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Static Node Classification Algorithm Based on Improved Rough

Set Theory in Wireless Sensor Networks *
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Abstract: Because the static nodes in wireless sensor networks contain some uncertain information , the decision level fusion technology
is difficult to effectively describe the data,resulting in poor classification of static nodes. A static node classification algorithm for wire-
less sensor networks based on improved rough set theory is proposed. The multiple sampling method is used to weight the test results,
the weighted moving average algorithm is used to test the neighbor nodes,and the hybrid algorithm based on node density is used to de-
noise the data. The improved rough set model is constructed by using the variable precision rough set in the error classification rate.
Based on the improved rough set theory, the static node characteristics of wireless sensor network are extracted. The static node classifi-
cation model of wireless sensor network is built by using support vector machine to classify nodes. The simulation results show that the
classification accuracy of the proposed method is always higher than 96.852% ,the node recall rate is more than 97.321% ,the F1 value
is more than 97% ,and the energy consumption is between 12.52 J and 90.20 J,which proves that the proposed algorithm has good net-
work static node classification performance.

Key words : wireless sensor; network static node classification ; improve rough set theory; weighted moving average algorithm ; variable
precision rough set

EEACC.6150P doi;: 10.3969/j.issn.1004-1699.2023.08.019

Mt EE RN T LERSNEBRESTROERR"

Eords't 7k 48
(11078 TARRHE BRI = AL T AR B, LTS 5 030619 ;2. LU TG K R ML TR, LTS K FE 037003)

W EHLAKRBAETBRATALE —ENTHEER, ARAB AR ARENBHERATAR L B, PHALBAT
EREGRE, RE—HETHHAEEERNLLAERBRNLFHATASLE X, XA ZAFZH LR E R w4
B AT MBRB S PHEERSETEHATN R, ETVETENBSAE LA HE L ELHE, AASR) AT PN TREE
M EMERHANEEESEA A THAMEEELRRA LA ERENLBSTARMLE, B XFaENMEL L EREN
BEATAPEEAN T AP LN, FEERXN, IR FTEND L EHELAT T 96.852% . A T H £ 97.321% YA
L FIEET97% fEEHEAE 12.52]~9020 ) Z 8 iEA IR AL A ARG NERAT R LB,

KB BA R, MARBAY Aok, kAt S0, R s T &k, TR E

th & 422 . TP393.04 XRRFRIAAD ;A X EHS:1004-1699(2023)08-1310-06

LA TG M A — Bl A R4, ML B AREEE IF HARR R I Zhad R oo A 1 75

e T AR HCSEC ARG v 1) B0 A2 Al 3, TR] it ade vl LA
SRABRRAE R AR 3B 5 B B AR m
H T 32 50 J] [ PR 58 A 11 B 2 DR B R R, (e okt
TR IO 24 B PP AR R AR 7S | S B0 1 v X
O3 A [RISE AU Y TOLk A R ) 2 s 1 i

I, B AN 5L G X o2k A5l 190 245 e
AR 2SR IF T KRR B IT, A
Fe TR 2% A 5577 > LA K A 3 B AL SR g =

SUAHSCNE | DLt R M R AR AT 45 R 454 | e &
SERLRLE T A AR B W 1 Y BT R
B o 28 D 28 R A B 3 S A B A A 2R R S T
JEOPZEAEFR . Uppal %5 ) F T [ i 28 045 2% 1
SCHEAT IO SR A 2SI AR R
P28 ST S B — B AR E (R B BRI
AN A7 8 ERIR TR AR X B AR A 7853 L
AR BRI ARE W B, LA RO AR 14 J 3505 08 0 FT 45

I B SRR : 2022 4F- 2 AT b 20 F W5 s B (ZMZA20220007 )

s B HE.2022-12-01 &4 BHH3.2023-01-03



% 8 4

Erie TR A AR ER BN ALEREMEHBEIT E oL E 1311

BRI SERE R . AR RS FA S8 B B s ik 2> il
FRAS T R R BT o S 2%, HAR By 3 1A 1R
M AR ARG T HUBE SR BIE I SRRl &
BORARAME XL A AN 2 R BT A 2 20 m

26D I ULl B S S RN R S T W
— P B RURES 4R BE 10 TCL A% A I 28 5 25719 R 03
Kk R ZYCREE s AT s Ak 24, )
FH DHA B0 547 W 7 1 Jo 2 A% T 0 46 1 2540
SRESCE AT OB WAL B 38 A DR 3 S AR T Y AR G
REUBE S XDHLURE 2 BRI AT A | BRI AT SRR
BT SR AL IO AL R R 25 S T R0 28
BRSO S T A P BRI TR
V5T AT R VA 1Y R0 REE R

1 REAEBBMEEREST RS ETERIT

HRAE 22 R AFE R R AR Y B J5 | W HH AT
JNALRE 3 38 3 DHA B33 JS B 15 s Bds v py g s
FIFH R R ST IE3 rh B A0 A B RS B R4 R 3 2 2
U R B AR R B AS T AURHE , 25 8 S )
PLZE R J oAb B
1.1 TEERBOEERST SHUIRRR

R AR TCL AL B M 48 A8 Bl e # v,
AT BRI BEDLEE S R, IR I ER FE 3T 0, T
X7 1) M P I AT AR R R

Ui,l :ri Z Ri,L (1)

it t=1

K. U, GRS A r, ACRAE ¢ BFRIBLN S § A~
A MR Y R

T 25 78 W RS (AR S /R 22 90 BB P LA R 7 A5 8
ERUEMEOL T R n UCRAR I 357 B LI P V%
FEFCVFIRZEVE Y, )R R A T S 85 1 B A
BE X R R ECh

d,, =P(x,y) * {E+U,,| (2)

o d, FRFRTCLAL B I 245 1 2 1 SR XoF iz )
EAGEEE P (v, y) RBEL W SABEMEGFEE
AR 4 AL 75 X 107 1R 25 Y e

TR 2 T TR AL s W 28 0 25 s B 1 B A
JEZ 5, A B Al g R i
“UP(x,y) -1
s o, ARFRTCL AL AR 4 W0 S AU B A T
1= R i O TR 0 I B /A=W ] 51 R o e g e e
PR 284 e A e B0 T R B, X6 IO T A A
Bl 358

R T RUE BRI AT B P 4 AT s D

04 Xd[,l(E"_l) (3)

BOME TS 955 A Kalman 2 P60k ok 2 b 111946
AN X B [, b, | , B 5 75 75 0 X B
P U5 5 A o, R B M
1Y S P TEBO X BS,  P RR 0 7
SRR S BR  HT  AR

DA

ST 22 VR 1 Ty o B B 0 8 7
AT A AR S R IR B 55
AN R

QA

FEA I A R AT R 1]
(A5 SR T 2 (172 ) A
AT A 2 1 035 2 8RR B % 4 0 1
(SRR AR . 2 2, WA 40 5 2 i b
e/ G 08 (2 L AT | RGP 7 1 B
LRI A A 1 T R

0 (2 T AR e R
SRCHTS FEEE 10 B (2 5 D45 47 2 4
R T AR ST T A
24 5 1 A TR 03 WMA 3 X 4
IR EE T A 40 5 1 M L
T B AT B B A AR A
S 24 2 B 1 26 1 S
SEAEIT R, K T4 RO 1R %
A 5 B (20 2 B A
B REIRESEE LR TR T

mi%zﬂwuywwwu (4)

St d (R R B L s p 1% 5 1 il
A TR AL

B T AR T P BRI 24 2545 A
S R, B RS I 5 50 M AT 1
LI A BB r M5 0<r<l a, b, WIS 447
A R T A T R
SRS 5 32 7 80— T BB AS s,
ST 5 4 (AR 7 T YRR A % %
U 5y S 5 SRR R
(1 R RO
o AR A AR

AT, 0% 75 B A
S A i R K R B
AT RS  f R R R
BRI | TR AR B OB S T
S T (28 S SRR 25 S A T
TE, FTIL A REART 7515 R S



R

#HOA F R

1312 chinatransducers.seu.edu.cn

% 36 %

N ARORT AR R R AR T R
AR RE R AR SR DHA B0 Bl 2R 1 7 2 e
Kb BT A S0 e B B I B0 ) A 2, B PR 1Y o
fRMIERI2TT, i i, 25 G AL R M 4%
ORIt G AN e tE L (I S

O X oL 2 et 0 4 F 25719 s SR I 28
1, X R SR R 25 HEAT R0 AR A AL BE 45419 X —
T ID T RVEL, T LATR] - IR R AT e AR R

@73 BT TCLk AT 28 s D00 2 15 2451 s P[] 4
23 [ AE R INASCF- 48 my By I (6) FT7R

% _wil X vit + ”.ﬁil X Tit

m;, =

u

Z Cy X Wy Xy
jeN

(6)

* —
ry = %
€ X Wy

A o, ARRTCLAL AR 2K ST s 7 2218 v,
P KRR 8 5 B, AR AT 1Y RUE LR )
TR s« AUSAI ST AT 7R AR RS R 45 ) S w
PR PR AT R BE 5 N AR AR 19 s BB e, 1R
FTCLM A5 10 225 e 251 {5 i 7 P 7 A O O
B 5 e, AR E A AT B TIRE S

(QBE A i 1] 14 P 3 5 A 5l T L S o
T B I DO 288 0 250 R as AT S 00, 7 58 X (6) T
SEIE 51 DHA SRR 5 A7 e 75 (0 JC 2k A i e I 4%
ST KB A T B Ak 3 O I SRR 2 R Y
ABRECT EATR C N  (7) R

% uXm: Xe;, Xw;, } :

fx,y)= (7)

utw,
S f o, y) 038 2050 A B 1 7 2 R
ST SR A B
12 MR IR R T A B M AR A%

B2 B IBT K SH 00 H 255
Jie 2 B, MRS S B8 19 1 H 5 B B 35 & B
flm) | RLREE BRI X RO A 4T B A B
IS 3o SIS 4269 o 0 A K TSRS S X LA B
ST , B MR 0 G A SR, 0 ot
F R B 0 P G2 4 G 2 B 5 1 804028
AR, RS A R B R Ge, EE PABL
Lot BRI A 251 A2 SR S, (x,y) , I
ERE RN

_lg(a)-g(b)|

S.(v)=-E (8)
gmax _gmin |

g (a) Fl g (b) 73 AR B X5 B A Jes
(IO | IO Bl LAV R RO 4R SN R SRR T
INETEE,

P T 0 245 A SR S e A, R AR i

P B0 SR 25 5 B R TR A A B K A

0 A5 B8 Ja) o0 BT 7 A e e o T e

Rl 43 i e e H BRI 2 5 SRS R A 1), T S A

5] FL R T 10— A B A0 | B TR AL 2R M)
AT ZRIMNEGE AT F (x,y) M

F ()= lg(a)-g(b)xS,(x,y) (9)

e m AR ICLAR AR M 25 A1 B

TEAN K B 3 AN R B D0 T, 5 2R R
Z5G A BACRAS B I 0§ 71, 1 i B DR o e R o
(72K FEE R S g 2 At 9 MRS SR AR, =X (10)
B

1 F,(%,y)=S,(x,y) |
{uxm, xe, Xw, |’
Kok (a,y) FRFREGHE 5 A RURS S 18574 5 7 ek b
PR PRI SR IX RN 4SS SR B AR AR 2
()R, BT 2 8500 U e A e AR UL AL DX Sl A iy
Mo & vl FE MRS SR AR R rh ] AR5 1R 03 26
i, FEH R 2D R UL A B 1T 3R
RO SRR /NG R T BLAE Rl st Ay s 2 1 ek
I 2 RS S A0 2R B IR S Al . SR FH ek
5 BRI B BUTC 4 A% e IO 2 0 2510 0 TR A 1)

BRI 1 s

| AR AR A

K(x,y)= (10)

|
|ﬁﬁﬁ¢%ﬁzm£§%&ﬂaw§%&|
| ﬂA%ﬁﬁ%méﬁﬁmm%%&ﬂ |
| W%ﬁﬁ%ﬁ%gﬁﬂ%m%ﬁ%ﬁ |
| ﬁ&%gﬁﬂﬁi |

E1 EFXEERERitnTEemns
P £ B S 1 A SRR BN 3%
W11 TR AL A5 s 2z a8 B A BE
AR A C(u,,) :
fe,~11

)= pG g1y D
T e, 1R AL TR I 45 25 0 A 00 4 I RRAE
D (o, y) ARG IR A AT i P R R,
T A5 B TR A AR B A Y A5 X B ) SR AR R X Y
SR




% 8 i Kk A AR ERBNAEEREMEHST Ao X% 1313
Dy 1C(u,,) | (12) b, F1ARER I, 8B 19 0 FE R 4T
YT g (a)-g(b) | @R R HE AL RS SN 5 2 B

ek [RG T BIA SR L i Tk
S IO 245 25 AR SR B 58 BT A 2 Ak
JUTE SRR B AL IR AN TR

N THTH P AR RZALRE ST, 75 2R S H
Cik=xVINE R ANTSE A DN EAE S L QDR S if l W) | WANE AT S
BN RS SRURIT R IEAL 3] 38 W0 G A Ak 3
JE B HAREEL p(x,y,2) :

D(x,y)xC(u,,)

*
| 2 s =G in | X { uXm; Xe, X, |

p(x,y,2)= - (13)

Qi P B H AL A0 DG R B R P AR )
LR AL B T8 RSO [ AR A, TR A0 A B E A R an
THR

| E"'Ug,t % 1 = min |
S ) =8,
A S (x,y,2) AR ) B R 25 R

(B 1o o 307 A R 0B A5 ) 56 pR B, [ o 4
BB TCLR AL T D0 2 5 19 A R IR B S 380 v R R I 25
BN, AT S B K (w,y,2) , HO AR .
S(x,y,z)

) )X, () 8,3, )

@R FH AL () pRECTE 5 2 i 2 8] PN 8 57 e
Peor 21, 75 20 0 2 R A R B ES
R AL ST TOLR A% S X 2% i AT A A A
PRI A ERAS T R IE S A B 432 bl ad bk
AU SE I TCER AL IR 0 25 B AT s A A 3

2 TEHRSSH

R TS UE i O RS A B 1) O 2 A% SR I
LR R R A AU 7E Github Bds4E h
TEH 900 A5 s M A 07 BL 4T A, B TO AR IR A8 X 4%
FRAS T SRR A B o A v TR S R Y
25 BRSO Rh J5 0k 52 BT 2 % 3% 28 I 45 i 2
T RURFE, IR A B e g b X s AT o 2E
RRBE, 5 HSBOCE IR 1 PR,

TEICY A F8 A5 DAk 25 A58k 19 o VR RE, 4
GilwoE

DIEHIZR (Accuracy ) : IEHf 43251 B AE 17 0 8L
BT o 8 LA TR 3R R U R R Y 2
PEREMAT

@A [BIK (Recall ) - 7 5 8 1E 8 4 70 21 o Ja 2=
SRR EAG] 32 R FH R A X5 s A R R AT
A R, AR AT

QF1 A 2 IEH R ANE [FR W 255 Al TS

(14)

(15)

FERIREE , THABRETE MU 7 ISR BT
x1 HESHIRE

A4 S HE
o, BT A BE AN 400~2 000
d, 7 SRR AR [0,50]

ST FERE 2
P WA AT TR R 1
m AT AR 900

PEMCCHR[ 3 ]300k  SCHR [ 4] B N SCHR[ 5] 53
AR A T EAR T
2.1 Accuracy i E

B M AR E IR Accuracy B4R IE O, 15 B

ZERANE 2 FioR

99 -
98 -

\ 97 -

% 96 -

g 95|

-l = S

< —e— SCHRBIF
il —~— SCHRLATSEE
92 —— SCHRIS TR
o 0 200 400 600 800 1 000

R
B2 FRESEEER Accuracy LREITLL

SHTIEL 2 RS TR0, £ J5 R Y Accuracy
SXBERE T B SR T 284k, SCRR( 3 ] 350 Sk
(4] M SCHR [ 5] B 1) Accuracy 5 Bl 43 51 R
92. 854% ~ 96.852% ., 92. 002% ~ 95. 411% #196.021% ~
97.215%, 1 Fr #£ 55 7 B9 Accuracy {H G & & T
96.852% , PRI BT 4 S0 1 Xof 4 S JC 4 A2 i 190 245 1
B B EIT T IR AL IR, i DLS I AR B o4k
A TR P 48 B A T A R U £ e — 28—
RAIE T TR RE Y r 2R RE
2.2 Recall (FE

2L A PURN AN [R) 73 2505 B Recall ZE AL
O, D5 AR 3 frs

99 r

981 _//\'/'\/\/-
7 W
= 9% = B
g o5p o SRR
94 —— SCHR415 %
03l —— SCHR[S 1
2 0 260 460 6(;0 800 1 (;00

R

B3 AESEEER Recall ERITLL



R

#HOA F R

1314 chinatransducers.seu.edu.cn

% 36 %

ME 3 AT LVE ), SAE LR Recall 455 FEE T
SECE TR (H R AR A AR A I B IR
JEARTC, FEVUF A 20E b, SR [ 3] 553k STk [4]
B AISCHR[ 5] B0 Recall 35 143 314 93.854% ~
95.471% 92.220% ~95.415% 1 96.102% ~96.899% , Tfij
T HRSE AR Recall {HAGZ4 8 T 97.321% , Uk fir
PEEE A [ 58 A R T A,

23 Fl1EFE
F1EZE R A 4 iR,
99 -
T ,_./-/-\/\’/'
& 97F
=
£ o6l W = PRk
—e— SCHR[31ETE
95 |- —— SCHR[41F
—— SCHR[S1A:
94

0 260 400 660 860 1600
5 KA

4 TESEEEN F1EX L

P L 4 AT AEAR TR 1 S B R, SCER[ 3 ] 43
B FLAETE 95% Ze A7, SCHR [ 4] Bk F1(HAE
96% /A7, SCHK[ 5130 F1HAE 96.5% A7, i f
PELE PSR, 7E 97% L I, Ui FrdE Bk Y
SYPERERNAS  AIE T TR A A
24 HEEHEEMBE

PR EL M RE A HAETE L AN R 5 TR

B LS R nT N, 2 s R R R T
B, 25N 2L 7= A Y R S8 T FE AR 2 A R
RN LA B AT N A DU AR L, SCER [ 3] Bk
SCHR[ 4 ] B0 R0 SR [ 5] 5812 1Y R = VH R 3 161 43 )
9 15.66 J~105.69 J.16.99 J~120.99 J F115.52 J~
100.20 J, M Tk ) RE BEVHFEAE 12.52 J~90.20 J,
RETTHFERAR, 2R R T B S 04y s i i
FETUEBACER AR AL T 2T SRR 7 2
AR A YRR R TH AR, BE T TR AR T A A
TR AR TR i R R P R RE R THFE
MO o g
120 7 —o— SCHR[316T

100 b —— SCHR[4159%
gL~ STHRISIH:

THFE/bit

] 60 -

= a0t

1 1 1 1 |
0 200 400 600 800 1000
RV &V

B5 ARESEHEMEEHFRLERIILL

3 HRiE

N T SR DX TCLAL A I 45 rh AN [ S B ) e
AT R R R R 4R IR 1) TC AL SR AR
IR S REE . DT A RAUED]

OB LR Accuracy [HIRZ T 96.852%,
SIAPERETE AT ;@ T H 531 SR Recall fE IR 2
T 97.321% , UE Wi 50 12 A R 00 A T A FRASCR B
U QTR F1 R T 97% , ITIXFH L7
FROR T @ P 858 1 1 e BEHAETE 12.52 ) ~
90.20 J Z[8], RERIHFERAR, 0 IR U

I bR SRR, SR B 51 0 Tk A% Ik
i £ ST R 2T AR IR B 1Y) o 2
(7] i it P LAY SR AR o3 2t R v 7 A B BE BT AE
S 3K
(1] Rk, Bebiede. J T i Bk AR vk 1Y TC LR A% IR AR ) 45757

MREFRET]. TS, 2021,38(10) :328-332.
(2] X0, H%. 5T B M40k Bobm 2 4% 1 1) /INVEE AR B

G XEFLT]. {55403, 2022,38( 1) :202-210.

(3] Bhpk, BAE, M4k, BT 245552 > BB B A )
s Mg S or2E ] RE TR 5 W THOR, 2022,
44(7) :2341-2349.

(4] UL, 2 A 6] R T R EICHE fi 22 ) 26 (0 VR B8 43 25 4
(1], Mz LR K241, 2020,52(5) : 736-745.

[5] Uppal M,Gupta D,Anand D, et al. Fault Pattern Diagnosis
and Classification in Sensor Nodes Using Fall Curve [ ]J].
Computers , Materials & Continua,2022,72(1) :1799-1814.

[6] kBl ZWE, FiET. 115 3h G BRI S0y 25 1 38
DK D8I vk [ ], Pa AL Tl K22 4k, 2020, 38
(3):515-522.

(7] XA, H SRl i fe /s — 305 (9 Lidar $2
PEUEBALALL ], MHHOE,2022,42(3) 1 154-160.

[8] Javaid N, Khan K U, Khattak A M, et al. Community
Search in a Multi-Attributed Graph using Collaborative
Similarity Measure and Node Filtering [ C]//2021 15th
International Conference on Ubiquitous Information Man-
agement and Communication (IMCOM) , Seoul , South Ko-
rea, IEEE,2021;1-8.

(9] LEPS, E&EH 2. 5T A T2 HUHNIRE ¥
) B AR AR A AN S B vk [ 0] A0 v b R ) )
£R,2022,57(1) :34-42.5.

[10] FrR, FHE, PMIG, 55, 3% 24830 AR 0 s A 3 R
STERLE MR Tk L], A B R R A2 4R,
2021,47(6) :1145-1151.

[11] o, wRAe, O e, 55, B5 T GMM /Y SCARLIEZ
i APHUBS T IE TS (1], Hh3CE B 2441, 2020,34(2)
56-62.

[12] Zhou K,Wang Q,Gu F. Research on Cloud Service Selec-



% 8 4

Erie TR A AR ER BN ALEREMEHBEIT E oL E 1315

[13]

[14]

[15]

tion Based on Rough Set Theory[ J]. Journal of Physics:
Conference Series,2022,2174(1) :012088.
BRSO, KA. B T DX ) AR e SR A
R = SO ETTIR [ T]. il 5 U3, 2022, 37 (5) -
1347-1356.

W/INAS BRSO ERERR, SRR T B U 5 5 19 2%
MARITIE Y] W EALEEIE S K R, 2022,59(7)
1470-1485.

SEERH) , ZENR  VERAAE. T SR s 2 PR Y Y 52 k4
W RAIINELI]. PR TBESE, 2021,38(9)

F B (1981—) Lo, DUK, IIPERAF A,
Bt 0P TR KA T
B BEURI, Sl T2 M A
; TR B AR S EE % ), BT
. | TR T 5 Bl LR 4

-t i i, wangxiaoyan79@ 163.com;

2635-2639,2645.

[16] Mohapatra S, Khilar P M. Fault Diagnosis in Wireless

Sensor Network Using Negative Selection Algorithm and
Support Vector Machine[ J]. Computational Intelligence,
2020,36(3) :1374-1393.

(17] AT, w0, 0B, 5T 5 M 1B AR 2% 1 /R

A AR F LT A HL TR, 2021,47(12) ;
87-94.

(18] UK, M, 25/, 5. 6T 3h A A ok B i 48 il 7y

REE[T]. HENUN T ,2022,42(4) :1137-1147.

B A (1981—), 3, BUE, LT KA
R C R [ wa i IR S AT
TR AL A W 5 eI () R AR5



