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Dynamic risk assessment of cultural heritage security based on

heterogeneous graph networks
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(South-Central Minzu University, a. College of Electronic and Information Engineering; b. Hubei Key Laboratory of
Intelligent Wireless Communications, Wuhan 430074, China)

Abstract The traditional risk assessment methods relying on expert knowledge are usually static, which cannot meet the
needs of identification and assessment of variable risks of immovable cultural heritage. A dynamic risk assessment method
for cultural heritage security based on semantic path coding heterogeneous graph network is proposed. By constructing a
cultural heritage security knowledge graph, the influencing factors related to the dynamic risk of cultural heritage security
are stored in a normalized way, and then the entity features in the security knowledge graph are aggregated using semantic
path coding, which helps the network to extract a more accurate representation of the entity knowledge , and improves the
accuracy of the risk level classification. The method is tested on several national key cultural heritage protection units, and
the accuracy rate of risk level classification is 94.74%, which is basically consistent with the results of expert assessment,
and it has certain guidance and reference value for risk control and security management of cultural heritage.
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Fig. 1 Framework for the overall dynamic risk assessment methodology for cultural heritage security
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Fig. 2 Seven-step ontology building process
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Fig. 3 Ontology in the field of cultural heritage security
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Fig. 4  Ontology instantiation results for the cultural heritage security domain
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Tab. 2 Results of discretization of entity features in the knowledge

graph of cultural heritage security
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Fig. 5 Structures of Semantic Path Coded Heterogeneous Graph Networks
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AL AT R AE B I, X 2 SR S A o 1 S 1A T
PEIEAT SCARRFAE SR I, IF-H B — P IR R YT 420
SR S P 8 ) T 2 g R AR AR X T S A S
el 5 Y 1 00, AT DL R4 ST S SR A AR G A

(One-Hot Encoder) ) g hi 7 =R $2 = 24058 . 1 52
AR Z T 145G A 3 AR B I, S A A S IS Sy
V5 SR a8 P R A I R S A 2 TR) G R Y
RRFEHEBEAE Ry S22 B 2 285 RUBS: DA A AL A A
22 EESHIGE 5T MEER

28 3 B0l AL B R AR A Y SR A AR R
PERFIE | SR80 B SCA i A SO 77 3 285 AU A
BEAYL % FHEAT YNGR TAl ke B 4 v 80% 114 3C
YO AP B AR SRR (R I 25 4 T B i B A AL 2
BB AR R B (epochs ) 15 &R 500, K B I 2Rk
AR (batch size ) ¥ B R 20, [7] B 78 X AR 780 3 47 U1 2%
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5 2 AUCE Y 0.005 5 TE ML S RO E A 0.001, 45
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SR Z2 43 28 PFEAG HE N : Micro-F1 Fll Macro-F17,

S B {d A9 CPU 4 Intel (R) Xeon(R) Silver
4214 CPU@2.20GHz, . K 24 NVIDIA Tesla P100-
PCIE-16GB, #:/E 5 48 24 Ubuntu16.04, %8 Ji %% >J fE
B Pytorch.
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Tab. 4  Comparison of results of models

W Loss Micro f1 Macro 1
ez R 0.1431 0.9556 0.9558
E4E 0.1639 0.9500 0.9522
M 0.1708 0.9474 0.9501

N S Fim , LASCHI AR s Ry 3l oA 4l %4
Wi B VEAT Z2 R BEALI 43, X HE A TR R B SC A 4
BT 7 R AR G 25 5 n] LU R A 45 E 241
SRR 5 LE 80 % ], B 1Y) MER SR A -
F5 IR 5 H B R %R ek

Tab. 5 Comparison of results of models with different training set shares

I H 20% 40% 60% 80%

Yl Zk4E Micro f1 0.9904 0.9875 0.9187 0.9556
M3 4E Micro f1 0.6560 0.7350 0.8250 0.9474




551

AIGYE 55 T S A 1] I 265 1) SC ) 2 By 2l 2 KU DA 83

T SIS T SO AR R A [ A ) 5 A T T
AR A o [ A PR R BB A 22 1), e BCELAT X Bk ) o0
AR AN ELAT 2 T SCAR B BRI S AR AT X e S
50, FEBOAS [ B AR 0 R BOM AR PE BE RS20, B 1 7
SCA AR, FoAh 52560 2 30 pR F— 20, A se R i [A)
PR HEGERE S5 . I3 SA SR AR AR AT
OB, B G S A S B R SR A R BRI L 3R 6
N T PR AR T BB A0 3 2R 45 R T I S
TR I L Ay O 3 T ou AR i 7 vk BT H 2
I TC BR AR P i B4 B 47 0 G SRR AR, ST DR B
B AT SRR E BRI A R R AR A
B TS5 M, 1036 O R IR T SR AR T SO AR
Hh BT SRS R B SRR IE Y BERAR S RO A . )
S S 22 5 2y 285 AU DAl R0 R P 35 v B 37 X 42
LA A B35 0 75 5 73 Bt A X e 5, 3 2 i sl P o
TS AR G Y (R, DR 0k P e s A o vk AT 280 R
IR FIRIE G AR NS R 15 BRI SRR A5

FO T SURAR S TN L A R [ (S5 2R LA

Tab. 6 Comparison of results of semantic and meta-path construction

of homographs
PEMIE bR Micro f1 Macro f1
JUHAE 0.8500 0.8526
WL AR 0.9167 0.9175

TE e £ 1 S AR 1 2t [ A4 [T % BE itk |, T LA
I 4 B R SO0 g — 2R AR B 0 SR AR AR
195 5, 15 A AR R T I Mg o T RIE
A T) i Bt i BRSO A5 1 3 28 25 R S ), 43l
PEAE H 2 5 45 (Encoderno) i FH S 25 550 4 5 2%
(Encoderavg) A1 FH £k 1 4 15 % (Encoderlinear) =
Tl DL AT R HE S5, BR T 4 i i 09 3 PR [ A1
HoA S 5015 PR — B AS R St 25 pR B 43 2K 30
AN 7 R A0 g B 2% 19 43 K45 R I 4 T Al
JH 4 5% 245 00 25 58, U0 W1 2 % 18 SO AR B i S ARy
TIE B 0 i BAASRFAE [0) S, AV Ry bR 24 1) 408 J 512
TRFRRAIE L 4 2R T S AR B A &R s SRR FIE A%
RUUF . HA R a8 ROR RS 4 T Lt G A

RT ARG R 53 LR

Tab. 7 Classification results for different encoder functions

R izt Micro {1 Macro f1

Encoderno 0.9167 0.9175

Encoderavg 0.9474 0.9501
Encoderlinear 0.9298 0.9305
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Tab. 8 Results of the risk assessment of some ancient burials in

heritage conservation unit A
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2 B 1
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Fig. 7 Photos of the current status of the heritage conservation units
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