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Abstract

Nowadays, wireless sensor networks (WSNs) have found many applications in a variety of topics. The
main purpose of these networks is to measure environmental phenomena and to send read data in multi-
hop paths to the sink to be exploited by users. The most important challenge in WSNs is to minimize
energy consumption in sensor batteries and increase network lifetime. One of the most important
techniques for reducing energy consumption in WSNs is the compressive sensing (CS) technique. CS
reduces network energy consumption by reducing data transmission in the network and increasing the
network lifetime. The use of CS technique in a WSN results in the production of different models of CS
signals. These models are based on spatial, temporal and spatiotemporal sensors readings. On the other
hand, in order to overcome the challenge of energy consumption, the exact recognition of energy
resources in the network is essential.
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Energy consumption in a sensor node can be divided into two parts: (a) the energy used for computing;
and (b) the energy consumed by the communication. The energy used for the computing consists of three
components: (a) sensor energy consumption (data reading), (b) background energy consumption, and (c)
energy consumption for processing. The power consumption of the communication includes the
following components: (a) energy consumption for data transmission, (b) energy consumption for data
receiving, (c) energy consumption for sending messages, and (d) energy consumption for receiving
messages. Hence, the existence of a model for analyzing energy consumption in a CS-based WSN is
necessary. Several models have been developed to analyze energy consumption in a WSN, but there is
not a complete model for analyzing energy consumption in a CS-based WSN.

In this paper, we study all energy consumption components mentioned above in a CS-based WSN
and present a complete model for energy consumption analysis. This model can optimize the design of
CS-based WSNs energy efficiency improvement approach. To evaluate the proposed model, we use this
model to analyze energy consumption in the compressive data gathering technique which is a CS-based
data aggregation method. Using this model can optimize the design of CS-based WSNSs.

Key wo rds: Wireless sensor network, Compressive sensing, Energy model, Compressive data gathering.
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g 0 SVl 85 p S S eend
Vi b1, X5 (=51.2,...0) g 0e5 sl o fol>

S rez el Tdate (olys j0 S oo pex
cdby,s oy =XdgX 0 (=12,.M)
C8b,o 1y o 0 Y UM dan wdiaie [12] 5 Saales
Slaws s 5T slao,5 CDG g, ,o Ll .o Sualys
Js)! _mj'ult., RDG L k3 o |, g slboatiu
Joows élﬂ oS 1 CDG LS wiplply oS oo
S5 gy (S ] S (sly sl RDG | i

e B 50 1, () S8 Billae (6 emne S

ol 5o 08 Gdsl CDG g, wlel 2 ©)90nl)s
wlpe 5o ) (XD o9 C8l3 my 85 S e
5 00,5 ©po ¢y 5 (=12,...,M) ol L le
1y 505 Sl Sl my o5 &1, oy ol
R R SR
soyodol> g 038 wpo @ (512,.M)
oz Jol Gl g aex w2 L L Pixe 5 Buxy
WS e Jloyl gam 55 4 | dipxadiixg)

0F 2l ¥ 5, VFeY JLl

e


http://dx.doi.org/10.61186/jsdp.20.2.195
https://jsdp.rcisp.ac.ir/article-1-1019-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-07-05 ]

[ DOI: 10.61186/jsdp.20.2.195 ]

03 puind 6 pSumn i Hiae SN b @5 pFwa &b ) (8 3l B juoe Jakxs

%

S adgs by oud giadigd A Sy 31 o (A- JS)

(9230 LA | (Ll aizr (S pmno ¢y alaill) Ly
(Figure-8): An example of a clustered network with equal
clusters (dashed lines show the multi-hop routes)

I, loools daaiiss y5,0 sla,Sus HCDG o
bl wiS e Jloyl adss,m 4 RDG & jyon
ko ;0 CDG &jgoa |, lools laadbs>,uw
i B o0 Muabe & (Sl iz
G e o gy oo 810 4y allio ! 5o Lo
ol &slol .Sy panles 00,08 (6 K> s (55,
L opgd A )0 e wgbioe Jlid iz dlli
5 pilonee 0088 e JUKw ol (Srne
8 5o il Srae gloadlie pou A 5 (e
Sre ) 03,88 (R pte e S
Spae glaailie polul p p)lez A )0 oS oo
—aSd ) S5 Srae Ll jshaeds | 068l 55
Gl 00,28 s pSe e S gl
s @b 2byl @ s e S 50 oS eels
lae 5l g pSames 4 bl yo 5wl ooliin

["")b)"u;" o\.\..i:A.‘:‘)‘

0 3 5 S i 5logSI -

" e 53 555 Jians 551
55 oy SR 3N L) porm S &S00
o500 B R L maSee LB 0 dale
550 50 (N) b S dad Loy oaddl b (sl Jiam
sl b Bl 03,28 5, K 8 b e
xt = psbansly aSgyeba s 54>y P RN
xt e akl, ol 8 &S gsag; t=12,..,T
Lo N Jolis (5,0 bassylis RY;(t=12,..T)
£ ey 55l 0 aSed ols S fod by bl
Glo S5 b pades ad LB ulys oy ag €RY

7 Spatial

OF 2l ¥ 5Ll 1F-Y Jlo

!y HCS [13] ai olgeis'(HCS) oS5 6o,i8
olpiiy adly yo cwwladly aswg CDG oy, Sguge
Gaomn 30 0318 mezxd ;o a5 Cuwl (] HCS o Lol
5lasl 4 09 colaiul CDG 1 gloy Laad» r osile
g «ilb Ml 585 cdbaess slecsls
30 500 ledy el oolaiwl RDG 5l &gl s o
g ool ooliiwl RDG 3l e kel slao,5 sl HCS
5o g o o0laiwl CDG g, ‘)...w.a sleo 5 4 ol
[y e 5o (28,0 9) Jluyl slass wilgs oo HCS cazes
Ovgy 4o oold mezd 5l Jle (F) USS L ame alS
A oo lid S5y sl S, 1, HCS

Ol 50 a8 15 (V) S aisle (g pums HCS o 31
Doy S B e eyl LE S hoslaas
plc 8,5 51 s RDG & j904; (CS M) plc 8,5 L ool Jlu)|
Ll ogaalgs CDG &jgoas (plh 6,5 L) an a
S Son S sbeasin 5 HCS (s, 605,854
a5 098 o0 ge el 0l Wil o Sy lee T as o
ool aoyo ol 5l b &S RDG &jg0ay Lol slass
Lge Gl el wngs > g 4l Gl o
g Sl yloes

HCS 3 Slplee dze l3l L ablis ol
00 yid laosls ol pealidis aozs U L (6,50 g,
& x> HCS 5 [13] cusloss slgriws "(HCDG)
slaghy; bl b oo Jlosl (Gb e &350 (59 00,43
g b Oliee Rl alex 5l s iian Sblie gonaltss
EES N TPVICIRE F [CR NCETIg NIt
Goddsg> 5w 4>l HCDG by, ;o )b
SINI L mple 5l eadiss o )3 weS Fnla 5 09d s
ol Gl 1 Ol Ol e g 0 oslitl (5 28z o8
5=l HCDG jo Lol slass 0gad aSls JS™ 85l
sl nlple Cwlaaldss s gilees a8 £
HCDG LS 9, 5% ssbar Wlg oo (sonade>
ady> 55lal (gunaies Lale o allb 38
Gl ,Nem Slasd g aBl LS yee by GleSy Wlgi oo
L o aams sl 093 )0 i ]y SleSe e b LSy
SR I (S (5l paiged 0,90 ;0 50 (guadss
B9800 SN (CH) algs p S (lgicds 4l 5o
21y ake a sl Jlojl g grers diiby aadss
b R 808 Sl Jie () JS8als onges
a3 oo G 1) Gy (ganaldss

 Hybrid Compressive Sensing
2 Hierarchical Compressive Data Gathering


http://dx.doi.org/10.61186/jsdp.20.2.195
https://jsdp.rcisp.ac.ir/article-1-1019-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-07-05 ]

[ DOI: 10.61186/jsdp.20.2.195 ]

559>, o X = [xb ., xT] g [As1, As2) oons A7)
1 olesm ol plss 852 5 (s5luo0 588 (i on cnlple
o rle S ogglawsdy gl cls pl )8 g0 7 ylas
slooje> yo ab has slagw sl ly Jas &L
w2 )0 S8eS wre bl p g ) ley 5 OlSe
Glagsl allgs oo ,S35,5 (iless slaasly oS pledl
S5 e b gsa ) dm g 0 (Sees Glise
bsr = (¢5 @ 1) €500 |, (olgi G jile 5 28
X[ &5 oS (2% 51 .[15-18] wijglagargay RTVXTH
o) &jg0d wlgi oo a5 abl X AL ISS yoss lop
wedosls il XTI = [(1)T, ., (xy)7] T € RV
S opaales 15, XT = agrdsy daly Ojeocnly
535> 3 ybes b LB (ulys agr € RTV alal, oyl
@lr Vo3Il gl ls sl (Glojm e 855) s
OlFsr T )lopaiges 899 S jo K a0 JS
yi = abaly cpl yo o ol Glas Y = PsrX] O jp0n
S o I Slog e b oconl [y], o, 4] T € RE™
539> 50 00,8 g5 o ollm; <T Ll i €N
o P € R™MeXT s Vi = Yix; 6)9%[.{ Lcwl ol
o le &5 C8)5 Al plgiee o Slej 89,88 (5K
—6h sl ol ple 85,88 oK o Yy
Yor = diag{py, ..., Py} € NIYWLY S ok
ol s s wdly jolie 5 G a5 ol REGENMXTN
et gl K 51 (S Sley slacdlB gl 5le
“Oe 00,88 g R gy 3 SR ledr ol
h s ol sbpgm 51 S STl
3 e S den hug cabcdld polae sasmslis
(Sl mPp S ) oy Sl Gl ks S
el mple o1 oS Sl 50 (sl paised
0,99 59 53 () Sloy slayled ded 3 (510 pdiged
& dgaalss (Ssh -6rkd il So U)o paiged
28l 5l (Soh 801805 g lo (nl S I e s
Ll gloy Hld S o b S Ao Lawgs oaidl)3
oerle Solpaises 8y 2 o S ila
don 0 bSRus den gladlF 5l (Sol - (g ks
35 oo S Sy slaybed
ion Gl P 50l e ile &S oS b8 S
waz gl olyce oSl il P pln 5 (LS o S
Slp s = Uy ®Y) Sile 595 0o Lol
Lol = haX] aal, g b5 a5 50 plss 85l G il
ably ol 3 2y ¥ = (In @ P)IX] ©j50n

A= e Lol K b5 o kg
olis X = sty &jg0n plgioe 1) X S (5
[x%, ..., xT] = Clbldeples o ey ol
my <N olass o5 oS o8 S| Pglagq, .., asr]
t=12,...,T Sb; &L ,» 0 bags ;I o3l
yE=Paxt clbealys o1 waiiloas (5)5laes
Ps € R™MN g oslail o bosmsylis yt € R™ oS
degozmo «ygoplio wl ojlail G sle Basmo lis
M) 6,0 pdigad by90 SO H0 sadadsr b5lusl glaylo
Y=04 0y = sxt, o PexT} ol el O le
2lr Sl paiges 690 o 40 eadadsl Sl s s
6ol nlply Mopariar = Xioymy ik sgoalss
1BasleS iyl ) O)gods Sl 80,08 JUSw
Y =, Y € RMspatial ")
PsX
\gs;L")' 00 yuind JLKw (59N -Y -Y
S X ERT (=120, N) JiSns oS 58 ]
Lo oaddl3 Lges T Jols (g)loy saimonlis
Wil ades,id LB by 855y el pll K>
Sl s eyt ofes Al gk oS
X; = Prar;, 45, sba o8 s9>9 ¢pp € RTXT
colypo Jlop ar; €ERT b, pl o 0i=12,..,N
S 5 pll R ol kS b pates, i G
Ol¥ e Or = [ar 1, A, e, A ] o5 bl ol
X=rar Oygon olej 8j9> )3 had L, X JuSew

sk

X =[x, 0, xy] = Prlars, Qg o, apy] ol olis
,m <T Jsb ay; €R™ S5lail Jloy d K j»
—a my X T oll & 9y € R™T §5lal L jle lawgs
ool oyl o S e 0y Vi = Yixy O peo
il ke prw g S 800 50 0ab L)
Y={ys,.,yn} = Y121, ..., Yyxn} M
S b s gl sbocdl,d slal US ggamme (opl plo
Gl pdiges 890 B )0 w03,id (6N by Sl
Mremporar = b Cwl plp Sloads (gilwos,id T
Oygods Gloj 83,88 JuSwr 595Ul onlpl XLy m
banles a0
Y=9y;X;, YE RMTemporal )
"o 150 63 5 JUam (695 -Y-Y
BRI I OR E IV Y W VS PR | J R ER NS
[14] oo oo GLiS (Stmon (e 5 Ol slaoje>

tTemporal
2 Spatio- Temporal

0F 2l ¥ 5, VFeY JLl


http://dx.doi.org/10.61186/jsdp.20.2.195
https://jsdp.rcisp.ac.ir/article-1-1019-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-07-05 ]

[ DOI: 10.61186/jsdp.20.2.195 ]

4
_lj\
3
:
3
1
:
1
i

8,5 5 oxle( Bl 65 Ol 5 Gl CusBge aiile)
oailye (Vo) S8 a8 o Jloyl aSid 45 (Sus
LER g uLm;)i.o 3)5 o |) QS))" J}.a.o

Sz of 9 ypan g3l
aﬂh
T —_—t 1
‘ e ) g e ‘ ‘ ) e Sl ‘ s

P 855 55 (5551 S pan soadlgo : ()0 - JSB)
(Figure-10): Energy consumption components
in a sensor node

[ I
e Jul || edds il

ailxo ol 05 (S pan 5551 -
Ol ) K 85 12 )3 anubre Zoby (Brae 6551
3)9lCusay p; A, 5|
Ecmp = Egen + Ebkg + Eprs )
Eprg «s 5w <ol Brae 55 Egen alal, 0ol o
Gy wly (Brae 655 aeim (PBras &5
&5 Eprs 5 (Saeslel 2> 50 (BCPU) 55
ol (Brae 655wl JLSw B3l n il (Bpan
y5lcmddy 5 Al Sl g |y (6K
Esen = B PsenT opr *
S el (6,5 2l (Brae 55 Psen alasl, 00l 5o
2 Srae plg sdleay CPU yo  Brae olys Jols
Sl s il Frae OlgCel K oo
Gb ol B bt JiS cii oy o e
CPU (121 B 4 jls wul B Jsbay (slosls 55 o0
O | PRGNS Topr alayly, cpl 0 oyl
ol CPU s (8,5, 5200) Jondl g

655 53 6536 03,28 (6K g 5l ool
ol (Brae 550 Ll oyl 6 R Sl 05 (Bran
3 00,88 (6 K iy xS S b JUSKw Al
Jsbods sloasos b 851l oy a5 Saws N L (glasioss
) (oatesid S o550 55 M0, ops) M
[20] sl cocmdas pj dal) 5l easS oo 0o
Eprs = Népra + MNEgqq + MEpy,,, )

“ 54 Emwr 9 Eadd €mrd 4, & )
¥l> ol (o i) (Brae 5yl ) ws)le
S lon ely Al s ey 3 Seex
Sllee slaws wo,id o Kw> 3y, o (CPU)
gl iy bl 5l ol e ) JiSms G305

2 Central Processing Unit
% 1dle

OF 2l ¥ 5Ll 1F-Y Jlo

&

Ll cov .l NXN oslol 4 asly o 5o G Ty
2 hug a5 glbeojlal slawy diy o8 o K>
@E=1,2,...,T) csl My ol 058 o Jloyl 0,5
A 0 dake 4 Jlyl leoslasl ST slass copl b
Ar olyole 80,88 6K L o R

ORI

— VT
o -MSpatio_Temporal = Zt=1 m; < NT
25 Soped Gl olle 83,08 JiKw (98! vz
.)5....4‘50 C\j‘)‘
Y = Px ; Y e ]RMSpatio_Temporal )

Sl 30 (Gl b pan sraddae -V
S g P PS>

OQW

AT W IR P T B GWE S S S-S LN =P Y
[19] 09‘»‘547 ‘..\i..u.: d.:d.:u -f 9 o;:l?u» -y ‘uu)loj..
ap3 e Bl ) K 0,5 Sy IS sl () UK

, - \
J 1

1
i[ 5 e Sy ool asla 'I s plie alg ]
i
\ ] [ l‘; [

~

| = )

[19] (S 6,5 S 5 a5 (3= JSL)

(Figure-9): General structure of a sensor node
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(Figure-11): Proposed model for energy consumption analysis in CS-based WSNs
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(Figure-12): A route with h hop sensors in
CDG technique
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(Figure-15): Computation energy consumption in the route
when h=100 for various amounts of M,. in CDG technique
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