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Abstract
Swarm robotics is concerned with the decentralised coordination of multiple robots having only limited
communication and interaction abilities. Although fault tolerance and robustness to individual robot failures have
often been used to justify the use of swarm robotic systems, recent studies have shown that swarm robotic systems are
susceptible to certain types of failure. In this paper we propose an approach to self-healing swarm robotic systems and
take inspiration from the process of granuloma formation, a process of containment and repair found in the immune
system. We use a case study of a swarm performing team work where previous works have demonstrated that partially
failed robots have the most detrimental effect on overall swarm behaviour. In response this, we have developed an
immune inspired approach that permits the recovery from certain failure modes during operation of the swarm,
overcoming issues that effect swarm behaviour associated with partially failed robots. © Springer International
Publishing Switzerland 2015.

Indexed keywords

Engineering
controlled terms:

Fault tolerance Histology Immune system Information science Robots Tissue

Artificial Immune
System

Decentralised

Granuloma
formation

Immune Inspired
Approaches

Limited
communication

Multiple robot

Swarm robotic
systems

Swarm robotics

Engineering main
heading:

Robotics

◅ Back to results

 Export  Download  Print  E-mail  Save to PDF ⋆ Add to List  ▻More...

View at Publisher

Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics)
Volume 9303, 2015, Pages 61-74
10th International Conference on Information Processing in Cells and Tissues, IPCAT 2015; San Diego; United States;
14 September 2015 through 16 September 2015; Code 141299

Ismail, A.R.a  Bjerknes, J.D.b  Timmis, J.c  Winfield, A.d  

a

b

c

  View additional affiliations

 View references (10)

PlumX Metrics
Usage, Captures, Mentions,
Social Media and Citations
beyond Scopus.

Metrics 

0 Citations in Scopus

0 Field-Weighted

Citation Impact

Cited by 0 documents

Inform me when this document
is cited in Scopus:

Related documents

,  ,

(2016) BioSystems

,  ,

(2015) Jurnal Teknologi

,  ,

(2014) Lecture Notes in
Computer Science (including
subseries Lecture Notes in
Artificial Intelligence and Lecture
Notes in Bioinformatics)





 ▻Set citation alert  ▻Set citation feed

An immune-inspired swarm
aggregation algorithm for self-
healing swarm robotic systems

 Timmis, J. Ismail, A.R.
Bjerknes, J.D.

Exploring energy charging
problem in swarm robotic
systems using foraging
simulation

 Al Haek, M. Ismail, A.R.
Basalib, A.O.A.

Towards exogenous fault
detection in swarm robotic
systems

 Millard, A.G. Timmis, J.
Winfield, A.F.T.

https://www.scopus.com/home.uri?zone=header&origin=searchbasic
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&offset=1&origin=recordpage
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2f978-3-319-23108-2_6&locationID=1&categoryID=4&eid=2-s2.0-84945544579&issn=03029743&linkType=TemplateLinking&year=2015&zone=outwardlinks&origin=recordpage&dig=b040d5ecb2a1deb9109ce99b7c914d84&recordRank=
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2f978-3-319-23108-2_6&locationID=1&categoryID=4&eid=2-s2.0-84945544579&issn=03029743&linkType=ViewAtPublisher&year=2015&origin=recordpage&dig=50bf150220becbc19c1214cba0625122&recordRank=
https://www.scopus.com/sourceid/25674?origin=recordpage
https://www.scopus.com/authid/detail.uri?authorId=36995749000&amp;eid=2-s2.0-84945544579
mailto:amelia@iium.edu.my
https://www.scopus.com/authid/detail.uri?authorId=21742110600&amp;eid=2-s2.0-84945544579
mailto:jan.dyre.bjerknes@kongsberg.com
https://www.scopus.com/authid/detail.uri?authorId=8987417100&amp;eid=2-s2.0-84945544579
mailto:jon.timmis@york.ac.uk
https://www.scopus.com/authid/detail.uri?authorId=7006158694&amp;eid=2-s2.0-84945544579
mailto:Alan.Winfield@uwe.ac.uk
https://www.scopus.com/standard/help.uri?topic=5416
https://plu.mx/plum/a/?elsevier_id=2-s2.0-84945544579&theme=plum-scopus-theme
https://www.scopus.com/alert/form/document.uri?eid=2-s2.0-84945544579&ATP=document&discoveryEngineID=scopusdoccite&discoveryEventID=NEW&mode=C&AID=NEW&origin=recordpage&view=extended
https://www.scopus.com/results/rss/handler.uri?citeEid=2-s2.0-84945544579
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84973488155&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&relpos=0
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=8987417100&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=36995749000&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=21742110600&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84940659222&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&relpos=1
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56568439100&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=36995749000&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=56815174200&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-84904187157&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&relpos=2
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55367114400&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=8987417100&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=7006158694&zone=relatedDocuments


9/19/2017 Scopus - Document details

https://www.scopus.com/record/display.uri?eid=2-s2.0-84945544579&origin=resultslist&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-h… 2/3

References (10)

Funding details

Funding number Funding sponsor Acronym

EP/E049419/1 Engineering and Physical Sciences Research Council EPSRC

EP/E053505/1 Engineering and Physical Sciences Research Council EPSRC

Bayindir, L., Şahin, E. 

(2007) Turkish Journal of Electrical Engineering and Computer Sciences, 15 (2), pp. 115-147.  . 
 

Bjerknes, J.D., Winfield, A.F.T. 

(2012) Springer Tracts in Advanced Robotics, 83 STAR, pp. 431-444.  . 
ISBN: 978-364232722-3 
doi: 10.1007/978-3-642-32723-0_31 

Bjerknes, J.D. 
(2009) Scaling and Fault Tolerance in Self-Organized Swarms of Mobile Robots. Ph.D. Thesis.  . 
University of the West of England, Bristol, UK 

 

Gerkey, B., Vaughan, R.T., Howard, A. 
The player/stage project: Tools for multirobot and distributed sensor systems 
(2003) ICAR 2003, pp. 317-323.  . 

 

Nembrini, J., Winfield, A., Melhuish, C. 
Minimalist coherent swarming of wireless networked autonomous mobile robots 
(2002) Proceedings of the 7Th International Conference on Simulation of Adaptive Behavior (SAB
2002), 7, pp. 373-382.  . 
MIT Press 

 

Şahin, E. 

(2005) Lecture Notes in Computer Science, 3342, pp. 10-20.  . 

ISSN: 03029743
ISBN: 978-331923107-5
Source Type: Book series
Original language: English

DOI: 10.1007/978-3-319-23108-2_6
Document Type: Conference Paper
Volume Editors: Smith S.,Tyrrell A.,Lones M.,Fogel G.
Sponsors:
Publisher: Springer Verlag

 ▻View in search results format

     All Export  Print  E-mail  Save to PDF Create bibliography

1

A review of studies in swarm robotics

Cited 92 times
http://journals.tubitak.gov.tr/elektrik/issues/elk-07-15-2/elk-15-2-2-0705-13.pdf

View at Publisher

2

On fault tolerance and scalability of swarm robotic systems

Cited 14 times

View at Publisher

3
Cited 7 times

4

Cited 896 times

5

Cited 18 times

6

Swarm robotics: From sources of inspiration to domains of application

Cited 288 times

View at Publisher

  

Find more related documents in
Scopus based on:

View all related documents based
on references

 ▻Authors  ▻Keywords

https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=8ee1f65ff75f988def9285aa32519267&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-84945544579%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-84945544579
https://www.scopus.com/record/display.uri?eid=2-s2.0-34547188632&origin=reflist&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84945544579&refeid=2-s2.0-34547188632&src=s&origin=reflist&refstat=core
http://journals.tubitak.gov.tr/elektrik/issues/elk-07-15-2/elk-15-2-2-0705-13.pdf
https://www.scopus.com/redirect/linking.uri?targetURL=http%3a%2f%2fmistug.tubitak.gov.tr%2fbdyim%2ftoc.php%3fdergi%3delk%26yilsayi%3d2007%2f2&locationID=3&categoryID=4&eid=2-s2.0-34547188632&issn=13000632&linkType=ViewAtPublisher&year=2007&origin=reflist&dig=0d3bbf755c1441f1c6b43178c51adc7c&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84870739057&origin=reflist&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84945544579&refeid=2-s2.0-84870739057&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2f978-3-642-32723-0_31&locationID=3&categoryID=4&eid=2-s2.0-84870739057&issn=16107438&linkType=ViewAtPublisher&year=2012&origin=reflist&dig=d87eb6eece9ba9ff7d6410d3000fda1b&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84945544579&refeid=2-s2.0-80052817546&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84945544579&refeid=2-s2.0-0346239692&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84945544579&refeid=2-s2.0-4444341508&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-23944525907&origin=reflist&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84945544579&refeid=2-s2.0-23944525907&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=http%3a%2f%2fdx.doi.org%2f10.1007%2f978-3-540-30552-1_2&locationID=3&categoryID=4&eid=2-s2.0-23944525907&issn=03029743&linkType=ViewAtPublisher&year=2005&origin=reflist&dig=2e596530b663bb56351f9653793abbba&recordRank=
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84945544579&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84945544579&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-84945544579&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments


9/19/2017 Scopus - Document details

https://www.scopus.com/record/display.uri?eid=2-s2.0-84945544579&origin=resultslist&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-h… 3/3

 1 of 1

Schlachter, F., Meister, E., Kernbach, S., Levi, P. 

(2008) Proceedings - 2nd IEEE International Conference on Self-Adaptive and Self-Organizing Systems
Workshops, SASOW 2008, art. no. 4800668, pp. 144-149.  . 
ISBN: 978-076953553-1 
doi: 10.1109/SASOW.2008.31 

Sneller, M.C. 

(2002) Cleveland Clinic Journal of Medicine, 69 (SUPPL. 2), pp. SII40-SII43.  . 

Stepney, S., Smith, R., Timmis, J., Tyrell, A., Neal, M.J., Hone, A. 
Conceptual framework for artificial immune systems 
(2005) Unconv. Comput, 1 (3), pp. 315-338.  . 

 

Timmis, J., Andrews, P., Hart, E. 

(2010) Swarm Intelligence, 4 (4), pp. 247-273.  . 
 

doi: 10.1007/s11721-010-0045-5 

 Timmis, J.; York Robotics Lab and Department of Electronics, University of York, Heslington, York, United Kingdom 
© Copyright 2015 Elsevier B.V., All rights reserved.

7

Evolve-ability of the robot platform in the symbrion project

Cited 6 times

View at Publisher

8

Granuloma formation, implications for the pathogenesis of vasculitis

Cited 55 times

View at Publisher

9

Cited 61 times

10

On artificial immune systems and swarm intelligence

Cited 18 times
http://www.springer.com

View at Publisher

 

◅ Back to results  Top of page

About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

⽇本語に切り替える
切换到简体中文

切換到繁體中文

Русский язык

Customer Service

Help

Contact us

 

Copyright © 2017 . All rights reserved. Scopus® is a registered trademark of
Elsevier B.V.  
Cookies are set by this site. To decline them or learn more, visit our .

Terms and conditions Privacy policy

Elsevier B.V

Cookies page

https://www.scopus.com/record/display.uri?eid=2-s2.0-64849090263&origin=reflist&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84945544579&refeid=2-s2.0-64849090263&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fSASOW.2008.31&locationID=3&categoryID=4&eid=2-s2.0-64849090263&issn=&linkType=ViewAtPublisher&year=2008&origin=reflist&dig=c78e7e93b1c251504a1115aa747f2caf&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0036048679&origin=reflist&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84945544579&refeid=2-s2.0-0036048679&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=http%3a%2f%2fwww.ccjm.org%2fpastissues.htm&locationID=3&categoryID=4&eid=2-s2.0-0036048679&issn=08911150&linkType=ViewAtPublisher&year=2002&origin=reflist&dig=f8f665715bb0fc56a8d00eda0a55d87f&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84945544579&refeid=2-s2.0-26944459045&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-84890453782&origin=reflist&sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-84945544579&refeid=2-s2.0-84890453782&src=s&origin=reflist&refstat=core
http://www.springer.com/
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs11721-010-0045-5&locationID=3&categoryID=4&eid=2-s2.0-84890453782&issn=19353820&linkType=ViewAtPublisher&year=2010&origin=reflist&dig=ab4a33ef393523e991a8951c40f8f04f&recordRank=
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems&st2=&sid=8f620939ad1e90422bb8efb75fca3519&sot=b&sdt=b&sl=77&s=TITLE%28An+artificial+immune+system+for+self-healing++in+swarm+robotic+systems%29&offset=1&origin=recordpage
https://www.elsevier.com/online-tools/scopus
https://www.elsevier.com/online-tools/scopus/content-overview/
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/legal/privacy-approach
https://www.scopus.com/personalization/switch/Japanese.uri?origin=recordpage&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=recordpage&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://www.scopus.com/standard/contactForm.uri?pageOrigin=footer
https://www.elsevier.com/
https://www.elsevier.com/locate/termsandconditions
https://www.elsevier.com/locate/privacypolicy
https://www.elsevier.com/
https://www.scopus.com/standard/help.uri?topic=2964
http://www.relx.com/

