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Abstract: Consigned to the shadows of telecommunications, optical sensing has often taken a back 
seat in a young person’s mind when considering the importance of photonics, or optics, to the 
advancement of the society and of knowledge. Here, I touch on briefly how broad optical sensing 
and sensing generally has become and how and why it is becoming the catalyst for the convergence 
of many technologies and in the process raising significant philosophical questions about the 
transformation of our society and indeed ourselves. In doing so I touch on many of the complexities 
in real life that influence the breakthroughs we see today, including a healthy speculation and critique 
on our society and an awareness of the motivations to improve it that drive many of them. 
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1. Musings 

In this era of obfuscated measures of scientific 

outcomes and Elvish jargon, starry eyed young 

researchers can be forgiven for belatedly following 

the often recycled vision of a chosen few squeezed 

on the small, and steep, podiums of coveted awards 

[1]. How, in the midst of super massive, 

planet-hungry back holes, superluminal neutrinos, 

and god-like strings pulsating through space-time, 

and still-impending cataclysmic climate change, 

rendered the more stark by consuming inhalable 

chocolate [2], can optical sensing ever hope to 

compete for the limited pool of young genius (even 

as it brings solutions to all these spheres)? Do we 

have a bigger story to tell or do we too need to 

create “superhype”? 

For “the 3rd Asia Pacific Optical Sensors (APOS 

2012) Conference” held in 2012 in Sydney [3], I 

was asked to give a short introduction to the 

conference and outline some of its “vision” in 

bringing together all in optical sensing, outlining 

some of its vital cross-disciplinary appeal, and 

ensure a collegiate atmosphere where networking, 

collaboration, and genuine debate could take place. 

The response and interesting feedback I had after 

that presentation was encouraging, and the 

suggestion was made to put some of it in writing... 

The competition for young minds has been 

around for millenia, or at least ever since Socrates 

lured his young cohorts into the delights of 

philosophical reasoning, somewhat more 

impressively than either Richard Dawkins or George 

Pell’s battling for the title of who best prepares our 

young people for or against God or Gods in their 

somewhat fizzler of a Q & A debate 2500 years later 



                                                                                             Photonic Sensors 

 

  194 

[4]. Reasoning is the foundation of science and 

engineering and indeed critical thought more widely. 

The ambiguity of false gods amongst our peers 

comes at a time when our world is entering an era of 

unprecedented change in which arguably optical 

sensing technology is central. This change is so 

profound within our increasingly connected global 

village but, somewhat amazingly, cognitively 

unrecognized more broadly even as it changes our 

physical being. Let me elaborate upon such musings. 

2. Galactic village 

In 1945, whilst bumbling around radar [5], 

Arthur Clarke (Fig. 1) postulated that it was possible 

to link up the world, in a so-called global village, 

with this new electromagnetic technology by using 

satellites in space. Following the work of Herman 

Potočnik on geostationary space stations [6], he 

went so far as to propose that the geostationary orbit, 

where a satellite could rotate with the Earth 

seemingly falling to the ground in such a way that it 

is always fixed above a particular location, would be 

ideal for communications [7]. This concept led to 

satellites, satellite communications and indeed to 

today’s mobile networks – the “global village” (a 

term first coined by the Canadian artist Wyndham 

Price in 1948 [8]) was realized within his lifetime, 

something that is truly one of the more audacious 

and genuine landmark achievements in the history of 

combined human ingenuity. 

 
Fig. 1 Three pioneers (left to right): Arthur Clarke, Elias 

Snitzer, and Charles Kao (source: modified from web images). 

2.1 Philosophical disappointment with big ideas 

But technology on its own is often only a small 

part of greater and deeper philosophical conundrums. 

Perhaps the saddest aspect was that we were yet to 

achieve one of Arthur’s strongest convictions – 

in-between scuba diving off the Barrier Reef [9], he 

believed that bringing the world together into such a 

global village would, in of itself, break human 

barriers and bring peace and harmony, forever 

preventing conflicts. Presumably, the dramatic and 

dirty stage of World War II played on his mind. In 

light of recent Nobel Prizes [10], we can sympathize 

with Arthur in this regard. That the global village 

idiot probably knew better than the Swedish 

Academy that he could never deliver, illustrates the 

dangerous “Maxwellian” mismeasure of the 

scientific outcome we seem to have come to accept 

[1]. Needless to say, such an unfulfilled destiny has 

rendered rebirth to ruminations of dynamite and 

arms manufacture as the basis of any integrous 

award. 

2.2 Sensing and communications 

The achievement of the global village represents 

much more than just the gossip between folks 

(though as Wikileaks revealed a lot of it there is 

[11]!). Optical sensing is in fact itself 

communications – it involves determining an 

important parameter and communicating this to 

machine and eventually to human. Indeed, the 

number of machines steps in between is steadily 

increasing today, raising another interesting 

challenge of disconnectedness between the end user 

and the measurement, perhaps the basis for the 

inopinate evolution of intelligent machines in the 

Terminator series [12]? We can in principle couple 

many sensors using this wireless network and it’s 

not surprising many people today explore various 

aspects of such integration. 

But for all the power of radio and other waves 

traversing across a transparent troposphere and 

stratosphere, the total number of sensors and their 

speed of operation are limited. If we compare the 

networks within our own brains, taking in sensory 

data from billions if not trillions of organic and 
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molecular sensors all cabled together throughout our 

bodies, we see we are nowhere near the scale of 

activity required to achieve something really 

evolutionary – let us not think Lilliputian if we are 

to compete with string theory! 

2.3 Evolution of optical fiber sensing 

True evolutionary pressure, however, is coming 

from the convergence of wireless with a still 

relatively new technology – the optical fiber. I say 

relatively new because the world is only recently 

wired up comprehensively and even today the 

bandwidth is restricted in most parts of the world, its 

vast potential remaining unleashed. 

(overwhelmingly for commercial rather than 

technical reasons – many telecomm. companies 

want to continue making vast profits on copper 

cable systems for at least another decade or three). 

However, optical fibers for imaging applications 

were discussed decades earlier and patented by 

Hansell in 1927 [13], a reminder that optical tools 

for diagnostics drove much of the early development 

of the technology we associate more with 

telecommunications today. This work, along with 

earlier developments on rod transmission of 

television images, can be traced further back to 

some of the earliest optical waveguide rod probes 

used for illumination, in particular of body cavities 

in 1888 [14, no primary reference provided]. This 

constituted some of the earliest work in biophotonics 

culminating today with the optical snapshots of 

cancer unveiled by David Sampson and Kelsey 

Smith at APOS 2012 using significantly more 

sophisticated and active fiber needle probes [15, 16]. 

Over a time span of more than 130 years, we can but 

marvel at the enduring and evolving legacy of 

imaging research and speculate what it will bring 

tomorrow, preferably lubricated with the 

enlightenment-bringing Western Australian Little 

Creature’s ale. 

Although the underlying concept of the optical 
fiber was invented in some form or another much 
earlier [14, 17], its potential as a game changing 

waveguide was only first recognized in the 1960s by 
extraordinary pioneers such as Elias Snitzer (Fig. 1), 
who evaluated theoretically the single mode fiber 
[18] to explain the behavior of those first made by  

W. Hicks, P. Kiritsy, and C. Thompson at Mosaic 
Fabrications, USA [14, no primary reference 
provided]. As part of the ridiculously golden era of 

highly well funded industrial research laboratories, 
Snitzer went on to invent and fabricate other key 
technologies including fiber amplifiers and lasers 

[19] (glass recognized to be a low loss host for rare 
earths). The first application of these technologies 
was improving optical detection using lidar [20] – 

not without some truth, optical sensing enabled 
telecommunications, something we don’t always 
appreciate today. These developments paved the 

way for active components and fiber fabrication 
developed by the interesting collection of 
decussating disciplinary experts Cliff Fonstad, 

Robert Maurer, Peter Schultz, Donald Keck, and 
Frank Zimmer [21]. They themselves were 
emboldened by calculations and measurements on 

silica brought to Corning by Charles Kao [22] 
(though no reference was made), who in turn was 
directed to pursue the search for low loss materials 

by his mentor George Hockham [23] (possibly one 
of the quickest undeservedly unrecognized figures in 
the history of the optical fiber). In fact Charles Kao 

(Fig. 1) was picked, perhaps by the spin of a roulette 
wheel, from this menagerie of achievers to get the 
official, global recognition – the Nobel Prize in 

Physics (not chemistry?). Today, optics, or photonics 
to be more precise, has come of age and in doing so 
has opened up hitherto new possibilities across 

nearly all areas of human endeavor (or travail). 
Closer to home, fiber sensing has certainly exploded 
and made its presence in the field of optical sensing 

more generally felt, even if the commercial uptake 
remains relatively small beyond data transmission. 

But there is always more: at the 3rd Asia Pacific 

Optical Sensors Conference, Allan Lau enthralled us 
with the convergence of photonics and aerospace 
vehicles, describing the work towards smart sensor 
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networks embedded within new composites of our 
newfangled aerospace vehicles [24]. These are 
amongst the first steps towards introducing the 
sensory network required to turn flying machines 

smart, with all the implications that has (as I write 
this, almost certainly one of Barak’s hapless drones 
is taking full sovereignty of wireless and optical 

sensing to cause all manner of mischief thousands of 
kilometers away, further frustrating his 
predetermined journey of peace). 

2.4 Reaching out 

With the optical fiber, in the ground and in the 
sea, soon joining wireless in the air and space, our 
planet and its immediate surroundings are truly 
wired up on an unprecedented scale. With missions 
to the Mars and other extraterrestrial visitations on a 
quest using optical sensing to look for any native life 
forms [25] that could pose a problem for mining and 
real estate expansion programs, this network looks 
to become not only a global village but a galactic 
one (the demands for superluminal velocities will 
surely increase). And behind it all will be 
diagnostics, particularly optical – even our mobile 
phones require light emitting diodes (LED), organic 
LEDs (OLED), active matrix LEDs (AMOLED) etc) 
and charge coupled devices (CCD) and compound 
metal oxide semiconductor (CMOS) (arrays most 
often used as cameras but increasingly used as 
optical sensors in their own right [26]. All of this 
brings a potential capacity and capability, when 
operating together, that makes machines and 
networks smart, smarter together, and used widely – 
finally bringing, in my view, a genuine new 
evolutionary pressure to real change within us. But 
perhaps not quite the way Arthur envisaged – after 
all evolution has never shown any commitment to 
progress or improvement. 

3. Smarter Grid 

3.1 Scale and privacy 

These networks that span so far, perhaps in the 

future in every nook and cranny we look in, will 

essentially resemble increasingly the same smart 

grid of neurons that fill our heads with fanciful 

thoughts (or if you are an Android electric sheep 

[27]), most of which we deem sufficiently sensitive 

enough to keep private. Privacy is in fact another 

one of the great challenges people like Mark 

Zuckerberg kindly reminds us through his Facebook 

[28], growing like a pervasive electronic weed in our 

internet jungle, affording a novel route to defeat the 

resistance to Orwell’s long overdue 1984 [29]. In 

fact, with the luxury of having all kinds of sensors 

with capabilities that exceed ours being steadily 

integrated into an increasingly complex network run 

by increasingly organic software, it may not be so 

long before our wireless and optical grids are really 

smart – smarter grids than our own that could reach 

deep into space. 

3.2 Pervasiveness and optical sensing 

The biggest practical challenges of the Smarter 

Grid are technical in nature - as the system grows so 

too does the need to overcome or exploit obstacles 

or challenges such as loss, nonlinearities, cross talk, 

signal encoding and more. Some of the solutions 

offered by researchers such as Xiaoyi Bao (Fig. 2) in 

controlling Brillouin frequency shifts and 

fluctuations [30] for the immediate application to 

optical sensing will also play an important part in 

resolving more broadly many of these challenges. In 

turn, Brillouin sensors could be one very useful  

 

Fig. 2 Controlling those frequency shifts and fluctuations for 

effective Brillouin sensing – Xiaoyi Bao [30]. 
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technology at the sensory end of the narcissistic 

Smarter Grid monitoring structural health of 

buildings, power plants, homes, refrigerators, 

massage chairs and more before and after natural 

disasters such as windmill-thrashing hurricanes in 

the United States and nuclear-busting tsunamis in 

Japan and Indonesia. The Smarter Grid will also 

handle concomitantly, and by now enthusiastically, 

our health systems; for example, a patient being 

sharply imaged for internal cancers using David 

Sampson’s on-line, pain-free optical fiber imaging 

needles (Fig. 3) [15]. 
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Fig. 3 A medical SmartGrid and where new technologies may fit (actual image of a fiber needle is adapted from [31]. 
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Fig. 4 An example of an energy SmartGrid (source: 

http://www.iteresgroup.com/services/smart-grid/). 

Arthur and Stanley Kubrick again remind us that 

a computer that reaches the threshold of intelligence 
may in fact develop neuroses [32] thus the cogitative 
unease that our local medical centers are unlikely to 

improve under machines. In any case, the “smarter” 

grid (Fig. 4) will be able to integrate millions, or 
billions if not more, of new sensors across our 

galactic village, no matter the type. In fact, Alexis 
Mendez (Fig. 3) gave us significant insight at the 
range of technologies being explored and 

commercialized today [33]. 

4. Predicting the future 

4.1 Evolution with regression 

The internet today has already spun into an 
incredible new world of overwhelming human 

activity that would not have been conceived by its 
creators – the very fact that human 
interconnectedness can be manipulated and directed, 

and even transformed and trivialized, by purely 
electronic data gathering and sharing such as 
achieved by Facebook and Wikipedia, for example, 

is telling. Mike Keefe’s humorous evolutionary plot 
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(Fig. 5) summarizes some of the immediate concerns 
for everyday people [34]. What impacts society is 
not necessarily the fantastic new technology, 
indistinguishable perhaps for many people from 

magic, but its use and the more degrees of freedom 
the more unpredictable that use can become. 

 
Fig. 5 Mike Keefe, Cartoon, [34] (image source: 

http://www.intoon.com/cartoons.cfm/id/68559). 

4.2 Impact of intelligent networks 

Not so SmartGrids originated (Fig. 6) and have 
been developed largely within universities [35], with 

innovations often funded by defense, so it is not 
surprising that much of what we see today, both the 
hardware and applications, has spun out from them. 

Apple and Microsoft, for example, largely owe their 
technologies to ideas and solutions developed within 
the university environment and within large research 

laboratories from a peculiar and exclusive golden 
era of industrial research within the United States 
that seems to have gone the way of an Aristophanes 

play [36]. 

 

 
Fig. 6 A school educational SmartGrid (source unknown). 

But the next generations will be significantly 
different – data accumulation and sharing, where 
impact seems highest, does not require a university 

degree (although a philosophy degree may help), 
and much of the technology driving the internet is 
open and available to all. New concepts and 
opportunities accessible to all are appearing all the 

time (Fig. 7), such as Google’s Android open access 
software [37] along easily programmable state of the 
art optical components within mobile phones [26]. 

The degree of unpredictability and potential is 
growing. One of the most transformative examples 
in terms of cognitive impact, of significant political 

and philosophical originality, has to be the very 
existence and success of Wikileaks to date, 
achieving more in news reporting and freedom in its 

short lifetime than the entire history of modern 
reporting [38]. Remarkably, it broke out from a 
largely insular hacking environment of largely 

young people with nothing else to do, making it a 
genuine precursor for something that is perhaps the 
antithesis of Big Brother in 1984 [29]. Of course, the 

caveat being that any data accumulation and sharing, 
no matter the initial good intentions, can easily 
become Big Brother, or just destructive, through 

human, or machine, neurosis (the extraordinary 
behaviour of Daniel Domscheit-Berg in crippling 
Wikipedia, whilst mired in denigrating gossip  

 
Fig. 7 Generation of software paradigms that are impinging 

on culture and educational transformation through commercial 

enterprise is sending signals of the potential for a strong change 

in education where the past pre-eminence of universities and 

other institutions, and their relevance, is challenged. Of 

particular note is the increasing association of opportunistic 

software entrepreneurship with technology and intellectual 

capacity once associated only with the university educated; a 

“brain drain” from Australia [40]. 
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accusing Assange of having sex with his cat in his 

book [39], illustrates this amply). The role that the 

young generation plays remains as critical and as 

profound as the role an intelligent machine like HAL 

[32] may play in the future. 

 
Fig. 8 Technology poses equally important evolving 

challenges across the entire spectrum of society: political, 

economic, legal, education, social, and motivational. 

4.3 Social and biological consequences 

In short, the data collecting technology is the 

heart of it all, and much of this data collecting 
technology can invariably be described as being 
collected by the sensing technology. It therefore 
impacts our social, legal and humanitarian culture, 

our politics, our economics, our education, and our 
health (Fig. 8) – it has taken a much broader role in 
complementing the limits of our own organic 

machinery in extending and sharing the diagnosis 
and manipulation of our world. So profound is the 
impact of this sensory extension that there is some 

evidence it is already changing us physically. For 
example, memory is being lost by a significant 
portion of the current young generation as they rely 

more and more on external information sources such 
as smartphones and other access pathways to 
internet derived information reservoirs (such as 

Wikipedia) rather than their own brains [41]. The 
human brain appears to be responding to this by 
actually shrinking, perhaps leading to a future 

generation of Alzheimer ridden, Wii playing 
teenagers (Fig. 9). The impact on pattern 
identification and therefore some profess will be 
profound, at least until we can embed such 

reservoirs directly into our brains. 

 
Fig. 9 Wii-playing teenage bipeds perhaps struggling to 

remember tennis moves after memory loss using smartphones 

(image source: http://www.sjcpls.org/calendar/2011-12-30). 

In parallel, a new generation of less pretty nerds 
and geeks are appearing. They are long outcast from 
the social norms of the society and many spend their 

time buying lego mindstorms undertaking robotic 
experiments that would make some engineering 
professors cry in shame. In addition to accelerating 

the Terminator’s age of the machines [12], they are 
effectively establishing the skills needed to take 
control of their empty, usually prettier, peers in new 

and clever ways. Thus rather than the utopian ideals 
we, and Arthur, would hope a galactic village brings, 
the internet may catalyse the earlier prediction by H. 

G. Wells in 1895 of a future society run by 
subsurface Morlocks (having survived a “carbon 
ruined” world) feeding on the mindless but youthful 

and pretty Eloi (Fig. 10), the one our hero prefers [42] 
much to the admonishment of our Big Bang nerds 
[43] well into the future yet again. 

 
Fig. 10 Speculations and stereotypes into the future – H.G. 

Wells Time Machine [41]: the pretty Wii-playing Eloi 

subjugated by the less attractive, and therefore evil and nerdier, 

Morlocks (image source: 1960 film version 

http://www.clubdesmonstres.com/best/htm/morlock_1960.html). 



                                                                                             Photonic Sensors 

 

  200 

5. Conclusions 

Through reflection and musings I have 

attempted to convey the potential impact on optical 

sensing, because of its commonality to our dominant 

personal sensor mode (we use our eyeballs as optical 

sensors to detect the information on our smartphones, 

which may also be using optical sensing, for 

example), will have on our society. That is impact 

beyond the immediate function of data gathering; 

rather laying the groundwork for how we function as 

a society in the future and how we transform even 

ourselves when we effectively extend our sensory 

input (perhaps whilst simultaneously diminishing 

our existing ones). Some of it is genuinely 

unpredictable; but all of it needs continual 

consideration but just as recently the significant 

ethical controversy surrounding the publication of 

the first synthetic malaria virus led to it being 

withheld subject to further debate [44]. This is a 

timely and important reminder that each new 

generation of young optical scientists and engineers 

needs to consider issues that may appear to go 

beyond their specific sphere of interest. This is 

especially important given they are entering an era 

where their non-university educated peers may 

indeed be able to exploit, on a grander scale, their 

own technology developments ahead of them if they 

don’t spend the time considering these big picture 

challenges. That they can do this with largely a lack 

of a broader education is hardly surprising because 

the monetary gains provide a very valuable incentive 

for people to create much focused opportunities 

regardless of their background. But education (and 

these days it can be obtained independent of the 

universities, even on-line) and foresight built on 

something more than money are important because 

monetary driven opportunities are nearly always 

short-sighted and are rarely able to be stopped if 

something goes awry. 

I have indirectly hinted that some guidance 
towards the broader, long-term impact of science, 
engineering and technology may be gained by 

revisiting old and new science fiction where 
futuristic concerns and directions can always be 
re-evaluated with new inputs and insights as time 
goes on and form different sections of our 

community. There is a need for a generation of new 
visionaries and “wise ones” (perhaps equivalent to 
Aboriginal elders of Australia who may have likely 

developed a visionary culture in the spiritual domain 
by ingesting hallucinatory indigenous “pituri” 
nicotine [45]). Good science and engineering for 

tomorrow’s galactic village still requires integrity 
and a decent set of ethics and standards based on 
having a larger picture and a set of role models, 

perhaps something more than the type to earn 
Maxwellian wrath [1]. 
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