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1.  Introduction

Wireless Sensor Network (WSN) has become the next step 
in information revolution and important research area 
in computer networking. It allows real time monitoring, 
lightweight information exchange and processing, simple 
calculation, temporary data storage, and many more. Due 
to dynamic nature of distributed environment, there are 
a lot of aspects that need to be considered such as packet 
routing, load balancing, sensor node localization, sensor 
node energy efficiency, time synchronization, and security 
issues. However, there are still a lot of improvements that 
can be explored to further extend its capabilities. 

WSN consists of a collection of sensor nodes that 
communicate with each other to forward submitted 
packets to destination node in a large scale networking 
area1,2,3. WSN has been applied in many critical 
applications such as military, health, habitat, environment, 
and industrial4,5,6. The application of WSN system mainly 
depends on its type, functions, and characteristics.

One of the most common challenges faced by 
researchers in determining key problems and designing 
their experiments is to identify the research area and 
performance metrics that need to be used in solving 
the problems7. Often, this is caused by unorganized and 
large number of available literatures8. Thus, it is essential 
to come up with a bibliographical survey that covers the 
most critical problems and performance metrics that 
have been used in the area including other important 
information. This bibliographical survey covers the types 
of WSN, real applications in WSN, and the most popular 
performance metrics that have been used in WSN.  

2.   Types of Wireless Sensor 
Network

Depending on the situation, WSN can be deployed on 
land, underwater, and underground9,10.There are many 
types of WSN such as terrestrial WSN, underground 
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WSN, underwater WSN, multimedia WSN, and mobile 
WSN11,12. 

2.1 Terrestrial Wireless Sensor Network
Terrestrial WSN consists of sensor nodes that are deployed 
in a certain area by using either ad hoc (unstructured) 
or pre-planned (structured) technique13-15. In ad hoc 
networks, sensor nodes will be dropped randomly into 
targeted area16-29. In pre-planned, sensor nodes can be 
organized by optimal placement30-34, grid placement35-37, 
or 2D38-40 and 3D41-45 placement models.

2.2 Underground Wireless Sensor Network
Underground WSN consists of many buried sensor nodes 
that are used to monitor underground conditions46,47. 
Management of underground WSN is complicated due to 
limited battery power of sensor nodes which is difficult 
to replace or recharge. Wireless communication is also 
very critical due to high potential of signal losses48. Thus, 
efficient routing algorithms are needed to manage critical 
limitations of underground WSN as well as increase 
reliability and accuracy of routing process21,46,49-70.

2.3 Underwater Wireless Sensor Network
Underwater WSN involves a number of expensive sensor 
nodes that are deployed to monitor underwater conditions. 
Sensor nodes must have the ability to self-configure and 
adapt to underwater environment71. Special underwater 
vehicles are used to explore the underwater environment 
and gather data from available sensor nodes72. Acoustic 
waves are used to establish the wireless communication 
in underwater WSN with consideration of delay, limited 
bandwidth and signal fading problem14,73. Therefore, 
critical issues in underwater WSN such as delay, energy 
efficiency, throughput, packet loss, and hotspot problem 
must be handled by effective routing algorithms21,74- 97. 

2.4 Multimedia Wireless Sensor Network
Tracking events in multimedia such as audio98-100, 
video101,102 and image103,104 can be easily performed with 
multimedia WSN approach105,106. Low cost sensor nodes in 
multimedia WSN connect to each other for data retrieval, 
process, correlation and compression using wireless 
communication107,108. Like terrestrial WSN, sensor nodes 
in multimedia WSN are distributed in pre-planned 
manner in order to guarantee the coverage. High amount 

of bandwidth are used by many multimedia contents such 
as video stream will affect the energy consumption of 
sensor nodes109. Efficient routing algorithm is crucial to 
handle common issues in multimedia WSN such as high 
energy consumption, delay, high bandwidth demand 
and QoS provisioning as well as to ensure the quality of 
multimedia WSN110- 129. 

2.5 Mobile Wireless Sensor Network
Mobile WSN consists of sensor nodes that have the ability 
to move on their own, reposition and interact with the 
environment130,131. Like static sensor nodes, mobile 
sensor nodes have the ability to sense, communicate and 
compute. However, mobile sensor nodes have additional 
ability to organize themselves and reposition in the WSN 
system132. Mobile sensor nodes can explore large coverage 
area to gather information and also communicate with 
other mobile sensor nodes. A reliable dynamic routing 
algorithm for mobile WSN should focus on sensor nodes 
localization, coverage area, navigation and reposition of 
nodes, data process and maintenance133- 161.

3.  Applications in WSN

WSN is considered a high potential technology that 
has successfully been deployed and tested in real 
environment as well as applied in many applications. Its 
capabilities have been proven to be able to improve many 
critical applications in various sectors such as in military, 
habitat, business, industrial, health and environment162. 
Thus, it is essential to understand main problems in 
each of these sectors and how WSN can effectively solve 
these problems. In addition to that, it is also important 
to identify challenges in deploying WSN in each sector 
so that required solutions or mitigations can be applied 
accordingly.

3.1 Military
WSN technology was first applied in military application 
called Sound Surveillance System (SOSUS) which 
was introduced by United States Military in 1950s163. 
The system was proposed to detect and track Soviet 
Submarines164. Nowadays, WSN is still being applied in 
military applications to detect and track personnel and 
moving vehicles as substitution for human personnel 
during surveillance missions. In military applications, 
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sensor nodes must collect confidence and precision 
information from the targeted area and submit to the base 
station. Reliable and secure WSN routing algorithms are 
needed to improve the quality of military applications in 
order to apply in real environment165- 184.

3.2 Habitat
Monitoring the habitat with a presence of human can give 
the impact to the sensitive population where it could reduce 
breeding success, increase stress, encourage predation 
or may shift the animal population to inappropriate 
habitats185. This problem can be prevented with WSN 
where sensor nodes interact with physical environment 
to provide information and localized measurements. 
Collaboration of many small sensor nodes can provide 
long term data collections that are difficult to be done by 
manual observation. There are a lot of researches done 
in monitoring the habitat such as wildlife animal, sea 
animal, and plant without affecting the natural behaviour 
of population186- 209. 

3.3 Industrial and Business
Nowadays, industrial applications such as data-logging, 
supervisory control machine monitoring and fault 
diagnosis use WSN technology to improve the services and 
product development210-233. Sensor nodes that are used in 
industrial applications can monitor, control and process 
the data such as pressure, vibration, temperature and 
viscosity234. All information collected by sensor nodes is 
wirelessly submitted to the control system for the purpose 
of operation and management.  However, there are still 
challenges that need to be considered when involving 
WSN in industrial applications such as their robustness, 
reliability, and ability to execute the operation along with 
industrial process235,236. WSN has also been applied in 
business applications to establish the business value by 
improving existing business processes or enabling new 
business processes237-247. A good WSN routing technique 
that provides long lifetime, easy to use system and low-
cost devices is needed to improve its usage in industrial 
application and business application.

3.4 Health
WSN technology is also applied in healthcare applications 
through advance medical sensors to improve the quality 

of care on different population248. There are several health 
applications that already used WSN to monitor special 
diseases like Parkinson249-251, Alzheimer252,253 and heart 
attack254,255. An efficiency WSN routing algorithm in health 
application should provide high level of trustworthiness 
and also ensure the security and privacy of the data248,256-

286.

3.5 Environment
WSN is widely used in environment applications such as 
air pollution monitoring287-291, forest fire detection292-297, 
landslide detection298-302, flood detection303-306, water quality 
monitoring307-314 and natural disaster prevention315-323. 
This technology is inspired from automated loggers where 
data is recorded and downloaded manually at specific 
intervals. In order to get accurate and relevant data, WSN 
is used where sensor nodes in environment application 
are responsible to monitor the natural environment and 
at the same time measure certain parameters with the 
purpose of providing vital hazard warnings324. Many 
explorations have been done in optimizing the usage of 
WSN in environment application and at the same time to 
face the challenges such as standardization, data quality, 
security, and power management325-339.

4.  Performance Metrics

In computer network, performance metrics are used to 
evaluate and quantify the performance of any system340. 
This bibliography covers nine popular performance 
metrics that have been used in evaluating the performance 
of routing process in WSN which includes throughput, 
delay, success rate, packet loss, path length, energy 
consumption, energy efficiency, network lifetime, and 
load capacities. The selection of each performance metric 
is solely based on the objective of a particular WSN 
application.

4.1 Throughput
In WSN, throughput is an important performance metric 
used to validate the performance of WSN routing because 
it can show the number of successful packets per second 
arrived at the destination node from source node341. 
Number of available sensor nodes can influence the 
throughput value of submitted packets where the larger 
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the amount of sensor nodes used can eventually increase 
the throughput. Throughput has been used by many 
researchers as metric in validating the performance of 
their proposed system or algorithm21,50,78,104,114,116,117,174,342-356.

4.2 Delay 
Delay in WSN is measured by the average end-to end delay 
of packet submission. Delay is the average time taken 
between packets initially submits from the source node 
and the time of successfully arrived at the destination 
node357. Propagation delay and queuing are also taken 
into considerations when measuring the delay. Value 
of delay indicates the quality of the packet submission 
where low delay shows a good packet submission. Many 
researchers have considered delay as a performance 
metric in their research work50,51,59,78,88,90,91,93,114-

116,120,124,134,158,167,184,231,259,313,343,346,347,350,351,356,358-376.

4.3 Success Rate
The total number of packets received at destination node 
per packet sent from source node is measured as success 
rate. Success rate is an important performance metric 
that needs to be considered in routing process because 
it shows the quality of routing technique and robustness 
of transmission path in ensuring the successful packet 
submission. Often, this metric is used in fault tolerance 
research area to measure the performance of the proposed 
workflow or algorithm59,88,90,91,93,134,161,355,370,376-393.

4.4 Packet loss
Packet loss is an opposite value of success rate where 
it measures the total number of packets that do not 
arrive at the destination node out of all packets sent 
from source node. The quality of transmission path can 
be measured by the number of packet loss per packet 
transmission where high number of packet loss indicates 
low quality of transmission path. Packet loss always is 
an important performance metric that used by many 
researchers in measuring the quality of WSN routing 
technique46,50,53,93,120,174,351,365,382,384,386,394-396.

4.5 Path length
Packets in WSN system are transmitted by multi-
hop technique from source node to destination node. 
The number of hops taken by packet indicates the 
path length of packet transmission. Many research 

work focused on reducing the path length which will 
eventually lead to reduction of forwarding time of packet 
transmission53,174,366,367,377,397-405.

4.6  Energy Consumption and Energy 
Efficiency

Another important performance metric in evaluating 
a WSN routing technique is the measurement of 
energy consumption used by sensor nodes. Energy 
consumption is the sum of energy used by all sensor 
nodes in transferring and processing the submitted 
packet406. An efficient routing algorithm that can reduce 
energy consumption of sensor nodes will increase the 
network lifetime. Most of the researchers focused on 
reducing the energy consumption of sensor nodes 
without degrading the quality of WSN system21,90,93-95, 

104,112,117,167,313,338,342,344,348,352,359,360,363,364,367,369,376,377,381,384,407-

420. There are researches that used energy efficiency to 
evaluate routing performance but the term is also similar 
to evaluating energy consumption1,91,140,159,161,353,356,381,384,385, 

390,414,421- 432.

4.7 Load Capacities
Load capacities are the total number of packet received of 
each sensor nodes at the time. Load must be distributed 
fairly in order to prevent hotspot or load balancing 
problem433-434. Hotspot occurs when certain sensor 
nodes are under heavy traffic load which will eventually 
consume more energy. Fair distribution of packets to 
available sensor nodes can improve the network lifetime 
of WSN21,349,350,354,378,379,397,407,411,415.

4.8 Network Lifetime
Network lifetime is measured on the total time taken 
of network until the first sensor node is died435. An 
efficient routing technique will prolong the lifetime 
of WSN system by reducing the number of path 
length, delay, energy consumption and packet loss 
as well as distributing the packets fairly to all sensor  
nodes112,151,342,355,360,362,365,369,373,374,390,391,402,411, 417,432,435-450.

5.  Conclusion

Based on this bibliographic survey that consists of the last 
11 years of works, it can be concluded that WSN is possibly 
one of the most reliable solutions in health, habitat 
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monitoring, environment monitoring and many more real 
world applications due to its capability to provide real time 
monitoring and ability to incorporate with distributed 
environment. Out of all performance metrics that have 
been listed, the most popular and critical performance 
metrics in evaluating the performance of WSN are energy 
consumption, delay and throughput where a good WSN 
system should have low energy consumption, low delay 
and high throughput. This bibliography survey is hoped 
to be able to assist fellow researchers in finding the most 
recent, critical and important information of WSN. In 
addition to that, it may simplify the process of finding 
relevant literatures that can be used for specific research 
scope in WSN.

6.  Acknowledgement

The authors wish to thank the Ministry of Higher 
Education Malaysia in funding this study under the Trans 
disciplinary Research Grant Scheme (TRGS), S/O code 
13164 and RMIC, University Utara Malaysia, Kedah for 
the administration of this study. 

7.  References
1. Okdem S, Karaboga D. Routing in wireless sensor networks 

using an ant colony optimization (ACO) router chip. Sen-
sors. 2009 Feb; 9(2):909-21.

2. Singh SK, Singh MP, Singh DK. Energy-efficient homo-
geneous clustering algorithm for wireless sensor network. 
International Journal of Wireless & Mobile Networks 
(IJWMN). 2010 Aug; 2(3):49-61. 

3. Katiyar V, Chand N, Soni S. Clustering algorithms for het-
erogeneous wireless sensor network: A survey. Interna-
tional Journal of Applied Engineering Research. 2010 Apr; 
1(2):273-87.

4. Stankovic JA, Wood AD, He T. Realistic applications for 
wireless sensor networks. In: Theoretical Aspects of Dis-
tributed Computing in Sensor Networks. S. Nikoletseas, 
J.D.P. Rolim (eds.), Springer Berlin Heidelberg: US. 2011, 
p. 835-63.

5. Singh UK, Phuleriya KC, Bunkar K, Bhumarkar S. Explo-
ration of wireless sensor networks technology and devel-
opment. International Journal of Emerging Trends & Tech-
nology in Computer Science. 2012 May-Jun; 1(1):69-72.

6. Gilbert EPK, Kaliaperumal B, Rajsingh EB. Research issues 
in wireless sensor network applications: a survey. Interna-
tional Journal of Information and Electronics Engineering. 
2012 Sep; 2(5):702-06.

7. Showman A, Cat LA, Cook J, Holloway N, Wittman T. Five 
essential skills for every undergraduate researcher. Spring 

Student Voices in Undergraduate Research, Council of Un-
dergraduate Research, University of Central Florida, 2013, 
33(3):16-20. 

8. Laporte G, Osman IH. Routing problems: A bibliography. 
Annals of Operations Research. 1995 Dec; 61(1):227-62.

9. Jain K, Bahuguna U. Survey on wireless sensor network. 
International Journal of Science Technology and Manage-
ment. 2012 Sep; 3(2):83-90. 

10. Manisha, Nandal MD. Fault detection in wireless sensor 
networks. IPASJ International Journal of Computer Science 
(IIJCS), 2015 Mar; 3(3):6-10. 

11. Yick J, Mukherjee B, Ghosal D. Wireless sensor network 
survey. Computer Networks. 2008 Aug; 52(12):2292-330.

12. Maraiya K, Kant K, Gupta N. Application based study on 
wireless sensor network. International Journal of Computer 
Applications, 2011 May; 21(8):9-15. 

13. Jiao L, Xing J, Li FY. Performance comparison of residual 
related algorithms for ToA positioning in wireless terres-
trial and sensor networks. 1st International Conference on 
Wireless Communication, Vehicular Technology, Informa-
tion Theory and Aerospace & Electronic Systems Technol-
ogy, Aalborg, 2009, p. 278-283.

14. Srivastava N. Challenges of next-generation wireless sensor 
networks and its impact on society. Journal of Telecommu-
nications. 2010 Feb; 1(1):128-33.

15. Dattatraya PY, Agarkhed J. A review on various issues and 
applications in wireless sensor networks. International 
Journal of Science and Research. 2015 Nov; 4(11):2518-22. 

16. Ochiai H, Mitran PH. Poor HV, Tarokh V. Collaborative 
beam forming for distributed wireless ad hoc sensor net-
works. IEEE Transactions on Signal Processing. 2005 Nov; 
53(11):4110-24.

17. Cardei M, Wu J. Energy-efficient coverage problems in 
wireless ad-hoc sensor networks. Computer Communica-
tions. 2006 Feb; 29(4):413-20. 

18. Biswas P, Ye Y. A distributed method for solving semi-defi-
nite programs arising from ad hoc wireless sensor network 
localization. Multi-scale Optimization Methods and Appli-
cations. 2006, p. 69-84.

19. Xing J, Zhang J, Jiao L, Zhang X, Zhao C. A robust wireless 
sensor network localization algorithm in NLOS environ-
ment. IEEE International Conference on Control and Au-
tomation, 2007, p. 3244-49. 

20. Taylor CE. Terrestrial communication between wireless 
sensor networks using beam-forming and space divi-
sion multiple access. Monterey (CA): Naval Postgraduate 
School; 2008 Jun, p. 1-117.

21. Vuran M, Akyildiz IF. Cross-layer packet size optimization 
for wireless terrestrial, underwater, and underground sen-
sor networks. The 27th Conference on Computer Commu-
nications, Phoenix, AZ, 2008, p. 780-88.

22. Cooke KG, Gay MO, Radachowsky SE, Guzman JJ, Chiu 
MA. Backyard Net TM: distributed sensor network pow-
ered by terrestrial microbial fuel cell technology. Proceed-
ings of SPIE - The International Society for Optical Engi-
neering. Orlando, Florida, 2010, 7693, p. 1-11. 



Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology6

Wireless Sensor Network: A Bibliographical Survey

23. Singh SK, Singh MP, Singh DK. Routing protocols in wire-
less sensor networks–A survey. International Journal of 
Computer Science and Engineering Survey (IJCSES). 2010 
Nov; 1(2):63-83.

24. Ahmad N, Riaz N, Hussain M. Ad hoc wireless sensor net-
work architecture for disaster survivor detection. Interna-
tional Journal of Advanced Science and Technology. 2011 
Sep; 34:9-16.

25. Bertrand A, Moonen M. Consensus-based distributed to-
tal least squares estimation in ad hoc wireless sensor net-
works. IEEE Transactions on Signal Processing. 2011 May; 
59(5):2320-30.

26. Nadimi ES, Jørgensen RN, Blanes-Vidal V, Christensen S. 
Monitoring and classifying animal behavior using Zig Bee-
based mobile ad hoc wireless sensor networks and artificial 
neural networks. International Journal of Computers and 
Electronics in Agriculture. 2012 Mar; 82:44-54.

27. Knight C, Cavanagh K, Munnings C, Moore T, Cheng KY, 
Kaksonen AH. Application of microbial fuel cells to power 
sensor networks for ecological monitoring. Wireless Sensor 
Networks and Ecological Monitoring. 2013; 3:151-78.

28. Vasserman EY, Hopper N. Vampire attacks: draining life 
from wireless ad hoc sensor networks. IEEE Transactions 
on Mobile Computing. 2013 Feb; 12(2):318-32.

29. Pietrelli A, Micangeli A, Ferrara V, Raffi A. Wireless sen-
sor network powered by a terrestrial microbial fuel cell as a 
sustainable land monitoring energy system. Sustainability. 
2014 Oct; 6(10):7263-75.

30. Capone A, Cesana M, De Donno D, Filippini I. Optimal 
placement of multiple interconnected gateways in hetero-
geneous wireless sensor networks. Networking. 2009 May; 
5550:442-55. 

31. Domingo MC. Optimal placement of wireless nodes in un-
derwater wireless sensor networks with shadow zones. 2nd 
IFIP Wireless Days (WD). 2009, p. 1-6. 

32. Castello CC, Fan J, Davari A, Chen RX. Optimal sensor 
placement strategy for environmental monitoring using 
wireless sensor networks. 42nd Southeastern Symposium 
on System Theory (SSST), 2010, p. 275-79.

33. Guerriero F, Violi A, Natalizio E, Loscri V, Costanzo C. 
Modelling and solving optimal placement problems in 
wireless sensor networks. Applied Mathematical Model-
ling. 2011 Jan; 35(1):230-41. 

34. D’Angelo G, Diodati D, Navarra A, Pinotti CM. Optimal 
placement of storage nodes in a wireless sensor network. 
ICTCS’14 Fifteenth Italian Conference on Theoretical 
Computer Science, 2014, p. 259-63.

35. Al-Turjman FM, Al-Fagih AE, Hassanein HS, Ibnkahla 
MA. Deploying fault-tolerant grid-based wireless sensor 
networks for environmental applications. IEEE 35th Con-
ference on Local Computer Networks (LCN), 2010, p. 715-
22. 

36. Al-Turjman FM. Grid-based deployment for wireless sen-
sor networks in outdoor environment monitoring appli-
cations [dissertation]. Ontario (CA): Queen’s University; 
2011. 

37. Loscrí V, Natalizio E, Guerriero F, Mitton N. Efficient cov-

erage for grid-based mobile wireless sensor networks. Pro-
ceedings of the 11th ACM Symposium on Performance 
Evaluation of Wireless Ad Hoc, Sensor, & Ubiquitous Net-
works, 2014, p. 53-60. 

38. Zhou H, Wu H, Xia S, Jin M, Ding N. A distributed triangu-
lation algorithm for wireless sensor networks on 2D and 3D 
surface. Proceedings of IEEE International Conference on 
Computer Communications, 2011, p. 1053-61. 

39. Zhang C, Luo J, Xiang L, Li F, Lin J, He Y. Harmonic quo-
rum systems: Data management in 2D/3D wireless sensor 
networks with holes. 9th Annual IEEE Communications 
Society Conference on Sensor, Mesh and Ad Hoc Commu-
nications and Networks (SECON), 2012, p. 1-9.

40. Tian J, Zhang W, Wang G, Gao X. 2D k-barrier duty-cycle 
scheduling for intruder detection in wireless sensor net-
works. Computer Communications. 2014 May; 43:31-42.

41. Ortiz CD, Puig JM, Palau CE, Esteve M. 3D wireless sen-
sor network modeling and simulation. International Con-
ference on Sensor Technologies and Applications, 2007, p. 
307-12. 

42. Chan FK, So HC. Efficient weighted multidimensional scal-
ing for wireless sensor network localization. IEEE Transac-
tions on Signal Processing. 2009 Nov; 57(11):4548-53. 

43. Roy S, Mukherjee N. Topology construction of 3D wireless 
sensor network. Advances in Computing and Information 
Technology. 2012, p. 533-42. 

44. Feng L, Qiu T, Sun Z, Xia F, Zhou Y. A coverage strategy 
for wireless sensor networks in a three–dimensional envi-
ronment. International Journal of Ad Hoc and Ubiquitous 
Computing. 2014 Jan; 15(1-3):83-94. 

45. Stojkoska BR. Nodes localization in 3D wireless sensor net-
works based on multidimensional scaling algorithm. Inter-
national Scholarly Research Notices. 2014 Oct, p. 1-10.

46. Stuntebeck EP, Pompili D, Melodia T. Wireless under-
ground sensor networks using commodity terrestrial 
motes. 2nd IEEE Workshop on Wireless Mesh Networks, 
2006; 3(7):112-14.

47. Akyildiz IF, Stuntebeck EP. Wireless underground sensor 
networks: Research challenges. Ad Hoc Networks. 2006 
Nov; 4(6):669-86. 

48. Elleithy A, Liu G, Elrashidi A. Underground wireless sen-
sor network communication using electromagnetic waves 
resonates at 2.5 GHz. Journal of Wireless Networking and 
Communications. 2012; 2(6):158-67. 

49. Li M, Liu Y. Underground structure monitoring with wire-
less sensor networks. Proceedings of the 6th International 
Conference on Information Processing in Sensor Networks, 
2007, p. 69-78.

50. Wu D, Li R, Bao L. A holistic routing protocol design in un-
derground wireless sensor networks. The 4th International 
Conference on Mobile Ad-hoc and Sensor Networks, 2008, 
p. 187-94. 

51. Minming T, Jieru N, Hu W, Xiaowen L. A data aggregation 
model for underground wireless sensor network. World 
Congress on Computer Science and Information Engineer-
ing,  2009 Mar; 1:344-48.

52. Vuran MC, Silva AR. Communication through soil in wire-



Husna Jamal Abdul Nasir and Ku Ruhana Ku-Mahamud

Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology 7

less underground sensor networks–theory and practice. 
Sensor Networks. 2009, 309-47.

53. Bennett PJ, Soga K, Wassell I, Fidler P, Abe K, Kobayashi K, 
Vanicek M. Wireless sensor networks for underground rail-
way applications: case studies in Prague and London. Inter-
national Journal of Smart Structures and Systems. 2010 Jul; 
6(5-6):619-39. 

54. Chen W, Sun Y, Xu H. Clustering chain-type topology for 
wireless underground sensor networks. 8th World Congress 
on Intelligent Control and Automation, 2010, p. 1125-29.

55. Qiao G, Zeng J. Power saving route algorithm on under-
ground wireless sensor networks. International Conference 
on Future Information Technology and Management Engi-
neering (FITME), 2010; 3:394-98.

56. Silva AR, Vuran MC. Development of a test bed for wireless 
underground sensor networks. EURASIP Journal on Wire-
less Communications and Networking. 2010 Jan, 1-14.

57. Sun Z, Akyildiz  IF. Spatio-temporal correlation-based den-
sity optimization in wireless underground sensor networks. 
IEEE Global Telecommunications Conference. 2011, p. 1-5. 

58. Xiaoya H, Chao G, Bingwen W, Wei X. Channel model-
ing for wireless underground sensor networks. IEEE 35th 
Annual Computer Software and Applications Conference 
Workshops, 2011, p. 249-54. 

59. Dong X, Vuran M. Empirical analysis of the hidden ter-
minal problem in wireless underground sensor networks. 
International Conference on Wireless Communications in 
Unusual and Confined Areas, 2012, p. 1-5. 

60. Parameswaran V, Zhou H, Zhang Z. Irrigation control us-
ing wireless underground sensor networks. Sixth Interna-
tional Conference on Sensing Technology, 2012, p. 653-59. 

61. Tooker J, Dong X, Vuran M, Irmak S. Connecting soil to 
the cloud: A wireless underground sensor network testbed. 
9th Annual IEEE Communications Society Conference on 
Sensor, Mesh and Ad Hoc Communications and Networks, 
2012, p. 79-81.

62. Dong X, Vuran M. Exploiting soil moisture information for 
adaptive error control in wireless underground sensor net-
works. IEEE Global Communications Conference, 2013, p. 
97-102.

63. Islam SR, Ahsan MA. Feasibility analysis of wireless un-
derground sensor networks for agro-ecological zones of 
Bangladesh. 2nd International Conference on Advances in 
Electrical Engineering, 2013, p. 296-300.

64. Kahrobaee S, Vuran M. Vibration energy harvesting for 
wireless underground sensor networks. IEEE International 
Conference on Communications (ICC) – Ad-hoc and Sen-
sor Networking Symposium, 2013, p. 1543-48. 

65. Kisseleff S, Gerstacker W, Sun Z, Akyildiz IF. On the 
throughput of wireless underground sensor networks using 
magneto-inductive waveguides. IEEE Global Communica-
tions Conference, 2013, p. 322-28.

66. Parameswaran V, Zhou H, Zhang Z. Wireless underground 
sensor network design for irrigation control: Simulation of 
RFID deployment. Seventh International Conference on 
Sensing Technology, 2013, p. 842-49.

67. Kisseleff  S, Akyildiz  IF, Gerstacker WH. Throughput of 

the magnetic induction based wireless underground sensor 
networks: Key optimization techniques. IEEE Transactions 
on Communications. 2014 Dec; 62(12):4426-39. 

68. Yu X, Wu P, Han W, Zhang Z. Overview of wireless under-
ground sensor networks for agriculture. African Journal of 
Biotechnology. 2012 Feb; 11(17):3942-48.

69. Akkas MA, Sokullu R. Wireless underground sensor net-
works: channel modeling and operation analysis in the ter-
ahertz band. International Journal of Antennas and Propa-
gation. 2015 Mar; p.1-12. 

70. Silva AR, Moghaddam M. Operating frequency selection 
for low-power magnetic induction-based wireless under-
ground sensor networks. IEEE Sensors Applications Sym-
posium. 2015, p. 1-6. 

71. Prasan UD, Murugappan S. Underwater sensor networks: 
Architecture, research challenges and potential applica-
tions. International Journal of Engineering Research and 
Applications. 2012 Mar; 2(2):251-56. 

72. Dunbabin M, Corke P, Vasilescu I, Rus D. Data muling over 
underwater wireless sensor networks using an autonomous 
underwater vehicle. Proceedings of 2006 IEEE Internation-
al Conference on Robotics and Automation, 2006, p. 2091-
98. 

73. Verma S, Prachi. Communication architecture for under-
water wireless sensor network. International Journal of 
Computer Network and Information Security. 2015 May; 
6:67-74. 

74. Cui JH, Kong J, Gerla M, Zhou S. The challenges of building 
mobile underwater wireless networks for aquatic applica-
tions. IEEE Network. 2006 May; 20(3):12-18. 

75. Pompili D, Melodia T, Akyildiz IF. Deployment analysis in 
underwater acoustic wireless sensor networks. Proceedings 
of the 1st ACM International Workshop on Underwater 
Networks, 2006, p. 48-55.

76. Chirdchoo N, Soh WS, Chua KC. MU-Sync: a time syn-
chronization protocol for underwater mobile networks. 
Proceedings of the Third ACM International Workshop on 
Underwater Networks, 2008, p. 35-42. 

77. Hu F, Tilghman P, Mokey S, Byron J, Sackett A. Secure, low-
cost prototype design of underwater acoustic sensor net-
works. Journal of Circuits, Systems, and Computers. 2008 
Dec; 17(6):1203-08.

78. Llor J, Torres E, Garrido P, Malumbres MP. Analyzing the 
behavior of acoustic link models in underwater wireless 
sensor networks. Proceedings of the 4th ACM Workshop 
on Performance Monitoring and Measurement of Hetero-
geneous Wireless and Wired Networks, 2009, p. 9-16.

79. Faugstadmo JE, Pettersen M, Hovem JM, Lie A, Reinen TA. 
Underwater wireless sensor network. Fourth Internation-
al Conference on Sensor Technologies and Applications, 
2010, p. 422-27.

80. Guzman JJ, Cooke KG, Gay MO, Radachowsky SE, Girguis 
PR, Chiu MA. Benthic microbial fuel cells: long-term pow-
er sources for wireless marine sensor networks. Proceed-
ings of SPIE – The International Society for Optical Engi-
neering, 2010, p. 1-12. 

81. Ayaz M, Baig I, Abdullah A, Faye I. A survey on routing 



Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology8

Wireless Sensor Network: A Bibliographical Survey

techniques in underwater wireless sensor networks. Jour-
nal of Network and Computer Applications. 2011 Nov; 
34(6):1908-27.

82. Chu Y, Zhao CH, Zhang LP. Research on cooperation com-
munication based-on cross-layer for underwater wireless 
sensor networks. International Conference on Computer 
Science and Network Technology, 2011, 1:505-08. 

83. Debont M, Jamshaid K, Shihada B, Ho PH. Event localiza-
tion in underwater wireless sensor networks using moni-
toring courses. 1st IEEE International Conference on Com-
munications in China, 2012, p. 769-74. 

84. Heidemann J, Stojanovic M, Zorzi M. Underwater sensor 
networks: applications, advances and challenges. Philo-
sophical Transactions of the Royal Society of London A: 
Mathematical, Physical and Engineering Sciences. 2012 
Jan; 370(1958):158-75. 

85. Li D, Li Z, Ma W, Chen W. Constrained relay node deploy-
ment for underwater acoustic wireless sensor networks. 
Discrete Mathematics, Algorithms and Applications. 2012 
Mar; 4(1):1-11.

86. Rachman R, Laksana EP, Putra DS, Sari RF. Energy con-
sumption at the node in underwater wireless sensor net-
work. Sixth UKSim/AMSS European Symposium on Com-
puter Modeling and Simulation, 2012, p. 418-23.

87. Anower MS, Motin MA, Sayem ASM, Chowdhury SAH. A 
node estimation technique in underwater wireless sensor 
network. International Conference on Informatics, Elec-
tronics & Vision, 2013, p. 1-6. 

88. Coutinho RW, Vieira LF, Loureiro AA. Movement assist-
ed-topology control and geographic routing protocol for 
underwater sensor networks. Proceedings of the 16th ACM 
International Conference on Modeling, Analysis and Sim-
ulation of Wireless and Mobile Systems, 2013, p. 189-96. 

89. Hua-Bin C, De-qing W, Fei Y, Ru X. A MDS-based local-
ization algorithm for underwater wireless sensor network. 
Oceans-San Diego. 2013 Sep; 1-5.

90. Parmar JK, Mehta M. A cross layered approach to improve 
energy efficiency of underwater wireless sensor network. 
IEEE International Conference on Computational Intelli-
gence and Computing Research, 2014, p. 1-10. 

91. Pouryazdanpanah KM, Anjomshoa M, Salehi SA, Afroozeh 
A, Moshfegh GM. DS-VBF: Dual sink vector-based routing 
protocol for underwater wireless sensor network. IEEE 5th 
Control and System Graduate Research Colloquium, 2014, 
p. 227-32.

92. Sundarameena V, Priyatharisini D. Acquaint based grid 
clustering algorithm for underwater wireless sensor net-
work. International Conference on Information Commu-
nication and Embedded Systems, 2014, p. 1-4. 

93. Umar A, Akbar M, Ahmed S, Javaid N, Khan ZA, Qasim 
U. Underwater wireless sensor network’s performance en-
hancement with cooperative routing and sink mobility. 
Ninth International Conference on Broadband and Wire-
less Computing, Communication and Applications, 2014, 
p. 26-33. 

94. Harb H, Makhoul A, Couturier R. An enhanced K-means 
and ANOVA-based clustering approach for similarity ag-

gregation in underwater wireless sensor networks. IEEE 
Sensor Journal. 2015 Oct, 15(10):5483-93. 

95. Hegde P, Meghashree M, Bhat SS. A self adaptive MAC lay-
er and routing layer framework for delay-tolerent underwa-
ter wireless sensor networks. IEEE International Advance 
Computing Conference, 2015, p. 440-43.

96. Basagni S, Petrioli C, Petroccia R, Stojanovic M. Optimized 
packet size selection in underwater wireless sensor network 
communications. IEEE Journal of Oceanic Engineering. 
2012 Jul, 37(3):321-37.

97. Ismail NSN, Hussein LA, Ariffin SH. Analyzing the perfor-
mance of acoustic channel in underwater wireless sensor 
network (UWSN). Fourth Asia International Conference 
on Mathematical/Analytical Modelling and Computer Sim-
ulation (AMS), 2010, p. 550-55.

98. Wang H, Hempel M, Peng D, Wang W, Sharif H, Chen HH. 
Index-based selective audio encryption for wireless multi-
media sensor networks. IEEE Transactions on Multimedia. 
2010 Apr; 12(3):215-23. 

99. Chen B. Audio recognition with distributed wireless sensor 
networks [master’s thesis]. Canada; University of Victoria; 
2010. 

100. Chen H, Jin H, Guo L, Wu S, Gu T. Audio-on-demand over 
wireless sensor networks. IEEE 20th International Work-
shop on Quality of Service (IWQoS), 2012, p. 1-9.

101. Qaisar SB, Radha H. Multipath multi-stream distributed 
reliable video delivery in wireless sensor networks. 43rd 
Annual Conference on Information Sciences and Systems, 
2009, p. 207-12. 

102. Kandris D, Tsagkaropoulos M, Politis I, Tzes A, Kotsopou-
los S. Energy efficient and perceived QoS aware video rout-
ing over wireless multimedia sensor networks. Ad Hoc Net-
works, 2011 Jun; 9(4):591-607.

103. Navin AH, Asadi B, Navadad Z, Mirnia M. Image trans-
mission method in wireless camera-based sensor networks 
by using variable interleaving approach. Proceedings of In-
ternational Conference on Computer Design and Applica-
tions, 2010; 2:V2-610-12. 

104. Costa DG, Guedes LA, Vasques F, Portugal P. Effect of 
frame size on energy consumption in wireless image sensor 
networks. IEEE International Conference on Imaging Sys-
tems and Techniques, 2012, p. 239-44. 

105. Gürses E, Akan ÖB. Multimedia communication in wire-
less sensor networks. Annales des Télécommunications. 
2005 Aug; 60(7-8):872-900. 

106. Paniga S, Borsani L, Redondi A, Tagliasacchi M, Cesana M. 
Experimental evaluation of a video streaming system for 
wireless multimedia sensor networks. The 10th IFIP An-
nual Mediterranean Ad Hoc Networking Workshop (Med-
Hoc-Net), 2011, p. 165-70.

107. Misra S, Reisslein M, Xue G. A survey of multimedia 
streaming in wireless sensor networks. Communications 
Surveys and Tutorials. 2008 Oct, 10(4):18-39.

108. Dai R, Akyildiz IF. A spatial correlation model for visual 
information in wireless multimedia sensor networks. IEEE 
Transactions on Multimedia. 2009 Oct; 11(6):1148-59.

109. Molina J, Leon C, Mora-merchan JM, Barbancho J. Multi-



Husna Jamal Abdul Nasir and Ku Ruhana Ku-Mahamud

Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology 9

media data processing and delivery in wireless sensor net-
works. Wireless Sensor Networks: Application – Centric 
Design, INTECH Open Access Publisher. 2010, p.449-67. 

110. Akyildiz IF, Melodia T, Chowdhury KR. A survey on wire-
less multimedia sensor networks. Computer Networks. 
2007 Mar; 51(4):921-60.

111. Lecuire V, Duran-Faundez C, Krommenacker N. Ener-
gy-efficient transmission of wavelet-based images in wire-
less sensor networks. Journal on Image and Video Process-
ing. 2007 Jan; 1(1):1-19.

112. Wang H, Peng D, Wang W, Sharif H. Optimal rate-based 
image transmissions via multiple paths in wireless sensor 
network. IEEE International Conference on Multimedia 
and Expo, 2007, p. 2146-49. 

113. Akyildiz IF, Melodia T, Chowdhury KR. Wireless multime-
dia sensor networks: Applications and test beds. Proceed-
ings of the IEEE, 2008; 96(10):1588-605. 

114. Li C, Wang P, Chen HH, Guizani M. A cluster based on-de-
mand multi-channel MAC protocol for wireless multime-
dia sensor networks. IEEE International Conference on 
Communications. 2008, p. 2371-76. 

115. Rahman MA, GhasemAghaei R, El Saddik A, Gueaieb W. 
M-IAR: biologically inspired routing protocol for wireless 
multimedia sensor networks. IEEE International Instru-
mentation and Measurement Technology Conference, 
2008, p. 1823-27.

116. Almeida J, Grilo A, Pereira PR. Multimedia data transport 
for wireless sensor networks. Conference on Next Genera-
tion Internet Networks, 2009, p. 1-8. 

117. Cabezas AC, Pena T, Labrador M. An adaptive multi-chan-
nel approach for real-time multimedia wireless sensor net-
works. IEEE Latin-American Conference on Communica-
tions, 2009, p. 1-6.

118. Sharif A, Potdar V, Chang E. Wireless multimedia sensor 
network technology: A survey. 7th IEEE International Con-
ference on Industrial Informatics, 2009, p. 606-13.

119. Alaei M, Barcelo-Ordinas JM. MCM: multi-cluster-mem-
bership approach for FoV-based cluster formation in 
wireless multimedia sensor networks. Proceedings of the 
6thInternational Wireless Communications and Mobile 
Computing Conference, 2010, p. 1161-65. 

120. Tsitsipis D, Nikolakopoulos G, Tzes A, Koubias S. A dual 
scheme for secured multimedia wireless sensor network. 
19th Mediterranean Conference on Control & Automation, 
2011, p. 1160-65.

121. Vithya G, Vinayagasundaram B. Actuation sensor with 
adaptive routing and QOS aware checkpoint arrangement 
on wireless multimedia sensor network. International Con-
ference on Recent Trends in Information Technology, 2011, 
p. 444-49. 

122. Harjito B, Potdar V, Singh J. Watermarking technique for 
wireless multimedia sensor networks: a state of the art. Pro-
ceedings of the CUBE International Information Technolo-
gy Conference, 2012, p. 832-40. 

123. Abazeed M, Faisal N, Zubair S, Ali A. Routing protocols 
for wireless multimedia sensor network: a survey. Journal 
of Sensors. 2013 Nov, p.1-11. 

124. Donmez MY, Isik S, Ersoy C. Analysis of a prioritized 
contention model for multimedia wireless sensor net-
works. ACM Transactions on Sensor Networks. 2014 Jan; 
10(2):36:1-36:31. 

125. Sert SA, Yazici A, Cosar A. Data fusion and processing in 
wireless multimedia sensor networks: an analysis for sur-
veillance applications. 22nd Signal Processing and Com-
munications Applications Conference, 2014, p. 421-24.

126. Kudeshia A, Jagannatham AK. Optimal viterbi algorithm 
based 3-D total variation sequence decoding (3-D TVSD) 
for robust video reconstruction in multimedia wireless sen-
sor networks. IEEE 81st Vehicular Technology Conference 
(VTC Spring), 2015, p. 1-5.

127. Sha C, Wang R, Huang H, Sun L. An energy-saving strate-
gy based on sleep scheduling and blocks transmission for 
wireless multimedia sensor networks. International Journal 
of Pervasive Computing and Communications. 2010 Jun; 
6(2):248-67.

128. Wang P, Dai R, Akyildiz IF. Collaborative data compression 
using clustered source coding for wireless multimedia sen-
sor networks. Proceedings IEEE INFOCOM, 2010, p. 1-9.

129. Wang W, Peng D, Wang H, Sharif H, Chen HH. A mul-
timedia quality-driven network resource management 
architecture for wireless sensor networks with stream au-
thentication. IEEE Transactions on Multimedia. 2010 Aug; 
12(5):439-47. 

130. Khan MA, Hasbullah H, Nazir B. Multi-node reposition-
ing technique for mobile sensor network. AASRI Procedia. 
2013 Dec; 5:85-91.

131. Park J. Moving-baseline localization for mobile wireless 
sensor networks [master’s thesis]. Cambridge (US): Massa-
chusetts Institute of Technology; 2009.

132. Indu SD. Wireless sensor networks: Issues & challenges. In-
ternational Journal of Computer Science and Mobile Com-
puting (IJCSMC). 2014 Jun; 3:681-85.

133. Ren B, Ma J, Chen C. The hybrid mobile wireless sensor 
networks for data gathering. Proceedings of the 2006 In-
ternational Conference on Wireless Communications and 
Mobile Computing, 2006, p. 1085-90. 

134. Munir SA, Ren B, Jiao W, Wang B, Xie D, Ma J. Mobile 
wireless sensor network: Architecture and enabling tech-
nologies for ubiquitous computing. 21st International Con-
ference on Advanced Information Networking and Appli-
cations Workshops, 2007; 2:113120.

135. Dyo V, Mascolo C. Efficient node discovery in mobile wire-
less sensor networks. Distributed Computing in Sensor 
Systems, 2008 Jun, p.478-85.

136. Sultana N, Huh EN. An efficient scheme for secure group 
communication in mobile wireless sensor networks. Pro-
ceedings of the 2nd International Conference on Ubiqui-
tous Information Management and Communication, 2008, 
p. 501-05.

137. Amundson I, Koutsoukos XD. A survey on localization 
for mobile wireless sensor networks. Mobile Entity Lo-
calization and Tracking in GPS-less Environments. 2009; 
5801:235-54. 

138. Dogru S, Erkmen AM, Erkmen I. Tracking a sycophant 



Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology10

Wireless Sensor Network: A Bibliographical Survey

wireless sensor network for its seamless integration to mo-
bile wireless sensor networks. 2nd International Confer-
ence on Adaptive Science & Technology, 2009, p. 110-16. 

139. Sarma HKD, Kar A, Mall R. Energy efficient communica-
tion protocol for a mobile wireless sensor network system. 
International Journal of Computer Science and Network 
Security. 2009 Feb; 9(2):386-94.

140. Chen X, Yu P. Research on hierarchical mobile wireless sen-
sor network architecture with mobile sensor nodes. Pro-
ceedings of 3rd International Conference on Biomedical 
Engineering and Informatics, 2010; 7:2863-67. 

141. Zhang B, Yu F. An event-triggered localization algorithm 
for mobile wireless sensor networks. 2nd International 
Conference on Future Computer and Communication, 
2010; 1:V1-250-53.

142. Garcia-Sanchez AJ, Garcia-Sanchez F, Garcia-Haro J. Wire-
less sensor network deployment for integrating video-sur-
veillance and data-monitoring in precision agriculture over 
distributed crops. Computers and Electronics in Agricul-
ture. 2011 Feb; 75(2):288-303. 

143. Ali SA, Shaaban KM, Alkabbany IM. Distributed patching 
for mobile wireless sensor networks. Journal of Network 
and Computer Applications. 2012 Sep; 35(5):1598-605. 

144. Karim L, Nasser N. Reliable location-aware routing proto-
col for mobile wireless sensor network. IET Communica-
tions. 2012 Sep; 6(14):2149-58. 

145. Rezazadeh J, Moradi M, Ismail AS. Mobile wireless sen-
sor networks overview. International Journal of Computer 
Communications and Networks. 2012 Feb; 2(1):17-22.

146. Deng Y, Lin C, Wu D, Ren F. Relocation routing for energy 
balancing in mobile sensor networks. Wireless Communi-
cations and Mobile Computing. 2013 Jul; 15(10):1418-32. 

147. Erdelj M. Mobile wireless sensor network architecture: 
Applications to mobile sensor deployment [dissertation]. 
France; Université des Sciences et Technologie de Lille-Lille 
I; 2013. 

148. Das T, Roy S. Game theory inspired mobile object trapping 
system in mobile wireless sensor network. International 
Conference on Electronic Systems, Signal Processing and 
Computing Technologies, 2014, p. 245-50. 

149. Kumagai S, Higaki H. Intermittent wireless multihop trans-
mission protocol in mobile wireless sensor networks. 8th 
International Conference on Signal Processing and Com-
munication Systems, 2014, p. 1-8.

150. Lu X, Qu Z, Lio P, Hui P, Li Q, Lu P, Bie R. Directional com-
munication with movement prediction in mobile wireless 
sensor networks. Personal and Ubiquitous Computing. 
2014 Dec; 18(8):1941-53.

151. Moulahi T, Nasri S, Guyennet H. Maximizing clusters life-
time in mobile wireless sensor networks. Proceedings of the 
6th International Conference on Management of Emergent 
Digital EcoSystems, 2014, p. 85-89.

152. Yun DS, Lee SJ. A study on the vehicular wireless base-sta-
tion for in-vehicle wireless sensor network system. Inter-
national Conference on Information and Communication 
Technology Convergence, 2014, p. 609-10. 

153. Yang Y, Fonoage MI, Cardei M. Improving network lifetime 
with mobile wireless sensor networks. Computer commu-
nications. 2010 Mar; 33(4):409-19.

154. Wang YC, Peng WC, Tseng YC. Energy-balanced dispatch 
of mobile sensors in a hybrid wireless sensor network. IEEE 
Transactions on Parallel and Distributed Systems. 2010 
Dec; 21(12):1836-50.

155. Atay N, Bayazit B. Mobile wireless sensor network connec-
tivity repair with k-redundancy. Algorithmic Foundation of 
Robotics VIII. 2009, p.35-49.

156. Manoja CL, Kumari DA. Geographical location based hi-
erarchical routing strategy for WSN using movable rout-
ers. Indian Journal of Science and Technology. 2016 May; 
9(17):1-5.

157. Mantoro T, Ali HS, Usino W, Kadhum MM. Energy effi-
ciency mechanisms using mobile node in wireless sensor 
networks. International Conference on Networked Digital 
Technologies, 2012, p. 536-50.

158. Priya T, Samuel SJ. Priority based multi senCar technique 
in wireless sensor networks. Indian Journal of Science and 
Technology. 2016 Jun; 9(21):1-6.

159. Prusty AR, Sethi S, Nayak AK. Analysis of energy com-
plexity under mobility for cluster routing in wireless ad 
hoc sensor networks. 2015 International Conference on 
Microwave, Optical and Communication Engineering (IC-
MOCE), 2015, p. 314-17.

160. Salehian S, Shamshiri R. A survey on mobility management 
protocols in wireless sensor network-internet protocol. In-
dian Journal of Science and Technology. 2015 Jun; 8(11):1-
8.

161. Sharma P, Hussain R. Improve perfoermance of mobility 
aware energy efficient congestion control in mobile wireless 
sensor network by WLAECH. International Journal of In-
novative Computer Science& Engineering. 2016 Mar-Apr; 
3(2):38-46. 

162. Akhondi MR, Talevski A, Carlsen S, Petersen S. Applica-
tions of wireless sensor networks in the oil, gas and resourc-
es industries. 24th IEEE International Conference on Ad-
vanced Information Networking and Applications (AINA), 
2010, p. 941-48.

163. Vacca JR. Wireless sensor hierarchical networks. Hand-
book of Sensor Networking: Advanced Technologies and 
Applications, CRC Press. 2015, p.  5-1-5-16. 

164. Desai UB, Jain BN, Merchant SN. Wireless sensor net-
works: technology roadmap. Workshop on Wireless Sensor 
Networks, 2007; 20:1-121. 

165. Diamond SM, Ceruti MG. Application of wireless sensor 
network to military information integration. 5th IEEE In-
ternational Conference on Industrial Informatics, 2007; 
1:317-22. 

166. Winkler M, Tuchs KD, Hughes K, Barclay G. Theoretical 
and practical aspects of military wireless sensor networks. 
Journal of Telecommunications and Information Technol-
ogy. 2008, p.37-45.

167. Bekmezci I, Alagöz F. Energy efficient, delay sensitive, fault 
tolerant wireless sensor network for military monitoring. 



Husna Jamal Abdul Nasir and Ku Ruhana Ku-Mahamud

Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology 11

International Journal of Distributed Sensor Networks. 2009 
Oct; 5(6):729-47. 

168. Hussain MA, Khan P, Sup KK. WSN research activities for 
military application. Proceedings of the 11th Internation-
al Conference on Advanced Communication Technology, 
2009; 1:271-74. 

169. Lee SH, Lee S, Song H, Lee HS. Wireless sensor network 
design for tactical military applications: remote large-scale 
environments. Military Communications Conference, 
2009, p. 1-7.

170. Kumar KA. IMCC protocol in heterogeneous wireless sen-
sor network for high quality data transmission in military 
applications. 1st International Conference on Parallel Dis-
tributed and Grid Computing, 2010, p. 339-43.

171. He J, Fallahi M, Norwood RA, Peyghambarian N. Smart 
border: ad-hoc wireless sensor networks for border surveil-
lance. Proceedings of International Society for Optics and 
Photonics (SPIE) Defense, Security, and Sensing, 2011, p. 
80190Z-80190Z.

172. Jaigirdar FT, Islam MM, Huq SR. An efficient and cost ef-
fective maximum clique analysis based approximation in 
military application of wireless sensor network. 14th Inter-
national Conference on Computer and Information Tech-
nology, 2011, p. 85-90.

173. Kim D, Kim D, Park H, Yoo SM. Performance evaluation of 
routing protocols for wireless sensor networks in military 
scenarios. Third International Conference on Ubiquitous 
and Future Networks, 2011, p. 101-06. 

174. Lamont L, Toulgoat M, Deziel M, Patterson G. Tiered wire-
less sensor network architecture for military surveillance 
applications. International Conference on Sensor Technol-
ogies and Applications, 2011, p. 288-94.

175. Ðurišic MP, Tafa Z, Dimic G, Milutinovic V. A survey of 
military applications of wireless sensor networks. Medi-
terranean Conference on Embedded Computing, 2012, p. 
196-99.

176. Gupta R, Sultania K, Singh P, Gupta A. Security for wireless 
sensor networks in military operations. 4th International 
Conference on Computing, Communications and Net-
working Technologies, 2013, p. 1-6.

177. Winkler M, Street M, Tuchs KD, Wrona K. Wireless sensor 
networks for military purposes. Autonomous Sensor Net-
works, 2013; 13:365-94.

178. Jelicic V, Magno M, Brunelli D, Bilas V, Benini L. Benefits of 
wake-up radio in energy-efficient multimodal surveillance 
wireless sensor network. IEEE Sensors Journal. 2014 Sep; 
14(9):3210-20. 

179. Kumar S, Kumar S. Evolution of wireless sensor network 
in military or deafens applications. International Journal 
of Innovative Computer Science and Engineering. 2014; 
1(1):29-31.

180. Triki B, Rekhis S, Boudriga N. An RFID based system for 
the detection of Sybil attack in military wireless sensor net-
works. World Congress on Computer Applications and In-
formation Systems (WCCAIS), 2014, p. 1-2.

181. AlperSert S, Yazici A, Cosar A. Impacts of routing attacks 

on surveillance wireless sensor networks. International 
Wireless Communications and Mobile Computing Confer-
ence, 2015, p. 910-15. 

182. Amdouni I, Adjih C, Plesse T. Network coding in military 
wireless ad hoc and sensor networks: Experimentation with 
GardiNet. International Conference on Military Commu-
nications and Information Systems (ICMCIS), 2015, p. 1-9. 

183. Hou IH. Packet scheduling for real-time surveillance in 
multi-hop wireless sensor networks with lossy channels. 
IEEE Transactions on Wireless Communications. 2015 Feb; 
14(2):1071-79. 

184. Magesh S, Nimala K, Meeran AN. Authentication frame-
work for military applications employing wireless sensor 
networks and private cloud. Indian Journal of Science and 
Technology. 2016 Jun; 9(21):1-6.

185. Mainwaring A, Polastre J, Szewczyk R, Culler D, Anderson 
J. Wireless sensor networks for habitat monitoring. Pro-
ceedings of the 1st ACM International Workshop on Wire-
less Sensor Networks and Applications, 2002, p. 88-97.

186. McCauley I, Matthews B, Nugent L, Mather A, Simons J. 
Wired pigs: Ad-hoc wireless sensor networks in studies of 
animal welfare. Proceedings of the 2nd IEEE Workshop on 
Embedded Networked Sensors, 2005, p. 29-36. 

187. Guo Y, Corke P, Poulton G, Wark T, Bishop-Hurley G, 
Swain D. Animal behaviour understanding using wireless 
sensor networks. 31st IEEE Conference on Local Computer 
Networks, 2006, p. 607-14. 

188. Duran D, Peng D, Sharif H, Chen B, Armstrong D. Hier-
archical character oriented wildlife species recognition 
through heterogeneous wireless sensor networks. IEEE 
18th International Symposium on Personal, Indoor and 
Mobile Radio Communications, 2007, p. 1-5.

189. Naumowicz T, Freeman R, Heil A, Calsyn M, Hellmich E, 
Brändle A, Guilford T, Schiller J. Autonomous monitor-
ing of vulnerable habitats using a wireless sensor network. 
Proceedings of the workshop on real-world wireless sensor 
networks, 2008, p. 51-55.

190. Pereira DP, Dias WRA, Braga M, Barreto RDS, Figueiredo 
CMS, Brilhante V. Model to integration of RFID into wire-
less sensor network for tracking and monitoring animals. 
11th IEEE International Conference on Computational Sci-
ence and Engineering, 2008, p. 125-31.

191. Sasloglou K, Glover IA, Kwong KH, Andonovic I. Wireless 
sensor network for animal monitoring using both antenna 
and base-station diversity. Proceedings of 11th Internation-
al Conference on Communications System, 2008, p. 27-33. 

192. Stojkoska B, Davcev D. Web interface for habitat monitor-
ing using wireless sensor network. Fifth International Con-
ference on Wireless and Mobile Communications, 2009, p. 
157-62.

193. YingMing G, RenCheng J. A novel wireless sensor networks 
platform for habitat surveillance. International Conference 
on Computer Science and Software Engineering, 2008; 
4:1028-31.

194. Liu NH, Wu CA, Hsieh SJ. Long-term animal observation 
by wireless sensor networks with sound recognition. Wire-



Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology12

Wireless Sensor Network: A Bibliographical Survey

less Algorithms, Systems, and Applications. 2009 Aug; p.1-
11.

195. Gros-Desormeaux H, Vidot N, Hunel P. Wildlife assess-
ment using wireless sensor networks. Wireless Sensor Net-
works: Application – Centric Design, INTECH Open Ac-
cess Publisher. 2010, p.1-15.

196. Naumowicz T, Freeman R, Kirk H, Dean B, Calsyn M, Liers 
A, Braendle A, Guilford T, Schiller J, Wireless sensor net-
work for habitat monitoring on Skomer Island. IEEE 35th 
Conference on Local Computer Networks (LCN), 2010, p. 
882-89.

197. Tovar A, Friesen T, Ferens K, McLeod B. A DTN wireless 
sensor network for wildlife habitat monitoring. 23rd Cana-
dian Conference on Electrical and Computer Engineering, 
2010, p. 1-5.

198. Akbas MI, Brust MR, Ribeiro CH, Turgut D. fAPEbook-An-
imal social life monitoring with wireless sensor and actor 
networks. IEEE Global Telecommunications Conference, 
2011, p. 1-5. 

199. Diaz JJ, Colonna JG, Soares RB, Figueiredo CMS, Nakamu-
ra EF. Compressive sensing for efficiently collecting wildlife 
sounds with wireless sensor networks. 21st International 
Conference on Computer Communications and Networks, 
2012, p. 1-7.

200. Stattner E, Vidot N, Hunel P, Collard M. Wireless sensor 
network for habitat monitoring: A counting heuristic. 12th 
IEEE International Workshop on Wireless Local Networks, 
2012, p. 753-60. 

201. Anand J, Jones A, Sandhya TK, Besna K. Preserving na-
tional animal using wireless sensor network based hotspot 
algorithm. IEEE International Conference on Green High 
Performance Computing, 2013, p. 1-6.

202. Vu QH, Vu THN, Li M, Ryu KH. A novel clustering method 
for animal trajectory analysis using Wireless Sensor Net-
work. International Joint Conference on Awareness Science 
and Technology and Ubi-Media Computing (iCAST-UME-
DIA), 2013, p. 249-55. 

203. Mathur P, Nielsen RH, Prasad NR, Prasad R. Wildlife con-
servation and rail track monitoring using wireless sensor 
networks. 4th International Conference on Wireless Com-
munications, Vehicular Technology, Information Theory 
and Aerospace and Electronic Systems, 2014, p. 1-4. 

204. Mustafa MY, Hansen I, Eilertsen S. Application of wireless 
sensor networks based on cognitive radio for animal wel-
fare. 5th IEEE Conference on Cognitive Infocommunica-
tions, 2014, p. 499-503. 

205. Celia Rosline A, Felix Enigo VS. Fuzzy query processing 
in wireless sensor networks for animal health monitoring. 
International Conference on Advanced Communication 
Control and Computing Technologies, 2014, p. 1094-98.

206. Singh R, Asutkar GM. Survey on various wireless sensor 
network techniques for monitoring activities of wild ani-
mals. International Conference on Innovations in Informa-
tion, Embedded and Communication Systems, 2015, p. 1-5.

207. Reichenbach F, Handy M, Timmermann D. Monitoring 
the ocean environment with large-area wireless sensor net-

works. Proceedings of the 8th EUROMICRO Conference 
on Digital System Design, 2005, p. 57-58.

208. Chandravathi C, Mahadevan K, Kumari PS, Ahamed RH. 
Detection of oxytocin in fruits and vegetables using wire-
less sensor. Indian Journal of Science and Technology. 2016 
May; 9(16):1-4.

209. Mani S, Jaya T. Automatic solar powered irrigation system 
using wireless sensor network. Journal of Signal Processing 
and Wireless Networks. 2016 Jul, 1(1).

210. Kohvakka M, Hannikainen M, Hämäläinen TD. Wireless 
sensor network implementation for industrial linear posi-
tion metering. Proceedings 8th Euromicro Conference on 
Digital System Design, 2005, p. 267-73.

211. Akojwar SG, Patrikar RM. Real time classifier for industrial 
wireless sensor network using neural networks with wave-
let preprocessors. IEEE International Conference on Indus-
trial Technology, 2006, p. 512-17. 

212. Howitt I, Manges WW, Kuruganti PT, Allgood G, Gutier-
rez JA, Conrad JM. Wireless industrial sensor networks: 
framework for QoS assessment and QoS management. ISA 
transactions. 2006 Jul; 45(3):347-59. 

213. Ota N, Wright P. Trends in wireless sensor networks for 
manufacturing. International Journal of Manufacturing 
Research. 2006 Jan; 1(1):3-17.

214. Körber HJ, Wattar H, Scholl G. Modular wireless real-time 
sensor/actuator network for factory automation applica-
tions. IEEE Transactions on Industrial Informatics. 2007 
May; 3(2):111-19.

215. Das AN, Popa DO, Ballal PM, Lewis FL. Data-logging and 
supervisory control in wireless sensor networks. Interna-
tional Journal of Sensor Networks. 2009 Jan; 6(1):13-27. 

216. Gungor VC, Hancke GP. Industrial wireless sensor net-
works: Challenges, design principles, and technical ap-
proaches. IEEE Transactions on Industrial Electronics. 
2009 Oct; 56(10):4258-65. 

217. Heo J, Hong J, Cho Y. EARQ: Energy aware routing for re-
al-time and reliable communication in wireless industrial 
sensor networks. IEEE Transactions on Industrial Infor-
matics. 2009 Feb; 5(1):3-11. 

218. Salvadori F, De Campos M, Sausen PS, De Camargo RF, 
Gehrke C, Rech C, Spohn MA, Oliveira AC. Monitoring in 
industrial systems using wireless sensor network with dy-
namic power management. IEEE Transactions on Instru-
mentation and Measurement. 2009 Sep; 58(9):3104-11.

219. Zhaohua L, Mingjun G. Design of wireless sensor networks 
gateway node and its industry application. International 
Conference on Information Engineering and Computer 
Science, 2009, p. 1-4.

220. Carmo JP, Mendes PM, Couto C, Correia JH. A 2.4-GHz 
CMOS short-range wireless-sensor-network interface for 
automotive applications. IEEE Transactions on Industrial 
Electronics. 2010 May; 57(5):1764-71. 

221. Åkerberg J, Gidlund M, Björkman M. Future research 
challenges in wireless sensor and actuator networks 
targeting industrial automation. 9th IEEE International 
Conference on Industrial Informatics, 2011, p. 410-15. 



Husna Jamal Abdul Nasir and Ku Ruhana Ku-Mahamud

Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology 13

222. Daniel J, Panicker ST, Thomas L, Mathew JT, Mathew A. 
Industrial grade wireless base station for wireless sensor 
networks. Proceedings of 3rd International Conference on 
Electronics Computer Technology, 2011; 2:245-49. 

223. Dong J, Gu L, Zheng C. Research on fault-tolerant strat-
egy of time synchronization for industrial wireless sensor 
network. Proceedings of Third International Conference 
on Measuring Technology and Mechatronics Automation, 
2011; 2:1146-49. 

224. Padhee S, Singh Y. Data logging and supervisory control 
of process using Lab VIEW. Students’ Technology Sympo-
sium. 2011 Jan, p. 329-334.

225. Hou L, Bergmann NW. Novel industrial wireless sensor 
networks for machine condition monitoring and fault diag-
nosis. IEEE Transactions on Instrumentation and Measure-
ment. 2012 Oct; 61(10):2787-98. 

226. Ray A, Akerberg J, Gidlund M, Bjorkman M. Initial key 
distribution for industrial wireless sensor networks. IEEE 
International Conference on Industrial Technology, 2013, 
p. 1309-14.

227. Kreibich O, Neuzil J, Smid R. Quality-based multiple-sen-
sor fusion in an industrial wireless sensor network for 
MCM. IEEE Transactions on Industrial Electronics. 2014 
Sep; 61(9):4903-11.

228. Yang D, Wang H, Zheng T, Zhang H, Gidlund M, Xu Y. 
Demonstration abstract: applying industrial wireless sen-
sor networks to welder machine system. Proceedings of the 
13th International Symposium on Information Processing 
in Sensor Networks, 2014, p. 319-20.

229. Chenaru O, Stamatescu G, Stamatescu I, Popescu D. To-
wards cloud integration for industrial wireless sensor net-
work systems. 9th International Symposium on Advanced 
Topics in Electrical Engineering, 2015, p. 917-22. 

230. Kumar Somappa AA, Øvsthus K, Kristensen LM. An in-
dustrial perspective on wireless sensor networks—a survey 
of requirements, protocols, and challenges. IEEE Commu-
nications Surveys and Tutorials. 2014; 16(3):1391-412.

231. Safdarkhani H, Motamedi SA. GTS scheduling scheme for 
real-time communication in IEEE802.15.4 industrial wire-
less sensor networks. Indian Journal of Science and Tech-
nology. 2016 Feb; 9(7):1-8.

232. Zou Y, Wang G. Intercept behavior analysis of industrial 
wireless sensor networks in the presence of eavesdropping 
attack. IEEE Transactions on Industrial Informatics. 2016 
Apr; 12(2):780-87.

233. Arvind RV, Raj RR, Raj RR, Prakash NK. Industrial auto-
mation using wireless sensor networks. Indian Journal of 
Science and Technology. 2016 Mar; 9(8):1-8.

234. Zhao G. Wireless sensor networks for industrial process 
monitoring and control: A survey. Network Protocols and 
Algorithms. 2011 Jun, 3(1):46-63. 

235. Silva I, Guedes LA, Portugal P, Vasques F. Reliability and 
availability evaluation of wireless sensor networks for in-
dustrial applications. Sensors. 2012 Jan; 12(1):806-38. 

236. Erdelj M, Mitton N, Natalizio E. Applications of industrial 

wireless sensor networks. Industrial Wireless Sensor Net-
works: Applications, Protocols, and Standards, CRC Press. 
2013, p. 1-22. 

237. Tsetsos V, Alyfantis G, Hasiotis T, Sekkas O, Hadjiefthymia-
des S. Commercial wireless sensor networks: technical and 
business issues. Second Annual Conference on Wireless 
On-demand Network Systems and Services, 2005, p. 166-
73.

238. Chen H, Choi YR, Chou P. An architecture for program-
ming and managing sensor and actuator networks in en-
terprise environment. Workshop on Building Software for 
Sensor Networks, 2006. 

239. Evers L, Havinga P, Kuper J. Flexible sensor network repro-
gramming for logistics. IEEE International Conference on 
Mobile Adhoc and Sensor Systems, 2007, p. 1-4. 

240. Karnouskos S, Spiess P. Towards enterprise applications us-
ing wireless sensor networks. 9th International Conference 
on Enterprise Information System, 2007; 3:230-36. 

241. Kikiras PK, Drakoulis DK, Dres D, Stamoulis G. Wireless 
sensor networks: Business models and market issues. 6th 
Conference on Telecommunication Techno-Economics. 
2007, p. 1-5. 

242. Gomez L, Laube A, Sorniotti A. Design guidelines for inte-
gration of wireless sensor networks with enterprise systems. 
Proceedings of the 1st International Conference on Mobile 
Wireless Middleware, Operating Systems, and Applica-
tions, 2008, p. 1-7. 

243. Zöller S, Reinhardt A, Meyer M, Steinmetz R. A concept 
for cross-layer optimization of wireless sensor networks 
in the logistics domain by exploiting business knowledge. 
IEEE 35th Conference on Local Computer Networks, 2010, 
p. 935-37. 

244. Casati F, Daniel F, Dantchev G, Eriksson J, Finne N, Kar-
nouskos S, Montera PM, Mottola L, Oppermannm FJ, Picco 
GP, Quartulli A, Romer K, Spiess P, Tranquillini S, Voigt T. 
Towards business processes orchestrating the physical en-
terprise with wireless sensor networks. 34th International 
Conference on Software Engineering, 2012, p. 1357-60. 

245. Tranquillini S, Spieß P, Daniel F, Karnouskos S, Casati F, 
Oertel N, Mottola L, Oppermann FJ, Picco GP, Romer K, 
Voigt T. Process-based design and integration of wireless 
sensor network applications. Business Process Manage-
ment. 2012 Sep, 134-49.

246. Daniel F, Eriksson J, Finne N, Fuchs H, Gaglione A, Kar-
nouskos S, Montero PM, Mottola L, Oertel N, Oppermann 
FJ, Picco GP, Romer K, Spieß B, Tranquillini S, Voigt T. 
Make Sense: Real-world business processes through wire-
less sensor networks. 4th International Workshop on Net-
works of Cooperating Objects for Smart Cities, 2013, p. 
58-72.

247. Glombitza N, Pfisterer D, Fischer S. Integrating wireless 
sensor networks into web service-based business processes. 
Proceedings of the 4th International Workshop on Mid-
dleware Tools, Services and Run-Time Support for Sensor 
Networks, 2009, p. 25-30.



Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology14

Wireless Sensor Network: A Bibliographical Survey

248. Ko J, Lu C, Srivastava MB, Stankovic J, Terzis A, Welsh M. 
Wireless sensor networks for healthcare. Proceedings of the 
IEEE, 2010; 98(11):1947-60.

249. Jamthe A, Chakraborty S, Ghosh SK, Agrawal DP. An im-
plementation of wireless sensor network in monitoring of 
Parkinson’s patients using received signal strength indica-
tor. IEEE International Conference on Distributed Com-
puting in Sensor Systems, 2013, p. 442-47. 

250. Chakraborty S, Ghosh SK, Jamthe A, Agrawal DP. Detect-
ing mobility for monitoring patients with Parkinson’s dis-
ease at home using RSSI in a wireless sensor network. Pro-
cedia Computer Science. 2013 Dec; 19:956-61.

251. Blumrosen G, Uziel M, Rubinsky B, Porrat D. Tremor ac-
quisition system based on UWB wireless sensor network. 
International Conference on Body Sensor Networks (BSN), 
2010, p. 187-93. 

252. Avvenuti M, Baker C, Light J, Tulpan D, Vecchio A. Non-in-
trusive patient monitoring of Alzheimer’s disease subjects 
using wireless sensor networks. World Congress on Priva-
cy, Security, Trust and the Management of e-Business, 2010, 
p. 161-65. 

253. Xu Y, Ford J, Makedon FS, Popa DO, Huang H, Shen L. 
In-home localization for home care of Alzheimer’s disease 
patients using wireless sensor networks. Proceedings of the 
International Workshop on Pervasive Technologies for the 
Support of Alzheimer’s Disease and Related Disorders Suf-
ferers, 2007. 

254. Kappiarukudil KJ, Ramesh MV. Real-time monitoring and 
detection of “heart attack” using wireless sensor networks. 
Fourth International Conference on Sensor Technologies 
and Applications, 2010, p. 632-36. 

255. Jambhulkar PW, Baporikar V. Wireless sensor network for 
heart disease detection using data mining technique. Inter-
national Journal of Innovative Research in Computer and 
Communication Engineering. 2015 Jun; 3(6):5947-53. 

256. Milenkovic A, Otto C, Jovanov E. Wireless sensor networks 
for personal health monitoring: Issues and an implementa-
tion. Computer Communications. 2006 Aug; 29(13):2521-
33.

257. Virone G, Wood A, Selavo L, Cao Q, Fang L, Doan T, He Z, 
Stoleru R, Lin S, Stankovic JA. An advanced wireless sensor 
network for health monitoring. Trans disciplinary Confer-
ence on Distributed Diagnosis and Home Healthcare, 2006, 
p. 2-4.

258. Benjamin N, Sankaranarayanan S. Performance of hierar-
chical agent based wireless sensor mesh network for patient 
health monitoring. World Congress on Nature and Biologi-
cally Inspired Computing, 2009, p. 1653-56.

259. Huo H, Xu Y, Yan H, Mubeen S, Zhang H. An elderly health 
care system using wireless sensor networks at home. Third 
International Conference on Sensor Technologies and Ap-
plications, 2009, p. 158-63. 

260. Lee YD, Chung WY. Wireless sensor network based wear-
able smart shirt for ubiquitous health and activity moni-
toring. Sensors and Actuators B: Chemical. 2009 Jul; 
140(2):390-95.

261. Mascareñas D, Flynn E, Farrar C, Park G, Todd M. A mo-
bile host approach for wireless powering and interrogation 
of structural health monitoring sensor networks. IEEE Sen-
sors Journal. 2009 Dec; 9(12):1719-26.

262. Chen Y, Shen W, Huo H, Xu Y. A smart gateway for health 
care system using wireless sensor network. Fourth Inter-
national Conference on Sensor Technologies and Applica-
tions, 2010, p. 545-50.

263. Gama Ó, Carvalho P, Mendes PM. A time-slot scheduling 
algorithm for e-health wireless sensor networks. 12th IEEE 
International Conference on E-health Networking Applica-
tions and Services, 2010, p. 48-55.

264. Jun H, GuoSheng S. Design and research of the monitoring 
system for the health of power tower based on wireless sen-
sor network. 2nd International Conference on Information 
Engineering and Computer Science, 2010, p. 1-4.

265. Wu J, Yuan S, Ji S, Zhou G, Wang Y, Wang Z. Multi-agent 
system design and evaluation for collaborative wireless sen-
sor network in large structure health monitoring. Expert 
Systems with Applications. 2010 Mar; 37(3):2028-36.

266. Boano CA, Lasagni M, Romer K, Lange T. Accurate tem-
perature measurements for medical research using body 
sensor networks. 14th IEEE International Symposium on 
Object/Component/Service-Oriented Real-Time Distrib-
uted Computing Workshops, 2011, p. 189-98.

267. Bocca M, Eriksson LM, Mahmood A, Jäntti R, Kullaa J. 
A synchronized wireless sensor network for experimental 
modal analysis in structural health monitoring. Comput-
er-Aided Civil and Infrastructure Engineering. 2011 Oct; 
26(7):483-99.

268. Ameen MA, Kwak K. Social issues in wireless sensor net-
works with healthcare perspective. The International Arab 
Journal of Information Technology. 2011 Jan, 8(1):52-58. 

269. Sghaier N, Mellouk A, Augustin B, Amirat Y, Marty J, 
Khoussa MEA, Abid A, Zitouni R. Wireless sensor net-
works for medical care services. 7th International Wire-
less Communications and Mobile Computing Conference, 
2011, p. 571-76. 

270. Chae MJ, Yoo HS, Kim JY, Cho MY. Development of a 
wireless sensor network system for suspension bridge 
health monitoring. Automation in Construction. 2012 Jan; 
21:237-52. 

271. Suryadevara NK, Mukhopadhyay SC. Wireless sensor net-
work based home monitoring system for wellness determi-
nation of elderly. Sensors Journal. 2012 Jun; 12(6):1965-72.

272. Zhixin FU, Yue Y. Condition health monitoring of offshore 
wind turbine based on wireless sensor network. Conference 
on Power & Energy. 2012, p. 649-54. 

273. Aminian M, Naji HR. A hospital healthcare monitoring 
system using wireless sensor networks. Journal of Health 
and Medical Informatics. 2013 Feb; 4(2):1-6. 

274. Botezatu N, Lupu R, Stan A. Energy-aware routing for 
e-health wireless sensor networks. E-Health and Bioengi-
neering Conference. 2013, p. 1-4.

275. Hassan NM, Olaniyi OM, Ahmed A, Dogo EM. Wireless 
sensor networks for remote healthcare monitoring in Nige-



Husna Jamal Abdul Nasir and Ku Ruhana Ku-Mahamud

Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology 15

ria: Challenges and way forward. IEEE International Con-
ference on Emerging & Sustainable Technologies for Power 
& ICT in a Developing Society, 2013, p. 182-87. 

276. Xie X, Guo J, Zhang H, Jiang T, Bie R, Sun Y. Neural-net-
work based structural health monitoring with wireless sen-
sor networks. Ninth International Conference on Natural 
Computation, 2013, p. 163-67.

277. Xu H, Song M, Wang X, Yang J, Quan E. Research and 
design of the clock synchronization for the bridge health 
monitoring system based on wireless sensor network. In-
ternational Conference on Information Science and Cloud 
Computing Companion, 2013, p. 181-87.

278. Zhang Z, Hu X. ZigBee based wireless sensor networks 
and their use in medical and health care domain. Seventh 
International Conference on Sensing Technology, 2013, p. 
756-61.

279. Ghosh SK, Suman M, Datta R, Biswas PK. Power efficient 
event detection scheme in wireless sensor networks for rail-
way bridge health monitoring system. IEEE International 
Conference on Advanced Networks and Telecommunica-
tions Systems, 2014, p. 1-6.

280. Hackmann G, Guo W, Yan G, Sun Z, Lu C, Dyke S. Cy-
ber-physical codesign of distributed structural health mon-
itoring with wireless sensor networks. IEEE Transactions 
on Parallel and Distributed Systems. 2014 Jan; 25(1):63-72. 

281. Li FX, Islam AKM, Jaroo AS, Hamid H, Jalali J, Sammarti-
no M. Urban highway bridge structure health assessments 
using wireless sensor network. IEEE Topical Conference on 
Wireless Sensors and Sensor Networks, 2015, p. 75-77.

282. Mansor H, Meskam SS, Zamery NS, Rusli NQAM, R. Ak-
meliawati R. Portable heart rate measurement for remote 
health monitoring system. 10th Asian Control Conference, 
2015, p. 1-5.

283. Tarange PH, Mevekari RG, Shinde PA. Web based automat-
ic irrigation system using wireless sensor network and em-
bedded Linux board. International Conference on Circuit, 
Power and Computing Technologies, 2015, p. 1-5.

284. López G, Custodio V, Moreno JI. LOBIN: E-textile and 
wireless-sensor-network-based platform for healthcare 
monitoring in future hospital environments. IEEE Trans-
actions on Information Technology in Biomedicine. 2010 
Nov; 14(6):1446-58.

285. Fisal N, Rashid RA, Sarijari MA, Nasir HM. ECG moni-
toring system using wireless sensor network (WSN) for 
home care environment. Proceedings of the United King-
dom-Malaysia Engineering Conference, United Kingdom, 
2008.

286. Ananthi S, Vignesh V, Hariprakash R, Padmanabhan K. Re-
mote monitoring of the heart condition of athletes by mea-
suring the cardiac action potential propagation time using a 
wireless sensor network. International Journal of Engineer-
ing and Technology Innovation. 2016 Apr; 6(2):123-34.

287. Zhang H, Li L, Yan XF, Li X. A load-balancing clustering 
algorithm of WSN for data gathering. 2nd International 
Conference on Artificial Intelligence, Management Science 
and Electronic Commerce (AIMSEC). 2011, p. 915-18.

288. Zhou HY, Luo DY, Gao Y, Zuo DC. Modeling of node en-
ergy consumption for wireless sensor networks. Wireless 
Sensor Network. 2011 Jan; 3(1):18.

289. Taruna S, Kohli S, Purohit GN. Distance based energy ef-
ficient selection of nodes to cluster head in homogeneous 
wireless sensor networks. International Journal of Wireless 
and Mobile Networks. 2012 Aug; 4(4):243.

290. Almshreqi AMS, Ali BM, Rasid MFA, Ismail A, Varahram 
P. An improved routing mechanism using bio-inspired for 
energy balancing in wireless sensor networks. International 
Conference on Information Networking, 2012, p. 150-53.

291. Tarachand A, Kumar V, Raj A, Kumar A, Jana PK. An en-
ergy efficient load balancing algorithm for cluster-based 
wireless sensor networks. Annual IEEE India Conference 
(INDICON), 2012, p. 1250-54.

292. Khan MI, Gansterer WN, Haring G. Static vs. mobile sink: 
The influence of basic parameters on energy efficiency in 
wireless sensor networks. Computer Communications. 
2013 May; 36(9):965-78. 

293. Camilo T, Carreto C, Silva JS, Boavida F. An energy-effi-
cient ant-based routing algorithm for wireless sensor net-
works. Proceedings of the 5th International Conference on 
Ant Colony Optimization and Swarm Intelligence, 2006, p. 
49-59. 

294. Xia S, Wu S, Ni J. A new energy-efficient routing algorithm 
based on ant colony system for wireless sensor networks. 
Fourth International Conference on Internet Computing 
for Science and Engineering (ICICSE), 2009, p. 176-80.

295. Sutar US, Bodhe SK. Energy efficient topology control al-
gorithm for multi-hop ad-hoc wireless sensor network. 3rd 
IEEE International Conference on Computer Science and 
Information Technology, 2010, 3, p. 418-21.

296. Sendra S, Lloret J, García M, Toledo JF. Power saving and 
energy optimization techniques for wireless sensor net-
works. Journal of Communications. 2011 Jan, 6(6):439-59.

297. Reddy MS, Rao KR. Fire accident detection and prevention 
monitoring system using wireless sensor network enabled 
android application. Indian Journal of Science and Tech-
nology. 2016 May; 9(17):1-5.

298. Xiu-wu Y, Guang Z, Jing-xi C, Wei N, Yuanqin Y. Study of 
monitoring system based on wireless sensor network for 
landslide geological disaster. International Conference on 
Electric Information and Control Engineering, 2011, p. 
3611-14.

299. Mehta P, Chander D, Shahim M, Tejaswi K, Merchant SN, 
Desai UB. Distributed detection for landslide prediction 
using wireless sensor network. First International Global 
Information Infrastructure Symposium, 2007, p. 195-98.

300. Ramesh MV. Real-time wireless sensor network for land-
slide detection. Third International Conference on Sensor 
Technologies and Applications. 2009, p. 405-09. 

301. Rosi A, Mamei M, Zambonelli F, Manzalini A. Landslide 
monitoring with sensor networks: a case for autonom-
ic communication services. International Conference on 
Wireless Technology for Rural and Emergency Scenarios, 
2007, p. 1-7. 



Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology16

Wireless Sensor Network: A Bibliographical Survey

302. Mishra PK, Shukla SK, Dutta S, Chaulya SK, Prasad GM. 
Detection of landslide using wireless sensor networks. Pro-
ceedings of URSI General Assembly and Scientific Sympo-
sium, 2011, p. 13-20. 

303. Seal V, Raha A, Maity S, Mitra SK, Mukherjee A, Naskar 
MK. A simple flood forecasting scheme using wireless sen-
sor networks. International Journal of Ad Hoc, Sensor, and 
Ubiquitous Computing. 2012 Mar; 3(1):45-60. 

304. Abdullah M. Simulation of wireless sensor network for 
flood monitoring system. Design, User Experience, and Us-
ability. User Experience Design for Everyday Life Applica-
tions and Services. 2014 Jun, p.255-64. 

305. Priyadarshinee I, Sahoo K, Mallick C. Flood prediction and 
prevention through wireless sensor networking (WSN): A 
survey. International Journal of Computer Applications. 
2015 Jan, 113(9).

306. Pasi AA, Bhave U. Flood detection system using wireless 
sensor network. International Journal of Advanced Re-
search in Computer Science and Science Engineering. 2015 
Feb; 5(2):386-89. 

307. Jin N, Ma R, Lv Y, Lou X, Wei Q. A novel design of water en-
vironment monitoring system based on WSN. Proceedings 
of 2010 International Conference on Computer Design and 
Applications, 2010; 2:V2-593-97. 

308. O’Flyrm B, Martinez R, Cleary J, Slater C, Regan F, Dia-
mond D, Murphy H. SmartCoast: a wireless sensor network 
for water quality monitoring. 32nd IEEE Conference on 
Local Computer Networks, 2007, p. 815-16.

309. He D, Zhang LX. The water quality monitoring system 
based on WSN. 2nd International Conference on Consum-
er Electronics, Communications and Networks, 2012, p. 
3661-64. 

310. Zhang M, Li D, Wang L, Ma D, Ding Q. Design and devel-
opment of water quality monitoring system based on wire-
less sensor network in aquaculture. Computer and Com-
puting Technologies in Agriculture IV. 2011 Oct, p.629-41. 

311. Sridharan S. Water quality monitoring system using wire-
less sensor network. International Journal of Electronic 
Communications Engineering Advanced Research. 2014 
Apr; 3:399-402.

312. Kumar RK, Mohan MC, Vengateshapandiyan S, Kumar 
MM, Eswaran R. Solar based advanced water quality mon-
itoring system using wireless sensor network. International 
Journal of Science, Engineering and Technology Research 
(IJSETR). 2014 Mar; 3(3):385-89. 

313. Moon AH, Iqbal U, Bhat GM. Secured data acquisition sys-
tem for smart water applications using WSN. Indian Jour-
nal of Science and Technology. 2016 Mar; 9(10):1-11.

314. Nasirudin MA, Za’bah UN, Sidek O. Fresh water real-time 
monitoring system based on wireless sensor network and 
GSM. 2011 IEEE Conference on Open Systems (ICOS), 
2011, p. 354-57.

315. Saha S, Matsumoto M. A framework for data collection and 
wireless sensor network protocol for disaster management. 
2nd International Conference on Communication Systems 
Software and Middleware, 2007, p. 1-6.

316. George SM, Zhou W, Chenji H, Won M, Lee YO, Pazarlo-

glou A, Stoleru R, Barooah P. Distress Net: a wireless ad hoc 
and sensor network architecture for situation management 
in disaster response. Communications Magazine. 2010 
Mar; 48(3):128-36. 

317. Peng H, Li S. Wireless sensor networks based highway di-
saster hierarchy cooperation monitoring system. Interna-
tional Conference on Computational Intelligence and Soft-
ware Engineering, 2010, p. 1-4.

318. Sun XG, Sun XL, Yang QG, Ma SN. Application of wireless 
sensor networks in post-disaster road monitoring system. 
4th International Conference on Intelligent Networks and 
Intelligent Systems, 2011, p. 105-08.

319. Mehmood U, Mansoor U, Hwang DY, Kim KH, Lee T, Yoo 
SW. Wireless sensor networks for integrated search and 
rescue efforts for disaster hit areas. Fourth International 
Conference on Ubiquitous and Future Networks, 2012, p. 
306-09. 

320. Ramesh MV, Anjitha S, Rekha P. Novel wireless sensor 
network architecture for crowd disaster mitigation. 8th In-
ternational Conference on Wireless Communications, Net-
working and Mobile Computing, 2012, p. 1-4.

321. Wang W, Guo L. The application of wireless sensor network 
technology in earthquake disaster. International Confer-
ence on Industrial Control and Electronics Engineering, 
2012, p. 52-55.

322. Rasaneh S, Banirostam T. A new structure and routing 
algorithm for optimizing energy consumption in wireless 
sensor network for disaster management. 4th International 
Conference on Intelligent Systems Modelling and Simula-
tion, 2013, p. 481-85.

323. Devasena A, Sowmya B. Wireless sensor network in disas-
ter management. Indian Journal of Science and Technology. 
2015 Jul; 8(15):1-6.

324. Hart JK, Martinez K. Environmental sensor networks: A 
revolution in the earth system science? Earth-Science Re-
views. 2006 Oct; 78(3):177-91.

325. Selavo L, Wood A, Cao Q, Sookoor T, Liu H, Srinivasan 
A, Wu Y, Kang W, Stankovic J, Young D, Porter J. Luster: 
wireless sensor network for environmental research. Pro-
ceedings of the 5th International Conference on Embedded 
Networked Sensor Systems, 2007, p. 103-16.

326. Barrenetxea G, Ingelrest F, Schaefer G, Vetterli M. Wireless 
sensor networks for environmental monitoring: the sensors 
cope experience. IEEE International Zurich Seminar on 
Communications. 2008, p. 98-101.

327. Ye D, Gong D, Wang W. Application of wireless sensor 
networks in environmental monitoring. 2nd International 
Conference on Power Electronics and Intelligent Transpor-
tation System (PEITS), 2009, 1, p. 205-08.

328. Corke P, Wark T, Jurdak R, Hu W, Valencia P, Moore D. En-
vironmental wireless sensor networks. Proceedings of the 
IEEE, 2010; 98(11):1903-17. 

329. Mittal R, Bhatia MPS. Wireless sensor networks for mon-
itoring the environmental activities. IEEE International 
Conference on Computational Intelligence and Computing 
Research, 2010, p. 1-5.

330. Padmavathi G, Shanmugapriya D, Kalaivani M. A study on 



Husna Jamal Abdul Nasir and Ku Ruhana Ku-Mahamud

Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology 17

vehicle detection and tracking using wireless sensor net-
works. Wireless Sensor Network. 2010 Mar; 2(2):173-85.

331. Bader S. Enabling autonomous environmental measure-
ment systems with low-power wireless sensor networks 
[degree thesis]. Sweden; Mid Sweden University; 2011. 

332. El Kouche A, Al-Awami L, Hassanein H, Obaia K. WSN 
application in the harsh industrial environment of the oil 
sands. 7th International Wireless Communications and 
Mobile Computing Conference, 2011, p. 613-18.

333. Park DH, Kang BJ, Cho KR, Shin CS, Cho SE, Park JW, 
Yang WM. A study on greenhouse automatic control sys-
tem based on wireless sensor network. Wireless Personal 
Communications. 2011 Jan; 56(1):117-30.

334. Othman MF, Shazali K. Wireless sensor network applica-
tions: A study in environment monitoring system. Procedia 
Engineering. 2012 Dec; 41:1204-10.

335. Valverde J, Rosello V, Mujica G, Portilla J, Uriarte A, Riesgo 
T. Wireless sensor network for environmental monitoring: 
application in a coffee factory. International Journal of Dis-
tributed Sensor Networks. 2012 Feb; p.1-18.

336. Lazarescu MT. Design of a WSN platform for long-term en-
vironmental monitoring for IoT applications. IEEE Journal 
on Emerging and Selected Topics in Circuits and Systems. 
2013 Mar; 3(1):45-54.

337. Razzaque MA, Adnan MA, Abdullah AH. Energy efficient 
gas emission monitoring systems using wireless sensor net-
works. 2013 Fifth International Conference on Ubiquitous 
and Future Networks (ICUFN), 2013, p. 588-93.

338. Magno M, Polonelli T, Benini L, Popovici E. A low cost, 
highly scalable wireless sensor network solution to achieve 
smart LED light control for green buildings. IEEE Sensors 
Journal. 2015 May; 15(5):2963-73.

339. Ge Y, Wang JH, Heuvelink GB, Jin R, Li X, Wang JF. Sam-
pling design optimization of a wireless sensor network for 
monitoring ecohydrological processes in the Babao River 
basin, China. International Journal of Geographical Infor-
mation Science. 2015 Jan; 29(1):92-110.

340. Krebs R, Momm C, Kounev S. Metrics and techniques for 
quantifying performance isolation in cloud environments. 
Science of Computer Programming. 2014 Sep; 90:116-34.

341. Saha S, Roy U, Sinha D. Application of RREQ packet in 
modified AODV (m-AODV) in the contest of VANET. 
Computational Intelligence in Data Mining. 2015; 1:489-
502.

342. Nadeem F, Leitgeb E, Awan MS, Chessa S. Comparing the 
life time of terrestrial wireless sensor networks by employ-
ing hybrid FSO/RF and only RF access networks. Fifth In-
ternational Conference on Wireless and Mobile Communi-
cations (ICWMC’09), 2009, p. 134-39.

343. Ennaji R, Boulmalf M. Routing in wireless sensor networks. 
International Conference on Multimedia Computing and 
Systems. 2009, p. 495-500.

344. Fabbri F, Riihijärvi J, Buratti C, Verdone R, Mähönen P. 
Area throughput and energy consumption for clustered 
wireless sensor networks. Wireless Communications and 
Networking Conference. 2009, p. 1-6.

345. Fabbri F, Buratti C. Throughput analysis of wireless sensor 
networks via evaluation of connectivity and MAC perfor-
mance. Emerging Communications for Wireless Sensor 
Network. 2011, 117-41.

346. Sharma M, Shaw AK. Transmission time and throughput 
analysis of EEE LEACH, LEACH and direct transmis-
sion protocol: A simulation based approach. Advanced 
Computing: An International Journal (ACIJ). 2012 Nov; 
3(5):97-104.

347. Zibakalam V, HosseinKahaei M. Increasing throughput 
and reducing delay in wireless sensor networks using in-
terference alignment. International Journal of Communi-
cations, Network and System Sciences. 2012; 5:90-97.

348. Singh A, Behal S. Ant colony optimization for improving 
network lifetime in wireless sensor networks. International 
Journal of Engineering Sciences. 2013 Jun; 8:1-12. 

349. Chen Y, Gomes PH, Krishnamachari B. Multi-channel data 
collection for throughput maximization in wireless sensor 
networks. 11th International Conference on Mobile Ad 
Hoc and Sensor Systems, 2014, p. 443-51.

350. Khalid S, Masood A, Hussain FB, Abbas H, Ghafoor A. 
Load balanced routing for lifetime maximization in mobile 
wireless sensor networks. International Journal of Distrib-
uted Sensor Networks. 2014 Jul; 2014:1-12.

351. Karthikeyan T, Subramani B. QoS based optimal routing 
in WSN using hybrid intelligent bee colony agent. Interna-
tional Journal of Computer Science and Information Tech-
nologies. 2014, 5(4):5785-92. 

352. Jabbar S, Minhas AA, Imran M, Khalid S, Saleem K. Energy 
efficient strategy for throughput improvement in wireless 
sensor network. Sensors. 2015 Jan; 15(2):2473-95. 

353. Li W, Dai H. Optimal throughput and energy efficiency for 
wireless sensor networks: Multiple access and multi-packet 
reception. EURASIP Journal on Wireless Communications 
and Networking. 2005 Sep; 4:541-53.

354. Tewari M, Vaisla KS. Optimized hybrid ant colony and 
greedy algorithm technique based load balancing for ener-
gy conservation in WSN. International Journal of Comput-
er Applications. 2014 Jan; 104(17):14-18.

355. Kumari RS, Chithra A, Devi MB. Efficient 2-level energy 
heterogeneity clustering protocols for wireless sensor net-
work. Indian Journal of Science and Technology. 2016 Mar; 
9(8):1-6.

356. Sran SS, Kaur L, Kaur G, Sidhu SK. Energy aware chain 
based data aggregation scheme for wireless sensor network. 
2015 International Conference on Energy Systems and Ap-
plications, 2015, p. 113-17.

357. Alazzawi L, Elkateeb A. Performance evaluation of the 
WSN routing protocols scalability. Journal of Computer 
Systems, Networks, and Communications. 2008; 2008:1-9.

358. Poe WY, Schmitt JB. Minimizing the maximum delay in 
wireless sensor networks by intelligent sink placement. Dis-
tributed Computer Systems Lab University of Kaiserslaut-
ern. 2007 Jul, p.67655.

359. Xiu-li R, Hong-wei L, Yu W. Multipath routing based on ant 
colony system in wireless sensor networks. International 



Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology18

Wireless Sensor Network: A Bibliographical Survey

Conference on Computer Science and Software Engineer-
ing. 2008; 3:202-05.

360. Salehpour AA, Mirmobin B, Afzali-Kusha A, Mohamma-
di S. An energy efficient routing protocol for cluster-based 
wireless sensor networks using ant colony optimization. 
International Conference on Innovations in Information 
Technology, 2008, p. 455-59.

361. Aziz NABA, Mohemmed AW, Alias MY. A wireless sensor 
network coverage optimization algorithm based on particle 
swarm optimization and Voronoi diagram. International 
Conference on Networking, Sensing and Control. 2009, p. 
602-07.

362. Kim J, Lin X, Shroff NB, Sinha P. Minimizing delay and 
maximizing lifetime for wireless sensor networks with any 
cast. IEEE/ACM Transactions on Networking. 2010 Apr; 
18(2):515-28. 

363. Yan JF, Gao Y, Yang L. Ant colony optimization for wireless 
sensor networks routing. International Conference on Ma-
chine Learning and Cybernetics (ICMLC), 2011; 1:400-03.

364. Nazir B, Hasbullah H. QoS aware energy efficient routing 
protocol for wireless sensor network. International Confer-
ence on Open Systems (ICOS). 2011, p. 375-80.

365. Luo L, Li L. An ant colony system based routing algorithm 
for wireless sensor network. International Conference on 
Computer Science and Electronics Engineering (ICCSEE), 
2012; 2:376-79.

366. Lai S, Ravindran B. Least-latency routing over time-depen-
dent wireless sensor networks. IEEE Transactions on Com-
puters. 2013 May; 62(5):969-83.

367. Anuradha MS, Patil D. An implementation of recovery al-
gorithm for fault nodes in a wireless sensor network. Inter-
national Journal of Research in Engineering and Technolo-
gy. 2014 May; 3(3):414-18. 

368. Shams R, Khan FH. Solving wireless network scheduling 
problem by genetic algorithm. Global Engineers and Tech-
nologist Review. 2012 Oct, 2(11). 

369. Munusamy K, Parvathi RMS, Chandramohan K. Least 
power adaptive hierarchy cluster framework for wireless 
sensor network using frequency division multiplexing 
channelization. Indian Journal of Science and Technology. 
2016 Feb; 9(6):1-10.

370. Somasundaram K, Saritha S, Ramesh K. Enhancement of 
network lifetime by improving the leach protocol for large 
scale WSN. Indian Journal of Science and Technology. 2016 
May; 9(16):1-6.

371. Adachi H, Suzuki H, Asahi K, Matsumoto Y, Watanabe A. 
Estimation of bus travelling section using wireless sensor 
network. 2015 Eighth International Conference on Mobile 
Computing and Ubiquitous Networking (ICMU), 2015, p. 
120-25.

372. Sasi SB, Sivanandam N. A survey on cryptography using 
optimization algorithms in WSNs. Indian Journal of Sci-
ence and Technology. 2015 Feb; 8(3):1-22.

373. Xu M, Yang Q, Kwak KS. Distributed topology control 
with lifetime extension based on non-cooperative game for 
wireless sensor networks. IEEE Sensors Journal. 2016 May; 
16(9):3332-42.

374. Sasirekha S, Swamynathan S. A comparative study and 
analysis of data aggregation techniques in WSN. Indian 
Journal of Science and Technology. 2015 Oct, 8(26):1-10.

375. Cao DY, Yu K, Zhuo SG, Hu YH, Wang Z. On the imple-
mentation of compressive sensing on wireless sensor net-
work. 2016 IEEE First International Conference on Inter-
net-of-Things Design and Implementation (IoTDI), 2016, 
p. 229-34.

376. Roopashree HR, Kanavalli A. SARDS: Secured anonymous 
routing with digital signature in wireless sensor network. 
Indian Journal of Science and Technology. 2016 Feb; 9(7):1-
12.

377. Chen Y, Chan E, Han S. Energy efficient multipath rout-
ing in large scale sensor networks with multiple sink nodes. 
Advanced Parallel Processing Technologies. 2005 Oct, 
p.390-99.

378. Shin J, Ramachandran U, Ammar M. On improving the 
reliability of packet delivery in dense wireless sensor net-
works. Proceedings of 16th International Conference on 
Computer Communications and Networks, 2007, p. 718-
23.

379. Puccinelli D, Haenggi M. Arbutus: Network-layer load bal-
ancing for wireless sensor networks. Wireless Communica-
tions and Networking Conference, 2008, p. 2063-68.

380. Gungor VC, Lu B, Hancke GP. Opportunities and challeng-
es of wireless sensor networks in smart grid. IEEE Transac-
tions on Industrial Electronics. 2010 Oct; 57(10):3557-64. 

381. Jabbar S, Butt AE, Sahar NU, Minhas AA. Threshold based 
load balancing protocol for energy efficient routing in 
WSN. 13th International Conference on Advanced Com-
munication Technology, 2011, p. 196-201.

382. Jebarani ME, Jayanthi T. An analysis of various parameters 
in wireless sensor networks using adaptive FEC technique. 
International Journal of Ad hoc, Sensor & Ubiquitous 
Computing. 2010 Sep; 1(3):33-43. 

383. Awwad SAB, Ng CK, Noordin NK, Rasid MFA. Cluster 
based routing protocol for mobile nodes in wireless sensor 
network. Wireless Personal Communications. 2011 Nov; 
61(2):251-81.

384. Bains V, Sharma K. Ant colony based routing in wireless 
sensor networks. International Journal of Electronics and 
Computer Science Engineering. 2012, 1(4):2516-24. 

385. Karaboga D, Okdem S, Ozturk C. Cluster based wireless 
sensor network routing using artificial bee colony algo-
rithm. Wireless Networks. 2012 Oct, 18(7):847-60. 

386. Liu Y, He Y, Li M, Wang J, Liu K, Li X. Does wireless sensor 
network scale? A measurement study on Green Orbs. IEEE 
Transactions on Parallel and Distributed Systems. 2013 
Oct, 24(10):1983-1993.

387. Subramani S, Jeyalakshmi C. Identifying packet loss in 
wireless sensor network. International Journal of Engineer-
ing Research and Technology. 2013 May; 2(5):1178-82. 

388. Dener M. Optimum packet length over data transmission 
for wireless sensor networks. Proceedings of the 8th Inter-
national Conference on Sensing Technology, 2014, p. 52-56.

389. Thiriveni GV, Ramakrishnan M. Distributed clustering 
based energy efficient routing algorithm for heterogeneous 



Husna Jamal Abdul Nasir and Ku Ruhana Ku-Mahamud

Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology 19

wireless sensor networks. Indian Journal of Science and 
Technology. 2016 Jan; 9(3):1-6.

390. Shankar T, Karthikeyan A, Sivasankar P, Neha RR. Im-
plementation of smart sleep mechanism and hybrid data 
collection technique for maximizing network lifetime in 
WSN’s. Indian Journal of Science and Technology. 2015 
May; 8(S9):1-8.

391. Leu JS, Chiang TH, Yu MC, Su KW. Energy efficient clus-
tering scheme for prolonging the lifetime of wireless sensor 
network with isolated nodes. IEEE Communications Let-
ters. 2015 Feb; 19(2):259-62.

392. Pathak GR, Patil SH. A hybrid novel perspective of secure 
routing in wireless sensor networks. Indian Journal of Sci-
ence and Technology. 2016 Mar; 9(10):1-8.

393. Cobo L, Castro H, Quintero A. A location routing protocol 
based on smart antennas for wireless sensor networks. Indi-
an Journal of Science and Technology. 2015 Jun; 8(11):1-12.

394. Bhuse V, Gupta A, Lilien L. DPDSN: Detection of pack-
et-dropping attacks for wireless sensor networks. Proceed-
ings of Fourth Trusted Internet Workshop, 2005,107, p. 1-9. 

395. Shi Q, He C, Chen H, Jiang L. Distributed wireless sensor 
network localization via sequential greedy optimization al-
gorithm. IEEE Transactions on Signal Processing. 2010 Jun; 
58(6):3328-40.

396. Guo H, Low KS, Nguyen HA. Optimizing the localization 
of a wireless sensor network in real time based on a low-
cost microcontroller. IEEE Transactions on Industrial Elec-
tronics. 2011 Mar; 58(3):741-49. 

397. Ruela AS, Cabral RS, Aquino AL, Guimaraes FG. Evolu-
tionary design of wireless sensor networks based on com-
plex networks. 5th International Conference on Intelligent 
Sensors, Sensor Networks and Information Processing 
(ISSNIP), 2009, p. 237-42.

398. Hong S, Kim D, Ha M, Bae S, Park SJ, Jung W, Kim JE. 
SNAIL: an IP-based wireless sensor network approach to 
the internet of things. Wireless Communications. 2010 
Dec; 17(6):34-42. 

399. Vural S, Ekici E. On multihop distances in wireless sensor 
networks with random node locations. IEEE Transactions 
on Mobile Computing. 2010 Apr 9(4):540-52. 

400. Yueqing R, Lixin X. A study on topological characteristics 
of wireless sensor network based on complex network. In-
ternational Conference on Computer Application and Sys-
tem Modeling. 2010; 15:V15-486-89.

401. Islam AKMM, Wada K, Abdullah SS, Uchida J, Chen W. 
An efficient routing protocol on a dynamic cluster-based 
sensor network. Sixth International ICST Conference on 
Cognitive Radio Oriented Wireless Networks and Com-
munications, 2011, p. 161-65.

402. Chengzhi L, Jianping L, Mantian X, Guicai Y. Research on 
the ant colony optimization algorithm for load balance in 
WSN. Journal of Convergence Information Technology. 
2012 Oct; 7(18):425-33. 

403. Okafor FO, Fagbohunmi GS. Energy efficient routing in 
wireless sensor networks based on ant colony optimization. 
West African Journal of Industrial and Academic Research. 
2013 Sep; 8(1):102-09.

404. Fanian F, Rafsanjani MK. A novel routing efficient algo-
rithm based on clustering in WSNs. Indian Journal of Sci-
ence and Technology. 2013 Dec; 6(12):5542-45.

405. Sirisha G, Babu RB, Rao KR. Establishing path quality man-
agement in wireless sensor networks through cluster head 
determination. Indian Journal of Science and Technology. 
2016 Feb; 9(5):1-9.

406. Duarte-Melo EJ, Liu M. Analysis of energy consumption 
and lifetime of heterogeneous wireless sensor networks. 
GLOBECOM’02 - IEEE Global Telecommunications Con-
ference, 2002; 1:21-25. 

407. Bouabdallah F, Bouabdallah N, Boutaba R. On balanc-
ing energy consumption in wireless sensor networks. 
IEEE Transactions on Vehicular Technology. 2009 Jul; 
58(6):2909-24. 

408. Chen B, Wang LL, Ai YJ. Link interference prediction-based 
topology control algorithm for 3-D wireless sensor net-
works. 2nd International Conference on Information Sci-
ence and Engineering, 2010, p. 2168-71.

409. Masoum A, Meratnia N, Taghikhaki Z, Havinga PJ. Reward 
and punishment based cooperative adaptive sampling in 
wireless sensor networks. Sixth International Conference 
on Intelligent Sensors, Sensor Networks and Information 
Processing, 2010, p. 145-50.

410. Ming-hao T, Ren-lai Y, Shu-jiang L, Xiang-dong W. Mul-
tipath routing protocol with load balancing in WSN con-
sidering interference. 6th IEEE Conference on Industrial 
Electronics and Applications (ICIEA), 2011, p. 1062-67.

411. Zhang H, Li L, Yan XF, Li X. A load-balancing clustering 
algorithm of WSN for data gathering. 2nd International 
Conference on Artificial Intelligence, Management Science 
and Electronic Commerce (AIMSEC). 2011, p. 915-18.

412. Zhou HY, Luo DY, Gao Y, Zuo DC. Modeling of node en-
ergy consumption for wireless sensor networks. Wireless 
Sensor Network. 2011 Jan; 3(1):18.

413. Taruna S, Kohli S, Purohit GN. Distance based energy ef-
ficient selection of nodes to cluster head in homogeneous 
wireless sensor networks. International Journal of Wireless 
and Mobile Networks. 2012 Aug; 4(4):243.

414. Almshreqi AMS, Ali BM, Rasid MFA, Ismail A, Varahram 
P. An improved routing mechanism using bio-inspired for 
energy balancing in wireless sensor networks. International 
Conference on Information Networking, 2012, p. 150-53.

415. Tarachand A, Kumar V, Raj A, Kumar A, Jana PK. An en-
ergy efficient load balancing algorithm for cluster-based 
wireless sensor networks. Annual IEEE India Conference 
(INDICON), 2012, p. 1250-54.

416. Khan MI, Gansterer WN, Haring G. Static vs. mobile sink: 
The influence of basic parameters on energy efficiency in 
wireless sensor networks. Computer Communications. 
2013 May; 36(9):965-78. 

417. Vijayan K, Raaza A. A novel cluster arrangement energy 
efficient routing protocol for wireless sensor networks. In-
dian Journal of Science and Technology. 2016 Feb; 9(2):1-9.

418. Juvvalapalem S, Rao KR. Sencar scheduling algorithm 
based on packet lifetime in WSN’s. Indian Journal of Sci-
ence and Technology. 2016 May; 9(17):1-5.



Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology20

Wireless Sensor Network: A Bibliographical Survey

419. Devika R, Santhi B, Sivasubramanian T. Increase the life-
time of WSN by preventing sink isolation using superclu-
ster formation. Indian Journal of Science and Technology. 
2014 Apr; 7(S4):92-98.

420. Khalili L, Ghaffarinejad A, Esmaeilpour M. Designing an 
algorithm to improve the trust and reputation of the Gauss-
ian in wireless sensor networks. Indian Journal of Science 
and Technology. 2016 Mar; 9(7):1-5.

421. Camilo T, Carreto C, Silva JS, Boavida F. An energy-effi-
cient ant-based routing algorithm for wireless sensor net-
works. Proceedings of the 5th International Conference on 
Ant Colony Optimization and Swarm Intelligence, 2006, p. 
49-59. 

422. Xia S, Wu S, Ni J. A new energy-efficient routing algorithm 
based on ant colony system for wireless sensor networks. 
Fourth International Conference on Internet Computing 
for Science and Engineering (ICICSE), 2009, p. 176-80.

423. Sutar US, Bodhe SK. Energy efficient topology control al-
gorithm for multi-hop ad-hoc wireless sensor network. 3rd 
IEEE International Conference on Computer Science and 
Information Technology, 2010; 3:418-21.

424. Sendra S, Lloret J, García M, Toledo JF. Power saving and 
energy optimization techniques for wireless sensor net-
works. Journal of Communications. 2011 Jan; 6(6):439-59.

425. Diakite LH, Yu L. Energy and bandwidth efficient wireless 
sensor communications for improving the energy efficiency 
of the air interface for wireless sensor networks. Interna-
tional Conference on Information Science and Technology, 
2013, p. 1426-29. 

426. Fathima KSA, Sindhanaiselvan K. Ant colony optimization 
based routing in wireless sensor networks. International 
Journal Advanced Networking and Applications. 2013 Jan; 
4(4):1686-89. 

427. Kamal P, Singh S, Livinsa ZM. Secure time synchroniza-
tion and efficiency enhancement using improved IH-MAC. 
International Conference on Innovations in Information, 
Embedded and Communication Systems, 2015, p. 1-6.

428. Rao YC, Rani S. Energy efficiency and maximizing network 
lifetime for WSNs using ACO algorithm. International 
Journal of Innovative Technology and Exploring Engineer-
ing. 2015 July; 5(2):15-20.

429. Saranya V, Matheswari N, Punidha R, Soundarya M. Track-
ing dynamic target in wireless sensor networks. Indian 
Journal of Science and Technology. 2016 Jan; 9(1):1-9.

430. Rout RR, Krishna MS, Gupta S. Markov decision pro-
cess-based switching algorithm for sustainable recharge-
able wireless sensor networks. IEEE Sensors Journal. 2016 
Apr; 16(8):2788-97.

431. Livinsa ZM, Shri SJ. Monitoring moving target and energy 
saving localization algorithm in wireless sensor networks. 
Indian Journal of Science and Technology. 2016 Jan, 9(3):1-
5.

432. Syed SSA, Kumaran TS, Ahmed AS. Energy efficiency dis-
tributed routing algorithm based on HAC clustering meth-
od for WSNs. Indian Journal of Science and Technology. 
2014 Nov; 7(S7):66-75.

433. Aly M, Gopalan A, Youssef A. Load-balancing query 

hotspots for next-generation Sensornet. GLOBECOM’07 
– IEEE Global Telecommunications Conference, 2007, p. 
775-79.

434. Liao WH, Wu WC. Effective hotspot storage management 
schemes in wireless sensor networks. Computer Commu-
nications. 2008 Jun; 31(10):2131-41. 

435. Saraswat LK, Kumar S. Extending the network lifetime in 
wireless sensor networks using RBR algorithm. Advance in 
Electronic and Electric Engineering, Research India Publi-
cations. 2013; 3(3):287-94. 

436. Cardei M, Wu J, Lu M, Pervaiz MO. Maximum network 
lifetime in wireless sensor networks with adjustable sensing 
ranges. Proceedings of IEEE International Conference on 
Wireless and Mobile Computing, Networking and Com-
munications, 2005; 3:438-45.

437. Acharya A, Seetharam A, Bhattacharyya A, Naskar MK. 
Balancing energy dissipation in data gathering wireless sen-
sor networks using ant colony optimization. International 
Conference on Distributed Computing and Networking, 
2009, p. 437-43. 

438. Deng Y, Hu Y. A load balance clustering algorithm for het-
erogeneous wireless sensor networks. International Confer-
ence on E-Product E-Service and E-Entertainment, 2010, 
p. 1-4.

439. Tao L, Qing-Xin Z, Luqiao Z. An improvement for LEACH 
algorithm in wireless sensor network. 5th IEEE Conference 
on Industrial Electronics and Applications, 2010, p. 1811-
14.

440. Chakraborty A, Mitra SK, Naskar MK. A genetic algorithm 
inspired routing protocol for wireless sensor networks. In-
ternational Journal of Computational Intelligence Theory 
and Practice. 2011 Jun; 6(1):1-10. 

441. Taruna S, Kumawat R, Purohit GN. Multi-hop clustering 
protocol using gateway nodes in wireless sensor Network. 
International Journal of Wireless and Mobile Networks 
(IJWMN). 2012 Aug; 4(4):169-80.

442. Zhong JH, Zhang J. Ant colony optimization algorithm for 
lifetime maximization in wireless sensor network with mo-
bile sink. Proceedings of the 14th Annual Conference on 
Genetic and Evolutionary Computation, 2012, p. 1199-204.

443. Azami M, Ranjbar M, Rostami AS, Amiri AJ. Increasing 
the network life time by simulated annealing algorithm in 
WSN with point coverage. International Journal of Ad Hoc, 
Sensor and Ubiquitous Computing. 2013 May; 4(20):1-8. 

444. Wang H, Agoulmine N, Ma M, Jin Y. Network lifetime op-
timization in wireless sensor networks. IEEE Journal on Se-
lected Areas in Communications. 2010 Sep; 28(7):1127-37. 

445. Alrajeh NA, Alabed MS, Elwahiby MS. Secure ant-based 
routing protocol for wireless sensor network. International 
Journal of Distributed Sensor Networks. 2013 Jun, p.1-9. 

446. Tong M, Tang M. LEACH-B: an improved LEACH proto-
col for wireless sensor network. 6th International Confer-
ence on Wireless Communications Networking and Mobile 
Computing (WiCOM), 2010, p. 1-4.

447. Kumar R, Singh G, Gaba GS. An effective approach for 
minimizing energy consumption in WSN. Indian Journal 
of Science and Technology. 2016 Jun; 9(21):1-5.



Husna Jamal Abdul Nasir and Ku Ruhana Ku-Mahamud

Vol 9 (38) | October 2016 | www.indjst.org Indian Journal of Science and Technology 21

448. Bisht RS, Budhani SK. Performance analysis of hierarchical 
and non-hierarchical routing techniques in wireless sensor 
networks. 2014 International Conference on Soft Comput-
ing Techniques for Engineering and Technology (ICSC-
TET), 2014, p. 1-8.

449. Kaur J, Gaba GS, Miglani R, Pasricha R. Energy efficient 
and reliable WSN based on improved Leach-R clustering 

techniques. Indian Journal of Science and Technology. 2015 
Jul; 8(16):1-6.

450. Jayamurugan G, Kamalakkannan P. Position-based key 
sharing with higher connectivity and multivariate opti-
mized resource consumption in WSN. Indian Journal of 
Science and Technology. 2015 Dec; 8(35):1-9.


