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Abstract

Efficient routing is an essential requirement for the design of wireless sensor network (WSN) protocols to overcome inherent challenges and to meet

hardware and resource constraints. An energy-efficient scalable routing algorithm based on ant colony optimization (ACO) for WSNs is presented here to

find the optimal path of data transmission while consuming less energy leading to increase of network's lifetime. Most of the existing ACO based routing

algorithms are designed on the assumption that the sensor nodes and the sinks are stationary and do not consider the overhead of mobility and the

current node energy is not considered, which will prompt sudden passing of certain nodes. To overcome the existing problem of accommodating node

mobility, reducing initialization time for ant based routing algorithm and to maintain scalability in WSN for time critical applications, an ACO based WSN

routing algorithm has been proposed and analyzed in this paper. The proposed algorithm has been simulated and verified utilizing MATLAB. The

evaluation results demonstrate that it has reduced energy consumption, almost 50% less consumed energy even with the increasing number of nodes,

compared with the traditional ACO and an existing ant-based routing algorithm. Moreover, it increases the nodes' lifetime and lifetime of the network.

Keywords

Author Keywords: Routing algorithms; WSN; ACO; IoT; Network lifetime; Energy consumption

KeyWords Plus: WIRELESS; ALGORITHM; COLONY

Author Information

Reprint Address: Sharmin, A (corresponding author)

Int Islamic Univ Malaysia, Dept Elect & Comp Engn, Kuala Lumpur, Malaysia.

Addresses:

[ 1 ]  Int Islamic Univ Malaysia, Dept Elect & Comp Engn, Kuala Lumpur, Malaysia

E-mail Addresses: sharmin.afsah@live.iium.edu.my; farhat@iium.edu.my; amotakabber@iium.edu.my

Publisher

IEEE, 345 E 47TH ST, NEW YORK, NY 10017 USA

Categories / Classification

Research Areas: Automation & Control Systems; Engineering

Web of Science Categories: Automation & Control Systems; Engineering, Electrical & Electronic; Engineering, Mechanical

See more data fields

Citation Network

In Web of Science Core Collection

0
Times Cited

Create Citation Alert

16
Cited References

View Related Records

Use in Web of Science

Web of Science Usage Count

0 0

Last 180 Days Since 2013

This record is from:

Web of Science Core Collection

- Conference Proceedings Citation Index-

Science

Suggest a correction

If you would like to improve the quality of

the data in this record, please suggest a

correction.

  1  of  2 

Cited References: 16

Showing 16 of 16 View All in Cited References page

A survey on sensor networks

By: Akyildiz, IF; Su, WL; Sankarasubramaniam, Y; et al.

IEEE COMMUNICATIONS MAGAZINE    Volume: 40     Issue: 8     Pages: 102-114     Published:   AUG 2002

Times Cited: 6,842 

Energy conservation in wireless sensor networks: A survey

By: Anastasi, Giuseppe; Conti, Marco; Di Francesco, Mario; et al.

AD HOC NETWORKS    Volume: 7     Issue: 3     Pages: 537-568     Published:   MAY 2009

Times Cited: 1,354 

Title: [not available]

By: Callaway, EH.

Times Cited: 175 

Web of Science InCites Journal Citation Reports Essential Science Indicators EndNote Publons Kopernio Master Journal List Sign In  Help  English 

Tools  Searches and alerts  Search History Marked List

Add to Marked ListFind PDF Export...A

 1  of  2 

Learn more

1.

2.

3.

Search Search Results

http://apps.webofknowledge.com.ezproxy.um.edu.my/home.do?SID=C5OGaaOy9BeLCJ3Iww7
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=C5OGaaOy9BeLCJ3Iww7&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=35159900
javascript:sup_focus('addressWOS:000535125700035-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=C5OGaaOy9BeLCJ3Iww7&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=1236110
javascript:sup_focus('addressWOS:000535125700035-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OutboundService.do?SID=C5OGaaOy9BeLCJ3Iww7&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=1076773
javascript:sup_focus('addressWOS:000535125700035-1')
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&excludeEventConfig=ExcludeIfFromFullRecPage&SID=C5OGaaOy9BeLCJ3Iww7&field=GP&value=IEEE
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&field=TS&value=Routing+algorithms&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&field=TS&value=WSN&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&field=TS&value=ACO&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&field=TS&value=IoT&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&field=TS&value=Network+lifetime&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&field=TS&value=Energy+consumption&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&field=TS&value=WIRELESS&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&field=TS&value=ALGORITHM&uncondQuotes=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&field=TS&value=COLONY&uncondQuotes=true
javascript:hide_show('reprint_pref_org_exp_link_1', 'inline');hide_show('show_reprint_pref_org_exp_link_1', 'none');hide_show('hide_reprint_pref_org_exp_link_1', 'inline')
javascript:hide_show('research_pref_org_exp_link_1', 'inline');hide_show('show_research_pref_org_exp_link_1', 'none');hide_show('hide_research_pref_org_exp_link_1', 'inline')
mailto:sharmin.afsah@live.iium.edu.my
mailto:farhat@iium.edu.my
mailto:amotakabber@iium.edu.my
javascript:csiovl('PCTAdd', '/OutboundService.do?action=go&mode=Wos1pAlertingPCTAdd&product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&component=pct&forwardTo=None&qid=8&doc=1&colName=WOS&num_cited=0');
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d8%26log_event%3dyes%26product%3dWOS%26SID%3dC5OGaaOy9BeLCJ3Iww7%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000535125700035&search_mode=CitedRefList&SID=C5OGaaOy9BeLCJ3Iww7&parentProduct=WOS&parentQid=8&parentDoc=1&recid=WOS:000535125700035&PREC_REFCOUNT=16&fromRightPanel=true
http://apps.webofknowledge.com.ezproxy.um.edu.my/InterService.do?product=WOS&toPID=WOS&action=AllCitationService&isLinks=yes&highlighted_tab=WOS&last_prod=WOS&fromPID=WOS&returnLink=http%3a%2f%2fapps.webofknowledge.com%2ffull_record.do%3fhighlighted_tab%3dWOS%26last_prod%3dWOS%26search_mode%3dGeneralSearch%26qid%3d8%26log_event%3dyes%26product%3dWOS%26SID%3dC5OGaaOy9BeLCJ3Iww7%26viewType%3dfullRecord%26doc%3d1%26page%3d1&srcDesc=RET2WOS&srcAlt=Back+to+Web+of+Science&UT=WOS:000535125700035&parentProduct=WOS&parentQid=8&search_mode=RelatedRecords&SID=C5OGaaOy9BeLCJ3Iww7&parentDoc=1
javascript:;
javascript: void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=C5OGaaOy9BeLCJ3Iww7&excludeEventConfig=ExcludeIfFromFullRecPage&page=1&doc=2
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=8&parentDoc=1&qid=9&SID=C5OGaaOy9BeLCJ3Iww7&colName=WOS&page=1
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitedFullRecord&isickref=WOS:000177626400012
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=1&REFID=928732&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitedFullRecord&isickref=WOS:000263411600005
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=2&REFID=264298913&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=3&REFID=578239618&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
javascript:;
javascript: void('InCites')
javascript: void('JCR')
javascript: void('ESI')
javascript: void('EndNote')
javascript: void('PUBLONS')
https://kopernio.com/?utm_source=WOS_home&utm_medium=web&utm_campaign=kopernio_wos_product&ref=wos
https://mjl-clarivate-com.ezproxy.um.edu.my/home
javascript:void(0);
javascript:void(0)
javascript: void(0)
javascript: void(0)
javascript: void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_CombineSearches_input.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CombineSearches
http://apps.webofknowledge.com.ezproxy.um.edu.my/ViewMarkedList.do?action=Search&product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&mark_id=UDB&search_mode=MarkedList&colName=WOS&entry_prod=WOS
javascript: void(0)
http://apps.webofknowledge.com.ezproxy.um.edu.my/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=C5OGaaOy9BeLCJ3Iww7&excludeEventConfig=ExcludeIfFromFullRecPage&page=1&doc=2
http://apps.webofknowledge.com.ezproxy.um.edu.my/WOS_GeneralSearch_input.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=GeneralSearch
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=C5OGaaOy9BeLCJ3Iww7&page=


Wireless Sensor Networks: Architectures and Protocols    Published: 2004  

Publisher: Auerbach Publications

Ant system: Optimization by a colony of cooperating agents

By: Dorigo, M; Maniezzo, V; Colorni, A

IEEE TRANSACTIONS ON SYSTEMS MAN AND CYBERNETICS PART B-CYBERNETICS    Volume: 26     Issue: 1     Pages: 29-41     Published:   FEB 1996

Times Cited: 5,793 

Survey on Swarm Intelligence based Routing Protocols for Wireless Sensor Networks An Extensive Study

By: Gui, Tina; Ma, Christopher; Wang, Feng; et al.

PROCEEDINGS 2016 IEEE INTERNATIONAL CONFERENCE ON INDUSTRIAL TECHNOLOGY (ICIT)    Pages: 1944-1949     Published: 2016  

Times Cited: 20 

Cluster head selection using modified ACO

By: Gupta, V.; Sharma, S. K.

P 4 INT C SOFT COMP    Pages: 11-20     Published: 2015  

Publisher: Springer, New Delhi

Times Cited: 5 

Bio Inspired Routing Algorithm and Efficient Communications within IoT

By: Hamrioui, Sofiane; Lorenz, Pascal

IEEE NETWORK    Volume: 31     Issue: 5     Pages: 74-79     Published:   SEP-OCT 2017

Times Cited: 10 

An application-specific protocol architecture for wireless microsensor networks

By: Heinzelman, WB; Chandrakasan, AP; Balakrishnan, H

IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS    Volume: 1     Issue: 4     Pages: 660-670     Published:   OCT 2002

Times Cited: 4,861 

Efficient routing protocol via ant colony optimization (ACO) and breadth first search (BFS)

By: Khoshkangini, R.; Zaboli, S.; Conti, M.

P 2014 IEEE INT C IN    Pages: 1-3     Published: 2014  

Times Cited: 1 

An Ant Colony based Routing Algorithm for Wireless Sensor Network

By: Liu, Xiaodong; Li, Songyang; Wang, Miao

INTERNATIONAL JOURNAL OF FUTURE GENERATION COMMUNICATION AND NETWORKING    Volume: 9     Issue: 6     Pages: 75-86     Published:   JUN 2016

Times Cited: 6 

An Approach Based on Fuzzy Inference System and Ant Colony Optimization for Improving the Performance of Routing Protocols in Wireless Sensor

Networks

By: Rabelo, Ricardo A. L.; Sobral, Jose V. V.; Araujo, Harilton S.; et al.

2013 IEEE CONGRESS ON EVOLUTIONARY COMPUTATION (CEC)    Pages: 3244-3251     Published: 2013  

Times Cited: 5 

Swarm intelligence based routing protocol for wireless sensor networks: Survey and future directions

By: Saleem, Muhammad; Di Caro, Gianni A.; Farooq, Muddassar

INFORMATION SCIENCES    Volume: 181     Issue: 20     Pages: 4597-4624     Published:   OCT 15 2011

Times Cited: 191 

A novel bio-inspired routing algorithm based on ACO for WSNs

By: Sharmin, A.; Anwar, F.; Motakabber, S. M. A.

Bulletin of Electrical Engineering and Informatics    Volume: 8     Issue: 2     Pages: 718-726     Published: 2019  

Times Cited: 1 

A Noble Approach of ACO Algorithm for WSN

By: Sharmin, Afsah; Anwar, F.; Motakabber, S. M. A.

PROCEEDINGS OF THE 2018 7TH INTERNATIONAL CONFERENCE ON COMPUTER AND COMMUNICATION ENGINEERING (ICCCE)    Pages: 152-156     Published: 2018  

Times Cited: 1 

Title: [not available]

By: Wang, S.; Yang, Y.; Hu, F.

Theory and application of wireless sensor networks    Published: 2007  

Publisher: Beijing Aerospace University Press, Beijing

Times Cited: 16 

Improved ant colony-based multi-constrained QoS energy-saving routing and throughput optimization in wireless ad-hoc networks

By: Wang Ya-li; Song Mei; Wei Yi-fei; et al.

Journal of China Universities of Posts and Telecommunications    Volume: 21     Issue: 1     Pages: 9 ,43-53     Article Number: 1005-8885(2014)21:1<43:IACBMC>2.0.TX;2-D

  Published:   Feb. 2014

Times Cited: 21 

Showing 16 of 16 View All in Cited References page

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Clarivate
Accelerating innovation

© 2020 Clarivate Copyright notice Terms of use Privacy statement Cookie policy

Sign up for the Web of Science newsletter Follow us  

http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitedFullRecord&isickref=WOS:A1996UC99900003
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=4&REFID=371315&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitedFullRecord&isickref=WOS:000386327700302
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=5&REFID=511192641&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=6&REFID=531376286&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitedFullRecord&isickref=WOS:000412220600011
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=7&REFID=544117738&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitedFullRecord&isickref=WOS:000182432200014
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=8&REFID=36622710&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=9&REFID=607394968&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitedFullRecord&isickref=WOS:000379625500009
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=10&REFID=514795922&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitedFullRecord&isickref=WOS:000326235303034
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=11&REFID=455834745&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitedFullRecord&isickref=WOS:000293548900015
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=12&REFID=411458855&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=13&REFID=607394970&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitedFullRecord.do?product=WOS&colName=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitedFullRecord&isickref=WOS:000519958900030
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=14&REFID=574192108&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=15&REFID=431485615&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/CitingArticles.do?product=WOS&SID=C5OGaaOy9BeLCJ3Iww7&search_mode=CitingArticles&parentProduct=WOS&parentQid=9&parentDoc=16&REFID=470966210&logEventUT=&excludeEventConfig=ExcludeIfFromNonInterProduct
http://apps.webofknowledge.com.ezproxy.um.edu.my/summary.do?product=WOS&parentProduct=WOS&search_mode=CitedRefList&parentQid=8&parentDoc=1&qid=9&SID=C5OGaaOy9BeLCJ3Iww7&colName=WOS&page=1
javascript: void('home')
javascript: void('copyright')
javascript: void('policy');
javascript: void('privacy');
javascript: void('cookies')
javascript: void('Newsletter')

