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Abstract

Echo chamber detection is fundamental in public opinion control. Addressing the limitations of
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existing models concerning the consideration of community structure, node attributes, information
dissemination processes, and temporal factors, which affect the accuracy of features such as inter-
activity frequency, information propagation probability, and information flow direction, this paper
proposes a state estimation-based model for community echo chamber detection. Utilizing an im-
proved Unscented Kalman Filter for state estimation of social networks and designing a propaga-
tion model that incorporates node polarity and community polarity influences, the model outper-
forms mainstream filtering algorithms in echo chamber detection tasks within communities. The
experimental results demonstrate the effectiveness of the proposed model in enhancing echo cham-
ber detection and its significant applicability in public opinion control.
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Figure 1. Framework diagram of the R-UKF model
[ 1. R-UKF & B fHE SR [E
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Figure 2. Flowchart of the R-UKF algorithm
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KB R T B JefiE AR R sigma SR, B N n=L+1, b LRSI ERN4EE;
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B, EEBUEIGE A [0,3-L], FT4EH sigma 44

RN AR A sigma ;55— sigma fS 2 RS SRS THEA S s, = 8", BTk
L A sigma s A2 RS MG THE N b3 5o BE 1) %51 :
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P AT IRE VRN 5 S8, N 7 AESE Hh SEHIL G S R0 6 7 A B AR S B, K
AT B SRS BRI S PRI 2 () 22 57, B R R PIRASAG T 5 SE BRI 2 e i 22, el WL
{8 2 T IIE 2, BATTE UBhAS k%

gl — 7t _ 5ttt (13)
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1, |et| <0
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Hrh s R—MEESH, HTEERENEEIEE. &5 EIRSMEITN ARG T 2580, 14 H HEN
HOALE T~ wh A1 Kalman 3425 K 58 Bk At it

gt — gL K et (15)
P = P _wKPHI (K ()] (16)
3.2.2. B EIBIRTIME
ML R IRAR R I Y A5 S A RRASY, 2 [ P SR 55 P BE A RO AT (5 BRI AL, 1ICC T
ANREE (1) A u BOEARE T S v IR p(u,v) s HAREER T AR R A O
HZArEaE ARk (2) BT A u A BAE WS BIE S E v, IS5 E)E, o IR RS R(H R &
SO g, AEREANI )20 S AT 2450, BB 2 th AN AEA SEMR ) RIS BR T R AR IR AR R .
BT B BRAESS  SE 2vE, A5 BAEAR RS AR P A2 BIAL BRI, 36252 BB 11X
FERBIREMA o L DX R BB M S 1 A4 X R 5 57 615 A R R e A [, B4 X S 2 1 A [R] 4
X Z A5 EERR AR o A SO ST IR R R 47 50, BB Iml 75 = ARt 1 AT S A R RS — 3
A5 B ERal, Gl R AR p AL DX AR, 7 p SRAIWT 57 R AR, Bfdokyd, A sign
(p)=sign(np) i, FElEA RVERIE. AT, S0 eV MMImMTRE, S t IS RS
TRE(t=0,1,2,3,-+), FERAEEG th, S, BE T MERGE LA ETAEBIE T A, Sy /Sy AaE T
t I ZIFTA BB A b, Rt 1, WA ueS) /S, B v u S RBIEM AR —,
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P(u,v)=a-P(C(u))-P(C(v))+(1-a)-P(U, Vo) (17)

a R AT RS 0 S50, BUATEELAN0, 11, P(C(u)) B P(C(v)) A3
WAV BTIRAL K IR . P (U, Vg ) BRI IR, I — VKB 800 i p| B AR S, BEAh,
v R FARRINAK, A~ AS5p, T ISR X R

P(u,v)=a-P(C(u))-P(C(v))+(1-a): B P (U, Vet ) (18)
4. £

FESE AR et e, ARGl — R SER IR 1 Fr R B A . Seis i) B Fn 2 VPSR AE A
A PR Al T AN [ P A 55 TR PR RER I, IR 5 Hofh T ST X LT o AR SO A AZ R 2%
ST VIN, BRI F AR 58 245 AL B RE T, IR At T X 7 2% Ko dfs
AT AN ASE, SN 1 A X 28 o A R PIRES AT, RS 2R 2 T RT A Dy i [m] A = e A
R R AAE A P8 1) B BB b o AR SCAE A [RIPABE ToRE 52 B R-UKF A58 5 At R 8 AR Al U5 2 L e
REZSF. KIRHEET MATLAB BT, BARIERE G AR S B I TAR B L A S W28 IR . IR
AT R UL T i ST 0 25, XTI R HE A AN A R AT T BRI
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SEUG I =N EYESE 70 Bk EH Reddit. Twitter Al Facebook = M ANE M43 F & . Reddit /& — /N gr &t
() 25 RO AL R AE SR AT AT BT [ o LR A4 VA ANAEAE A AR JJ BRI KOL, THBR 14N N s2mi /g i 22,
R TR 2 A B Twitter A& — AN TR SUAR > SR SERT A A I 4%, B F45 B PRod A% 7R R0 S
wit; Facebook NI 4Bk i 2 HIALAS &, I8 B SE S s r S R/ I, s FH P IR B AL
THH . SLIEE TRPEIE R T Donald Trump S SEEEMIRIN =RitiE N RS & . DERE
B REA AR . = ANERAE M (MBS LS 2017 4F 1 HZE 2019 4F 1 A. =MEEEHEIaET
189,847 AN A AL H S K R 1) 835,196 i+ HdE, HHESEN BRI IR 1 R,

Table 1. Details of datasets
%= 1. BUREIFE

Dataset #Nodes #Edges #Density #Pro-Trump #Anti-Trump
GUN CONTROL MINORITIES 12609.4 151813.0 0.0019 9165.6 32914
DISCRIMINATION 8133.6 134362.6 0.0040 4544.2 2615.4
POLITICAL SPHERE 8494.6 66261.8 72399 3368.0 3935.0

4.2. SLENG B RIFINRE

4.2.1. SEIGIRER
SEIG BT A P (AR 3045 . AbFE 2% Intel (R) Core (TM) i7-8750H, F-47i/2 2.20 GHz, GPU > GTX 1050
Ti. BAFAE: MATLAB # & 8H, 558 MATLAB, f#H Windows10 64 i #:1F &% .

422. BHEE
FEFIFH R-UKF RS 3E4T [ 35 = A 0 S28e vh, 20 B0 1 4k X B2 A = alpha DA K 5 4t X 82 i iR 5
28 beta. BT BB S BUEAT 00, RBVLI PRI RN £ 2 hhk sy ErE
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Table 2. Values of experimental parameters
2 LWSHEE

a 0.1, 0.2, 03, 04, 05, 06, 0.7, 08, 0.9, 1
B 0.1, 0.2, 0.3, 0.4, 05, 0.6

4.2.3. T IEHR

YR PE (Accuracy, Acc). a3 (Recall, Rec). 57 (Precision, Pre)fil F1-Score F2& P4/ 9 2% fiti 1145 5
(RS FA bR, DA SCR F IX =M bRty 2 P 28 Al T H B IR R e, 3 T 0 [ 75 = A I ASE A 1 e 0 gk AT o
{7, HAEFHYE TP (True Positives)ZR 7~ A A 1E A TN A 1B 1] I EEAS S BB TN (True Negatives) 3R ow
R TE A T A 5 (I RE A K, PR FP (False Positives) 7% R 1 e 15 1K 4751 T30 g 1E 451 e A %
TRBAM: FN (False Negatives)7 A5 1 £ v Mt 1E 451 Fie A 575 AR AR E . DUANS R AR BT 557 K R

Accuracy = TP+TN (19)
TP+TN+FP+FN
Recall = _TP (20)
TP+FN
Precision = — " (21)
P+FP

* ic1 *
F1-Score — 2 Pre:c.lsmn Recall 22)
Precision + Recall

4.3. SEWERTHR
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E AT RAER A, BHACERT u BERBIRMT v K7 EHE R, P R, B
— B w,, KRR, ZBERRAT u M v Z RSB RE fESEIT, AT B M€ SO A
K, BEREINA ROt T AL X A {5 BRI R AR .

431 EEEEMNERSHR

WRAE Z 0T A7 S, BATPRGAERL S TR E ORI [R] B, 456 2502 (1) DSBM B AT K-means 2K
FKEIEN SR AR AR o 0Pk, FRATTE Je x4k AT RS BR R, iRIBIRS AT A1
2, BIERE, BAEE TSR R 3 BRI ER TR e A S e S . D
Hit 5 SO B AU PR 12 M 2R 46 At -

TEFE 3(a) TR ERATTRT LA H 70 b S 8 42 B0 4 10 1K B 8] R [X 2 TE) R B e A 0, b i 41X
(R AR R AR LU AR, BN B3 AL X 1 AL IX 4, T 7E D H0 5 S P 3(b) il Bied v, X (A
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Figure 3. Community connectivity heatmap
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Table 3. Experimental results comparing different models
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it Acc (%) Pre (%) Rec (%) F1 (%)
R-UKF 0.9751 0.9960 0.9790 0.9874
KF 0.9526 0.9853 0.9633 0.9757
EKF 0.9441 0.9548 0.9883 0.9713
UKF 0.9368 0.9394 0.9971 0.9674
PF 0.8322 0.8848 0.9333 0.9084
SF 0.8991 0.9515 0.9423 0.9469
MF 0.9340 0.9802 0.9519 0.9659
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Figure 7. The influence of parameters on state estimation
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