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Read SPIE Professional 
online
Articles in SPIE Professional’s 

online magazine will now be 
open-access to members of the 

optics and photonics 
community and the 
general public.
 With thi s  i s sue 
of SPIE Professional, 
articles about LED 
metrology,  remote 
s e n s i n g ,  o p t i c s 
entrepreneurship and 
more, which previously 
were reserved for SPIE 
members only, will be 
freely available at spie.
org/spieprofessional. 
 The move responds to reader feedback 
that logging in to the website was a 
barrier to reading and sharing the 
articles in the magazine. Opening up 
the magazine to the general community 
will also bring more online visibility for 
members who contribute articles and 
who are featured in articles.

 “We are very excited that the Society’s 
members will receive broader exposure in 
the online issue of SPIE Professional,” says 

SPIE Fellow Sergio 
Restaino, chair of the 
SPIE Membership 
Committee. “These 
a r t icle s  wi l l  now 
be open to anyone 
searching online for 
information on optics 
and photonics and 
for people looking 
for career, R&D, and 
industry articles.”
 The six-year-old 

member magazine has recently expanded 
to include technology overviews and 
research highlights as well as articles on 
career topics, photonics events, and how 
photonics benefits humanity. Online 
articles in the magazine’s archives, as well 
as past articles in the Leadership series 
and Career Steps series, are also being 
made open access.

 “SPIE Professional magazine is an 
excellent source of information about 
the global photonics community,” says 
Krisinda Plenkovich, director of education 
and community services at SPIE. “In 
surveys, over half of our readers said that 
they shared or discussed articles with 
colleagues or students. We want to make 
sharing information easier for them.”
 Let us know what you think of the new 
accessibility: spie.org/spieprofessional. n
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SPIE & PHOTONICS MEDIA PhotonicsPrismAwards.com

Finalists announced  
in November  

 
Over the last four years The Prism Awards 

has recognized award winning products 
that have shaped the future of our 

industry—and our planet.  
Winners include: Agilent, GE,  

Hamamatsu, JenLab,  
and Tessera. 
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PRESIDENT’S LETTER

SPIEDigitalLibrary.org
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Biomedical Optics

R&D at risk
Photonics has enabled many remarkable 

improvements in life throughout the world. 
Our smart phones deliver immediate 

information over the photonics-powered Internet on 
beautiful displays enabled by processors and memory 
manufactured by laser lithography. Hospitals, clinics, 
and aid teams in remote areas are able to deliver 
life-saving care with light-based therapies. And 
photonics technology is helping to supply clean 
water and sustainable energy solutions. 
 Parallel to these advances enabled by optics and 
photonics, our current economic problems are being 
met with drastic budget cuts. As a result, the future 
of science and technology R&D is at risk.
 Government officials everywhere are overwhelmed 
with appeals for support from interest groups, of 
which the photonics sector is only one. Many 
scientists and engineers have met with elected policy 
makers and their staffs to argue for support for science 
and technology (S&T) and science, technology, 
engineering, and mathematics (STEM) education.

Increasing our visibility
 As we look at more belt tightening across the 
globe, it is becoming imperative to communicate 
the value of our field, to point out what social, 
economic, and security benefits optics and 
photonics have already brought, and to depict the 
extraordinary impact to come.
 Comprehensive surveys of the industry are one 
way to help inform policy makers.
 The Photonics21 Vision report for Europe 
from this spring and the new German program, 
“Photonics Research Germany—Lighting the 
Future,” are two of the most recent efforts being 
made to keep science and technology moving ahead.
 At 2011 SPIE Optics + Photonics in San Diego, 
five members of the U.S. National Academies’ 
Harnessing Light update committee, led by 
committee co-chairs Paul McManamon and Alan 
Willner (pictured below), held a town hall forum 
to discuss the committee’s report on photonics in 
the United States.
 The report they are tasked with writing has the 
potential to help channel funding to the industry—
if it can persuasively and accurately portray the 
importance of this enabling technology.

 A t  t h e  f o r u m , 
participants grappled 
with many challenges 
c o n f r o n t i n g  t h e 
photonics industry, such 
as economic stability, 
R&D funding, and the 
workforce for the future. 
A major concern was 
quantifying the impact 
of the photonics industry 
on national and global economies. 
 John Greivenkamp, who served on the first 
Harnessing Light committee in 1998, pointed out 
that it’s “very hard to sell an enabling technology.”
 Several audience members suggested that the new 
report focus on the potential for job growth and that 
it engage industry’s assistance in linking political 
action with technology-based economic growth. 

Economic 
improvements for all
 SPIE executive director Eugene 
Arthurs was among those who 
stressed the urgency of the task, 
characterizing the current moment 
with a metaphor for how impending 
disaster can cause a major change 
in behavior.
 “The last report was written at 
a time when we were complacent,” 
Arthurs said. “Now, we’re on a 
‘burning platform.’ Significant 
changes in the metrics and 
incentives for our R&D spending 
are needed, as are tax changes to favor investment 
over the timescale of innovation.”
 As global economies fight to stay afloat through 
deep financial cuts, it’s important we not lose ground 
in the advances we’ve made so far. 
 We must capture the attention of our politicians 
and policy makers and engage their partnership in 
ensuring the continued progress of the photonics 
industry. 

Katarina Svanberg  
2011 SPIE President

Join the discussion 
about the future of the 
photonics industry. Go 
to harnessingminds.
org and add your 
comments about the 
Harnessing Light 
update.

Take a survey about the 
photonics industry on 
this site and SPIE will 
forward the responses 
to the National 
Academies’ committee 
working on the study.

harnessingminds.org

SPIE Fellow Philip Stahl 
discusses the importance 
of funding optics R&D.
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CAREER

Optical design expert Max Riedl 

owes his career success to 

scientific collaboration.

SPIE Fellow Max Riedl has worked in the 
field of electro-optical instruments for 
more than 50 years. He is the author of two 

SPIE Press books, Optical Design Fundamentals 
for Infrared Systems and Optical Design: Applying 
the Fundamentals, and his recent autobiography, 
A Full Life.
 Riedl’s autobiography, which he self-published 
for his two grandchildren, other family members, 
and friends, traces his life from Germany, where 
he was born in 1926, to his education in precision 
mechanics and optics, and his immigration to 
the United States in 1953. Riedl, who holds an 
engineering degree in precision mechanics and 
optics and has taught courses for SPIE, worked 
as a design engineer and later rose to become 
president and CEO of two U.S. optical companies. 
 He says the most rewarding project of his 
professional career was working on the Airborne 

InfraRed Telescope (AIRT) for MIT Lincoln 
Laboratory while employed at Infrared 

Industries.
 In this edited excerpt from A Full 
Life, Riedl remarks on how important 
scientific collaboration was in his 
professional life.

Start at Acme Industrial 
 I had been transferred to the 

whol ly  ow ned sub sid ia r y, 
Acme Scientific Company 

(Chicago) in 1956. Now 
I was the chief engineer 
of the organization that 
employed 35 people. The 
general manager was 
Alois Krakau who had 
come from Berlin in 
1926.
 Not long after I had 
been working at Acme 
Scientific, it became 
my responsibility to 
repair a very complex 
optical instrument, 
an interferometer that 

was designed by Acme Scientific during World 
War II. Only two had been built: One for the 
National Bureau of Standards in Washington, 
DC, (now the National Institute of Standards and 
Technology) and one for the laboratories of the 
U.S. Army’s Aberdeen Proving Ground. 
 The system that needed repair came from 
Aberdeen. There were no drawings and no 
specifications I could refer to. All records were 
lost or destroyed. 
 I was familiar with the optical principle of 
the instrument from my studies, but had never 
seen such a device. How could I find out what 
was wrong with it and what performance was 
expected? 
 I called the Bureau of Standards, explained my 
situation, and asked for permission to visit them to 
look at their instrument, which was functioning 
properly. I flew to Washington and met with the 
chief scientist who was very knowledgeable about 
the interferometer. The help and support I got 
from him and his associates was unbelievable. I 
never would have received that kind of treatment 

The Airborne InfraRed Telescope (AIRT) being  
loaded for shipping to the East Coast.

Riedl received the 1991 Photonics Circle of Excellence Award for devel-
oping the first commercially available diffractive imaging optics while 
working for Optical Filter Corp.

http://spie.org/x648.html?product_id=412729
http://spie.org/x648.html?product_id=412729
http://spie.org/x648.html?product_id=412729
http://www.nist.gov/index.html
http://www.nist.gov/index.html


CAREER

from any government agency in the old country. 
 After I explained in detail in my fragmented 
English what I needed to know, Mr. Sanders, the 
chief scientist, went out of his way to help me. 
He even made suggestions for suppliers of certain 
optical elements if they needed to be replaced. 
When I left him, I knew I could do the job.

Difficult interferometer test
 … When the system, which measured about 
six feet in height, was functioning properly again, 
I called the local government inspector for an 
acceptance test.
  I was actually a bit disappointed. When I went 
through a well-prepared demonstration sequence, 
he just observed what I was doing and commented 
at the end, “I really don’t understand anything 
about such things, but I believe you. I just came 
from inspecting toilet seats. That’s easier for me.”
 At the end, it may have hurt my pride, but really, 
I was the one who gained most from this project. 
 … Only those who are familiar with the 
subject appreciate how difficult it was to align 
and adjust an interferometer before the laser 
became that ideal 
monochromatic light 
source. In the 1950s, 
gas-discharge lamps 
were used as light 
sources. The laser was 
first demonstrated in 
1960 by Ted Maiman, whom I had the honor to 
meet, but that was much later. 
 … Interestingly during this time, I also visited 
DePaul University in Chicago and met the last 
surviving member of the original Michelson 
team. (Albert Michelson was the clever scientist 
who came from Poland and had invented the 
interferometer in 1887 with Edward Williams 
Morley to determine whether an ether exists 
around the Earth.) The scientist I met from 
DePaul University was sitting in a wheelchair, and 
we had an interesting conversation that lasted a 
few hours. For me it was living history.

Trio at Infrared Industries
 … I started work at Infrared Industries on 
May 1, 1962. … Work was very satisfying. I was 
developing a number of optical measuring systems 
and learned some of the art of lens design from 
our chief optical designer Warren Smith. 
… I mention his name specifically, because 
over the years, he had the most influence on my 
professional life. He was a very intelligent man 
and an extremely practical engineer. …
 In 1964, Lowell Baskins, a very bright physicist 
from Lockheed, joined the team. That was good 
for me. I was now close to a top-notch lens designer 

and a brilliant physicist, and I soaked up what I 
could learn from them. 
 … Soon our combined talents were integrated 
into a creative trio. As such, we were able to win 
many government contracts for unique electro-
optical systems. 
 Lowell provided the calculations based on the 
laws of infrared radiations, I came up with the 
concept layout, and after Warren designed the 
optical train with all its elements specifications, I 
finalized the system design. As project manager, I 
was responsible for the manufacturing, assembling, 
and testing of these electro-optical devices. 
 Most of the time, our proposals included 
charcoal sketches of a three-dimensional view 
that I had made to indicate what the finished 
product would look like. First I was surprised 
how much that helped. I found out that many 
people have difficulty imagining structures three-
dimensionally from engineering drawings. 

Teamwork and new products
 This arrangement of working together as a 
three-member team led to a restructuring of 

the company. While 
Warren remained chief 
optical designer with 
the Optics Division, 
Lowell headed the 
Electronics Division, 
and I was promoted 

to be the manager of the newly formed Design 
Support Group serving both divisions. In 
this function, it was also my responsibility to 
participate with my team in the development 
of proprietary company products, ranging from 
medical scanners to optical pyrometers, radiation 
standards, collimators, and machine-table-
position readout devices, to name just a few.
 … In addition to having such great people as 
Lowell and Warren on the team, I also engaged a 
local friend, Gunnar Michelson, a stress analysis 
expert who was needed to test the air-worthiness 
of the AIRT system. Safety and flight stability 
were factors to be met. 
 Again, what a great opportunity for me to 
interface with such smart individuals. I visited 
on occasion other experts in the field at the 
University of Southern California to discuss 
certain aspects of the tasks that the telescope had 
to perform in the air. One was the air-turbulence 
effects at the aircraft window on the image quality. 
I learned a lot.
 It was the type of a project an engineer hopes 
to be involved in after graduation—instead of a 
disappointing assignment such as a change order 
for a screw in an assembly. n

The most rewarding project  

of his professional career  

was working on the Airborne 

InfraRed Telescope (AIRT)

SPIEDigitalLibrary.org
Find the answer

Call for
articles
SPIE Professional 
is accepting article 
proposals for the 
2012 issues of 
the SPIE member 
magazine.

Future issues will 
cover career and 
industry topics as 
well as advances in 
biophotonics, lasers, 
optical design, 
defense and security 
technologies, 
lithography, and 
more.

Do you know of a 
researcher, engineer, 
or entrepreneur who 
is making the world a 
better place? 

Please submit your 
idea as a short 
outline or abstract 
to spieprofessional@
spie.org.

Optoelectronics & 
Communications
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Developing 
your ability 
to influence
Developing leadership 
ability and becoming 
more influential 
could be the most 
challenging aspects 
of your professional 
development. The 
information available 
on leadership is often 
conflicting, which makes 
the challenge even more 
difficult. 

Gary Hinkle of Auxilium 
likes to simplify 
leadership development 
by focusing on the 
specific aspects that are 
most beneficial. 

An excellent resource 
who does this well is 
John C. Maxwell who 
focused a series of blog 
posts earlier this year on 
leading difficult people.

Hinkle also recommends 
Influence Without 
Authority by Allan 
Cohen and David 
Bradford, which 
has many practical 
examples and a useful 
website.

An engineering career is a challenge, 
not something for people who aren’t 
passionately interested in the intriguing 

practice of mechanical, electrical, civil, or other 
engineering disciplines in the real world. As 
engineering students, you endured and conquered 
a hefty load of advanced coursework in math, 
physics, and other subjects that may not, at times, 
have seemed to have any practical application in 
the real world. 
 Soon after starting your career, however, you 
realized that your academic education was just the 
beginning, and that career-relevant continuing 
education is critical for success. In his book, 
Stuff You Don’t Learn in Engineering School, Carl 
Selinger writes, “Engineers are concerned not 
just with technical competency, but with so many 
things … that their engineering education has 
not prepared them for.” Investing in continuing 
education should be a life-long commitment.
 When it comes to improving on technical 
competencies, classes, books, websites, white 
papers, and other tools are readily available to help 
you learn the theories and methods. But there are 
other subject areas engineers must also be good 
at that are equally, sometimes more, important; 
and these aren’t as easy to figure out on your own.
 Engineers need to develop plans that equip 
them to tackle priorities systematically and 
continuously improve competencies such as:

COMMUNICATION
• Creating and delivering effective technical 

presentations
• Documenting work products
• Transferring knowledge to peers
• Meeting commitments and accepting 

accountability
• Participating in team meetings
• Working well with others

LEADERSHIP
• Delegating work to junior associates 
• Influencing colleagues to accept new ideas
• Negotiating compromises

BUSINESS SKILLS
• Making good business decisions

• Following company-specific processes
• Contributing to the organization’s continuous 

improvement
• Accurately estimating time and effort needed 

to complete assignments
• Managing conflicting priorities
• Planning
 As engineers take on project leadership roles, it 
can be a major challenge to significantly improve 
in the areas listed above. 

Improving estimation skills
 Let’s take estimation skills as an example. 
The inaccuracy of project estimates is one of the 
biggest problems that concerns business managers. 
 When engineers lack knowledge of robust 
estimation methods and a track record of reasonable 
accuracy, managers tend not to trust estimates and 
often push for  unachievable project schedules.
 This problem can be avoided through education 
about the fundamentals of project estimating.
 The first step you can take to immediately 
improve the accuracy of estimates is to make sure 
that the scope of the project is defined, bounded, 
and clear. If not, speak up and ask for clarity and 
boundaries. 
 Inform the people who are responsible for scope 
definition that a well-defined, bounded scope is 
a prerequisite for accurate estimates. If pressured 
to provide an estimate with unsatisfactory 
project scope, provide your best estimate based 
on conditions that you define, and make it clear 
that your estimate is based on those conditions.
 The next step is to break down your tasks 
into manageable pieces. Each task should have 
a duration of no more than five days. If you are 
defining tasks that extend beyond that, break 
them into subtasks until no task or subtask 
exceeds five days. 
 When you break down your work with this 
granularity, important details are realized that 
might have been overlooked otherwise. Another 
benefit is that estimation errors are generally 
minor with short task durations, and over/under 
errors tend to be balanced such that the net 
accuracy is acceptable.

eveloping
trategies

Engineers need 

exceptional growth plans 

for their careers.

By Gary Hinkle

SPIE  
Leadership 
Series
Looking for  
inspiration or  
advice about 
becoming a  
successful optics  
and photonics 
professional? 

Find the Leadership 
Series online at   
spie.org/leaderseries.
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CAREER

Professional development plan
 Too many companies let productivity 
issues, low morale, and retention problems eat 
away at their profits because managers aren’t 
adequately directing employee development. 
It’s great when human resources departments 
are driving training and education, but that’s 
no substitute for managers who are really tuned 
in to the needs of the people who directly 
report to them. 
 Management deficiencies can’t be solved 
overnight, but a culture of self-management 
can be established by equipping engineers and 
managers with comprehensive professional 
development plans. A good development plan 
serves as a roadmap for ongoing contributions 
that meet or exceed an employer’s expectations. 
 If you believe in your plan, you should be 
motivated to follow it on your own. Managers 
should be supportive, but you should create your 
own development plan.

Four steps for creating your plan
1. Assess your strengths and weaknesses broadly 

using the competencies listed earlier. Combine 
them with important technical proficiencies 
and other known skills that are currently 
needed and those needed for career growth.

2. Prioritize the weaknesses. Ask trusted manag-
ers and colleagues which weaknesses would be 
most beneficial to address.

3. Focus on the top three competencies to devel-
op. Create a detailed plan for each competency 
and include a timeline for completion.

4. After satisfactorily developing those three 
competencies, reassess and repeat indefinitely.

 Over time, it’s likely that different skills will 
become a priority while other skills languish a bit. 
This is especially true for technical skills, as new 
technologies and tools replace those that become 
obsolete or irrelevant. One example is shifting 
from a role where management skills (scheduling, 
budgeting and planning) are important to a role 
where leadership characteristics (influence and 
negotiating ability) are essential. 
 These are the situations that require a 
strong commitment to continuing leadership 
education. n 

Gary Hinkle is president 
and founder of Auxilium, 
Inc., a firm that offers 
product development 
services and continuing 
education for technical 
professionals. His 
experience includes a 
variety of management 
and staff assignments 
with companies involved 
in the development and 
manufacturing of high-tech 
products. He consults on 
R&D management and 
leadership and technical 
teambuilding. His SPIE 
webcast, Essential Skills 
for Engineering Project 
Leaders, is available to  
SPIE members online.
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PHOTONICS FOR A BETTER WORLD

Light on Human Rights 
Remote-sensing technologies brings attention to human  
rights problems.

By Jonathan Drake

Photonics
For a Better 
World

As a trained scientist, 
it ’s  my nature to 
look at the world 

as objectively as possible. 
However, there are some 
circumstances in which one 
cannot simply remain neutral. 
During my second year of 
graduate school in Arizona 
(USA), I encountered one of 
those situations.
 I had come to Tempe from 
the East Coast to study Mars. 
There, I spent my days in 
front of computer screens, 
analyzing data f rom the 
thermal-emission imaging 
system (THEMIS) aboard the 
Mars Odyssey spacecraft. 
 At the same time, my 
girlfriend was serving in 
AmeriCorps, the Peace Corps’ 
domestic equivalent, working 
at a refugee resettlement agency in Phoenix. It was there at a 
weekend cookout with the agency’s recent arrivals that I met 
an articulate Congolese former university professor—who was 
then working as a janitor at Phoenix Sky Harbor International 
Airport. 

 O v e r  t h e  f o l l o w i n g 
semesters, I derived much 
personal satisfaction from 
s e r v i n g  a s  a  vo lu nt e e r 
“American f r iend” to the 
professor, whom I will call G, 
and the other refugees. Far 
removed from the academic 
wor ld  t h at  I  i n h abite d, 
they were struggling, not to 
earn a degree, but simply 
to adapt and survive in an 
alien society, having f led 
from their own homelands 
under the most desperate of 
circumstances. I was happy 
to assist by showing them 

around the city, going on hikes, and generally helping them 
to adapt to and understand the United States.
 The experience led me to consider how I might apply my 
own specialized knowledge to humanitarian problems.
 Four years later, my colleagues and I at the American 
Association for the Advancement of Science (AAAS) 
Geospatial Technologies and Human Rights Project use 
satellite imagery to document and corroborate reports of 
conflicts affecting human rights.

Images corroborate reports
 Until very recently, the ability to obtain high-resolution 
imagery over hostile territory was the exclusive privilege of 
the handful of governments who could afford the enormous 
expense of launching satellites into orbit. The last decade, 
however, has seen the rapid introduction of commercial 
imaging spacecraft with spatial resolutions below one meter per 
pixel. This has led to an explosion of capabilities for businesses 
and non-governmental organizations, many of which are still 
only beginning to be realized. 
 For the human-rights community, it has meant that 
atrocities, which previously were documented only by the 

AAAS identified 116 SOS messages painted on roadways and other horizontal surfaces 
during the June 2010 ethnic clashes in and around the city of Osh in Kyrgyzstan. AAAS 
used the software packages ERDAS Imagine and ArcView for processing satellite imagery 
from Digital Globe’s QuickBird-2 and creating geo-referenced damage assessments. 
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Continued on page 12  

breathless verbal accounts of those 
fortunate enough to escape, can now be 
confirmed by orbital imagery in exacting 
detail.
 However, matching specific reports to 
the corresponding imagery is not as easy 
as it sounds.
 For example, early field reports of an 
attack are frequently full of confusing 
and contradictory information due to the 
chaos inherent to armed conflict. This 
is particularly true regarding location 
information, and it is often compounded 
by language barriers between survivors 
and the aid workers who transcribe their 
accounts.
 Complicating matters even more 
is the propensity of ethnic minorities 
to employ naming conventions that 
may differ from the official place-name 
(assuming an official place-name exists; 
it often doesn’t). 
 Spelling and transliteration can also 
vary significantly between sources, with 
one group writing a report using the 
letters Q, S, or Ph in a place name and 
another group making a map of the same 
place using K, Z, and F. 
 Resolving these sorts of ambiguities 
represents a large component of our work 
and involves the use of numerous online 
databases, sophisticated fuzzy matching 
algorithms, low-resolution satellite 
imagery, intuition, and guesswork.
 On more than one occasion I have 
anxiously anticipated the arrival of a new 
image only to find that the village it was 
supposed to depict had been incorrectly 
identified, or worse, didn’t exist at all at 
the given coordinates.

Telescope optics
 The imagery we use is acquired from 
meter-sized Cassegrain telescopes with 
diffraction-limited optics located in 
orbits 700 kilometers above Earth. At 
this altitude, the satellite will pass over 
a target in minutes, only seconds of 
which is spent at the optimum viewing 
geometry. 
 Because of this, and despite what 
Hollywood has led many to believe, our 
field of view cannot zoom and pan in 
real time to follow a fleeing suspect; and 
the magical “enhance” command, sadly, 
exists only in fiction. 
 What does exist are CCD arrays that 
record a scene in multiple bands spanning 
the visible and infrared wavelengths and 

ground-based software routines that 
allow us to transform these panchromatic 
and multispectral layers in parameter 
space to create full-color composite 
images at 50 centimeters per pixel. 

Interpretation challenges
 Once an image of the correct area 
has been obtained and processed, 
interpretation often presents its own 
challenges.
 At maximum civilian resolution, 
individual human beings will present 
themselves as a single pixel. They are 
therefore extraordinarily difficult to 
distinguish from rocks, bushes, or other 
small-scale elements of a scene. Only 
when large numbers of people congregate 
in groups, as protestors did in Tahrir 
Square in Cairo, or refugees did while 
attempting to flee Misrata in Libya, is 
it possible to briefly glimpse the human 
component of the events from above. 
 An unfortunate consequence of this 
limitation is that atrocities resulting 
from landmines and small-arms fire are 
largely invisible; a militia could march 
through a village spraying gunfire and 
murdering hundreds, while leaving little 
observable trace.
 Most attacks, however, are not nearly 
that subtle. In the vast majority of cases 
we have encountered, the destruction 
is quite thorough, though the pattern 
of devastation often exhibits regional 
variations. 
 In Africa, particularly in places like 
Darfur, villages are often completely 
burned to the ground, leaving behind 
only smoldering ashes. Over time, wind 
and rain cause these burn scars to fade 
from view, but not completely. 
 On several occasions where a village 
has been re-imaged in the years following 
an attack, the faint outlines of the 
previous inhabitants’ homes are often still 
visible beneath the new construction. In 
Burma, by contrast, villages tend to 
disappear into the jungle without even 
a scorch mark on the ground, leaving 
no trace that the area had ever been 
inhabited at all. 
 In more industrialized conflict zones, 
such as Georgia and Libya, structures are 
more frequently smashed, blown up, or 
demolished by heavy weaponry. There, 
streets are often pockmarked with craters 



Light on human rights
t Continued from page 11

PHOTONICS FOR A BETTER WORLD

Technology
supports
humanity
The AAAS Science and 
Human Rights Program 
works to expand 
the applications of 
geospatial technologies 
to human rights issues 
through its Geospatial 
Technologies and 
Human Rights Project. 

Geospatial technologies 
include satellite images, 
Geographic Information 
Systems (GIS), Global 
Positioning Systems 
(GPS), and other optical 
technologies that allow 
for mapping and analysis 
of multiple layers of 
georeferenced data. 

Analysis of such data 
can provide critical 
information on the 
impact of remote, 
isolated conflicts on 
civilians, environmental 
and social justice issues, 
indigenous rights, and 
other humanitarian 
needs. Geospatial 
technologies enable 
non-governmental 
organizations and 
others to rapidly gather, 
analyze, and disseminate 
authoritative information, 
providing compelling, 
visual corroboration 
of reports of conflicts 
affecting human rights. 

This technology has 
been used successfully 
to document
• Political prison camps 

in North Korea
• Destruction of homes 

in the Gaza Strip
• Destruction of villages, 

livestock, and crops in 
Darfur

• Ethnic violence in 
Somalia, Dominican 
Republic, Congo, 
Nigeria, and other 
places

whose morphology can sometimes reveal the 
origin of the shelling.
 Along with damage patterns, I’ve recently 
noticed similar variations in the way different 
societies approach mass burial. At times like 
those, I’m glad I can’t see any greater detail.

Exposure and attention
 From our vantage point so far overhead, we 
are unable to receive the immediate validation of 
our work that is shared by human rights workers 
on the ground. Because of this, at times, it can 
be easy to wonder whether the effort we put 
into documenting abuses has been effective in 
diminishing their scope. It is then that I remind 
myself that human rights violations are like many 
types of diseases; they flourish when hidden and 
neglected. 
 Exposure and attention is sometimes an 
antiseptic on its own, and awareness of the 
problem is always a necessary precursor to 
successful treatment. 
 Remote sensing allows us to use cutting-edge 
technology to bring worldwide public awareness 
to the most closed-off and inaccessible corners 
of the globe, revealing, without bias or political 
agenda, what is actually taking place.

 My friend G never told me the story of why 
he was forced to leave his homeland, and I never 
asked. I’ve heard enough from others in his 
situation and seen enough in our imagery to know 
that it must have been bad. 
 At AAAS, I am able to combine my passion 
for science with my deeply held belief in human 
rights. It’s a privilege to be able to use my talents 
in this way so that in the future, people like G 
won’t have to flee from their homes ever again. n

–Jonathan Drake is senior 
project coordinator at the 
Amer ican Assoc iat ion 
for the Advancement of 
S c i e n c e’s  Ge o s p a t i a l 
Technologies and Human 
Rights Project. He has a BS 
in physics from Dickinson 
Col lege and an MS in 
geo l og y f rom Ar izona 

State University where he mapped periglacial 
geomorphology on Mars using the THEMIS 
instrument aboard the Mars Odyssey spacecraft. 
 Any views expressed are solely those of the author 
and do not represent an official position of AAAS 
or SPIE.

Satellites can keep seas safe

The European Space 
Agency (ESA) is looking 
into how to better share 

satellite data for an improved 
maritime-surveillance system.
 While satellite imagery can 
be used to locate and track 
vessels, monitor beaches and 
ports, and detect unlicensed 
fishing, human trafficking, 
and illicit oil discharges, no 
single country can afford to 
set up a system for maritime 
surveillance on a global scale.
 ESA hosted a workshop 
earlier this year to begin a 
discussion on how different countries could 
exchange and access satellite-based maritime 
surveillance information.
 One approach that could foster international 
collaboration is to combine satellite-based vessel 
detection information with identification information 
that all large vessels are required to transmit.
 “By fusing satellite imagery with standard 
Automatic Identi f ication System (AIS) 

information from both terrestrial and space 
systems, we could get a more detailed picture of 
what vessels are doing,” said Guy Thomas of the 
United States Coast Guard.
 Capt. Leopoldo Manna from the Italian Coast 
Guard agreed on a shared approach. “The workshop 
represents the start of a process by which different 
organizations worldwide engaged in maritime safety 
and security can agree on how to ensure systematic 
access to satellite-based surveillance,” Manna said. n
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Monitoring crops from space
Photonics
For a Better 
World

Because sustainable food production remains 
a pressing challenge, scientists have been 
assessing the potential of the future 

Sentinel-1 mission to deliver new methods of 
monitoring crops from space.
 Sentinel-1, expected to be launched in 2013, 
is one of the five missions that the European 
Space Agency (ESA) is developing for the 
Global Monitoring for Environment and Security 
program.
 While the design of the Sentinel-1 mission 
is primarily based on marine applications such 
as ship detection and sea-ice mapping, there is 
increasing interest in using its spaceborne radar 
data for monitoring crops grown around the 
world. A recent two-year campaign investigated 
the extent to which frequent coverage from the 
C-band radar on Sentinel-1 could deliver essential 
information to improve agricultural practices, 
estimate crop acreage, forecast yields, etc.

 The campaign was carried out over three 
distinctly dif ferent sites in Canada, the 
Netherlands, and Spain.
 According to the ESA, the results show that 
agricultural applications could benefit greatly 
from Sentinel-1’s all-weather images. The frequent 
coverage that Sentinel-1 offers is especially 
useful for monitoring crops where growth and 
management practices mean that they are 
constantly changing.
 “Different scientists working on data gathered 
over different regions have all drawn very similar 
conclusions: Sentinel-1 is going to be able to 
deliver very accurate data on crop classification 
around world,” says Heather McNairn from 
Agriculture and Agri-Food Canada.
 She says Sentinel-1 data on ‘leaf area index’ 
will also be useful to monitor how healthy and 
productive a crop is. n

Join the discussion 
celebrating the many 
ways that photonics 
are applied in creating 
a better world at 
PhotonicsforaBetter 
World.org.

Read more articles in 
the SPIE Professional 
series at spie.org/
betterworld. 

Do you have a story to 
tell about the work that 
you or colleagues do to 
make the world a better 
place? Write to us at 
spieprofessional@spie.
org.
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Editor’s Recommendations:  
Metabolic photoacoustic microscopy

Ruikang K. Wang of University of Washington 
suggests an article in the July issue of the SPIE 
Journal of Biomedical Optics on a noninvasive, 

label-free imaging modality that can simultaneously 
measure the anatomical, chemical, and fluid-dynamic 
parameters required for quantification of the metabolic 
rate of oxygen (MRO2).
 In “Label-free oxygen-metabolic photoacoustic 
microscopy in vivo,” Junjie Yao and colleagues 
at Washington University in St. Louis (USA) 
demonstrate label-free metabolic photoacoustic 
microscopy (mPAM) with small-vessel resolution to 
noninvasively quantify MRO2 in vivo in absolute units.
 mPAM has strong potential for the study of metabolism 
in cancer and other metabolic diseases, the researchers 
say. The modality can accurately measure tissue volume, 
vessel cross-section, concentration of hemoglobin, 
oxygen saturation of hemoglobin, and blood-flow speed. 
These measurements can be helpful for fundamental 
pathophysiological studies and early diagnosis and 
treatment of disease, as most diseases, especially cancer 
and diabetes, manifest abnormal oxygen metabolism.
 Current techniques either lack high resolution 
or rely on exogenous contrast, the researchers say. 
Compared with other oxygenation indexes of tissue, 
such as oxygen saturation (sO2) of hemoglobin and 
partial oxygen pressure (pO2), the researchers say 
MRO2 is superior “because it directly reflects the rate 
of oxygen consumption instead of the static oxygen 
concentration.”
 Other benefits and possible applications for mPAM 
cited in the article:
• High spatial resolution is essential for micro-

hemodynamic studies, such as monitoring of local 
hemorrhage caused by mini-strokes. 

• High sensitivity is critical for studies concerning 
small metabolic changes, such as monitoring 
neuro-vascular coupling in response to physiological 
challenges. 

• The potential for real-time imaging through fast 
optical scanning or ultrasonic-array detection 
is important for studies for monitoring epileptic 
seizures. 

• High spatial scalability enables correlation 
of microscopic and macroscopic studies (e.g., 
monitoring of local neuron firing and overall brain 
activity) based on the same contrast. 

 Source: Journal of Biomedical Optics 16, 076003 
(2011); doi:10.1117/1.3594786.

mPAM image on top is of the total 
concentration (CHb) of hemoglobin. 
The area indicated by the dashed box is 
enlarged at bottom and shows the oxygen 
saturation (sO2) of hemoglobin.
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SPIE reduces 
costs
for optics  
libraries
To help libraries 
contain costs, SPIE 
implemented a 10% 
rollback in pricing 
for institutional 
subscriptions to the 
SPIE Digital Library 
(SDL) in 2010 and kept 
prices frozen through 
2011. 

In an effort to continue 
providing optics and 
photonics educational 
resources to as many 
people as possible, 
SPIE is reducing prices 
by another 5% for 2012.

Along with this price 
cut, SPIE is expanding 
SDL services, features, 
and content, and 
is planning a new 
platform change and 
upgrade next year.

The world’s largest 
resource for optics and 
photonics research, 
the SDL features nearly 
320,000 journal and 
proceedings articles 
published from 1990 to 
the present and adds 
approximately 18,000 
new articles annually.

Learn more about the 
SPIE Digital Library at 
SPIEDigitalLibrary.org.
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Nanotechnologies for energy
 With our seemingly insatiable appetite 
for energy and the rampant growth of 
nanotechnologies, the convergence 
of alternative energy technologies and 
nanotechnologies was inevitable. That 
convergence is now occurring.
 SPIE Fellow Akhlesh Lakhtakia, editor-
in-chief of the Journal of Nanophotonics, 
recommends reading a survey article published 
in the journal in May by SPIE member Louay 
Eldada: “Nanotechnologies for efficient solar and 
wind energy harvesting and storage in smart-grid 
and transportation applications.”
 Eldada states that nanostructured thin films of 
copper indium gallium selenide (CIGS) are being 
used for high-efficiency photovoltaic modules. 
Nanocomposites are being used as blade materials, 
lubricants, and de-icing coatings in wind turbines.
 Advanced nanocoatings are often inspired by 
nature. For instance, Eldada points to research 
on ice-releasing properties of rough hydrophobic 
coatings, which mimic lotus leaves and the thin outer 
membranes of butterfly wings. These biomaterials 
naturally repel water because they resemble a bed 
of nails.

 Nanostructured electrodes and electrolytes also 
find use in storage batteries for use in alternative-
energy generating systems, smart grids, and 
electric vehicles. 
 Eldada identifies both current developments as 
well as opportunities for further research.
 Source: Journal of Nanophotonics 5, 051704 
(2011); doi:10.1117/1.3574149.

 The development of target-detection algorithms 
specific to hyperspectral image data is an active 
area of research; standard algorithms and their 
proposed variations are continuously being 
investigated.
 Among these standard algorithms are the 
matched-filter and the adaptive-coherence/
cosine estimator; which, according to the authors 
of an article in the May 2011 issue of Optical 
Engineering, are limited by their use of second-
order statistics.
 In “Hyperspectral target detection using 
regularized high-order matched filter,” Zhenwei 
Shi, Shuo Yang, and Zhiguo Jiang of Beijing 
University of Aeronautics and Astronautics suggest 
that target detection in real hyperspectral data 
benefits from higher-order statistics because targets 
do not follow normal distributions in real data.
 Additionally, the authors believe that target 
spectral variation can be addressed by the 
addition of a regularized term to the algorithm. 
Thus, they develop the RHF (Regularized high-
order matched filter) and test the algorithm 
against standard second-order and kernel-based 
algorithms.
 They tested the algorithms on various synthetic 
and one real image, and the curves of the receiver 

operating characteristics (ROC) are used as a 
metric for comparison.
 From the target-detection results on a real 
image, in which the RHF outperforms all other 
algorithms, the authors conclude that “the RHF 
could behave better in the case [where] targets of 
interest only occupy a few pixels, and spectra of 
targets have some variations.”
 This new algorithm shows promise for target 
detection in hyperspectral image data in the case 
the authors describe. 
 (Recommended by SPIE member Sarah Lane of 
Georgia Tech Research Institute Electro-Optical 
Systems Lab.)
 Source: Optical Engineering 50, 057201 (May 
2011); doi: 10.1117/1.3572118. 

 Water beads on hydrophobic butterfly wings.

Algorithms for target detection
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3D crystals have
electronic and
optical properties
In an advance that could 
open new avenues for solar 
cells, lasers, metamaterials, 
and more, researchers at the 
University of Illinois (USA) 
have demonstrated the first 
optoelectronically active 3D 
photonic crystal. 

“We’ve discovered a 
way to change the three-
dimensional structure 
of a well-established 
semiconductor material 
to enable new optical 
properties while maintaining 
its very attractive electrical 
properties,” said Paul Braun, 
a professor of materials 
science and engineering and 
of chemistry who led the 
research effort. 

The researchers used an 
epitaxial approach with 
gallium arsenide to create 
a 3D photonic crystal LED 
from the bottom up. This 
approach eliminates many 
of the defects introduced 
by top-down fabrication 
methods.

The team published its 
advance in Nature Materials 
and also presented a paper 
on electrically active 3D 
photonic and plasmonic 
crystals at SPIE Optics + 
Photonics in August. 

Source: Nature Materials 10, 
676–681 (2011); doi: 10.1038/
nmat3071

SPIE Newsroom
Read more short technical articles on 
optics and photonics and view recent video 
interviews with the top researchers in the 
field in the SPIE Newsroom.

You can also sign up for monthly e-alerts in 
any of the 13 technical areas that the SPIE 
Newsroom covers.

Go to newsroom.spie.org
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Diffraction, hyperspectral imaging
can catch counterfeit credit cards
Using smart hyperspectral imaging to collect information from a credit 
card’s hologram, two researchers from Thailand have developed a 
method to identify credit cards without revealing personal data. 

By Sarun Sumriddetchkajorn and Yuttana Intaravanne

Most people use credit cards today 
as an alternative to purchasing 
items with cash. However, since 

these cards often carry a high credit limit, 
credit-card counterfeiting is a world-
wide problem costing millions of dollars. 
Conventional methods of identifying 
credit cards through inspection of security 
features, such as numbers, the owner’s 
name, or a hologram, can fail to detect a 
counterfeit card.
 An optically nondestructive and 
data-non-intrusive system would greatly 
enhance credit card identification before 
transactions take place and could reduce 
monetary losses. We have demonstrated 
such a system with a hyperspectral imaging-based 
credit card verifier. 
 Since the microscopic detail of the embossed 
hologram on a counterfeit credit card is not 
exactly the same as the genuine one, we 
create angular-sensitive color spectra from the 
embossed hologram through a diffraction effect by 
positioning broadband light sources (e.g., LEDs) 
at different angles. (See diagram above.) 
 Because of the reflective grating characteristics 
of the hologram, the broadband light is diffracted 
into its corresponding spectrum in a two-
dimensional space. By using a 2D digital color 
camera situated at a fixed angle of θcam, the 
diffracted 2D spectrum is captured and registered 
as red, green, and blue bands. At this stage, we 
use the smart feature to analyze the red, green, 
and blue spectral images via a mathematical 
neural network.
 One prototype uses three of f-the-shelf 
broadband white-light LEDs and a 320 x 240-pixel 
digital color camera. The electronic controller 
and processing unit is composed of an 8-bit 
microcontroller for controlling the operation of 
the LEDs and a typical notebook for analyzing all 
spectral images. 
 This prototype shows a red display on 
counterfeit credit cards with a very low false 

rejection rate (FRR) of 0.39%. With genuine 
credit cards, the prototype shows a green display 
with a low FRR of 1.20%. 
 A second prototype, a compact, lower-cost 
version, is now commercially available.
 Both systems are now used in two of the largest 
banks in Thailand.
 Read SPIE Professional online for more 
information and links to related research about 
credit-card verifiers. n

– SPIE Senior member 
Sarun Sumriddetchkajorn 
is director of the Intelligent 
D e v i c e s  a n d  Sys t e m s 
Research Unit (IDSRU) at 
the National Electronics 
and Computer Technology 
Center in Thailand. Yuttana 
Intaravanne is an assistant 

researcher at IDSRU’s Photonics Technology Lab.

Photonics-based credit card verifier structure.  
Si:broadband light sources.
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Defense & Security

SPIE Defense, Security, 
and Sensing is moving 
to Baltimore, MD 
(USA), in 2012 to 
be closer to the top 
institutions, government 
agencies, and some 
800 defense and 
aerospace businesses 
in the greater Baltimore 
and Washington, DC, 
metropolitan area.

The move from Florida 
to Baltimore’s Inner 
Harbor will also allow 
for increased exhibition 
and conference space.

The symposium takes 
place 23-27 April 
2012 at the Baltimore 
Convention Center.

To present your latest 
research and join 
your colleagues and 
future colleagues at 
the world’s largest 
unclassified meeting 
for defense, security, 
industrial applications, 
and environmental 
sensing, submit your 
abstract by 10 October.

More information:  
spie.org/DSS
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INDUSTRY

Behind the strong growth in the LED lighting industry is an 
equally strong business in photonics instruments to measure 
and characterize the output of energy-efficient LED lights. 

Innovations in metrology equipment and objective standards for 
creating pleasing and accurate wavelengths of light for displays, 
streetlights, greenhouse crops, and other applications are the 
subjects of three articles on the following pages.

Alan Tirpak is 
product manager and 
applications engineer 
at Gooch and Housego 
(USA). He has a BS 
and MS in physics 
from University of 
Central Florida (USA). 
He has worked on 
industry projects for 
Raytheon and the U.S. 
Department of Defense 
and teaches a course 
for SPIE on accurate 
measurement of LED 
optical properties. He 
was a co-coordinator 
for the 2011 CORM 
technical conference 
in May.

Alexandre Y. Fong is 
senior vice-president of 
business development 
for the Life Sciences 
and Instrumentation 
division of Gooch 
and Housego (USA). 
An SPIE member and 
president of the Florida 
Photonics Cluster, 
Fong holds a BS and 
MSc in experimental 
physics from York 
University (Canada) 
and an MBA from 
University of Florida. 
He is a chartered 
engineer. 

The authors thank 
Gooch and Housego 
(Orlando), Osram Opto 
Semiconductors, 
Techno Team, NIST, 
DOE and CORM for 
images and Maureen 
Knowles for her critical 
editorial contributions.

Measurement methodology and standards for LEDs and other solid-
state lighting are advancing with the market for energy-efficient lighting.

By Alan Tirpak and Alexandre Y. Fong



INDUSTRY

The intrinsic versatility of LEDs as illumination sources, 
coupled with a world-wide push for energy-efficient 
lighting, has driven the double-digit growth of the 

LED and solid-state lighting (SSL) industry even through the 
recent recessionary economic periods. As demand increases 
and competitive offerings proliferate, so does the need to more 
precisely define performance specifications.
 Several initiatives are under way to standardize the 
measurement methodology to address this need. There are 
several major methodologies involved in assessing these 
photonic devices and more than a few standards organizations 
and governing bodies contributing to this effort.

Growth of green lighting
 LEDs and solid-state lighting have come a long way from the 
single T 1-¾ devices once found ubiquitously as status indicators 
on consumer electronics. The Information Network recently 
predicted that the LED chip market would increase more than 
40% in 2011. Strategies Unlimited reported in its annual review 
and forecast in August that the overall LED industry grew in 
2010 more than 90% from 2009.
 Moreover, specific applications areas, such as display 
backlighting and signage, are expected to grow as much as 40% 
worldwide through 2013, according to a June 2011 report from 
IMS Research. However, areas such as general illumination, 
automobile, and other vehicle lighting remain in the early 
stages.
 Governments around the world are investing in developing 
the next generation of these devices. The U.S. 
Department of Energy (DOE), for example, 
allocated $14.8 million to LED lighting 
research in just one round of 
funding earlier this year.
 The promise of 
improved 

p e r f o r m a n c e  a n d 
efficiency, together with 
the economic scale of 
the opportunity, has 
meant that objective 
and effective product 
metrics have become an 
area of critical interest 
for the supply chain 
and those charged with 
the development of the 
industry. 
 The instruments and 
technologies used in the 
testing of LED parameters 
are also playing a role in 
this prospering industry. 
(See related articles on 
pages 22 and 25.)
 The International 
O r g a n i z a t i o n  f o r 
Standardization (ISO), the International Electrotechnical 
Commission (IEC), and the National Electrical Manufacturers 
Association (NEMA) are among several organizations 
throughout the world developing standards for the LED lighting 
industry. The DOE also has several standards initiatives, 
including the Commercially Available LED Product Evaluation 
and Reporting (CALiPER) program.

 Such efforts seek to either adapt accepted techniques 
and standards to these new devices or develop new 

methodologies to better address the properties of solid-
state lighting and provide a more reliable and accurate 

assessment. With the rapid, almost daily introduction 
of new technologies in this field, most efforts are still 

in their formative stages.

Measurement techniques
 LEDs and other forms of solid-state 

lighting are typically assessed in terms of 
color, efficiency, and emitted energy and 

brightness. In the lighting industry, 
output is expressed in photopic units 

The night view of Bosporus Bridge  
illuminated by blue LED light in Istanbul.

Continued on page 20  

OCTOBER 2011 | SPIE Professional 19

HB LEDs and luminaires. 
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Measurement
of LEDs
LEDs have very different 
spectral and spatial 
characteristics from 
traditional incandescent 
and discharge lamps for 
illumination. 

The photometry of 
traditional lamps has 
been well established, 
but measurements of 
LEDs are not as uniform 
as they should be, and 
large discrepancies 
(as much as 50%) of 
measurement results are 
often reported. 

The variations are 
primarily caused 
by differences in 
measurement methods 
and conditions, and 
errors in instruments. 
CIE 127 (the standard 
recommended by 
the International 
Commission on 
Illumination) prescribed 
the standard 
measurement geometry 
for luminous intensity 
measurements for LEDs.

–Excerpted from 
Yoshi Ohno, “Optical 
metrology for LEDs and 
solid state lighting,” 
Proceedings of SPIE 
6046, 604625 (2006); 
doi:10.1117/12.674617 

that correspond to the eye’s daylight response. 
Elsewhere, radiometric units that indicate output 
in terms of energy are used. See R. Young, et 
al, “Reducing Uncertainty in Precision High 
Brightness LED Measurements,” Photonics Spectra 
(December 2005).
 Early in the development of optical measurement 
techniques for LEDs, the International Commission 
on Illumination (CIE) developed a technical 
recommendation document (CIE 127:2007)  
defining the quantities and methods. It has become 
the foundation for all of solid-state lighting, 
including arrayed and composite devices such as 
luminaires or light engines. This CIE 127 document 
has been adopted by other bodies such as ISO for 
their documents. 
 The amount of energy emitted depends upon 
how the measurement is performed and for what 
purpose it will be used. CIE 127 follows this 
line of thought. For example, prior to CIE 127, 
luminous intensity measurements that describe 
point sources did not fully account for the variable 
location of the point of origin within LED 
packaging. CIE 127 remedied this by defining a 
new fundamental parameter known as averaged 
luminous intensity with specific parameters for its 
measurement in terms of measurement distance 
and field of view, as defined by a measurement 
aperture. Two conditions of this measurement 
were defined as shown below.

 Angular intensity distribution is typically 
measured using a goniophotometer, a photometric 
or spectral measurement instrument coupled to 
a goniometric platform. An imaging photometer 
can be used to collect distribution measurements 
faster and in a smaller space by utilizing near-field 
approximations.

LED Metrology Evolves
t Continued from page 19

Condition A

1 cm2

circular
aperture

dΩ = 0.001 sr

Mechanical
axis

316 mm

• Condition A: 316 mm distance with a 100 mm2 
detector (corresponds to a solid angle field of 
view of 0.001 sr)

• Condition B: 100 mm distance with a 100 mm2 
detector (corresponds to a solid angle field of 
view of 0.01 sr)

Condition B

1 cm2

circular
aperture

dΩ = 0.01 sr

Mechanical
axis

100 mm

 Averaged intensity is expressed in photopic 
units of candelas, radiometrically in W/sr and 
spectroradiometrically in W/sr-nm. 

 Total flux measurements quantify the total 
integrated emitted energy from all angles of the 
source. Integrating spheres (as shown below) are 
used in this measurement, and a spectral-detection 
instrument or spectrally matched broadband 
detection system is used to record this quantity in 
photopic units of lumens, W/nm radiometrically 
and W/nm-sr spectroradiometrically.
 For color, chromaticity coordinates are defined by 
the CIE. These coordinates depend upon the model 
for color used and the era in which it was defined or 
developed. Efficiency and efficacy are measures of 
the amount of light with respect to electrical power 
consumption. They differ in that efficiency is unit-less 
(expressed in percentage), and efficacy is indicated 
in mixed units (i.e. lumens/watt).
 Other parameters, such as ir radiance/
illuminance (the light incident upon a surface,  
W/cm2 and lux) and luminance/radiance (the 
light measured within a solid angle 
from the source) (W/cm2-sr and 
cd/m2 or fL), are also sometimes 
referenced but not as commonly 
in LED lighting applications. 
The latter quantities are, 
however, central in display 
applications. 

Development of 
LED standards 
 The embrace of CIE 127 by 
the industry led to adoption of 
its principles and techniques 
by ISO and spawned a host 
a host of efforts by the IEC, 

Goniophotometric 
measurements, near 
field goniophotometer 
for luminaire 
measurement.

Large, 2-m integrating sphere.

SPIEDigitalLibrary.org
Find the answer

Lasers
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NEMA, the Illuminating Engineering Society (IES), Zhaga, and 
others. For example, IES of North America (IESNA) released LM-
79, “Approved Method: Electrical and Photometric Measurements 
of Solid-State Lighting Products” and LM-80 “Approved Method: 
Measuring Lumen Maintenance of LED Light Sources” in 2008. 
NEMA SSL 1-2010 concentrates on electronic drivers for LED 
devices, arrays, or systems, and NEMA SSL 6-2010 focuses on 
solid-state lighting for incandescent replacement. Both the 
NEMA and IESNA standards encompass elements of CIE 127, 
with an emphasis on area-illumination applications for designers, 
manufacturers, and users.
 These and other standards such as ANSI C78-377, 
(Chromaticity) and IES RP-16 Addendum “a” (LED definitions), 
have been the staple for testing labs.
 The Council for Optical Radiation Measurements (CORM), 
a U.S. organization of industrial, academic, and government 
professionals that provides guidance to the National Institute 
of Standards and Technology (NIST) on industry needs for 
the development of physical standards, calibration services, 
and interlaboratory collaboration programs, has been key in 
broadening the fundamental basis for new techniques such as 
thermally stabilized measurements. 
 In an effort to consolidate some of these initiatives, the 
DOE’s CALiPER program was created to support efforts in 
the development-agreed testing methodology for SSL products 
available for general illumination. This program has been key 
in defining and setting test standards for the SSL community.

LED efficiency and safety
 At the consumer level, the DOE’s ENERGY STAR program 
has expanded to include LED and SSL products, with a decided 
emphasis on denoting energy efficiency. The DOE also issues 
a twice-yearly report, “Lighting Facts Product Snapshot,” 
which provides detailed performance information about LED 
replacement lamps. The report, mandated by the U.S. Federal 
Trade Commission, is designed to help lighting retailers, 
designers, consumers, and others understand the current state 
of the LED replacement lamp market and make informed 
decisions about lighting purchases. 
 While TC2-45, the technical committee that was responsible 
for CIE 127:2007, is no longer active, the CIE continues to 
develop and refine its thinking on LEDs and related sources 

as they evolve. Other technical committees in CIE 
Division 2 and their undertakings include:

• TC 2-68: Optical measurement methods for 
OLEDs used for lighting
• TC 2-66: Terminology of LEDs and LED 

Assemblies
• TC 2-64: High Speed Testing Methods 

for LEDs
• TC 2-63: Optical Measurement of High-

Power LEDs
• TC 2-58: Measurement of LED Radiance 

and Luminance
• TC 2-50: Measurement of the Optical 

Properties of LED Assemblies
• TC 2-46: CIE/ISO Standards on LED 

Intensity Measurements

 More details on the technical committees and their work 
are available online at div2.cie.co.at.
 The Lighting Research Center (LRC) at Rensselaer 
Polytechnic Institute, via its Alliance for Solid-State 
Illumination Systems and Technologies (ASSIST) program, 
also publishes reports to help reduce technical and market 
barriers to the broad adoption of SSL lighting. A report that 
ASSIST issued in June gives recommendations for evaluating 
LED-based forms of outdoor lighting. 
 Because of the recent spike in LED luminaire lighting products, 
it has become necessary to adapt these and other standards to 
accommodate the challenges associated with LED fixtures. Not 
only are color and intensity distribution of concern, but also 
safety and the effects of dimming. To address this, the following 
standards, test methods, and best practice recommendations have 
been established:
• UL 8750: LED Safety
• NEMA LSD 45-2009: Recommendations for Solid-State 

Lighting Sub-Assembly Interfaces for Luminaires
• NEMA LSD-49: Solid State Lighting—Best Practices for 

Dimming 

Modifying standards after testing
 To emphasize the importance of these efforts and bring 
the multitude of issues with LED luminaire testing to light, 
participants at a 2010 CALiPER workshop compiled a list 
of documents that are currently being modified, and they 
included additional testing parameters to be considered. Since 
accurate characterization of LED luminaires is paramount to 
the acceptance and adoption of these fixtures into wide-scale 
residential and commercial settings, it is imperative that these 
standards be set quickly in order to minimize the potential flood 
of inferior lighting products to the market. 
 Some of these topics and standards include:
• TM-21: Lifetime extrapolation method (use with LM-80)—

statistical model runs to evaluate decay models, “X times test 
hours” life limit, conservative estimates, need for better data 
than that collected every 1000 hours for 6000 hours (6000 
hr/1000 data).

• RP-16: additional LED definitions (soon to be approved)
• CIE TC1-69: Color Quality Scale (new CRI type metric)
• NEMA SSL-1: LED Drivers
• IES LED Application Guideline 
• C78.377-2008 (color): Currently in comment collection to 

address points of confusion and differences across markets
• IEEE P1789: Biological Effects and Health Hazards from 

Flicker (in final review)
• LM-XX1: Methods for the measurements of high power 

LEDs (in draft development)
• LM-XX2: LED “Light Engine” measurements (PIF for 

approval)
• IESNA LM-79 (Luminaire photometric testing): Voltage 

and power quality concerns
• IESNA LM-80 (LED module lumen depreciation testing): 

Specifics on test parameters, revisit limited 6000 hr/1000 
data, exploring accelerated test, urgent need for TM-21. n

Courtesy Gooch and Housego
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What color  
is that LED?

Describing color and other 
characteristics of an LED depends  
on your choice of technology and 
instrumentation.

The new, high-growth field of LED 
lighting presents exciting challenges and 
opportunities for measurement. 

 Industry professionals and researchers engaged 
in the measurement and characterization of 
LED sources work under the same fundamental 
measurement principles used for traditional 
lighting. Their goal is to accurately quantify, 
characterize, and communicate LED light 
characteristics and color specifications, and 
they confront the same, age-old questions about 
choosing the correct instrument and technology: 
Should you choose an instrument that employs 
spectroradiometric technology? Or should an 
instrument based on tristimulus colorimetry 
technology be used to acquire data? 
 While much of the choice is application- 
dependent, there are key differences in the two 
broad categories of measuring technologies and 
instrumentation.

Tristimulus system
 Tristimulus colorimetry is based on the three-
component theory of color vision, which states 
that the human eye possesses receptors for three 
colors (red, green, and blue) and that all colors 
are seen as mixtures of these three primary colors. 
 The most important system is one developed 
in 1931 by the International Commission on Illumination 
(CIE). The CIE defined the “standard observer” to have color-
matching functions x(λ), y(λ), and z(λ). The XYZ tristimulus 
values are calculated using these three standard observer color-
matching functions. 
 XYZ tristimulus values and the associated Yxy color space form 
the foundation of the present CIE color space. (See image above).

Filters and humans
 Tristimulus colorimeters are commonly referred to among 
industry professionals as filter-based instruments. They are 
desired for their low cost, speed, and portability. However, 
they contain inherent design limitations, which make them 
unsuitable for all measurement applications. 
 Colorimeters receive information from three filtered-light-
sensitive sensors which mimic the response of the three cone 
receptors in the human eye. Matching the filters’ response to 
that of the normal human eye, as described by the CIE 1931 
standard observer color-matching functions, is subject to 

limitations or conditions present during the manufacturing of 
the filters. Therefore, filter-based instrumentation is susceptible 
to finite errors because of the deviation of the filter response 
from the ideal human-eye response. 
 Developments in recent years by instrumentation 
manufacturers have limited this deviation significantly 
by employing proprietary technology. Spectral fitting, or 
matching, of filter-based systems to the CIE standard observer 
curves is now available in the Konica-Minolta Chroma Meter 
CS-200, for instance, with significantly higher accuracy than 
in traditional systems. 

Spectroradiometric method
 Many different spectral-power distribution curves can yield 
the same visual effect, which we call color. In other words, the 
color of a light source does not tell us the nature of its spectral 
power distribution; two different light sources that have the 
same color in x, y, or color temperature might not exhibit the 
same spectral-power distribution. (See top of p. 23).

CIE 1931 Yxy chromaticity diagram. In the Yxy color space, Y is the light-
ness and x and y are the chromaticity coordinates calculated from the 
tristimulus value XYZ.  x = X/(X+Y+Z) and y = Y/(X+Y+Z).

Source A x - 0.4476
 y - 0.4075

Source B x - 0.3495
 y - 0.3517

Source C x - 0.3101
 y - 0.3163

Source D x - 0.3127
 (6500) y - 0.3291

Source E x - 0.3333
 y - 0.3333

By Randy Klimek
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 The reverse, however, is true. Knowledge of 
spectral-power distribution of light will enable us 
to describe the color. 
 Hence, the spectroradiometric method for LED 
measurement is the most accurate and complete 
for specifying color. The spectral data can be 
analyzed visually and/or compared to data from 
another light source. 
 However, the best use of spectral data with 
respect to color measurement is to calculate the CIE 
tristimulus values by mathematically integrating 
the data with the CIE color-matching function. 
The tristimulus values are then used to compute 
CIE chromaticity coordinates and luminosity, 
which provide complete description of the color.

Consumers 
want a
pleasing  
LED light 
The Spectrally Tunable 
Lighting Facility (STLF) 
at the National Institute 
of Standards and 
Technology (NIST) is one 
of several labs working 
to develop a new color 
quality scale for LED 
lighting. 

Wendy Davis, Yoshi 
Ohno, and a team of 
other NIST scientists 
use the lab to study the 
relationship between 
physical measurements 
of LED light and human 
perception of light and 
color in order to help 
manufacturers develop 
LEDs for general lighting.

“Because the light 
emitted by LEDs is 
different from the light 
we get from other 
lighting technologies, 
the way that we measure 
color quality doesn’t 
always work for them,” 
Davis says.

While LEDs offer 
many advantages over 
incandescent and 
fluorescent lighting, 
they don’t always emit 
light that looks ‘right’ to 
consumers, she says.

“Bad color means 
unhappy consumers,” 
she adds.

Sunlight (left) and white LED spectral power distributions. Both can yield the same visual effect on 
color but might not necessarily have the same spectral energy.

CIE color-matching functions for 2º and 10º 
observers.

 I n s t r u ment at ion  t h at  employ s  t he 
spectroradiometric method is ideal for measuring 
spectral energy distribution of the LED light 
source. These instruments determine not only 
the radiometric and photometric quantities, but 
also the colorimetric quantities of light. 
 The instruments also record the radiation 
spectrum of the light source and calculate Continued on page 24  

the desired parameters, such as chromaticity 
and luminance. Dispersion of light is usually 
accomplished in spectroradiometry by means of 
prisms or diffraction gratings. 
 The exact CIE Vλ curve and CIE color-
matching curves are stored in the instrument 
software and are used to process the data from 
the measured spectral energy distribution of the 
light source under test. Hence, the measurement 
error associated with photometers and filter 
colorimeters is avoided with spectroradiometers. 
Adequate sensitivity, high linearity, low stray 
light, low polarization error, and a spectral 
bandpass resolution of 5 nm or less are essential 
for obtaining good accuracy.
 Non-thermal radiators, such as discharge 
lamps (which can be characterized by their non-
continuous spectral-energy distribution), and 
narrow-band emitters such as LEDs can only be 
measured with precision by means of the spectral 
procedure. 
 Traditionally, when compared to three-filter 
colorimeters, spectroradiometers have limitations 
in terms of speed of measurement, price, and 
portability. Recent developments in industry 
have changed that, however. For instance, 
Konica Minolta Sensing, Inc., and B&W Tek 
collaborated to introduce a miniature spectral 
irradiance meter, SpectraRad™, earlier this year 
as a lower-cost option for fast and precise LED 
characterization.

SpectraRad™, TE Cooled Miniature Spectral Irradiance Meter.
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The spectroradiometric method is considered the most 
comprehensive.

INDUSTRY

What color is that LED?
t Continued from page 23

Colorimeters mimic the response of the three cone receptors 
in the human eye.

How to choose the right instrument
 If precise measurement of LEDs is required, the 
spectroradiometric method is the ideal and comprehensive 
method as it records the spectral characteristics of light 
and processes them mathematically to obtain radiometric, 
spectroradiometric, photometric, and colorimetric data. 

 When portability, speed of measurement, and cost of 
investment is a priority, tristimulus colorimeters are still 
preferred. However, some of the newer spectroradiometric 
instruments are just as inexpensive.
 It is important to ascertain whether a colorimeter is 
appropriate to measure the light source under test, considering 
its spectral energy distribution. 
 Finally, choose an instrument which makes direct 
measurements of light characteristics, such as luminance, 
illuminance, luminous intensity, and luminous f lux. 
Conversions across measurement geometries should not be 
attempted in any form.
 A good understanding of the measurable characteristics of 
light, and of exactly which characteristics need to be quantified 
for a particular situation, will ensure that the radiometric and/
or photometric characteristics of an application are described 
correctly. n

–Randy Klimek specializes in light and color measurement 
instrumentation for Konica Minolta Sensing Americas (USA). 
He has a BS in imaging from the Rochester Institute of Technology.
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Tools for 

LED metrology

By Denan Konjhodzic

Goniospectroradiometers and integrating  
spheres measure luminous flux of LED assemblies. 
Each system has its own advantages.

In photometry of LEDs, the spectroradiometer 
has displaced the photometer because of its 
accuracy in the presence of narrow spectral 

components and because of its power to provide 
additional information of spectral qualities 
like correlated color temperature (CCT), color 
rendering index (CRI), or peak wavelength. 
In combination with a goniometer, the use of 
a spectroradiometer is already established in 
research institutions but will soon reach a broader 

community when the LED conquers the 
general lighting market. 

 Tr a d i t i o n a l  l u m i n a i r e 
metrology often employs a large 
goniometer or relies on the 
separation of a lamp from a 
luminaire. This separability does 
not apply to solid-state lighting 

(SSL) sources because LEDs 
cannot be removed from the 
luminaire without changing 
their characteristics. The 
LED assembly performance 
depends on the complete 

thermal, electrical, and 
optical design of the assembly. 
 The LM-79 standard (Approved 
Method: Electrical and Photometric 
Measurements of Solid-State 
Lighting Products), developed 
by the Illuminating Engineering 

Society of North America recommends the 
measurement of absolute total luminous flux (φv) 
of the LED assembly either with an integrating 
sphere or a goniophotometer. Both can be used 
in combination with a spectroradiometer, which 
allows all other photometric quantities such as 
CCT and CRI to be measured at the same time 
and with the goniometer even spatially resolved. 
 We performed a goniospectroradiometric study 
with various LED assemblies and luminaires. 
The luminous flux is determined by numeric 
integration from these data and is compared with 
measurements in an integrating sphere. 

Using a goniospectroradiometer
 Goniophotometers are normally used for 
measurement of luminous intensity distribution 
and the total luminous flux by the integration. 
If a spectroradiometer is used as a detector 
instead of a photometer, the system is called 
a goniospectroradiometer. It allows the 
determination of spatial distributions of all 
relevant photometric quantities. 
 Goniometric measurements of the luminous 
flux take much longer than those taken with 
an integrating sphere, but they require fewer 
corrections and are more accurate.
 A type C goniometer system can use either 
a photometer or a spectroradiometer as 

Continued on page 26  
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A goniospectroradiometer 
system for the measure-
ments of LED assemblies.

Denan Konjhodzic 
is an applications 
engineer at Instrument 
Systems (Germany). He 
studied physics at the 
Universität Duisburg-
Essen and has a PhD 
in physical chemistry 
from Freie Univesität 
Berlin for his work at 
the Max Planck Institut 
für Kohlenforschung in 
Mülheim an der Ruhr 
(Germany).



detector. Various LED assemblies were set up 
in the goniometer and the distributions of all 
relevant photometric quantities were measured 
in combination with a spectroradiometer in 
our study. 
 Using this system, it is important to operate 
the LED assembly for at least 30 minutes prior the 
measurement to reach a thermal equilibrium, as 
required by LM-79.

Radiation Patterns
 LED devices may have very different radiation 
patterns. Two luminous intensity distributions of 
LED assemblies with different beam angles are 
shown for illustration above. 
 The beam angle can be calculated as a full 
width half maximum (FWHM) for each profile.
 White LEDs typically have a pronounced spatial 
structure both in photometric and colorimetric 
properties. The patterns are characteristic for 
certain types of LEDs and depend on the quality 
of the phosphor coating and the radiation pattern 
of the underlying LED. 
 This directional dependence can be further 
enhanced by the use of optical systems in the 
LED assemblies. 

INDUSTRY

Radiation pattern of LED assemblies with 30° (left) and 80° beam angles (right).

Spatial distribution of 
CCT of a LED array as a 

profile (left) and in 3D.

Color Measurements
 The spatial distribution of CCT and CRI can 
be obtained only with a goniospectroradiometer. 
The example below shows the CCT distribution 
for an LED assembly with a 3x3 LED array. The 
distribution is plotted as a function of inclination 
angle and with the azimuth as a parameter at left. 
The right-hand figure shows a 3D representation for 
the same LED assembly. 
 There is a rich pattern in the CCT for the 
inclination angle featuring a variation of up to 
200K. However, the CCT pattern shows nearly 
perfect rotational symmetry.
 A spectrum and the CRI distribution of another 
LED assembly are shown on opposite page. 
 This LED assembly has a sealed diffuser, and its 
spectrum shows additional peaks in the cyan and 
red region beside the white LED. Therefore, the 
color rendering index is very high at more than 95.
 Probably the position of the LEDs behind the 
diffuser causes the asymmetric variation of the 
CCT and therefore CRI. Even at this high level 
of color rendering, the goniospectroradiometer is 
able to resolve structures in the spatial distribution 
of the CRI with variations within a narrow range 
of 95.6 and 96.7.

Tools for LED metrology
t Continued from page 25

Metrology 
tools
spell big  
profits
Metrology is 
supporting innovation 
– and profits – in the 
field of solid-state 
lighting.

Andrew Williams, CEO 
of Halma (UK), a major 
supplier of optical 
sensing systems, 
reported that profits 
for the company in the 
12 months preceding 
2 April 2011 grew by 
21% to £104.6 million. 
Revenues increased 
by 13% during the 
same time period.

“Photonics has the 
second highest 
sub-sector revenue 
in Halma,” Williams 
reported, “and 
benefitted from strong 
growth in Asia and 
the fast growing 
market for LED and 
low-energy lighting 
measurement.”

Similarly, Instrument 
Systems closed its 
fiscal year in June 
with record results. 
Company founder and 
president Richard 
Distl said key drivers 
for a 112% growth 
in sales were the 
sustained boom in 
the LED industry, 
display metrology, and 
applications in general 
lighting.
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Measurements of various LED assemblies with the goniospectroradiometer (GON) and the integrating sphere (ISP).

Φv [lm] 
GON

Φv [lm] 
ISP

Φv [lm] 
difference

Angle 
radiation

Power 
[W]

Efficacy 
[Im/W]

LED assembly 1 413.5 411.2 0.55% 30° 15.1 27.4

LED assembly 2 1862 1912 –2.63% 52° 33.1 56.2

LED assembly 3 673.5 686.2 –1.85% 80° 12.7 53.0

LED assembly 4 265.9 269.1 –1.19% 112° 7.3 36.4

LED assembly 5 751.0 723.7 3.77% 30° 18.4 40.8

Spectrum of a LED assembly (left) and its CRI spatial distribution depicted in spherical coordinates (right).

Using an integrating sphere
 For the fast measurement of luminous flux of LED assemblies, 
an integrating sphere (ISP) with a spectroradiometer is the 
recommended instrument. It can be easily calibrated for the 
direct measurement of luminous flux. 
 The ideal integrating sphere contains no absorbing surfaces 
and a perfect Lambertian reflecting inner surface, so that the 
light is distributed uniformly, spatially, and spectrally. For a 
real sphere, there are inherent technical limitations such as 
the influence of near-field reflections and self-absorption, the 
aging of the coating, the geometry of baffles, and sample holder. 
 Some sources of error in the integrating sphere can be 
identified using a sphere scanner. The design of Instrument 
Systems spheres takes account of these results.
 A new coating solution for the integrating spheres with 
an optimum reflection coefficient of ρ=0.94 has been found 
as a compromise between the sensitivity of the sphere to 
contamination and aging and the directional dependence 
during the measurement. Results obtained for diverse LED 
assemblies with a 1-meter-diameter integrating sphere have 
been measured as accurate as with a higher reflectance sphere 
but with reduced aging and contamination problems. 
 Integrating spheres are preferred for speed of measurements 
and give accurate results when corrected for self-absorption 
of the sources.

Comparing instruments
 The results of the luminous flux measurements with 
the goniospectroradiometer of various LED assemblies 
are summarized in the table below and compared with 
measurements from the integrating sphere. 
 The consistency of the results is very good considering that 
two different systems and calibrations were used. No systematic 
dependence is evident from the measurements. 
 This comparison also indicates the FWHM angle of the 
radiation pattern as well as the precisely measured electrical 
power for each LED assembly, and the luminous efficacy.
 Goniospectroradiometry is a very powerful tool for 
characterizing light sources based on LEDs. 
 Some LED assemblies available on the market show 
pronounced dependence of colorimetric parameters in the 
spatial distribution. For example, even minor variations in CRI 
can be easily resolved with a goniospectroradiometer.  
 The total luminous flux computed by numeric integration 
of the goniometric scan results has very good agreement with 
measurements made with an integrating sphere. 
 Hence, when the luminous flux is the main interest and averaged 
colorimetric quantities are sufficient, an integrating sphere will give 
fast, accurate results. A goniospectroradiometer is the instrument 
of choice for complete characterization of the spatial distribution 
of all important colorimetric and photometric properties. n
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Altruistic activities lauded at
SPIE Annual General Meeting

SPIE leaders and members remain focused on the Society’s 
mission, providing support of optics education and 
outreach programs in 2010 and strong leadership at 

numerous international events and programs that advance 
an interdisciplinary approach to the science and application 
of light. 

SPIE president’s activities
 2011 SPIE President Katar ina 
Svanberg presented an overview of her 
presidential year thus far, focusing on her 
attendance on behalf of the Society at: 
• The Winter College on Optics in 

Imaging Science and the Trieste 
Sys tem Opt ica l  Sc ience  and 
Application Advisory group meeting 
in Italy

• SPIE Microtechnologies and SPIE Optics + Optoelectronics 
symposia in Prague, Czech Republic

• The 22nd General Congress of the International Commission 
for Optics (ICO-22) in Puebla, Mexico, with its theme, Light 
for the Development of the World

• The Applications of Optics and Photonics conference, held 
in May in Braga, Portugal

 Svanberg explained that the aim of the Winter College at 
the Abdus Salam International Centre for Theoretical Physics 
(ICTP) is to gather students from the developing world to 
interact with and learn from each other and instructors. This 
year, 75 students from 35 countries attended. SPIE is a co-
sponsor of the annual Winter College on Optics.
 Svanberg also visited the SPIE-supported ICTP lab in Italy 
and presented the SPIE 2011 Educator Award to members of 
the Active Learning in Optics and Photonics team. 
 Svanberg praised the quality of speakers at the co-located 
SPIE Microtechnologies and SPIE Optics + Optoelectronics 
in Prague, including Christopher Barty, CTO of the National 
Ignition Facility in the United States. 
 The week prior to SPIE Optics + Photonics, Svanberg 
attended ICO-22, which had over 500 delegates from 46 
countries. She and SPIE Fellow Joseph Goodman were among 
23 invited speakers for the congress. SPIE Fellow Fernando 
Mendoza Santoyo served as general conference chair.
 Svanberg presented the opening address 
at Applications of Optics and Photonics in 
Braga, a meeting organized by the recently 
established Portuguese Society for Optics 
and Photonics. 
 The proceedings for the Portuguese 
conference and the ICO Congress, as well 
as all SPIE conferences, are available in the 
SPIE Digital Library.

 2009 2010
Assets $59,813,000 $70,031,000
Liabilities $16,539,000 $18,366,000
Total Net Assets $43,274,000 $51,665,000
Operating Revenue $31,257,000 $33,282,000
Operating Expense $27,413,000 $29,906,000
Operating Surplus $3,844,000 $3,376,000

Non-Operating Surplus/(Deficit) $4,881,000 $4,801,000
Surplus/(Deficit) $8,725,000 $8,177,000

SPIE treasurer’s report
 SPIE Secretary/Treasurer Brian Lula 
reported that a continued positive 
financial trend for SPIE has been pushed 
by investment growth and revenue 
generation from symposia, publications, 
outreach and other operations. 
 The biggest increase from 2009 to 2010 
could be found in SPIE’s investments, 
which rose from $44.9 million to $53.9 
million. “While SPIE’s investments have increased significantly 
from 2008 to 2011, considerable surplus has been generated by 
operations,” Lula added.
 Lula gave a presentation on the Society’s 2010 total assets, 
total liabilities, and net assets, which were $70 million, $18.4 
million, and $51.7 million, respectively. Within SPIE’s 2010 
investments, 58.9% are in the operating reserve fund, 20.6% 
in the education fund, 13.1% in the publications reserve, 4.9% 
in the building fund, 2.1% in the strategic initiatives fund, and 
0.4% in restricted funds. 
 A large amount of SPIE’s investments are secure due to 
conservative investment management, Lula reported. 
 SPIE’s total revenue for 2010, including investments, was 
$38.3 million, which generated a surplus of $8.2 million. 
Operating revenue and surplus were $33.3 million and $3.4 
million, respectively. 
 Lula said the trend of a healthy surplus is encouraging. The 
amount is indicative of a very mission-oriented organization, 
he noted, adding that he was pleased with the $2.3 million 
SPIE provided in support of education and outreach programs 
in 2010. 
 Lula also reported that at the end of 2010, SPIE had 15.4 
months of liquid reserves, an amount that is well on the way 
to the Board-mandated goal of an 18-month reserve. 

 SPIE officers reported on the financial status of SPIE at the 
SPIE Annual General Meeting 23 August, as well as on the 2011 
SPIE election (see page 30) and a number of activities for 2010 
and 2011. The meeting was held in San Diego in conjunction 
with SPIE Optics + Photonics.
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SPIE executive’s report
 SPIE Executive Director Eugene 
Arthurs reviewed altruistic activities 
and spending in 2010, calling special 
attention to the ICTP lab, the Active 
Learning in Optics and Photonics 
Program, and the Society’s activities 
marking the 50th anniversary of the 
laser in 2010. 
 For the laser anniversary, not only 
did SPIE create its own Advancing the Laser event to 
commemorate this anniversary, it also partnered with other 
societies to sponsor LaserFest. Through the efforts of both 
programs, more attention was brought to photonics in 2010 
than anyone thought was possible, Arthurs said. The SPIE 
Advancing the Laser campaign won a Gold EXCEL Award 
from Association Media & Publishing 
 Arthurs’ presentation also included highlights from several 
recent SPIE events, including the annual Student Leadership 
Workshop and the SPIE Optics Outreach Olympics at SPIE 
Optics + Photonics as well as statistics on undergraduate 
education in science and engineering.
 SPIE is currently working with several other organizations to 
support an update to the U.S. National Academies’ 1998 study 
known as Harnessing Light. When completed, the study will 
do much to advance research, innovation, and the photonics 
industry as a whole in the United States, Arthurs said. 
 Arthurs also reviewed SPIE’s membership statistics, noting 
the continued trend of an increase in the number of student 
members.
 The majority of SPIE’s non-student members still come 
from industry, he said, and despite a previous trend of this 
percentage decreasing, it is once again on the rise. 
 Among SPIE student members, 43.9% are from North 
America, 27.4% from Europe, 23.6% from Asia, and the 
remaining 5.1% from elsewhere. SPIE had 164 Student 
Chapters/Clubs in 2010 and has since gained 10 more in 2011. 
 “We help sustain active student groups that affirm their 
members and participate in outreach to students from 
kindergarten to undergraduate,” Arthurs said.
 The number of SPIE members in the Early Career 
Professionals category is around 700 members. 
 Arthurs noted the impressive growth trends in social media 
groups and websites affiliated with SPIE, such as those on 
LinkedIn, Twitter, Facebook, and YouTube, which operate as 
community-building tools.
 The SPIE Digital Library remains the most cited resource 
in optics- and photonics-related patents in the world, Arthurs 
reported. Despite a 10% price rollback enacted in 2010, total 
publications sales were up slightly from the previous year.
 Arthurs noted that SPIE Digital Library prices were frozen 
for 2011 and that just a few weeks before the meeting, another 
5% price rollback for 2012 was announced to help the research 
library community contain costs. (See p. 14 for details on the 
announcement.) n
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Members elect new 
leadership for 2012

SPIE President Katarina Svanberg announced election results for new officers and members of the 
SPIE board of directors at the Annual General Meeting of the Society in August. New board 
members and officers will take office 1 January 2012.

Eustace Dereniak to become president 
 SPIE Fellow Eustace Dereniak will succeed Svanberg as SPIE president in 
January 2012. Dereniak is a professor at University of Arizona (USA) where 
he received his PhD in optical sciences as well as the 2006 College of Optical 
Sciences Award of Distinction for Undergraduate Teaching. 
 He has served on the SPIE Awards and Strategic Planning Committees and 
chaired SPIE conferences on infrared detectors and focal plane arrays, infrared 
photoelectronics, semiconductor photodetectors, imaging spectrometers, and 
infrared technology. 
 His technical interests include infrared detectors and 2D arrays, photodetector 
arrays, and germanium and silicon detectors. 

William Arnold is president-elect
 SPIE Fellow William Arnold, chief scientist and vice president of the 
Technology Development Center at ASML USA, will serve as the 2012 
president-elect and will become SPIE president in January 2013. He has served 
on numerous SPIE committees and is a past chair of the Publications Committee. 
Arnold was also the senior editor of the SPIE Journal of Micro/Nanolithography, 
MEMs, and MOEMs from 2002-2011.
 With BA and MS degrees in physics, Arnold’s technical interests include 
optical and EUV lithography, semiconductor devices, and chip manufacturing 
and nanoscale processing for future electronic and photonics devices.

New vice president is Philip Stahl
 SPIE Fellow H. Philip Stahl, senior optical physicist and James Webb Space 
Telescope Optical Components Lead at NASA Marshall Space Flight Center, 
was elected to serve as the 2012 vice president. 
 A leading authority in optical metrology, optical engineering, and phase-
measuring interferometry, Stahl has developed a number of high-speed and 
infrared phase-measuring interferometers for many of the world’s largest 
telescopes, including the Keck, VLT, and Gemini. 
 Stahl is serving on the Engineering, Science and Technology Policy 
Committee (ESTeP) this year and has served on numerous other SPIE 
committees. He is a past director of SPIE and was the SPIE-appointed vice 
president of the International Commission for Optics from 2006 through 2011.
He received his BA in physics and mathematics from Wittenberg University 
and his MS and PhD in optical sciences from University of Arizona. 

Brian Lula re-elected secretary/treasurer
 SPIE members have re-elected SPIE Fellow Brian Lula, president and CEO 
of PI (Physik Instrumente), as secretary/treasurer of SPIE.
 A world-class CCD astronomical imager and educator and member of 
numerous SPIE committees, Lula’s technical interests include nanopositioning 
technologies, telescope mechanical/optical system design and fabrication, 
and astronomical imaging. He graduated in mechanical engineering from 
Centennial College in Canada and completed advanced engineering courses 
at the University of Michigan.

Dereniak

Arnold

Stahl

Lula

New members
of SPIE Board
of Directors
SPIE members  
who will begin terms 
on the Board of 
Directors in 2012 are:

Judy Fennelly
Air Force Research Lab 
(USA)

Maryellen Giger
University of Chicago 
(USA)

John Greivenkamp
University of Arizona 
(USA)

Seung-Han Park
Yonsei University 
(South Korea)

D. P. Tsai
National Taiwan 
University (Taiwan)
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International Year of Light

SPIE and its members are taking an active 
role in a project to have the United Nations 
declare 2015 as the International Year of 

Light.
 The proposed International Year of Light 
project was expected to be officially launched 
during a September workshop in Italy jointly 
sponsored by the European Physical Society (EPS) 
and the Italian Physical Society.
 A steering committee chaired by Luisa Cifarelli 
of the University of Bologna and the National 
Institute of Nuclear Physics (INFN) then plans 
to submit the proposal to the General Assembly 
of the International Union of Pure and Applied 
Physics (IUPAP) in London in November and 
later to the United Nations Educational, Scientific 
and Cultural Organization (UNESCO).
 SPIE member John Dudley of Université de 
Franche-Comté in France is serving as secretary 
of the International Year of Light steering 
committee. Dudley is chairman of the Quantum 
Electronics and Optics Division of the EPS.

 Focusing on the importance of light and optical 
technologies, the International Year of Light will 
consist of coordinated activities to show how 
light plays a central role in science, education, 
culture, and development, and particularly on 
how light can improve the quality of life in the 
developing world and in emerging economies. The 
year-long celebration will promote technologies 
that bring the world clean and energy-efficient 
lighting, solar power, and practical photonic 
devices for applications such as environmental 
monitoring, malaria and cancer diagnosis, and 
water purification.
 “SPIE continually works to raise awareness of 
photonics technology and is fully in support of 
the International Year of Light proposal,” says 
Eugene Arthurs, executive director of SPIE, who 
is serving on the international advisory board 
for the steering committee along with SPIE 
2011 President Katarina Svanberg, 2012 SPIE 
President Eustace Dereniak, and other active 
SPIE members. n

Milestones
in light
The year 2015 is a 
natural candidate for the 
International Year of Light.

In 1815, Augustin Jean 
Fresnel published his 
first work introducing 
the theory of light as 
a wave, and in 1865, 
James Clerk Maxwell 
rigorously described the 
electromagnetic theory 
of light. 

In 1915, the theory of 
general relativity developed 
by David Hilbert and Albert 
Einstein showed how light 
was at the center of the 
very structure of space and 
time.

The year 2015 also 
represents 400 years since 
France’s Salomon de Caux 
invented a prototype solar-
driven engine in 1615.

Register Today

West®

21–26 January 2012

2012
Photonics

Location 
The Moscone Center 
San Francisco, California, USA

spie.org/pw2012

Conference dates 
21–26 January 2012

Exhibition dates 
BiOS: 21–22 January 
Photonics West: 24–26 January 
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2 earn SPIE service awards

SPIE Fellows Robert Breault and John Pellegrino have been honored with awards for their many 
contributions and service to SPIE. The awards were presented by SPIE President Katarina 
Svanberg at the Society’s annual awards banquet at SPIE Optics + Photonics in August. 

SPIE awards
SPIE encourages you 
to nominate a colleague 
for the Society’s 
annual awards, which 
recognize outstanding 
technical achievements 
by individuals and 
meritorious service to the 
Society. 

Winners of numerous 
other SPIE awards are 
listed at SPIE.org and 
other 2011 recipients 
were featured in the 
July 2011 issue of SPIE 
Professional magazine. 

Nominations made 
by 1 October will be 
considered active for 
three years from the 
submission date.

More information:  
spie.org/awardsform.

Call for papers 
Take advantage of new 
opportunities to connect 
with other photonics 
researchers, government 
funding agencies, and 
key decision-makers at 
SPIE Defense, Security, 
and Sensing 23-27 April 
2012 in Baltimore, MD 
(USA).

The deadline for 
submitting abstracts 
for the world’s largest 
unclassified event 
for defense, security, 
industrial applications, 
and the environment is  
10 October. 

More information: 
spie.org/dss.

Directors’ Award
 Robert Breault, founder and president of the Breault Research 
Organization (BRO) (USA), received the 2011 SPIE Directors’ Award for his 
many years of exceptional leadership, dedication, and generous commitment 
of time, support, and inspiration to SPIE and the optics community. 
 Recognized internationally as a leading expert in stray-light analysis and 
suppression, Breault’s work includes original research on the scattering of 
coated surfaces, paints, glass, and mirrored surfaces. 
 After analyzing the Hubble telescope, Breault’s work helped improve its 
performance.  He has also analyzed the IRAS, Galileo, Cassini, DIRBE, 
Spitzer, SOFIA, and several so-called Star War systems. 
 Since joining SPIE, Breault has served on several standing committees, 
including the Engineering, Science, and Technology Policy Committee. 
His activities within the Society include serving as conference chair or 
co-chair, authoring and presenting papers, and teaching courses at several 
SPIE conferences.
 The author and co-author of two chapters in the Handbook of Optics, 
Breault has received recognition awards from NASA (1977, 1978, and 1984) 
as well as an award from the University of Arizona (1979) for his outstanding 
dissertation in the field of applied sciences. In 2010, the Arizona Technology 
Council recognized Breault as the Ed Denison Business Leader of the Year 
and named BRO Small Business Innovator of the Year.

President’s Award
 John Pellegrino, director of the Computational and Information 
Sciences Directorate (CISD) at the U.S. Army Research Lab, received 
the SPIE President’s award based on his service as chairman of the SPIE 
Symposia Committee, his professionalism, and commitment to the Society 
in developing SPIE Defense, Security, and Sensing (DSS) to the level of 
success it has reached today. 
 In 2010, Pellegrino was selected as a Meritorious Executive, one of the 
Presidential Rank awards given to senior executives and senior career 
employees who consistently achieve results, demonstrate strength, integrity, 
industry, and are committed to excellence in public service.
 Pellegrino has served as a Conference Program Committee member, 
symposium chair, and conference chair or co-chair at DSS and other SPIE 
events. At DSS in April 2011, Pellegrino moderated “Sensors are no longer 
king,” a well-attended “hot-topics” cross-conference panel.
 Pellegrino has also served on the SPIE Board of Directors, the Executive 
Committee, the Engineering, Science, and Technology Policy Committee, 
and many other SPIE committees. This year, he continued to bring his 
valuable insights and experience to the Strategic Planning Committee.
 As director of CISD, Pellegrino is responsible for basic and applied research 
in the fields of electronics, sensors, and power and energy technologies. He 
has overseen the rapid transition of many technologies from the laboratory 
to the field.
 Offering lifesaving capabilities to soldiers, his team has provided aerostat 
and airborne persistent-surveillance sensors, unattended ground sensors 
for area monitoring and defense, and components to counter improvised 
explosive devices. n

Robert Breault

John Pellegrino
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Empowering future research SPIE
scholarships
For more information on 
SPIE’s scholarship program, 
a complete list of 2011 
scholarship winners, and 
the criteria used by the SPIE 
Scholarship Committee in 
selecting recipients, visit 
spie.org/scholarships.

The deadline for submitting 
scholarship applications for 
2012 is 15 February 2012.

Kidger Scholarship

 Thomas Nesch, an engineering student at the University of Cambridge (UK), 
was awarded the $11,000 D.J. Lovell Scholarship, the Society’s most prestigious 
scholarship. Nesch’s project, a liquid-detecting sensor, garnered honors at the 
2009 Intel International Science and Engineering Fair (ISEF), including awards 
from SPIE and GE Energy. A minor planet discovered by the Lincoln Near-Earth 
Asteroid Research project was named “25617 Thomasnesch,” in recognition of 
his achievements at ISEF.
 “The scholarship will help me finish my sensor project, particularly the 
optical distinction between water and ice,” says Nesch. “I also plan to visit 
another SPIE meeting as this has brought me valuable contacts who can help 
me achieve my intentions.”

 Nutan Gautam, received the $10,000 John Kiel Scholarship, sponsored by 
SPIE. A doctoral student at the University of New Mexico (USA), Gautam 
is working on theoretical and experimental studies on type II strained layer 
superlattice materials useful for infrared imaging. 
 “I plan to make more students aware of the Society and the advantages 
of being a member,” says Gautam who was vice president of the UNM SPIE 
Student Chapter in 2010. She will use her scholarship to help fund her research 
and attend conferences.

 Evgeny (Eugene) Sholokhov, president of the Moscow Engineering Physics 
Institute SPIE Student Chapter, received the Laser Technology, Engineering, 
and Applications Scholarship. A postgraduate student at the Prokhorov General 
Physics Institute (Russian Federation), Sholokhov’s recent achievement was 
the creation of the pulsed Ho-doped fiber laser with 2 kW output peak power 
at two micron wavelength. 
 “As far as I know, it is an absolute record for such lasers,” says Sholokhov. 
The scholarship will help Sholokhov to develop a compact prototype of a 
holmium fiber laser.

 Kathleen Adelsberger, a PhD student at the University of Rochester (USA), 
was awarded the Optical Design and Engineering Scholarship. Adelsberger’s 
current research involves modifying the lens design process to incorporate 
computational imaging techniques. 
 “Technology for electronics and digital image processing of optical systems 
has exploded,” Adelsberger says, “while lens design methodology has remained 
almost entirely the same.” Her goal is to develop a simultaneous system-wide 
design approach. She plans to use the scholarship to attend conferences and 
study all aspects of the system design process.

 Germain Fenger is the winner of the BACUS Photomask Scholarship. A PhD 
researcher at Rochester Institute of Technology (USA), Fenger is working on 
photoresist-based aberration metrology for Extreme UV Lithography (EUVL). 
 “My research will consist of a modeling portion that will look at the impact 
of different aberrations on the ultimate performance of EUVL systems,” says 
Fenger. The scholarship, sponsored by BACUS, SPIE’s Photomask International 
Technical Group, will help offset the cost of simulation software and hardware 
needed for his project. n
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Sensors

Kyle Fuerschbach, right, 
a third-year PhD student at 
the University of Rochester 
(USA), receives the 2011 
Michael Kidger Memorial 
Scholarship in Optical 
Design from Tina Kidger.

Fuerschbach is working  
on a new class of optical 
design forms based on  
non-symmetric and  
freeform surfaces.

The SPIE Scholarship Committee has selected 137 outstanding students to receive more than 
$350,000 in scholarships this year. The awards are based on students’ potential to contribute 
to the field of optics and photonics or a related discipline. 

 To date, SPIE has distributed more than $3 million in scholarship funds, ranging from $2,000 to 
$11,000, to 1,905 students across 86 countries. 

Top SPIE scholarship winners
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USA raises bar on science ed

A report released last summer by the 
U.S. National Research Council says 
significant improvements are needed 

in how science is taught in the United States 
and proposes a new framework for K-12 science 
education that identifies key ideas and practices 
all students should learn by the end of high school.
The framework will serve as the foundation for 
new science education standards to replace those 
issued more than a decade ago.
 The 18-member committee that wrote the report 
included SPIE Fellow John Mather (NASA) and 
SPIE member Rebecca 
Richards-Kortum 
(Rice University) and 
was chaired by Helen 
Quinn, professor emerita 
of  physic s  at  SLAC 
National Accelerator 
Laboratory in California. 
The new framework is 
designed to help students 
gradually deepen their 
knowledge of core ideas 
in four disciplinary areas over multiple years of 
school, rather than acquire shallow knowledge 
of many topics.
 The report also strongly emphasizes the 
practices of science—helping students learn to 
plan and carry out investigations, for example, 
and to engage in argumentation from evidence.
 The overarching goal of the framework, the 
committee said, is to ensure that by the end of 
12th grade, all students have some appreciation of 
the beauty and wonder of science, the capacity to 
discuss and think critically about science-related 
issues, and the skills to pursue careers in science or 
engineering—outcomes that existing educational 
approaches are ill-equipped to achieve. 
 “Science education in the U.S. lacks a common 
vision of what students should know and be able 
to do by the end of high school,” Quinn said. 
“Curricula too often emphasize breadth over depth, 
and students are rarely given the opportunity to 
experience how science is actually done.”
 In addition to serving as the foundation for the 
development of new standards, the framework 
can be used by others who work in K-12 science 
education, such as curriculum and assessment 
developers, those who train teachers and create 
professional development materials, and state and 
district science supervisors. 

Learning optics concepts
 The framework specifies core ideas in four 

domains that all students should understand by 
the time they finish high school:
• Life sciences
• Physical sciences
• Earth and space sciences
• Engineering, technology and the applications 

of science
 Students’ knowledge in these four areas should 
deepen over time, and the framework specifies 
aspects of each area that students should know by 
the end of grades two, five, eight, and 12.
 For example, electromagnetic radiation is one 

of the core ideas in the 
physical sciences area. 
By the end of grade two, 
the report says, students 
sho u ld  u nde r s t a nd 
through experiences with 
light sources, mirrors, and 
shadows that very hot 
objects give off light and 
that light travels from 
place to place.
 By the end of grade 

five, students should understand that light 
traveling from the object to the eye determines 
what is seen and that the color people see depends 
on the color of the available light source.
 By the end of grade eight, students should have 
learned about lenses, prisms, reflection, and that 
light can be modeled as a wave.
 High school graduates should understand 
light frequencies, light speed, and modeling 
electromagnetic radiation as a photon particle.
 Read the online version of this article for 
links and more detail about “A Framework for 
K-12 Science Education: Practices, Crosscutting 
Concepts, and Core Ideas.” n

Curricula too often emphasize 

breadth over depth, and students 

are rarely given the opportunity to 

experience how science is actually 

done. –Helen Quinn

29 to receive
SPIE funds
for outreach
in optics
SPIE has awarded more 
than $90,000 this year 
to 29 organizations with 
optics- and photonics-
related education 
outreach projects. 

SPIE Education 
Outreach Grant awards 
are made twice yearly. 
The next deadline for 
grant applications is  
31 January 2012.

For more information: 
spie.org/outreach.
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Optics firms see
continuing shortage  
of rare-earth materials

The shortage of rare-earth materials is becoming 
increasingly dire as already short supply chains were 
reduced this summer. Consequently, prices for rare-

earth materials have increased dramatically, further impacting 
the optics and photonics industry, which depends on 15 of 
the 17 rare-earth elements and was already suffering from 
insufficient materials to meet demand. 
 For example, JENOPTIK Optical Systems, an SPIE corporate 
member with U.S. manufacturing facilities in Massachusetts, 
Florida, and Alabama, has seen a 16-fold increase in the price 
of a cerium oxide, a glass polishing compound that is crucial 
to its business. This has resulted in increased costs, decreased 
profit margins, and an ever-growing challenge to remain 
globally competitive. 
 “Long term, I believe that increasing glass costs will 
‘shrink’ the glass map and force us to find new ways to 
achieve the performance required by our customers without 
using anomalous partial-dispersion glasses,” said JENOPTIK 
President Jay Kumler, a member of the SPIE Board of Directors. 
 China currently mines 94% of the world’s rare-earth 
elements, but that nation has imposed quotas to limit exports 
of the materials, leading to the supply shortage and increased 
costs.
 As an example of how governments are attempting to 
address the crisis, the U.S. Congress recently included language 
related to rare earths in the FY 2012 National Defense 
Authorization bill (H.R. 1540) that passed the House Armed 
Services Committee in May but has not yet been approved by 
the Senate. The provision would require the Defense Logistics 
Agency Strategic Materials Center to begin developing a plan 
to maintain a domestic supply chain that is competitive and 
multi-sourced. This comes as the shortage has impacted key 
defense applications including precision optics.
 Some countries, such as the United States, Canada, and 
Australia, have also started strategic efforts to reopen mines. 
Those efforts, however, are not expected to have a significant 
impact for three years. n
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Winter College to focus  
on nano-optics, plasmonics 

The 2012 Winter College on Optics at the 
Abdus Salam International Centre for 
Theoretical Physics in Trieste, Italy, will 

focus on advances in nano-optics and plasmonics 
when it convenes for two weeks on 6 February.
 Directed by SPIE Fellow Zohra Ben Lakhdar of 
Université de Tunis El Manar (Tunisia), Nikolay 
Zheludev of University of Southampton (UK), 
and Mario Bertolotti of the Università degli Studi 
di Roma La Sapienza (Italy), the annual event is 
attended by more than 100 students and optics 
experts from around the world who share the 
latest research in optical science. Local organizers 
are Joseph Niemela and Miltcho B. Danailov.
 Instructors at the 2012 Winter College will present 
new advances in nano-optics and nanophotonics 
with emphasis on plasmon physics and plasmonic 
devices. Lectures and demonstrations will cover 
an introduction to nanophotonics as well as 
nonlinear optics at the nanoscale, basic plasmon 
physics, and applications in imaging, biosensors, 

nanoantennas, communications, energy, displays, 
and light sources.
 SPIE supports the Winter College, along 
with the International Commission for Optics, 
OSA, European Optical Society, Società 
Italiana di Ottica e Fotonica, U.S. National 
Academy of Science, IEEE Photonics Society, 
and International Society on Optics Within Life 
Sciences. 
 The Winter College is generally aimed at 
researchers from developing countries. However, 
students and post-doctoral scientists from 
developed countries may also attend.
 An ICTP Preparatory School will be organized 
from 30 January to 3 February for a limited 
number of selected participants. The Preparatory 
School will provide background tutorials and 
exercises in areas of electromagnetism, general 
optics, and Fourier transforms. The deadline to 
apply for this preparatory school is 14 October. n
 More information: bit.ly/winter12college 

Scientists from 57 countries
attend ICO Congress in Mexico

Researchers from 57 countries covered 
3D and holographic modeling and 
imaging, laser-based cancer detection 

and treatment, nondestructive testing, theoretical 
optics, nonlinear optics, vision sciences, climate 
studies, and related topics at the International 
Commission for Optics Congress in Puebla, 
Mexico, in August.
 Held every three years, the ICO Congress 

also featured an election at which 
SPIE Fellow Duncan Moore of the 
University of Rochester (USA) was 
chosen for a three-year term as ICO 
president, succeeding SPIE Fellow 
Maria Calvo of the Universidad 
Complutense de Madrid (Spain).
 Newly elected or re-elected vice 
presidents for 2011-2014 terms are:
• Humberto Michinel  

(Universidad de Vigo)
• Frank Höller (Carl Zeiss AG)
• Yasuhiko Arakawa  

(University of Tokyo) 
• Zhou Bingkun  

(Tsinghua University) 

• SPIE Fellow  
Zohra Ben Lakhdar 
(Université de Tunis El 
Manar) 

• Moshe Oron 
(KiloLambda 
Technologies) 

• Roberta Ramponi 
(Istituto di Fotonica e 
Nanotecnologie) 

• SPIE Fellow Tomasz Szoplik  
(Warsaw University).

 María Yzuel (Universitat Autònoma de 
Barcelona), a past president of SPIE, is also joining 
the Bureau of the ICO as vice president appointed 
by SPIE, an international society member of ICO, 
succeeding Philip Stahl (NASA Marshall Space 
Flight Center, 2012 vice president of SPIE).
 Also re-elected to three-year terms were:
• SPIE member Angela Guzmán (Florida 

Atlantic University) as secretary general
• Gert von Bally (University of Münster) 

associate secretary
• SPIE Fellow James Harrington  

(Rutgers University) treasurer

Duncan Moore

SPIE President Katarina Svanberg.

SPIE Smart Nano + 
Micro Materials and 
Devices,  4-7 December 
at Swinburne University 
of Technology’s 
Hawthorn campus in 
Melbourne, Australia, 
will have more than 140 
technical presentations 
on nano- and micro-
scale materials and 
technologies.

Plenary speakers are:
• Martin Green, Uni-

versity of New South 
Wales (Australia) 

• SPIE member Sajeev 
John, University of 
Toronto (Canada) 

• SPIE Fellow Shanhui 
Fan, Stanford Univer-
sity (USA)

Symposium chairs are 
SPIE member Saulius 
Juodkazis and SPIE 
Fellow Min Gu, both of 
Swinburne University of 
Technology.

Go to spie.org/
smartnano to view the 
complete program.
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Restoring vision with PV prostheses and 
detecting cancer with in-vivo nonlinear 
microscopy and coherence imaging are 

among the biomedical optics “hot topics” to 
be presented at SPIE Photonics West in San 
Francisco, CA (USA), in January.
 Making the world greener, brighter, and 
healthier is the goal of researchers and scientists 
working to advance light-based technologies 
across the globe. SPIE helps meet this challenge by 
connecting innovators in photonics technology 
with relevant markets and providing educational 
opportunities through its many technical 
conferences. 
 SPIE Photonics West is well known for cutting-
edge research presentations, a standing-room-only 
session on biomedical technologies, and the 
largest exhibition in North America on light-
driven technologies. 
 SPIE Photonics West will be held 21-26 January 
2012 at the Moscone Center to showcase the many 
technologies, products, and researchers dedicated 
to making the world better through photonics. 
 Speakers at the BiOS “Hot Topics” session 
Saturday, 21 January, (confirmed by press time) 
include:
• SPIE Fellow Stephen Boppart, University 

of Illinois, Urbana Champaign: Coherence 
imaging of cancer with novel optical sources

• SPIE member Elizabeth Hillman, Columbia 
University: In-vivo microscopy for the brain

• SPIE member Xingde Li, Johns Hopkins 
University: Scanning fiber-optic nonlinear 
endomicroscopy

• Vasilis Ntziachristos, Technical University of 
Munich: Molecular imaging

• SPIE member Daniel Palanker, Stanford 
University: Photovoltaic retinal prosthesis for 
restoring sight to the blind

• SPIE member Adam Wax, Duke University: 
Early cancer detection with coherence imaging 

• SPIE member Brian Wong, Beckman Laser 
Institute at University of California, Irvine: 
Pulmonary medicine

• Seok Hyun Yun, Harvard University and 
Massachusetts General Hospital: Bio laser 

West®
Photonics

The event  
that meets 
global 
challenges

Green Photonics symposium
 The global community has long recognized 
the need for sustainable and renewable energy 
sources as well as the need to conserve resources 
and encourage economic growth. The Green 
Photonics virtual symposium at SPIE Photonics 
West contributes to this need by highlighting 
the latest photonics and optoelectronic tools 
and materials used to reduce power consumption, 
enable cleaner manufacturing, and create 
new energy generation for a broad range of 
applications. 
 This interdisciplinary symposium will highlight 
papers from all areas of Photonics West that 
feature technologies that impact energy sources, 
energy efficiencies, sustainability, conservation, 
and other “green” focused components. In 
keeping with the green theme of being easier on 
the environment, an online “venue” will allow 
researchers from all around the world to easily 
search relevant papers from OPTO, LASE, and 
MOEMS-MEMS.
 Separate tracks will include discussions on 
solid-state lighting and displays; laser-assisted 
manufacturing and micro/nano fabrication; 
communications; and renewable energy generation 
through photovoltaics. Awards will be presented 
for the best papers in each of these areas.
 SPIE Fellow Stephen Eglash of the Precourt 
Institute for Energy at Stanford will chair the 
virtual symposium.

BiOS
 BiOS, the world’s largest biomedical optics 
symposium, provides an environment for 
innovators in medicine and medical technologies 
to meet with business and market resources to 
make sure these technologies reach the people 
who need them. 
 Symposium co-chairs and SPIE Fellows James 
Fujimoto of Massachusetts Institute of Technology 
(USA) and R. Rox Anderson of Massachusetts 
General Hospital and Harvard School of 
Medicine (USA) lead BiOS, an international 
forum in San Francisco for reporting and learning 
about the latest research and development, 

Top speakers
at OPTO, LASE,
MOEMS-MEMS
Top experts in 
optoelectronic materials 
and devices, lasers, 
biophotonics, micro- 
and nano-optics, 
and other photonics 
technologies will be 
the plenary speakers at 
SPIE Photonics West in 
January 2012. 

OPTO 
• David D. Awschalom, 

University of 
California, Santa 
Barbara (USA)

• SPIE member Erez 
Hasman, Technion-
Israel Institute of 
Technology

• Connie J. Chang-
Hasnain, University of 
California, Berkeley 
(USA)

LASE 
• SPIE Fellow Federico 

Capasso, Harvard 
University (USA)

• SPIE Fellow Edward 
Moses, Lawrence 
Livermore National 
Laboratory (USA)

• Peter Leibinger, 
TRUMPF (Germany)

MOEMS-MEMS 
• Michael Roukes, 

California Institute of 
Technology (USA) 

• Samuel Schaevitz, 
Lilliputian Systems 
(USA) 

• Jonathan Cooper, 
University of Glasgow 
(UK)

BiOS “Hot Topics” 
speakers are listed at 
right. 
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as well as for launching new applications and 
technologies. Special events will include “Hot 
Topics,” a weekend biomedical optics exhibition, 
and industry-leading working groups and panels.
 Program tracks will include papers on photonic 
therapeutics and diagnostics; clinical technologies 
and systems; tissue optics, laser-tissue interaction, 
tissue engineering, biomedical spectroscopy, 
microscopy, imaging, and nano/biophotonics.

LASE  
 For more than 50 years, lasers and laser research 
have produced cutting-edge breakthroughs and 
continue to lead to new technologies. The LASE 
symposium will showcase the latest fundamental 
and applied research on new laser sources and 
applications.
 Friedhelm Dorsch, head of process sensor 
systems at TRUMPF (Germany), and Alberto 
Piqué of the U.S. Naval Research Lab (USA) will 
chair this symposium, which presents the latest 
results in basic laser device and materials research, 
semiconductor lasers and LEDs, device and system 
engineering for emerging nanotechnologies, 
microelectronic and photonic manufacturing, 
and free-space communications.
 Highlights will include conferences on fiber, 
solid state, disk, and ultrafast lasers plus the world’s 
largest concentration of semiconductor laser/LED 
content at one event. Applications include lasers 
for free-space communications, industrial, and 
biomedical use.

OPTO  
 OPTO 2012 will address the latest developments 
and advances in a broad range of optoelectronic 
devices and technologies and their integration 
for a variety of commercial applications. This 
symposium is a fast-growing networking forum 
where individuals from a wide spectrum of optical 
and optoelectronic endeavors come together to 
exchange information and share views. Many 
of the green technologies on the market today, 
as well as enhanced display screens, faster 
communication, and more efficient optical storage 
devices, sprang from ideas presented at an OPTO 
conference.
 Symposium chair Klaus P. Streubel of OSRAM 
(Germany) says this year’s event will cover 
optical interactions, optoelectronic materials, 
semiconductor lasers and LEDs, solid-state 
lighting, photonic integration, displays and 
holography, nanotechnology in photonics, 
photonics packaging, and optical communications.

MOEMS-MEMS  
 One of the best places to see photonics 
technology in action is SPIE MOEMS-MEMS. 
This symposium presents the latest research in 

micro- and nanofabricated electromechanical 
and optical components for mass-produced 
miniaturized products and systems, which range 
from automated body monitors to car safety 
devices to laptop computer parts. Conference 
topics will include micro- and nano-optics, 
microfabrication, microf luidics, bioMEMS, 
medical microsystems, displays and imaging, and 
adaptive optics.
 SPIE members Harald Schenk of the Fraunhofer 
Institute for Photonic Microsystems (Germany) 
and David Dickensheets of Montana State 
University (USA) will be co-chairs. 

Startup challenge
 At last year’s Photonics West, SPIE hosted 
its first Biophotonics Startup Challenge. In a 
“Dragon’s Den” format, researchers were given 
two minutes to pitch their biophotonics product 
or small business startup idea to a group of experts 
and entrepreneurs. The technologies presented 
included optical drug delivery systems, wearable 
muscle oxygenation sensors, and a liquid-crystal 
pupil designed for prosthetic eyes. 
 The top three winners, aspiring biophotonics 
entrepreneurs working on potentially life-saving 
techniques for detecting cancer and malaria, were 
sponsored by Newport Spectra-Physics to attend 
the University of California, Davis, Biomedical 
Engineering Entrepreneurship Academy. This 
popular event packed the presentation room with 
exhibitors and numerous interested parties.
 Based on last year’s success, SPIE is adding an 
Optoelectronics Challenge to the schedule. This 
rapid-fire event will feature startup pitches from 
students and young professionals as they compete 
to take their ideas to the next level. Top winners 
will attend the Entrepreneurship Academy at 
UC-Davis. The five-day academy will help each 
winner construct a business case, analyze markets, 
and develop a network of connections to help 
drive their new venture.

Green venue
 In 2010, Photonics West moved to San 
Francisco, an area known for its environmental 
activism, with great success. Committed to 
the idea of making less negative impact on the 
environment, the Moscone Center features a 
large rooftop solar panel array, an aggressive 
recycling program, and other earth-friendly 
choices. Located in the heart of downtown, the 
center provides easy access to the rich culture of 
San Francisco. n

–Karen Thomas, SPIE staff

Third annual
Prism Awards
The 2011-12 Prism Awards 
for Photonics Innovation 
will be presented by SPIE 
and Photonics Media 
at a banquet during 
SPIE Photonics West, 
Wednesday, 25 January. 

This international 
competition recognizes 
cutting-edge products in 
10 categories that break 
conventional ideas, solve 
problems, and improve 
life through photonics. 
The Prism Awards, also 
known as the “Photonics 
Oscars,” has grown to be 
an important event in the 
photonics industry.

Awards will be made 
for innovative products, 
processes, devices, 
systems, instruments, and 
technologies that are newly 
available on the open 
market in the following 
categories:

• Defense and Security
• Green Photonics/

Sustainable Energy 
• Life Sciences and 

Biophotonics
• Information and 

Communication
• Optics and Optical 

Components
• Scientific Lasers
• Industrial Lasers
• Other Light Sources
• Detectors, Sensing, 

Imaging, and Cameras
• Test, Measurement, 

Metrology
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NOVEMBER

SPIE/SIOM Pacific Rim Laser 
Damage
Shanghai (China)
6-9 November
spie.org/pld

Asia Communications and 
Photonics
Shanghai (China)
13-16 November
acp-ce.org

DECEMBER

SPIE Smart Nano + Micro  
Materials and Devices
Melbourne (Australia)
4-7 December
spie.org/smartnano
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SPIE Photonics Europe 2012
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SPIE Photonics West
San Francisco (USA)
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