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Highlights

e  Choosing awake nodes intelligently, which will improve the reconstruction accuracy and increase the
lifetime of the network.

e The reduction of reconstruction error in the proposed method is due to the use of a genetic algorithm to find
awake nodes.

e  The longer lifetime of the node is due to the intelligent selection of awake nodes with the genetic algorithm,
and by considering the remaining energy of the sensors and using optimal routing with the ant algorithm.
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1. Introduction

In recent years, significant advances in the manufacturing of high-performance, compact sensors with wireless
communication capabilities have enabled the practical use of wireless sensor networks for monitoring physical
phenomena across diverse applications. Examples include water quality monitoring [1], agricultural monitoring
[2], and forest fire detection [3].

A key challenge in such networks is the limited energy available to sensor nodes, which often constrains network
performance and longevity. To address this, various strategies have been proposed to reduce energy consumption
and extend network lifespan. Among these, compressive sensing [4] offers a promising approach. Compressive
sensing provides a novel framework for efficient data collection while preserving data reconstruction quality. This
technique allows the base station, which acts as the fusion center, to reconstruct the observed physical phenomena
using a significantly reduced volume of transmitted data.

2. Innovation and contributions

In this research, we focus on conventional wireless sensor networks, which comprise a large number of densely
distributed sensor nodes deployed in a field of interest. Such networks are commonly used for data collection in
geographic monitoring, industrial surveillance, security applications, and climate observation. Data in these
networks often exhibits both spatial and temporal correlation. Due to the high temporal correlation of physical
phenomena, the sensed signal typically changes very little between consecutive sampling rounds [6,7].

The proposed approach leverages this temporal correlation by using the reconstructed signal from the previous
round to inform node activation in the next round. At the base station, a genetic algorithm first selects which nodes
should be awake in the upcoming cycle. Subsequently, an ant colony optimization algorithm constructs a near-
optimal Steiner tree to connect the active nodes to the base station. This intelligent node selection strategy
enhances reconstruction accuracy and extends network lifetime compared to random node activation schemes
[5,8,9]. The key innovations of this paper are outlined below.

In the proposed method, after determining the active nodes, an optimal compressed sensing data aggregation tree
must be formed to route the data from the active nodes to the base station. The active nodes, serving as terminals,
must be included in this tree. However, in most cases, a tree cannot be constructed using terminals alone, and
additional (non-active) nodes must also participate in the tree’s formation. This is known as the Steiner tree
problem, which is an NP-hard combinatorial optimization challenge. To address this, we employ an ant colony
optimization algorithm to efficiently approximate a near-optimal tree structure, enabling energy-efficient data
routing while supporting accurate data reconstruction at the base station.

We employ the ant colony optimization algorithm to construct the routing tree. Initially, an ant is placed at each
terminal node that must be connected. During each iteration, an ant moves from its current node to a neighboring
sensor node. While the choice of the next node incorporates randomness, it is biased toward paths previously used
by other ants, reinforcing desirable routes. Each ant maintains a tabu list—a record of visited nodes—to avoid
cycles by preventing revisits.

When an ant encounters another ant or crosses a path previously laid by another ant, their routes merge, forming
a common subtree. This process continues iteratively until all ants converge at the base station. At the end of each
iteration, the combined paths of all ants yield a candidate Steiner tree, from which the best solution is selected
based on a defined cost metric such as total transmission energy or path length.

The tree constructed in this phase is first used to deliver control packets to the nodes participating in the current
round. Each node that receives a control packet identifies its parent and children within the tree and prepares
accordingly. Subsequently, the same tree is reused for transmitting compressed sensing data from the awake nodes
to the base station.

Our proposed method achieves lower reconstruction error compared to existing methods, which is attributed to
the use of a genetic algorithm for intelligently selecting awake nodes. This selection process effectively leverages
spatial and temporal correlations in the sensed data, thereby improving reconstruction accuracy.

Furthermore, the proposed method extends network lifetime beyond that of other evaluated approaches. This
enhancement results from the energy-aware selection of awake nodes via the genetic algorithm—which accounts
for residual sensor energy—combined with energy-efficient routing implemented through the ant colony
optimization algorithm.

3. Materials and Methods

In this section, we demonstrate using synthetic data that the proposed method outperforms existing methods in
both signal reconstruction accuracy and network lifetime. All simulations were performed in the MATLAB
programming environment.

To evaluate energy consumption, the energy model from [11] is adopted. In this model, each sensor's radio
operates in one of four states: transmitting, receiving, listening (active), or sleeping.

The relationship between energy and power is expressed as:

Energy = Power x Time
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For example, the amount of energy consumed by a transmitter to send a data packet can be calculated using the
following equation:

Energy Power X Time

Energy = P, X Time

Energy PXx L X Tp

Energy = 60 X 24 x 0.416 x 1073
Energy = 0.00059904 ] = 599

All data and control packets are assumed to be 64 bits long. An AWGN channel is used for sensor transmissions,
resulting in various data loss probabilities. We employ the CVX software package [12] for reconstructing the
llx1Z
213"
Network lifetime is defined as the time from when the first sensor dies. In order to evaluate the performance, we
compared the proposed method with method [5], which only utilizes spatial correlation, method [10], which
utilizes both spatial and temporal correlation, and the proposed method in [9], which uses a model-free Q-learning
algorithm for searching optimal decision-making strategies while simultaneously employing a compressed sensor

and sleep scheduling.

In the simulations, n wireless sensor nodes are randomly distributed in a square environment with dimensions
d x d m?. The communication radius of the sensors is considered to be R meters. The base station is also located
at one of the corners of the environment at coordinates (0, 0). The initial energy of all sensor nodes is Ej,;. The
data signal x is randomly generated with a dimension of n for different time instants, where s non-zero components
are selected independently and identically distributed (i.i.d). from a Gaussian distribution with zero mean and
unit variance. The dictionary ¥ is initially constructed by creating an n X n matrix with i.i.d. selections from a
Gaussian distribution N(0.1), and then the columns of ¥ are normalized to a unit scale. The wireless channel SNR
is considered to be 20 dB, which, along with the modulation type and packet length, determines the data loss
probability [13].

A value of p = 1073 was considered. Additionally, sensor measurements were subjected to zero-mean Gaussian
noise errors, resulting in a signal-to-noise ratio of 20 dB. Furthermore, it was assumed in all experiments that 20%
of the estimated signal was inaccurate.

In the ant colony algorithm simulation, a population size of 50 and 100 iterations were considered. Additionally,
the parameter values were setto p = 0.1,y =5,1=2,a =1, = 1.5.

compressed sensor signal. The reconstruction performance is evaluated using the mean relative error

4. Results and Discussion

Figure I illustrates the reconstruction accuracy of the proposed method compared to those presented in [5] and
[10] for different values of *s*, with *m* fixed at 200. As observed, all methods exhibit a decrease in
reconstruction error as *s* decreases. The proposed method achieves a consistently lower reconstruction error
than the alternatives.

Specifically, the proposed method yields approximately a 48% improvement in reconstruction error over method
[5]. This improvement stems from the intelligent selection of active nodes in each round, whereas method [5]
employs random node activation.

Compared to method [10], the proposed approach demonstrates about a 59% improvement in reconstruction
error. This gain is attributed to the use of a genetic algorithm for selecting awake nodes, which provides a more
optimal solution than the convex optimization with simplification used in [10].

Method [9] implements a distributed approach that cannot effectively identify the most suitable awake nodes,
leading to suboptimal shadow matrix construction and consequently higher reconstruction error. Our proposed
method reduces the reconstruction error by roughly 61% relative to method [9].

In summary, the integration of genetic-algorithm-based node selection and ant-colony-optimized routing enables
more accurate data reconstruction by efficiently leveraging spatial and temporal correlations while balancing
energy consumption across the network.

Figure II presents a comparative evaluation of network lifetime for the proposed method and two reference
methods, with the parameter *s* set to 100. The figure shows the network lifetime across different values of *m*,
which represents the number of active nodes per round. The proposed method consistently outperforms the other
approaches in terms of longevity.



50 Journal of Southern Communication Engineering, Vol. 15/ No.58/ 2026

0.1

0.08

0.06
0.04
0.02 I
[ | [ | ™1 |

(o}

Rebuild error

$=200 $=100 S=50

m Suggested method m method [5]

® method [10]

Figure I: Reconstruction error of different methods for various sparsity levels

The enhanced lifetime of the proposed method is attributed to two key factors: the intelligent selection of active
nodes via a genetic algorithm that accounts for remaining sensor energy, and the construction of energy-efficient
routing paths using an ant colony optimization algorithm.

The method introduced in [9] exhibits a network lifetime relatively close to that of our proposed approach. This
comparable performance is largely due to the distributed nature of their algorithm and the reduced overhead
associated with control packet transmission.

Specifically, the proposed method achieves an average 18% improvement in network lifetime over the method
in [5], and an approximately 32% improvement compared to the method in [10]. When benchmarked against
method [9], our approach yields a modest but consistent 1% increase in network lifetime.
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Figure II: Network lifetime versus the number of awake nodes

In Figure III, we also evaluate the reconstruction error for different simulation methods with varying values of m.
For these experiments, we set s=100. In all evaluated methods, the reconstruction error decreases as the number
of awake nodes in each round increases.

Even in this form, it is clearly evident that the reconstruction error of the proposed method is better than the two
evaluated methods, the reasons for which were previously explained.
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Figure III: Reconstruction error as a function of the number of awake nodes
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In sensor networks, both the signal accuracy of the received data and the network's lifetime are of paramount
importance. Figure IV simultaneously examines both the lifetime and reconstruction error parameters in the form

Longevit, . . . .
of P = ﬁ for various values of m and s in the proposed method to determine the optimal value of m.
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Figure IV: Simultaneous investigation of lifetime and accuracy for different numbers of awake nodes

The higher the value of m, representing the number of active nodes in each phase, the lower the reconstruction
error; however, the network lifetime decreases. For the conducted experiments, m=200 was found to be the
optimal number of active nodes.

As a final test and evaluation of the overall performance of all four methods, we have simultaneously examined

o . P length .
both the lifetime parameter and the reconstruction error under the parameter P = %. In this

experiment, the value of m=200 was considered.
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Figure V: A simultaneous examination of the lifespan and accuracy of the evaluation methods

As illustrated in Figure V, our proposed method outperforms all three compared methods when considering both
network lifetime and reconstruction error simultaneously. The reasons for this superiority have been elaborated in
the preceding sections.

5. Conclusion

To extend the lifetime of wireless sensor networks, compressive sensing can be effectively applied. When
compressive sensing is used, only a subset of nodes actively transmit data, while the remaining nodes can enter
sleep mode to conserve energy. Random or distributed selection of active nodes often leads to increased
reconstruction error; hence, a centralized node selection strategy was adopted in this work.

In the proposed method, a genetic algorithm determines the optimal set of awake nodes, and an ant colony
optimization algorithm constructs an energy-efficient routing tree between these nodes and the base station.
Simulation results confirm that this approach increases network lifetime while reducing reconstruction error.
The proposed method utilizes a mathematical relation to select awake nodes based on the reconstructed signal
from the previous round. For future work, we plan to integrate a predictor that estimates the next round’s signal
by exploiting temporal correlations in sensor data. This predicted signal will then be incorporated into the selection
relation, enabling more accurate and adaptive node activation, further enhancing reconstruction quality and energy
efficiency.

6. Acknowledgement
We extend our sincere gratitude to Dr. Bagherifard and Dr. Mehrjoo for their valuable guidance on the study
design and their thorough review of the manuscript.



52

Journal of Southern Communication Engineering, Vol. 15/ No.58/ 2026

References

[1]

[10]

[12]

[13]

G. A. Lopez-Ramirez and A. Aragon-Zavala, "Wireless Sensor Networks for Water Quality Monitoring: A
Comprehensive  Review," in [EEE Access, vol. 11, pp. 95120-95142, 2023, doi:
10.1109/ACCESS.2023.3308905.

M. N. Mowla, N. Mowla, A. F. M. S. Shah, K. M. Rabie, and T. Shongwe, "Internet of Things and Wireless
Sensor Networks for Smart Agriculture Applications: A Survey," in IEEE Access, vol. 11, pp. 145813-
145852, 2023, doi: 10.1109/ACCESS.2023.3346299.

D. R. Zaidan, A. G. Wadday, M. M. Abbood, A. F. Al-Baghdadi, and B. J. Hamza, "Forest fire detection
based wireless sensor networks-survey," in AIP Conference Proceedings, 2023, vol. 2776, no. 1: AIP
Publishing.

D. L. Donoho, "Compressed sensing," in /EEE Transactions on Information Theory, vol. 52, no. 4, pp.
1289-1306, April 2006, doi: 10.1109/TIT.2006.871582.

Q. Ling and Z. Tian, "Decentralized Sparse Signal Recovery for Compressive Sleeping Wireless Sensor
Networks," in [EEE Transactions on Signal Processing, vol. 58, no. 7, pp. 3816-3827, July 2010, doi:
10.1109/TSP.2010.2047721.

N. Vaswani and W. Lu, "Modified-CS: Modifying Compressive Sensing for Problems With Partially
Known Support," in IEEE Transactions on Signal Processing, vol. 58, no. 9, pp. 4595-4607, Sept. 2010,
doi: 10.1109/TSP.2010.2051150.

W. Lu and N. Vaswani, "Regularized Modified BPDN for Noisy Sparse Reconstruction With Partial
Erroneous Support and Signal Value Knowledge," in /EEE Transactions on Signal Processing, vol. 60, no.
1, pp. 182-196, Jan. 2012, doi: 10.1109/TSP.2011.2170981.

S. Mehrjoo, F. Khunjush, and A. Ghaedi, "Fully distributed sleeping compressive data gathering in wireless
sensor networks," IET Communications, vol. 14,n0. 5, pp. 830-837, 2020, doi: 10.1049/iet-com.2019.0077.

X. Wang, H. Chen, and S. Li, "A reinforcement learning-based sleep scheduling algorithm for compressive
data gathering in wireless sensor networks," EURASIP Journal on Wireless Communications and
Networking, vol. 2023, no. 1, p. 28, 2023, doi: 10.1186/s13638-023-02237-4.

W. Chen and 1. J. Wassell, "Optimized Node Selection for Compressive Sleeping Wireless Sensor
Networks," in I[EEE Transactions on Vehicular Technology, vol. 65, no. 2, pp. 827-836, Feb. 2016, doi:
10.1109/TVT.2015.2400635.

V. Shnayder, M. Hempstead, B.-r. Chen, G. W. Allen, and M. Welsh, "Simulating the power consumption
of large-scale sensor network applications," in Proceedings of the 2nd international conference on
Embedded networked sensor systems, 2004, pp. 188-200, doi: 10.1145/1031495.1031518.

M. Grant, S. Boyd, and Y. Ye, "CVX: Matlab software for disciplined convex programming, version 2.0
beta," ed, 2013.

J. G. Proakis, Digital communications. McGraw-Hill, Higher Education, 2008.


https://ieeexplore.ieee.org/document/10231325/
https://ieeexplore.ieee.org/document/10371307/
https://ieeexplore.ieee.org/document/1614066/
https://ieeexplore.ieee.org/document/5444944/
https://ieeexplore.ieee.org/document/5471173/
https://ieeexplore.ieee.org/document/6036190/
https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/iet-com.2019.0077
https://link.springer.com/article/10.1186/s13638-023-02237-4
https://ieeexplore.ieee.org/document/7031966/
https://dl.acm.org/doi/10.1145/1031495.1031518

M. H. Katebi Jahromi, et al: Simultaneous Application of Intensive Sensing... 53

Declaration of Competing Interest: The Authors do not have a conflict of interest. The content of the paper is
approved by the authors.

Author Contributions: Mohammad Hassan Katebi Jahromi: Software, methodology, writing original draft
preparation; Karamollah Bagherifard: Resources, methodology, manuscript editing; Razieh MalekHoseini:
Resources, manuscript editing; Saeed Mehrjoo: Resources, manuscript editing.

Open Access: Journal of Southern Communication Engineering is an open-access journal. All papers are
immediately available to read and reuse upon publication.



E-ISSN: 2980-9231 Cgi Olyple gwdige

https://sanad.iau.ir/journal/jce g g (sl ST o8l

https://doi.org/10.71656/jce.2026.1125970

(oD Vgh 9 03 i (6 N Sy 1 20l b o pSus dSwd pos Jgb d9m
LU0 g Hlaw/Oles saiilo; (gl

MO 52 0 o | "0 e Sho s "7 33 (5,80 a5 ['D) o0 o (55 s oo

wé‘ﬁ'b«: ‘L;o)'t.u‘ Jl;l olKaiily ‘E}“’li A>|5 ;)Jw‘s (ewge bg)f‘

Lmo)f Sgdote 63)-;‘ (o 2 )i..«o LSLQM le.:au.Jl} quGLel )“ é.u m .katebijahromi@iau.ac.ir <l cz gl
walS jelaieds 00,08 (5 K 55 Alie ol yo cowlys]

R pslhiats 02,85 5 S 658l allhe (nl o el sas b gl 315 BlS515 sl S5l € y3augels” unige 09,5
RS O o 5t P S o€ J5“° d‘i‘}s‘ L.;Le) 3 QYL‘U‘ Slas ka.bagherifard@iau.ac.ir <yl czowl
‘@.Lbé M o odle (o )-im-u.’ slasis gl = sloosls
55 95 o 5l Alie ol 4o oolgiiy Ligy il b o) (Span | el ST oS Eoul o1y igeels e 095

malekhoseini.r@iau.ac.ir « ! czgwl

d)Lw)l) doolo JL&:_») a_)L’.:)A tSLL’-:’ )‘.\:O;o G Syt ox M
Bras (malS Cyo jlan/Oles o oSl 5l ioren S aaS T ool | oDl ST oIS ¢y 15 a5y € guals” puine 05,57

L oolps o by d )‘%_3 dbo; r““"L‘“u"’ oolal l.aao)f 63)-;‘ saeed.mehrjoo@iau.ac.ir « )|yl <515
it 10,5 (8L aSTyz g o patuine SE5G h)sUl (6 55,54 R ytFteve

lg )L.\.».: duo; L)“'\‘“L)GM )‘ o o] NP_Hard 64.1:.».».@ u_i: »‘9 ¢)49~uol§ (swdibo 09; )bJLwl 8 d)ﬁb bl P)fﬁ
‘Ol)f'.‘ <E9wlg. ‘L;o)'t»l )lj olRiisls ‘Ey»l,v.

St oS S350 Sl Sax (e sl Sl S o oR e
ka.bagherifard@jiau.ac.ir

0,559, 45 s oo Ll o g jludnd gLl g go oolaiwl jlawy slao )5

Soagp 4 ,omie Ll b g slan gloo 3 Ol o Lo ol : ol gonige
o Jobo TYA 51 oo (mal38l aiomen o LA I iy o5lesl gl ot S 45
b del> bl 090 Sy, 4 Sonnd A o ey U

VoY o0l YA 1Bl D 2o \U

W':‘i)?i‘” ‘oor’;'..é LS)i‘”’ 595 g ]i.o ASM.: :Lboj‘g ..\.JS VEY Olﬂ\:d)ij)'i.g@)l:

DR SRV RS JEROF TN Y

. yos J}.b ‘6))-" gé;»a.n wolo Zood kS’L’)"‘“"" ‘)L‘\t’ﬁ‘f"?}

@by g o)l

Db oo 4Sed yoe Job Aalidl g (gilail S5 s Sl a5 la slao I alliadign DLl e

el sl lao 5 (528l (sl S ey Sl eslinul s 4 goleiin By 50 sl sl rals e

oailendly (65 285 Sl jo b g Sy ppsSl b jlas slee S ailaiedign Ll Js 4y 05 iy e Jsbo e
Lol a4z 50 00,980 b a2l s Sl oolitial g b S

COPYRIGHTS

©2026 by the authors. Published by the Islamic Azad University Bushehr Branch. This article is an @ @
open-access article distributed under the terms and conditions of the Creative Commons Attribution B
4.0 International (CC BY 4.0) https://creativecommons.org/licenses /by /4.0



https://doi.org/10.71656/jce.2026.1125970
https://doi.org/10.71656/jce.2026.1125970
https://orcid.org/0009-0004-0887-6565
https://orcid.org/0000-0001-8829-6245
https://orcid.org/0009-0001-6326-8130
https://orcid.org/0000-0002-0159-1397
https://creativecommons.org/licenses/by/4.0

O 5 o> (5 L dosralen il ooliinl b e o S A jae Job 9o AT

doddo -

S )| el 5 cenlis (o3l Sloasles 55 b (ol S Clos 5515555 4 0l glocd py b edl (slaJls o
ol 2 o )5 5| galisee glgil )3 (S5 lronsay » O)lla 6l 2 Swm slaaSeed Sl )10 o s Ol
opé 5 [¥] o JKim (5wl ooyl Y] g3 0kes o las [V] OF cuas 5o jlas o Jle (gl ol oas

g0 yall 5 Shoe ;0 hnd abali plgie 4 &5 sl Kz 05 (65 5l Cudgacns plaaSid iz Lol la il 5l (So
6325158 S8l 31 (S el o0t slgiing (K B sae Job al58 5 5551 b pme 18IS S 535 slo IS,
ol 8 00l b3l yo CodeS 2l (3 00ls Al S (555l e (slp (ng @ [F] 00,08 (K el Vo588 (5 Sem
dosls 3l (g 5aS paxm 3l oolazwl b el Tplesl 5570 ably )0 a8 4l oSl a5 55l oo @2l 3 1) Sl () (g, ol S o
09 sl ol o ol Jgere job 0 &5 (rw 0 Sam slaaSid sla Sy w5 Lk | (Soid slaenssy
sl oslaial el sgaze Slewlre CoblB 5 (655l 035 b Km0 5 (naiz 5 0bj (Slewbre CobB g (6551 Cudgae
ploxl S slao 5 Lawgs a5 (43,508 ol 15 55le 00,28 Jow ol a5 Ll 51 L5 0] sms oo slosig 1, 03,28 (5 S
230 sl 35 0 Lasgs Blslomo il 5 3,15 5L ol Slaslomo & 5busly pl5in L5 5 05 (oo s (e 055
el o g2 Sz Sl2aSS (6l cenlie oIl 3y o0

Syglae lp Gloue jo K slae 5 5l ool slaws ] jo a5 Slag liw ;0 00,88 (5,5 5l aliswe <VlEe o
Silwos pid )b o lgre (V] 5o oolig g,y Jlie lgie 4 .ol oo oolitul caloas sy aBdle 3590 Sledlb
iiles 5 03528 (6 K o 5 o Alie iz 53 055 g0 o0bisiol JUESI S Lo oliss (53,5 S (5le Sl
@ SVl ol celed yo oad 48,5 IS oyl L1 oA B] ol snis st 4Kt e Job (il caa ol olgs
oty 8IS (5551 e b el lao 5 b 5 s o (f (sloe 5 Sl oy 45 0,9 5 13 45 Sl (sleisS
SLUl Ll sl s o 0l @555 Oj90 4 (880 el Su L g (Bolal Djse R slao 5 allie 4 o o
Ll b JiSs (S5 liee ol jhi S oo, olass e (sl |y 239 s pipdllani o (sloae S ol
O, los 39 dilus Ay Dyg0 4 g Bolal O g 4 4T Gl syl (pizres 0l S st Coul e a5 U
DIV 5 s oo )l 51 bz glgil 1o g sl o ilo & o (65205 Sl 21,5

J& S50 @ Glae 50 45 Kz 0,5 (63b ) o Slasi 51 45 Jgane oo K S0aSd 2 55 503 (Budon Gl )
Sl gl oyl wiile olas )l j0 aBle 3,50 SISl (s sTaez slp LaSLE g5 nl ool cilond izt
e 9 (2bad (Ko (S b Slrodyy S slaaSed sloosls ;5 958 oo ooliinl woldl  &)llai g Coal ¢ Saio
WS (g0 S o5 Hlie 590 50 0 3k Sloj (Shan bl ools JUuSw aSul 4 azgi o)l 2925 Sloj (Kien
1) om0 5 5law slao S sl (3 593 50 0ad (53kal Juimw SIeMbI 31 (6250500 b (s3leriay 9,505, I 1Y]
@l 1y ebidl o €50 S 0 90 m2,s801 b s 5 035 0 SL01 S 02,80 6 550 L gl oSl o
Sl CB0 dgpn el ailaiiign O jae 4 o slee,S SLll ojle s al dsl 4§ K0S a4 Jlan sleo )5 JLail
A sl [ A 8] wileass Jlad Bolas & jg0 4 K sloo 5 a5 Sloj o S a5 yoe Job iul3l g

oateio |y da 95l gloo 5wl oSl )3 35 e &0 4 Lo goleiiu hgy & et 5 [V o] e ool 3,
& S slo a5l LS gl g Jes jo aSyl gl o)ls (sl oS ST ous solaiwl o8 ST L)l 51 Lol aiS e
508y bl oy, s il ol b 6,5 b el olfieyl alols ol (Sos 4 Lz o ady el Jlol 55 0yt o
sl #5 pizmen a2 oo oS Sal a1y b o)F (65, Bras wb galoll L g o8 ST L)l asiy] sge Lanils
e 756 aD e Job pep S5 ep b (o0 I Dad a0l alols bl s le o] (a5 5 beaies

RPN

! Compressive Sensing
% Fusion Center



N FY-FANE - ol [ oiin g ol o,los /02033l Sl /g Ol pbre  cwdige dloxs

b o g3lale ) ol oo soliiwl Gase 4 Toame e galins Lo Glp ' oose lula, lallie ol o fuioren
oly (e Gl o 9 0,10 8 old Cudgase g, cpl (bl b o) o aliis Ol 4y iz Jlus (0 Seolss
S ooy ool Juld a5 Wigd oo (o0 Condly (pl 5l case gilule, ig, slrcangass b alivs o gl |y o
Coogdons U"‘ nA.»S‘SA_' u...o..a_» |) (.5)""")"‘"' Ao J:>o|) as (=R Q"‘ Le) o [T LS‘LL:"'“"’ sSJ L oo f..c EYCINN
09l | Sen (oo Gaingr 4 e )lse (T )0 5 998 Al sladel, 4 e Wi oo

o ooliiwl gii (6,80l p e Slgs gaiile) w05l S 3l 00,8 (6 K (65,10 LS o s [A] o imen
i yssl 5l gy oml 5o el sals (g3lw Joe dgame BgS jle (658 el 3]3S i 4 Jled slee 5 Ol el
158 5 oyS eailandly (6551wl 0ol solitiul ay (S preal S0,y Sy Sl e D9 Q 6 xS0b
e8] el ol 485 L 55 oS (6551 SBras giluolite sl O Sk w oS Al &b ) ()l paged
yoe il g IS slaains YL ] gan i GalS 4 e Wilgi ge 4 Conl ol w3 £o8 3 Alie cpl jo goleriag
s cpl )o oleiiny (be) 503,58 Bl jee Job cons a1y g3l sl moe )l £9290 (B9, (nl Lol 09l 4t
il | aine il il ilgh oo

Shasi g i (S5 ks ilies gla ol )y il a8 b S0 00 b slagtalej] ookt 29y b)) sskaien:
e 0 518 sy )90 i |y Al yes sk 5 (65, Bran (e Grizren S o0 gy 1) Hla S sloe S

T 3283 yeb 4y baosls (g3lusl o Jlal ‘L;)BT@Q Aiglyd ped (idn p0 el ouls oo Sl S a4 allae dslol
CS o ol 5o golpainn 8,509, 5 S o) (6,5 5 b la slee )5 Ol Al (pges iSu 10 . Cawl 00l ools
5 5 ool ail) ooz (i 50 lagsluaned mls oS oo S ) OB 50 (S8lsS w5l eoliiul b ools aanns
Diloas 03,91 iy iSu 5o s S Az woly

By widd oo plad 1) slael S>o8 By 00 0 oy i Hablad S 1) colaiulyjge slaoles aslsl o
B o By g wimd oo Ol 1) (G slajlop «SasS Az SBgy> wiad oo O | b Sle (S5 A
= . e -1 T . oo A F

L)M:J.:Lo RSSO L)M:J.:Lo \_i: u»}ix.o 9 °‘>l‘er‘"f )i:LJLo.) oo L () 9 () 6LBOLN Mbsc UL'"" ‘) L(b:\.CM ‘éﬁl;
g a3 o plis |, X slali g,k paie X, wms oo liad 1y X oy sl ali yaie X, 0gd o ools yLas Tr(L) L ooyl
A2 oo L ) & JeSh dsgaze (s o plii 1) & sacgeme sla il b lagiw GBI L X Sloyy X,

n
gaie 1L ools dcgozmo I M slacS 5 ob.xs( ].Mo‘f olad ) x Slop Bolad aieh 4 Cad (ol ol E (1)
m

ompbe 1, aes o plas 1) B il lesS i ple g (nSloe Jlop b opsitonis b wse N (1) aas o plis |,
Sggm o0l i I L Il b s & o [y pi g el picly pyi il xn SIS,

S =Y
S g S 0,5 0L lase (So5d Sledlbl 55laes lp e o K oaSd 5 Jgere (6 lore SO llio opl 4o
sxlg sloesls pled (5)5laes diejls osls (s glae (sl Al 0,59, a5 Il ,o el sais a8 5 Lo o a)ly oSt
)im.> EY e GilwJled aiojlo e ouwslem (o0 b (o g2 Sz a8 Sl S (sl )5 a0l
Sl 5l eolgs sanile) g 00,88 (6 Sy e 3,509, i (§5kw ools sl [A] cenl sl Jlasl g o lai 6l
JL&.M.J 6)3)& lJ <le.: oli;....l‘ 390 (5“'"“" 9 Jﬁ‘ (54.19).0 B ﬁ,....Sso oolawl Cawl ouls ools ul.w) \wa o as
55 65 e b s S (o0 patien | a3l s w90 )0 b oS (alwe T SGSs o 58l 5 B (sl e (so0ls
o B3k 31 a) 090 (sal> o ;0 e 0ueli BS Scheduling & Routing 1) al> o cplo5le oo |y dig <550 SO 8> 590
WS 8l o |y il aS (60,5 5 098 oo Jl,l (J S gy aiil Hlae Wb aS oleo 5 4 L ouds ansle saig

! Convex relaxation
2 Non-convex



R1J{S O PPV L SLUWE SN U DR Iy -0 | FIPURIPII SWESIPL G SOV N SR PO oY

sleo,S lais,d g wlly o JpuS gy aws sl |y Jlo,l 5 6 K Slles Jlan 0,5 lgim am j90 ,0 b as Wb o
CS Sampling Phase gal> 1o ;> (yusws 3w oo Initialized Phase U & 1, al> 1o ol IS5 50 1008 o aseino | Slag
Gl oBg) 4y bools 00,28 (6 K> b9, 4 Forwarding Phase ;o coled j0 oo oo plxil ) 6 K> lon sleo

S oo gl 1 eols JiSw 5 aly ol 5 Wi go Sl

BS Scheduling
& Routing
} | oo |T<»—>i !4—){1 Ilme axis 1
I Jround 1 U L
/ N S
/ XN
4 ~
s <
] 6&,‘!,':5 2 Forwarding
> i phase

CS Sampling
phase

ol sy chlie slagls 1) IS5
Figure 1. The Phases of the proposed method
ols JUil 9 5 9T @oz V-
slrosls ol ams 5155 plesl 300 4y b aS o )ls £i(i=1.2....n) ool &l pel )l G K 05 0 auS 5,8

JL&W f"'ﬁ"‘}’c;" S ()—.’.‘ L og Lgol.;')' G:Las M 6‘)“) walise fyi».u} Lgl.a:o)f Ja...ay 0 ‘5)51&9_?
@S GligS Ay e yioled P eR™ sl o xeR" S oy S plas a ], feR”
f=¥x M

54555 b 5l a5 ke 0,50, o 5l ooliial b b il ond astine B 5l Wl o P goaiiS S5 sarl o o a8
@ M SE" il e 08,5 asie [VO] (6,08500 6 x50b L NVF] 058 o luysg, & (PCA) Lol sloailse Julo
O i oo (Sap yolie ple aS Jl o wils jao e polie X by 0 yaie(s<n) S L a5 cewl cpl glixe
Ixl,=s S o le

ol (S5 el JUil gl K o) (M < n) m ks A 0] wiilen ounlys 03,25 g o K 30 S5 o
ST 3l aigd 0,53 milio g 65,50 b wloads Ligels Koo K sloo S ples g aiied Jlud cilises Sboj slaojly ,o 345
25 g dpleal S e y0 yERY il s JiSew oy calpln sl 3L Qlzzl s (o GladSd 50 00l (s oS
g dale>

y=HOf +z ")
At o (Seb ] slagledl a5 Canl Tl s ile @ e R™ a0 plis |y o pSojlasl anld glas z o 5 a8
o (Son Gl slaplll a5 0as (F eSSk <m) HERY” 5 ilizs o 5 o5 m o Sl m 52 &
5l oyl K gloo S Cundg d B sl g le loplall sl Gilis Sans 5 g ko el kS 4y aiilb e
0,00 3529 D pl i ygiw 0V Gl G il Jd i R 0,5 51l laae @ plidog Jlaw b Olex Ko & jle 4
wH ok o5 SleSh Gmle Slopldl ooy (mon & s jao pli gt polis pl (Djge cpl 8 0
Sy H pli g ;o) Jlae ST Jle gt a0l 0,lal calizes (S (sloo S 3350 (g0 (5 yglanz slacs 5ol
ais cpl Jlo)l s )5 (D jg0 cpl pf jo tcil ool CBl 0 i R 05 (go0ls gaus aS G Jxe (pl 4l ails

! Sparse
2 Projection Matrix



OA FY-FANT Y Gl /i g oloxty olods /020 35L o [ ogi Ol ploes  cwaigen aloxs

S 0,5 plo saian LT a5 i w, p Timeout g ACK? « CRC! v ;51 51 oolaiwl b wilgs oo plésl 55 0 ol oy o5
Vo) Geb nlple s oppe Jlol gladiny jo Slpnts (anid jslate 4 CRC i )58l 5l g o b Sl oad o5
S (el ) S 4l (s JUSw o il o0

y=HO¥Yx+z=Ax+z )
Lol Jolao 6 K sl A= HOY e R™" ] s a8

asle JUl lasrs (jables a8 Jlopo el K sloolSiws glacasgame 5l 5b 2 6 K gllas a5 o il ails ax g
551050 095 o 23 e D9 oo Blod H ey jle bawgs o] 13T 5 Wgd oo aiiny slallas 4y o o0l di (y0inS
o uLA-M& LQLs)jo)LM‘ LY ,103.')./: solo le.ﬁbc\...m.u

0310 g3lwjb i T,8Y-Y
ulise Cows 4 sileaige i > Gayb 5l o,08 6 S by, 5o JUSew 3lusl (Jsere Ay

min
Il
x )
st Ax—yli<e.

O(Slogﬁj 4y Jadd a8 cewl ool Ol oren Ll 00,88 (6 S @ gy e (gl G’a.w)‘muit & (j)&‘\s
N

IVE] sl 5Ls 00,3 6 S (5,55 5 wsllas g5losb sl (6503l
BB Sion sl b sboonsy sladams 1o b K Lawgs o0 (5 503l sboosls o o ;K> (sloaSes o
ol tgloj] Lansgs oS b S Lansgi oy o (slaools o Jlie (lgie ay i Gloj 0js> 15 o8 5 (lad 035> ) o2 (s
abaod S 0 b K ples slmosls osalive &b 511, oYU olad  Sivsen wo oo &l VY] U5, il oliiss
2 A s olis Jlgie Sl slaosly ;o s S glrosls gonnlin Goyb 5l ], (VL Sloy (Sees o8 5 Sle;
ol oo ool zales [VA]
Sy (o 5l (2ldd (Sion pogdle a5 Sl Jig (JUSew b3l ln 5l 090 SlaaSSep Slass als sl
ol (B8 S oo oMl 1 (gloy (FKhwrod I o (slaSux SN sl soleiin 95509, 50 Cnlplo e 000 5
ools JUSws 51 olg5 oo cpl plis g QisS oo yuss Lo 5o oyl @ eols JUSw polae « glo)y (Ko Jdo 4y a5
alias DY o VY YT 6,5 soliul G958 Sboj abasd (sools JuSow 5l adgl cpmedts o olgie & b8 Sloj (salamd
el 00 Sleiiiy (ol JuSKew 2Lk sln 25 leare
m;” Ixge o
st Ax—yli<e.
Ll oaly JiS s ez [ Sks & o) o

ol 09, =Y

Sy Sl o 9 S5 0,08l 65 S L lan lae S bl Juls a7 (eolpiinn by, Ol (isu cpl o
S o0 S |y dne leee u OBg9e S815S Shg0 e b Rl e

e 5 03,5 aneS 55lusl sllas B aril o a9 o Cal g oS oS aSl 008 aseie sl [V 4]
125010 Slgin g alga d 1) 5 salal) sl 00,8 bl 15| Sl pee Jobo

! Cyclic redundancy code
2 Acknowledgment



O 5 o> (5 L dosralen il ooliinl b e o S A jae Job 9o AR

mll’l T %"' % - : eid‘)zli
& Tr((‘P £O”2DdQ lpg) j—ﬁ;T

s.t.&)..e{O.l}.i=1 ..... n. *)

9 ga iy pa 5 S5 4 5 Sl XN (gl o 5ile S D oS

- 1.wake
{ )

0.sleep
29 aibgs yho jl s M=t L Gy le S g D S 5l pleol (55l CitSolr S oot @ wlgie @ oS
el 1) O ygo 4 a5
d ¢ A
=11 0, M)

n—m)xn
el @O = D gl giaw ciS sl il SSTT o] o a8
GSleosl 5o g el (2Blg Sols S canl oy (g3lwsl L8 j50 0 a5 & piness JUSKw a5 Cul odls (5,8 (pioren
s 00 oolazwl QT )|
o] Caidge il e sl Silo a5 canl g, (i=1om) s ks slagldl b g k8w jle SO 55 Qe R™™ Ll
@ oo 45 Cal oy soliinl by 5l sl oKyl b alols ¢ o 3 somilendl (65,50 (yoges Bl jolae 4 g [Ve] jo
b delys d, GieS calols g e, i 65, b Kas Sl
Ajsom‘) uLJu).o u..i)l.uc 6Ua.> ua..;l.‘ A}c\sds.w‘sc)?u.o‘) (5‘0)5 ul?b.:‘ u,w);l.‘csf :\.]a.:b G)Lbuw:\lim

n

wff( j 9&.;.3.@@909&&9:.9.}‘&:‘ (i)l._l. 6[.&).,,3&.:. 45‘;3- | umrsddlm&‘6)uw kgctlﬁ.....«.,o Qi‘

6ok sl Soex 5l 0,5 obj Jle Sl b K slaaSl sl g o)l vy e Jool,) 8L sl i
, o

Silwoole Game sl ST a4 0D, <1 ;3,5 s 0 b g wase gilule, g, 5l eolinwl b 1) aliwss [V-] jo
o3l b waes (gilaln; ol ol 5o i &5 jelailen S (e Jo T (S alali go0e S g, 655 S b g w0
Al glaliacs 52 sl 1y o ol o i ol (SKoe 45 sy oo Al Olg s odumn Plas 03,8

m

s ot B a3l sl Sy oSl ) e slaclsr 8L pslateds 5 dlie ool goleiing g 50 ccnlale
e g el Jlas J o8 el 05 ,8) e s By lo 1B il 5 1 b 4 (25950 D50 4 Wopgises S
ol £ il b ol )8 Clgs a0 0,8 o)

aly ol ay Gliglaosls Jlul (gl oty yrme S 8L & Cugd Wb (atie (ad g0 0 o slae S aSil ) g
D59y ol sl ool oML 39 oo b)) il ol 4 ol ST O yg0 4y ools Jluyl [Ve] o a5 Sl o, oo
9 59 4 e sloo S Jlail (saltuns 4 (i gep 28 (nl @ 4295 b izmen etSlop Gl 1S 45 000 3929
el 005 Al ol

ols Jlu )l (gl 00,88 (6,8 80l8 mozd Cy0 G b wiad astie Hlaws slee )5 Aol 51 e (golpain hg, 50
5558 e 5 T (b Jloa 3 lyieas Sl sloo S 398 il dige & 90 al ol 4 lun slao S
e S &8 15 CB 0 ol 5o 5,50 0,8 olaws Wb g el |y ci 0 b Jlus 5 b ks oles cos 3,190 25T 0 Lol
sl NP—Hard i Sy a5 cool julsl 050 cols i ;555 o5 0 col

! Interior-point



5. FV-FANEF ln; et 5 olxty o)lads Jpmo 3l Jlo fmginr Ol plies ssiigo dloea

oo 55008 4 Lot b o8 Jloa s o 50 bl 1o mlod 00 057 y90 (S5S (§ 3ot w2 psSl | 0 5l o1
Gon 0,5 SBl A o0 S5 > Glien S lao )5 5l (S 4 az 90 IS5 58 50 e oe 3] Az 90 So g
4790 o Ngd @iz SGuSs Lawgi 0ol 0390 (S e 42 Waz 90 aS 9oty el w09l oo sl (B0l 900 S
3 rSolr 6ly Cend s oo )b ] ] s 45 0l e 45 | sl g0 b a5 ol 5 5| (gl e
Az )90 s b (S b (6500 Az jse 50 L dz jse S AT Sloj ailes,S LM W a5 ol @lo)S a4z g0 Sazme 3959
(Sl imd S pine S350 15 o ST 4 j90 90 awgs odd JLis (6la pans b 0sig 0 ()] 4 S g0 0595 0 (6,500
0,550 el oo aiSle oyl slo s bawgs 1SS Lo 0 nlidl G0 SO atwp 4l oK 4 lbax g0 den aS

<l 0aonlo ylid S Al Dygods VS o solpiinn

or each pair (i, j) e ¥ xV, compute dist,
xk=1tok
initialize:
initialize 4 by placing ants at the nodes in 7.
for each edge (i,j)e £, 7, =1,

J

‘max

foreachant me A, 7™ ={
foreachant me 4, S™ ={
while |4]>1 do
select an ant m € 4in node i (using any rule)
for each edge (i, j) € E,compute 7

(m)
ij

determine next node j for ant m (greedily or stochastically)
update:
T&.=TM L)
S®. = ™G}
if 3m'e 4 such that jeT™
merge:
A a0 iy
S“"" - Sv(m') US{NH
A=A-{m}
if location of m'= j
resolve conflict:
compute N ={neT"™ |In'e T (n,n') e E}

for each ne N, compute ™
place m' innode ne N

so that Vn'e N,y <y

(m")
n'

end if
end if
end while
compute S=u,_, 5"

compute Az = %”( 5)
for each edge (i, j) € E, updater, ,

id for
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Figure 2. Pseudocode for constructing a Steiner tree using the ant algorithm
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Energy = Power x Time
Energy = P, x Time
Energy= P, x Lx T, \0)
Energy = 60 x 24 x 0.416 x 10
Energy = 0.00059904 J = 599 wJ
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Table 1. The parameters and their values in the energy consumption model used
Discrription Label Amount

Power consumption in sending mode P 60mW
Energy consumption in receive mode Pr 45mW
Energy consumption in listening mode P 45mW
Energy consumption in sleep mode R 90uwW
Energy consumption of changing state P;')c 5.75uW
Time to receive or send a byte T, 0.416*107S
Time to change status TpC 3mS
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Table 2. Wireless sensor network simulation parameters and their values

Discription Parameter Amount
Number of nodes n 1000
Communication distance R 5 meters
Initial energy of nodes E, 5 Joules
Final energy of nodes E o 0.1 Joules
Network size d 100*100 square meters
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Figure 3. Convergence of the fitness function in different generations of the proposed genetic algorithm
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Figure 4. Reconstruction error for different sparsity levels
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Figure 5. Network lifetime per number of awake nodes
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Figure 6. Reconstruction error per number of awake nodes
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Figure 7. Simultaneous examination of lifetime and accuracy for the number of different awake nodes
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Figure 8. Simultaneous examination of the lifetime and accuracy of the evaluated methods
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