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Abstract In wireless sensor networks, massive data acquisition, transmission and processing not only pose severe challenges to
the processing ability and power consumption of sensors,but also suffer data anomalies frequently due to sensor failures or sud-
den changes of environmental factors, which cannot be effectively dealt with by traditional data processing methods. Regarding the
problems above, this paper proposed two kinds of data abnormality models and corresponding processing method based on distri-
buted compressed sensing (DSC) for wireless sensor networks. When the data collected by multiple sensors contains abnormal
components,the DCS reconstructs the same normal component of data only once and the different abnormal components individual-
ly,which avoids the repeated processing of the same normal component and improves the processing efficiency of the data contai-
ning abnormal components. In addition, DCS makes full use of the correlation of data,which can effectively reduce the amount of
data acquisition and enhance the robustness against data anomalies. Numerical simulation results of two kinds of data abnormality
models show that compared with the traditional compressed sensing based on single set of measurement, the data processing
method based on DCS improves the accuracy of abnormal data reconstruction and reduces the amount of data by about 33%,
which proves the effectiveness of the proposed method.
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Fig. 1 MSE of data reconstruction for the first data abnormality

model

BT 1T LB A L 2 A R B — o B B A AR
T (AN B 38 i, 26T CS J7 B2 DCS J7 i 19 5088 B4 19
MSE )3 25 REAR . RIEE 4R w5 B8 3RS B2, 75 22 A0 B 3t 3
7 A SR BE (0 HIE Bt A AT A CS BHLIE vh 26 000 B 1 A4S 5
MEMREE R R . TS G — AR B A — 4
o E T SR A T B I {1 CS ik LT 75 2 60 4>
N 2t (1 A BE 76 0 W 52 D R 0 o (LR 22 T Ak R Y A% AR A
kg = 20 B, SR H DCS 5k, B ARG R aF 40 A~ &
(B B RT o i Mk 2 D 4 KO L AR E CS A B 9k T T 09 B0HE B
W T2y 335, B, Y AT A% AR Y B0 B 0 R AR EG 3
T IR B CS 7 1%, DCS J7 vk 3l 5 %F £ 4> 15 48 i )
e BOHE R AT Db () A 2 RN B G EE A L BE A LA /D 19 0 4k AN B
S I A ) B TR B JC R AR R A X 4% Th g A 4R R
-6 A i 00 5000 o 349008

X 55 TR B AL, B A AR T SR Y B A
E RO Ay 1 R S BN A . R OE R RO 4 1 R R
FE 5 AR B A5 - o AL FE AH R 4 RS [R5 49 5 SR 40
SEATCEMBE RN 3 WA GES . BEAAREKE R
FEA 100, HoAx 05 BL S BN IS 565 — 28 5 5 B0 A R I
FRE J=1 X T4 R0 CS AR B3k, J =5 I J =20 X T
DCS 2k o X=X (100 Fis (55 =28 5 8 s B iy, £ A

BP Bk AT EE M L S A S BA A RS RIK LB
200 Y. B A N Bcds A Y MSE &5 - i 2 Fros .,

20 30 40 50 60 70 80

o R BRI AN
B2 5 R B RO A i MSE
Fig. 2 MSE of data reconstruction for the second data abnormality

model

MR 2 AT LUA L (AR R A — B & T R R 2
TR AR CS b HR 5 38 AL T 2 4 RHH 9 DCS Jr
% BE EAH) MSE ¥ 56 5 A g D {8 B i) 38 n T 2
BREAR, S 1 FR R AR A0, AT RITEE R, A A
SRS B Dy 20 WL AL I AR 2 5 BE 60 AU & (B RP AT 52 B
JEL R R 4 0 R A L (ELR 2 A — ) A R A e, B A
A It TN Sk B BI5k 3 80 , A7 P Bk 7 B 20 ) &k {EL B9 CS Ab 3
THEKIBAF R R I A R 22 PR RERI 22 TR T 24
I 0B A 2 DCS 7k .

FE T RN 1 IR IS S e B A A B ) 5 A R AT o T
Xt FAEGEH CS Jr ik  FER TS 2 ) (8 0 A7 25040 S A, A
A IS 1Y a5 A S AT B R AR R R 4 I 43 K 45 B Y T
)1 26 2 I Ak B s L & 1 20 AT RO A . T
DCS J5 i 16 4k BHAL 27 55 BOHR 00 B Y I, XoF 22 A 4% g 28 1 )
et B AT B () Ak B )R 2 40 0 () B4 2 ) AR O 1 E
7 W% g S — 5 T L T 3 FE 0 R T 2 AL RO R 4 Y
SRR B S D T BOHE o B B R T R R RO s S — T,
DCS 77 15 12 4k FS X 22 A4 % 1 4% Ko o AR 7] 09 2 i R k4T
— UG — B4 F A RGOS ] kA AR O B EE A 3 [ e Dk 2
1B R BT A B . PRI, DCS Uy vk Y B0 T 45 AR
oy BE B SO TR G B2 I BB CS Jrvk . BT 4RI R AY
A R T A AL IR SR AR AL B BUHE 1 R AR T AL IR
B RE A JACAS DA & T LA 0 B R ST R R ks D
— A IR TSRV X A A I % S A ) 5 PR

BERIE TR AL A 2% 38 R T BRI i R A
B I HL 28 2 L AR S A e PR I R R R T R RO S
W Bl I TR AR SO T T 2 TG £ AR SR A T 2% Y S K
PR, LA RO 7 B4 3 T A 2 40 S R0 A S O b By
o AR SCAE I T A% IS I 4 A B LA B0 204> 23 i) A 14 £ SR
A LA 20 A A B 0 R AT T A g A AN AR
HE— 2 A T A SR I 4 SR A R A i % B L T L AT R
SR TR I 4 X S R O 5 R

7R ST A B A B O R 2 R S PR R P A SR AL A
)k M P A AR LR s L B T R AR AL R — 20 AR N
52 3 T 2 A I 100 265 1) B0 A5 Y L T AR o A R ) AR AR A
2 E PSSR INAT G AR IIER , LU R S 0 MR AL Ay T AR
SEHIME. J3Ah RATC 2 TRl 64 71 k0 0 2 A% 2 1) 11



280

Com puter Science

THEPLEE Vol. 47, No. 1,Jan. 2020

DR GE i A 51 S B DA SOk A A g
J1 AR RE AR S TAE P T 2 8.

[1]

2]

[3]

[4]

[6]

[7]

(8]

9]

[10]

[11]

2 % X M

KIMURA N,LATIFI S. A Survey on Data Compression in
Wireless Sensor Networks[ C] // International Conference on
Information Technology Coding and Computing. Las Vegas:
IEEE.2005.:8-13.

CANDES E J. Compressive Sampling[ C]// Proceedings of the
International Congress of Mathematicians. Madrid, Spain, 2006 :
1433-1452.

CHAN W L.,MORAVEC M L,BARANIUK R G,et al. Tera-
hertz Imaging with Compressed Sensing and Phase Retrieval
[J]. Optics letters,2008,33(9) :974-976.

LUSTIG M, DONOHO D L,SANTOS J M, et al. Compressed
Sensing MRI [ J ]. IEEE Signal Processing Magazine, 2008,
25(2).72-82.

BERGER C R,WANG Z,HUANG J,et al. Application of Com-
pressive Sensing to Sparse Channel Estimation[ ]J]. IEEE Com-
munications Magazine,2010,48(11) :164-174.

BARON D,DUARTE M F,WAKIN M B,et al. Distributed
Compressive Sensing[ ] ]. arXiv:0901. 3403.

CARDOZO A, YAMIN A, XAVIER L,et al. An Architecture
Proposal to Distributed Sensing in Internet of Things[ C] /
Instrumentation Systems, Circuits and Transducers (INSCIT).
Belo Horizonte: IEEE,2016:67-72.

LI B,GAO F,LIU X,et al. Improved Distributed Compressed
Sensing for Smooth Signals in Wireless Sensor Networks[ C] /
2016 International Conference on Computer, Information and
Telecommunication Systems (CITS). Kunming, China: IEEE,
2016:1-5.

MASOUM A,MERATNIA N,HAVINGA P J,et al. Compres-
sive Sensing Based Data Collection in Wireless Sensor Networks
[C]// 2017 IEEE International Conference on Multisensor Fu-
sion and Integration for Intelligent Systems (MFI). Daegu,
South Korea:IEEE, ,2017:442-447.

AZARNIA G, TINATI M A,REZAIl T Y, et al. Cooperative
and Distributed Algorithm for Compressed Sensing Recovery in
WSNs[J]. IET Signal Processing,2017,12(3) :346-357.
WIMALAJEEWA T,VARSHNEY P K. Robust Detection of

Random Events with Spatially Correlated Data in Wireless Sen-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

sor Networks via Distributed Compressive Sensing[ C] // 2017
IEEE 7th International Workshop on Computational Advances
in Multi-Sensor Adaptive Processing ( CAMSAP). Curacao,
Netherlands Antilles: IEEE,2017:1-5.

CHENG Y B,SI'J J,HOU X L. Hierarchical Distributed Com-
pressed Sensing for Wireless Sensor Network[ ]J]. Journal of E-
lectronics & Information Technology,2017,39(3) :539-545.
LUO C,WU F,SUN J,et al. Efficient Measurement Generation
and Pervasive Sparsity for Compressive Data[ J]. IEEE Transac-
tions on Wireless Communications,2010,9(12) :3728-3738.
WANG J, TANG S,YIN B,et al. Data Gathering in Wireless
Sensor Networks through Intelligent Compressive Sensing
[C]// Proceedings of the IEEE International Conference on
Compute Communications ( INFOCOM). Orlando, 2012: 603-
611.

CHEN S S,DONOHO D L,SAUNDERS M A, et al. Atomic De-
composition by Basis Pursuit[J]. SIAM Review, 2001,43(1):
129-159.

CANDES E J,WAKIN M B,BOYD S P,et al. Enhancing Spar-
sity by Reweighted ¢1 Minimization[ J]. Journal of Fourier Ana-
lysis and Applications,2008,14(5/6) :877-905.

TROPP J A.GIBERT A C. Signal Recovery from Random
Measurements via Orthogonal Matching Pursuit [ J ]. IEEE
Transactions on Information Theory,2007,53(12) :4655-4666.
DAI W, MILENKOVIC O. Subspace Pursuit for Compressive
Sensing Signal Reconstruction[ J]. IEEE Transactions on Infor-

mation Theory,2009,55(5):2230-2249.

HOU Ming-xing, born in 1990, post-
graduate,is member of China Computer
Federation (CCF). Her main research
interests include compressed sensing,
wireless sensor network and machine

learning.

QI Hui, born in 1981, postgraduate, as-
sociate professor, postgraduate supervi-
sor,is member of China Computer Fe-
deration (CCF). Her main research in-
terests include machine learning and

cloud computing.





