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Fig. VI. Stability Period 

 
iii) Network throughput 

Network throughput is the number of packets 
successfully transmitted to sink. Figure-7 shows the result 
for network throughput.  

 

 
Fig. VII. Network-Throughput: data packet sucessfully 

delivered to sink 
 

iv) Network latency 
Equation 7 can be used to count propagation delay in a 
transmission for distance d(s,r) in between transmitting and 
receiving nodes.  

 _
,

   

 (7) 
Where d(s, r) is represents the transmission range and c 

is the light speed for signal. Results for total end to end 
latency in signal transmission are shown in Figure-8.  

 
Fig. VIII.   Network-Throughput: data packet 

successfully delivered to sink 
 
Proposed protocol shows better performance in terms of 
network lifetime, stability and throughput as compared to 
existing protocol. Data fusion process performed by 
forwarder node removes similar data packets of child 
nodes from transmission. In this manner node 
transmission energy is saved resulting in improved 
network lifetime. Elongated network lifetime and reduced 

data traffic load on network channels results in higher 
packet count reaching sink. this provide the network with 
higher throughput. Two hop clustering reults in lower 
ened to end latency as well.Table 3 compares the 
proposed protocol with existing SAP protocol. 
 

Table III. : PROTOCOL COMPARISON 

Performanc
e parameter 

Netwo
rk 

Lifeti
me 

Stabili
ty 

period 
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ut 

(Packets 
received 
at Sink) 

 (Proposed) 
12230 
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2.64 X 104 

SAP 
 

10190 
Round

s 

2354 
Round

s 
2.12 X 104 

DEEC 
4145 
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5. CONCLUSION AND FUTURE WORK  
 

An energy efficient clustering based routing protocol 
was proposed for WSN precision agriculture application. 
Proposed protocol was targeted for wireless sensor network 
application for green house based agricultural application. 
Eight sensor nodes are deployed in a 20 m X 20 m green 
house. Green house is partitioned into 6 grids implanted 
with tomato crop. Each grid is provided with one soil 
moisture senor. One air temperature sensor and one air 
humidity sensor are installed at roof of green house. Six 
moisture sensor nodes form a cluster. Air temperature – 
humidity sensor directly transmit their data to sink.Node 
residual energy, network total energy and node distance 
from sink are used to calculate cost function for a node to be 
selected as forwarder. Node closest to sink and having 
highest energy is selected as forwarder. Forwarder receives 
packets of cluster subordinate nodes. Forwarder forms a 
single aggregated datum from received packets by omitting 
similar received data packets. Forwarder transmit datum to 
sink. Proposed protocol shows better performance in terms 
of network lifetime, stability and throughput as compared to 
existing protocol. In future proposed protocol can be 
implemented with more number of sensor nodes in a real 
platform.  
 
REFERENCES 
 
[1] S. A. Imam, A. Choudhary and V. K. Sachan, "Design issues 

for wireless sensor networks and smart humidity sensors for 
precision agriculture: A review," 2015 International 
Conference on Soft Computing Techniques and 
Implementations (ICSCTI), Faridabad, 2015, pp. 181-187. 
doi: 10.1109/ICSCTI.2015.7489591  

[2] C. T. Kone, A. Hafid and M. Boushaba, "Performance 
Management of IEEE 802.15.4 Wireless Sensor Network for 
Precision Agriculture," in IEEE Sensors Journal, vol. 15, no. 
10, pp. 5734-5747, Oct. 2015. 

[3] Luis Ruiz-Garcia et.al, “A Review of Wireless Sensor 
Technologies and Applications in Agriculture and Food 

0 5000 10000 15000
0

1

2

3x 10
4

Rounds (r)

Pa
ck

et
s 

re
ce

iv
ed

 a
t s

in
k

 

 

SEP
DEEC
PROPOSED

0 5000 10000 15000
0

2

4

6

8x 10
-5

Rounds (r)

P
ro

pa
ga

tio
n 

D
el

ay
 to

ta
l

 

 

PROPOSED



Amit Choudharyet al, International Journal of Advanced Research in Computer Science, 9 (1), Jan-Feb 2018,877-882 

© 2015-19, IJARCS All Rights Reserved       882 

Industry: State of the Art and Current Trends ”, Sensors 
Journal, Vol. 9, pp-4728-4750, 2009. 

[4] R. Beckwith, et.al, “Unwired wine: sensor networks in 
vineyards”, Proc.  IEEE Sensors-2004, vol.2, PP- 561- 564  
Oct. 2004. 

[5] D. Pavithra, et.al, “IoT based monitoring and control system 
for home automation”, in proc. IEEE Global Conference on 
Communication Technologies (GCCT), 2015, PP: 169 – 173, 
23-24 April 2015 

[6] S. A. Imam, A. Choudhary, A. M. Zaidi, M. K. Singh and V. 
K. Sachan, "Cooperative effort based wireless sensor network 
clustering algorithm for smart home application," 2017 2nd 
IEEE International Conference on Integrated Circuits and 
Microsystems (ICICM), Nanjing, 2017, pp. 304-308. 

[7] doi: 10.1109/ICAM.2017.8242190 
[8] Silviu C. Folea, et.al., “A Low-Power Wireless Sensor for 

Online Ambient Monitoring”, IEEE Sensors Journal, Vol. 15, 
No. 2, PP- 742-749, February 2015 

[9] I.F. Akyildiz, W. Su, Y. Sankarasubramaniam, E. Cayirci, 
“Wireless sensor networks: a survey,” in Computer Networks, 
Volume 38, Issue 4, 2002, Pages 393-422, ISSN 1389-1286. 

[10] Vibhav Kumar Sachan, Syed Akhtar Imam, M. T. Beg, 
“Energy-efficient Communication Methods in Wireless 
Sensor Networks: A Critical Review”, International Journal of 
Computer Applications (0975 – 8887), vol. 39, no. 17, 
February 2012. 

[11] N. A. Pantazis, S. A. Nikolidakis and D. D. Vergados, 
"Energy-Efficient Routing Protocols in Wireless Sensor 
Networks: A Survey," in IEEE Communications Surveys & 
Tutorials, vol. 15, no. 2, pp. 551-591, Second Quarter 2013. 
doi: 10.1109/SURV.2012.062612.00084 

[12] Wendi Rabiner Heinzelman, Anantha Chandrakasan, and Hari 
Balakrishnan, “Energy-Efficient Communication Protocol for 
Wireless Microsensor Networks,” in Proc. of the 33rd Hawaii 
International Conference on System Sciences- (HICSS '00), 
Vol. 8, 10 pages,  IEEE Computer Society, Washington, DC, 
USA. 

[13] Georgios Smaragdakis and Ibrahim Matta and Azer 
Bestavros,  “SEP: A Stable Election Protocol for clustered 
heterogeneous wireless sensor networks," in Proc. Second 
International Workshop on Sensor and Actor Network 
Protocols and Applications (SANPA 2004), August 2004 , 
Boston, MA 

 


