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Intelligent modeling and simulation of online public opinion for

major accidents based on proactive safety

CHEN Xin, XIE Kefan
(School of Management, Wuhan University of Technology, Wuhan Hubei 430070, China)

Abstract: In case of major security accidents, information disseminated wantonly and difficult to discern
in terms of authenticity can easily cause negative social sentiments. This poses several issues to emergency
rescue. Sentiment analysis, topic calculation, and the SEIR model were used to investigate online opinion
simulation and control strategies for major security accidents. The CDBN-TCN-CRF sentiment analysis
model was proposed by coupling the Convolutional Deep Belief Networks (CDBN) , temporal convolutional
networks (TCN) , and conditional random fields (CRF). Then, the T-distributed Wasserstein autoencoder
(TWAE) topic computation model was used to discern sentiment polarity, topic categories, race sentiment
trajectory, and public attention focal points within the network discourse. Furthermore, the proposed SEIR
model was used to predict online public opinion tendency and analyze the dissemination dynamics and their

influencing factors. The results indicate that the coupling of CDBN-TCN-CRF sentiment analysis, TWAE
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topic computation, and SEIR model has a better prediction performance on network discourse analysis and

trend analysis.

Keywords: proactive safety; major accident;

infectious-removed ( SEIR) model ;

0 3| &

TER R R T, ARG fh (FFRE KH
i) I 5% B (1) 4 ) 5 A B A3 56 11 R RS A =R
HIB I, DASE IR RS 1 2 sl A8 4 , Rk s J R S 1)
SR E TARE G2 AR Y BLE FH0 W E)X — 5, T
ST BN E A PA  18 F Bl A R A Bh e e
AR, Fh AR mINE RO A, 00 W 45 B
155 H BT, SRR 3= 3l %) T B 15 7, 4 T TR A b
SI BT AR SRR DG A M 25 B (5 R, Fah ek
WS SEAE F 3l 2 P il i BARRR i Fn ik . &
B A ARSI 3 3 2 A SRR W 1 S

H A, [ N AN W 2% B ATF Y 2 2 N T4 fig
B 5 BN - VRN — e B - B % N
( Susceptible-Exposed-Infectious-Removed, SEIR ) i
RIEM L ARIFR, X T AN T8 66l m,
ALDIANSYAH %5173 3o i) e A4k BE | 4 U2 005 bR
B BT R/ NAE S U B ok 4R 1 1) Bl
TR R R IEAE M BB 2 M4, X —%D
P A L I 28 BRI AR A5 4 BT R Rl 1
FH T it aet 28 A OGT BELYSS A s i 5 R ) ), 1
75 0 ) SO K i Pt A I 4 R 3 B 8 ) 45
(TR B AR | R SR 18 SO AS I SRR AE I 18U 0 1) 5
S ki FE AR BE 5 BT 0 2% BELAGG T AR
GERYTR S T T IREE A IR AT, T
SEIR #5887 1 , 5K 52 A2 4% 3T SEIR £ 429w 3l 1
SRR RO AN PP 58 Sz 2N He g v BELIR (1 YA 4
ST T 1 B AL o] A BELSE AR o R AR AR VTR sk
SV S R AR BT S R T SR SRR AR,
P SUZ R A 4128 W 45 | [A] B el ik T SEIR #5570 5k
BLLLI) 45 v (14 BEL IS % 3% 1 7 . RAFFAELE 26142
H—Ff SEIR SGEBE R 32 F# o 7 e, 43 A G
SR E X, It R R 40, RS A IR
W fre KRN S5 /AINFRAE (B 9 S0 =2 L, Bk o7 A 2100 3%
FRAME IS T 22 M4 il skl SEIR
BRAIRL T 22 2 W 465 P 1A B AL ka3

H AT, 96T %8 4 = 0 265 LY (1) 92 fpie /D> — Fil
RGEMGS LG A i, KT, EHEMLLE
B2 4 B A R R, B B B OB S W 4%

online public opinion analysis;

susceptible-exposed-

sentiment analysis

( Conditional Deep Belief Network, CDBN) | i3 5 FH
W 2% ( Temporal Convolutional Network, TCN) | 5% {4
FHL3% ( Conditional Random Field , CRF) £H il i) I/ Ja%
SAHTAEE CDBN-TCN-CRF K 3 MR T 437
LTI H Y i 2 ( T-Distribution Wasserstein Auto-
Encoder, TWAE) , 1B 5 X 26 EeL {3 7 8 [m) M2 R AR G
TERAE O SEIR B RL 4 K 4fs 1 fay A | 56 30E 7 &b
7, 4 SEIR BALE Tl I ) £ B 5 35 31015
2% B HOAL R AR i DR 3R LA B2 g 1 %o R
PSRRI

1 EXSFHMEZEBIMEREER

T N T REF AR SEIR 7Y ) R 2% EeL i 43
BT, FEME 5 000 265 BELASE =414 A% 5 Ak 25 S g s AT A
HANFEAIRE R B A R, R 4 1
T i 2 B R B PPAL T IR ORI R
PR AR
1.1 EFAIEBEANEAETINEEES N
1.1.1 MEBABZBRE

MEHOR FE AR AT I G R R
S ICNE FAH DG RO AR O, I & A N 32000 0L A
G o BCR RO AR VR D B s I8, I e 2k T
N TR RE A S5 3 N 45 B 40 #T
1.1.2 REEESATIE

X TR SCA TR P Hh i SCA B AEAE B N
K2 DB RAE Sbr a5 2 0RE AL TIE B
B I 265 BELI | 55 S T BETFORHERCHR |, LA$ e o) 265 LA 43
BT A BRI N2 SR AR TE TR 45 B SCAS Tl
AEBRE AR . DR BREE AR, @R H Jieba
Gy S8 AR A1) . X R RIEFF 55 Sy
WA B RS R, Y Bk E M Z o, @k
Bfs: A i, B i@ 33 Count Vectorize 32 R 3 A [h]
ik,
1.1.3 MEEBEBERIT

1 e 1) B T i) AR AR R A 1 R R I T % R
REER T Dl 121150 105 7 5| S N P S S I 5 2 8.2 =S 1B
TP G bR A AL (017 8% 5328 O 12 W) AT A A4 et ]
B, Uk, 2T 80 AR i A, 45 A& CDBN
TCN™"! CRF $2!i CDBN-TCN-CRF & 4455 | 52 9



414

WRER S - T )22 4 0 Fi R I 4 BELS  RE AR 5 ) 55

B AU S1.S2 .83 .S4 S5 .S6 2 AN i A 2y
ity DX 4% BELS 175 SRR 28 7 m) | PP O Tl A B B, AR AR
Bk tnE 1 s

iy ﬁ*ﬁﬂ EFF B%I'EJ E*[‘ﬁl E*[‘ﬁl ﬁ[ﬁl ﬁ*

pey

S O Y s e e s s [ e
A A A A A A A
O O O O O O _O)
™| 0 0 g0 G0 9
L0 O O O O O 6/

A A A A A A A

2

CDBN o o o o

ST )

A s*l 5*2 5*3 sﬁ 5*5 36 5*7

B 1 E-TF CDBN-TCN-CRF HJIERE S i B 524
Fig.1 Sentiment analysis model framework based
on CDBN-TCN-CRF

AR P T B FE LU LA I T O3 K
PFRHESREGE ). CDBN BEARIYE 2 2] i f b mT DL A
SHARI R R AMGARFAE , 117 TCN AL ) 7T LA A0 b
PRI PP A IXSERRIE Y45 G AT DA A R A
BAFE . @ ETFSCEBL, 1A TCN BLAY | GRS 4l
PEFNAS [ 3] 22 [] 1) SC I 5C R, 2 100 B 4 b PR 15
RIYAEA, @ AR EAMKM R, @A CRF
A A] DU A 2 22 T] AR G 28 R 2 e 1 JEk o3
RO AT A M A o 7 4 1 50
ST
1.1.4 MBEBETDE

3 3o 0T 1) £ BeL I A 4l A 2 R Bl o b A
TR PO R TR A O B 2SR A LA AN [R]
FE ) R SCHRAE | DT B G b B e o 0 LAY A
) F & SR, FLEE T H 4 5 7% ( Wasserstein Auto-
Encoder, WAE ) s 327 ] 8408 50 A T A7 5k
o E BB SR IR N A A AR AL B
U, R T AN EE A SR, [H 2, WAE A8
TN FHTE 48 B o3 M sl R v A7 TR 36 AN RIS A0 S
ARESAE (0385 1P ) S PRI, 256 T 40 A Ok Al
b WAE 5581, 42 ) TWAE B 8 HE 40 4 fn [ 2
FI7R

TWAE J&—M it iy A g i g 8« 235
BRI R 2 RE S ARG A T 43 i fE
SBAER RS 34, S e A A LG, T 43 A %)
BIRE RN ORI, B SR ) S, 7RI
BEARIX A, Sl A T A6 AR R, LA

PR
1 Oune @ [x) [

g

1/Gs. \2m)

E ] — 2/5.2 m-172) E
4[5 (1+ (x-m) %/s?)

I/ ((n-1)/2)

¥

------

P, (x|2)

B2 TWAE KR
Fig.2 TWAE topic model flowchart

XAEFIET R K, T 3 A WA R 5% B ok B0
W
S(x)=1/(s + /2m) -

(1+ (x=-m)>/s>) 2 /F((n-1)/2)(1)
Krres AieHEZE, R —DRESE, Wi
SEBE sm AIA, KonhaOo B n M H B, Bk
ENMICIRSE T 72N R, © T s
AL

TWAE BRI LA HAR 2 #0 M — 2
MR, R RRAs [ B AR 53 5 8 3 A Qg (21x)
5o i Z B 22 55 . oAl H AR (05 50 (193 b
I3 Po(x1z) IR S5 3 A1, AT 75 45 i AFEAS
FE RS2 A REf% G JHh 3 A1, 76 3 5 50 A )2 B Y
(RIS, B8 X AN [ SCAS AL 3 1
1.2 ET SEIR HE M EXEH MK EF S

SEIR AR — AT 2e il 5 HI T g
R AERE A ) AR IR R AR S h
4K GG S WIRE E BRGH 1 B L3 R, X
4 FNREZ IR LIAHE SR . S B E 5% E 3 1
RS 1 B R FERS R BUa N OB ik e i
(=R p RN

dS/dt =— BSI/N (2)
dE/dt = BSI/N - aE (3)
dI/dt = aE - yI (4)
dR/dt = yI (5)
N=S+E+I+R (6)
t_peak =In(B/(y - S)) (7)

e AIHEL B MG  Kon S 55 1 Z [l 4Efil R
FG BAGIR R, e T S M YR s o Ry K
Y SR E RN 1A JE TR O I
By WE LR FORBIHE [ N LHE R



hoE e B o

- 56 - China  Safety

Science

343
20244F

Journal

(38 3R e YL A R A R R N R N B
t_peak F7~JEYLIEAE [ IR 55

B X R Sl ) 2% BELISS 1) 40T, 8 4 R AR
B NS Do S7 248 10 A 2 i B 1% 4
SRR AR A RHZE U SO, WA
Z51Ne, — BAA A E20E B sk AR
R, QWIRE E-. &48 0 S8 i 21%15 BH 8
KSEHTHEW A AT 2% % 0% A — A,
EE B R B R R S S 51N, — B AT
WS 5THE, ok NG E RS @IF R (&
PFE) I RIEC A S 5T IR B I% BRHE, A
ITHEA S I E8 i e VIR | VP57 T LA E A
U AR | I & WAL 3% RE ) FE 8 10l 253
M A T R ) 49 B R L5 B o R A U R
K, @REF(BEE)R ., R4S 5181
HEEATEZ 5N AMATHZIEBE 2k £ T 2%
HRECE D&M T A CiEe, 1Bl E A S XL
TR A RS AR AT A UL SRR T e 23 5 R
HoAl N BB TSR Iy B 3 IS,
JERYL I AE A Y 8] 45, t_peak 7E AL 515 Sk BELT
WEAEL ¢_peak”, 137 BeL i B TR (1 g [H]

2 EXFHMBRBHERSHT

2.1 EROIBERRE S5
FIIH Python € HUE AR RAE RH“8 - 12 HIE”

10 000,
9.000f
8000}
7000}
gwoo-
%5000-
4000f
3000}
2000}

1 000

THBMEI A L%

o iR

AR CE, 2015-08-12 H T22.51.46, K Hi
YR, 2 H 23.00 fl B 478 8 &, A
13.00 B, e AR 76 13 H 59,00 e
FHERIFHA B B T, 78 13 H 1900 ik 2] 1§ (4,
SRR 2015 4F 8 H 13 Himiitie B R Z, M
JEIT IR H s, e R RS 7T KBNS A
18 Hiigmw th B/ hmg, 768 H 27 H A ¢
DN ST ZE R A AH G RO R B — A
N =
2.2 EFAIZERARNMELEN RS
2.2.1 ZERIFIBERDON

o] 245 BEL R 17 LA R T AR 4% 1o TR e
T R SCAR P 2 7 A AT T[] ) B[ A
R gE A Sch 1Y CDBN-TCN-CRF £ 7831
TR, i CRF BEAL 4 Hh 25 21, nT L3RS — &
BB AR 2 | e SCAR e 371 R B A o7 B A0 1
B, K CRF B 5 AR ZEAE i AR E 38
TR RN ST B I BT 4 ) 3 SR 1 IR 1
Bess, A8 H 13 H A, $EH 22 171 S5 A
AT, BRGETH A RNE 3 s, Geilas Rk
B SR P R A B R B 40% M R R B T
Wiy 1E TR 4, T2 20% 1A fC I Je B0 1 ARz i 472 T 1)
T, ARSI, 1E 1] 155 28 76 17 %A A i B 2 5%, (H
AT e L B O 7 ) 15 2 T YO R e, DA AR iR
AR5 TR A A 7 14 1o X S s

9 746

0 L L L 1 1 L L 1 1 1 E L 1 1 1 L 1 1 1 ]
[00.1] (0.1,0.2] (0.2,03] (0.3,0.4] (0.4,0.5] (0.5,0.6] (0.6,0.7] (0.7,0.8] (0.8,09] (0.9,1]

THRME X A

B3 MEEEERES TR

Fig.3 Statistical analysis for the sentiment value of online public opinion
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Fig. 6 Effects of activity rate on dissemination trends of online public opinion
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Fig.7 Effects of recovery rate on dissemination trends of online public opinion
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