21.10 0.908 1 0.0103
ES'S 31.06 0.9749 0.0010
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Table 2 Test results of HSTS dataset

WRES PSNR SSIM MSE
Meng™! 15.32 0.7423 0.0332
Berman™”’ 17.60 0.7790 0.024 1
AOD-Net"! 18.97 0.7899 0.0145
PFFNet!""! 20.06 0.769 4 0.020 4
EPDN™" 21.74 0.8557 0.009 9
Light-DehazeNet™ 19.75 0.886 1 0.0111
RefineDNet™™” 21.54 0.903 4 0.0086
ES'S 32.79 0.9790 0.000 5

3 SOTS EAHBEMINLER
Table 3 Test results of SOTS indoor dataset

WiRES PSNR SSIM MSE
Meng™! 17.26 0.7875 0.022 1
Berman'™’ 17.41 0.778 1 0.0219
AOD-Net"” 17.63 0.7930 0.0227
PFFNet!'! 24.76 0.8877 0.0039
EPDN®" 25.13 09137 0.004 0
Light-DehazeNet™”! 19.69 0.8377 0.0138
RefineDNet™™” 20.56 0.8359 0.0110
£ 31.21 0.9723 0.0009

2.4 FERTEINTEE A

“hy T A T b AT AR ST B HA I ¥, 43 i3t
BT ATEWBITR . £ 4R T & TIETE
SOTS = & 4is B b i -F- s A mf [a] o ] DLW %€
F, 1247 ] 8 19 9 AOD-Net'"”, SE34 FH IR 12 ms,
HWK Sk PFFNet!', HIB 29 ms, A% SO g e 4438 17
B 1] b 55 R 4 Fh 5 3 4 32 A7 B[R] 22 B AH XA/
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Table 4 Average runtime comparison

VRS Fif ] /ms
Meng™ 1304
Berman™’ 4483
AOD-Net"” 12
PFFNet'"" 29
EPDN™ 84
Light-DehazeNet™ 71
RefineDNet*” 757
A3 211

FHET 4 483 ms, [] B 2 5% L 5 v v FH B e 4 i O
B XES, WES I TR RN
RefineDNet™, FI} 757 ms. SK1M0, 45 & 2% S K 45
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5y B e GO I 19 L 2ok 1S SR % [R] R, AOD-
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S BN T AR SCT IR KON E T VR B B )N
ZE . 1T Meng 5% J7 1 Al Berman 26 J5 vk 8
TG Tk, I AR B 2% AL, R 2 D05k
AT . MNFE 5 HRmT ISR 51, #5580 R e /N
5 AOD-Net!'”, K /N4 0.016 6 MB, H: 7k & Light-
DehazeNet™, K /N4 0.120 1 MB, % 3 N AR SC T ¥,
KNk 3.985 MB. Xt Lb 7 2 o, AT B KA
RefineDNet””, K/NH 261.6 MB., HiAI#/NE) AOD-
Net'"” 1 Light-DehazeNet™™ #5877 7¢ 2% 5 A i 4 7]
A, SRR Bk /N RS RS AT BEAFAE 2 T e D AN Y 1]
R, Ok S B R A MR R AR SOk AR
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Table S Comparison of model size

ik AR/ INVMB
AOD-Net"” 0.016 6
PFFNet!'" 57.05
EPDN®Y 66.31
Light-DehazeNet™ 0.1201
RefineDNet"™" 261.6
AL 3.985
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Table 6 Ablation experiments

Baseline FEB FCB SSIM PSNR
v x x 0.9579 27.17
\ \ x 0.9673 29.24
\ x 0.973 1 29.63
\ \ v 0.9749 31.06
3 &

BEXTH RTER B 2R S ) R R AR R FE R
IV A R T, AR S — o 35 1 W 3 0 S B 5 | S Y
&% 2= % ™ 4% DCPDNet,,

1) Mg RAE G s AT, R AT 3 B 18 SRR
R TR J2 R AE TR S AR R, R 38 T B 25 [) R AIE 11
AHICNE, 52 EMGR 2 R AE i 1G58

2) BT 5| SR W RRAE A IE AR B, ) 5 38
WG AT SR, 51 M4 D05 55 B
HALRHIE A

3) WA SCIE AR 5 Jfe ik 1) 22 S5 AR EA T X e, O
X AR R AT AR T S LR, SRR A
BEHL A 8t . SR EE R, AR SO T
U 1058 5 R B A 1 % WA 25 L, AT, BLAT
R R RS AT o P AR A

KA IR F RGBT EHNE,
AN P | 1 R MR AS 2 A5 DR R i) 7 A 114 o I
[ 5L, 4 1 2 35 vk I T S s 114 4 1 PR 4 2
55, DA v L o P 5 2R

2 #k ( References )

[1] SALAZAR-COLORES S, CABAL-YEPEZ E, RAMOS-ARREGUIN
J M, et al. A fast image dehazing algorithm using morphological re-
construction[J]. IEEE Transactions on Image Processing, 2019,
28(5): 2357-2366.

[2] HE K M, SUN J, TANG X O. Single image haze removal using
dark channel prior[J]. IEEE Transactions on Pattern Analysis and

Machine Intelligence, 2011, 33(12): 2341-2353.

(3]

[4]

(5]

6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

GAO Y Y, HU H M, LI B, et al. Detail preserved single image de-
hazing algorithm based on airlight refinement[J]. IEEE Transac-
tions on Multimedia, 2019, 21(2): 351-362.

WANG W C, YUAN X H, WU X J, et al. Fast image dehazing
method based on linear transformation[J]. IEEE Transactions on
Multimedia, 2017, 19(6): 1142-1155.

ZHU M Z, HE B W, WU Q. Single image dehazing based on dark
channel prior and energy minimization[J]. IEEE Signal Processing
Letters, 2018, 25(2): 174-178.

LIU Q, GAO X B, HE L H, et al. Single image dehazing with
depth-aware non-local total variation regularization[J]. IEEE Trans-
actions on Image Processing, 2018, 27(10): 5178-5191.

YANG Y, WANG Z W. Haze removal: Push DCP at the edge[J].
IEEE Signal Processing Letters, 2020, 27: 1405-1409.

YEH C H, HUANG C H, KANG L W. Multi-scale deep residual
learning-based single image haze removal via image decomposition
[J]. IEEE Transactions on Image Processing, 2020, 29: 3153-3167.
CHEN W T, DING J J, KUO S Y. PMS-Net: Robust haze removal
based on patch map for single images[C]//Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recogni-
tion. Piscataway: IEEE Press, 2019: 11681-11689.

LIBY, PENG X L, WANG Z Y, et al. AOD-Net: All-in-one deha-
zing network[C]//Proceedings of the IEEE International Conference
on Computer Vision. Piscataway: IEEE Press, 2017: 4770-4778.
MEI K F, JIANG A W, L1J C, et al. Progressive feature fusion net-
work for realistic image dehazing[C]//Proceedings of the Asian
Conference on Computer Vision. Berlin: Springer, 2018: 203-215.
WANG AN, WANG W H, LIU J L, et al. AIPNet: Image-to-image
single image dehazing with atmospheric illumination prior[J]. [IEEE
Transactions on Image Processing, 2018, 28(1): 381-393.

SONG Y F, LI J, WANG X G, et al. Single image dehazing using
ranking convolutional neural network[J]. IEEE Transactions on
Multimedia, 2018, 20(6): 1548-1560.

ZHENG Z R, REN W Q, CAO X C, et al. Ultra-high-definition
image dehazing via multi-guided bilateral learning[C]//Proceedings
of the IEEE/CVF Conference on Computer Vision and Pattern Re-
cognition. Piscataway: IEEE Press, 2021: 16180-16189.
CHENTY, FU J H, JIANG W T, et al. SRKTDN: Applying super
resolution method to dehazing task[C]//Proceedings of the IEEE/
CVF Conference on Computer Vision and Pattern Recognition. Pis-
cataway: IEEE, 2021: 487-496.

LIY N, LIU Y H, YAN Q X, et al. Deep dehazing network with
latent ensembling architecture and adversarial learning[J]. IEEE
Transactions on Image Processing, 2021, 30: 1354-1368.

KIM G, PARK S W, KWON J. Pixel-wise Wasserstein auto-
encoder for highly generative dehazing[J]. IEEE Transactions on
Image Processing, 2021, 30: 5452-5462.

QIN X, WANG Z L, BAI'Y C, et al. FFA-Net: Feature fusion atten-
tion network for single image dehazing[C]//Proceedings of the
AAAI Conference on Artificial Intelligence. Palo Alto: AAAIL
2020, 34(7): 11908-11915.

LU Z W, LONG B Y, YANG S Q. Saturation based iterative
approach for single image dehazing[J]. IEEE Signal Processing
Letters, 2020, 27: 665-669.

JOHNSON J, ALAHI A, LIF F. Perceptual losses for real-time style


https://doi.org/10.1109/TPAMI.2010.168
https://doi.org/10.1109/TPAMI.2010.168
https://doi.org/10.1109/TMM.2018.2856095
https://doi.org/10.1109/TMM.2018.2856095
https://doi.org/10.1109/TMM.2018.2856095
https://doi.org/10.1109/TMM.2017.2652069
https://doi.org/10.1109/TMM.2017.2652069
https://doi.org/10.1109/LSP.2017.2780886
https://doi.org/10.1109/LSP.2017.2780886
https://doi.org/10.1109/TIP.2018.2849928
https://doi.org/10.1109/TIP.2018.2849928
https://doi.org/10.1109/TIP.2018.2849928
https://doi.org/10.1109/LSP.2020.3013741
https://doi.org/10.1109/TMM.2017.2771472
https://doi.org/10.1109/TMM.2017.2771472
https://doi.org/10.1109/TIP.2020.3044208
https://doi.org/10.1109/TIP.2020.3044208
https://doi.org/10.1109/TIP.2021.3084743
https://doi.org/10.1109/TIP.2021.3084743
https://doi.org/10.1109/LSP.2020.2985570
https://doi.org/10.1109/LSP.2020.2985570

2726 b w5 it = it K K % % 4 2024 4

transfer and super-resolution[C]//Proceedings of the European Con- and Pattern Recognition. Piscataway: IEEE Press, 2016: 1674-1682.
ference on Computer Vision. Berlin: Springer, 2016: 694-711. [24] QU Y Y,CHENY Z, HUANG J Y, et al. Enhanced pix2pix deha-

[21] LIBY,REN W Q, FU D P, et al. Benchmarking single-image de- zing network[C]//Proceedings of the IEEE/CVF Conference on
hazing and beyond[J]. IEEE Transactions on Image Processing, Computer Vision and Pattern Recognition. Piscataway: IEEE Press,
2018, 28(1): 492-505. 2019: 8160-8168.

[22] MENG G F, WANG Y, DUAN J Y, et al. Efficient image dehazing [25] ULLAH H, MUHAMMAD K, IRFAN M, et al. Light-DehazeNet:
with boundary constraint and contextual regularization[C]//Proceed- Anovel lightweight CNN architecture for single image dehazing[J].
ings of the IEEE International Conference on Computer Vision. Pis- IEEE Transactions on Image Processing, 2021, 30: 8968-8982.
cataway: IEEE Press, 2013: 617-624. [26] ZHAO S Y, ZHANG L, SHEN Y, et al. RefineDNet: A weakly su-

[23] BERMAN D, TREIBITZ T, AVIDAN S. Non-local image deha- pervised refinement framework for single image dehazing[J]. IEEE
zing[C]//Proceedings of the IEEE Conference on Computer Vision Transactions on Image Processing, 2021, 30: 3391-3404.

Image dehazing network based on dark channel prior guidance
HUANG Shuying', XIA Yukun’, YANG Yong” ", WAN Weiguo®, QIU Genying’

(1. School of Software, Tiangong University, Tianjin 300387, China;
2. School of Information Management, Jiangxi University of Finance and Economics, Nanchang 330032, China;
3. School of Computer Science and Technology, Tiangong University, Tianjin 300387, China;

4. School of Software and Internet of Things Engineering, Jiangxi University of Finance and Economics, Nanchang 330032, China)

Abstract: Currently, the majority of dehazing techniques that utilize deep learning focus on directly acquiring
the mapping relationship between a foggy image and a non-fog image.Because of the lack of combination with the
characteristics of fog images, there are problems such as inaccurate detection of fog information and incomplete
dehazing. In order to address the aforementioned issues, this study introduces a novel approach called the dark channel
prior-guided image dehazing network (DCPDNet), which operates in an end-to-end manner. First, the shallow features
of the input foggy image are extracted by several convolution layers. Secondly, two feature enhancement blocks
(FEB) are constructed to enhance the spatial features of the image, which can enhance the image features on two
scales, that is, the deep feature map is used to enhance the semantic features, and the shallow feature map is used to
enhance the image details. Thirdly, in order to make the extracted features pay more attention to the fog area, a feature
correction block (FCB) based on the guidance map is designed by considering the imaging characteristics of fog in the
fog image. The FCB uses the dark channel theory to build a guidance map to guide the attention of network learning
to the fog area, and further refine and correct the extracted deep feature map. Finally, by using the skip connection of
the residual structure, the enhanced shallow features are used to supplement the details lost in the network, and the
image after dehazing is reconstructed through several convolution operations. Multiple trials have demonstrated that
DCPDNet is capable of achieving a satisfactory dehazing effect while maintaining a lightweight model and quick
execution. Compared with some advanced dehazing methods proposed in recent years, DCPDNet has better
performance in terms of efficiency, subjective visual perception and objective evaluation results.

Keywords: image dehazing; dark channel prior; guidance map; residual learning; feature enhancement
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Fig. 1 Working principle of ELSSG
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Fig. 2 Mathematical model of ELSSG
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Table 1 Tracking error of system under different iterative

learning control
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Table 2 Torque tracking error when preset

signal is 1 Hz

Jrik: RIRERIE/(N'm) R/ %
ARITTIE 0.06 0.12
A 2 Fs i+ PIDAE il 1.67 3.34
G55 ) i+ PIDEE 0.92 1.84
AR 2 P+ RISEF 2.59 5.18
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Table 3 Torque tracking error when preset

signal is 10 Hz

ik TR IRERIR2Z/(N-m)  iR22%/%
ES @RS 2.60 5.20
AR ) P+ PIDEE I 6.70 13.40
51 E SRR 2 H i+ PIDFE 5.44 10.88
AR 2 P+ RISES ] 8.57 17.14
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Table 4 Torque tracking error of feedforward experiment
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Iterative learning control of electric load simulator of aircraft steering gear
LIU Xiaolin', LI Jinkai
(School of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

Abstract: The electric load simulator of aircraft steering gear (ELSSG) is disturbed by redundant torque. To
address this issue,a compound controller combining iterative learning control and robust integral control of sign of
error (RISE) was proposed. The mathematical model of the load simulator was established, and the generation
mechanism of excess torque was analyzed.In terms of the hardware structure, the metal-rubber buffer spring was
introduced to improve the stability and loading accuracy of the system. In terms of the control strategy, the compound
controller was designed based on the robust integral control of error signs and the iterative learning control of the
guidance signal improved by adaptive forgetting factor, and the convergence condition of the iterative learning control
was proven. The simulation experiment proves that the compound controller can eliminate the interference from
redundant torque more effectively than the traditional iterative learning control method and PID control method and
improve the load torque output accuracy of the load simulator.

Keywords: electric load simulator of aircraft steering gear; redundant torque; iterative learning control; metal-

rubber buffer spring; forgetting factor

Received: 2022-08-13; Accepted: 2023-05-15; Published Online: 2023-06-06 14:21
URL: link.cnki.net/urlid/11.2625.V.20230605.1445.002
Foundation item: The 11th Boeing Fund of Civil Aviation University of China (20210715113)

* Corresponding author. E-mail: caucyanjiusheng@163.com


https://doi.org/10.1177/0142331216659335
https://doi.org/10.1177/0142331216659335
https://doi.org/10.12700/APH.11.10.2014.10.4
https://doi.org/10.3969/j.issn.1000-1093.2019.11.021
https://doi.org/10.3969/j.issn.1000-1093.2019.11.021
https://doi.org/10.1016/j.neucom.2018.11.070
https://doi.org/10.1016/j.ast.2019.06.014
https://doi.org/10.1109/TIE.2018.2886773
https://doi.org/10.1109/TIE.2018.2886773
https://doi.org/10.1109/TSMC.2019.2950468
https://doi.org/10.1109/TSMC.2019.2950468
https://doi.org/10.1109/TSMC.2019.2950468
https://doi.org/10.1109/TASE.2015.2434393
https://doi.org/10.1109/TASE.2015.2434393
link.cnki.net/urlid/11.2625.V.20230605.1445.002
mailto:caucyanjiusheng@163.com

tEMEMRMRXKXFEFR

Journal of Beijing University of Aeronautics and Astronautics

2024 4F: 9A
55048 5o

September 2024
Vol. 50 No.9

http://bhxb.buaa.edu.cn
DOI: 10.13700/j.bh.1001-5965.2022.0731

AEHEZWEEBUES Y 5 RIATMAL TS A
E&, X, EEE, FHE

(MBS R T 51E 8 TRE%p, =1 730070)

jbuaa@buaa.edu.cn

15 B WBRERF I & NEERA T EES TN T Fl G AT HREZE L, I
gGAERK ., WAFIFARMEERM, RET —METHEEWHZ W% (DNN) 4B MR o iy £ 5910 K
FATHRAMA T & EEEMETEINE, AEAFTERUHRTHEIIN, KBRER NP EE LS
OB M, WEREMATEE S A E EFE (DAG); FIFHERE, 12 DAG W AH T 2 KR LN
kA, B4 DAG #4345 T 409 K4 DAG; @t ¥m 4 T 4 R K4 DAG A K7, &
A SAXEREFF T2 A FEPATH B, 2R ELE EHTHEET 2, ZAHKALPK 54
GPU | 3 A E; X EHATHMAE, BRI NRAKEHFTLALEREEINL, £F GPU A A
B, BONGHER, EREREXN. SEREA S 7 AL, 7 CIFAR-10 %3 & £, A
Vo BHAAT AT 37 5234 GPU B )| R4 A 8, ERIEEENFEENER, 4GPU v
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Fig. 1 Deep neural network model segmentation and parallel optimization computation framework
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Fig.2 DAG example of model structure transformation
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Task segmentation and parallel optimization of DNN model
JU Tao", LIU Shuai, WANG Zhigiang, LI Linjuan

(School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: In order to solve the problems of difficult parallelization, long training time, and low equipment
utilization in the traditional parallelization method of manually partitioning computing tasks of the neural network
model, a task segmentation and parallel optimization method based on feature perception of deep neural network
(DNN) model was proposed.Firstly, in the hardware computing environment, the computing characteristics of the
model were dynamically analyzed to obtain the internal correlation and various parameter attributes of the model, and
the directed acyclic graph (DAG) of original computing tasks was constructed. Secondly, the topological relationship
of DAG nodes that could be partitioned into clusters was constructed by using augmented antichain, and the original
DAG was transformed into an antichain DAG for easy partition. Thirdly, the antichain DAG state sequence was
generated by topological sorting, and the state sequence was divided into different execution stages by dynamic
programming.The optimal segmentation points were analyzed to divide the model and achieve dynamic matching
between the model partition and each GPU. Finally, micro-processing in batches was carried out, and multi-iteration
intensive training was realized by introducing pipeline parallelization, which improved GPU utilization and reduced
training time. The experimental results show that on the CIFAR-10 dataset, compared with the existing model
segmentation methods, the proposed model segmentation and parallel optimization method can balance the training
task load among GPUs. The 4 GPU speedup reaches 3.4, and the 8 GPU speedup reaches 3.76 while ensuring the
model training accuracy.

Keywords: deep neural network model parallelization; model segmentation; pipeline parallelization; antichain;

parallel optimization
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Fig. 1 Facial contour recognition
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Fig. 4 Facial modeling after sleep deprivation with n=30
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Fig. 5 Facial feature point localization
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Table 1 Facial feature point coordinates mm

e X y z Iz

5 X y z
1 -19.97 2843 3382 6  —22.77 2561 338
2 —20.53 27.87 3382 7  —2333 25.04 338
3 -21.09 273 —338.2 8 -23.9 2449 -338.1
4 -21.65 26.73 —338.1 9 2446 2393 -338.1
5 —2221 26.17 -338 10 —25.03 2337 -—3382
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JE SEREAE ST BT, TN 2 R
0.20
+z2 PCAMRFEMRE
0.15 ¢ Table 2 Total variance interpretation of PCA
% 010l it A W%
= WRHE  OWOY T pin RRERET l BRRRG
0.05 EERR(EN Rl EERNREN Rl
T 0.979 1 3.739 3739 93.485 93.485
0.965 2 0.118 2.95
0 s 0 15 20 25 30 0.956 3 0.092 2.297
BRI 2 ) 0.967 4 0.051 1.269
(b) F i 5 — NN SIS ;
4l 5 PCA FE4E T v M ZEIHI R Lo £1IH
0.20 . . .
R Ry 22 BRI I3 Lo A7 50 R 10 10 22
015} Ry re TEHUH P ERG A8 UM S™ B (wrin-
% kle severity index, WSI), H:& A= N
010}
= Fyst = 0.506 3L7c +0.499 1Rpc+
0.05+ 0494 4LNLFC +0500 lRNLFC ( 13 )
0 5 10 s 20 2 30 3 f&_ HIefRa i
R RIS 25 B 1)/
. NN S /H / ™. P T:“—* U A
Ry —— ARION WSLL KSS #4450 RT #E AT w0 05, fif
0.20 JH JRy 3B hn AL 8] 5 S 3 (locally weighted scatter-plot
smoothing, LOWESS) #:%F HR #1745 kb2, anf&l 7
0.15} Fis o ik e e IR 23 B, 733 T WSIL KSS, RT
% o0l FIHR L 015 550 ps i 1 307 B R 2 B AR G, 3
= B WSI, KSS. RT 2 i) A1 1, SR FH 38 XA o
0.05 - $U (cross-correlation function, CCF), 1% H #8455 HR
Z A] A A8 SUAH SE 5 15 e TG 56 10 i 38 P /K 2k
0 5 10 15 20 25 30 E N P<0.05,
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(d) fr s iR
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Fig. 6 Curvature in bilateral facial statistics
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Fig. 7 Variation trend of four types of fatigue indexes with sleep deprivation
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HR [ B AR 31 25 50 50 3 R () A8 AL an ¢ 3 7R o WS
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Table 3 Statistical analysis of fatigue index

B ML
k=17 B
WsI KSS RT HR
WSl 0971 1 0.904%%  0.961**  0.407*
KSS  0.887  0.904% | 0.875%%  0.527%*
RT 0982  0961**  0875** 1 0.404*
HR 0489  0407* 0.527%%  0.404* 1

T #*FRP<0.01, *FRP<0.05,
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WST A5 Th e 340 5 30 L B G ) M G e, 3 6 A I e
TV B P 08 52 300 B M Py AR 7 9 A Ay 5 g 2, L
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R 3 b A G 0 DR AT B R T R R R 2 A A
HR R B R O, W S 32 Bl I 4% P 1Y o 2
2T W48 5z )22 0 4% 22 1) 32 12 1 22 1 i D) 4% 1)
22 HAE P KSS 765 6 h i 90 L i 58 00k 4 it 2,
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Fig. 8 Gaussian multi-peak fitting of the WSI
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Fig. 9 Changes of fatigue indexes in four stages
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Fatigue detection of facial 3D physiological feature points in sleep deprivation
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Abstract: Sleep deprivation and circadian rhythm disorder are important factors affecting the fatigue of
transportation staff. In order to advance the safety risk prevention threshold, it is now vital to identify staff fatigue
concurrently with the advent of "face brushing" technology while on duty. This study uses the 30 h sleep deprivation
experiment to further explore the three-dimensional changes of facial fatigue. Based on the fusion of facial bilateral
curvature characteristics and principal component analysis (PCA), it proposes the wrinkles severity index (WSI),
which when paired with the objective heart rate (HR) monitoring method, psychomotor vigilance test, and subjective
fatigue assessment, integrated subjects' facial fatigue judgment. The results showed that under the condition of sleep
deprivation, the WSI changes and fatigue fluctuated significantly, and the overall trend was gradually increasing. The
results of the 30 h trial revealed a high correlation between the change in WSI and the trends in subjective tiredness
index, response time (P<0.01), and HR (P<0.05). Based on the WSI index, the fatigue was divided into four grades,
and the feasibility of static detection of facial fatigue was verified from the perspective of three-dimensional
physiological characteristics. The results provided a new idea for rapid fatigue detection technology.
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Received: 2022-08-20; Accepted: 2023-02-03; Published Online: 2023-03-09 15: 10

URL: link.cnki.net/urlid/11.2625.V.20230309.1121.003

Foundation items: National Natural Science Foundation of China (U1933122); The Fundamental Research Funds for the Central Universities
(3122019186)

* Corresponding author. E-mail: jqli@cauc.edu.cn


link.cnki.net/urlid/11.2625.V.20230309.1121.003
mailto:jqli@cauc.edu.cn

2024 4F: 9A
55048 5o

tEMEMRMRXKXFEFR

Journal of Beijing University of Aeronautics and Astronautics

September 2024
Vol. 50 No.9

http://bhxb.buaa.edu.cn
DOI: 10.13700/j.bh.1001-5965.2022.0706

jbuaa@buaa.edu.cn

E T E /T FF54FERR & Y X R EY

2E&" EEN,

wmE A, RizE, Bims

(1. EZRBMNARAFRRESE TG, b5 100052; 2. dEgtias MR KSE THRPL2ERE, dbat 100191)

1 B XAWREAAEEAENAFTN -—RERZGECS . AANKAWRT EEEET
BEFIIAESR A FEMERRTMK R, A RA RO LKk Rty WAEEWFFRAE. H
b, RE—FRETTFEEMMTFIRMEEL MR RAWIER, ZEAAAETEESNWELER
Rz (GCN) %3] &a F MM E L, AR X EKEHIEIZ (BILSTM) K % % 3] &4 i 7 71 #F X
FHAE, BULERAWALE GG FEMBAERFIE TR R#T0E, EALBEENF THEY
BAEELH#ATTRKESLR, Bl T ARAZR AR A

X B OA: FEWMBG KAME; EWERL; FARE; FIERe

hESES: TP39I.1
XHAFRERE: A

O Z il O PR ) SCAS o 45 58 SR 22 T 1 O
Fo MERIE BB AT 55, HoAr AR by gt A
)25 R G0 A A5 Tl [ AR IE S AL E N R R
B B REAE e Y 2 T AR e R
SR K R, OC FR A A TR G A A5 3] T Bl K
I A B RPIBCB R 2293y 2 28 LT
V73 RN T 254 14 56 SR USRI D), 317 81 11 56
F BB R 3 2R H iR R AE B i, B G
FH A 25 W 2% (convolutional neural networks, CNN )™
SRA AR 1 22 TR A AR DG R A7 5 R ALY, ALK
%5 31112 (1ong short-term memory, LSTM) I 4% X 1]
YR SO BT g DL 56 2. AR, X
SO TC VA A A AR SR A OC &R, K OE &R A
Bk gz o 53 ab, FETF 454 10 5% 2 il OB 25 1)
A F AR AT B R B OC & o i, R AR A
LSTM W 4% ) 5 [ 4t 2 % 4% (graph neural network,
GNN)"! G AR AEAS . LA A fE 525 o) ) 15 2 i)
BB B AR LR PEAR DG . SR, HOR A &5 A1)
WIEMT LT CEX . TIFZXREHZA

TEHS: 1001-5965(2024)09-2763-09

TR, I, TR R AR U A DA — 1] 3 1
RN 3B W ) AR R

S 25 A R R I 2 PR B B A . AR SCHR
T — Fh & B 3 B 2% (graph convolution network,
GCN)"M FI XL ] LSTM(BILSTM) [’ 45 "2 iy 56 28 b
R (R B CaStr #5551 ), I-25 4 17 911 RN &l 45
M5 BT R, 5%, A RO AR i 2 )
A B B R e M A S, B RSB IR R K
FEAR 1 J5 R 245 W) 2 Ry 56 4 36 38 ) S AL I & 3
SEAY H AR Ay R 1 2 A AR DGR i 5 R, AT LAl A T
B gaE 3 XA 22 18] B AR M UE AT S
fith, FIH] GON 2 M id)if £on . B TRJZ 1 GON &
U2 e S € I N S LR | S E SR = S|
Y2 GCN LA H2 35 3R 19 4H 5 1, AR SCR FH 8k 3%
BEHLHIR 4L GON M Z 2T m . Hak, b
2] e 50 SUAF B, AR SR BILSTM 2% 2] 5y —F 28
AU 3R] o, 12 RS F R AT DU 3R 4 1 1P 41 11
XI5 o SUE B e, AR R ALK X 2 ol
R RHE TR ST R G DU TR . i

Y ¥s HHA: 2022-08-11; FH BHA: 2022-10-04; M 4% HARATE : 2022-11-07 09: 19

P 4% S R b4k« link.cnkinet/urlid/11.2625.V.20221104.1415.002

EEWE: EZRAEMNARA RSP ORI H (52999021N005)

* {5 {E# . E-mail: tongxin-wu@sgcc.com.cn

SIFER: RA, L&, TL0, & EFREHFFIRREHRZWR ] LFZAEAKAFFER, 2024, 50 (9) ; 2763-2771.
WUTX, JIX, WANG H G, et al. Relation extraction based on fusion of graph structure and sequence features[J]. Journal of Beijing
University of Aeronautics and Astronautics, 2024, 50 (9) : 2763-2771 (in Chinese ) .


http://bhxb.buaa.edu.cn
mailto:jbuaa@buaa.edu.cn
https://doi.org/10.13700/j.bh.1001-5965.2022.0706
https://doi.org/10.13700/j.bh.1001-5965.2022.0706
https://doi.org/10.13700/j.bh.1001-5965.2022.0706
link.cnki.net/urlid/11.2625.V.20221104.1415.002
mailto:tongxin-wu@sgcc.com.cn
mailto:tongxin-wu@sgcc.com.cn

2764 b3 M2 it KR %% % ik

2024 4%

AR SCRETRY A PERE, AR SCHE 2 A28 IR 4R A — 4>
SRR b AL T NN U E S e
RIUE T A SO R It o

1 HExXIE

ARSCTAEW S 36 F P 5 R T 4509 1 2 Fh 56
FRAMBUE AL,
11 ETFIEXRMEGRE

FEF R A 06 2 Al U RIAT 2 Fhew DLtk 246
W 2% 25 5, Bl CNN FI LSTM R 4% . %ET CNN f4
TSR CONINY St 2 41 1) 1 22 18] B9 A & Pk R A7 0 A
U FER R IR CNN 25 G JERT 1, P2 T — &
B e AR TR R, LT CONIN A R RS i
R b G R OC R, X R A ONN 32 LA X R
TR T AR, JIT LA X AR 1) R 22 BIAR R A B
Hil o b, FTF LSTM R4 il 45 R Ff LSTM SR 4l
AR BT SCE BT A I bR S
LSTM M 45 iy MR, 4 — 2805 5 A i B AL R
S EEEF R T LSTM M REFI FH T 1)
riF HAR IS Z AT {5 B, B, v H BiILSTM
W £ Ok 4 J LSTM I 45 IF 4 31 0L ) 5 B Y. 4
BB 284 — 22 5 34 R FH BiLSTM W) 4% X SCA i i
K R EATAME, (HEE T LSTM 45 19 J7 1 AN RE A 5K
I ) 22 ) A4 B A DG, PRLTT S ) 1 O R b X
1 BE
1.2 EFEHMRXRMEURE

FE T 25 F 0 O ZR il U R 32 B 3 T GNNPY,
Wl A GONT RGN LR Z 8] 9 56 & . GNN J&—
Tt B 06 47 412 400008 T A 40 FNVRRAE (R B e R 2, T

GNIN f14 455 700 1022250 5 5 fift Y SC AR A 5t 4 Sy S 500
K444, LAARAS e CNN AT LSTM R0 4% B 1 2 1) 3%
Re TAN, WA —LERIRUEZER L LSTM 2% 1)
SERl EHEAT YRR R S5 K 5 2., A R AL )T
M AT 5 ZR d BN T LSTM W) 45 435 g ok ik 17 56
FAMEY, A — SRR TR FH DA A% O 0 AR
FERHE B Hems ™

W, AR AP RBRE H, 7F
BRI 5 A OC R,k AR, BT
PSSR R S P Ok 60 B i), I FH 3 A
PR ANA] F R AR DG R (IRAE S8 AL L JE48 55 ) o X Fh
955 /) - 11 P15 0 T A AkHR B SRR R R AE . A
— AR A 3 3 VS N 22 28 A i P R e
P 45 122 3 P 25 A R A S L (1 3 Atk kAT
J'& . N, SCHk [30] Seta i TN [RDRLEE () F- | 48
M NES L SR I A SR, RS e R A A
1R300 184, e, LA T 1) 30 R R T OC R BV S
ik [29] 44 85 A1) 1 W0 A — > Hh 45 4 Ak TR R A A Y i
S A g, TR T — R AR AL AL R4 i A
SCRY Y 22 kAR ., R R K A TR AR 0 G R A AT
o, e S FE KL BRIR 2.

2 KRB

TS rp, AT 5 R AR A A O AR A O
AR E HEAEM . B, ARSCHR B T — A
2 FRRIE 4 G ZR Al BB AR ——CaStr 7Y

& 1k CaStr #EAIZE ), CaStr AL 45 3 44
PR, BDZE M5 BARBCER . T SO SCHE U FURRAE
Al G RTE, Z5 R (E BRI AL GON X - 14

WD
___________ o
C anmer
[ eomomenc |
L sy :

LS IR | f ;

1 D ez 1 |
L Fg | s G
A
SRR Al A A
ENENENENEN

K1 CaStr BiFILEHY
Fig. 1 Structure of CaStr model



55 93]

WAL, 5 BT EIS5 R AT 5 RRE Al A 19 26 R AR 2765

AERUEAT IS, ) - rh 2 S S5 MR AE . AE 1R SC
AR T, BILSTM M 2% H 2% > Buinl i) b F
SCHRAE o REAE fil 5 A5 R 3 S HIL ) il 3 2 e
FRAIBYRRAE, AlG S BRRE ] T R 025, i
YA B o5 S AT L3 i GON 4 BUK: 1 2 [R]85 1R 4
fiE, 0l DL A3 BILSTM M2 $2 B I F SCRefE. [ 1
h, x, Rinl i ) i
2.1 XARBANERA

TG, M AW SCRBE R A i R os . ARl
FH Glove™ w1 4h 1k Bial ik Ae,, o LUK, (S B
(part-of-speech, POS) Xf ¢ & Fl i AR B 22 . 4 4n,
FE S Z W0 Hh 2l 1) RN 44 TR A A HE 2 3R] B R 2
A H] POS A5 B AT G R AU, A S e Spt 3] il
LA LR ALY 7] 5 e pos, o

R, 75 3 — AN E B Al ik A RoR e, A
e =le,. e ], w, NI RS, e, N ia i) i .
I, 4 — N F X = (2, %0, ,x,), HEAHAE
INAE = {ei,er,-- ,e,} 0
22 ETRSCOENIREEE

Y T ) R — A B S 81, PR, B
P T8 SCA A T 3 4 Y LAt BRLgR] , DR, 3 T 4G
G EF U BRI R 7E BT SGE Ui
HUAR AL, A SCHE S A A B BILSTM 19 4%
Kb —F2E A TR B R SUEE . AEi A
ANRIRE ={e e, ,e,}, ] BILSTM [ £ £ i 7]
T B Hy = {(hy by, by}, Forh, 45 2] i) &
(10 B8 = 4E %50 d 7E BiLSTM 1, 54>k, i —
LSTM HocA i, Hdr, 1= 1,2, ,no A ik, 195 72
wr.

g =tan(Wox AWy h,  + Wy, +by) (1)
¢ = fie +gi (2)
h, = o,tan(c,) (3)

K W W o W BB I SEUERE, b,
T E S

BAS LSTM Boe A 341 AT T, id ]
fAE T T 0,0 HATFEINT

i, =o(Wyx,+ Wih_ +Wic_ + b)) (4)
fi=oWex,+Weh_ +Wpeeo +by) (5)
0; = O-(Waxxr +Wohhr—l + Woccr +bo) ( 6 )

Ao o RS PR

1 T BILSTM [ £ A LA 5 4 bl 4 4 X ) 3 L
R A5 B, B, 48 3043 ) A BILSTM W) 4%t 1)
LSTM H.C3k 1% h, Flh, IEHHLEE S AR, = (R, h, ] -
2, 38 BILSTM M 2% )22, A= B T &A™ 53] 9 1)
HRINh . X TEEA R+, WG B H AE R a)+ 1
TR,
23 FREEIENEE

IR AN F R ) T A A L, R O A
DL ] - 3 1A A A R 3 N R £ P Y ) vk SR
Fo B, B TP IERZ AN, ACE = 7T
o Z MBI S5 K FRAE

KRR AT T — A B A RAER
SR I, 4 It by A ARz 4 Ay it s & 422 R - A ()
FE A, BT RIR 2 X R TR T S T R
MAETE Tz, (A X A 3R To i i 2 A5 f 2 1)
KRB WK 2 Pros, & 5%, A 23k
AL 2 2] Z2 A B BRI TR) A R BT A5
Z 1A 56 £ Hk, il i GON 5 2540 1 B g i 3] 3¢
AN 2 S BRI R B, K AR TR £
B 2] B A FR) FROR LA kR, LIRSS — 1y 1] £
FoR, X LE A AE B AR IR B o Bk U,
A RS 3 )2, RV MR o) 2 RIS
FER&HAHEE.
231 HIEHEFIE

FEIX — J2 T, A SR I 6 AR R 2 46 Ry 56 42 3%

— = N\

TR 1 TR | o [FRL >

B~ )2

PRI

K2 BT AR A Sk

Fig. 2 Cascaded connections based on dense connections
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Fig. 3 Attention mechanism-based fusion
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Table 1 Number of relations in CSGC-3 subdatasets
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Table 2 Sentence-level relation extraction

# 4 7£ PubMed™ HiEE FHIFER) X RIHEN

Table 4 Cross-sentence relation extraction on

performance on Semeval-10"" dataset % PubMed"™ dataset %
A RS PENGIE: F, i (B PSS F,
CNN" 63.63 57.76 60.55 CNN" 81.85 76.79 79.24
BiLSTM"" 66.01 59.21 62.40 BiLSTM"" 84.78 78.74 81.65
Tree-LSTM™" 67.73 60.03 63.65 Tree-LSTM™ 86.87 80.34 83.48
AGGCN™ 69.92 60.91 65.11 AGGCN"" 88.56 81.67 84.98
CaStr 71.03 61.76 66.07 CaStr 90.23 83.17 86.56

&3 £ CSGC-3 BRE LR AR XA MmNt RERI

Table 3 Sentence-level relation extraction

®5 7E CSGC-3 BURE LRI R X RMENIERE

Table 5 Cross-sentence relation extraction

performance on CSGC-3 dataset % performance on CSGC-3 dataset %
A i AR F, fRETY i PENCIE F,
CNN" 94.13 87.62 90.75 CNN 68.78 63.56 66.06
BiLSTM"" 94.48 88.17 91.21 BLSTM!" 70.08 65.27 67.59
Tree-LSTM™ 96.74 89.64 93.05 Tree-LSTM™ 73.75 68.34 70.94
AGGCN!" 97.14 89.84 93.35 AGGCN!"" 77.91 72.11 74.90
CaStr 98.22 90.27 94.08 CaStr 79.83 73.22 76.38
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Table 6 Ablation experiments on

Semeval-10"" dataset %
BT B PENCIES F,
CaStr-NO-BiLSTM 65.35 56.78 60.76
CaStr-NO-ATT 68.41 59.01 63.36
CaStr 71.03 61.76 66.07

R 7T 7E CSGC-3 HUiREK LAVHRISIL
Table 7 Ablation experiments on CSGC-3 dataset %

B it ERjEES F,
CaStr-NO-BiLSTM 93.12 84.91 88.82
CaStr-NO-ATT 96.03 86.85 91.21
CaStr 98.22 90.27 94.08
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Table 8 Examples of relation extracted by different models from CSGC-3 dataset
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Relation extraction based on fusion of graph structure and sequence features
WU Tongxin" ", JI Xin"?, WANG Honggang', YANG Zhiwei', CHEN Yiting', ZHAO Jiakui'

(1. Big Data Center of State Grid Corporation of China, Beijing 100052, China;
2. School of Computer Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: Relation extraction is an important task for natural language processing applications. Most of the
existing relation extraction methods mainly predict the relation based on language sequence features or structure
information of sentences, which fails to effectively reflect the internal structure and features of the relation between
entities. In this paper, a relation extraction model fusing graph structure and sequence feature information in sentences
was proposed. The model used an attention-based graph convolutional neural network (GCN) to learn the structure
information of sentences and utilized bi-directional long short-term memory (BiLSTM) to learn the sequence
semantics. The relation was classified by considering the two features through the attention mechanism. Extensive
experiments were conducted on a public dataset and a manually constructed dataset, which demonstrated the priority
of the proposed model.
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Fig. 1 Deck motion model in six degree of freedom
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Fig.2 Deck motion response curve

2 ET BP MZMEA RISk

B X F M 32 B T4 R B2 L RS Bff 4R R R
WSR2 . AN RS L, T
N A28 B 28 A kg — AL 4 2 > RS0 A ) #p 28 I
Tt B A TR GRS IR B IFAT . o AR A B
RN PR IRER iV E7 b0 = N Tobeaal TR R R 2
FERR M AE T I Dk o RO 2 W 2% )5 vk BEA T
Wiz sl T, R fs i R b AT S SR 4

T2 W) 245 45 8 b, BP il 22 0 2% IR H: B A
AR B 110 A 2 1t 55 B 0 0 3 1 1 ) 4 235 A i )
12 07, {E Al A7 A 2 2] HORAZ (1 [ 8T, B
R LA R EE R TR A 2] A g
8o ARICHT BP M W 4541 H AL R 1 A5 S A
FIAE LN 2k, REAEAE 4k 7K BP #1280 £ 10 34 11 [+
i — 20 4 G B R
2.1 ET4%8 BP BRI EIFR

1986 4, Rumelhart 542 1} T BP 1 28 %) 2% (1 4F
&, WA AR AL rE BT R Ty, B DL — 248
ks & Tz E,

BP #1245 25 K9 AN & 3 BT, LA b 2 o
TCRMATT, X%, X HEIAMR T, el N
R E AR BEEE SR, vy, -y WSS R, e Ko
YAk A] X R 22, v Fl o 50 50 Ry 45 4 28 T [8)
B,

3 BP HZM%
Fig. 3 BP neural network

YA 5 70 4% )2 () A i A 2 5 7 o o 2R 4
KA, A TCAE M 28 45K 22 A S 2%, i i A A A
SRR AR R . NI, 1R M 25RO 25 R LY
T B TTIR] AN A AR S A T pRR, BB il 1 22 1)
28 1 ) AR 2 IR0, DA T 7 o 46 ok 25 ) Al
Jio fRSEZREATHEMT

Cj=f<ivijxi> j=L12,---,n (3)

i=0

yk=g<zwjkcj) k=1,2,---,1 (4)
j=0

S PR f ) T g () A 2% )2 1) ) 98T PR KR . 752



2774 It w0t 2 B K Ok % % R

2024 4%

B AR SCR OB IE YT S TS pR £L

2
tansig(n) = m -1 ( 5 )

2 25 0 2% A A5 300 A i RS A R 2 R
JE ORI, R 2 AR AL R . A5 R
200N, 1) A ik R A% J2 AU A A 4 B S R
ZERIRE LN B E L

= 1nic; (6)

A 2 T R v B BT A EONP O MR 22
PRIEI; 6 R R 2 pRBROGH i HE = A 45 2 U A i S 8

BP 1 28 ¥ 2% 1 il I GR e AR R AT I 2R, 3=
L I I BB R I 5 SR R, 9 R A AU
YO I B 5 5 BEAT R | 1R 22 L, I B AR A
I G LR

i FH 25 . BP il 28 R 28 X 55 1715 70 46 AR s Ak
14 T A s gl LR 7 A ) TRz SR A #EAT W AR
Sy Hd, AT 40 s FHAE S B A I ZREEA,
B AR RZETCN 80, I Z R TT N 10, i =
M IURH BEN 50, AT 5 s X 5 UL T AR
18 ) B PR D0 S AR R ZE AN 4 FR

4 —
—
—— Bl
2
E
~
0+
-2

0 20 40 60 80 100
t/s

(a) 5T BP #2281 THIIE B BB 5 SEPREXT L

02F

v 0

—-0.2}

0 20 40 60 80 100
t/s

(b) R2E
Bl 4 T BP M MR T sh AL

Fig. 4 Prediction of heaving motion based on BP neural network
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Fig. 5 Deck motion real-time prediction process
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Table 1 Deck motion prediction performances

I TR] /s JHIMSE/m HYFEMSE/(°) HEFEMSE/(°)
4 0.024 875 0.025 589 0.029 882
7 0.023 695 0.036 056 0.027 329
10 0.029 782 0.039 349 0.043 956
13 0.068 56 0.076 037 0.077719
16 0.089 719 0.097 24 0.095 743
19 0.12533 0.146 59 0.131 588
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Fig. 7 Simulation results of the proposed predicting model under different sea conditions
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Deck motion prediction and compensation technology
based on BP neural network
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(1. College of Aerospace Sciences, National University of Defense Technology, Changsha 410073, China;
2. Shenyang Aircraft Design & Research Institute, Shenyang 110135, China)

Abstract: The impact of deck motion on the complete automatic landing success rate is taken into account
during the landing procedure. Aiming at the asynchrony of the deck and the longitudinal height of the carrier-based
aircraft caused by the delay in the response of the carrier-based aircraft, the deck motion prediction technology is used
to forecast the motion parameters of the ship in the effective time in the future. A six-degree-of-freedom deck motion
model based on sine wave combination is established, and a deck motion prediction model is established based on a
back-propagation (BP) artificial neural network. A deck motion compensation model is developed in accordance with
the advance network, and the landing guidance system is integrated to guarantee that the vector of the deck and the
carrier aircraft are in synchronization. The aircraft motion model is established, and the feasibility of the deck motion
prediction and compensation technology is verified through the simulation experiments.

Keywords: automatic carrier landing; deck motion prediction; deck motion compensation; BP neural network;

advance network
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Topological optimization method for conformal cellular structures on
surfaces based on co-simulation
FU Junjian"*?, XU Yong®, ZHOU Xiangman"*", SHU Zhengtao’, TIAN Qihua"’

(1. Hubei Key Laboratory of Hydroelectric Machinery Design & Maintenance, Yichang 443002, China;
2. College of Mechanical & Power Engineering, China Three Gorges University, Yichang 443002, China;
3. Stale Key Laboratory of Intelligent Manufacturing Equipment and Technology, Wuhan 430074, China)

Abstract: The optimization design for structures with surface is challenging due to the mismatch between
cellular unit cell configuration and the design domain shape. Thus, a topological optimization design method for
conformal cellular structures on surfaces based on co-simulation is proposed. The parametric modelling of cellular
structures is achieved by utilising the implicit level set functions derived from triply periodic minimal surfaces. By
using the isoparametric element method, the mapping relationship between the natural coordinate system and the
cartesian coordinate is established to realize the conformal modeling of the cellular structures on surfaces. A linear
interpolation function is constructed to ensure the C° continuity of the cellular unit cell. An optimization framework
for cellular structures is built by combining MATLAB and ANSYS with the use of variable cutting level set
functions.Numerical examples show that this method can effectively realize the topological optimization design of
cellular structures on surfaces. The method also ensures the matching of the cellular structures unit cell with the shape
of the design domain, and improves the mechanical properties of the cellular structures.

Keywords: topology optimization; cellular structures; conformal modeling; variable cutting level set function;

co-simulation
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Fig. 1 Multi-modal entity alignment examples
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Fig. 2 Schematic diagram of the proposed method
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Table 1 Node and relationship types of power defects of

multi-modal knowledge graph
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Table 3 Statistics of power defects of multi-modal

knowledge graph
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Table 4 Main parameters of the proposed method
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Table 5 Entity alignment performances %

fizxinl MR MRR Hits@!1 Hits@10
GCN-align®™ 51.37 60.73 50.92 77.38
KDCoE™! 33.83 53.35 36.83 60.24
MuGNN®™! 42.82 4723 47.85 68.76
SEA™! 2823 64.27 51.21 70.72
MultiKE™" 41.78 54.93 51.19 75.25
RSN4EA™” 32.72 49.02 52.72 73.82
AliNet™ 38.83 61.38 53.48 75.63
AttrGNN™! 28.28 62.82 53.05 75.42
ARSI 26.24 66.32 57.82 81.73
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Table 6 Ablation experiments %

k=X fH5E MR MRR Hits@l Hits@10
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Attribute aggregation entity alignment based on multi-channel
graph neural network
JI Xin, WU Tongxin’, WANG Honggang, YANG Zhiwei, HE Yude, ZHAO Xiaolong
(Big Data Center of State Grid Corporation of China, Beijing 100052, China)

Abstract: With the advent of the era of big data in power, power grid enterprises have accumulated a large
number of multi-modal data in years of technical supervision work. The structured storage and fusion of multi-modal
data are the keys to the effective organization and management of power systems. In order to fuse and construct a
large-scale multi-modal knowledge graph of power defects, a multi-modal entity alignment method based on a multi-
channel graph neural network was proposed to effectively fuse heterogeneous data of multi-source power. A multi-
modal knowledge graph entity alignment dataset (EKG) for power defects was constructed by collecting logs related
to many defects in the power field. Multi-modal information such as text and images was integrated into the
knowledge graph, which provided rich semantic information for entity alignment tasks. The multi-modal data
increased the representation difficulty of the entities and relationships. By mining the characteristics of the multi-
modal knowledge graph in the power field, an attribute aggregation alignment method was designed. The node
representation was learned from the four dimensions of image, text, name, and structure by using the multi-modal
attributes and structure information in the knowledge graph, solving the problem that the power defects of a multi-
modal knowledge graph cannot be integrated effectively. Experimental results show that the proposed method
achieves the best performance on EKG.

Keywords: power knowledge graph; graph neural network; entity alignment; equipment defect; knowledge
graph
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Analysis and improvement of lateral instability of quasi-biconical
lifting reentry spacecraft

CHEN Gang" ", SUN Xue', LI Guangxing', ZHAO Dan', MA Jianying', HE Cheng’

(1. Aerospace System Engineering Shanghai, Shanghai Academy of Spaceflight Technology, Shanghai 201109, China;

2. Unmanned Aerial Vehicles Research Institute, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The lateral stability of the quasi-biconical lifting reentry spacecraft is a strict constraint on the

implementation of its ideal reentry strategy, which requires specialized analysis in the design stage. In this paper, for

the nominal reentry process of the quasi-biconical lifting reentry spacecraft, the lateral stability of the spacecraft in the

range of full speed and wide angle of attack was calculated by using the numerical simulation method. According to

the flow field characteristics, the mutation regularity of the lateral stability in the sub-/trans-/supersonic domain was

analyzed. Then, the effect of the eddy current generator, lateral stability enhancement surface, and center-of-gravity

offset on the lateral stability was analyzed, as well as the corresponding mechanism. The results reveal that the

combination of rudder deflection and center-of-gravity offset is the optimal solution to enhance lateral stability.

Keywords: lifting reentry spacecraft; supersonic; lateral stability; flow mechanism; stability enhancement

measure
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Adequacy and suitability of airworthiness clause of bird strike
based on bird situation in China
LU Xiaohua" ", CAIJing', ZHANG Zhuguo’, ZHANG Yingchun’

(1. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
2. Shanghai Aircraft Airworthiness Certification Center of CAAC, Shanghai 200335, China)

Abstract: Based on the data source of bird strike information of airplanes in transportation category from civil
aviation of China in recent ten years, the mixed Weibull function was used to fit the bird strike energy distribution,
and a Levenberg-Marquardt (L-M) optimization algorithm was applied to obtain more accurate estimations of fitted
distribution parameters. Based on the safety index, it was sufficient and appropriate for the wing to evaluate the
existing airworthiness clauses of bird strike by the bird strike energy distribution function. However, it was sufficient
but too conservative for the tail. According to the safety index of catastrophic accidents, the minimum bird weight
meeting the airworthiness requirement of the wing against bird strike under the bird situation in China was 1.218 kg.
At the same time, the vision was verified that Federal Aviation Administration (FAA) would increase the minimum
airworthiness requirement of the wing against bird strike to 3.6 kg under the bird situation in America, which partially
demonstrated the validity of the methods and reliability of the results and provided a theoretical basis and practical
reference for the independent revision of relevant airworthiness clauses of civil aviation of China.

Keywords: bird situation; airworthiness clause; bird strike energy distribution; evaluation; adequacy;

suitability; safety index
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55 B 28 AT YRR R A ST 94T R o shi e, Jeai
FLAH A ASERE TN 52 HAT R TF A, LATEAL 58
R

TE 52 B N v, GOMS A A [ B4 28 Bl FL ™ 2,
0 % 4 B& 4% ¥ (Critical-PathMrthod, CPM-GOMS) ,
H 4R 18 & A (natural GOMS language, NGOMSL)
A BRI ] T ORS00 A T AT R A
PR, (SR TCIR S A 45 AP . Christou %5
2 3 HE T GOMS Btk 1Yy Codein &8, W] LLXf 347
PRAE AT 55 58 A ) 26 AT AT R PPAG o 3 e A3E R
7 AE AMLAS BT A B T T P AR5, 6k
PR R, DA R RGO . AP R
B, NG AT o R AR A S, Card 21 4
H 5 4 7K AR Y (keystroke level model, KLM), 1%
TR 3 T B R BRPR BRAE 19  Ar, HLf FH — A [
MERVEES, s Bbs st . BURE sh %, L
5 58 AT 55 T s s 1) o LML F 7 B i A P
HIEAG ST AE R A R TR S BR
Fof KLM P47 0t 41 2 , Findlater %51 2k T
fio 5% 3 Kk A LM, 786 ok 2 1) 48 s T 58 T 15 Ak
P S U B PEAG AR RS . A 5T K &2 T R
¥ PC sk TR A, WiE T RHAERERWN
fe ¥ R G0 F AR R G IF S R =
1.2 KLM EK[RIE

KLM R T SCHY#AE4 Sk 5000 F P /Y 22
AT S5 AT 1), 288 B 3 AN ERAERT: Al L 351
AL BRERAE, Q& 1T R o 8l 6 P AT N
8, T A& B AR B AT O T 7 MR JE], A0
F 1R,

1T 45 PAT 6 B 1) 26 T AT 55 b o B A 45 S B4
FF It 5] A A, R K P MO MR R

D
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(R A
v 3 ¥
ENEE I

Bl 1 KLM AR5
Fig. 1 The basic principle of KLM
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Table 1 Basic operation time of KLM
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2.1 KLM FiR%
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Ak P E]
23 LREERNE
231 %A

S5 iz PR 238 BRFR, 38 0 Xf Y P fift I 45 4%



55 93]

AR, 2 B R T AR R 9 48 P4 B R 4 KLSM 2821

RGAPATAE 55 19 S B B8 #E AT 48 140 B, 45 H Ao
4 2R 4 ST () Y M RUART, I AR S T Ak 1Y ) B
PRAET [E] 85T, ITT7E KLM (9 3L51 |, 38 fin 4 5 48
YR ] A TC 258, #48 KLSM.
232 FE%it

SRR SR R GE, W HCH W AR AR
1R AL A B R T 0 B R A B AR S S U AT S5 1k
TP AT 55 I bR, 23 R N SR
TR B VR R, B s B R S AR 3
X, 58 W — T4 55 5 RS 10 min,  BR 343K 5%
B AR AT 55 o B A IR Bl B dE R B R) R
fiE, I3t 5 Bl 3 AR BT AT S5 B 00T 1P 1
bE ok V1N IS SN B U DG I b B o I R RS R N T B )
Gt ah R, 45 G ge iR, B 2 1 SRR I P
W48 2 A F A 2804 KLM. S fR I 55 5
B 2 WL, SR B 22 6 5 06 IO Y4 Y O 0k
R A R AL BECHE , BD R AT 55 A 20T
233 WX &

BAIE R A S AT EN A 6 BEI SRS 5L
5. pkE It 6 N, il 22~35 %, i ik
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KeREFRRE
234 EBEE

aRIFAEN 6 G, H PRI EBRIERER
G 7R EH1E, BTRBEERZEE GRS,
H: CPU Jy #2118 920; Fi #1 Tobii 23 & #F il &9 Tobii
Glasses 3 IR 311X 6 &, W B 2 fif 75 ; Tobii Pro Lab
A8 3h 2 Mr ik 4 1 &£, Tobii Glasses 3 R 3h Y g 1%
0 58 FI A3 BT & LR 3l 804, I Bk B 7E $1 48 52
510 m] ik A R o) w0 0 AT 30, DR 00 D i
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¥ 2 Tobii Glasses 3 HRzH{Y
Fig.2 Tobii Glasses 3 eye tracker
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M

*2 AREMESPHRAEFHEEAK

Table 2 Average gaze duration of subjects in different tasks

%5 CPEERE/ms  FRifE2E/ms  FRfH/ms  f/IME/ms
551 608.50 127.06 774.00 470.00
L4552 713.50 254.59 1132.00 393.00
11453 646.17 210.35 885.00 377.00
11554 707.67 173.02 948.00 446.00
1155 724.33 377.64 1151.00 214.00
1200
1000 |
E 800F
.\;/
E B
= 600F
H
5_ 400 F L
200 F
0 . . . . .
f£%51 %2 1E%53 154 1% 5

B3 REAES RO P ERE AT B

Fig. 3 Box plots of subjects’ mean gaze duration across tasks
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ZEMAE, A5 A 22 550, LR S 2 i A
) P AE (0.079)>0.05, J i 6 48 J5 R %, B 4l 7%
B 2T HR, X5 AT 5 T B HR sk vk
TN R Iy 25007, 15 K 50 4 i i F=0.255, 1
M P=0.904>0.05, L4 I 45 43 B & W, KN RAE 55
TR R K JE I 25 5, BT 45 2%
TRy o5 A8 Sk B K A A ST 38 R B R A
ER

30 o 6 A [ 1 ) P 28 T A A Y S K
P AT Gt o, andk 3 s, AEA A B df = 24,
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Table 3 Average gaze duration of different subjects

*4 BHABEZERR

Table 4 Multiple comparisons for each subject

PokE  PHERM K /ms  PifEZ/ms R{E/ms R/ ME/ms

1 720.80 210.48 1003.00 477.00
2 851.60 187.30 1151.00 660.00
3 672.20 106.30 806.00 555.00
4 400.00 61.22 470.00 314.00
5 692.00 173.31 858.00 434.00
6 743.60 347.42 1132.00 214.00

95% EA5 X1l

P{E (0.124)>0.05, Joik 45 4 ) ik, BDECHE A5 & 07
225 A 6 DB A IR S BRI R
2o, R R S it F=2.784, BEE P =
0.04<0.05, i 3R 0, AR Bl 3 7 2 1 0B A
e E XS

BB §5 Al (S v I B ]
WU 2 K F R 0.05 1 95% (1) B A5 X Ja], F ]
SPSS 27 B3t 5 PAAE o AN B #H 4 5 HoAth 5 7
POXF E M K AEE R FE XS, Hi
SO E Z MNRN A AE 3 22 7, MR Rk
B,

Wt IR AT AT, R AT 45 27 AN [H]
PR KR 45 R AT 55 BT TP S R R R TG
T, X R B P 7 2 LS (a1 AH 3, T A
TN KLM 240, 4563 5 X5 F 5 1 RS 9 6
PR TR 0 145 R (BEAR R =30), b 4 52 56 K040 o
R it (L A 52 M), AR SORE SR T A L%, RIS 50 AN 43
BLECT 198 34 1 B 4 AR R — OO 98 48 R Ab PR
FH BB 48 1HREAE, BP BN B3 A0 58 44 2% Ak 3 A
] A 0.668 5 s. FE K Joi £ 52 56 vh Jy fH 315, BUE
9 0.67 s,

23.6 KLSM & 3L

P KLSM, SE 28 L4550, KLSM [y 4
YEER TR Y KLM A9 i a7 o 48 10 RO B4R A 3 4>
PRAEAT AN, IO RERAEAF . BT 23 155K
EE Sr B, P AR N B ST R 1 R
b R [R] 292 0.67 s, 9 18 2R 2 A 4 & 1k 1 ]
SHi%E N 0.67 so

SERUAT 45 $AA T AL B8] AT LR Ry

Txesm=Tx+Tp+Ts+Ty+--- (2)

R Ty o N AR B9 BT 8] 5 T g W 5% 48 R 1
FEI .
% 6 Nk G KLSM ARS8,

N e B
{H241H/ms TR B

2 ~130.800 0316 -394.66  133.06

3 48.600 0.707 -21526 31246

1 4 320.800°  0.019 56.94  584.66
5 28.800 0.824 23506  292.66

6 ~22.800 0.860 —286.66  241.06

1 130.800 0316 —133.06  394.66

3 179.400 0.173  —84.46 44326

2 4 451.600°  0.002  187.74  715.46
5 159.600 0.224 10426  423.46

6 108.000 0407 -155.86  371.86

1 ~48.600 0.707 -312.46 21526

2 ~179.400 0.173 —44326 8446

3 4 2722000 0.044 834  536.06
5 ~19.800 0.878 —283.66  244.06

6 ~71.400 0.582 33526 19246

1 -320.800"  0.019 -584.66 —56.94

2 —451.600°  0.002 -715.46 —187.74

4 3 —272200"  0.044 -536.06 834
5 -292.000°  0.032 -555.86 —28.14

6 -343.600"  0.013 -607.46 —79.74

1 ~28.800 0.824 —292.66  235.06

2 ~159.600 0.224 —423.46 10426

5 3 19.800 0.878 —244.06  283.66
4 292.000°  0.032 28.14  555.86

6 ~51.600 0.690 -31546 21226

1 22.800 0.860 —241.06  286.66

2 ~108.000 0407 -371.86  155.86

6 3 71.400 0.582 —192.46 33526
4 343.600° 0013 7974  607.46

5 51.600 0.690 21226 31546

TE: R P22 Y 35 K T-40.05

RS FEINKSEEREITER
Table S Overall descriptive statistical results for

mean gaze duration

S AR B ME el AT B9 A AHS /ms

ms ms ms ms gﬁzs/l\ ;r"—ﬁ_;so/l\ /;ﬁ7s/l\

680.03 231.148 214 1151 475.25 668.50 840.00

#6 KLSM EASH
Table 6 Basic parameters of KLSM

sk A /s X

K 0.2 el A — B BT FH A e i

P 1.1 FHP g 1] R 2850 B e )
s 0.67 AP AR — A5 BT ]
M 1.35 FAPHEATR — 25 i O B A 1 ]
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W T AT A AR B A R R
G —FRINEAE . ACEEBS 2.3 WA 545 7
RGN 5 F AT 55 R LB AF 55, ffH KLM i
KLSM i 5 A AT 45 $/ iF [], 067 70000 40 4 45
YEBT 8] 5 SEPRERAVE RS R4 T X b, LIS IE KLSM i
ARt gl FEZR 5 A RGNS 2.3.3 A,
3 EESE

DL 5 RMAAE 55 i I 3EAE 55 (R 55 1) Rl AT
VLB, 43 A I g S, LRI 55 B s S 48
FE S G S AME SRR, R AR D A L HE
FEE G, JFE I RS . K 4 RS SRR .

EEER R S EE TS EL

K4 AR5 SRR
Fig. 4 Overall task process

32 SLHIEHF

i F§ KLM 1 KLSM X} 2 45 i AT 55 5 E 2 3R
AT RN A, N RIEFHEA T — SR Z piE S
A PRERAE, X 0k T o 75 EE AL B A (5 BB ER
B B0 B AR I IR, 8 R U M. KT S
1 JEAT A 55 P i, 76 & AR EAE 25 3R b 23 00l 38
2 FAEAI BT o AR, BARANER 7 R .

#z7 2 EBANEISSENR

Table 7 Decomposition of task steps for two types of models

KLM#H
JLGHiE

KLSMIf

55 AR

BAREREL R
O RGE bR, s FHL
HE, BERRAR R A7, sy
IR

@i I T,
AT 45 S
QMRS HIF Pk E—ME
%, st RS RN, sl
s o
@7 “AES R R
PTG AT HIE R, B 2PHAK+HIM  2P+AK+1MH4S
& “WRacis”
ORI, Hd “WRE
B FETEEE, S s
k(s a HE, verP AR, Hish(FiE IR
@i “Hesg” P “IRAF

2P+5K+1IM  2P+5K+1M+3S

1P+2K 1P+2K+2S

IM+1P+2K  1M+1P+2K+2S

IM+2P+3K  1M+2P+3K+6S

P LR, 1PH2K 1P+2K+3S
@il “HERE R

GRREul e UBXHENE . EEE, S IMT1PHK 1M+ 1PH4K+4S
&7 “GhE”
@ T JEHE s B v
L IM+1P+2K  IM+1P+2K+2S

ST QL B IA ST, S5 A
MFRR, FEml E”, 58
S H I

1P+2K 1P+2K+2S

53R 7R RLPE A I 1] -

Txey =T +Tr+T;+Ty+Ts=
(IM+3P+7K)+(2M+3P+6K)+
(IM+3P+5K)+(2M+ 1P+4K)+
(IM+2P+4K)=6M+12P+26K=26.50s (3)

Txims =T +T,+T3+T,+T5 =
(IM+3P+7K+6S)+(2M+3P+6K+6S5)+
(IM+3P+5K+9S)+(IM+1P+4K +4S)+
(IM+2P+4K+4S)=6M+12P+
26K +29S =4593 s (4)

13X (3) A1 (4) AT A5, KLM 30 A9 4% 55
BEERT KR 26.50 s, KLSM i (44T 45 VR IR
4593 s,

AR 6 Ar IR, Fie AT 55 20 TR AT 2
YEFFXE 55 AT T I, £ B3 9 4E 55 45 AR B
8RN

*®8 ESBRIERRK

Table 8 Total task operation time

Bek# P B/
1 52.508
2 45.031
3 76.704
4 59.386
5 115.252
6 42.060

WIBRBORE 5 B9 S (85, THEAA 1 A
5 2P 1T BT S5 HAERT Kl 55.138 s, BRI 52
BRAT 55 I

Foe IR 3R 7, R 5 28 BUBUAT 55 43 ik A B A B
JUPE LN 9 s, KLM T B . KLSM 7 il fisf
K RS BRAT 55 B E B AN 10 FoR .

®9 S REFZBRIERTOMEXILL
Table 9 Comparison of task decomposition under

five types of tasks

1% KLMAE A KLSMA Y
1551 6M+12P+26K 6M+12P+26K+29S
1552 8M+13P+28K 8M+13P+28K+30S
1143 AM+10P+22K AM+10P+22K+19S
1554 15M+17P+40K 15M+17P+40K+10S
1555 SM+11P+23K SM+11P+23K+228

3.3 WIEER

ST o RS I R Gy 5 2 ML RAT 5 E AT
A A 5 56 IR A B 8 2R Ak B ) B R
KLSM i il iif 1 55 KM 3000 s A 2248, 9k
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Table 10 Comparison of model prediction duration under

five types of tasks

(5 KLMW — KLSMTF ?'Jﬂir‘éﬁ% SBrTS
I /s /s Kb BRE ] /s /s
1£551 26.50 45.93 19.43 55.138
552 30.70 50.80 20.10 60.365
11553 20.80 33.53 12.73 40.267
{554 46.95 53.65 6.70 58.602
1555 23.45 38.19 14.74 44.820

FE 5 28 ML AUAT 55 (1 58 i T A BB R AE 2% 1 71
A 14.74 s,

ZEIERM, 0 T P e 4 & B ] KLSM
AR T B, El KM T80 4 B 4 30 S B AT 55
4, I KLSM S AT 45 5 B et [i) 0 30 2 Ak B Ay
HER

4 &£ ip

1) B AT 5 FEB AT 55 1 1 349 3 LI 4
4 600~730 ms, FAT A [F] 2 AL AT 55 1], il 1Y
PR 38 R b 3R B) TG 2 22 5 . X U IR UE
IRGERRGG AT 55 AR 250 HA b 1 2R Ak s
(i) 7 A Sk 3 500 5 AN (] 9 4 = ) 7 1 38 T s
[) FE AN A AE W] AR 22 v o AR SO B Y 48
RPN RIS B JALE RIE R 0.67 s, AT LK%
BB AE A PPAE R (1) A 28

2) R T HA T 0 R GL A A, fE R R G
BV EZE LA RE R, POlE T E AL
()R A7 48 2 A T AR iR T
2R W] 8] (1 KLSM BE 8 A7 20 s e 1 52 14T 55 4k 3
A, SOl T KLM MR, R0 ) 45 55 o () 38 422
VAT 55 SE BRERAVE BT, AT B T+ 1 FU0 £ o 68 %
A SCH) KLSM AT ] T 45 48 458 R 48 A1 i i i
fili . rHr 5004

KLSM 4k7K T KLM 5 ¢ 55 Al . 80w . RA4F
PR A 3 R A0 A6 A e, L TR) Bs) A7 A TG 25 8 BAUA T
PN HRAE |« B A 2 2 0 A T 4R M Al R 1 1R
250 BEAN, 15 1 72 G0 e L ][] 55 A0 SR LR 5
M A 0 33000 o 3 ) — > B o, 3O R ke Y
— AR T I Il .
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Abstract: The traditional keystroke level model (KLM) focuses on the operation analysis of the keyboard and
mouse, which is well-suited for efficiently quantifying job completion time in straightforward software interfaces.
However, a significant error occurs when the software interface of the command and control system is transferred to
evaluate complicated information characteristics. This paper introduces a physical operation time unit index for the
command and control system, based on the visual search processing time of users. The index is derived from
experiments that determine the typical parameters of user visual search processing time. Additionally, a more precise
task operation analysis model called keystroke level and visual search model (KLSM) is established, which takes into
account the impact of visual search characteristic factors. The comparative test examines the accuracy of the KLSM
model in forecasting and evaluating the task completion time by using 5 typical command and control tasks as
examples.
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Table 2 Formula of heat flux distributions obtained by MBB algorithm

¥ 9/q,r R
1 0.803 735 - 0.037 163 31n(Ma) — 0.128 599R;> +0.398 309R;" —0.645 404(sind)? 0.993 480 17
2 0.782 952 -0.014 027 4Ma*" - 0.128 64R;" +0.398 357R;' —0.645 377(sin6)? 0.993 094 38
3 0.743 498 — 0.026 448 9Ma'"* +0.324 038R;” +0.012 534 3Ry —0.641 078(sin6) 0.992 062 82
4 0.706 337 —0.004 669 15Ma+0.324 044R>> +0.012 532 5R}* — 0.641 065(sin 6) 0.991 746 52
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Prediction method of aero-heating of hypersonic vehicle bi-curvature leading
edge based on machine learning

YANG Fan"?, LIN Mingyue"*, HU Zongmin"*", LUO Changtong"’

(1. State Key Laboratory of High-Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China;
2. School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The prediction technology of hypersonic aero-heating is one of the key technologies for the
development of high-speed vehicles. Creating an efficient method for predicting the hypersonic thermal conditions is
highly important for designing thermal protection systems and optimizing aerodynamics. In order to obtain the heat
flux distribution on the surface of hypersonic vehicles quickly and to shorten the vehicle design cycle, a fast prediction
method for the aerothermal environment of the bi-curvature leading edge of hypersonic vehicles is proposed based on
the multi-level block building (MBB) algorithm. The MBB algorithm is distinguished by its generalized separability,
which enables it to efficiently represent highly nonlinear data. First, numerical simulations are conducted to obtain the
database composed of the aero-heating data of the bi-curvature leading edges of the vehicles in the training set. Based
on the MBB algorithm, an explicit expression for predicting the distributions of heat flux is given. The statistical
analysis results demonstrate that the discrepancy between the estimated value and the observed value is below 2%,
suggesting that the formula given in this study exhibits a high level of predictive precision. Further, an extrapolation
of the formula is performed to verify its applicability for different geometric shapes. At the stage of thermal design
and aerodynamic optimization of the bi-curvature leading edge configuration, the formulation proposed in this paper
enables accurate and rapid prediction of the aerodynamic thermal environment.

Keywords: hypersonic flow; aero-heating; multi-level block building algorithm; fast prediction method; heat

flux of stagnation point; bi-curvature leading edge
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Table 1 Experimental and numerical simulation results of ratio of unstable wavelength to initial particle size

X HASIEEESIP, X LA TR I T 00 X IR T, S u,, /(m-s™) M M iR E
1.1 0.53 0.95 80 0.53 0.6
1.6 0.53 0.95 80 0.4 0.4
1.0 0.59 0.95 80 0.62 0.7
1.0 0.78 0.95 80 0.3 0.3
1.0 0.53 0.66 80 0.60 0.7
1.0 0.53 1.15 80 0.56 0.6
1.0 0.53 0.95 80 0.59 0.6
1.0 0.53 0.95 100 0.43 0.5
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Efficient prediction method for Kelvin-Helmholtz instability growth on
transcritical droplet surface in composite coordinate system
CUI Haigang', YAN Xiaoyu’, GAO Yanfei’, CHEN Fei', YANG Shichun""

(1. School of Transportation Science and Engineering, Beihang University, Beijing 100191, China;
2. Research Institute of Aero-engine, Beijing University, Beijing 100191, China;
3. Scool of Automotive Engineering, Shandong Jiaotong University, Jinan 250399, China)

Abstract: Traditional methods for analyzing the Kelvin-Helmholtz instability on the surface of droplets that
dominate the formation mass of combustible mixtures are difficult to achieve effective predictions over a wide range
of critical conditions for the actual operation of hybrid internal combustion engines. In this paper, the composite
coordinate system method was used to establish an efficient prediction model of equivalent droplet instability in a
transcritical strong convection environment. The global diffusion dynamics model, thermodynamics control model,
and tangential instability model of local droplet surface were used, respectively. The analytical solution could be
obtained by the modal coordinate transformation in the global coordinate system model, and the potential function was
introduced in the local coordinate system to improve the solution speed. To realize a practical fluid computational
simulation model, the dimensionless physical parameters were used to describe the changes in aerodynamic force,
inertial force, viscous force, surface tension, and other control factors under different transcritical conditions and
analyze their influence on the growth of tangential and normal unstable waves on the droplet surface. The results show
that the aerodynamic forces on the droplet surface still dominate the development of tangential unstable waves on the
droplet surface under transcritical conditions. When the pressure increases, the decrease in the flow characteristics
controlled by Reynolds number in liquid phase and the decrease in the viscous force of the droplet controlled by
Ornisol number basically offset. With the increase in ambient temperature, the contribution of flow characteristics
controlled by Reynolds number to the growth of the Kelvin-Helmholtz wave becomes small, and the influence of the
inertial force of the droplet becomes weak.

Keywords: composite coordinate system; transcritical; droplet; Kelvin-Helmholtz instability on surface;

efficient prediction
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Table 1 Output component frequencies of dual-frequency interfering signals entering each structure of

the swept-frequency radar
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Table 2 Test results of out-of-band dual-frequency second-

order intermodulation pulse pseudo-signals

kgHES PRy Fiigse s RS
FWFEE/AB  (dBV'-m')  (dBV-m') HF/dBmV  FEE/m
-16 -16 3.08 2893
-13 -13 7.66 4011
-10 -10 12.38 329.4
30
-7 -7 15.66 1892
-4 -4 15.70 2939
-1 -1 15.84 224.5
-15 -15 3.91 3741
-12 -12 9.59 3462
-9 -9 13.69 660.4
40
-6 -6 1533 1548
-3 -3 15.59 1254
-1 -1 15.73 2143
18
—a—30 dB )i
_ 16 | —e—40 dB FEI, e a——
2 14}
m
o
%T_ 12 +
E 10 b
= gl
a3 8
Blins
E 6
41 A

215 16 14 12 10 5 6 4 2 0
TH58/(dBV-m™)
P10 AU I B R K B (E S TR P
BT Yz A4k
Fig. 10  Out-of-band dual-frequency second-order
intermodulation pulse pseudo-signal level variation with critical

interference field strength
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i & 3 AL 11 AT, A8 F A 5 o A 2 x)
=W 22 LR vl R AE S T T AR S
2 PR A 5 BE B Dy [ L, BEAORFER A, R
K (16) R (17), BT A5 5 00 238 1 45 2 W] 35010 1
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P 2 (A LS (D 1 5 B, % B0 485 SR e
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T IA TAETLRPE X, B IR A = B 2 B3R vh i
PR (5 5 (B B T 400 37 58 1 185 o i 222 30 RL 2
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Table 3 Test results of two-frequency second-order intermodulation and third-order intermodulation impulse pseudo-signal

KRS Tt

[ TR/

T HEREAES

=WzcEdthEs CHERAES SR ERAES

FRFEE/AB  (dBV-m) (dBV-m™) H1F/dBmV H1F/dBmV BEE/m BEE/m B 2%
—60 -60 291 13.27 755.9 764.1 8.3
=55 =55 7.26 19.99 759.7 767.8 8.2
=50 =50 13.23 26.69 758.9 767.1 8.3
—45 —45 17.5 31.24 758.2 766.3 8.2
—40 —40 21.77 33.74 762.7 770.8 8.2
=35 =35 25.92 32.97 762.7 770.8 8.2
% =30 =30 28.45 29.99 746.9 755.1 8.3
-25 -25 28.78 27.52 749.2 757.3 8.2
-20 -20 27.43 24.25 746.2 754.4 8.3
-15 -15 27.54 20.98 745.4 753.6 8.3
-10 -10 28.18 17.81 748.4 756.6 8.3
-5 =5 28.22 14.39 752.2 760.3 8.2
—60 —60 2.21 4.77 749.5 757.6 8.2
=55 =55 8.53 10.83 746.5 754.7 8.3
=50 =50 13.25 16.52 751 759.1 8.2
—45 —45 16.58 20.3 751 759.1 8.2
—40 —40 21.13 21.92 753.2 761.4 8.3
=35 =35 25.05 19.99 753.2 761.4 8.3
0 =30 =30 27.51 18.03 748 756.1 8.2
-25 -25 28.74 15.14 748.7 756.9 8.3
—20 -20 27.35 12.67 751.7 759.8 8.3
-15 -15 27.55 10.74 749.5 757.6 8.2
-10 -10 27.32 8.13 750.2 758.4 8.3
-5 -5 2831 591 751 759.1 8.2
45 B, W B RS S AN Z . B TAE T
. 401 X, 25 HbRdR, NIJE%IEI‘/EZE%&E, —Brsg a
gjj)' A IS5 T P S, o E TS, % B s
sl A -ék-—-<-7- i, WL [ (3 B RS, W RO 4R
Kool //74\ R 8, S FE TGS Bih LA TRtk
ﬁi'/;?// ',\v\\ DI, = B 38 B P 15 S B #ii e, — B R A
B sl ;/./' \v\ ?jﬂﬂfﬁﬂ“%{n?o
0 7.60 730 74.10 730 —20 7.10 0 5 ?:5 -I:e
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B SR 5 5 TR PR TR A A2 4k

Fig. 11 Dual-frequency impulse pseudo-signal level

variation with critical interference field strength
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Dual-frequency continuous wave pseudo-signal interference
effect in swept-frequency radar
ZHAO Hongze, WEI Guanghui', PAN Xiaodong, DU Xue, LU Xinfu
(National Key Laboratory on Electromagnetic Environment Effects, Army Engineering University, Shijiazhuang 050003, China)

Abstract: To fully understand the impact of dual-frequency electromagnetic radiation pseudo-signal inter-
ference on radar and uncover the underlying mechanism behind this interference effect. Taking a Ku-band swept-
frequency ranging radar as the test object, a dual-frequency continuous wave pseudo-signal interference effect test was
carried out, and the effect mechanism of second-order intermodulation RF interference, second-order intermodulation
low-frequency interference and third-order intermodulation low-frequency interference was revealed respectively. The
variation rule of the pseudo-signal level with the interference field intensity was determined, and the morphological
characteristics and generation position of the pseudo-signal were explained. The test results indicate that when the
difference in interference frequency is approximately between 540 MHz and 660 MHz, the out-of-band dual-
frequency second-order intermodulation signal will generate pseudo-signal interference of the wide-pulse type, with a
random location for the pseudo-signal. On the other hand, when the difference in interference frequency is less than 5
MHz, both the dual-frequency second-order intermodulation signal and the third-order intermodulation signal will
produce pseudo-signal interference of the impulse type, with a fixed location for the pseudo-signal.

Keywords: swept-frequency radar; dual-frequency interference; electromagnetic radiation; pseudo-signal inter-

ference; second-order intermodulation
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Large-stroke microposition stage driven by reluctance actuator and its
trajectory tracking control

ZHANG Xu', LU Xiaowei’, LAI Leijie""

(1. School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China;
2. Huali Technology Co., Ltd., Hangzhou 310023, China)

Abstract: Maxwell reluctance actuators overcome the problems of small strokes of traditional piezoelectric
actuators and low thrust density and efficiency of voice coil motors and have great application potential in large-stroke
and high-speed micro/nanoposition. In this paper, a large-stroke two-degree-of-freedom flexible microposition stage
driven by a Maxwell reluctance actuator was designed, and its high-performance trajectory tracking control was
carried out. The position stage was composed of two Maxwell reluctance actuators with permanent magnet bias and a
two-degree-of-freedom decoupled and parallel flexible guiding mechanism. The stage made full use of the nonlinear
negative stiffness of the reluctance actuator to partially compensate for the elastic restoring force of the flexible
mechanism, which could effectively improve its motion range and energy transfer efficiency and reduce the required
thrust of the stage within the range of = 2 mm from +120 N to £24 N. In terms of trajectory tracking control, firstly, in
order to compensate for the hysteresis nonlinearity caused by the impulse of soft magnetic material of the actuator, a
rate-dependent hysteresis compensator was constructed by using the inverse Prandtl-ishlinskii hysteresis model and
placed in the feedforward loop. In addition, in order to solve the low damping resonance and the inconsistency of the
dynamic model of the stage, a PI feedback controller with a fractional order phase-lead link was designed to flexibly
adjust the open-loop frequency characteristics of the system, realize the high-precision trajectory tracking control of
the stage, and effectively reduce the tracking error of the system. The root mean square errors obtained by tracking the
trajectory of triangular wave signals with amplitude of 2 mm and frequencies of 1 Hz and 10 Hz are 0.013 mm and
0.017 mm, respectively.

Keywords: micro/nanoposition; Maxwell reluctance actuator; flexible mechanism; hysteresis; fractional order

control; trajectory tracking control
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Fig. 1 E-value line chart and scatter chart (500 iterations)
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Table 1

RGMFO b=1,¢=0.5, e,=1, =10
b=1,4=0.5, B=0.6, ¢,,,,=0.55, c,,,=0.65
IMFO 0,,=0.1,0,.,=0.15
CGMFO b=2, =8
m=6,y=5, P=0.5, a,,;=1,
ODSEMFO by, =1.5,1=10, b=1
MFO b=1
GWO a2 EBIN O, r .\ r, E[0,1]
SCA a=2, r NaZR B IR ZE0
PSO Vin=8 Viin="8, w=0.2, ¢,=3, ¢,=3
DE p=0.5
GA p=0.7,p,=0.1
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Table 2 Benchmark functions
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d d
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i=1
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1< 1<
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Table 3 High-dimensional single-peak function optimization results of RGMFO algorithm and other algorithms

2024 4%

FHIE bife2z
Hk
F, F, F, F, F, F, F, F, F, F, F, F,
RGMFO 0 1.68x107" 0 4.19x107" 1.98x10° 1.07x107* 0 0 0 0 3.07x10° 1.2x107*
IMFO  2.68x107 5.13x10" 5850 17.6 15700  0.117  5.15x107 6.74x10* 3440 485 11000  0.0447

CGMFO 1.66x107% 7.32x10™ 1.81x107"7 7.50x10™"° 1.46x10° 0.0268 7.45x107 2.92x10™" 9.93x10™"7 1.66x10" 2.92x10° 0.0218

ODSFMFO 1.96x107* 4.98x10™"° 1.40x10™* 8.87x10™ 0017  0.0563 8.54x107> 1.55x10" 6.08x10™"* 2.12x10™"° 0.0459  0.0403

MFO 4970 203 59 600 226 494 0.824 2350 4.54 58 600 6.94 2690 0.439

GWO  9.68x107 1.01x107"° 2.09x10° 5.60x107  27.9  2.18x10° 1.65x107 1.19x10'° 4.99x10° 4.36x107 0851 1.48x10°
PSO 12.2 00269 10500 372 7480 0.1 17.8 0.041 8450 9.88 26100  0.0839
DE 0.399 0.402 1120 0.179 362 743x10° 0344 0.312 2940 0.124 733 3.91x10°
GA 2.12x10°  2.61x10* 18500 14.1 752 0314  131x107 6.69x10° 3530 4.79 460 0.0679

R4 RGMFO HZERHMBEESHZIERHINER
Table 4 High-dimensional multi-peak function optimization results of RGMFO algorithm and other algorithms

SFEE b2z
Bk
F7 FR F9 Fl(\ F7 FS F‘) FIO
RGMFO 0 8.88x107'° 0 7.58x10°° 0 0 0 1.10x10°7°
IMFO 69.9 1.16 8.86x10° 7.16 19.5 0.246 9.33x10°° 534
CGMFO 0 1.60x107™ 0 0.0226 0 4.58x10™ 0 0.0309
ODSFMFO 0 1.92x107™ 0 0.023 1 0 4.16x10™ 0 0.0214
MFO 113 2.58 36.2 3.87x10° 25 0.321 13.8 3.51x10°
GWO 4.09 0.0215 3.73%107 0.653 6.06 0.0562 8.01x107 0.26
PSO 39.9 1.07 0.876 1.90x10° 30.6 0.529 0.357 8.09x10°
DE 33.2 0.395 0.591 2.78 35.6 0.387 0.296 0.639
GA 274 0.631 1.33x10™ 0.358 6.85 0.0874 3.17x10°* 0.965

#®5 RGMFO BERAMBEAIRYESIERHTMER

Table S Low-dimensional multi-peak function optimization

ey X T8 4k £ 04 R B, RGMFO 21 5 CGMFO &
1% . ODSFMFO B 3L 1E F, 5 F, %t I #FBE % 2 &
DSk, T AE H Al PR %L, RGMFO 803 1 i SI0kS e 2

results of RGMFO algorithm and other algorithms

ik I bz RERBAR LA P LA B 3 LA B0 9 X T R4
RGMFO 103 447x10° L R, BRI B B 28855, {1 RGMFO
Mro 82 343 B R B BB W (045 . LT L, RGMFO
COMFO o3 43107 vk HU A B A 2 AR R A 7 L B
OPSTED - 27 R P 5 HEHE , IR A A 25 BT 0 R R,
o o - SR BRI
PSO 380 Les g HE— 2 By UF RGMFO 51 32 ) 4t 75 1 €, 75
DE -10.5 6.09x10° =0.05 Hy & 35 YE /K T, X 30 g 57 ds BT RY
GA ~104 0.987 RGMFO % 7% 5 H At 9 Fp 583k 09 T 6 45 R 3k 17

Wilcoxon £ 5 B K 06, 1S 2 AU 25 Rk 6 fr s .

B S0 RE #7178 T Hoft MFO e i 230 i Fn HoAh Ak 2
oo X T YEEIE R, RGMFO B A & H &
W SORS B, 78 S 98 bR o 22 05 1 b i i T H A

Wilcoxon £ 5 B4 55 1) p B 2R 7~ 2 21 B8 X b iy
M, A /NTF 0.05, WA HAHE2ZR . K6
H I K £/ T 0.05, X 36 ] RGMFO 357 (1)
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% 6  Wilcoxon #FLE p &

Table 6 P-value for Wilcoxon rank sum test

Pl RGMFO-IMFO RGMFO-CGMFO RGMFO-ODSFMFO RGMFO-MFO RGMFO-GWO RGMFO-SCA RGMFO-PSO RGMFO-DE RGMFO-GA

F, 1211077 1.21x10™" 1.21x10™" 1.21x10™"
F,  3.02x10™" 3.02x10™" 3.02x10™" 3.02x107™"
F, 121x10" 1.21x10™" 1.21x107" 1.21x10™"
F,  3.02x10™" 3.02x10™" 3.02x10™" 3.02x10™"
F, 3.02x10™" 2.44x107 3.69x10™" 5.57x107"
F, 3.02x10™" 3.02x10™" 3.02x10™" 3.02x107™"
F,  121x10" 1.21x10"
F, 121x107"7 2.82x10°° 2.16x10°° 1.21x10™"
F, 121x107" 1.21x107"
F, 3.02x10" 3.34x107" 3.02x10™" 3.02x10™"
F, 0.025 4 3.47x107" 2.30x107 3.02x107"

1.21x10°" 1.21x10°" 1211077 1.21x10™7  1.21x10™"
3.02x107" 3.02x107" 3.02x107"" 3.02x10™" 3.02x107"
1.21x107" 1.21x107" 1211077 1.21x10™%  1.21x107"
3.02x10™" 3.02x10" 3.02x10" 3.02x10™" 3.02x107"
3.02x107" 3.02x107" 3.02x107"" 3.02x10™" 3.02x107"
3.02x107" 3.02x107" 3.02x107"" 3.02x10™" 3.02x107"
1.94x10” 1.21x10°" 1211077 1.21x10™%  1.21x107"
1.21x107" 1.21x107" 1211077 1.21x10™%  1.21x107"

0.011 1.21x107" 1211077 1.21x10™%  1.21x107"
3.02x107" 3.02x107" 3.02x10"" 3.01x107  3.02x107"
3.02x107" 3.02x107" 3.02x107"" 2.20x107°  3.02x107"

PR BETE 4 K 22 0k s 50 A S A T A B ik, X
FE 2 NI R S 2 4 MFO Bl 3 i F 5

FTIRRT 10 FEIEAE 11 A iR 2L iz
BEHE . ATLLE H, PSO Fvk | MFO H75 Al GA B
2 1 3 BB ) A e OF 1 T B 43 51 2R 0.1220 s,
0.1294 s, 0.1302 s), B AR . 5 H A MFO it i
S5 AH LG, RGMFO 553 (1 32 530 B ] (OF- ¥ FH B
0.679 4 $) - FRCR B AT 19 CGMFO 53k CF- 34 I B
0.251 s) 5 ODSFMFO %3 (°F- ¥ HI Bt 1.3359 s) 2
], HAE R4 s % b 5 IMFO 53k CF 3 A
il 0.4645s)MH2ZEAZ . A, % & %] RGMFO 5.1k
SRR BE ) 5 i WSSO B2, T $ B0 BT ) s g )
AR 2 AT A2 1 o

A 3 225 ) 35 o 00 3 R A5k AR M Bk £k, T LA

TR 1t 7 R 1 A SO R Rk s e S A A A
HIRE ST o 3 24 1 10 BREAVEAE 3 T R 25 I
FaE RS 26 . vT LLE H, RGMFO 75 ANk
SEORS 3 B g, T LI A RS R i 19 6 AR K
B HA 5 240, X £ B RGMFO 8347 #R (1) IF
e TPEE A e 1) R R B IR BE ), BB A IR R
SR -
33 HASKI O

51 A £ 10 M0k 5 g 5 , RGMFO 55 3= 1 116 BiE
FIRMEEE T, Sy HAA 3 A 4 A SR s o 5002 A 1) 5
Wi, X} RGMFO Bk iE 4T T MR SE S . #E R 4 MFO
R RS N S SN @ G T =3 A i K= RP e
Sk GMFO &35, ¥ 5] A ROL Mg | Bieak ©Ig
AL 95 o RMFO B i ] GMFO %4

Table 7 Optimization operation time of RGMFO algorithm and other algorithms

# 7 RGMFO B R EMEAIMIEERTE

PRIEL RGMFO IMFO CGMFO ODSFMFO MFO GWO SCA PSO DE GA
F, 0.2579 0.163 1 0.084 2 0.7855 0.067 5 0.2406 0.1729 0.0579 0.1858 0.0850
F, 0.469 5 0.363 9 0.1937 1.020 6 0.0716 0.2331 0.176 7 0.060 6 0.1223 0.0750
Fy 0.503 8 0.3893 0.222 8 1.036 6 0.0905 0.2476 0.194 8 0.076 1 0.1404 0.0839
F, 0.5350 03737 0.198 1 1.023 0 0.0702 02257 0.1815 0.1136 0.1206 0.0729
F; 0.567 6 0.3578 0.183 3 1.0127 0.064 8 0.2369 0.1685 0.0569 0.1455 0.065 6
Fy 0.980 2 0.7479 0.366 2 1.608 0 02153 0.3963 0.3933 0.2093 02361 0.1320
F, 0.718 6 0.426 6 0.200 4 1.324 6 0.096 1 0.2395 0.1878 0.090 1 0.1378 0.0779
F 0.73211 0.466 9 0.230 5 1.494 8 0.100 1 0.253 1 02131 0.092 4 0.140 1 0.080 0
F, 0.7270 0.605 8 0.3200 1.9959 0.167 2 03148 0.264 4 0.127 1 0.209 6 0.1371
Fy 1.1722 0.740 3 0.4151 1.930 5 0.3277 0.457 1 0.4770 0.3205 0.686 7 0.418 4
Fy, 0.809 2 0.473 8 0.346 4 1.463 1 0.1527 0.1711 0.1607 0.1379 0.3427 0.204 1
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Fig. 3 Iterative convergence curves of RGMFO algorithm and

comparative algorithms

A RMFO Sk 76 11 A0 R i B 647 30
S, B A4S R 5 MFO 81 | RGMFO 54 ik it
TTXTEL, gk 8~ 10 fim .

M FE 8~ 10 AT LA th, X T = 4 5 0 bR L
F\~F,. w4k £ W Rk F,~F,, GMFO %4 fll RMFO
AR S BE A e MFO B4 2 71, H. GMFO
B EE R W A4 A 5 1 RGMFO
%, Bk GMFO 5.1k 78 F,~F, L B4k B o,
RGMFO F3: 76 HA I3 R 50 1 338 &5 i — 20 1
T

X} PR Fy 1 F,,, GMFO 5 % Fll RMFO 55 %
w) T HE J) [k MFO B34 fird& F+, H RMFO 7%
M &5 R R F5, —# 456 J5 1 RGMFO 51k fgf%
T — P AR UL RE T, R BN T A A5 L .

X F R B F,, RMFO 5 % b MFO 8 ¥ 1 -
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RMFO .3 1 F-0 45 A 4n MFO B3k, (H 5 45
4 J5 B9 RGMFO ., F-R 45 R ag 6 Wl W AL T
MFO &k .

b, kA i 307728 55 6 RGMFO 5351 Ak g
Y4 T+ 43 S5, ROL SR W R ek i SR AL ) T
DA RGMFO 55355 i) - E 77 35 2 B A7 A 5CR

RGMFO 551 M AR PR AR | > T 3 Al e AL (E
AL 3 A A BEXE MFO S8 3k 9047 1 ek, S E2 A
B, i BE A% B 1 b R b MFO 8 125 77 16 1Y 4 AR
5, I SE B @4k, R i85 . ROL 3R
WEAEAR KRR Lo T Bk 2R & a1
o AR S o B A A B A AT T E— R IR R, K
KB T X AB s I TF &, 388 138 F0kG B ik
7 2R 3 i AT D R g A e X
R REE ST, I HAER R PR AT &, IRR B 24>
JRy B E AR A B I HEAT LSRR, R A RO A R
AR AE I E K

25 I ik, RGMFO BIL7E 11 AU R A 1 1Y
WSO | 42 )R8 2268 ) AN R B e A b iR i ) 0 3
1o T A A A K At MFO BeE 383 5 38 i 1
Tl 52 56 W] DAAIE B, 4t 1) g — b S i S X RGMFO
Rk SRR BT S B . 2R s Rl el
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Table 8 High-dimensional single-peak function experimental results of model ablation

‘ R b
Fk F, F, F, F, F, F, F, F, F, F, F, F,
RGMFO 0 1.68x1072" 0 4.19x107% 1.98x10° 1.07x10°* ¢ 0 0 0 3.07x107° 1.20x10™*
GMFO  2.00x102"° 6.63x10"" 2.59x10' 3.66x10"° 266 0.0225 0 316x10™ 0 1.86x107” 323 0.0164
RMFO 0.263 1.66 7.38 0178  572x10° 062  0.144  0.823 547 00888 2.15x10°  1.02
MFO 4970 203 59 600 226 494 0.824 2350 454 58600 694 2690 0.439
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Table 9 High-dimensional multi-peak function experimental results of model ablation
SFHIME PR
a7
F7 FX F9 FID F7 FS F‘) FID
RGMFO 0 8.88x107'° 0 7.58x10™° 0 0 0 1.10x10°°
GMFO 0 8.88x107'° 0 0.145 0 0 0 0.0615
RMFO 0.477 0.0147 0.0103 2.37x10° 0.947 0.016 6.74x10° 4.97x107
MFO 113 2.58 36.2 3.87x10° 25 0.321 13.8 3.51x10°
% 10 1&2&%“&&&5%%&@;3&25% ¥ - \/(745X5/(X2X3))2 +157.5% 106 <0 ( 6 )
Table 10 Low-dimensional multi-peak function experimental 86(X) = 85x3 T
results of model ablation Xo X
X)==2-1<0 (17)
ik T R &=
- A47x107 5
RGMFO 10.5 4.47%x10 gg(X) _ ﬁ ~1<0 ( 18)
GMFO -1.72 2.66 X
RMFO =5.13 1.83x10° gg(X)z X1 ~1<0 ( 19)
MFO -8.72 2.88 12x,
1.5x6+1.9
0 75 1 T ORRCR g0 =~ T2 - 1<0 (20)
S e =] 1.1 X7+ 1.9
4 RGMFO B ARSLPR T2 A gnX)= =110 (21)
ARSGHE 2 Flvis UL TRES RS RGMFO YRR 11 iR,

A R S s 1 TR AT AT AT R A B, 3 ) SRy 9k
AT B R R A BE S )
4.1 BIESFE eI
TENLBR GE b, 0 a2 4 FE 48 1Y B 28R 2
—, W@ T2/ . Rz m i, Gk A
(B SRR 11 AN 2SS N SE R/ ME . iR R
A TR, SRR T TE b, RASEE m ., /AR
HR R 2 R RS 1 AR A KB 1 R 2 (R
552 MM BE 1, 25 1 ARSI EAR d, RS 2 AR
AR dyo X FRFERAGAS B I 10 B, X=[x, x,, -,
x,] 3K 7 NS BN PLARAS  x ~xe R TIZ
DA R, H H AR R &k
F(X) =0.785 4x,x; (3.333 3x3+14.933 4x3 —43.093 4) —
1.508x,(xg +x3) + 7477 7 (x +x3) +

0.785 4 (x4x(2) + x5x§) (10)
A st D ~= 21) s
27
g X)=——-1<0 (11)
X1X5X3
397.5
&X)=—55-1<0 (12)
x1x2x3
1.933
g = 2%y g (13)
X2 XeX3
1.93x3
gu(X) = 93x5—1<0 (14)
XZ.X7.X3
2 6
2u(X) = V(745x,/(x223))* + 16.9 % 10 _1<0 (15)

110x3

11 BERFRIHTERARLAR

Table 11 Reducer design variable boundary constraints

AR IR L5
X, 2.6 3.6
X, 0.7 0.8
Xy 17 28
X, 7.3 83
X5 7.8 83
X 2.9 3.9
X, 5.0 5.5

7£ MATLAB b i F RGMFO #: A Al 3 0k
IR AT S, 15 B RYSE R AR 12 Fis .
*12 BERFEITER
Table 12 Reducer design results

Ak XX X3 X, X ox, x, CmhEE
RGMFO 350 0.70 17.00 7.30 7.80 3.35 529 2996.41
IMFO 350 0.70 17.00 7.30 7.80 3.35 529 2996.41
CGMFO  3.50 0.70 17.00 7.60 7.80 3.80 5.29 3130.09
ODSFMFO 3.50 0.70 17.00 7.30 7.80 3.35 529 2996.41
MFO 3.50 0.70 17.00 7.30 7.80 3.35 5.37 3047.56
GWO 350 0.70 17.00 7.39 7.85 336 529 3003.19
SCA 3.60 0.70 17.00 830 830 3.45 537 3133.94
PSO 3.60 0.70 17.00 7.30 828 335 529 304637
DE 350 0.70 17.00 7.30 7.80 3.35 529 2996.41
GA 357 0.70 17.16 7.67 7.82 3.43 530 3096.49

M 1209 LLFE H, RGMFO. IMFO il ODSF-
MFO X 3 F 5530 78 Yol o 2% A 15 1 45 2 T /AL Y
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AR, TERE T e/ NaE N AR, HAS R m LAk AR
St ({0 AH A5, 3 18 BT AE I 0] B2 1 5K i o, RGMFO
B RRUS A PR PR AL AL B, JTAS B AR
42 TERMEER IR

FEIE W RE B T[] U2 — A~ 254 T AR T In)
2 0] S TR AR Ak 2 i B 4 R T AR BE 1Y BT A /)
o, Ho, it 28 & o 568 X RIE x,. KE x
R x,0 ZALALIRIRE R H bR pR £

5.885x4(x; + x3)

f(X)= (22)

X+ |x§—x§|
FMAR SRR (23)~5 (30) FioR:

81(X)=—x4x, (0.4x1+%)+8.94 <x1+ |X§—X%|> <0

(23)
X3
@ (X) = —xsx (o.le + E) +
4/3

2.2{8.94 <x1+ yxg—x§|)] <0 (24)
g3(X) = —x; +0.015 6x; +0.15<0 (25)
g4(X) = —x,+0.015 6x3+0.15< 0 (26)
gs(X)=—x,+0.15<0 (27)
86(X)=—-x3+x,<0 (28)
0<x <100 i=1,23 (29)
0<x<5 (30)

1E MATLAB I #4700 52 56, 15 2 A9 45 8 40
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TE 1 T2 16 BE 1) 5231, RGMFO 55 5 5 IMFO
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Table 13 Trough bulkhead design results

Ak X, X, X5 X, T EEAE
RGMFO 37.51 33.11 37.51 0.74 5.89
IMFO 37.83 33.19 37.83 0.74 5.89
CGMFO 31.34 32.48 37.88 0.78 6.23
ODSFMFO 38.89 33.46 38.89 0.76 5.90
MFO 37.28 33.23 38.13 0.74 5.90
GWO 37.69 33.20 37.85 0.74 5.90
SCA 32.71 35.53 46.11 0.90 6.70
PSO 40.91 33.30 39.36 0.79 6.02
DE 37.49 33.11 37.49 0.73 5.89
GA 90.70 33.53 75.91 1.67 10.29
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A 5t o
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2) i F§ RGMFO %76 X} SE i eR Bk 47 S, fig
{75 1) Tl JHC At B30 105 B G RS B RO, WS R
P, B eSS He AR A VR T
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Improved moth-flame optimization algorithm with multi-strategy integration
HE Jiawen, XU Xianze', GAO Bo
(Electronic Information School, Wuhan University, Wuhan 430072, China)

Abstract: An enhanced moth-flame optimization algorithm with multi-strategy integration (RGMFO) was
proposed in order to address the issues that the moth-flame optimization algorithm was prone to falling into the local
optimum and that its exploitation ability was insufficient while it was approaching the global optimum. To generate
high-quality moth populations, a random opposition-based learning strategy was applied at the start of each iteration.
To generate high-quality moth populations, a random opposition-based learning strategy was applied at the start of
each iteration. Gaussian mutation was then used to swap out subpar flame individuals with superior ones. Archimedes
spirals, weighting factors, and the surrounding of a small number of optimal flames were employed to enhance the
moth update mechanism. The proposed algorithm was tested on 11 benchmark functions of different types. The test
results and rank sum test show that RGMFO has better global search ability and higher search accuracy. Lastly,
RGMFO is applied to the engineering scenarios of reducer design and trough bulkhead design, which further verifies
the practicability and feasibility of the algorithm.
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Fig. 1 Architecture of 3D SLAM algorithm based on triangulation method to eliminate dynamic feature points
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robot is moving

RS ASFFE S A FHE

PO PEE O

(c) RANBRBNASFFAE K7 A6

(d) SIBR BN SRR B 5
WA :

W

B8 ALy A LI A SIS FRE S S BRCR
Fig. 8 Effect of eliminating dynamic feature points when the

robot remains static

# (relative pose error, RPE)" i Ry PEAN 5 ik

%19 y ORB-SLAM2 .k 5 A AL walking
xyz B BF 51 i A BB R 2% . A\ ORB-SLAM2
SELE RIS SO ) s R 00300 152 26 W] DA, AR SO
e A AR M S ALES NTE SIS 5 T 1Y E L
G BE [R) R, AR GH L300 158 22 B 45 SRl a] DAR B, A S
A BE AT RO Bk s A RAE A5, AT AR 3 25 0
XoF EAE: 325 252 R B IS R AT LA XOF 7 223 705 46 1 52 i

SR I e X6 P 305 15 2 FIRE R B0 158 2% 2 B
P b v B 4 T 3 A AR SCRROE RORS L 6 TUM
RGB-D 4t £ walking F 41 (4 it A KHGT 5364758
56, % HAUHE DVO (dense visual odometry and SLAM)!'™”



XIERUE, 55 SR IE TR UL 29319 3D SLAM Htk 2879

EHR ]
2.2
—
2.4 —
' — Bl

_30 -

Y X R 2E /m
\
[SS]

2.0 -1.5 -1.0 -0.5 0 0.5

x/m

(a) ORB-SLAM2 175 walking_xyz FIRJF 51 (46 X L5 2%

1.0

0.8 1

0.6

0.4

AHRFLIE 2 /m

02F

0 5 10 15 20 25
I /s

(c) ORB-SLAM2 35 7E walking_xyz EUGTH 1 HERT B30 2

2.4

— LR
— AL
2.6 | — iR

x/m

(b) AR CHEEAE walking xyz BUSTF9 1048 X L1 25

0.12

0.10

AHXT LR 5 2 /m
s o o
2 R 3

o
=3
=1

0 ; 1.0 1.5 2.0 2.5 30
A ) /s
(d) A ETE walking xyz PR IF A AR XL 1R 22

&9 Lk walking_xyz FEEFHI N A BT 25

Fig. 9 Trajectory error with walking xyz image sequences as input
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Table 1 Comparison of relative translation trajectory error among different algorithms m
) F-#RMSE
12751 o :
DVO BaMVO B LR R7S FE DVO+MR A
walking_static 0.3818 0.1339 0.023 4 0.0102 0.084 2 0.0424
walking_xyz 0.4360 0.2326 0.2433 0.0320 0.1214 0.0426
walking_rpy 0.430 8 0.3584 0.156 0 0.175 1 0.1717

walking_halfsphere 0.262 8

0.1738

0.1351

0.047 6

0.1672
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Table 2 Comparison of relative rotation trajectory error among different algorithms ©)
JiEHRMSE
g7 51
DVO BaMVO X R IRES ERCESER DVO+MR ARSI
walking_static 6.3502 2.0833 1.8547 0.2525 2.0487 0.600 5
walking xyz 7.6669 43911 69116 0.6869 32346 0.856 6
walking_rpy 7.066 2 6.3398 5.5809 43755 3.6021
walking_halfsphere 52179 4.2863 4.6412 1.045 5.0108
®3 FRIEENEWNHNITIRETL
Table 3 Comparison of absolute trajectory error among different algorithms m
2 xR 2
g5 ‘
ORB-SLAM2 R A DVO+MR Detect-SLAM A
walking_static 0.4300 0.008 0 0.065 6 0.0079
walking xyz 0.620 2 0.037 1 0.093 2 0.024 1 0.023 1
walking_rpy 0.668 9 0.1333 0.2959 03174
walking_halfsphere 03231 0.0409 0.1252 0.0514
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Fig. 10 Effect of eliminating dynamic feature points when the robot remains static in real environment
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3D SLAM algorithm based on geometric constraints of feature points in
dynamic scenarios
LIU Mingjian', LUO Jingwen" ~, QIN Shiyin’

(1. School of Information Science and Technology, Yunnan Normal University, Kunming 650500, China;
2. School of Automation Science and Electrical Engineering, Beihang University, Beijing 100191, China)

Abstract: The dynamic objects will cause a large number of dynamic errors in the pose estimation of robots in
dynamic scenarios. To address this issue, a 3D simultaneous localization and mapping (SLAM) algorithm for mobile
robots was presented by using geometric constraints between feature points to eliminate dynamic feature points. First,
the ORB feature points of the current frame and the map points generated by feature points of the previous frame were
used for projection matching, and the Delaunay triangulation method was introduced to construct a triangle net that
could represent the geometric relationship between the matching map points of the two frames. Then, the dynamic
feature points were detected according to the geometric relationship changes of the map points in the adjacent two
frames. Since the static feature points may be incorrectly detected as dynamic feature points, which thus brings about
the loss of feature points, more feature points were extracted during the matching of the adjacent two frames, so as to
compensate for static feature points. Then, the dynamic feature points were eliminated, and the pose of the mobile
robots was estimated accurately. On this basis, a sliding window was introduced to extract key frames and complete
closed-loop detection, and thus an accurate 3D dense map was constructed. The results of simulation experiments on
multiple sets of public datasets and the experiments in the indoor dynamic scenarios show that the proposed algorithm
in this paper can effectively eliminate the dynamic feature points and improve the accuracy of the pose estimation of
mobile robots in dynamic scenarios and the consistency of the map.

Keywords: dynamic scenarios; simultaneous localization and mapping; mobile robot; geometric constraints;

triangulation
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Analysis of CDMA interference in large-scale satellite constellation
XU Kedi"?, XU Zhaobin"*", GUO Xiaoxu', YANG Jia', CHENG Hengfei', JIN Zhonghe'"*

(1. Micro-Satellite Research Center, Zhejiang University, Hangzhou 310027, China;
2. Key Laboratory of Micro-Nano Satellite Research, Zhejiang Province, Zhejiang University, Hangzhou 310027, China)

Abstract: Code division multiple access (CDMA) communication system is the main part of large-scale satellite
constellation network. In the case of multiple access interference in multi-channel communication between satellites,
the receiving link is modeled. This study elucidates the correlation between bit energy to noise density ratio (BENR)
and device received signal-to-noise ratio (SNR), while also investigating the impacts of additive white noise and
multiple access interference on SNR. The BENR and sensitivity are simulated in MATLAB with different receiving
and interference power. The simulation demonstrates that the interference signal exerts a diminished impact on the
sensitivity when the signal-to-interference ratio (SIR) exceeds 0 dB. The receiver can withstand —6 dB interference
while maintaining high sensitivity. An experimental platform for three transmitters and one receiver is established.
Data is processed by Chipscope and MATLAB software to obtain the received sensitivity that meets the actual
application requirements. Experiments show that when SIR is greater than 0 dB, the received sensitivity can reach
—107 dBm. The receiver can resist —9 dB interference at high sensitivity. Error is affected by circuit noise. The
congruence between the measured data and the theoretical analysis provides a fundamental basis for the development
of the real low-orbit satellite constellation network.

Keywords: constellation; satellite communication; code division multiple access; multiple access interference;

sensitivity
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Fig.3 Results of the different constant replacement for

node 9 fanout
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1. FOR each Node DO

2. Npo(Op) =0, N(Op) = K; /B AE, Neo N 5
i L RH T R, N A R AR

3. FOR each node in AIG DO //M\ PO ¥ [n] PI ¥
BER

4. N, = fanin(N,);

5. Op(N,) = min(Op, + 1,0p,)

6. IF(N, € S(N,Op))

7. Op(Ny) = min(Opyey > Opola)

8. S(N,Op) «— {N,, Op, )/ Fr 3545 (9715 £ F1 OD
A

9. END FOR

10. return S (N, Op)
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Fig.4 AIG of benchmark M_C17
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. Cy = Sort(Cop)
. Cyy =Mo_So(Cy)
. FOR each node in Cy,N,; € Cy,, DO
(N;, pi) = GetMaxTD(N;)
. Ai(m,n, ;) = LAC(A.,N,, p))
. E; = GetER(A . A;)
(A-4)
T (B~ Euy)
.Cy=CyU{W}
. END FOR
. (Npst> Post) = BestSel(Cy), Cy = @
. Aupp(m.1,4,) = LAC(Ac, Now o)
. Aypp(m,n, ) = Merg(A,p)
. Eypp = GetER(A 1, Aupp)
. END WHILE
19. return A, (m,n, Kypp), Ey
B 2 AR AR : ATG v Iz B A i A T
AR OD B RO By M B, 2 S BOH ST A B 55 1% 72
N BN R R R B €07 51T R AR
TD B 72, TD {EL A AT 7 4%t 8 208 A B i
W Z, K, v DU &5 5 OD (I R/,
PR 3 OD R FUAE i 35 1, SRR 455
A R T R A L BE SRR 07 BT R 51k
B IR AIE TR AIG 757 s B3R5 0, e U1 S I WO
AN AIG 5 /. 55 1 2l AIGCopy #R B, 5 155 ]
1R AIG #4745 0y, F T /05 UM BR IS A A5 D2 38
55 2~ 17 A SR A A e 7Y R B A Y A M H
B E S R, R, B 4~ 6 Dl E AR R vk
WL AR HEE LIRS AT AIG 45 S
IS (1) OD {H, Cop 3 JIT i 19 s OD HINEES: 45 5 b
XF Cop 1 OD {E#EATHE Y, I U R BYHiE N AT 45
RRNES Cy; 5 6 LB E AR, K Cyh £ 5
A S 2 A B L BRI SRS
Cho 55 7T~13 25 HIRW0E C\ WA 55 0 Fi th 13
S HEC07 B 1 AR AE B AHT R AIG T
KD J7 HARAS B b a5 2R o Hob, 55 7 20 E
C AT S NI KR TD A, DL R 9 i HY
R B IBUE s 55 9 P15 RO N B R B ps

- R R Y N VU R Ry

—_
=

—_
—_

—_— e e e e e e



2898 Nl NN

BENE LI A;, Z AIG B & 5 S8 A 55 10 25
THE AIGI 5 1% W BRi; 26 11 26 ] AR 1R Al
A B VR A8 AR W, WAE R DR AR R X TS A
Ml A VAT W OB . O R AR T A5 WA B
fECy o

55 14~ 17 2 52 WL C P B A s, R Y
T L A LB R R B pow, AR R BSORE XTI 1Y
WA 0B 1 R, Bk S i TR RS B
b, 4 S B AL IR B ALG HL B, B3k 2 R
XiF AR R Hod, 55 14 B 58 AE Cy R BUR
A I K WAB T 82, 1797 83N Now, FEH B 1008 1
RN poscs 5 15 K55 1 Nog BV ] poge, 155
fai {5 9 AIG A AlGapp, Hi v, A, T AL & 935 45
BOR Ars 55 16 K A, PAFRCT UG I 2
S I BB I D BT, A T S BCR A
%517 T8 AlGapp YRR %

R B Fh S B A7 B KN, AR SR 2 Rk
PRI, X T PIs < 1709 HL B, P B A2 6 3o
EZ HAH T TTHON, B LA SC 4 # Miter i
1 BDD K RAHAE 0 A £ 1R % . Y PIs > 178, WK
FHSCHR [8] Fh &t 1 54 R 2 204G 50 vl % 1) iR
2R, NI AT FE DR — 2 A SR BE 1 00 B s 43
AT

DL 1 01 36 B 38 12 2 S 9 AIG 1Y 13 Ak ik
P BT B S, BT DU R R A A
PEBR I . Se4r AR T A8, 9. 10, 11, 12F1
13X AT ODME M1, 2. 1, 1, 0F10, & 514 OD
B e KA1 8 9 VR A Sk b AT Ui . i P
FUOA 2B DR A9 43 S 1Y A 9a AT
5 9b, X} F 5 5 9a, D,y =3, D, = 1, Hi L1
PR T oa iyt E 1 R AT AT 10, ARG
LB 5(a) FEAR, ST B 525 3
AL B H 3, B W, = 8.73, ¥ W, 774t B A AL A

iR 2024 4
N N\ ? Ny
.
1 3 4 AL 1 3 2\ N5
(a) 17 592k i 1R 45 21 (b) 17 £LObH 1R SR

&5 X C17 Wyl 9 ANIF s Hh AL b2 2R
Fig. 5 Optimization results for different fanouts of

node 9 in C17
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A CIE S MBIt G2 Hes
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PRERATRA 2.3 GHz, NAFH 8 GB, #E RSN Ubuntu-
20.04, TG HLBEAEAETUAR S5 48, IRt X
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ATTRAL R, Xt e I U Ak L B U A TR B R Ak . 3R 1
AR YRS B ) B AL R B3 9N B T
(MCNC) FH$ SEBFR B T4~ B (EPFL) I Ha 2, Bl
S T2 EH A MCNC, Hoo, 7 46 1 A7k 38 1
ABC K i A Ak 5 P-4 T T 25 2 e 558 e 45 380 ) 11 R,
FE VTR L B O B R 3R, Fl R H B T R B R
RRBURAR AR, PR A SR 5 Sk [11] A8 R Y
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HAE TR ]

1 ZA3FEAR MCNC 71 EPFL UK I 23
Table 1 Parameters of MCNC and EPFL benchmarks used in this paper

MCNC MU A O E0: i dsm Dot R EPFL R A O BoE R s OB RRmAR
cml63 16 5 61 arbiter 25 129 23366
z4ml 7 4 61 cavlce 10 11 1124
alu2 10 6 636 ctrl 7 26 204
frgl 28 3 179 dec 8 256 649
alu4 14 8 1158 i2c 147 142 2103
unreg 36 16 163 int2float 11 7 379
x2 10 7 74 mem_ctrl 1204 1231 79 153
count 35 16 203 priority 128 8 1270
terml 34 10 276 router 60 30 316
voter 1001 1 16 240
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A S G T AR AR AR BE X (4) B i T AR
Pk (area reduction rate, AR) K /K.

Ay = Aor%:aw (4)
ST, A, S B B FR AT A, S T AL
Je A5 3 Y L B AR

2 AR SCE I A SCHK [10] BEAT X LAY 4R,

T3 H 5 A R IR B 5 SR [10] — A, B R
REHR 25% AN [FZ AL T SCHR [10] 198 17T R,
HAL PRSI R N 3.4 GHz, WAE M 32 GB, B 1E R 4
b Linux. FH %% 2 A7 A1, %FF MCNC il 3t i 4%, 78
25% SR B HT , A SCHIE T 1R AT A
24.08%, H 48K Z2 B0 I 09 B DR R I AR R 3 IR
25%. SCHkK [10] B F- B 5512 %K 14.00%, 5 R 2 1
25% Z A BRI T2 (/). &2 AlAL fE 2
BOFBLR, SCHk [10] 197715 AR REAR I b 3 3T 25% 3X
NUEE B, JEHAE AL PR z4ml, unreg B, B e HH

TR, RO ETE 25% WA DR AT X I
IR 2 AR B HEAT AR T AL A . PR 2 SCRR [10]
PR LAY ATG 15 s M B3R 30 W Gk S92 BT 1Y 58 B0 240
TR o UnAE 22 b Y R B AR BE E, SCHK [10] 2R BT
AR U R B AR O i, AP TT
RS 5 1 R DR AR R HRE, S Bk 5870 1
R R AR BEA AL 2 ] o AR SR ATE A 1Y 45
FRHS 2 DAL SRS, Ak BH 22 B M 1Y S, e 2
A R IR IR A BB Y R SRR B R
AR TR A Ak BG4 s O R R 8 R AN AR
R, R AN Ty IR 34 0 TR Y 24 S, S T 7
R A 14 [ It ] BN B3R A, DARAT B4 14 T AR
PEACRCR o Ak, e 2 B8l n] LUK B, A i R A
PR Rl A g R SE R WA B T R A A, X 2
1 T T RO A e v, 23 N B O i A L A
A AT A L B AR o 55 SCHK [10] A G, AR SCHE
xR A A I RS

£ ATEESH [10] LRGSR
Table 2 Comparison results of the proposed algorithms and Ref.[10] %
AR SERHL A R
ML AL R
SCHK[10] ACH % SCHR[10] A% SCHR[10] AICH %
cm163 53.85 68.85 47.37 67.48 21.00 24.82
z4ml 0.00 42.62 0.00 27.72 0.00 24.99
alu2 9.09 57.70 0.00 46.02 24.00 24.43
frgl 2.49 98.32 0.00 95.58 16.00 24.32
alu4 6.01 50.09 0.00 26.91 22.00 24.76
unreg 0.00 34.36 0.00 0.00 0.00 24.99
x2 10.81 72.27 1.72 38.46 12.00 24.25
count 57.85 58.13 79.45 80.62 24.00 24.77
term1 46.73 93.12 27.03 78.72 7.00 19.28

T SCHk [11] 24t 7 Bk i FF IR AR, K
PR IR 55 v TR (9 ] L B P Cf AR SCBRE R SR
[11] B TR AE R — s BB v A7, 45 2R
3R, BT ARG I 23 A K b A K SRR
[11] 3506 A as A7 i ], PRIk, 2% 3 o SCmk [11] 19
FRBA R E N 1%, [0 I H) SRk [11] Bk
Xof [r] — FL % ) D0 AL 25 SR A BEAILYE, PR 2 d b 45
LB A RS S SOk [11] B3k 3 il SR -~ 341 .

e 3 A, SR T AL AL b, AR SCRE A
PR ZEME AR T SCHR [11]. FEiz BT E) b, & AE
ANRRASE L B b B AR I 42 3, (H7E AL 3 arbiter, mem
ctrl Fl voter S5 FUASL A L I, STk [11] B0k 850%
K. X2 T Sk [11] B A A s A AR A5 1 il
FRUBBI /0 S, X 1 A 38 %) K FL BB SR 100 T T L AR,
I, 7 R R AL, B AR UGEARE I K,
JCHOR R RN E LR, & S8 H kBT

Bf AR . X RA R B IREN 1% 1Y
JEIA
M 3T LLE H, Xt F priority A1 router H, [,
F*3 ANEAESUE 1] BIEEERER

Table 3 The comparison results of the algorithms of this

paper and Ref.[11]

A B % FEM/s
SCER[LL] ARCER SCHR[11] A
arbiter 90.15 90.79 9015.06 8593.68
cavle 5.70 7.47 375.57 67.05
ctrl 3.80 4.90 2.24 3.67
dec 0.62 0.62 8.45 10.06
i2c 31.59 37.95 189.50 176.49
int2float 16.30 23.48 10.86 51.71
mem_ctrl 62.66 >86 400.00 2278.56
priority 96.92 98.27 14.95 36.89
router 100.00 98.73 2.00 0.18
voter 5.72 0.09 13504.23 177.04
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Area optimization of multilevel logic circuits using approximate computing
ZHAO Weikai', WANG Lunyao" ", CEN Xumeng’, XIA Yinshui', CHU Zhufei'

(1. Faculty of Electrical Engineering and Computer Science, Ningbo University, Ningbo 315211, China;
2. School of Information Engineering, College of Science & Technology Ningbo University, Ningbo 315300, China)

Abstract: According to the reported multi-level logic approximation optimization algorithm which can not
balance the optimization effect and working speed well for largecircuits. It is proposed to use constant substitution in
conjunction with and-inverter-graph (AIG) to optimize the logic at multiple levels for circuit areas. A set of candidate
nodes to be replaced and a constant value for the node to be replaced are determined by employing the proposed error
rate control technique of constant substitution of multiple fan-out nodes and a number of parameters known as node
output distance, constant transmission distance, and so forth. Furthermore, according to the circuit size, different error
rate calculation methods are selected to improve the speed of the algorithm. The proposed algorithm is programmed in
C and implemented with the ABC tool and tested with EPFL and MCNC bench-marks. The experimental results
show, compared with the report's similar methods, the proposed algorithm can save 48.77% area. When compared to
approximate logic synthesis by resubstitution with approximate care (ALSRAC), this method achieves a 1.28%
increase in area optimization and a 60.91% reduction in running time.

Keywords: multi-level circuit; approximate computing; error constraint; constant substitution; logic

optimization
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Table 1 Optimized transit airline network at ¢ =0

LY FkHLY L R FikHLY L
HBKARTAO B CTU AT HFSHA /R A F-HRB B CTU BN ILIHGH
H B KARTAO HPITALCKG IFRTHESHA M /K RFHRB HPKITALCKG B LLIHGH

SRANELIIN AR CTU IR WUH KAHER#HCGQ JEHEBXUACTU B3 ILIHGH
1 3% 22 HAK BB CTU TYII 5 4SZX KHER#CGQ HRITILCKG rF I TNA
THHFAENGB JAEBBUACTU I FE4SZX Ki%&JHKFDLC SR CTU B H LLIHGH
e S WNZ BB CTU I 4 SZX K&K FDLC HRITILCKG BT ILIHGH
LFABkAILISHE HRITILCKG B LIHGH

£2 =0 MILE LML
Table 2 Optimized direct airline network at ¢” =0
RN kML &L kML Riy-2ilk7 KM

KibEECcsx JEHEBBLACTU WY 4SZX HPRITILCKG BRI IITWUH HPRITALCKG

Kb EIECSX HRVLILCKG R4 VEZUH JARBRCTU ey KHEBFY RS ALRCTU

BN ILIHGH BRI CTU PRifF 415 ZUH HRITILCKG Ee5 G EBFY HKITILCKG

HUH A ITHGH HPITILCKG TWHFHNGB HPITILCKG B SUHAZYT AR CTU

AREIEESIW BB CTU I IEE WNZ HHRITILCKG {5 FHITHEXAL SRR CTU
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B K BT B URC i RITILCKG TLPHAISHE AL CTU HAWALYIC i RITILCKG
M ARFOC SRR CTU PIFETTELXA BABXLHCTU HRJIARINC JABRURCTU
R ARFOC HRITILCKG LB TTELXA HRITILCKG HRJIATAING HKITILCKG
SRMEVLIIN HPKITILCKG EHTREZ I1IIQ SR CTU BAILT L AHD BHBALECTU

119222 HAK HHRITILCKG BYLEEE IIIQ FHRITILCKG VERE SR TNA AR CTU

BT TE R XMN JEHEBBLACTU 22 IILHW JEBXLACTU rRIERETNA HPRITALCKG

JE T IR XMN HPITILCKG =M JIILHW HRITALCKG FEFIXISEXFN RS ARCTU

WYIELSZX JEARBIRCTU R FITWUH JEARBIRCTU FEFAXIHEXFN FEPITALCKG
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Fig.2 Optimized airline network at ¢” = 0
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8 000 JT 1175 158 4y f51) ke HLAA UL B

B e 4000 JC, 4= Jm e A ik %t 02 19 A 4%
TRAB BN 3 N5 4 PIis, H e dil ik g 2 4 el 3
FiR o

LGB A T30 S R AR Sy 478 151 T8, B E T4
FER AN B T 22.8%, MU E & % 37.9%, Hix
PR S 522 151 JT, 85 H bR ek (A 747 723 JTF
FET 30.2%. FFATATERE A A 0 B, A KT
EE RN SR JE T TR BRI AT (S IR 2
DR S G RN Es e D NE RN 5D Nty | L R LI Sk 1
B RICK SN BT %, SE ARSTHsE 6. -
T WL B 28 H DRV b 0% LR 2 43 ) 0 R FE AR 1 T
AR ET] g AT v e, B VLR B 1L 2 R XU Y
AU\ H Rk A T DRV 38 o Hb T 2 dE AT
e T I AR v A i B 28 R DR L A TR

R3 =4000 TR PELEMLE
Table 3 Optimized transit airline network at ¢” = 4 000 RMB

RN kML LY R kML LY

H B KARTAO JRARBFCTU FIHIT A SHA I HFSHA HPRITILCKG JE ]l XMN
AREEESIW SRR CTU 22N JIILHW L FABEAISHE HPITILCKG B ILHGH
1 RSB B URC FEPITLCKG HRJZRINC /R RKF-HRB SRR CTU UM ILHGH
R RFOC AR CTU _FHHITHSHA /R AFHRB i RITILCKG GrRIERSTNA
SRONFEITIIN JHEBACTU IR ITWUH KHFH#CGQ JEARBIRCTU B A ILHGH
#1136 2 HAK IR CTU 5 SZX KHFEI#HCGQ HPRITALCKG VERE S TNA
JE )i XMN JHBRCTU R FATWUH Ki%JE/KFDLC BB CTU BRI TATWUH
Wil 4 ZUH BHERBIRCTU I T WUH K%K FDLC HPITILCKG B AFIIHGH
TEHRATNGB JHEBBRCTU U5 4 SZX {H AU XAL BB CTU BRI TATWUH
IS WNZ JAEBBRCTU I SZX WVTRE111IIQ HAEBXLACTU HHRITILCKG

F4 =4000 THILE CALMLE

Table4 Optimized direct airline network at ¢” =4 000 RMB
& kbl kAL FikHl R kbl

Kb EIECSX BB CTU B 215 ZUH FHPITALCKG BB TR IEBFY FEPITILCKG
KUPHAECSX HPRITILCKG TIEBRATNGB HPRITILCKG BESHAZY1 JRARRFCTU
HBIKARTAO HRITILCKG RIS WNZ HPITILCKG {HBABAUE X AL HRITILCKG
B ILHGH BB ARECTU [ HHITHFSHA B CTU HAEYHILYIC AR CTU
B ILHGH TRITILCKG TLPHBEAIISHE JRARBRCTU HEWAILIYIC TRITILCKG
AREIEESIW HRITALCKG PIEETTELXA JHEBRUARCTU ERJIAARING BB CTU
56 K FF b B URC JEAEBXUACTU PIEETTELXA HRITALCKG HRJIAARING FPITILCKG
HMEARFOC WHRILILCKG ETREZ 111Q HHRITILCKG By LT S AHT BB CTU
SREMNEITIIN HPRITLCKG 20 IILHW BB CTU TrE B TNA BRI CTU
5 H 922 HAK HRITILCKG 2N )IILHW HPITILCKG UrF BRI TNA EPRITILCKG
JELT] e i XMIN EPRITILCKG IR WUH BABRLCTU FEFHXI4EXFN BABACTU
Y528 ZX JARECTU R FKATWUH HKITILCKG FEHXIFEXFN TERITILCKG

WY 4SZX HERITILCKG Lo TUfEBFY JEHERBUACTU
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Il 8000 TG, 4 Jmy die HIE il X N7 1) it £k A
BB OLNEE 5 A 6 Fn, P 2 il i 2k W 45 n (5] 4
Jis

e B A 3 ) JE R B AR Sl 637 065 T, BRI
T 2.8%, B, ARSI 4 A A T
S . IR E A RN 13.8%, H bR R E(EH A
669065 JC , % Ji H 5 ok B (H 875723 0 F R T
23.6%. EF AL G AN 4 000 TTHYAE L, BT
i Ll 2 PRVT AL L TR % 2 AR U L 5 e 3 B
AR KU AT e Do S0 B ROk ST R L 2T
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332 LR

A TAHL 2R B A BUAR ¢ (¢'=[0,8 000] JT ) A4 firg £k

&5 "'=8000 TTOILPEERRLZ LR

Table S Optimized transit airline network at ¢"=8000 RMB

RN kML LY R kML LY
HBARTAO IR CTU HFIIARSHA /R AT-HRB JAEBXUACTU B H ILIHGH
B ILIHGH #HITALCKG JE T =503 XMN W /RIEARFHRB HPITALCKG DrRIIBITNA

AFREIEESIW IR CTU 20 IILHW K& #CGQ BB CTU B H ILIHGH
B EARFFHLET R URC #HPITALCKG HRIATARING KEIE5#CGQ HHRITILCKG DrRIIBITNA
HaM & ARFOC IR CTU HFIIARSHA K%K FDLC JAEBXUACTU RICRHWUH
SEMEILIIN JHEBBARCTU R FATWUH Ki%JE/KFDLC HRITILCKG B ILHGH
#1132 HAK IR CTU 4 SZX fE U X AL JAEBXUACTU RICRHWUH
JEI ] 3 XMN BRI CTU IR ITWUH DFRIEHTNA AR CTU HIATZRING
G4 SZX IR CTU R FITWUH BVTRE111I1Q JAEBXUACTU HPRITILCKG
WRifF 475 ZUH JHEBBARCTU R FATWUH 2JHH)IILHW HRITILCKG AR CTU
TIEHRAENGB IR CTU 4 SZX Ee 15 CIfEBFI HPRITALCKG SRR CTU
RN IEEWNZ JHEBBARCTU G54 SZX HAEYTWLYIC HKITILCKG FUEBACTU
RIHITHFSHA FEPITILCKG JE Il XMN FEFHXIHEXFN HPRITALCKG SRR CTU
YLFIBEAISHE FEPRITILCKG BUH5H LLIHGH
£6 '=8000 THILE LALLM
Table 6 Optimized direct airline network at ¢ = 8 000 RMB

KL FkHL R kbl BEV 2R ik
Kb #EIECSX AR CTU By 15 ZUH HPITILCKG R TATWUH HRITILCKG
Kib#ECSX ERILILCKG TIEHRENGB HPILALCKG EE1yREBFY SRR CTU
H AR TAO TRITILCKG RIS WNZ HRITILCKG B SHAZY1 JEHBIGACTU
B ILIHGH ABBCTU AT SHA RS ARCTU {H B X AL FEPITILCKG

HRIEIEESIW FEHRITILCKG TLFHBEAISHE JRARBACTU HEWHILYIC IR CTU
LE AR EURC BUEBAURCTU PIE*TTELXA B CTU HRJINAARING BB CTU
HiH K ARFOC HPRITLCKG P TTELXA HPITILCKG HRJIATARING HEPITILCKG
SRINELIIN HRITILCKG ETRBE1IIQ HKITALCKG W HNLT J AHD BB CTU
3 H %2 HAK HRILALCKG =M IILHW BRI CTU PriE R TNA HRILILCKG
JE T T IR XMN TEHRITILCKG R FKATWUH BRI CTU FEHXIFEXFN BRI CTU

U % %SZX FRILALCKG
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Fig. 4 Optimized airline network at ¢ = 8 000 RMB
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Table 7 Optimization results of overlapped airline cost for different airlines

LIS e HHRIEREA ST TR RRA TER%  EEAR  AEBEME T FARREUREST  FRRRECT ER%
Pt 619723 68.1
0 423759 31.6 75.9 423759 619723 31.6
1000 429245 30.7 517 459 245 651723 29.5
2000 429245 30.7 517 459 245 683723 32.8
3000 440238 29.0 483 482238 715723 32.6
ALE 4000 478151 22.8 379 522151 747723 302
5000 532151 14.1 27.6 572151 779723 26.6
6000 554290 10.6 24.1 596290 811723 26.5
7000 606 465 2.1 17.2 641 465 843723 24.0
8000 637065 2.8 13.8 669 065 875723 23.6
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Fig. 5 Trend of decrease rate of planned delay cost and

overlapped airline rate
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Fig. 6 Trend of objective function value
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Optimization model for dual hub airline networks based on competition scenario

HE Xiangni, LI Yanhua', YANG Jie
(School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044, China)

Abstract: In view of the overlapped airline network of dual hub airports that do not belong to the same airport
group, an optimization model of dual hub airline networks in a competition scenario was proposed by optimizing the
airline network layout of the airports. Based on the airline network construction idea in the median of p hub, the goal
was to minimize the planned delay cost of the travelers and overlapped airline cost, and factors such as direct and
transit airlines in dual hub airports, passenger demand, and transit flight were considered. In addition, an optimization
model for dual hub airline networks with strict multi-allocation 0—1 integer programming without capacity constraints
in competitive scenarios was established, and LINGO was used to solve the model. Chengdu Shuangliu Airport and
Chongqing Jiangbei Airport in Chengdu-Chongqing Airport Group were selected as dual hubs for case analysis, and
the optimization of the airline network was studied based on the overlapped airline cost. The results show that the
optimized objective function value decreases significantly, and the decrease rate of planned delay cost decreases with
the increase in overlapped airline cost. When the overlapped airline costs are 2 000 RMB and 3 000 RMB, the
decrease rate of the objective function value is the highest, which are 32.8% and 32.6%, respectively. In this case, the
balance effect of the planned delay cost and the overlapped airline cost of the airline network is the best. It can be seen
that the model can fully consider the competition relationship between dual hub airports, take into account the planned
delay cost, lower the overlapped airline rate, reduce the waste of resources caused by airline redundancy, and provide
guidance for the reasonable adjustment of the airline network of dual hub airports in competition and collaborative
development.

Keywords: airline network; dual hub; overlapped airline cost; planned delay cost; median of P hub; multi-

objective integer programming
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Fig. 1 Principle of ultrasonic vibration machining system
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bending rotary ultrasonic vibration transducer
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Table 3 Bending frequency of double bending rotary

ultrasonic elliptical vibration machining system
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Fig. 7 Modal cloud atlas of dual-bending rotary ultrasonic

elliptical vibration machining system
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Design of double bending rotary ultrasonic elliptical vibration machining system
SHAO Zhuangzhuang, ZHENG Kan', DONG Song, SUN Zhenwen, SUN Lianjun, Yan Jiawen
(College of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: The processing efficiency of the rotary ultrasonic single vibration mode is limited. Therefore, an
elliptical vibration processing system with double-bending ultrasonic vibrations was designed using the ultrasonic
vibration excitation source coupling method. The bending wave equation was derived, and the calculated parameters
of the bending ultrasonic vibration system showed only a 5% error compared to the simulation results in theoretical
analysis. The coupled double-bending rotary ultrasonic elliptical vibration processing system combines vibrations in
two different directions, controlling the bending vibration frequency deviation to be less than 1%. Finite element
analysis was performed on the flange position and shape of the ultrasonic tool holder, revealing that the inclusion of
damping grooves helps increase the bending vibration amplitude and determines the optimal position of the flange.
Finally, the vibration frequency and amplitude of the double-bending rotary ultrasonic elliptical vibration processing
system were tested, and the results indicated that the operating frequency and amplitudes in both directions met the
design expectations.

Keywords: double-bend ultrasonic elliptical vibration; excitation source coupling; ultrasonic shank; bending

vibration; bending vibration amplitude

Received: 2022-08-13; Accepted: 2022-10-07; Published Online: 2023-01-06 08: 58
URL: link.cnki.net/urlid/11.2625.V.20230104.2053.007
Foundation item: National Natural Science Foundation of China (52075265)

* Corresponding author. E-mail: zhengkan@njust.edu.cn


https://doi.org/10.1016/j.cirpj.2019.11.006
https://doi.org/10.1016/j.cirpj.2019.11.006
https://doi.org/10.1016/j.cirpj.2019.11.006
https://doi.org/10.1016/j.ijmecsci.2021.106681
https://doi.org/10.1016/j.ijmecsci.2021.106681
https://doi.org/10.1016/j.ijmecsci.2021.106681
https://doi.org/10.1016/j.ijmachtools.2020.103540
https://doi.org/10.1016/j.ijmachtools.2020.103540
https://doi.org/10.1016/j.jmapro.2020.01.040
https://doi.org/10.1016/j.ijmecsci.2019.105347
https://doi.org/10.1016/j.ijmecsci.2019.105347
https://doi.org/10.1016/j.ultras.2021.106662
https://doi.org/10.1016/j.ijmecsci.2022.107239
link.cnki.net/urlid/11.2625.V.20230104.2053.007
mailto:zhengkan@njust.edu.cn

20244F 9 A EtEMEMRXRKXEZER September 2024
2504 5 o1 Journal of Beijing University of Aeronautics and Astronautics Vol. 50 No.9
http://bhxb.buaa.edu.cn jbuaa@buaa.edu.cn

DOI: 10.13700/j.bh.1001-5965.2022.0713

= RECR E N T B XSRS R A e 2 i

> 1 = w2 | w1 S, a1, F
XA, FhES, RFF, W, ERE
(1. KJFFETRZE WIS 28 TR, KR 030024; 2. KESEFAMKGE TIARAR, HH 030600)

i B 2eE¥umadERERGCRE R, BEMERERITE—ME LY REF
A, BEWAKEGFHEN. BIEERZHRFHEER, Bt TREEANMEERE S #5885 8K
ATRIBAEHLBEE, FRARKGAFRGTRAUCNEN T EHTT LRE ., FAEERE
. ATUR AR T AE T M ORTEOK, SERERER M T A K, AR P QEE KT 20 mis
MR E; BEESHATEEFREZARLEWELTIES, HiRAH BRI AE 60°, L4t
TAE0°H 200K i, HiAFMEEEF THEMK SR AEAEERNEREL, SHEER
PR T Ao B AR RE AL B A SRR A BN YA A d 2000 60° R fL BT, BT
BHRASEEREARY R, FREREHRK R G L HHEAM, LR RS R B TERAE R
EEBEREARRE, ARRESEHRCEITRET AR AH, ARAEERNE B AEER

X OB O MmAEER; 2 Rad; g SEE; A

hESES: THI3ZTS
XHEFRERE: A

W6 A5 TR R R 1 R TR, X Bl ) A SRR R ) L
RN HE R 32 1S K, (A AR R AR TR
B IR TIG, DAL T AFRORY . A
Yk ol B g, L e n R AU BURY . R TT AT
A3 ZE VR R 23 1, T A A R S
T 28R S5 Jim & T 25 1R ) e 2= A A
b/ O RS S R T MR I Vi 3 (g I
JE DX IR P8, S BORE RIS it | i B MR Sl ik
ANBC L bl | BRI A, AL JE IR AR | HE e 41X
SR BT REAT T e AN s, by T DI = A 1 1
AR R 22, AL 25 e AR T il s <o B
i, 28 e

) P A0 2 3 7 R AR 8 s A 2 ik T T A
TR R, S A0y B 2 AL AT i
F-Bro FIFBEOCAER K 7= A2 B, R A e
BALE LR BRAAE i B, iR 538 1Y) 52 56 F
FENE", Zhang ST A U AL M O D

NXEHS: 1001-5965(2024)09-2919-11

KA 2. IR s AT, R A A R
I3 LA G T AR AR SR A G B 23 AT A
BAE B ES 5 BYT7 05, WF5E ) AL FE 58 4 B3 7
IR 5S4k, R T U A AL T Y < R ) ok PR
G o LA UK CFD i 25OR AT AR A I 56 45
B ST I O S AL G R 7 A A A X SO
[20-217 et JH o 3 5% AR AL RS 52 o il 1) A 26 2R v 9 <0
JHEAT T8O R AR, WL B 25 Ay 7 e e i v i
it o SCRR [22-23] 38 3o 18 Ik AIR = 1Rl ) S5 £
FEAE PN TR JE P SO AR L B, /N TRl
WIRRLSE

L5 F Tk, BIFGE N B E R AT 28 S TG It 28 K 1
S04y Al 0 T T T R PN A S R AR RS AL B R AT T
BOA VAN B 47 FASEALL, (H 32 AT 28 AL AL BEE 1 i FR
i, JOHkE X AR FE A N R S AT S, (AT D
BOWFTE RS 2 T 1R ) A e B AT I

BT | HE R K i R Bl g A

Y ¥s HHA: 2022-08-13; FH BHA: 2022-11-09; MI4& HARATE : 2022-11-24 09: 48

4% S R b1k« link.cnkinet/urlid/11.2625.V.20221122.1343.002
HEEMB . EERESVILIT (2021YFB2011903)
* B {5 1E#& . E-mail: huangjiahai@tyut.edu.cn

SIFtE: MAA, FhhF, KFT, FRERLGHETETEITREABSTGIAEL W [J]. AFAEMKAFER, 2024, 50 (9) : 2919-2929.
LIUS S, LEIX R, SONG Z'Y, et al. Influence of unloading groove opening of port plate of plunger pumps on transient flow field
characteristics [J]. Journal of Beijing University of Aeronautics and Astronautics, 2024, 50 (9 ) : 2919-2929 (in Chinese ) .


http://bhxb.buaa.edu.cn
mailto:jbuaa@buaa.edu.cn
https://doi.org/10.13700/j.bh.1001-5965.2022.0713
https://doi.org/10.13700/j.bh.1001-5965.2022.0713
https://doi.org/10.13700/j.bh.1001-5965.2022.0713
link.cnki.net/urlid/11.2625.V.20221122.1343.002
mailto:huangjiahai@tyut.edu.cn

2920 b3 M2 it KR %% % ik

2024 4F

TEAE FE I P BE, A KIE A 25 W0 HlE il 2 7 DX B A A
FEGLABE T o BTN 50 28 i P9 BE A1 EC 3
REWE | i % 22 DX SR A Bk N i T R A AT, T
P&t 7 TR T 58, AEUB OAT: S I AR R 45 5 T AUk
PR b o ol T G A R 5 SR i Uik 2 S BUE
PRI SN B AL, A SR A BROCRIEAR, B2
AT A AT ZE A TR R AL, R, T R A FE G AR R
P32 b R AR LR B I 9T AR B A SE P TR

AR SCR JH I 3 0 L0 AT R A S 6 2 B R T B
TFREWTFE, o A B4 A 2 5 S0 0 A T8 2 e i 7™
AETHR L SR A SRR, R T AT
L5 A SE LR AU B N TE S R TR SE R
HETh 9] 6428 A0 i, A9F ) AT RADL AT S
A S RS R B, IR RE 1

P

[ EE S TG %€ HEE4

(IEEE RHE

i Haho

HETB AL A

S5 Ak A B E IE T R ZE G AR 15 2 T
A R R AT RS

1 HEEERSHERZENT

L1 FEER
1L1.1 AR

P 1 Sk fl ) A E A ML AU 254G M FE FE AL T
THUFRHE I A 3 90 B B BsF, T it 28 EL & AR B 0 1) £
T BE 25 5 5 e TR UL, 5 3R R AR T N 2
SR, FE R, e A M R R Bl L E A bk
MR, AT 52 Mo A SE S (9 ] SEPE RN 4 o 18] 2 J2 4
oA 250 mL/rad 1) ZE 5 B A BC I B8 B, 7RI
ARV VT A A 9 DX S A S0 T B R A A
i, SEE T AR P AR I o AR SOR AR AT A
FE I 3 3k ) 17 R IS ) 38 3 R T S 5 O

hie

1 R A 2R T
Fig. 1 Swash plate axial plunger pump

§>>/m%%

2 PSSR
Fig.2 Port plate structure

Heh X

1.1.2 AR B M AR 5

o BT ) RS SRS B T SR AT R . AR
& A E R BT o, Xk AN ) 30 AR a2 A D) ks ok )
g3, QN 3 i, R C It B kO 2% T R AS L AR
R R 00D £ R GG RO RS EAT TS AL AL B . TE DT B

B B 2 2 A% S BT 0T B, DLEE L
1 8 158 22 1 k4 i Xt 19X A0 IR Pk 3 A7 9 A1
S b, 05 BA5 R AT A I SEE R, Y T
VE A 5 R AS AT 446 B 55 1T P 446 AR I, ) L A% 7
ORI TN F Bl | e 2R < SN
25, D)UY T B R D BT R R 25 . O LT
HIRZEAQ WT:

M R A
[gA%

o
| &

HEah 1

3 RS

Fig. 3 Computational domain grid



% 9 SO, 25 R R 40 T X0 05 5 B 2921
AQ = 1Gn = Qo (1) FARIBE ) 46 SR, LT 46GB/T265 AR,
Quu JLAE 40 C I B3 B0 R K 46 man'ls, R4 A Rk

AP 0, WAV Q,, MU

1N T AT RIS BORE T TERAER,
% 22 I X A% A Gy T i A AR, >4 o A K3 1
B — MR, W IR2Z M R PRI . 220 AU
T I T8] AN 30K Bl A ) B, PR 55 5 20 R A 32
Ir B AT BT

F1 WAEEURME
Table 1 Grid sensitivity

P SURT N iE S = NI ) L 5w

285 o
A AEER K Ref

FRECH  AQ/%

1 30 35 0.03 0.015 188105  7.13
2 30 35 0.025 0.0125 214750  4.76
3 30 35 0.02 0.01 225204  2.26
4 25 30 0.02 0.01 232352 1.42
5 15 20 0.02 0.01 367691 1.12
6 15 20 0.02 0.005 518554  0.97
7 15 20 0.01 0.005 897371 0.98

113 RS HAER A
WARAE R4S Hh JC R AN TR AL Re
o _vd
u v
AP v NI d R p NIRARE E; u AR
R 0 NIz BB .
TARLEE B4 18 v JC i N L Re 1
4vRy
T

A Ry, E K Jy A

Re = (2)

(3)

Re

34 5 1500 r/min, A4 ELAEFA O 1SR I RS ok
PIE g 1.415 m/s, ARG SCHR [18] RIS H A 2E 52 453
(R, IR 2 Fro, BRI SR TR 2 000~
2320,
*2 HERARSHER
Table 2 Flow pattern in plunger pump

VA AL WA
-3
FEASRUMT R M o MASXIOTXTS ) 307 o300 J2i
46x10™°
-3
HEAGHRNT o= Mou 34X X400, 057 h30 i
v 46x 10

-3
SHHIAE Re= PR _ AXIB6X107 X081 o 00) 5 300 Hik

v 46x 107
-3
Faghn Re= M S 100D (a0 30 i
v 46x 10

122 2 AT, 28 N B O s Ak 1 i TR A s A
NI T 320 SR I 11 R A S A R
SN, FEIE] 3 T 7 147 BCRE Y v 23 S B0 T R e 4
TE RHE A A R, A KR AR 10 £ .
Sy A 3 S MBS ADL I 0 i T R 23 AR RRAE , (7 BLRE AR 3
FHE B IR BRI L AN 1 T2 Navier-Stokes
Ty R il U 5 PR T R T A s AR AR O, 1E
RNG k-¢ Jifd PABE Y K 4= 25 A SR AT R

HT 2R FH ST A S 4330, T DA B2 AE AR [R] 3t
VAR 38 22 ) ) 8 5 T, LA SIS B [ AR 3k =22 ] 4 5
Pttt . Rk b O SO B A, HoAh il Ak
BN ICRRBET . R SRR, ISR 228 0.05,
Fivath B F- Sk 0.5, 4 B AR H A 200 26 3 s o

*®3 MESHHRE

Table 3 Settings of simulation parameters

> = ey M 0}

w T e O e 2T R WERRGE P AT R R s T
i oy R : T T U N o P Y e D e . e -l R " - Y ¥R
5iff/(°) JEF1/MPa JEF1/MPa A%/mm B /(kg-m™) MPa  MPa FHEE/(Pass) (r-min") Wik /MPa JE7I/MPa JEF)/MPa  AEL A IRE/K
15 35 2 396+0.3 865 0.004 0.0035 0.03979 1500 1.5x10° 0.1 0.04 0.02 0.01 313

1.2 RIAFRANOKERE

Bl HEZER P Y 9 A ZEE R A1 B Y, A
TP A 2 I - A i A A S T O T R SR A S
AR, RIVA ) A 2 SR e — JE I, A 2 JEE A5
A B o O AR L 9 A JE B A AR K, BT LI
CFAEURE S R AR A . NERIE b, B RE SR
L5 iy 1 Sl RS T SR S R AR BT — E AR
P, BB N — s RE B b A S I A 2 % S £ A 11 3
Yy o BT BRI, AR SCHR AN AL 4 Bz i 52
BB, FH T RN A R 5 1) Ay R S RS TR
ARG . 12 B B B R R R AR
s R = AR, B R L AL, B 4
I LR L, L B AR — 0 22 2k 1 AR o Y

WY, i R AR T 7 (R SR T RS Bl LAY
WALAT = AR AR O B 7 2 R, Y LA
RS 7 Sy 15 WRET S Ak I, R 3ok ALK A o ) A
fi, AELT R 3

Hh Ta] A o 25 T SIE 9 g Bk i B, P R 4R T
Pl 4(b) it 7, PR IS A 455 A T T S
REFOULI X 45, H 5 E 5 250 A 28 5 0 AH CF A
RoF— W T e J bk AR LG, TGk hin T
Ay H L T RS T T ) 450 £ A AE B R A I B ) M
T, KR 3 AT AN (LA e S0 £ R LA T g 1)
A, L T LR g 1 ey A AR R, A X AN (] 2
FAITEE AR A 0 o R 2 A 00 3K

Hh ) A e SR AT AR AR, HLP R Z AT



2922 b3 M2 it KR %% % ik

2024 4F

o PE O

R ey
R

AU
B AR
il

Hym e
B

e

(a) =Hk&tHy

(b) NHB LI AT

AR
|

WAIT m

,,,,,

(c) LB
B 4 AT AAR LI Y ST 562

Fig. 4 Experimental device for visual observation

FHXFIZ By b 9 2 THOASGE 2 41 28 98 5 B8R R w7 o ]
AR TV 2, SO L S A SE AT PN AT M ZE s T S
MR8, AR SO RS, A T 2T
DR (VA A N O N TR 7R TR I R

&l 4(c) AL B0 BE, A0 46 AT LAk 2% B | B R
B N B R . T IR R SKF20 sl 4% 148
B, G R A2 3 B R 120 000 Wi/s. 43 HE2% R 1920 14
Ex1 08012 % . Bt R R 14 umx14 pm, sh 575
FElk 60 dB. K54 10 bit, BEICHTER 1 us, FLAT 1 kW
S B KALAT . m A RO B ORI R ) v Ak
T A, 35 5 Sk o't Pl AR DI I [ el L4 T Jom 75 A

2 HERS5HMH

2.1 EfrE RN E BKEh
[l 5 Sk ) for £ 00 R Rk s, Hob, L G, R
C, 43 LT = A | BRAEAE A1, 57 & 40 E 5(a)

fiis o B 5(0) A bk 3 s 7E 0°~360°N 1Y H )48
AE O, 2 9 A JR, 43 0 X6 i 9 A4 2 28 ) 1)
T 8 B B 7= A2 B R T kBN . B 5(e) S —A R Y
R, 24 0= 15°~18°0}, HEFEEBIIA C, mi, & 1%
i T % 35 MPa, 24 0 = 18°~26°m, [ifi %5 i I i FX
FBE A, RO R, €, SRS KIR T, HEAR
EAAR: 2 0=21°B), ¥R S C, SiEME, K
T, 2 0 =23°0F A B IEAE 8 MPa, Fifi 5 T B 27
s € BRI R ARARRT AR E o
2.2 HEEFEITHR. HRAMSHHENT
22,1 RAREIES A AFAE

6 Sy i A S B 8 A R AR, 1B 6(a) ~
&l 6(j) %/ HE %€ P12 fil ) fof 48 2] F — AN 4 %€ P2

- RN
0 -~ 4 0.411 134

0.000 192 153

(a) Uiz

JE 71/ MPa

0 4'0 8I() 150 180 260 2:10 2é0 350 360
FE/()
(b) S lkah 4 A

—C
0l -
28 —G

JEF1/MPa

0 5 1'0 1'5 2'0 2'5 3'0 3'5 4'0 45
FALENC)
(c) FEF Mk siick
&5 EIfar A S ik sh

Fig. 5 Pressure pulsation of unloading groove



%o

UMY, 45 Ao 2 2 T O A 0 £ TP 2 X I 245 0 S i 2 W 2923

2 fiok 180 ey %) R 0 R . TR 6(a) ~ [ 6(d) B B,
Y TR0 P g 2 4 T v, 0=19°Hs} 13 X sk v ARk
B AR B 6(d) [ & 65) ik B, YA P & R X
B, 3R A 2 1) i R 3 Sl RS T S [ A
X N ) ey A AN (6] FF BE BT B, Y 6=1°HT A ZE P1
D2 fl AL A 322 38 280 i R, A S0 R i 08 113 BB/ )N
) JE R R X5 24 0 F 1o K21 1990, +E9E 5 H1 o

R ok T ARG S K L TR I8 AR T s 2 0=20°1,
A€ P15 T Aar A R DX, e I T AR, A 2
N T TR AR, R DN T g T, TR 22 o
PR, 7R 6(d) FIE 6(e) v, R 1 4rf Al 4b
R C 28 FR AR, {EL b ) X 3O 1R i A7 70 45 s Sl R
VSN2 N R R AR A TR |V R
RE.

(a) 6=1° (b) -8°

o e

(f) 9=24° (g) 6=25°

JE71/Pa 0.600 666

(c) 6=19°

(h) 6=27°

(d) 6=20° (e) 0=21°

(i) 6=32° () 0=41°

1.500 37x10¢

Fig. 6 Total pressure period

222 #HAARITE A EAAH R

[ 7 FEL 8 43 31 A e e R A AAR AR R 43 850114 i A
. W 7 A, KB 7(a) ~ B 7(h) B B, E ey 1
PG s X308 37 34 T, Y 0=22° R I e X33 1 R ik
B Ko B 7Ch) 1] B 7 ) e 9B m B fir Al A1 IXC
BWIH S . X 8(a) ~ [l 8(h) BirBt, 24 0=22°H1"<,
WARFI A HBETL 99 % B XA EIR KA. & 8(h) ~
& 8(3) B B, A DX B M 2k o

Z T E ARG B, 2 TR R LAAS [R5 £

~ A
(b) 6=8°

(a) O=1°

(c) 0=15°

5 20 i M 2 0 T X O A S ey RO R [ o 2 6
1o3d PEF 25°F, il A i 2 7 bk 14 1 AT TR 1, T
ZEBACE R, TR TTFE AR ZR R LT o
0 Fh 25018 P B 410, Bl 12 fk i ARG K, B
5 E O 25 F) S 2 R MR /0, T T 1) T RS
P IR AR I T s s, (R, 176
Pl 8(g) 1 T IX 3k B e R, FE2E P SE 42 5 1 A
P BROM T, 3K B A ZE TR ) R T W B4 S, B
I T 22K 38 B de R, X R AR TR 2 Bl i 31 99% .

P P

(d) 6=19° (e) 6=20°

=P

(g) 6=22°

(h) 6=25° (i) 6=32° () 6=41°

JEJ1/Pa —100
7 R

Fig. 7 Static pressure period

250 000



2024 4F

2924 b3 M2 it KR %% % ik

(a) 6=1° ' (b) 6=8°

(c) 6=15°

(d) 6=19° (¢) 6=20°

(g) 6=22°

SRR 2

(h) 6=25°

0.000 177 957

(i) 0=32°

0.999 986

B8 ARIARFR A I

Fig. 8 Gas volume fraction period

223 #ATARIT AR 6 e

(19 Sy 1)y Al 2 728 Ak ask i v 30 it 1 0628 1
Bl o FEZE I Hl A He I S fr b A oy, OO A R I
WA 2%, A AE e o JA S PR b th I S TE R 9 B4 .
96t 1°7m] 19°4d P I, ) far Al O B2 W OR, &
o) R 0 A s B RE KT 20 /s, 2 Ui
B A . Y 0=20°mF, AT E R ik B kA, B
3 A TR R R K, At AR O R BRI B 20 /s DA
Y5 1 B TS B S v 1 AN 1Y % N AR OST E C
AT R, s KT 20 m/s BF, T B e 7 A, I
/NT 20 my/s B, THRE R 2 T Ok o

& 10 KK 9(b) 1 0=7°FF B F 1 i Ik A 1 A8
B2, AT I AT b A AU Y AR R G, DL KB
YA FUE 165 X9 & e 1 00 5 B B R B 22 4k, i 3
INBNFRAS, SRR X B Z I Kk . B kAT AL, R
WRER RS T P B ER AW Tk, H

' (é) 0=16°

Xt FEJE A 55, 4 B — A JA BTt 2 7 2R U A e
i, X e — A RS R, B LA A0 T A R E AR
W — BLAFAE, I X8 W AR 7 A R IR, I R 1
M 2 B

A L R BG4 DR G R A Y A A W
Jin e, S B 2R TR R O s 5 U 5 iR
Do BDI U B A - P 2 O™ A R B 22,
22BN, A TR R — A e 5T D) G
A S I A DR 23 A B e 25 Ak X5 55—
S R T 5 DD S5O 14 30 5 i T BE TS8O A AR TR
TS WRUZ T AR, B LU ety A B A 555
e X
224  EHEAEIT TSR A 6 H

Pl 10 Ay S A D7) TR S 9 A S TEE AT, Y 6
1°7) 2005, ph L 2 RTRDULEE R, S ¢,=0°
li] 0, =20°33 8, H & J7 17 5 T U 68/ 2 (T4 14 JEE

() IXds T itk - (d) 6=12°

(@ -19° () 240

(f) XA T 7Ok
I
HE/(ms")  —10 70

&9 el e A
Fig. 9 Vortex period



UMY, 45 Ao 2 2 T O A 0 £ TP 2 X I 245 0 S i 2 W 2925

(b) T=7.3725 5

(c) T=7.7425 s

(e) 7=8.6575s (f) 7=10.14 s

(2) T=11.662 5 s (h) 7=12.162 5 5

K10 mIfeid e

Fig. 10  Visualization process

(a) 0=1° (b) 6=12°

(c) 6=18° (d) 6=20°

(e) 6=22° () 6-23°

B /(m-s™)

(g) 6=25° (h) 6=35°

-10 60

B 11 YIS A s

Fig. 11  Angular velocity nephogram of jet in section

PERMZT . 24 0 f 2105 P 5 350, A ZE 5
L 5 ol TR B BT 1 R, S 3 AR A 90, =20°8] 0,=60°
ARG, RE T 1) B Sl (i S A R . BE S U
IR N IR (S N R N R W KR TR N
57 LAAS [R5 30 AR 0E A S D o, 3 T AN [ X3
F SRR

TR A b 3G 1 D PR, i A ) A R T ) A
Ak, 8 I 20 ) ey R, FC S ok A e AR Y A8 A 8 S 3
fa kA, R R, A 2E P2 U 4% 1m0
PRAFFI AR /N T 200, 00 Bl 2 30 4R 5 10 i O
Fh /AT FE R BEHE R R, SO T WM AL
BRI 2O R FE T A 2 T X U R IR R s il B
VAT 2000 X6F Tt 37t 45 P 50 38 S e TR B s

B 12 M ASTE IEBE R B AT Ak, o, o B /NI
JETF SR A O, S 110) R . @, FomkE%E

A S EATAE R PSP A SO, SR 11(e) XF Rz, P
TR U0 5 05 EOR N o pR R, SO A I ) A R
1R AZ A

LA B A3 A R, S A T EE 0<20°8, X
SR F 9<20°, 1 B ) far A PR SR A R A3 B Ak
99%, St o0 R AL 60 my/s, S T 1A 5 T C
B /RT R BE SR, YRS A A0 LA v R SR R R
T 77 A S A R[] Ao A=A v T A o R T 5 K
Az iR BN s e BRI, A 13(a) R . 4
TrRETTEE 6 H 20°10] 25° 1R, ST o B 20°1] 60°
1L, R SRR A ECR 99% 11 X IR 1 s/ IME
A AEAE , S0 v o0 B AT 35 m/s, S IR 7 o ARG 5
TC It 26 /A ZE T AR PR A5G THT, 1o C U 8% JEE AR A PN
PR, DI AT Tt 7 25 V2 PR g 350 2 T 9 B 3R, o
[ 13(b) i 7m o



2926 b3 M2 it KR %% % ik

2024 4F

A

12 AFEIFET B R4

Fig. 12 Visualization under different openings

(b) Tie 70 255 M 7oh N A Py o B s o i
B 13 R X s e A

Fig. 13 Photos of cavitation damage area
23 EXHEFARRE=HINK I
X Al o) A E AR AL (5 07 EORE R — B0 gEAT I
W, BATZEANT - F3H04 1500 v/min, 4850 40
TRRRALE, 46 T W, Wl 1 oy KRAETT, HE

WHETIN 30 MPa., iaf7— B a5 & BT FERC A/
T A T 45 2 T R DA 45 AL ok R A R A PN 0 ) 42
PhELG, WA 13 iR

Pl 13(a) Sy TC I 4k /T A P2 48 3% T 4 403 DX 3,
PRI T R, AR PR 44 4 T sk IR 8y [] 5 T 7 ) A
[, il IR S0 A T AR 0 30 2 A6, 5 ) A R G 3 T
Tia] 5 7, R ORI A5, A S T A R 45 2 1 AR ol 5 o)
A . B LR B ER A : E LFTR
P S P8 T 3 ) iy R 30 A A S 19 A8 A5 O AT A 3%
3 3 R v I A e B SRR PR R TE 60 mys, B I A
DA e 8 SR o TG AL 2/ A PR 48 % 1, 0 S 48 % T 0 3]
5 20 B4 S B IR 5 Hh TR 8 TR A AR AR AR R 4y B el
CH, AR i R I ) [ R 2 4 A S By,
A R R T P R o R T, R R i
Az 1 e AR FH A RE T AR AU IR s BT 11 g
AR B R R R SR AR o<20°M S I DX I AL 4
i 37 455 /05T M B B2 R 1T, AN 14 B R (4 /N B £ BT
X I P SR X8, PRI, A3 SR A L I A

~ POl

TR Al

K5t S
NG A

Cavitation: Total gas volume fraction
.

RRSMAAR % 0411134 0.000 192 153

14 2

Fig. 14 Cavitation damage area



55 93]

UMY, 45 Ao 2 2 T O A 0 £ TP 2 X I 245 0 S i 2 W 2927

(LRI R R A SRR R R SR S 4] 13(b)
AR Dk DR A AT, A DX R T O A T T A
R RETET 250 0> BN TERE, WK 58 4 45 5 X )
HURT BE B AE 5 IC O A el %) A ZE G A R R
TAT o PR OV HFE DT 37 45 O ol 2 Al Ay 3 R S T A
JEE 458 2% 1HT 04 13 Tl E SR pR D R S S L Y AL AR i
JIZ 1 B 30 T A R s Aok G o S 300 R P 3R 5 |
.

& 13(b) Ay FiC I 5% 1 i 2 70 6l iy B i 9t 49 IXC
S, ER AT AT, B TG I R A R IR SR Y T ) Y
SR SN ), AR AT A T B A RO (R A e
T o FEL 14 b S 3 A X I 1 S 3 DX R
ANSPI A A DI OB, KRR AR B X I
BCEIR o ph M RT A5, T I P RE T AR Y R 5
ARG

T ARG 0 SR 5 AR P I AT AR
PEE A AL AR AL, 2 30 o R v A A v s
FEAGREETE 60 m/s, Pt M LA a7 0 S o 0 30 25 W il 1XC
PSRl e T, 7 R T 30 30 5 S ) SRR IR B A, R
AR HE A 0 7 A S R ) P i AR B T, I
ST A 1 il A P A R T ™ A AR IR 5 7 T )
o o R e, YA SE S IR A 0% T N,
LA DX T I R 4 R 0 v L4y, 5 KD 13(b)
o AR XS NI GRG0, B AR T B A 3
K, HEZE I 5 = A A ol TR R, SR A 0=
200, SR OB T EE R I AE TS, 5 B IX
AL G RIS, S5 5 0 A e ik X
MEVA .

It LA BT R I, SR A 0<20°0T, 23 AL
ol T A R 48 2 T X o B A 97 455 PN S 30T G AR 4
fi T )0 43 05 5 21 SR A 0=20°8F, 23 3 ARG I
B BE R A B 15

3 & 8

A SCAT AT T TC U A ) fr R R S G AR R
M NTE SRR, Zh6 TR B i ] M
A gty oy A 25 58 R X 00 S5 R T BOT e T FSR
TAE, R LT 451t

1) ) A ZE LW L HE v Ok R b Y A O B L
A R, JE T2 D 0 5 A B ey R 37 3 T A
FERYGEA RN, REE WL 2 YL (438 axk 380 7 4 B 1Y)
F W BRI, {32 A LI5S MR 7 2 R 0 BR
i, % R GAT WA BN RS T TR A RE

2) M ZE I S SO A G G U A, ) fr A O
o M 0°m] 350t PERT, i A 6 i 0°m) 60°48 1k, 7E
XA AL AR T, S I 23 5 e S AL SR AL

P DA FE TR R 0 5 B 4 2 T ) T O 4 PN R
o WA 6<20°F, Sy ) HE G G A FE 6T
PR EEAE R TH, X AL S R i S S AT 1, 5%
M 2 Y8023, 3 2 5% T A TS 458 % T ARG 8% PR B T
TE R ER 5 B3 0=20°8F, 53 5 1f) 1) i o 4% 1
TRURE YR R, AT 5 S50 I 26k O ok Y 7R i) S
XY K

3) TE FEIT B B, A S 9 FR A R R S T I A
T 7 3 3 DR 7 A R AR, DR AE AL T I B B
1 b — AN €T D7 1 ok R i, i il 8 423 4k
FEAR IR IR T B, O SR 2 B R
s B 7= A LT e S AR L A O, AR
O T 20 m/s O BB, R I o SRR B S gt 0
PR N B 2 B e R I A . Rk, X T
fpAlifs i, AR 20 m/s S —NAHRE A,

2@k ( References )

[1] CHAO Q, XU Z, TAO J F, et al. Cavitation in a high-speed avi-
ation axial piston pump over a wide range of fluid temperatures[J].
Proceedings of the Institution of Mechanical Engineers, Part A:
Journal of Power and Energy, 2022, 236(4): 727-737.

[2] CHAO Q, ZHANG J H, XU B, et al. Effects of inclined cylinder
ports on gaseous cavitation of high-speed electro-hydrostatic actuat-
or pumps: a numerical study[J]. Engineering Applications of Com-
putational Fluid Mechanics, 2019, 13(1): 245-253.

[3] GULLAPALLIS, MICHAEL P, KENSLER J, et al. An investiga-
tion of hydraulic fluid composition and aeration in an axial piston
pump[C]//Proceedings of the ASME/BATH Symposium on Fluid
Power and Motion Control. Sarasota: American Society of Mechan-
ical Engineers, 2017: 4259.

[4] ZHAO B, GUO W W, QUAN L. Cavitation of a submerged jet at
the spherical valve plate/cylinder block interface for axial piston
pump[J]. Chinese Journal of Mechanical Engineering, 2020, 33(1):
67.

[5] HARRISR M, EDGE K A, TILLEY D G. The suction dynamics of
positive displacement axial piston pumps[J]. Journal of Dynamic
Systems, Measurement, and Control, 1994, 116(2): 281-287.

[6] SINGHAL A K, ATHAVALE M M, LI HY, et al. Mathematical
basis and validation of the full cavitation model[J]. Journal of Flu-
ids Engineering, 2002, 124(3): 617-624.

(7] gLt AR, B 5ufh, 5. Rl 28 a5 A SO sh A ki
F KM [T). e T 2447, 2015, 36(3): 559-565.

YUAN S H, ZHOU J J, LUO X W, et al. Dynamic evolution and ef-
fects of gas phase in cavitation of axial piston pump[J]. Acta Arma-
mentarii, 2015, 36(3): 559-565(in Chinese).

(8] WIHE. EHA w2858 S dAL A T ORBEBORBISE[D]. HUH: #iriL

K2, 2019.
CHAO Q. Research on some key technologies of EHA axial piston
pump with high speed[D]. Hangzhou: Zhejiang University, 2019(in
Chinese).

[9] PENG K W, TIAN S C, LI G S, et al. Bubble dynamics character-

istics and influencing factors on the cavitation collapse intensity for


https://doi.org/10.1177/09576509211046998
https://doi.org/10.1177/09576509211046998
https://doi.org/10.1080/19942060.2019.1576545
https://doi.org/10.1080/19942060.2019.1576545
https://doi.org/10.1080/19942060.2019.1576545
https://doi.org/10.1186/s10033-020-00486-8
https://doi.org/10.1115/1.2899221
https://doi.org/10.1115/1.2899221
https://doi.org/10.1115/1.1486223
https://doi.org/10.1115/1.1486223
https://doi.org/10.1115/1.1486223
https://doi.org/10.3969/j.issn.1000-1093.2015.03.026
https://doi.org/10.3969/j.issn.1000-1093.2015.03.026
https://doi.org/10.3969/j.issn.1000-1093.2015.03.026
https://doi.org/10.3969/j.issn.1000-1093.2015.03.026

2928

B AT /O NN S

2024 4%

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

self-resonating cavitating jets[J]. Petroleum Exploration and Devel-
opment, 2018, 45(2): 343-350.

LIANG J, LUO X H, LIU Y S, et al. A numerical investigation in
effects of inlet pressure fluctuations on the flow and cavitation char-
acteristics inside water hydraulic poppet valves[J]. International
Journal of Heat and Mass Transfer, 2016, 103: 684-700.

SHEN X, ZHANG D S, XU B, et al. Comparative study of tip leak-
age vortex trajectory and cavitation in an axial flow pump with vari-
ous tip clearances[J]. Journal of Mechanical Science and Techno-
logy, 2022, 36(3): 1289-1302.

CHO I S. A study on the optimum design for the valve plate of a
swash plate-type oil hydraulic piston pump[J]. Journal of Mechanic-
al Science and Technology, 2015, 29(6): 2409-2413.
GIOVANNESCHI P, DUFRESNE D. Experimental study of laser-
induced cavitation bubbles[J]. Journal of Applied Physics, 1985,
58(2): 651-652.

AKHATOV I, LINDAU O, TOPOLNIKOV A, et al. Collapse and
rebound of a laser-induced cavitation bubble[J]. Physics of Fluids,
2001, 13(10): 2805-2819.

BRUJAN E A, KEEN G S, VOGEL A, et al. The final stage of the
collapse of a cavitation bubble close to a rigid boundary[J]. Physics
of Fluids, 2002, 14(1): 85-92.

ROBINSON P B, BLAKE J R, KODAMA T, et al. Interaction of
cavitation bubbles with a free surface[J]. Journal of Applied Phys-
ics, 2001, 89(12): 8225-8237.

ZHANG Y, DONG Z, HU X. Cavitation limiting strategies for
pumping system: US, 20180040226A1[P]. 2018-02-08.

SRFS. il A ZE IR B S A AR AR W SE (D). AR AT
K2, 2020.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

GUO W W. Study on characteristics of submerged cavitation jet in
axial piston pump[D]. Taiyuan: Taiyuan University of Technology,
2020(in Chinese).

SEHARC , WAL, Wt . Al A ZEE P AR s A 1 AT AL BT
[7]. WE553h, 2015(2): 1-7.

Tetsuhiro T, CHEN Z, CHEN J J. Visualized analysis of cavitation
inside axial piston pump[J]. Chinese Hydraulics & Pneumatics,
2015(2): 1-7(in Chinese).

YAMAGUCHI A, TAKABE T. Cavitation in an axial piston
pumpl[J]. Bulletin of JSME, 1983, 26(211): 72-78.

ITO K, INOUE K, SAITO K. Visualization and detection of cavita-
tion in v-shaped groove type valve plate of an axial piston pump[J].
Proceedings of the JFPS International Symposium on Fluid Power,
1996, 1996(3): 67-72.

QI G N, TIAN T, HE Z Q, et al. Cavitation phenomenon of high-
pressure piston pump and control[J]. Machine Tool & Hydraulics,
2021, 49(9): 187-191.

LIU W, WANG A L, SHAN X W, et al. Valve plate for piston
pump cavitation problem with the damp groove structural optimiza-
tion[J]. Applied Mechanics and Materials, 2014, 543-547: 154-157.

KOLLEK W, KUDZMA Z, STOSIAK M, et al. Possibilities of dia-
gnosing cavitation in hydraulic systems[J]. Archives of Civil and
Mechanical Engineering, 2007, 7(1): 61-73.

GB/T 265-1988, 7 ill1" {1z SR BE I 5 FE RISl TRl BE T[S
Jeat: AR R, 1990.

GB/T 265-1988, Petroleum products-determination of kinematic
viscosity and calculation of dynamic viscosity[S]. Beijing: Stand-

ards Press of China, 1990(in Chinese).


https://doi.org/10.1016/S1876-3804(18)30038-7
https://doi.org/10.1016/S1876-3804(18)30038-7
https://doi.org/10.1016/S1876-3804(18)30038-7
https://doi.org/10.1016/j.ijheatmasstransfer.2016.07.112
https://doi.org/10.1016/j.ijheatmasstransfer.2016.07.112
https://doi.org/10.1007/s12206-022-0219-2
https://doi.org/10.1007/s12206-022-0219-2
https://doi.org/10.1007/s12206-022-0219-2
https://doi.org/10.1007/s12206-015-0533-z
https://doi.org/10.1007/s12206-015-0533-z
https://doi.org/10.1007/s12206-015-0533-z
https://doi.org/10.1063/1.336204
https://doi.org/10.1063/1.1401810
https://doi.org/10.1063/1.1421102
https://doi.org/10.1063/1.1421102
https://doi.org/10.1063/1.1368163
https://doi.org/10.1063/1.1368163
https://doi.org/10.1063/1.1368163
https://doi.org/10.11832/j.issn.1000-4858.2015.02.001
https://doi.org/10.11832/j.issn.1000-4858.2015.02.001
https://doi.org/10.1299/jsme1958.26.72
https://doi.org/10.5739/isfp.1996.67
https://doi.org/10.4028/www.scientific.net/AMM.543-547.154
https://doi.org/10.1016/S1644-9665(12)60005-3
https://doi.org/10.1016/S1644-9665(12)60005-3

55 93] UMY, 45 Ao 2 2 T O A 0 £ TP 2 X I 245 0 S i 2 W 2929

Influence of unloading groove opening of port plate of plunger pumps on
transient flow field characteristics
LIU Shanshan', LEI Xinrui’, SONG Ziyu', YANG Kai', HUANG Jiahai" "

(1. College of Mechanical and Carrier Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. Taiyuan Heavy Machinery Group Yuci Hydraulic Industry Co., Ltd., Jinzhong 030600, China)

Abstract: Cavitation in axial plunger pumps is a main factor affecting its comprehensive performance. The
damage in the surface of plunger cylinder is a common failure mode, but the cause is not clear. In view of this damage
reason, a three-dimensional CFD model of the pump was established, and a visualization device was designed to
observe the flow field characteristics of single plunger cavity and unloading groove on state, so the cause relationship
was revealed by simulation and visual measurement of the flow field. The results show that the jet angle increases
with the increase in unloading groove opening, accompanied by the generation and disappearance of the vortex, the
vortex is generated when the central velocity of the jet is greater than 20 m/s. The simulation results further show that
during the transition of the plunger and unloading groove from on state to complete cut-off, the jet angle increases
from 0° to 60° gradually. When the jet angle changes from 0° to 20°, the jet direction mainly concentrates on the
contact surface between the plunger type cylinder and the waistband groove of the port plate, which leads to jet
damage and cavitation damage on the friction surface of the plunger type cylinder and the upper part of the oil
absorption waistband groove of the port plate. When the jet angle changes from 20° to 60°, the jet angle expands to the
inside of the waistband groove of the port plate, which causes the damaged area of the port plate to move from the
upper part to the inside. The formation and disappearance of the vortex are related to the central velocity of the jet.
The above research results are helpful in clarifying the causes of cavitation damage on the friction surface of plunger
type cylinders, and they provide constraints for the optimization design of port plate structure and have important
significance for improving the comprehensive performance of plunger pumps.

Keywords: axial plunger pump; cavitation; valve plate; cylinder block; unloading trough; cavitation damage
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Guidance and control method of levitation experiment
facility inside China’s Space Station

LU Lizheng"?, LIU Wei"", ZHANG Hao'

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

Abstract: To optimize the microgravity level of the levitation experiment facility (LEF) inside China’s Space
Station (CSS), the limited intra-vehicular travel distance and various uncertainties were considered, so as to achieve
the optimal microgravity level under different time scales. An autonomous trajectory planning method based on
convex optimization and a trajectory tracking scheme based on error feedback control were proposed. Firstly, the
structure of the LEF was introduced, and a spatial relative motion model was provided and linearized. Secondly, the
motion trajectory and corresponding controlling force sequence with the optimal microgravity level were solved by
convex optimization. Finally, the proportion-integration-differentiation (PID) tracking control law based on error
feedback was designed to realize the fast tracking control of the optimized trajectory while guaranteeing the
microgravity level. Numerical simulation results show that the optimal microgravity level can be 9.121 x 1076 m/s?
when the microgravity science experiment lasts for one hour. The autonomous trajectory planning method based on
convex optimization and the trajectory tracking scheme based on error feedback control can achieve the optimal
microgravity level for the specified duration. It provides a new solution to the current problem of the optimal
microgravity level for a medium duration (such as one hour) and enhances the application value of the LEF in the
CSS.

Keywords: convex optimization; levitation experiment facility; trajectory planning; relative motion; optimal

microgravity level
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Dynamic communication resource allocation for multi-UAV area coverage
LU Maomao" >, LIU Chunhui® ", DONG Zanliang®

(1. School of Communication Engineering, Xidian University, Xi’an 710071, China;
2. 54th Research Institute of China Electronics Technology Group Corporation, Shijiazhuang 050299, China;
3. Institute of Unmanned System, Beihang University, Beijing 100191, China;

4. School of Electronics and Information Engineering, Beihang University, Beijing 100191, China)

Abstract: This study presents a reinforcement learning-based multi-agent dynamic communication resource
allocation model that addresses the issue of communication resource allocation in multi-UAV area coverage tasks. We
first generate the coverage route of each UAV in the mission area by the multi-agent spanning tree coverage (MSTC)
method, and model the communication link between the UAV and ground base station as well as UAV pairs. The
uncertainty inherent in the flight environment motivates the modeling of the long-term resource allocation problem as
a random game. T Considered an agent, the air-to-air connection between UAVs entails receiver, subchannel, and
transmission power selection, among other modifications. We then design a multi-agent reinforcement learning
(MARL) model based on the double deep Q-network (DDQN), where each agent learns the optimal communication
resource allocation strategy through the feedback of the reward function. As shown by simulation results, the proposed
MARL method can increase the overall channel capacity, decrease interference from air-to-ground uplink, and
optimize communication resource allocation strategies under dynamic trajectories and delay constraints, while also
improving the success rate of load delivery.
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Dynamic modelling and simulation of a tethered-net in space
CHEN Pengxu"’, WU Chenchen" ", NI Zhiyu*

(1. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110017, China;
2. School of Mechanical Engineering, Shenyang University of Technology , Shenyang 110870, China;
3. School of Physics Nanjing University of Science and Technology, Nanjing 210094, China;

4. School of Aeronautics and Astronautics Shenyang Aerospace University, Shenyang 110136, China)

Abstract: Once the space tether-net captures the spinning space debris, a torque will be exerted on the
connecting tether between the capture net and the satellite. However, the current tether-related dynamic model can't
fully describe its twisting behavior. In order to address this issue, a quadratic discrete model is constructed using the
lumped parameter method to accurately depict the twisting behaviors of the tether. Comparison with the traditional
dynamic model and a torsional experiment for the tether verify that the quadratic discrete model can describe the
responses of the tether subjected to tension, bending or torsion. It is found that the torsion of the tether will produce
additional traction. Furthermore, the deployment procedure of the tether-net is subjected to simulation analysis and
experimentation, which confirms the suitability of the dynamic model for the tether-net system. The simulated
examination of the tether-net and space debris combo reveals that the torsional force generated by the rope's twisting
will affect the stability of the primary satellite to some extent. Ignoring the twisting behavior of the tether will reduce
the accuracy of the dynamic simulation model.
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FC-AE-1553 dynamic bandwidth scheduling mechanism
for multi network controllers
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Abstract: Due to the increasingly complex communication requirements of avionics system, the communication
system based on FC-AE-1553 networking needs to use multiple network controllers (NC) to build a distributed
network environment. The key lies in the distribution of control rights across various controllers and the resolution of
cross-domain service conflicts. In order to realize multi NC collaborative scheduling, this paper proposes a multi NC
dynamic bandwidth scheduling mechanism based on master-slave NC collaboration, which uses concurrent
communication to improve network bandwidth utilization and enhance the transmission guarantee capability of
various services. For periodic traffic, fixed time slots are used for transmission, for time constraint burst traffic,
preemptive bandwidth allocation is used, and for common burst traffic, bandwidth allocation is based on "inter-
domain and then intra-domain". The results indicate that the scheduling mechanism is capable of satisfying the
collaborative bandwidth allocation and scheduling of various communication services in the presence of multiple
network controllers. Furthermore, it can ensure the real-time usage remains below 57%. Multi-NC control offers a
clear advantage in terms of latency compared to single NC centralized control, specifically when the network load
exceeds 0.5 or the ratio of cross-domain/intra-domain services is higher than 0.8.

Keywords: FC-AE-1553; multi network control system; dynamic scheduling; control rights allocation; cross-

domain transmission
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