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IN 2012, IN THE WONDERWERK CAVE IN SOUTH AFRICA, archaeologists discovered 
traces of ancient cooking fires, including charred bone fragments and plant material, 
dating back to one million years. This find provided some much-needed evidence 
to an ongoing debate about when ancient hominids mastered controlled fire, and 
how cooked food ultimately inf luenced the evolution of the species. These fires are 
also the earliest known evidence that ancient humans knew how to improve the 
digestibility and safety of their food through a proven technique: heating.

As the human species evolved, we learned new and more advanced techniques 
for food preservation, including freezing, dehydrating, and salting—the remains 
of large-scale saltworks were found in China dating to 6000 BC. These techniques 
all kill the bacteria, such as Staphylococcus, Salmonella, Listeria monocytogenes, 
and Clostridium botulinum, that can lead to food poisoning. In past millennia, 
food production was the responsibility of individual households, so the techniques 
developed to preserve food safely had to be accessible and affordable. Families could 
preserve fish, fats, and vegetables well beyond the short growing seasons typical of 
seasonal climates and enjoy the security of food year-round.

As civilizations expanded so did trade, bringing with it new challenges. As sup-
ply chains developed, the tasks of fishing, baking, and preserving shifted from the 
home to the market. Specialty vendors, like the fishmonger and the baker, became 
key stakeholders in an expanding food supply chain. With that change came a loss 
of confidence in the quality and safety of food. If you couldn’t see it being made, 
could you trust what the baker put in a loaf of bread? In fact, the earliest known 
food law was passed in England in 1202, when King John proclaimed the Assize of 
Bread, which prohibited adulteration of bread f lour.

Over centuries, those food safety technologies and laws evolved into robust gov-
ernment administrations with precise requirements that dictate the quality and 
ingredients for thousands of foods. But a law protecting the purity and safety of a 
food is only as good as the technology to that detects its adulteration.

While food scientists have largely relied on chemistry to ensure food safety, 
photonics entered the scene in recent decades with an arsenal of new tools. Hyper-
spectral and multispectral imaging, used originally for Earth observation, soon saw 
obvious uses in remote sensing for agriculture. These methods were later adapted 
for food inspection lines on factory f loors to quickly identify a stone on a conveyor 
belt full of walnuts, or bruised apples. New holographic sensors use neural networks 
to detect bacteria colonies in water samples. Infrared imagers detect drought stress 
and insect infestations in crops, and ultraviolet lights purify water.

Photonic technologies don’t stop with protecting the safety of our food—they’re 
also being used to increase yields and lengthen growing seasons. LED lights are 
now a mainstay in greenhouses, and are even being used to grow crops in inhos-
pitable places, like the Arctic and the International Space Station. Solar energy is 
used to power irrigation pumps in remote locations, and lidar is used to map soil 
erosion in fields.

This issue of Photonics Focus is dedicated to the photonic technologies that keep 
our food safe and help ensure an agricultural production and distribution system 
that can feed more than nine billion people. While our techniques have become 
more sophisticated than those of our ancestors, and our cuisine has diversified, our 
basic desires have not changed: we want our food to be safe to eat, and we want to 
know that we’ll have enough for tomorrow.

GWEN WEERTS, PHOTONICS FOCUS MANAGING EDITOR

FROM THE EDITOR

Let’s Eat
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The Why, What, and How 
of Time Management

In this new age of work-from-home and online learning, you might find yourself buried 
under so many monolithic project deadlines or online-course discussion and response posts 
that you feel like you’re drowning. Taking time to reflect on and practice the following 
four steps of goal setting and time management will help you make the most of your day, 
week, month, and year. 

GET YOUR “WHY” IN ORDER. 

You can think of this as your motivation. 

Why are you working on this project? 

Why now? 

Why are you enrolled in these courses?

Why now? 

The more concretely you can answer these questions for 
yourself the easier it will be to stay motivated and break 
down large tasks and projects into smaller goals. 

CLARIFY YOUR LONG-TERM GOALS.

Once you have your “why” figured out and it rings true and 
inspires your best effort, it’s time to get cracking on more 
clearly articulating your long-term goals. I encourage you 
to write these down, even if the final results don’t match 
exactly the timeline you set for yourself. 

Many people are familiar with the idea of a five-year 
plan. That feels too rigid to me, though I love to pretend 
that my next five years will be completely within my control. 
For example, upon graduating with my bachelor’s degree 
in 2013, my five-year plan included things like publishing 
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Need Some Help Getting 
Organized?
Whether you’re committed to 
analog or do everything on your 
mobile phone, we’ve curated a 
list of some of our favorite task 
management tools to help you get 
your bit together.

Organizational software for the digital diehards:

Trello: Do you identify as a “visual learner?” You 
might like Trello. This Kanban-style task management 
software helps visualize your projects and goals, 
from small daily tasks to big multiyear projects. 
(Freemium model)

Evernote: This cloud-based service will help you 
manage tasks, categorize your lists, take notes, 
file your receipts, and keep it all neatly organized. 
(Freemium model)

ClickUp: A cloud-based collaboration and project 
management tool that organizes your projects using 
lists, Kanban boards, tags, and calendars. Assign 
tasks to team members and set due dates. We use 
this software in the SPIE Communications office and 
are impressed with the flexibility and ease of use. 
(Freemium model)

Classic tools for the old schools: 

Panda Planner: More than a daily diary, the pages of 
this planner are designed to help you reach personal 
and professional goals by setting weekly priorities, 
creating daily tasks, outlining upcoming projects, 
and planning for next week. The company claims the 
planner is designed on principles from psychology 
and neuroscience, and we love science. ($20)

PILOT FriXion erasable gel pens: These pens have 
smooth, even ink flow, come in lots of colors, and 
they’re erasable. ($5 for pack of three)

Hybrid hacks:

Rocketbook Panda Planner: For those who like to 
handwrite their lists, but see the benefits of digital 
archives and organization, Rocketbook is the answer. 
This planner is very similar to the Panda Planner 
above, but the plasticized pages can be wiped off 
and reused, week after week. A QR code at the 
bottom of each page lets you quickly scan and 
digitally archive your lists, notes, goals, and plans to 
all of the major cloud storage platforms, including 
Slack, Trello, OneDrive, Dropbox, Evernote, Google 
Drive, email… ($35)

reMarkable: You can read on it, write on it, and sketch 
on it with the included stylus, and save everything to 
the cloud. Use it to annotate scientific papers, sketch 
diagrams, and set your weekly goals. This e-ink tablet 
has handwriting recognition in 33 different languages 
and can convert your chicken scratches into Helvetica 
for later editing online. Warning: the hefty price tag 
may be prohibitive. ($495)

BANDWIDTH

ALISSA DELAFUENTE has worked as a success coach for 
several years. She writes fiction, nonfiction, and poetry. 
For guidance through these steps and more, check out her 
book Get Your Life Together: A practical guide to getting 
organized. You can purchase it on Amazon or her blog, 
www.alissadelafuente.com.

three books before 30, buying a house, having a baby, and 
starting a career. Now that I’m 29, I’ve bought a condo, 
published one book, am with a different partner who I have 
now been with for five years, have no kids, and just lost my 
job in a field that was hit hard by COVID-19. Things get 
messy, but if you know what you’re aiming for it is easier to 
get back on track when you’re feeling lost. 

CONNECT THE DOTS.

Now it is time to get down to the nitty-gritty. Take those big, 
long-term goals and see how your day-to-day tasks match 
up. Do the tasks you work on daily for your job do double 
duty to help you provide value to your company and develop 
skills you’ll need in the future? Ideally, they will, but that 
isn’t always possible. Perhaps your paycheck simply allows 
you to have a stable living situation and enough food. That’s 
great too, though sometimes less motivating when we start 
to reflect on the (lack of) progress we’ve made toward long-
term personal goals. 

There are often ways to find opportunities today that will 
help you develop skills you’ll need tomorrow, so seek them 
out! You might volunteer with a nonprofit in an area you’re 
interested in even if your “day job” is unrelated to your future 
career goals. 

BREAK DOWN YOUR GOALS INTO SMALL PIECES AND SET ASIDE TIME.

Look at each week and “carve” out time in your online cal-
endar to make sure you get each week, month, and quarter’s 
tasks and projects completed. One secret to making this work 
is to set aside buffer time each week or month for overflow, 
project delays, questions, etc. Then, commit to your schedule.

If you’re employed full-time in the type of job that allows 
you to take on long-term projects or manage reoccurring 
tasks independently, map it out. The cycle of higher educa-
tion, for example, requires that certain work tasks all happen 
at predictable times during each quarter and year. Many 
companies also have an ebb and flow based on the seasons, 
holidays, or cultural patterns. Take time each week or month 
to anticipate these time crunches, rushes in orders, upcom-
ing conferences, or other patterns to your workflow, to plan 
your work out strategically rather than succumbing to the 
dreaded long days and high stress of having too much to do. 

Which steps feel most applicable to your life and pain 
points? I encourage you to set aside a half-hour today to try 
out one or two and start new habits related to goal-setting 
or time management. 
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Zoom Gone Wrong: Cautionary Tales  
from the Remote Workplace
Over the past few months, as we attend virtual meetings, conferences, and even parties, we 

have all chuckled at stories of people forgetting they’re in a public forum, or showing up to 

a meeting dressed only from the waist up, or—less funny—fending off trolls . We asked the 

photonics community to share their learning-curve experiences in this brave new online world.

1 2

3

FAMILIARIZE YOURSELF WITH THE PLATFORM BEFORE  
THE MEETING
Zoom, Microsoft Teams, Skype, FaceTime, Google 
Duo, GoToMeeting, and every other video conferenc-
ing tool have their own unique set of tools and con-
trols. Presenters and moderators should understand 
in advance how to interact with the audience. 

For Haley Marks, a postdoctoral researcher at 
Massachusetts General Hospital, this issue became 
painfully obvious as she attended a webinar on global/
foreign patent filing. Throughout the meeting, several 
interesting conversations and questions came up in 
the chat box, yet when question time arrived, the 
speaker did not realize that only he could unmute the 
audience. Instead, he sat through a few seconds of very 
awkward silence as dozens of questions continued to 
be posted—and then logged off.

“I remember feeling so disappointed for everyone,” 
says Marks. “For the audience with their unanswered 
questions, but for also the speaker who didn’t see what 
a great conversation he had ignited. Luckily, he appar-
ently noticed or was informed of this: a few days later 
he emailed answers to those of us with questions.”

IF YOU’RE NOT SPEAKING, MUTE YOUR MIC AND BE AWARE OF 
YOUR CAMERA
Is your camera on? Should it be? Is your microphone 
muted? (Again: should it be?) Be aware of your 
surroundings: Is someone in your home practicing 
a musical instrument? If so, mute your microphone 
(or the budding musician). Is the wall of superhero 
action figures behind you going to distract from your 
presentation? Apply a virtual background. Is your 
partner, child, or pet within camera distance making 
faces? Consider moving to the linen closet—or some 
other space that affords a little privacy.

When Camilo Ruiz, an associate professor at 
Universidad de Salamanca was attending a webinar, 
a speaker was waiting for her turn to present and 
thought her camera was off. “We could all see her,” 
says Ruiz. “We could see her pacing nervously, jump-
ing, and mumbling her presentation. It was fun, but 
painful to watch.”

Meriame Berboucha, a MRes student at SLAC 
National Accelerator Laboratory, has also experi-
enced the forgotten microphone and camera—but she 
was the one who forgot: “Always, always, always check 
that you’re on mute or your video isn’t on when you 
don’t want it to be,” says Berboucha. “I was singing 
during the interlude while someone was setting up 
their presentation, and everyone heard me!”

DANCE LIKE THE WORLD

IS WATCHING
B ECAUSE YOU MIG HT HAVE LE F T 

THE CAME R A ON

EXPECT THE UNEXPECTED
Problems aren’t always due to technical issues; some-
times the outside world simply doesn’t cooperate. 
Tatjana Pladere, a researcher at the University of 
Latvia, was attending a Zoom meeting when lightning 
knocked out electricity on one side of the Daugava 
River—the side where Pladere lived. She used her cell 
phone to return to the meeting. “It was multitasking 
o’clock,” says Pladere. “I was following the meeting, 
documenting it, thinking about a plan B, reading 
news, and trying to figure out when the electricity 
might return.” Fortunately, power was restored just 
before her phone’s battery gave out. After the meeting, 
the group shared their stories and laughed about the 
most active, problem-solving meeting they had ever 
experienced. “And,” she adds, “because of the stress, I 
documented everything in a much more detailed way 
than I usually would have.”

BANDWIDTH



t=
 .3

2s
ec

10
0µ

m
 

 1
0n

m

PI (Physik Instrumente)   www.pi-usa.us

PI designs and manufactures precision mo�on
systems at loca�ons in the USA, Europe, and
Asia. With 50 years’ experience developing
products based on piezoceramic and electro-
magne�c drives, PI can quickly provide a
solu�on for your posi�oning and automa�on
projects.projects.

6 DoF
Active Optical
Alignment

50 YEARS

4

Weather isn’t the only unpleasant surprise: several meeting plat-
forms have experienced difficulties with security, including trolls 
who break into meetings uninvited, wreaking havoc. To celebrate 
the International Day of Light (IDL) on 16 May, Tatevik Chalyan, a 
postdoctoral researcher at Vrije Universiteit Brussel, helped set up 
an IDL 2020 celebration in Armenia. “We pulled together a Zoom 
workshop,” says Chalyan. “Over 80 participants registered. The 
Armenian optics community is not that big, so 80 literally means 
almost everyone in the field.”

One day before the meeting was to take place, the site was hacked. 
“Just imagine,” says Chalyan. “A few hours before the meeting, I was 
thinking of changing the communication platform, which would  
create a total mess. I was very nervous!” Instead, Chalyan was 
advised to use the “waiting room” option which would allow the 
moderator to screen who was (and wasn’t) allowed to enter. 

HAVE FUN WITH IT
Not all surprises during online meetings are a bad thing, as Elizabeth 
Bernhardt, scientific and government sales manager at TOPTICA 
Photonics Inc., knows firsthand. “At a recent conference, we held 
a TOPTICA Tuesday party and sent attendees Grubhub credit so 
they could order food and drinks,” says Bernhardt. “At one point, 
an attendee started making pancakes for her two little ones, and we 
could hear how excited they were for pancakes. We all started joking 
that we wanted pancakes. So afterward, TOPTICA sent pancake mix 
to everyone who had attended the party.”

Just as with “normal” conferences and presentations, virtual 

events don’t always go as planned. Many of us are still in 

the learning curve in the virtual world, though this situation 

may become the new normal. So, dance like the world is 

watching—because you might have left the camera on.
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From Farm to Fork: Top Photonics 
Technologies in Food Safety 
The systems that keep our food and drink safe make good use of spectroscopy
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MACHINE VISION. Sorting and inspec-
tion of food during processing has 
historically been a job for humans. But 
machines are better than humans at 
numerous tasks, such as focusing for long 
periods, and sorting and verifying labels 
at superhuman speeds. 

“Machine vision systems see subtle 
details that human sorters can’t, like 
depleted moisture levels,” says Mike 
Grodzki, product manager at machine 
vision provider Teledyne DALSA in 
Waterloo, Ontario. “And the cameras 
don’t get tired, bored, distracted, or sick.”

Vision systems involve multiple pho-
tonics technologies: lasers and LEDs, 
mirrors and lenses, high-resolution 
cameras, hyperspectral sensors, and 
spectrometers, all of which combine 
with smart software to efficiently detect 
foreign material and sort food based on 
color, size, shape, or chemistry. In most 
cases, red-green-blue or visible-wave-
length cameras are adequate for quickly 
distinguishing good versus bad items as 
they fly down a conveyor belt or chute. 
For other products, sensors need more 
specific spectral cues to do the job. 

The selection of wavelength band 
depends on the application. Ultraviolet
(U V) spec tra ca n detec t sur face  
af latoxin—an invisible, tasteless, toxic 
fungus produced by Aspergillus mold—in 
food such as corn, chilies, peanuts, rice, 
and tree nuts. Infrared (IR) wavelengths 
are useful for sorting foreign matter from 
food, such as shells and husks of nuts. 

In June, Teledyne DALSA introduced 
its first short-wave IR (SWIR) line-scan 
camera for machine vision with an  
indium-gallium-arsenide (InGaAs) sen-
sor that can distinguish subtle variants in 
water content in a variety of foods. Water 
is highly absorbent in the SWIR region of 
the spectrum between approximately 1.4 
and 3 µ. Thus, the Linea SWIR camera 
can more efficiently discern foreign con-

taminants and bruising during sorting 
than is possible at other wavelengths.

“Such vision systems could also some-
day play a very compelling role in reduc-
ing the spread of COVID-19 or future 
contagions in meat packaging plants, 
where employees must work in very close 
quarters to cut and package meat,” said 
Grodzki. “Automating certain processes 
could allow proper social distancing 
and ensure that meat is free of contam-
ination.”

RAMAN SPECTROSCOPY. A powerful 
method for identifying ingredients and 
chemical composition, Raman spectros-
copy involves projecting a laser onto a 
sample to measure the frequency shifts 
of inelastic scattering that correspond to 
the energies of specific molecular vibra-
tions. Used with a spectrometer, and in 
some cases a microscope with a mapping 
stage, the resulting Raman spectra can 
reveal physical and chemical properties 
of a sample. For example, the technique 
can verify authenticity and contamina-
tion of food sources, or whether plastic 
packaging has the advertised layers, 
thickness, and chemical makeup. 

“Raman microscopy is a powerful tool 
for characterizing food packaging,” says 
Gary Johnson, an expert Raman spec-
troscopist at Intertek, an analytical lab 
in Allentown, Pennsylvania. Intertek uses 

various lasers for different applications. 
A green doubled Nd:YAG 532 nm laser 
coupled with a CCD detector is a common 
tool for Raman microscopy, often useful 
for identifying aromatic polymer additive 
compounds or complex organic molecules 
found in polymers and synthetics. 

Sources at other wavelengths can stim-
ulate Raman scattering depending on the 
application, such as UV lasers for resonance 
Raman spectroscopy of biomolecules like 
proteins, 785-nm lasers for surface- 
enhanced Raman spectroscopy detection 
of food contaminants like formaldehyde, 
and 1064-nm lasers for Fourier-transform 
IR Raman spectroscopy of dyes and other 
photoluminescent samples.  

Photo Credit: Teledyne DALSA



 
 

The Linea SWIR camera uses an InGaAs 
sensor and a 40 kHz line rate (left) to 
detect subtle water content differences 
in similar looking items. In a quickly 
moving production line, sticks and 
stones can be selectively sorted out 
from other similar looking food items 
such as raisins or coffee beans.  

“We’ve done Raman analysis using 532 
nm excitation to test the plastic wrap for 
frozen beef patties to ensure it had the 
specified ethylene vinyl alcohol copoly-
mer barrier against oxygenation, and to 
diagnose problems with the seal on fruit 
cup lids,” says Ellen Link, senior material 
scientist at Intertek.

NIR SPECTROSCOPY. The near-IR (NIR) 
part of the spectrum from 750 to 1400 
nm (which varies, depending on whom 
you ask) plays an important role in food 
safety, providing information on the food 
chain, from soil conditions in the field to 
the ripeness of fruits and vegetables at 
harvest. NIR spectra can also measure 
pathogens, toxins, and adulterants in 
water and other drinks. 

Damon Lenski, general manager 
at spectroscopic instruments devel-
oper Avantes in Colorado, said, “Milk 
adulteration is common in some Asian 
countries, where occasionally an unscru-
pulous provider will attempt to spike the 

power. So, choosing smaller targeted 
spectral bands across the breadth of the 
spectrum keeps the data constrained. 
Advanced machine learning software 
and neural networks offer promise to 
define custom accept/reject thresholds 
and learn over time to improve iden-
tif ication and sorting accuracy and 
efficiency.  

In June, Horiba Scientific (Kyoto, 
Japan) launched the LabRAM Soleil 
Raman microscope, a laboratory solu-
tion with an impressive variety of hyper-
spectral imaging modes: reflectance and 
transmission imaging, bright field/dark 
field, epifluorescence, phase contrast, 
and differential interference contrast 
microscopy. An interchangeable grat-
ing turret and compatibility with up 
to four internal laser sources and six 
different filters enable users to quickly 
change the scanning wavelength from 
near UV to NIR spectral bands, and 
image-compression software allows fast 
hyperspectral imaging. The patented 
confocal QScan optical system can auto-
matically scan and image a sample with 
an excitation laser to generate a confocal 
3D map in x, y, and z directions. Just 
about any kind of sample is fair game 
for high-resolution imaging, spectral 
analysis, and measurement, including 
micro-organisms, trapped inclusions, 
or particles within powders. 

“Spectroscopy methods are involved in 
a lot of advanced food security applica-
tions,” says Lenski. “I think we’re going 
to see a lot more of it going forward.”

VALERIE C. COFFEY is a freelance 
science and technology journalist based 
in Palm Springs, California.

levels of protein and fat with detergent 
or edible oils that can be really toxic. 
Noncontact NIR spectroscopy uses a 
common tungsten halogen incandescent 
lamp shined through a milk sample, 
which is simple, fast, and very sanitary. 
NIR can measure an abundance of 
parameters in milk, such as protein, 
moisture content, solids, fats, as well as 
harmful adulterants.” 

In March, Avantes launched a new 
handheld InGaAs spectrometer, the 
AvaSpec-Mini-NIR, for rapid nonde-
structive testing of numerous parame-
ters of ripeness and quality in the field. 
The device, which is the size of a deck of 
cards, can be used in the dairy industry, 
or on produce still on the vine for preci-
sion detection of water content, soluble 
sugars content, acidity, pH, and aromatic 
compounds.

HYPERSPECTRAL IMAGING. Integrating 
multiple sensors across a wide range of 
wavelengths (for example, UV, VIS, NIR, 
and SWIR) in one system enables hyper-
spectral imaging that can be useful in 
microscopy to provide nanometer-scale 
identification of chemical structure and 
contaminants, or in machine vision 
systems to scan products inside and out 
for visible and nonvisible defects. Hyper-
spectral systems acquire a large data 
cube with precise spectral details that 
require intensive real-time computing 
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Regulation Changes Will Cause Financial 
Losses in US Optics and Photonics Industry

A NEW REGULATION is certain to cause financial losses 
among the US-based optics and photonics industry, and in 
some cases those losses stand to be significant. On 28 April 
2020, a final rule changing requirements on exports to China, 
Russia, and Venezuela was published in the Federal Register 
by the US Department of Commerce’s Bureau of Industry and 
Security (BIS).

The specific regulation changed, 744.21, details require-
ments for exporters to determine whether the end customer is 
considered a military end user, or if the exported technology is 
intended for a military end use for the three specific countries 
listed. Before the changes went into effect on 29 June 2020, 
exports to China still required a check as to whether technology 
was intended for a military end use—but the additional check 
about whether or not it’s intended for a military end user is 
new. That change is significant due to the broadness of the 
definition of “military end user” within regulation. The defi-
nition encompasses “the national armed services (army, navy, 
marine, air force, or coast guard), as well as the national guard 
and national police, government intelligence or reconnaissance 
organizations, or any person or entity whose actions or func-
tions are intended to support ‘military end uses.’” 

When this change was announced in April, members of 
the impacted community requested that the Department of 
Commerce publicly clarify how to apply the military end user 
definition to China before the regulation went into effect. 
Taken at its broadest definition, “any person or entity whose 
actions or functions are intended to support ‘military end uses’” 

would encompass most business and entities within China, 
as almost all Chinese entities have some form of connection 
to the government, and many primarily commercial com-
panies have partial state ownership. For example, Baidu, an  
internet-related services, products, and artificial intelligence 
(AI) company leads the Apollo Open Platform with over 100 
global partners developing autonomous vehicle solutions. 
Although the majority of Baidu’s efforts appear to support 
commercial consumers, they notably established a joint labo-
ratory with China Electronics Technology Group Corporation, 
a Chinese state-owned defense conglomerate. 

As a result, the Department of Commerce produced a list 
of FAQs published a few days before the regulation went into 
effect. Unfortunately, these FAQs provided either broad inter-
pretation of the regulations or remain ambiguous. For example, 
in trying to provide clarity on who exactly would be considered 
a state-owned enterprise, the document states that it would 
include “entities over which their national governments can or 
do exercise significant direction or control of [their] operations 
through supervision, financing, subsidization, or ownership, 
including significant minority ownership.” US companies are 
unlikely to have easy access to adequate information of this 
kind, making it difficult to determine whether the Chinese 
government is exercising significant “direction or control” 
over an entity. 

Industry had requested that the US government produce, as 
part of released clarification, a list of known Chinese “military 
end users” to ease this compliance burden. However, a positive 

Think US export controls don’t apply to you? You may want to review the  
latest changes
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Industry Updates
M&A
» Berliner Glas, maker of ceramic and optical modules, 

was acquired by ASML for an undisclosed amount. The 
transaction is expected to close before the end of the 
year. 

» L3 Harris Security & Detection Systems was acquired 
by Leidos, Inc. for $1B effective May 4, 2020.

» General Dynamics SATCOM Technologies was acquired 
by Communications & Power Industries, Inc. for $175M 
effective June 5, 2020. General Dynamics SATCOM is 
now called CPI SATCOM & Antenna Technologies. 

» eagleyard Photonics GmbH has rebranded as TOPTICA 
eagleyard, effective June 5, 2020.

» Aduro Biotech, Inc. to merge with Chinook 
Therapeutics, Inc. The combined company will operate 
as Chinook Therapeutics, Inc. The transaction is 
expected to close in the second half of 2020.

» Maxar Technologies to acquire Vricon for $140M. The 
transaction is expected to close in Q3 2020.

» JENOPTIK AG will acquire TRIOPTICS GmbH for an 
undisclosed amount. The transaction is expected to 
close in Q3 2020.

» OSRAM Licht AG was acquired by ams AG for $3B 
effective July 9, 2020.

» Analog Devices, Inc. to acquire Maxim Integrated 
for $21B. The transaction is expected to close in the 
summer of 2021.

Executive Updates
» Kevin Liddane left Berliner Glas and joined MEOPTA as 

Director of Business Development.

» Mark Palvino was appointed VP of Global Sales & 
Marketing of LightPath Technologies, Inc., effective 
June 2, 2020.

» Wai Kuen Chiang was appointed CFO & Executive VP 
of Dialight plc. The appointment announced June 3, 
2020.

» Giel Rutten was appointed President, CEO & Director 
of Amkor Technology, Inc., effective June 17, 2020. He 
succeeds Stephen Kelley, who is leaving the company. 

» Michael Cumbo was appointed CEO of AIM Photonics 
effective July 6, 2020. He succeeds Michael Liehr. 

» Brian Sapp was appointed Interim CEO of BRIDG, 
effective May 2020. He succeeds Chester Kennedy, 
who left the organization in March. 

»  David Joyce retired as CEO of GE Aviation effective 
August 31, 2020. He will be succeeded by John Slattery 
who was appointed President and CEO-elect effective 
July 13, 2020. Mr. Slattery is currently President & CEO 
of Embraer. 

» Susan Barnes to retire as CFO of Pacific Biosciences 
of California, Inc. effective August 2020. Current CEO 
Michael Hunkapiller is also planning to retire before the 
end of 2020. No successors have been named at this 
time.

FIELD OF VIEW
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list of military end users (MEUs) was not provided as part of 
the released FAQs.

Though MEU regulations do not apply to all exports, the list 
of technologies covered was expanded significantly as part of 
this regulation change. Many laser, sensor, and optics tech-
nologies  listed under the dual-use controls within Category 
6 were already covered, though manufacturers of these items 
will now be required to make a military end-user determina-
tion when exporting to China. 

Some of the new additions to the list of impacted tech-
nologies include items that are controlled for anti-terrorism 
reasons only. Items include certain electromagnetic sensors 
and acoustic equipment. The inclusion of mass-market encryp-
tion products and mass-market software, and test and mea-
surement equipment, could cause significant issues for both 
manufacturers and consumers within the optics and photonics 
community. These are low-level items that, before this change, 
did not require a license to export, except to four countries 
that are considered to support international acts of terrorism.

The changes in regulation apply not only to physical exports 
but also to deemed exports, which means giving a Chinese 
national access to the technology while on US soil. This 
change could have a significant impact on Chinese nationals 
currently part of research teams at universities and industry in 
the United States. Universities and companies will now need 
to determine if the Chinese nationals they are working with 
are considered a “military end user” and if so, restrict access 
to all technologies that apply to 744.21, or apply for specific 
approvals through a deemed export license. At a minimum, 
this is a very significant compliance burden. 

The changes to the MEU regulations are complicated by 
another final rule that was released and implemented in tan-
dem with the 744.21 changes: the removal of the CIV license 
exception, which provided for license-free export of certain 
technologies meant for a civilian end users. This license 
exception applied for deemed export purposes as well, allow-
ing Chinese nationals in the US to work with some controlled 
technology if those technologies were meant specifically for 
a civilian end user. An exception may be found in the fine 
print of 740.13, which authorizes access to technology that 
is considered “copies of technology previously authorized for 
export, re-export, or transfer (in-country) to the same recip-
ient.” Therefore, a deemed export license would only need to 
be filed by an employer for the individual when access to new 
technology is necessitated.

In light of these many changes, impacted companies are 
likely having tough conversations internally on how to mitigate 
losses, and it would not be surprising to see some companies 
offshoring technology covered by the new regulation to man-
ufacturing bases outside the United States as a result.

JENNIFER O’BRYAN is the SPIE 
Director of Government Affairs
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SPIE supports policies that allow for the international mobility of scientists. Sharing knowledge and talent through collaboration has been core 
to scientific breakthroughs for over a century and will continue to be vital to innovation across the sciences. Countries instituting policies that 
prevent, restrict, or discourage the movement of researchers put themselves at a disadvantage while also hindering scientific progress.

Presidential Proclamation Puts Additional
Strain on US Optics and Photonics Workforce
ON 22 JUNE, THE WHITE HOUSE ISSUED a Proclama-
tion that immediately suspends the H-1B visa program 
and certain categories of the J-1 visa program, a move 
that is certain to negatively impact the optics and 
photonics community in the United States. It will put 
further strain on the workforce, making it impossible 
for companies and universities to bring talent from 
outside the country to fill open positions, and harder for 
international students graduating from US programs 
to stay and begin their careers.

The Proclamation, effective immediately and 
through the end of 2020, will not affect current visa 
holders or renewal of those visas for those residing in 
the US, but will prevent new applications from being 
processed. Anyone outside the US whose H-1B visa is 
not currently valid will not be allowed to renew their 
visa while outside the US and will not be allowed back into 
the country as long as this suspension stands. Notably, this 
suspension includes cap-exempt applications, which means 
institutions of higher education, nonprofit, and government 
research organizations will be unable to hire people needing 
an H-1B visa to work legally in the US. The Proclamation does 
not apply to Optional Practical Training (OPT), nor the STEM 
OPT extension—two programs that allow undergraduate and 
graduate students with F-1 status to work in their field of study. 

Rashmi Shah, an immigration lawyer and partner at 
Bashyam Shah, a corporate immigration practice that focuses 
on technology and life sciences, believes the changes are 
endangering the United States’ competitive advantage and 
are hindering its innovation. “Highly skilled immigrants have 
helped make our economy one of the leading in the world 
by filling critical growth roles at American businesses, and 
founding successful businesses of their own. My clients are 
frustrated with the challenges and restrictions being put in 
place. They have a “welcome” sign up for global talent, but 
they need the Administration to understand the economy and 
the monetary value these highly skilled workers bring to the 
company and the broader community.” 

Noting that the current CEOs of Google, Microsoft, and  
IBM all came through programs like F-1 and H-1 visas, 
Nishant Mohan, CTO of Photonicare, sees the Proclamation 
and the broader US immigration posture troubling for both 
individuals and business alike. “The success of a technol-
ogy-focused business is highly dependent on the ability to 
attract talent. Despite well-highlighted diversity issues, tech 

companies have tried to recruit from a broader talent pool, 
including students of foreign nationalities. We are seeing a 
reduction in international students coming to the United 
States, as well as an increasing number of those graduating 
deciding not to stay in the country. These decreases will 
naturally reduce the talent pool from which we can attract 
talent and decrease the diversity of ideas and experiences. 
Once we stop being the place that unconditionally attracts 
the very best in their fields, we take away from the vigor of 
scientific and technical pursuits—the essence of modern 
innovation and growth. This will certainly have implications 
for businesses in our industry and our society in general.” 

Mohan knows the difficulties and lengthy processes of 
immigration well. He came to the US from India in 2004 to 
attend Boston University for his PhD studies, and after more 
than 15 years in the country, he is still waiting for permanent 
resident status. Having spent his entire professional career in 
the US, he is currently on an H1 visa as he awaits his green 
card—a process that included submitting over 500 pages of 
evidence and letters of support from leaders in the optics and 
photonics community. While the Proclamation won’t directly 
affect his status, he feels for the many individuals and fami-
lies who have been impacted: “I am extremely grateful to the 
institutions, companies, and individuals who have supported 
me in the process. I am fully aware there are many in much 
more urgent need who don’t have such support.”

KEVIN PROBASCO is the SPIE Manager of Technical & 
Community Communications.

FIELD OF VIEW
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Ctrl+P

Bio-inspired, Color-
Changing Gems for 
Sensing 
SCIENTISTS HAVE LONG BEEN MOTIVATED BY THE WORKINGS 
of the natural world. Studying the construction of butterfly wings 
has led to more efficient solar cells, and the structural colors and 
transparent layers of peacock feathers have inspired new designs in 
e-reader display screens.

In another feat of biomimicry, scientists based at the University  
of Surrey and University of Sussex have developed an opal-like  
material that can respond to light, temperature, and other physical 
and chemical stimuli. The idea spawned from structures such as 
butterfly wings, peacock feathers, and beetle shells, where colors 
come from structure and not pigments.

Changes in stimuli cause the material to change color, which 
is easily seen by the naked eye, eliminating the need for electrical 
sensors to register any readings. This work is considered the first 
demonstration of sturdy, yet soft and flexible, free-standing poly-
mer-based opals. The opals also contain a small amount of graphene, 
which gives them a strong, angle-dependent color that can change 
across the visible spectrum.

The material has been used to create a series of wearable, versatile, 
low-cost sensors. Normally green in color, the sensors turn blue when 
stretched, and transparent when temperature is increased. These 
changes are reversible, making the sensors ideal for a wide range 
of applications, such as time-temperature indicators for intelligent 
packaging, fingerprint analysis, bio/health monitoring, and food 
and drug safety evaluation. 

(I. Jurewicz et al., Adv. Funct. Mater. 2020, doi: 10.1002/adfm. 
202002473)

A RECENT BREAKTHROUGH in manufacturing 
light-emitting diodes (LEDs) could open the 
door to a new way of manufacturing electronic 
components. Researchers from Helmholtz- 
Zentrum Berlin (HZB) and Humboldt- 
Universität zu Berlin (HU Berlin) developed a 
method using inkjet printing to create LEDs  
from a hybrid perovskite semiconductor material. 
The team had earlier printed solar cells from  
perovskites, but this is their first success in pro-
ducing LEDs through this process.

Until now, producing sufficient quality semi-
conductor layers from a liquid solution wasn’t 
possible—LEDs could be printed from organic 
semiconductors, but their luminosity was low. 
The semiconductor material used by the team 
includes metal halide perovskite, which can be 
highly efficient in generating light, but is also 
difficult to process due to issues in printing defect-
free perovskite films as opposed to other printable 
optoelectronic materials. 

The team printed a salt-like precursor into the 
substrate, but needed it to crystallize quickly and 
evenly. To help the process go more smoothly, they 
chose a seed crystal which attaches itself to the 
substrate and triggers the formation of a gridwork 
for the printed perovskite layers. This method 
results in printed LEDs with higher luminosity 
and considerably enhanced electrical properties 
than were previously possible using additive 
manufacturing processes.

With this achievement, the researchers aren’t 
resting on their 3D-printed laurels. For them, the 
success of their project is just one step on the road 
to future micro- and optoelectronics that may 
one day be based exclusively on hybrid perovskite 
semiconductors. The end results could include a 
universally applicable class of materials and a 
cost-effective, simple process for manufacturing 
almost any kind of component.

(F. Hermerschmidt et al. Mater. Horiz. 2020 
DOI: 10.1039/d0mh00512f)

Photo Credit: Claudia Rothkirch/HU Berlin (right)

SOURCES
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A Quantum Body Scanner? 
PROPAGATE LIGHT through any kind of medium—
be it free space or biological tissue—and light will 
scatter. Robustness to scattering is a common 
requirement for communications and for imaging 
systems. Structured light, with its use of projected 
patterns, is resistant to scattering, and has therefore 
emerged as a versatile tool. In particular, modes of 
structured light carrying orbital angular momen-
tum (OAM) have attracted significant attention in 
biomedical imaging.

An international team of researchers supported 
by the European Union’s FET-OPEN project Can-
cer Scan investigated how OAM light may interact 
with biological tissue. Their study is a step toward a 
revolutionary concept of biomedical detection based 
on unified transmission and detection of photons in 
a three-dimensional space of OAM, entanglement, 
and hyperspectral characteristics: in other words, 
a quantum body scanner that can screen for cancer 
and detect it in a single scan of the body, without 
risk of radiation.

The team transmitted vector vortex beams (VVB) 
and Gaussian beams through a medium mimicking 
the light-scattering features of biological tissue. 
Investigating spatial profiles and polarization pat-
terns, they found that VVB behavior is quite distinct 
from that of Gaussian beams. Gaussian beams 
present uniform polarization immune to scattering, 
whereas VVBs present a complex distribution of 
polarization on the transverse plane. A portion of 
the VVB becomes completely depolarized when it 
passes through the scattering medium, but a portion 
of the signal preserves its structure.

The team hopes their comprehensive study will 
stimulate further investigation into the effects 
of light-scattering tissue-mimicking media, to 
advance the quest for innovative biomedical detec-
tion technology.

(Gianani et al., Adv. Photon. 2020, doi: 10.1117/ 
1.AP.2.3.036003)

AI Gets to the Root 
of Crop Issues

ONE OF THE GREAT MYSTERIES FOR FARMERS and plant breeders 
is wondering if what’s happening above the ground is the same as what’s 
happening below. 

Root crops such as carrots and potatoes can easily disguise disease or 
deficiencies that might affect their growth. While leaves may look green 
and healthy, there can be not-so-pleasant surprises at harvest time, such 
as withered tubers and chewed-on veggies.

Since the prize is underground and out of sight for observation, plant 
breeders and scientists have to wait months or sometimes years before 
knowing how different varieties may respond to changes in temperature 
or precipitation levels. Not knowing what nutrients or growing conditions 
plants need early in their development can also hinder crop productivity.

One solution has been to send in the drones. While drones are getting 
cheaper and easier to use, a major logjam is created by the need to ana-
lyze vast quantities of visual information and distill it into useful data.

The Pheno-i machine-learning platform, developed by the Inter-
national Center for Tropical Agriculture (CIAT) in Columbia, merges 
and analyzes data from thousands of high-resolution drone images to 
produce a spreadsheet to show how plants are faring in the field in real 
time. This gives farmers and plant scientists a much earlier view of how 
crops are responding to stimuli, and allows for immediate application 
of fertilizers or other treatment that could increase crop productivity or 
avert a pest invasion. 

This AI/drone solution shows how advanced technology can improve 
the age-old practice of agricultural production and help meet rising 
global food demands.

(M. Gomez Selvaraj et al., Plant Methods 2020, doi: 10.1186/ 
s13007-020-00625-1)

Photo Credit: Neil Palmer / CIAT (left) 
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Working for 
Peanuts 
BIOPHYSICISTS AND PEANUT breeders 
don’t usually associate in the same circles, 
but the two groups came together through 
Texas A&M AgriLife to study the effects 
of Raman spectroscopy (RS) in the quest 
for higher yields of healthy peanut plants.

Previously, if peanut farmers wanted to 
analyze the pest-resistance of their plants 
or the fatty acid content of their peanuts, 
they would need to extract DNA from 
plants or send samples to an off-site lab 
for infrared analysis. A study with Texas 
A&M AgriLife shows how RS can acceler-
ate the usually lengthy process of breeding 
better peanut plants and quickly scan the 
levels of oleic acid—the monounsaturated 
oil that gives peanuts a longer shelf life 
and is healthy for the heart. 

Using a commercially available, hand-
held Raman spectrometer about the size 
of a shoebox, the collaborators were able 
to identify carbohydrates, proteins, fiber, 
and other nutrients obtained from the 
spectroscopic signatures of peanut seeds. 
Their results demonstrate that RS offers 
fast, accurate, and noninvasive screening 
and selection of plants, which can be 
used for precision breeding to create 
healthier crops.

Although successful with their project 
so far, the team is still developing and 
fine-tuning ways to analyze the collected 
data as they expand their studies of peanut 
plants. One goal is to isolate peanut vari-
eties that show high tolerance to drought 
conditions and resistance to certain pests. 
They are also looking at which varieties 
could have higher nutritional content. 

(C. Farber et al., Sci. Rep. 2020, doi: 
10.1038/s41598-020-64730-w)

Photo Credit: Texas A&M College of Agriculture and Life Sciences / Nature Scientific Reports (right)
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“AIRPLANE PHOTOGRAPHY HAD ITS BIRTH, and passed through a period 
of feverish development, in the Great War,” Herbert Ives wrote in his 1920 
book Airplane Photography. The main interest at the time was military, but 
Ives predicted it would soon be applied to “mapping and other peace-time 
problems.” Yet scientific aerial remote sensing for agriculture would not get off 
the ground until the space age. Much of the credit goes to David Landgrebe, 
who as a young engineering professor found himself managing the pioneering 
Laboratory for Agricultural Remote Sensing (LARS) at Purdue University in 
1966 after Ralph Shay, who came up with the idea, took off for another job. 

Landgrebe was born in Huntingburg, Indiana, a small town in southwest-
ern Indiana best known today as the place where A League of Their Own was 
filmed. His father had wanted to be an engineer, but wound up running a family 
clothing store. David, the younger of two boys, caught the engineering bug from 
his father and enrolled in Purdue in 1952. He wandered off to industry after 
earning degrees in electrical engineering, but kept returning to academia and 
stayed on as an assistant professor after earning his PhD in 1962. 

By then, remote sensing from space had started with the first successful 
weather satellite, TIROS-1, the Television Infrared Observation Satellite. 

LUMINARIES

Safety in Numbers:  
How Hyperspectral Data  
Came to Power Food Safety

Following its April 1960 launch, its two six-
inch infrared video cameras recorded video 
that was transmitted to the ground until the 
electronics failed just 2.5 months later. In 
1961 the third TIROS satellite excited mete-
orologists by discovering Hurricane Esther, 
an important first for space observation. 

While Shay was still at Purdue, the 
National Research Council named him to 
head a panel on “Aerial Survey Methods 
in Agriculture.” Shay, a botanist, saw the 
benefits of space-based observation to better 
manage agriculture by gathering data over 
vast areas quickly and inexpensively. Soon 
after, Purdue, the University of California, 
Berkeley, and the University of Michigan’s 
Willow Run Laboratory developed an inter-
disciplinary team to work with NASA and 
the Army Electronics Command. A small 
grant from the US Department of Agricul-
ture to collect and analyze optical data on 
test farms got the Purdue program off the 
ground in 1964. 

In November 1965, Shay gave a talk at 
the Electrical Engineering Department 
that caught Landgrebe’s imagination: agri-
culturists and engineers could cooperate 
in space to improve agriculture. Joined by 
two others, the group coalesced to become 
LARS.  A few months later, Shay left and 
Landgrebe found himself in charge. “I was 
standing around leaning on my shovel and 
it happened,” he said in an oral history 
interview in 2006. He had no other major 
research projects, so the associate deans of 
agriculture and engineering “sort of decided 
I should be director.” It would prove an 
excellent choice. 

The project was challenging. Plant cover 
is complex and dynamic, and the differences 
between important crops can be subtle. In 

L AN DG RE B E HAD LONG E NVIS ION E D DIVIDING

THE SPECTRUM INTO NARROWER BANDS
THAN THE LANDSAT CHANNELS IN ORDER TO MAP 

SPECTRAL SIGNATURES IN GREATER DETAIL . 

HE WAS ENVISIONING HYPERSPECTRAL IMAGING.

In the 1960s, David Landgrebe and the pioneering 
Laboratory for Agricultural Remote Sensing 
at Purdue University brought together an 
interdisciplinary group of engineers, information 
scientists, and agricultural researchers who made 
remote sensing from space and hyperspectral 
imaging important tools for increasing food 
production and improving food safety. His 
luminary legacy continues under Melba Crawford, 
who is a professor of agronomy as well as 
associate dean of engineering for research at 
Purdue. 
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put a conventional imaging system on 
the first Landsat along with the first 
multispectral scanner, built by Hughes 
Aircraft. The imaging system failed soon 
after the launch of Landsat 1 in 1972, 
and the multispectral scanner proved 
its worth. 

Though the initial multispectral scan-
ner was limited to four channels—green, 
red, and two near-infrared bands—
Landgrebe urged more bands in subse-
quent satellites. The Thematic Mapper 
included in Landsats 4 and 5, launched 
in the 1980s, used an enhanced scanning 
system, three visible bands, and four 
infrared bands. Landsat 7, launched in 
1999, used an enhanced thematic map-
per with higher resolution and remains 
in service today.  

Landgrebe had long envisioned divid-
ing the spectrum into narrower bands 
than the Landsat channels in order 
to map spectral signatures in greater 
detail. He was envisioning hyperspectral 
imaging. Melba Crawford, professor 
of agronomy at Purdue, explains the 
distinction: hyperspectral bands are 
contiguous, with no gaps between them, 
making it possible to resolve more details 
of molecular absorption and scattering 
signatures than multispectral scanners. 

Interest in hyperspectral imaging has 
grown since the late 1980s, when the Jet 
Propulsion Laboratory (JPL) became 
NASA’s center for developing hyper-
spectral technology. JPL makes airborne 
instruments available for research in a 
wide range of fields, including agricul-
ture. Its current Airborne Visible/Infra-
red Imaging Spectrometer (AVIRIS) has 
224 contiguous spectral bands stretching 
from 380 to 2510 nanometers. NASA’s 
Earth Observatory, launched in 2000, 
carried a hyperspectral imager called 
Hyperion that had similar resolution. 
Europe, Japan, and China have all 
orbited hyperspectral imagers, and 
NASA is talking about launching one in 
the 2020s.

Hyperspectral imaging has become 
an important tool for improving agri-
cultural crops to increase food security. 
At LARS, which since 1969 has been 
the Laboratory for Applications of 

an earlier job at Douglas Aircraft, Land-
grebe had studied human stress levels, 
sleep stages, and precursors of epileptic 
seizures with neural networks. “These 
are very difficult problems with highly 
variable characteristics...that I was soon 
to learn were similar to multispectral 
data of the Earth’s surface,” he recalled. 

The engineering questions for this 
new field of agricultural remote sensing, 
Landgrebe wrote in 1986, were: “What 
physical quantities should be measured 
with what kind of instruments, what 
sensitivity, resolution, precision, etc., and 
what approach to the analysis of the data 
should be used?” To help answer them, 
in 1966 Purdue bought an IBM System 
360-44 mainframe for data analysis, 
later upgrading to a much more powerful 
IBM 360-67 in 1970. 

Computerized pattern recognition was 
then young and rapidly improving, but 
Landgrebe realized tasks such as iden-
tifying plant species by their leaf shapes 
or structures posed serious problems 
because those tasks require fine spatial 
resolution. Imaging that detail from 
space would require huge optical sys-
tems, and because the resulting volume 
of image data increases with the inverse 
square of resolution, it would overwhelm 
the computers available at the time. 

Landgrebe decided the solution was to 
identify plants and other ground features 
by their spectral features rather than 
their spatial ones. That required a new 
approach to collecting and analyzing 
data by remote sensing. They would start 
by observing the spectral characteristics 
of plants in the laboratory and by flying 
planes over test fields. Using that data, 
they would decide what instruments to 
use and how to process the data. 

This interdisciplinary approach was 
a novelty that initially scared Purdue 
administrators. Data-processing require-
ments were intense, so, in 1970s the lab 
became a pioneer in time-sharing and 
remote image processing on an IBM 360-
67 mainframe. With a staff of 120 to 170 
people through the 1970s, LARS became 
the largest research team on campus. 

The lab’s multispectral scanning 
approach was controversial, so NASA 

Remote Sensing, Crawford’s group uses 
hyperspectral imaging to analyze traits 
of crops planted in test fields. Big plant 
breeders develop many new strains of 
crops in their laboratories, then plant 
samples in small plots and quantita-
tively compare their traits by measur-
ing performance such as growth rates 
and drought tolerance. Hyperspectral 
cameras that image plots as the plants 
grow gather extensive data that can 
be analyzed in detail to pick the most 
promising strains.

The next big thing is drone-borne 
hyperspectral imaging. Crawford cites 
“enormous progress” over the last five 
to ten years in gathering hyperspectral 
data from unmanned aerial vehicles 
(UAVs). In fact, as I finished this article, 
an email arrived inviting me to a webinar 
on “Lightweight hyperspectral imaging 
UAVs...for agricultural research and 
environmental monitoring” by a major 
maker of hyperspectral equipment. 

Photonics is part of the technological 
toolkit making the world’s food supply 
more secure and sustainable.

JEFF HECHT is an SPIE Member and 
freelancer who writes about science and 
technology. 

Photo Credit: NASA/METI/AIST/Japan Space Systems, and US/Japan ASTER Science Team

Melba Crawford, Purdue University
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LED lighting can be fine-tuned to 
the most beneficial spectrum for a  
specific plant species, enabling  
increased yields and food production 
in inhospitable places.

Photovoltaics are used to power 
pumps for irrigation and lights for 
greenhouses. UV light water  
purifiers decontaminate unsafe  
water, and optical sensors monitor 
the water’s quality in real time.

Out in the field, hyperspectral  
imaging, in piloted or unmanned  
aerial vehicles, can remotely detect 
plant diseases, as well as water status 
and plant health. Lidar maps changes 
in field terrain.
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On the production line, hyperspectral 
and multispectral imaging are used  
to detect contaminants, as well as  
problems with food quality, like  
blemishes, freshness, or damage.  
Visible light cameras assist with  
sorting.

Out in the field, hyperspectral  
imaging, in piloted or unmanned  
aerial vehicles, can remotely detect 
plant diseases, as well as water status 
and plant health. Lidar maps changes 
in field terrain.

Before your food arrives at the  
grocery store, it may have brushed  
shoulders with photonics technology  
a half-dozen times.



By Neil Savage

A BETTER
WAY OF
SEEING
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Hyperspectral 
imaging shines a 
light on food safety

By Bob Whitby

What do E. coli, an apple bruise, 
pesticide on a tobacco leaf, and the 
smell of bad fish have in common?

ANSWER:  They all have a spectral signature, a fingerprint in 
visible or invisible reflected light that reveals their presence. 
You can’t see fingerprints, but if you know where and how 
to detect them, the information they provide is invaluable.  
The same is true of a spectral signature. Once you know  
what to look for and how to see it, you can unlock a treasure 
chest of useful information on food safety and quality.  

Just as detectives use ultraviolet light or dusting pow-
der to find fingerprints, food producers have turned to 
hyperspectral imaging, or HSI, to examine fruit, vege-
tables, meat, and even crops still in the field. HSI works 
in spectrums beyond the capabilities of the human eye 
and at speeds that would be impossible for any worker 
to match. It can detect a stone on a conveyor belt full of 
hazelnuts, determine if a cut of beef is properly marbled, 
and see bacterial contamination on a cut of chicken in real 
time. It returns consistent results that are as good as the 
sensors and algorithms that power it without getting tired, 
distracted, or sick.

“We are processing each individual item of the product 
on the conveyor,” said Fatih Ömrüuzun, managing director 
of Visratek, a research and development company in Turkey 
specializing HSI applications for food safety and quality. 
“In the past, our customers were taking some samples 
from the product coming from the field and doing tests in 
the laboratory, which takes a day or two, then deciding if 
the entire product lot will be accepted or rejected. This is 
why hyperspectral imaging is critical. We are analyzing 
each individual hazelnut on the conveyor belt, not just 
some samples.”

HSI IS A TECHNOLOGY that combines aspects of both 
machine vision and spectroscopy and is well suited to 
identifying desired characteristics of an object. In most 
applications, light from a natural or artificial source is 
reflected off the surface of the subject then captured and 
analyzed by the hyperspectral imager.

HYPERSPECTRAL IMAGING
 IS CRITICAL 

”

“THIS IS WHY  

WE ARE ANALYZING EACH INDIVIDUAL HAZELNUT 
ON THE CONVEYOR BELT,

NOT JUST SOME SAMPLES.

Photo Credit: Headwall Photonics



PHOTONICS FOCUS SEPTEMBER/OCTOBER 202024

HSI creates a three-dimensional data cube with x 
and y axes as spatial dimensions of the subject, and 
spectral information as the third dimension. Think 
of a data cube as a book with the full-color image on 
the cover. The x and y axes would be the length and 
width of the cover. The spectral dimension is the 
number of pages in the book with each page repre-
senting a unique wavelength. In this metaphor, an 
image in the visible spectrum would be just a three-
page book: red, green, and blue, with the full-color 
image on the cover. A hyperspectral imager, on the 
other hand, would create a book with hundreds of 
pages representing a contiguous portion of the elec-
tromagnetic spectrum. What sets HSI apart from 
machine vision is its ability to analyze the spectral 
characteristics of each pixel on the spatial plane, like 
taking a tiny core sample to examine the spectral 
fingerprint of an image in exacting detail. A study 
that used HSI to scan fish for E. coli contamination 
using select wavelengths (424, 451, 545, 585, and 
610 nanometers) where the bacteria is visible, for 
example, was successful in detecting that bacteria 
about 90 percent of the time. 

Other recent studies point to the expanding list 
of possible applications. HSI has been shown to 
accurately assess the total viable count of micro- 
organisms in beef, fish, chicken, and dried sausages; 
the volatile basic nitrogen content (a measure of 
freshness and decomposition) in fish, pork, chicken, 
duck, and shrimp; and the fat content, protein, 
and moisture in beef, lamb, and other meat. It can 
also quickly determine the soluble solid content—a 
measure of carbohydrates in many types of fruit 
and vegetables—and can discriminate among tex-
tural features that influence characteristics such 
as chewiness, gumminess, cohesiveness, and other 
attributes in a variety of foods. 

THE TERM “HYPERSPECTRAL IMAGING” was first 
used in 1985 in a paper describing the early results 
of imaging spectrometry in support of the Landsat 
1 satellite, launched in 1972. It was an idea ahead 
of its time, or at least ahead of the technology of the 
time. As Alexander Goetz, a pioneer in the develop-
ment and use of HSI at the University of Colorado, 
Boulder, wrote in a 2009 paper summarizing 30 
years of technological development, “When the first 
field spectral measurements were conducted in the 
early ’70s and the promise of imaging spectrometry 
became apparent, the technology was not advanced 
enough for it to be implemented. In spite of the fact 
that humans had walked on the moon, essentially 
all image processing was carried out in large cen-
tralized computer centers and processing jobs were 
loaded on punch cards.”

Given the technology’s origin and development at NASA, it’s not surpris-
ing that HSI was first used for remote sensing and astronomy. The ability 
to quickly identify mineral deposits from above is helpful to geologists, 
while scientists interested in ground cover can use spectral signatures to 
detect the species of individual trees.

HSI also found extensive use in military surveillance and detection on 
board planes and drones. In an odd twist, that use made it easily adaptable 
to the food industry.

“In terms of the harshness of the environment, a fast-moving aircraft 
or a predator drone are very similar to what you find in food processing 
applications,” said David Bannon, CEO of Boston-based Headwall Pho-
tonics, a supplier of HSI systems for both military and food-processing, 
as well as many other demanding applications. “A pork-processing envi-
ronment or a chicken-processing plant are very tough environments. They 
are damp and humid, there’s a lot of vibration, a lot of things moving, a 
lot of caustic chemicals being used to clean. A lot of our experience from 
military and defense is in systems that cannot fail. We put together hard-
ware–software solutions and moved them into a commercial environment 
where there’s a lot of money at stake in a processing environment if your 
system goes down.” 

THREE TRENDS ARE SHAPING THE FUTURE OF HSI in food safety and 
quality: faster, cheaper, and easier to use.

A faster HSI imaging system would open a window on chemical pro-
cesses not visible to current systems. Researchers in Spain, for example, 
recently combined dual-comb spectroscopy and video-rate imaging, 
making it possible to quickly acquire vast amounts of spectral information 
of an entire scene.

Dual-comb spectroscopy uses two optical sources, called frequency 
combs, that emit a spectrum of perfectly spaced frequencies, like teeth 
on a comb. Combined, the combs produce an interferogram that can be 
used to assess the spectral characteristics of a subject very quickly. In 
fact, the key development of the Spanish researchers was slowing down 
the interferogram so that a video camera could read it.
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“The idea is quite straightforward, really,” says 
team leader Pedro Martin-Mateos, an assistant 
professor at the Universidad de Carlos III de Madrid. 
“Dual-comb spectroscopy has been in use for a long 
time. The main issue is that the signals you need to 
read, you need to measure, have rates in the mega-
hertz. So what we did is stretch dual-comb signals in 
a way in which a camera can detect. Before you had 
interferograms that repeated at one microsecond, 
and now we have interferograms that stretch up to 
one second, so in that way, with a very, very low frame 
rate or acquisition rate, you can detect interference 
between two combs and you can therefore perform 
dual-comb spectroscopy.”

They used relatively inexpensive f iber-optic 
equipment to build the system, which splits a laser 
beam and sends outputs through acousto-optic 
modulators. The modulators allowed them to offset 
results by an arbitrarily low frequency, which slowed 
it down enough for the camera to record.

“There are acousto-optical modulators, a mono-
chromatic laser, and fiber optic components from 
the communication industry, and that’s pretty much 
it,” said Martin-Mateos.

With the system tuned to the near infrared, the 
researchers were able to see ammonia escaping 
from a bottle. Martin-Mateos said the instrument 
could be adapted to terahertz or millimeter regions, 
increasing its usefulness in food inspection.

“There have been quite a lot of studies proving 
that the terahertz wave can be used, for example, to 
detect residues in food,” he said. “There are quite a 
lot of papers proving that you can detect the quality 
of food, and even different species of wheat.” 

Currently, one drawback of HSI imagers is cost, 

which can easily top $100,000. Researchers at Duke University have 
taken a step toward putting an entire spectral imager on a single chip that 
would cost less than $100 and be the heart of a very fast, capable system.

The idea is based on plasmonics, nanoscale physical phenomena created 
when light interacts with metal. By creating silver cubes about a 100 nano-
meters wide and placing them on a transparent film nanometers above a 
thin layer of gold, researchers were able to trap frequency-specific energy 
created when light strikes the silver cubes and excites the electrons inside. 
By manipulating the size of the nanocubes and their distance from the gold 
layer, they could control the frequency of the nanocube’s response. Chang-
ing the spacing between the silver nanoparticles controlled the intensity of 
light absorbed. Thus, changing the size and spacing of the cubes allows the 
researchers to tune the system to respond to different wavelengths.

That’s an interesting phenomenon, but to make it an HSI system, the 
team needed a way to “read” the information from the nanocubes.

“We chose these sort of almost forgotten materials, kind of old-school 
thermal detectors that are called pyroelectrics. They produce an elec-
trical current in response to a temperature change and allow us to use 
a very simple architecture,” said Maiken Mikkelsen, associate professor 
of electrical and computer engineering at Duke University. “We put our 
nanostructures on top of the pyroelectric material, in this case aluminum 
nitride. When light hits the material, it heats up and generates a current.”

At that point, you have an on-chip HSI imager. Mikkelsen’s team is still 
working on the chip, but nothing about its basic architecture is partic-
ularly complicated to manufacture. It would cost in the “tens of dollars” 
range, she says.

Mikkelsen’s concept is tunable and very fast. The previous record for 
response time on any spectrally selective thermal camera, pyroelec-
tric-based or not, was 337 microseconds. Her chip showed response times 
of 700 picoseconds.

“We saw speeds of five orders of magnitude higher compared to other 
spectrally selective detectors,” she said.

A cheap, lightweight, chip-based HSI mounted on a drone and flown 
over crops could examine the spectral fingerprints of individual plants to 
precisely determine which ones need fertilizer, pesticide, or water. That 
kind of “smart” agriculture already happens, but it’s extremely expensive 
in some countries and unavailable in others.

Of course as Headwall CEO Bannon notes, HSI technology is of little 
use to food producers if it can’t be deployed, which is why Headwall’s 
MV.X imager emphasizes end-user programmability: it offers end users 
the ability to change spectral parameters to reflect their own needs. “It 
can be easily tuned and updated to changing application requirements 
using a remote connection, and deliver real-time output, programmed 
in real time, based on the different rules for grading,” said Bannon. “It is 
not a deployable or scalable strategy if we have to send an engineer with 
a PhD in optics out with every system.”

The real promise of HSI to improve the safety and quality of our food 
will be realized when food producers can use the vast amount of informa-
tion in a spectral signature as routinely as detectives read a fingerprint. 
Recent advances show that day is closer than ever. 

BOB WHITBY is freelance science writer based in Fayetteville, Arkansas.

Headwall software analyzes the hyperspectral 
data and sends coordinates to a robot down 
the line to take action



Photo credit: Headwall Photonics
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How LEDs are changing the way we grow food

By Mara Johnson-Groh

A LIGHT IN 
THE DARK

Photo Credit: Arctic Research Foundation

AT THE ICED ENDS OF THE EARTH, there’s a place 
where the sun doesn’t rise for days on end. In this place 
the winter temperatures drop so low it can’t snow, and 
there’s nothing to stop the howling wind. Yet it is here 
you can find a flourishing garden full of lettuce, carrots, 
and tomatoes.       

 This place is not some magical garden. It’s 
Uqsuqtuuq, also known as Gjoa Haven—a tiny hamlet 
along Arctic waters in the northern Canadian territory 
of Nunavut. 

In a long, blue shipping container on the edge of 
town, the local community, along with the Arctic 
Research Foundation, are working to create a sus-
tainable food source. This past winter, the people of 
Uqsuqtuuq harvested their first crop of lettuce. In a 
place where high-priced produce travels hundreds of 
miles and often arrives past its peak, the freshness 
was unrivaled.

The container in Uqsuqtuuq is part of a growing 
movement to increase access to fresh foods in remote 
and near-inhospitable places, as well as in urban cen-

ters. At the heart of this movement are LEDs—a light 
source that is revolutionizing horticulture around the 
world, and even beyond. 

LEDs—light-emitting diodes—were first practically 
produced in the 1960s, but as with any new technology, 
it has taken them some time to enter the mainstream. 
Early on, LEDs’ potential for energy efficiency was 
recognized, but the cost was prohibitively high even 
for substantial experimentation. Through the end of 
the century, successive breakthroughs led to improved 
designs and increased wavelength coverage that would 
lead LEDs on a path to wide commercial use and even to 
becoming the subject of a Nobel Prize in Physics in 2014. 

While LEDs are now ubiquitous—from traffic signals, 
to lightbulbs, to billboards—their role in agriculture is 
just beginning. One of the earliest adopters of the lights 
was NASA, who saw the low energy, compact lights as 
a durable and long-lasting alternative for use on the 
International Space Station (ISS). In the 1990s, NASA 
began experimenting with LEDs as a way to regulate 
astronauts’ sleep cycles and to grow food aboard the ISS. 

IN THE EYES OF A PLANT,

NOT ALL LIGHT
IS CREATED EQUALLY.
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Through the early 2000s, lighting companies helped 
reduce the production cost of LED bulbs from dollars to 
pennies. Additional inroads into refining bulbs and wave-
lengths, such as improving color mixing of LEDs, were made 
by entertainment industries. With these advances, and the 
proof-of-concept experiments conducted by NASA, the door 
to horticultural LED lighting was flung open.

Today, those developments made by NASA scientists  
and engineers have opened pathways to spinoff technology 
being used in horticulture. Robert Soler, a former-NASA 
expert who helped develop lighting systems for the ISS, 
went on to cofound BIOS, a biology-first company that 
designs lighting systems for commercial plant growth, 
including marijuana, an industry newly legalized in most 
of the United States. 

“I would say a mystique in the industry is that LEDs are 
not capable of doing the high-output job that traditional 
lighting has been doing for quite some time. And I think that 
maybe five to three years ago that was totally true,” Soler 
said. “But the efficiencies of LEDs and the thermal systems 
that we’ve developed at BIOS, and others have done as well, 
are absolutely ready to replace the legacy lighting products.”

From a horticultural perspective, LEDs make a lot of 
sense. They use less energy—by some estimates up to 80 
percent less—they can last ten times longer, and they emit 
in a preferred direction, reducing the loss from redirected 
light. LEDs also don’t burn like incandescent or fluorescent 
bulbs. Instead they emit light when an electrical current runs 
through a semiconductor material. As a result, LEDs gener-
ate very little heat and thus can be placed much closer to the 
plants, even in between leaves. This increases photosynthesis 
and decreases the amount of space needed for growing.  

“It means that you can bring the light closer instead of 
being 20 feet away or even 10 feet away from the plant sys-
tem,” said Mark Lefsrud, a professor at McGill University 
who leads the Biomass Production Laboratory. “In some 
cases, we keep the lightbulbs or the LEDs cold enough that 
they can actually physically touch the plant without doing 
any damage.”

IN THE PAST DECADE, researchers have made a spate of 
discoveries that advanced horticultural lighting. In the eyes 
of a plant, not all light is created equally. Photosynthesis 
primarily uses the visible wavelength, between 360–760 
nanometers, with peaks in efficiency in the blue and red 
regions. Grow light systems have been developed with this 
in mind. Some utilize only blue and red LEDs to target the 
peak of photosynthetic productivity, which helps reduce 
energy costs by eliminating light spent on less useful wave-
lengths. Advances that increase energy output from blue 
LEDs have significantly helped improve horticultural use.

“By and large, a lot of it is pretty much settled as far as 
the optimized spectrum for energy efficiency and biomass, 
to get the most photosynthetic yield per watt of energy,” 
Soler said. “But I think there are some things that are 
being explored still as in, what if I add in far-red or what 
if I added ultraviolet light? What does that do to the plant 
characteristics?”

Recently, research has explored further refining these 
light recipes needed to optimize plant growth. In addition 
to optimizing photosynthesis, researchers have identified 
specific wavelengths that change plant morphology, such 
as increasing branching. Other wavelengths have been 
found that can increase yields, change taste, and maximize 
nutrition. 

In experiments with lettuce, Lefsrud has found a few 
such correlations. “I find that [with a different red to blue 
ratio] we’re increasing the anthocyanin accumulation, as 
well as some of the other secondary compounds, and I’m 
making a more bitter lettuce. If I choose other wavelengths, 
like more of a softer red, like a 630 wavelength, then I find 
that it’s a sweeter flavor, higher carbohydrates, and less of 
the secondary compounds being produced.”

Research spanning from beans to potatoes is finding each 
plant is unique in its preferred wavelengths. Such work may 
lead to systems tailored to specific crops that can produce 
higher, more nutritious yields than can even be produced 
by the sun itself—something which could never have been 
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achieved with traditional high-pressure 
sodium lights. In greenhouses that only 
use LEDs to supplement natural sun-
light, this effect is less pronounced, but in 
indoor contained systems—like the one 
in Uqsuqtuuq—it can have a noticeable 
effect. 

NOW THAT LEDS are widely recognized 
for their commercial potential in agricul-
ture, horticulturalists hope there will be 
more incentive for companies to create 
LEDs specific to their uses. Already com-
panies have developed general spectrum 
lighting systems and are starting to play 
with customization for their customers. 

“Horticultural lighting is a niche in 
the scheme of things,” said Erik Runkle, 
a professor of horticulture at Michigan 
State University. “But lighting compa-
nies have realized that there’s a need for, 
and that there’s an opportunity to make 
products for horticulture.”

New research into various phosphor 
coatings is helping narrow wavelength 
ranges produced by LEDs, creating 
more precise colors. While this research 
has been motivated by applications in 
lighting and entertainment, the results 
are also useful for horticulture, where 
growers are aiming for specific light 
recipes to tweak certain characteristics 
of their crops. Other advances under 
development, such as dual-wavelength 
LEDs and nanodot technology, hold the 
potential to further increase agricultural 
yields while simultaneously increasing 
energy efficiency. Recent breakthroughs 
in cadmium-free quantum dots offer the 
potential for even greater wavelength 
precision, color mixing, and efficiency—
particularly in redder colors—while 
simultaneously using more environmen-
tally friendly materials.

Runkle says that LEDs are now the 
only light source used in indoor farms 
developed in the last five years. This 

widespread use, built on reduced price 
and increased efficiency, has made ship-
ping container greenhouses viable for 
the first time. 

The greenhouse in Uqsuqtuuq is the 
Arctic Research Foundation’s first exper-
iment with the technology, but it’s not one 
of a kind—other startups have created 
similar mini container farms across the 
Arctic. In a place where food travels over 
1,000 miles to reach the dinner table, a 
head of cauliflower can easily cost $10 
USD, so these greenhouses offer a hopeful 
avenue for food security. They also offer 
a way to connect to traditional cultures. 

“Part of the plan going forward is to 
get involved in some native plants to the 
area,” said Paul Waechter, the mobile lab 
technician for Arctic Research Founda-
tion who was involved in the set up and 
build of the Uqsuqtuuq greenhouse. 
The Arctic tundra around Uqsuqtuuq, 
while devoid of trees and large bushes, 
supports a variety of hearty herbs, 
mosses, and lichen, many of which hold 
traditional medicinal value. “[We’ve] 
had a couple town meetings with the 
community and Inuit elders of what 
they’d like to see grown. They came up 
with about three or four different plants 
and the idea was to go on the land this 
summer, and harvest and transplant 
some of these plants and start growing 
them in a greenhouse.”  

While the initial cost of the greenhouse 
is quite high—mostly due to transporting 
the system to the Arctic—there are hopes 
that increases in availability and subsi-
dies can help make these systems afford-
able for Arctic communities. Thanks in 
part to the efficient LEDs, the system in 
Uqsuqtuuq is almost entirely powered by 
solar panels and wind turbines, helping 
reduce operation costs. An onsite gener-
ator is connected to the greenhouse for 
backup power, but is only needed for a 
few hours a day in the winter, and even 
less during the summer.

Shipping container greenhouses are 
starting to pop up elsewhere as well. 
They’ve been tested in urban centers 
to reduce the environmental costs of 
shipping produce from distant farms, as 
well as in desert areas where contained 
systems can dramatically reduce water 
usage. While these uses bring hope of a 
more environmentally friendly food sys-
tem, they’re still a long way off from being 
sustainable when run off nonrenewable 
energy grids. Critics of these systems also 
note they can’t yet be scaled to efficiently 
grow staples, like wheat and rice.

“From the carbon footprint perspec-
tive, it’s still quite a bit more efficient 
to grow crops outdoors and ship them 
long distances than it is to grow them 
indoors,” Runkle says. 

While indoor LED systems won’t 
replace traditional agriculture anytime 
soon, they are foreshadowing one direc-
tion farming is headed, particularly in 
places like Uqsuqtuuq. A 2018 report 
estimated LED usage by growers would 
increase 32 percent annually through 
2027.

“I do think [LEDs] are the future,” 
Soler said. “They ’re just so energy 
efficient, so robust, and so reliable. It 
makes a ton of sense, even in a harsh 
environment.”

In Uqsuqtuuq, LEDs certainly do seem 
to be the future. The first harvest last 
winter brought smiles to elders’ faces and 
a new source of fresh food. Already there 
is talk of expanding the system by adding 
another container. From providing food 
for astronauts to remote underserved 
communities, horticultural LEDs are 
just starting to shine. 

Elders in Uqsuqtuuq receive 
packages of fresh lettuce grown 
in a nearby shipping container



MARA JOHNSON-GROH is a freelance 
science writer and photographer who 
writes about everything under the Sun, 
and even things beyond it.

Photo Credit: Arctic Research Foundation
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What’s 
in Your
Water?

New approaches to 
photonic biosensing detect 
contamination in water systems 
with speed, accuracy, and  
cost efficiency

IN AUGUST OF 2014, four months 
after Governor Rick Snyder switched 
the water supply of Flint, Michigan, 
from Lake Huron to the heavily pol-
luted Flint River, the city issued a mor-
tifying warning: there might be fecal 
matter in Flint’s water system. Though 
most notorious for causing widespread 
heavy metal poisoning as its corro-
sive water ate away at ancient lead 
plumbing, the Flint river also brought 
microscopic pathogens to residents’ 
homes, including harmless bacteria 
that hinted at the possibility of more 
dangerous fecal matter contamination.

By Lynne Peskoe-Yang
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But identifying microbial threats in multiton reser-
voirs is a sensitive operation. Unlike nonliving micro-
scopic contaminants, such as heavy metals, dangerous 
microbes like the bacteria Escherichia coli are too large 
and complex for tests based on their physical properties, 
such as centrifuging. 

Instead, the current standard for identifying E. coli 
in water treatment systems is culturing, a labor-inten-
sive process that can take days to complete. Routine 
sampling scans for total coliform bacteria, a broader 
category that includes E. coli as well as many similar, 
but harmless, bacterial strains; only if those tests return 
positive results are samples transferred to regional 
EPA laboratories for further testing. According to EPA 
regulations, technicians transfer filtered particles from 
testing sites to culture plates, where they are left to 
grow for 18 to 24 hours before a trained microbiologist 
manually counts the number of colony-forming units 
with a standard microscope. 

Tests like these rely on time, training, and funding, 
all of which were in short supply in Flint at the time. 
Authorities issued multiple “boil water” advisories in 
response to the elevated E. coli levels that summer until, 
unable to locate or sequester the outbreak, they flooded 
the entire system with chlorine to disinfect it. The result 
was water that reportedly tasted like bleach and cor-
roded metal components at the nearby General Motors 
plant. Later, unprecedented outbreaks of Legionnaire’s 
disease in Flint during this period, as well as carcino-
genic byproducts of the disinfectant, were also linked 
to the fluctuating chlorine levels. 

FOR MILLENNIA, HUMANS DEPLOYED their most cut-
ting-edge chemical wisdom to defend their drinking 
water from invisible threats. Ancient Greek and Roman 
winemakers lined jugs with silver, relying on the noble 
metal’s characteristic antimicrobial properties to reduce 
bacterial populations. Once silver is exposed to oxygen 
and humidity, its surface takes on a positive charge and 
interacts electrostatically with the negatively charged 
bacterial wall of “gram-negative” bacteria like E. coli. 
Silver ions then flow into the bacterial cell and kill the 
microbe.

Modern photonic approaches to biosensing for water 
safety are far more complex, reflecting the manifold 
increase in photonics expertise in the scientific commu-
nity since antiquity. New approaches take advantage of 
photons’ unique penetrative power and their sensitivity 
to electrochemical charge. Because different pathogens 
require such vastly different responses, modern photonic 
biosensors are most often tasked with detecting and 
identifying pathogens, rather than eliminating them. 

Photonic devices are uniquely well-suited for this type 
of task for a number of reasons. Compared to electronic 
devices, biosensors powered by optical properties are 
sturdier, more sensitive, and far easier to manipulate at 
the nanoscale level, allowing customization for a wide 
variety of distinct targets. For example, the surface 
plasmon resonance (SPR) sensor, which measures the 
collective oscillations of surface plasmons on a metal, 
was one of the first such platforms to achieve wide rec-
ognition as part of fiber-optic biosensing technologies 
in the early 1990s. 

“The functional mechanism of silver against bacteria 
is actually quite complex,” says Giuseppe Maria Paternò, 
a chemist and material scientist based in Milan. But 
Paternò is most interested in the effect of the interac-
tion on the silver, not the bacteria. His research group 
at the Center for Nanoscience and Technology within 
the Istituto Italiano di Tecnologia (IIT) is one of several 
currently incorporating principles of photonics into the 
realm of fluid biosensing. “We thought, ‘This effect must 
have an impact on the optical properties, on the plas-
monic frequency, of the silver,’” recalls Paternò. 

The question was how to detect it. “The plasmon 
absorption of silver lies in the UV region, where our eyes 
are not very sensitive. But you can engineer the photonic 

Flint’s water system during the city’s 
water crisis led the bacterium Legionella 

pneumophila to proliferate, causing a 
deadly outbreak of Legionnaire’s disease.





response in essentially any region you want,” if you have the 
right tools, says Paternò.

Paternò’s device, a handheld, one-dimensional photonic 
crystal biosensor, aims to make the SPR phenomenon 
detectable to the naked eye. Alternating layers of silicon or 
titanium dioxide and indium-tin oxide translate the blue 
shift of the silver-bacterial interaction into a colorimetric 
change within the visible spectrum, alerting operators to the 
presence of the pathogen—specifically, E. coli—by turning 
from pale to deep green upon exposure.

“Most of the systems that are used for counting bacteria 
require a special apparatus and a skilled person to use 
it,” says Paternò. A biosensor with a simple color readout, 
requiring almost no training to operate, opens up the pos-
sibility of lay users and technicians testing water systems 
with little input needed from scientific and government 
institutions.

RESEARCH INTO PHOTONIC APPLICATIONS in biofluid 
sensing has revealed a number of other mechanisms with 
potential for water quality testing. In her research at the 
University of Iowa’s Department of Electrical and Com-
puter Engineering, Fatima Toor relies on the extreme cus-
tomizability of nanophotonic structures to build devices 
that maximize the surface area of the sensor interface. 

Though manufacturing of silicon nanowires was once 
prohibitively costly, Toor’s team has developed an original 
technique called the metal-assisted chemical etch (MACE) 
that is inexpensive and scalable to field applications. The 
new etching process creates a solar cell based on an array 
of silicon nanowires, bookended by source and drain elec-
trodes, all resting on a dielectric-coated silicon wafer. The 
device infers the presence of gram-negative contaminants 
by measuring how well the fluid in the system conducts 
electricity.

The new fabrication technique helps to simplify the pro-
cess of functionalization, in which the surface of the sensor 
is treated with a biochemical substance that will bond to the 
target molecule. Crucially, says Toor, this functionalization 
sidesteps a common, but more costly, chemical assay tech-
nique. Instead of coating the sensor surface so that more 
targets stick to it, labeling involves priming the sample with 
labels: easily-detectable molecules, such as fluorescent pro-
teins, that pair up with targets to make the latter visible to 
fluorescent scans and other detection methods. 

Labels make target microbes like E. coli visible to assays 
based on their physical properties, but they also present 
an additional step in the diagnostic process. “Label-based 
sensor technologies are often labor- and cost-intensive, 
as well as time-consuming,” explained Toor.  Label-free 
methods, in contrast, “utilize intrinsic physical properties 
of the analytes, such as molecular weight, size, charge, 
electrical impedance, dielectric permittivity, or refractive 
index, to detect their presence in a sample.”

Moreover, label-free biosensing methods can be more 
easily integrated into lab-on-a-chip platforms, which 
can monitor the concentration of target analytes in real 
time—an essential feature of water supply testing, where 
rapid diagnostics are of the utmost importance.

One of the first use cases for photonic biosensing was 
for nitrate, a surface water pollutant from fertilizer run-
off that disturbs marine ecosystems, resulting in algae 
blooms and other dangerous effects. “There are already 
well-known, proven optical techniques to detect nitrate, 
which absorbs in the UV range, but these are very costly, 
high-end probes,” explains Marcel Zevenbergen, a physicist 
and program manager of liquid sensing solutions at Imec’s 
Holst Center in the Netherlands. “Now we think, with min-
iaturization, the price per test can decrease greatly,” even 
to the point of incorporation into commercial products.

Components of Ozcan’s 
bacterial colony growth 
detection and classification 
system
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THE POTENTIAL FOR A BIOSENSOR with greater process-
ing power recently motivated Aydogan Özcan, who leads the 
Bio- and Nano-Photonics Laboratory at the UCLA School 
of Engineering, to develop a photonic biofluidic sensor 
that recently beat EPA-recommended methods for time 
to detection, returning test results in roughly nine hours. 
The new system relies on holography, another analytical 
technique made possible by the photonic properties of light, 
to replicate the EPA’s growth-based method by identifying 
colony formation over time. “It’s the colonies that make you 
sick. If the bacteria cannot replicate, cannot form a colony, 
then it cannot do anything to you,” explains Özcan. 

Focusing on growth eliminates the possibility of false pos-
itives that plagues genetics-based assays like ELISA, which 
cannot differentiate between live and dead bacteria. But 
unlike the EPA standard, Ozcan’s “almost-handheld sensor” 
replaces the expensive wisdom of a microbiologist with the 
relatively low-cost judgment of AI. The device captures 
periodic holographic images of the filtered material from 
the sample and feeds the data into a neural network, which 
registers colony growth and then identifies each bacterial 
species by its characteristic shape and growth pattern.

Each holographic scan of a 25 mm2 agar plate takes place 
in roughly one minute. “It’s a very high-throughput imaging 
system, which is important, because this way we can actu-
ally capture information of the entire imaging plane.” And 
unlike a human microbiologist, the field-portable sensor 
does not need breaks, but “can rapidly scan large areas of 
the culture longitudinally, over several hours,” enabling 
constant monitoring of a treatment system. When filters 
inevitably rupture and leak, “you need systems that will 
constantly monitor bacterial content,” says Özcan, to catch 
growths before they become dangerous.

THE PROLIFERATION OF PHOTONIC DEVICES in biofluid 
sensing is a good sign for the future of the subfield, says 
Olivier Henry, project manager of life sciences and medical 
device technologies at Imec and a colleague of Zevenbergen. 
“You see more and more photonics systems at the research 
level. But the integration of devices into fully automated 

Harmful algal 
blooms like 
this one in 
Toledo, Ohio 
on Lake Erie 
are caused 
by fertilizer 
runoff



systems, which fully utilize the advantages of photonics, is 
not so trivial.” One factor is the difficulty of getting reliable 
measurements in fluid settings, whose relevant properties, 
such as temperature, are difficult to control and maintain.

The complexity of integrated devices makes them vulner-
able to the whims of the system. “Fluidic sensing is a very 
harsh environment,” notes Zevenbergen. “Fouling of the 
sensor is one of the major issues. How do you protect the 
parts of your sensor that are exposed? The interface, the 
electro-optical connection, they all have to be protected,” 
from water, debris, and any corrosive or harmful substances 
in the fluid, including the target analyte itself. 

But for Zevenbergen and Henry, the main obstacle to 
widespread adoption of photonic biosensors in water safety 
applications may be institutional. Fully integrated devices 
for water system testing require expertise in a wide range 
of physical and biological sciences. That can present serious 
logistical challenges for the design team, but also in terms 
of human expertise. “Optical physics, optics, surface modi-
fication and chemical engineering, physical chemistry—all 
these [backgrounds] need to be in-house to create one of 
these complex systems,” explains Zevenbergen.

Henry agrees, noting that the interdisciplinary collabo-
ration is worth the extra effort. “If you can combine these 
different sensing approaches in a single platform, especially 
for bioprocessing and bioreactors, where we now see tre-
mendous traction [for photonic biosensing projects]”—you 
can have a perfect marriage of all different analytical tech-
niques—optical, electrical, electrochemical, material—and 
balance the pros and cons of each type.”

For underfunded cities like Flint, Michigan, the most 
important pros and cons are not technical, but budgetary. 
Flint made the switch from river water back to lake water 
in 2015, amidst felony negligence lawsuits against water 
plant officials and other administrators. Four years later, 
Mayor Karen Weaver issued a statement in response to an 
EPA official’s claim that Flint’s water was once again safe 
to drink. “The medical community and scientific commu-
nity will both have to be in agreement, after a period of 
testing over time, that the water is safe to drink before I 
ever declare it safe.”



LETTER FROM THE PRESIDENT

See the Light –  
Be the Light2020 
ON 16 MAY 1960, THEODORE MAIMAN DEMONSTRATED THE FIRST LASER, and 
this date now marks the International Day of Light. For this 60th anniversary, SPIE 
and our partner societies released the video See the Light (lightday.org/seethelight). 
The stated goal is that this is a “worldwide message encouraging all to join the 
conversation and celebrate the importance of the science of light and light-based 
technologies in our lives.” I hope that you have viewed the video and shared it.

A common question I am asked is, “How did you get into optics?” You probably 
have been asked this too, and like many things, it can be complicated. I was in 
high school and college in the early to mid-1970s, and that period was really the 
breakout of optics. Use of lasers was becoming more widespread and they were 
available (I was lucky to have a HeNe in my high school physics lab), free energy was 
on its way with laser fusion, and full-color holographic TV in your living room was 
promised. Pretty exciting times for optics, lots of new things happening, although 
the term “photonics” was not even in widespread use until the early 1980s. There is 
an opportunity here to reflect on technology and hype, but that is a different letter.

In reality, my reason was much simpler: I went into optics because I have (or at 
least had) excellent vision. Sounds strange, but the lab experiments I always enjoyed 
most were the optics experiments. I could see the results and my eye was usually the 
detector—I was an integral part of the experiment and visual interpretation was 
needed as there were no computers. Even though we use more detectors today, I 
still love seeing the light patterns. My hobbies were also visually intensive: I learned 
photography and had a Pentax Spotmatic II and a darkroom in my basement. So 
when I selected a graduate school, I headed to the Optical Sciences Center at the 
University of Arizona. My first job was at Eastman Kodak, so my hobby became 
my profession.

I teach geometrical optics and something I tell my students as we evaluate an opti-
cal system is to imagine yourself propagating through the system—be the light!! This 
always generates some laughter and moans, but it very effective for understanding.

We can take this theme and broaden its importance. We have a responsibility 
to represent and promote the field of optics and photonics: be a mentor, share the 
excitement and impact, tell your story… To get more people to See the Light, we all 
need to Be the Light.

If you want to tell your story about how you got into optics, please share it:  
president@spie.org  

JOHN E. GREIVENKAMP  

2020 SPIE PRESIDENT
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Call for Papers
Photonics 

West 
 2021

Present your work at the 
premier event for the 

photonics and laser industries.  

6–11 March 2021 
San Francisco, CA, USA

Abstracts Due: 26 August 2020

spie.org/pw

SPIE
Deadlines and Events

September
 2: Abstracts due for SPIE Advanced 

Lithography 2021

 4: Deadline to apply for SPIE–Franz 
Hillenkamp Postdoctoral Fellowship

 15:  Nominations due for SPIE Fellows

 16:  Submission deadline for SPIE 
International Day of Light Photo Contest

 15-18: SPIE Laser Damage, Online

 21-25: SPIE Photomask Technology + EUV 
Lithography, Online

 21-25: SPIE Space, Satellites, and Sustainability 
(S3), Online

 21-25: SPIE Remote Sensing, Online

 21-25: SPIE Security + Defence, Online

October
 6-8: SPIE Photonex + Vacuum Expo, Online 

 7: Abstracts due for SPIE Defense + 
Commercial Sensing 2021

 9: Deadline to apply for Nick Cobb 
Scholarship

 9: Applications due for 2021 PRISM Awards

 15: Applications due for the 2021 SPIE 
Startup Challenge

 12-16: SPIE Photonics Asia, Online

November
 9-13: SPIE Future Sensing Technologies, 

Online

 10:  Abstracts due for SPIE Optics + 
Optoelectronics 2021

 20: Finalists announced for 2021 PRISM 
Awards

December
 1: Applications due for 2021 SPIE IDL Micro 

Grants

 13-18: SPIE Astronomical Telescopes + 
Instrumentation, San Diego, California, 
USA



SPIE Directors’ Award

GARY SPIEGEL, a member of the Board of Directors at Telescent, for his many 
years of service to SPIE and the global optics community, his work as a business 
leader, his significant leadership as SPIE Treasurer during challenging global 
economic conditions, and finally, his service to the future of SPIE as a member 
of the SPIE CEO Search Committee.

Spiegel has been immersed in the laser and photonics industries for more 
than 40 years. During that time, he has made significant contributions to 
the global optics community, including his many roles at Newport Cor-
poration where he served as vice president of global sales, service, and 
marketing; senior vice president of business development; and led strategic 
business development. While at Newport, he was also an exhibitor at SPIE 
conferences.

An SPIE Fellow whose name literally begins with SPIE, Spiegel has served 
the Society as Treasurer and chairman of the SPIE Financial Advisory Com-
mittee. He blended a deep knowledge of the optics industry with incisive 
and well-informed judgements and decisions on financial trends to ensure 
that SPIE, a nonprofit organization, maintained stability. His leadership 
and guidance gave SPIE the wherewithal for robust expansion of critical 
investments back into the optics community, particularly in the vital area of 
the SPIE student leadership development programs. In addition, he provided 
many years of significant service on the SPIE Compensation Committee. 

SPIE President’s Award 

DANIEL VUKOBRATOVICH, a senior principal multidisciplinary engineer at 
Raytheon Missile Systems and adjunct professor at the Wyant College of 
Optical Sciences, for his outstanding and long-term commitment to SPIE and 
its educational programs by sharing his expertise in optomechanical design 
through more than 100 SPIE Short Courses and other activities.

An SPIE Fellow, Vukobratovich has a long history with SPIE, including 
attending every SPIE Optics + Photonics meeting since 1981, and sharing 
his expertise in optomechanical design by teaching SPIE courses as well as 
participating in other related activities for more than three decades. 

As one of the Society’s earliest short-course instructors, his approach has 
always been, “Whatever is best for SPIE.” Glowing reviews of his courses were 
a key point in the letters written nominating him for the President’s Award.

Vukobratovich has chaired 17 SPIE optomechanical design conferences 
since 1986 and is a founding member of the SPIE working group in optome-
chanics. He served as the SPIE Publications Committee chair and was a 
member of the SPIE Board of Directors and the SPIE Executive Committee. 
With the late SPIE Fellow Paul R. Yoder, Vukobratovich is the author of the 
SPIE Press publication Field Guide to Binoculars and Scopes as well as two 
other high-profile reference books, Fundamentals of Optomechanics and 
Opto-Mechanical Systems Design.

 
  
   

SPIE COMMUNITY NEWS

2020 

SPIE Awards Announced

Gary Spiegel

Daniel Vukobratovich

See the entire list of  
SPIE Award Winners at  
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SPIE COMMUNITY NEWS

2020 SPIE Election Results

Bernard Kress

Get Organized: the 2021 Women 
in Optics Planner is Here

SINCE 2005, SPIE HAS PUBLISHED A WOMEN IN OPTICS PLANNER 
highlighting the careers and observations of nearly 400 women in pho-
tonics and other STEM fields. The aim of the planner is to support and 
promote the work of female scientists, and at the same time provide role 
models for girls and young women considering careers in science. 

Each year, 5,000 copies of the planner are produced and distributed 
free of charge to educators, career counselors, and community organi-
zations across more than 25 countries. And each year, the increasing 
demand for this planner has demonstrated that there is great interest in 
learning about women in the sciences and the need for female role models 
in technical fields.

With the 2021 Women in Optics planner, we are excited to introduce 
a new cohort of 24 women leaders working in STEM around the world. 
Here are just a few quotes from this year’s participants as they make 
their indelible impression on budding engineers, scientists, and future 
industry leaders:

Visit spie.org/wioplanner to meet this year’s participants and down-
load a copy of the 2021 planner when it becomes available in October.

ON 11 AUGUST, the results of the 2020 election 
were announced. SPIE Fellow Bernard Kress, 
principal optical architect on the HoloLens 
MR project at Microsoft Corporation, has been 
elected to serve as the 2021 Vice President of 
SPIE. With his election, Kress joins the SPIE 
presidential chain and will serve as President 
Elect in 2022, and as the Society’s President 
in 2023.

An SPIE Fellow since 2013, Kress is a short 
course instructor for SPIE and has been involved 
in numerous SPIE conferences as technical com-
mittee member and conference chair, including 
creating the SPIE Digital Optical Technologies 
and SPIE AR/VR/MR conferences. Along with 
AR/VR/MR and smart glasses, Kress’ areas of 
focus include micro and nano optics, optical 
lithography, volume holography, wafer scale 
optics, and diffractive optics.

Jason Mulliner, Chief Financial Officer at 
Alluxa Inc., was elected to serve as the 2021 
Secretary/Treasurer. He served in the same role 
in 2020. Mulliner has also served as a judge for 
the SPIE Startup Challenge, and serves on the 
SPIE committees for Compensation; Engineer-
ing, Science, and Technology Policy; Financial 
Advisory; and Strategic Planning.

The four newly elected Society Directors, who 
will serve three-year terms for 2021–2023, are:
• Ruth Houbertz, Multiphoton Optics 

GmbH, Germany
• Elizabeth Krupinski, Emory University 

School of Medicine, USA
• Kyle Myers, US Food and Drug 

Administration, USA
• Cather Simpson, University of Aukland, 

New Zealand
The SPIE Nominating Committee accepts 

recommendations for the election slate on an 
ongoing basis. To make a recommendation, or for 
more information, email governance@ spie.org.

“ IF YOU HAVE A GENUINE INTEREST IN A STEM 
CAREER, THEN YOU BRING YOUR UNIQUE 
BACKGROUND TO THE FIELD—A DIVERSITY 
IN EXPERIENCES AND BACKGROUNDS ONLY 
BENEFITS THE FIELD. YOUR SPIN MAY BE THE ONE 
NEEDED TO MAKE A SUBSTANTIAL DIFFERENCE.”

- GRACIE VARGAS, professor in the Department of 
Neuroscience Cell Biology and Anatomy at  

the Biomedical Engineering and Imaging Sciences Group,  
The University of Texas Medical Branch, USA

“ FIND YOUR OWN PATH AND REMEMBER THAT 
YOU ARE NOT A PROJECT—YOU ARE A PROCESS. 
STEM STRENGTHENS WOMEN, AND THE WORLD 
NEEDS WOMEN IN STEM.”
- ANNA SZKULMOWSKA, cofounder and CEO of AM2M at 

Nicolaus Copernicus University, Poland
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New $1 Million Endowed Chair at 
ICFO Focuses on Diversity
IN JUNE, SPIE AND ICFO, the Barcelona-based Institute of Photonic Sciences, 
announced the establishment of the SPIE@ICFO Chair for Diversity in Photonic 
Sciences.

SPIE is putting forth $500,000 and ICFO, a center devoted to the development of 
research, post-graduate training, and knowledge and technology transfer in optics 
and photonics fields, is pledging €500,000. These combined funds will support the 
appointment of a chair at ICFO who will leverage the center’s activities to further 
enhance its promotion of diversity, starting with the institute’s multiple programs 
supporting the education and careers of young women from diverse backgrounds 
who have an interest in photonics.

The ambition for the SPIE@ICFO chair program goes beyond gender diversity 
and aims to support a diverse range of students and researchers in photonic sciences 
who would otherwise not have such opportunities. 

Programs include the SPIE@ICFO Chair Research Fellowships that support 
students working at ICFO, the SPIE@ICFO Chair Travel Fellowship to support 
ICFO students who work at collaborating institutions, and the SPIE@ICFO Chair 
María Yzuel Fellowship Award Internships, named after the 2009 SPIE President.  

“We are extremely proud of this long-lasting alliance with SPIE,” said ICFO 
Director Lluis Torner. “Its visionary endowment program will afford the possibility 
to launch a unique SPIE@ICFO Chair for Diversity in Photonic Sciences, a topic 
both organizations consider to be of paramount importance to enhance innovation, 
creativity, and excellence across the board.”

Congratulations to the 2020  
SPIE IDL Micro Grant Recipients 
THE INTERNATIONAL DAY OF LIGHT (IDL) IS A GLOBAL INITIATIVE 
highlighting the importance of light and light-based technologies in our lives, 
for our futures, and for the development of society. SPIE IDL Micro Grants 
support local community events and activities that celebrate IDL in May and 
highlight the critical role that light plays in our daily lives. 

The maximum grant amount is $3,000 (USD) with many partial grants 
awarded each year. Applications for the 2021 cycle are now being accepted. 

See the 2020 grant recipients: spie.org/2020IDLMicroGrant

New Editor-in-Chief 
Appointed for Journal of 
Photonics for Energy
ON 1 JULY, Sean 
Shaheen, associate 
professor of optics, 
nanostructures, 
and bioengineer-
ing in the Depart-
ment of Electrical, 
C omput er,  a nd 
Energy Engineer-
ing at University of 
Colorado Boulder (CU Boulder), became 
the new editor-in-chief of the Journal 
of Photonics for Energy (JPE). He suc-
ceeded the journal’s founding editor-in-
chief, Zakya Kafafi, who had served in 
that position since 2011.

Since its inception in 2011, this quar-
terly journal has covered fundamental 
and applied research areas focused on  
the applications of photonics for renew-
able energy harvesting, conversion, 
storage, distribution, monitoring, con-
sumption, and efficient usage.

“JPE has become a valuable platform 
for the dissemination of knowledge 
generated in laboratories around the 
world working on new photovoltaic and 
related energy-harvesting devices,” says 
Shaheen. “I look forward to leading its 
future efforts in publishing emerging 
science and technology concepts and in 
showcasing the talents of researchers 
with a variety of diverse and interdisci-
plinary backgrounds.”

Shaheen is also an associate professor 
by courtesy in CU Boulder’s Department 
of Physics; a Fellow of the Renewable and 
Sustainable Energy Institute (RASEI); a 
joint appointee to the National Renew-
able Energy Laboratory (NREL); and 
director of CU Boulder’s Authentic 
Research Experiences for Teachers 
(ARETe) Program, which matches fac-
ulty from Colorado two-year colleges 
with research laboratories in the College 
of Engineering and Applied Science at 
CU Boulder for in-depth, collaborative 
research experiences.
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SPIE COMMUNITY NEWS

Welcome 2020 SPIE 
Senior Members
THE NEW CLASS of senior members for 
2020 has been announced. SPIE Senior 
Members are honored for their profes-
sional experience, their active involve-
ment with the optics community and 
SPIE, and/or significant performance 
that sets them apart from their peers. 
Senior Member recognition is intended 
to be accessible to active Members early 
in their careers.

See this year’s class online: spie.org/
seniormember

Meet the  
2020 Education 
Outreach  
Grant winners  
AS PART OF ITS EDUCATIONAL mis-
sion, SPIE awards over $80,000 annu-
ally to organizations with optics and 
photonics-related education outreach 
projects.

Qualifying not-for-profit organiza-
tions such as universities, optics centers, 
science centers, primary and secondary 
schools, youth clubs, industry associa-
tions, and international optical societies 
are eligible for outreach activity sup-
port; STEM activities with an optics or 
photonics component are also eligible.

The key criterion in evaluating and 
ranking applications is the potential to 
increase optics and photonics awareness 
among students or the larger commu-
nity. The 2021 grant cycle will open in 
October.

Here are just a few of this year’s Edu-
cation Outreach Grant winners:
 •  Arkansas Tech University (USA), for 

an optical communication kit and 
curriculum to be used by 8th-grade 
science teachers.

 • Center for the Holographic Arts 
(USA), for “The Optics and Hologra-
phy Lab.”

 • Centro de Investigación Científica y 
de Educación Superior de Ensenada 
(Mexico), for “Messages in Light: 
Take a look at optical fibers.”

 • Cork Institute of Technology (Ire-
land), for a smartphone spectrometer 
and laser harp.

 • Helping Hands Network/University 
of Tokyo (Japan), for an optics work-
shop for science teachers in Liberia.

 • Nat iona l Technica l Universit y 
“Kharkiv Polytechnic Institute” 
(Ukraine), for “Welcome to Photo-
voltaic Universe!”
See the rest of the winners online: 

spie.org/EdOutreach2020

SPIE Digital Library is 
Reducing Institutional
Subscription Prices by 
10% for 2021
IN RECOGNITION OF THE CHALLENGES 
facing research communities during the 
COVID-19 pandemic, and in keeping with 
its commitment to enabling the broadest 
possible dissemination of information to 
researchers, engineers, and academics 
worldwide, SPIE is reducing all institutional 
SPIE Digital Library and journal subscrip-
tions by 10% for 2021. The discount applies 
to both new and renewing SPIE Digital 
Library institutional subscriptions as well 
as institutional subscriptions to individual 
SPIE journals invoiced after 1 June 2020. 
Pricing for all other SPIE publications will 
remain flat for 2021.

This action aligns with the SPIE mission 
to ensure affordable access to its extensive 
collection of multidisciplinary conference 
proceedings and journals for the greatest 
number of researchers, and demonstrates 
its commitment to address the ongoing 
budgetary pressures facing libraries.

“In this unprecedented time, it is our focus 
to be a responsible not-for-profit partner 
to both the library and research communi-
ties,” says SPIE CEO Kent Rochford. “We 
are in this together, and we aim to use our 
resources to help lessen the burden on the 
communities it is our mission to serve.”

2020–21 Arthur H. 
Guenther Congressional 
Fellow is Announced
SPIE AND THE OSA HAVE SELECTED 
Michelle Solomon as the 2020–2021 
Arthur H. Guenther Congressional 
Fellow. Solomon received her PhD in 
materials science and engineering from 
Stanford University this summer—
her research concentrated on ways to 
use light to purify chemicals used in 
the pharmaceutical and agrochemical 
industries, with the goal of decreasing 
side effects.

During graduate school, she also pur-
sued an interest in science and energy 
policy, including a summer fellowship at 
the California Energy Commission in the 
Office of Vice Chair Janea Scott. While 
at the Energy Commission, she focused 
on electric vehicle infrastructure policy, 
particularly stakeholder outreach and 
mapping out electric vehicle charging 
programs across the state of California.

During her one-year term in Washing-
ton, DC, two of Solomon’s goals are to 
learn how scientists can be useful in the 
process of developing policy and to work 
on issues at the intersection of energy and 
health, such as environmental justice.  

Co-sponsored by SPIE and OSA, the 
fellowship’s mission is to bring technical 
and scientific backgrounds and perspec-
tives to the decision-making process in 
Congress and provide scientists with 
insight into the inner workings of the 
federal government. Fellows have the 
opportunity to participate in a multitude 
of policymaking functions, including 
conducting legislative or oversight work, 
assisting in congressional hearings and 
debates, preparing policy briefs, and 
writing speeches.



Reflections
LEDs illuminate this greenhouse in 
Washington state. The lights are 
emitting a specific wavelength of 
light, giving it the pinkish glow, to 
increase yields of marijuana plants— 
a legal industry that is thriving in the 
state.

Photo by Kevin Probasco

Submit your own images of light properties and light-based technology to REFLECTIONS by mentioning  
@SPIEtweets ( ) or @spiephotonics ( ). Submissions can also be sent by email to photonicsfocus@spie.org.
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SPIE remains committed to advancing light-based research and meeting the needs 
of our constituents by providing space—whether in person or online—to share your 
work and connect you with the global scientific community.

We are here to ensure that your 
research has an audience.

How that looks may change as world events impact our personal 

and professional lives. Rest assured, if the timing of an in-person 

meeting will not allow us to gather, we will leverage our Digital 

Forum platform and virtual meetups to give you alternative ways to 

connect with your community.

We look forward to connecting with you soon. 
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