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Traditional Communication 
 
Information transmitted from senders to 
receivers via acoustic or electrical signals 
 
What if information could be transmitted 
from senders to receivers by molecules? 

 with particles both carriers of information & 
 the information itself? 

 
 



Example of a communication system 
 

Figure taken from Nariman Farsad , Weisi Guo, Andrew W. Eckford, ‘Tabletop Molecular 
Communication: Text Messages through Chemical Signals’ Published: December 18, 2013DOI: 
10.1371/journal.pone.0082935 
 



Big Data Traffic 
 
 

 
Suzhi Bi, Rui Zhang, Zhi Ding, Shuguang Cui, ‘Wireless Communications in the Era of Big 
Data’ http://arxiv.org/abs/1508.06369  



So … is Molecular Communication 
 

Science fiction? Something from a Hollywood 
blockbuster?  

… or old news in the biosphere? 
 

Bacteria, plants & animals have used 
semiochemicals (molecules!) to  
communicate with their own &  

 other species … forever! 
 
 
 
 



Orchids communicating 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3523645/figure/MCS228F1/ 



What’s out there  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3868268/figure/f7/ 



What’s out there  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3868268/figure/f7/ 



What’s out there  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3868268/figure/f7/ 



Communication Beyond Waves 
Inspired by Biology 

 
Prototypes using new signalling modality 

Communication by colour – ‘infochemistry’ 
Communication by bacteria – ‘infobiology’ 

and ….. 
 

Imagine the military, engineering, biomedical & 
agricultural applications! 

 
 
 











Scentee  



Aroma R-Evolution 
 
 







Molecular Communication – possible 
applications 

Networks of autonomous nanomachines (‘medical 
drones’) injected into humans, acting as in situ 
surgeons. 
•  Nanonetworks: A New Frontier in Communications 

- http://cacm.acm.org/magazines/2011/11/138218-
nanonetworks-a-new-frontier-in-communications/fulltext 

•  Security and Privacy in Molecular Communication: 
Opportunities and Challenges 
- http://dx.doi.org/10.1109/TNB.2014.2349111 

 
 
 
 



And… 

Using molecules to disrupt normal 
communication amongst people, plants & 
animals. 
 
What about (bio)hacking/safety/security? 

 



Food for thought 
 

What are the FLE5SH issues raised by new and 
emerging technologies? 

 F = Financial 
 L = Legal 
 E = Economic, Ethical, Equity, Environmental & 
 Ecosystem 
 S = Social 
 H = Historical 

 
 
 
 



Food for thought 

We want to apply the FLE5SH lens to other 
emerging technologies, such as: 

  
–   AI Robotics 
– Gene Editing (CRISPR) 
– Synthetic Biology  





Our Goal To: 
Initiate 
Generate 
.. and stimulate a democratic debate around: 

– The appropriate regulation of new and 
emerging technologies 

– Opportunity costs: not every problems has a 
high-tech solution 

– The responsibilities of researchers and funding 
agencies 



Smart meters, smart homes, a world of 
constant surveillance…  

http://utilityweek.co.uk/news/with-smart-meters-its-time-to-get-real-about-data-
protection/1096522 



http://www.techweekeurope.co.uk/security/cyberwar/smart-home-
hub-security-tripwire-174231  



“Robot brain could soon have bacteria 
controlling its movements” 



Robots with bacterial brains 

A Loeffler, ‘Mathematical Model for Robots with ‘Bacterial Brains’ http://
neurosciencenews.com/robotics-bacterial-brain-math-2334/  

 



Growing Concern about the Rise of 
the Robots 

“Don’t let AI take our jobs (or kill us): 
Stephen Hawking and Elon Musk sign open 
letter warning of a robot uprising”  

–  http://www.dailymail.co.uk/sciencetech/article-2907069/Don-t-let-AI-jobs-kill-
Stephen-Hawking-Elon-Musk-sign-open-letter-warning-robot-uprising.html  

“Rise of the Machines: The Future has Lots of 
Robots, Few Jobs for Humans”  

–  http://www.wired.com/brandlab/2015/04/rise-machines-future-lots-robots-jobs-
humans/ 



Will killing robots be unethical? 

http://www.dailymail.co.uk/sciencetech/article-2640778/Will-killing-robots-unethical-future-Artificial-
brains-blur-lines-man-robot-warns-expert.html 

 



Mind bending probe 

Scientists used soft 
materials to create a brain 
implant a tenth the width 
of a human hair that can 
wirelessly control neurons 
with lights and drugs.  
 
 
Courtesy of Jeong Lab, University of 
Colorado Boulder. 
http://www.nih.gov/news/health/jul2015/
ninds-16.htm  



Technology under the Microscope 
 

Should progress be pursued as an end in itself? 
And at what price? 

 
Is progress neutral (is technology?) or are there 

winners & losers, vested interests & concentrated 
power? 

 
 
 

 
 
 





Research and Development (R & D)  
and Researchers under the Microscope 

 
What is the role of research?  

within society – locally, nationally & 
internationally? 

 
Should researchers be responsible for how society 

-- including their startups -- uses ... or abuses ... 
their discoveries? 

 
 
 

 
 
 



Who should be in charge? 
 

Who should assess, approve or not as the case may 
be, and regulate new and emerging technologies? 

 
Can the law & regulators ever keep ahead of the 

technological curve? 
 
 
 
 
 

 
 
 



More food for thought 

•  http://luddites200.org.uk - historically, the 
Luddites opposed only technology ‘hurtful 
to Commonality’; today, a call for 
scepticism about the dogma of technology 
as progress 

•  http://breakingtheframe.org.uk - aimed at 
democratizing decisions about technology  





Should nature have rights? 

Proposal for Universal Declaration of the 
Rights of Mother Earth Preamble 

–  https://pwccc.wordpress.com/programa/ 
 

Should Trees Have Standing? 
–  http://isites.harvard.edu/fs/docs/

icb.topic498371.files/Stone.Trees_Standing.pdf  



Further reading: 

•  A Comprehensive Survey of Recent 
Advancements in Molecular Communication 
–  http://arxiv.org/abs/1410.4258 

•  The Physicists at Fifty 
–  http://www.thenewatlantis.com/publications/the-

physicists-at-fifty  
•  Responsible Innovation 

–  https://jackstilgoe.wordpress.com 



And more 

•  Technology assessment 
–  http://etcgroup.org/issues/technology-

assessment 
•  Smart meters 

–  http://stopsmartmeters.org/ 
–  http://emfsafetynetwork.org/smart-meters/  

•  Low-Technology 
–  http://www.lowtechmagazine.com/ 


