5544 B35 19 R R AR D) Vol.44 No.1
20254E 1 H Journal of South-Central Minzu University (Natural Science Edition) Jan. 2025

ETE£RHEXEMNZHXNREE SR
HAERLS 5T
SUR TR

(PR RBERY BT E R TR, IR 430074)

W B LRIV SO RN U AR R T T N AR, T SO B R 0 R e T R 2RI
P2 B O DR AR 2R A e, T 24 T B AR AP 0 R BEAR R ) AR IR T — e B B IR B Rl B o vk T
T TR AL A SRR Sk A 28 R £, Xof B b 2 A% SRR g S R I G B ik R R A T I s A, S AR IR
FBE R BCA T AL AN A, R T R GUIRZS WIS BE . AF = B HMESSAR R Vb A SRR W A& T 2 A& RS S
B A 2R AR R R I 19 10.24% T R R 1.10% , 503IE T BT 7 16 A 200k

KB SR A BN A T 2 W 4%

FESES TP391.4 XEMRERRE A XEHRS  1672-4321(2025)01-0085-11

doi: 10.20056/j.cnki.ZNMDZK.20250715

Data fusion analysis of cultural relic security compound perception

based on global correlation neural network

XTANG Jun,NONG Gaofeng, LI Xufeng
(College of Electronic Information Engineering,, South-Central Minzu University, Wuhan 430074, China)

Abstract  Sensor-based loT sensing technology has been extensively applied in the field of cultural relic security.
However, due to the complexity of cultural relic security scenarios, equipment monitoring based on a single clue often
results in a high false alarm rate, limiting the widespread adoption of intelligent applications for site protection. A data
fusion analysis method for equipment compound perception is proposed. Specifically, a global correlation neural network is
constructed with self-attention mechanisms, which models the spatial-temporal collaborative triggering patterns for multi-
sensor abnormal events at key sites. The achieves joint optimization and complementation of multi-sensor data, enhancing
the accuracy of the system state monitoring. The test results from the Sanxingdui sacrificial pit demonstration site show that
by fusing multiple sensor data, the false alarm rate of the compound equipment has been reduced from the original 10.24%
to current 1.10%, validating the effectiveness of the proposed method.

Keywords cultural relic security; compound perception; fusion analysis; neural network

VLR RSB TR B 2 H L ZRT SIASC U, 3B A R T T ARG
BRTFBUE IR RIS R0 FBERZ R MR BRI ZHiR R, — @R LR E T Ch iy
N GO AN e A Oy S AR S R TARRY A R R BB AL . 2012 4F , AR (TG4 4 Al
PR AT SR R REALAR AR R B LI U IR B 2BV R GE R GBIT 16571-2012)
BORMIA WA R, 20 8OAFAUES , LLAMRE B Bl A, D 3 [l Ty 0 A0 Sy DR B A 22 4 5 5 40
AR P P PRI e A AR BN B e A b AR TR HLE A 1E S AR AE", 5 A B Al R

KRB 2023-09-11
fEERN TR (1984-) , Lo, B 1L WF5 Ty 1l A RALIGE AR, E-mail : junxiang@scuec.edu.cn
EE&WHE FEZEEAH TR H (2020YFC1522905)



86 g RO 4l CFL ARl

5 44 %

R 95 U 5 AT 1 6 A SO DR A B S SO
TR =y G RIS C A o Ao e S Y AW A A1
RS T Be T R 75 S 22 B s ) R S I IR S .
TG ) PR TR 22 B R, 4R D T AR T AU
RS AR NI W RN 922767 RV Eall S-S S A
G T LLME R BT ST B A R P R BT

UTAF R, A O, BRI 2 A5 IR s il o A
AR, BN SO 2 B BT BE T I 2 AL AR
SRR AR A 2L AR5 B SEB 2 O A
ZLRAE BRI SCHRAN A . A0 5 W LASCH 4 B
AT 5 B T — R T AR 51
WS I I AT AR I 5 Bk S B T X SO 22 B H b 4
ERZ INow R VAN PN PRI DE R R0 N AR Rl e h
55 T IR MR LS, S TAREARH
P BRI 5 o FIAIAR T DXL D RE , 0 1 KA
{52 H bR 5380 3 | G s 425 1 B g 0 1 T B
WiEe B Hh RE T 2L AMAL I ] PGl AR I £
A B 1 9K 2 B 4 e, D fife % 23 Sh X4 TR ST
AR RS S SO R R A R UL R T T
A R Bl DG AT 455 75 A R 4 KA 5 i S A
WM A, SEBL T A B S bk a0 T sk
55 I, Rk T B e R OE X
UNIESRIbE AL SIIRST NN &7/ 1 7S A

SR, 1 T HOR A 22 5 Ik = 48— AL A, 2
T 2 A AR M B B SCOR J7 58 A A s A0
57 )RR B A AR AR A S T AR R BEFE 7
I 2280808 22 18] B QI , MG TH e = ) 22 il el
Bl B9 B RS T RE T, A S A B — 1 SR A DU
BOARME LA SO RO S5 10 2 2k A o3
A1y G EF 1 [ 19 AT S il i 4 3 9k
FrAR S E 5 B ik I, A U 2k T2 3l 5 5 B fE
fih 5 FA RS I e, o o R L ) HA R i
BRI, /Sy 60 % o T A4 o SRR 5 R
A B LR AR, [R5 T 21 A1 B I R A A%l 1
iy 52 /INE ) LA RS I B 5 I I FE TR 2 ) T 30
PRI Tl ™ A P 2R, P — A AR K 1 AR A
S P R FH 2o A P B 7 A R R BT, AR B3
TOCHR A TAE AN RS S T AR B REAL 2 B &
GERCRARATHr 4N . I, ] 5873 M) F 22 4% I A A
IEA, i AT 22 0 T AL S0 0 R A 3R TR
AT AR T T B RN A I B AR B SO 4 B A AR
BRI I AR A R 18— S B 1) AL

SO DR AP L B A AR AR AN 2 B — 1 S U
SR . I [ 5 2 By 0 K A i — 210 kAR

I A i — 2 BEAT O A, A A 2 P T B — I 2]
(425 B2 S NNAT B85 s S JE TR, SO S W AT R
AR ARRE , AT LR 2B B 2 st b ) SR D
PEAR Y . IR I DI 28 380 2 1 R TR 3BT 45 22 B
P P AR SR A 2 B IR S i R R
5%, T DU AR A fE B 1R 9 S LR ML, T2
PRV R 2 S 00 W DA 2, SE B T 2 AR A
PEE RERL G 1) S G BB | A R % il T — el
DR 1Y )

1 s o = R ESAT TR 7 DX 8 2 4 AL
AE DX ORI A = i 27 B G AR X X By #s By
BRI 55 it T & B A T 2 Ae . AT RERR 2R 1
S, 1 el R B S X 2 il R IR SO A AR
E , W iR 2 Bl 2 fih 22 B 7R A L0 MO R IA
s D2 2, AU DX ) TS A0 32 I 47 DA R fih K
S nm) BRI SR & N1 775 e A S R WA DR £
SE AL T FUBE X IR i S BEATAS I, LI o
PRI IR, (E DA IS 2 S A 2 5% 4 B R A
IR — BRIV EE FFBEATHERL T, T LR
FHZATA IR LR AT N 04 b e A F IS AN AT A L
T DAL O 2545 DR R A e M DA 28 11 o
T A B R S P — AL e R DR AR R

ST FR T M AR AR SCET O B — A IR R
R e TR, O R T2 4 A2 5 SRR 7 M B R
(S 2 B D7 IS Ll T R T A R A S M
AR ) ot 22 ) 2R A TR 0 2 1 TR M IR 2857 I 2 B
R fd A R ShATL A R AT ARASE, SN 2 TR Y
AR R R — R SR BT 0 I 3
SERRM 2T RER G T R TR R 55 I A 5%
P, IR T AR AR AR F Y

1 ET2RMBEXUEERNERER
RELRBEMEER

2 A SRR R 5 0 BT R AR SCBETT Y S A
N T T M AN 5] i ] 5 2 1] ) 22 4% Jg s Xt 9%
R, R SR TR BE 2 > TR AR 2 b 22 SO K ]
0 S RISl LA, T L HE T 45 i A R IR S
AR, AR R AR, DT B2 T B 2 I A R B
N A 2 A% T i DR SR il 23 B ) R A O 22 1
1Al A2 1) 2 1 SR AR R RIS DAL S5 IR SR B, ik
AT IR AN 2 7 i A0 b 3 25 SO A% TR
e TR AE I )27 10 P A SE I s A5 R, B e it B



TR 55 ST 2 JRy AR DGR 9 2% ) S22 5 55 TR Al 5 A7

87

T
Tl AE =8

fEdH
KA

S — o
~ A

Bl s Rne K S AR EOR IR

Fig. 1 Schematic of equipment effectiveness areas and incursion routes
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Fig. 2 Schematic diagram of multi-sensor data decision fusion analysis
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Fig. 3 Schematic diagram of the Inception v2 network architecture
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Fig. 5 Diagram of the network structure of the self-attention mechanism module
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Tab.2 Correlation network model architecture corresponding to
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Tab. 4  August 18, 2023 demonstration site test alarm Ddata log sheet A
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Tab.5 August 18, 2023 demonstration site test alarm data log sheet B
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Tab. 6  Intrusion path 2 composite sensing sensor anomaly event linkage alarm sample
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Tab. 7  Intrusion route 3 composite sensing sensor anomaly event linkage alarm sample
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Tab. 8 Inception v2-SA module ablation experiment results
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Tab. 9  Effectiveness of data fusion analysis for composite sensing equipment
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2023-9-15 100 100 10.32 2346 1.05 2266 9.27
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Fig. 7 Convergence plot of the 13th training loss curve of the

correlation network
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