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Pegasus: Situational Awareness
Across the Field of Regard in Real Time

Specifications

Simultaneous panoramic imaging over a field

of regard (FOR) * 110° Horizontal x * 22° vertical
Resolution: 150 px/deg (human vision equivalent)
Detection Range: 4 NM

Monochromatic visual imaging

Weight: 20-30 Ibs.

Diameter: 450 mm

See up to 4 miles beyond the visual line of sight

Cessna Detected
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Zak Niazi: Panoramic Photography

lan Gauger: Operational Agility

New Employee Feature: Matthew Brophy

Experience Feature: Michael Robbins, AUVSI

Expert Feature: Dr. Roarke Hostmeyer

John Bowron, Ph.D.:A Mastermind in Optical Innovation
Employee Spotlight: Bob Stanchus

Advocacy in Action: Bridging Innovation with Policy

These quotes and features were extracted
from conversations and blogs that were
included in our 2025 social media strategy.
These pages represent only a sliver of a sliver
of our activities and engagement with
brilliant engineers and visionary leaders
across aerospace, imaging and immersive
technology verticals.
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Where We Are, Where We've Been, and
Where We're Going by

Panoramic imaging is nothing new. In fact, just a few
years after the invention of the Daguerreotype camera,
people found ways to use these cameras to capture
vast expanses of land. They did so by rotating the
cameras, capturing images, and stitching those
multiple frames together into a single panorama.

Panoramas even predate the invention of the camera
itself. Before there were cameras, people would create
panorama rotundas to immerse audiences in new
environments. Throughout time, people have
understood the value of immersing people completely
in new environments—in ways that rectangular
windows are unable to capture. If a picture is worth a
thousand words, how many words is a panorama
worth? Panoramas capture the experience itself. So,
what would the value be if everyone had this ability to
record not just snapshots but experiences at any time?

Science fiction has explored these concepts in recent
years. In Star Trek, the holodeck is a place where
characters can go on the ship to play virtual reality
simulations. They can interact with characters in the
holodeck, simulate environments, and feel the rain and
the sun. That's the direction VR technology is headed.
One day, these simulations will be so real that you
won't be able to distinguish them from reality.

The technology to enable that future will come in layers.
The first layer is optical. We need the technology to
record the entire world digitally, before we can hope to
play it back. Then we need better playback technologies
(dome theaters, VR headsets, etc). The second layer is
Al technology. We need the ability to modify simulations
by adding in characters, having these characters
interact with you, or changing landscapes on
command. The last layer is perception— physical
touch—the ability to feel these interactions.

Ocircle

TN

gt T

T M -

']
i f r.
¥ o4

-'-—-.l_ruul_

Zak Niazi

From feeling sunlight on your face to swimming in the
ocean, this layer of technology will either provide
physical objects in the environment (like in Star Trek),
or trick our brains to receive these perceptions (think
Neuralink).

Perception We don't need all of these layers to begin
reaping the benefits of panoramic
photography. The first layer—the
gl optical, or the ability to capture
and display—already has a
Optical myriad of benefits.

The optical layer of immersive media has two important
aspects: capture and display. On the capture side, there
are essentially three levels to consider. The first is the
ability to record 360-degree video—full spherical
coverage of a scene—so viewers can experience every
angle in playback. This alone is transformative, but it is
also challenging. In theory, a VR headset can let you
look around the scene in any direction, yet most consumer
headsets on the market still lack the full human eye-
resolution required to make these experiences feel
perfectly real. Higher-end devices can deliver near-retinal

resolution, but they tend to be bulky or expensive. Over
time, we'll see these headsets become more comfortable
and more powerful, packing more compute resources
into smaller footprints.

The capture side, however, has some catching up to do.
Today's 360-degree cameras require extensive stitching
to fuse the multiple lenses into one seamless spherical
image. Software does its best to identify matching
features where each lens overlaps, but any errors have
to be corrected manually in post-production—much like
fixing blemishes in Photoshop, but with far more
complexity. That's why most consumer-friendly 360°
cameras use a dual fisheye approach. With only one
stitch line, the resulting footage is easier to process.
The drawback is resolution: dual fisheye clips are often
much lower quality than what even the low-end headsets
today can display. Until camera technology evolves to
effortlessly stitch footage at resolutions that match (or
exceed) today’'s VR headsets, 360-degree video won't
yet feel completely immersive or real.

Moving to 3D 360-Degree Video

The next phase of capture and display will involve
three-dimensional 360-degree video. This upgrade is
vital because our brains expect parallax—when you
move your head or shift your vantage point, you see
different perspectives. Traditional 360-degree video is
static, so tilting your head won't change the anglein a
natural way. Future capture systems will allow for six
degrees of freedom (6DoF), letting you move side-to-side,
forward-backward, or up-down within a recorded scene.
On the display side, the VR headsets themselves might
not change drastically beyond adding the necessary
controls to navigate these new degrees of movement.
Some people will want to explore a space by physically
walking on a treadmill or in a dedicated room. Others
might prefer a handheld controller to virtually “teleport”
themselves around the scene.

Initially, 3D 360-degree recording will be limited to relatively
static environments—a single camera rig capturing an
unmoving space. Over time, multi-camera setups and
Al-driven processing will merge the overlapping viewpoints
and interpolate missing information. Moving subjects,
such as athletes in a sports arena, will be captured in
real time. This is where the technology gets truly exciting
for broadcast entertainment. Sports fans could choose any

perspective on the field, from following a quarterback’s line
of sight to hovering above the goal line for a better view
of a crucial play. When this level of capture becomes
feasible and user-friendly, it's easy to imagine how it
could replace or drastically augment traditional
flat-screen broadcasts.

All of these advancements must become as simple and
accessible as pulling a smartphone from your pocket
and tapping “record.” A 360-degree or even 3D
360-degree camera has to be just as easy to use, with
automated stitching and no noticeable artifacts. We'll
know we've arrived at that point when sharing immersive
video is as routine as posting a regular clip on social
media—and, crucially, when there’'s no sacrifice in
image clarity.

Lightfield Capture and Display

The final frontier for optical immersion is lightfield
capture and display. Current VR headsets simulate a 3D
environment, but they still rely on projecting flat images
onto our eyes—albeit with stereoscopic separation for
each eye. That means we're getting two fixed “windows”
into a virtual scene. In reality, when we look at the world
around us, each point on every object emits (or reflects)
light toward our eyes at countless angles. If you shift your
head slightly or refocus your eyes at different depths, the
light rays and focal points change accordingly. Today's
headsets can't perfectly replicate this continuous range
of light angles or depth cues. Instead, they approximate it
with methods like eye-tracking and foveated rendering,
which are still far from the real-world experience.

Why It Matters

This gap between real and virtual stems from the
limitations of display technology. With a true lightfield
display, the angle of light coming from each pointin the
scene is precisely controlled, just as itis in the real
world. Instead of projecting two static views, a lightfield
display would emit a spectrum of rays at different
angles, giving each eye (and each focal depth) the
correct perspective. You'd be able to look around
objects, change your plane of focus, and experience
the kind of natural parallax you get by simply leaning
left or right in real life. That extra layer of realism can
mean the difference between “I'm looking at a
simulation” versus “I'm actually in the simulation.”

Ocircle
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Capturing the World in Full Detail

On the capture side, achieving a full lightfield means
recording not just the geometry of a scene but also the
detailed reflectance properties—often described by the
Bidirectional Reflectance Distribution Function (BRDF)—at
every point in space. This process essentially requires
capturing how light bounces off every “voxel” of the
environment. Think of it as creating a perfect digital twin
of reality, where each 3D point is stored with information
about how it interacts with light coming from all directions.
This volumetric “lightfield data” can then be used to
drive a true lightfield display.

Current technologies can approximate small pieces of
this puzzle. For example, photogrammetry can
reconstruct geometry, multi-lens arrays can capture
partial lightfields, and advanced rendering can make
surfaces look convincingly real. But full, real-time,
high-resolution lightfield capture is still at the cutting
edge of research, requiring vast storage, processing
power, and sophisticated optical rigs.

Indistinguishable from Reality

Once we've perfected both sides of this equation—lightfield
capture and lightfield display—we will have crossed the
threshold into truly indistinguishable virtual reality. If your
eyes receive the exact same array of light rays they
would in real life, you wouldn't be able to tell the
difference. Optically, you'd be fully immersed in a digital
universe that behaves identically to the one you inhabit
physically. This is the ultimate goal of VR: not just to
place you in another environment, but to do so with
such fidelity that your brain accepts it as wholly real.
Once that milestone is reached, the line between
“virtual” and “real” becomes less about how it looks and
more about where we choose to spend our time.

Layer Two: Al-Powered Environments

Once optical capture and display reach a sufficient level
of realism, the next step is using Al to transform these
environments in real time. Imagine walking through a
photorealistic simulation of an ancient city, then deciding
to remove a building or replace it with a modern
skyscraper—all with a simple voice command or gesture.
Al will not only handle object insertion and deletion, but
will also enable interactive characters. You might
populate your virtual streets with historical figures who
act, speak, and respond to your queries in a lifelike manner.
Want to practice a language? Ask the Al to generate a
native speaker who can converse with you in real time,
and adjust the difficulty based on your skill level. Prefer
a more whimsical scenario? Transport yourself to a
fantasy world filled with talking creatures who guide you
through quests.

Once 3D 360° video becomes commonplace, allowing
users to capture and upload vast amounts of real-world
footage, this data will serve as the training foundation
for powerful, generative Al models. These models will
learn to recreate 3D scenes so accurately that they can
instantly generate entire environments on demand,
complete with authentic lighting, textures, and
architectural details. Imagine wanting to explore Paris
in the 1800s—an Al could reconstruct a photorealistic
version from historical references, fused with the modern
3D data collected by millions of users. From there, users
could alter anything at will, replacing landmarks, changing
the weather, or adding dynamic events—all powered by
massive databases of 3D 360° captures. This synergy
of crowd-sourced, immersive video and generative Al
will make fully customizable, virtual worlds a reality,
blurring the line between genuine historical reconstructions
and purely imaginative settings.

This power to alter the environment at will, combined
with the ability to generate highly detailed, intelligent
non-player characters, effectively turns VR experiences
into Star Trek’s holodeck. Just as the crew could
program Sherlock Holmes mysteries or Wild West
adventures, we will be able to script fully immersive,
interactive scenarios. Personality traits of Al-driven
characters can be tweaked on the fly to create anything
from friendly guides to challenging adversaries. All of
this will be possible thanks to deep learning systems
capable of simulating human-like behavior, speech, and
decision making.

Layer Three: Physical Touch

While astonishing visuals and interactive Al can create
an incredibly engaging experience, the final piece of the
puzzle is physical sensation. Haptic feedback systems
are already taking baby steps in this direction. These
include gloves or specialized suits that vibrate or
provide pressure when you interact with virtual objects.
Over time, these will evolve to convey more nuanced
sensations—such as texture differences, temperature
changes, or even the subtle feeling of wind passing
across your skin. This will make VR experiences feel
more and more lifelike.

However, true indistinguishability from reality will
require neural-level stimulation. Instead of just tricking
our eyes, ears, and hands, tomorrow’s technology
might interface directly with the brain’s sensory cortex,
generating the tactile illusions of sand beneath your
feet, saltwater buoyancy as you swim, or the warmth of
the sun on your face. Neuralink and similar brain-computer
interfaces (BCls) are already being explored for medical
and communication purposes, but they also hold the
long-term potential to revolutionize entertainment and
immersive experiences.

O circle




In the dynamic landscape of a startup, adaptability isn't
just an advantage—it's essential for navigating rapid
change and scaling efficiently. Operational agility—the
ability to swiftly respond to market shifts—is key to our
survival and success. At Circle Optics, we are harnessing
the power of technology to enhance our operational
efficiency, adaptability, and scalability, turning challenges
into growth opportunities.

Efficiency is about optimizing resources for maximum
impact. Technology plays a crucial role, particularly in
automation, cloud-based solutions, and data analytics.
Automating repetitive tasks frees our team to focus on
strategic initiatives. We leverage tools like servis.ai, a
business operations platform, for contact management
and to streamline sales and marketing. Al tools further
automate simple computer tasks and expedite research,
increasing productivity. Project management tools also
play a vital role in task assignment and progress tracking.

Cloud computing enables scalable data storage, seamless
collaboration, and on-demand accessibility. Microsoft
Teams enhances communication and supports remote
work, which is critical for business continuity. Data analytics
provides insights for informed decision-making. Business
intelligence dashboards offer real-time visibility, while
customer analytics help us understand user behavior.
This data-driven approach optimizes our strategies and
enables us to proactively address challenges.

Tech-Driven Agility:
uilding Operational Excellence
at Circle Optics by lan Gauger

Adaptability means anticipating change and thriving in
dynamic environments. Technology enables this through:

Flexible infrastructure: Scalable cloud infrastructure
allows us to adjust resources as needed, supporting
growth without costly overhauls.

Agile methodologies: Frameworks like Scrum and
Kanban promote flexibility and continuous improvement.
Breaking projects into sprints allows us to adapt quickly to
feedback and shifting priorities. We have adopted ClickUp
to streamline communication between our technical staff
and further enhance our agile workflow.

Remote work capabilities: Tools that support remote
work, such as video conferencing and collaborative
platforms, enhance agility by ensuring productivity and
connectivity regardless of location.

Scalability is crucial for startup success. Technology
supports this through:

Modular systems: Modular architectures allow us to
add or remove functionalities—such as adjusting fields of
view—ensuring our technology adapts to evolving
customer needs.

Future-proofing: Investing in adaptable technologies
enables us to incorporate future innovations and avoid
obsolescence.

Operational agility is essential for startup success. By
leveraging technology, we enhance efficiency, foster
adaptability, and enable scalable growth. At Circle
Optics, we embrace continuous learning and
experimentation. Just as we are including our broader
community in testing Hydra lll and advancing our
technology roadmap, | encourage everyone to explore
new tools and systems that can further strengthen our
operational agility. Our human capital roadmap is as
important as our technology roadmap.

As we grow, our team remains our greatest asset. We
are actively hiring specialized talent to accelerate time
to market, and evaluate candidates across three key
core values: Know-how, Synergy and Innovation.

Know-how is their technical knowledge and capabilities.

Synergy is their ability to work with others—their fit
within the team.

Innovation is their approach to problem solving and
inventiveness in finding solutions.

This framework allows us to hire with intention and
govern our existing team effectively. With a lean,
high-performance organization of 18 employees, we
are focused on executing our mission. Every hire is
intentional—aligned with our core needs and positioned
to drive measurable impact.

This year marked a pivotal chapter for Circle Optics.
With continued operational agility, we can look forward
to sustained success.

-

“Operational agility isn't just about speed—it’'s about
alignment, clarity, and the courage to pivot when it

matters most.”
Jennifer Sertl,

VP Market

We are proud to spotlight the incredible contributions of our
talented engineers:

Peter Stubler - Driving innovation in imaging science and
software engineering.

Allen Krisiloff — Pioneering advancements in optics with
decades of expertise.

Mitchell Baller - Mastering cutting-edge software
development for real-time imaging.

David Krauthamer - Bridging hardware and software for
next-gen panoramic imaging.

Cody Hatch - Elevating precision engineering to shape

groundbreaking optical systems.
~ivre|l e
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Employee Spotlight: Matthew Brophy,

Opto-Mechanical Technician

At Circle Optics, innovation doesn't happen in isolation—it
emerges from the synergy between hardware, optics, and
software, fueled by individuals who bring practical insight
and deep technical Know-how. Our team members are the
driving force behind our ability to engineer breakthrough
solutions in real-time panoramic imaging. In this new
employee spotlight, we're highlighting Opto-Mechanical
Technician Matthew Brophy, whose hands-on expertise
and analytical mindset are already making an impact on our
engineering operations.

With more than a decade of experience in MTF testing,
optical alignment, and mechanical integration at companies
such as IDEX Health & Science, Syntec Optics, and
Rochester Precision Optics, Brophy brings a robust
foundation of experience to Circle Optics. His work supports
the precision assembly and calibration of our stitch-free,
wide field-of-view imaging systems—helping ensure
seamless performance at the intersection of optics and
mechanics.

Brophy's proficiency in MTF (Modulation Transfer Function)
testing is especially valuable. MTF is used to evaluate the
sharpness and contrast of optical systems by measuring
how well fine details are transferred from object to image. In
other words, it's how we quantify image quality—and
Brophy'’s fluency with this process helps maintain the
exceptional standards required for real-time, high-fidelity
panoramic imaging.

He also holds a Bachelor of Science in Imaging Science
from Rochester Institute of Technology (RIT), a credential
that adds a critical layer of value to his work at Circle. As
Chief Research Officer Andy Kurtz explains:

“Matthew brings a rare mix of skills to Circle Optics:
trained and experienced credentials as an optical
technician, and a BS degree in Imaging Science from
RIT. Not only can Matthew help Circle in assembling
our unique lenses and then testing their optical
performance. He can also help test their imaging
performance relative to visual perception or image
analytics criteria.”
Andy Kurtz,
Chief Research Officer

Brophy first discovered Circle Optics while browsing job
postings. Although the Optical Engineer role he saw
wasn't the right fit, the company’s mission caught his
attention. A few weeks later, when a recruiter reached
out about the Opto-Mechanical Technician position, he
was ready to take a deeper look.

“It wasn't just optics,” says Brophy. “It was optical,
mechanical, and imaging systems all working together.
With my background, it felt like a great fit—and | was
excited to contribute to something so advanced.”

That excitement is matched by a mindset rooted in
problem solving. Brophy's career has been defined by an
ability to uncover root causes and implement creative
solutions. He thrives when something isn't working as
expected and requires close observation, careful
thinking, and a methodical approach.

“I've always enjoyed figuring out why something isn't
working—and then finding a way to fix it," he explains.
“Sometimes the issue is obvious, and other times it's
buried under layers of assumptions. | try to take a
step-by-step approach, think it through, and trust that
the solution is in there somewhere. That process is really
satisfying for me.”

In one past role, an automated test station was
experiencing recurring failures. Most assumed it was a
software or calibration issue. But after a closer look,
Brophy discovered the root cause: a warped gear hidden
deep within the assembly. Instead of replacing the entire
unit, he carefully resurfaced the component by hand using
lapping paper and a granite surface—restoring flatness,
re-aligning the system, and eliminating the downtime.

This ability to troubleshoot with persistence and purpose
is a consistent theme in his work. Whether the issue is
optical or mechanical, Brophy embraces the challenge of
identifying what's going wrong—and crafting a solution
others may have overlooked.

His motivation extends beyond technical performance to
team cohesion. Brophy believes that collaboration starts
with approachability. “When people are optimistic and
willing to help, it builds trust,” he says. “I try to bring that
same attitude to every team—being helpful, responsive,
and making others’ jobs easier wherever | can.”

Outside of work, Brophy recharges through running,
mountain biking, and circuit training, routines that keep
him grounded and focused. He's also a dedicated father,
sharing moments of discovery and learning with his
young son—just as his own father once did with him
early on while working on garage projects (like building
go-karts from scratch).

As Brophy settles into his role, he’s looking ahead to
deepen his capabilities in SolidWorks and Zemax—two
key platforms used in system design and modeling. Though
he's already used both in past roles, he's eager to expand
his knowledge and continue growing with the team.

“| feel like I've only scratched the surface,” he says. “The
more | understand the full picture—how all the parts
come together—the better | can support the mission.”

Brophy’s guiding principle is simple: don't give up.
Whether he's resolving a technical issue or learning a
new tool, he approaches challenges with optimism and
follow-through. That mindset—combined with his
precision and adaptability—makes him a valuable asset
to the future of panoramic imaging.



Grit, Policy & the Future
of Autonomy:
A Conversation with

Michael Robbins,

President & CEO of AUVSI

Michael Robbins is the President & CEO of AUVSI, the
world's largest association dedicated to advancing
uncrewed systems, autonomy, and robotics across
defense, civil, and commercial domains. A seasoned
leader in government affairs and public policy, Michael
has been instrumental in advocating for critical regulatory
updates such as BVLOS (Beyond Visual Line of Sight)
operations. With decades of experience across Capitol Hill,
trade associations, and as a Navy Reservist, his leadership
bridges national defense, aviation safety, and emerging
technology. He has successfully launched strategic
initiatives like the Trusted Cyber Program and Green UAS
to accelerate industry innovation. Robbins is passionate
about aligning policy with the pace of technology to maintain
and build U.S. leadership in autonomy and aerospace.

In this wide-ranging conversation, Robbins shares his
leadership philosophy, discusses the urgency of BVLOS
reform, and outlines the industry’s responsibility to build
trust through security, readiness, and cross-sector
collaboration.

What leadership principles have guided you
throughout your career?

Three principles shape my leadership: One-Team
Mentality, Active Commmunication, and Service.

The one-team mentality is about creating a culture of
accountability and resilience where everyone is seen as
a leader. Active communication is about listening,
articulating vision, and building trust through
transparency. And service—whether in uniform or
leading AUVSI—means moving toward points of friction
and solving problems. That's where progress really
happens.

AUVSI has a remarkably diverse membership.

How do you align the needs of defense,
commercial, and civil stakeholders?

Our mission is to help the entire autonomy
ecosystem—across air, ground, maritime—solve
problems that limit adoption and scalability.

There are common challenges across sectors. In
defense, autonomy isn't yet fully integrated into
concepts of operations. On the commercial side,
enabling regulations like BVLOS are still evolving. And
across all sectors, we're working to build public
trust—which is critical for long-term success.

That said, there’'s huge value in our diversity. A ground
robotics CEO recently shared how lessons from our UAS
policy work are helping shape his strategy. That's the
kind of cross-pollination we want to foster.

BVLOS (Beyond Visual Line of Sight) reform is
a key policy issue. Can you explain why it's
such a critical inflection point for the industry?

Right now, most drones in the U.S. operate under Part
107, requiring them to stay within visual line of sight. To
go beyond that, operators need waivers—which are
resource-intensive, time-consuming, and inconsistent.
This model simply isn't scalable.

We're advocating for a new Part 108 rule that allows
standardized Beyond Visual Line of Sight (BVLOS)
operations. This would unlock use cases across public
safety, infrastructure inspection, disaster relief, and
logistics. The technology is safe—the problem is regulatory.

We've worked closely with the FAA since 2021, when the
Aviation Rulemaking Committee began its work. Now, in
2025, we're on the cusp of seeing a Notice of Proposed
Rulemaking. Getting a final rule in place will be a catalyst
for industry transformation.

How does public acceptance influence the
pace of regulation?

Public sentiment plays a huge role in shaping regulatory
outcomes. If people don't understand the benefits of
drones—both economic and societal—they won't support
broader use.

That's why we've made it a priority to tell the story of
drones as life-saving tools, not just flying machines.
Medical delivery, disaster response, search and
rescue—these are all critical functions that drones can
perform. If we lead with those stories, we can build the
kind of trust that moves policy forward.

AUVSI has also taken a proactive role in
cybersecurity. Tell us about the Trusted
Cyber and Green UAS initiatives.

After the Colonial Pipeline hack, we saw what can happen
when an industry isn't prepared for cybersecurity threats:
economic disruption followed by overregulation.

To avoid that, we launched Trusted Cyber, starting with
Green UAS, which certifies drones for cybersecurity,
hardware assurance, and organizational practices. It's
aligned with the DoD's Blue UAS, but adapted for commercial
needs—including connectivity and cloud services.

Initially, demand was slow—no one was requiring
cybersecurity compliance yet. But that's changing
rapidly. We're now expanding Trusted Cyber to ground
and maritime platforms. This work isn't about checking
a box—it's about helping companies prove their systems
can be trusted at scale.

Your Navy Reserve experience has clearly
shaped your leadership. How does that
background influence the way you navigate
industry and policy challenges?

| grew up in Detroit. Nothing was handed to me. | worked
multiple jobs, was the first in my family to go to college,
and built a career with grit. That same persistence is vital
in our industry—because what we're doing is disruptive.
We're changing how transportation, defense, and logistics
have worked for decades. That takes a lot of grit. The
Navy has taught me readiness, responsibility, and the
urgency of being mission-ready at all times. Given
today’s global threats—from cyberattacks to geopolitical
instability—readiness is everything. That mindset applies
to how | lead AUVSI and how | encourage our members
to prepare for what's coming.

The autonomy ecosystem isn't just evolving—it's
accelerating. But speed without alignment creates
fragmentation. What leaders like Michael Robbins
make clear is that sustainable innovation requires
coherence across policy, public trust, security, and
vision. As the regulatory and geopolitical landscape
shifts, industry must meet the moment with not only
technical excellence, but also resilience, integrity, and
readiness to learn.

To learn more about
L1 AUVSI's mission,
advocacy work, and
programs like Trusted
Cyber and Green UAS,
scan the QR code
included or visit
www.auvsi.org
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From Stargazer to Microscope
Innovator: Dr. Roarke Horstmeyer'’s
Path in Computational Optics

Dr. Roarke Horstmeyer is an Assistant Professor in Duke
University’'s Biomedical Engineering Department, where
he leads the Computational Optics Lab. His research
focuses on developing advanced imaging systems to
overcome fundamental challenges in microscopic imaging,
such as limited resolution, restricted field-of-view, and
limited focal depths. He earned his PhD in Electrical
Engineering from Caltech in 2016, an MS from the MIT
Media Lab in 2011, and a BS in Physics and Japanese from
Duke University in 2006. Previously, he was an Einstein
Postdoctoral Fellow at Charité Medical School in Berlin and
a guest professor at the University of Erlangen in Germany.

Background

Dr. Horstmeyer's journey into imaging and academia
started when he studied physics at Duke, where he
worked on astronomy projects analyzing data from
Earth-based telescopes and the Hubble Space
Telescope. His curiosity about these instruments led him
to optics, taking specialized courses and securing a
research position in the Imaging and Spectroscopy Lab
at Duke. There, he worked on three-dimensional imaging
of mice using structured lighting to measure the surface
area. After graduation, he took a position at Mitre, where
he worked on cameras for Earth-based observation and
general research in light fields. His growing interest in
imaging methods took him to graduate school at Duke,
where he developed a fascination in illumination, phase
detection, and super-resolution imaging—ultimately
shaping his career in computational optics.

“Grad school is where | got into microscopes. There was
a lab next to ours that was really developing microscope
imaging methods. And | got super into it because of all
the cool stuff you can do with how you illuminate and
detect the phase of the light, the algorithms for that, and
super resolution. All of that was kind of hot at the time. |
like it because it's a closed domain. In open field imaging,
there are so many variables and unknowns. In microscopes,
you know what you're looking at, and you know where it is.”
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Written by Steve Feller,
Senior Computer
Engineer

Academic Lab and Research

At the Computational Optics Lab, Dr. Horstmeyer and his
team are developing new imaging tools and algorithms
to push the boundaries of biological cbservation. Current
projects include dense micro-camera arrays for
large-scale imaging, gigavoxel-scale 3D microscopy
using Fourier ptychography, optical techniques for in
vivo neural activity recording in freely moving
organisms, and high-speed detection of blood flow and
deep tissue motion using machine learning.

An early innovation of the lab was the Multi-Camera
Array Microscope (MCAM) imaging system, a digital
microscope that uses up to 96 cameras to
computationally generate gigapixel-scale images and
movies, covering fields of view spanning hundreds of
square centimeters at an optical resolution of 18 um. A
variety of algorithms are used to fuse the video data
acquired by the MCAM into final gigapixel-scale
composites, which opens new avenues for scientific
research. This technology is currently being
commercialized by Ramona Optics.

The unprecedented resolution of the MCAM system has
led to ongoing research in high-throughput behavioral
analysis, multi-scale imaging of biological systems,
advanced computational reconstruction techniques, and
the development of Al-driven tools for automated image
interpretation and organism tracking. Dr. Horstmeyer's
research also includes developing novel algorithms for
lensless imaging, enhancing optical methods for visualizing
structures through scattering media, and refining wavefront
shaping to improve imaging resolution. Additionally, he is
investigating applications of these techniques in
neuroscience, pathology, and microbiology, aiming to
revolutionize disease detection and biological research.

The research group is also pursuing advancements in
computational microscopy, deep tissue imaging,
holography, wavefront shaping, adaptive optics, Al-driven
image analysis, and biomedical applications. Their work
includes developing new algorithms for phase retrieval
and lensless imaging, enhancing optical techniques to
see through scattering media, controlling light propagation
for improved imaging, correcting optical aberrations,
automating large-scale biological data analysis, and
applying these innovations to neuroscience, pathology,
and microbiology for better disease detection and research.

Ramona Optics

Dr. Horstmeyer is also the co-founder and Scientific
Director of Ramona Optics, a company tackling the
tradeoff between resolution and field-of-view in
microscopy. Alongside co-founder Dr. Mark Harfouche,
he helped develop the first commercial gigapixel
microscope, which uses an array of miniature
microscopes, structured illumination, and deep learning
to capture cellular-level detail over hundreds of square
centimeters. This breakthrough enables researchers to
analyze biological samples with unprecedented speed
and precision.

Ramona Optics develops extremely high-resolution
digital microscopes that are robust, affordable, and
require minimal maintenance. As imaging technology
improves, the demand for more data grows—scientists
want to capture more samples, do it faster, and push the
limits of their experiments. A typical experiment can
generate terabytes of data, and while saving it is feasible,
processing and managing it efficiently is another challenge
altogether. Many researchers don't initially consider the

complexity of handling such vast amounts of data until
they realize the scale of the data management and
processing efforts required.

To address these challenges, Ramona Optics works with
external users to ensure they understand these
constraints. Planning ahead is critical to predicting what
works, what doesn’t, and to be ready to adjust when
inevitable issues arise. Often, experiments need to be
repeated due to unforeseen problems in the samples
being imaged, adding another layer of complexity.
Despite best efforts to optimize workflows, the reality is
that massive amounts of raw data must be stored
indefinitely, even if it is rarely revisited.

Ultimately, data is distilled into something insightful, and
researchers move forward with the refined results rather
than revisiting the raw files. Still, having access to the
original data remains essential, and as a result, Ramona
Optics maintains extensive servers filled with large
datasets that may never be touched again. The balance
between storage, processing, and utility is an ongoing
challenge in the pursuit of more advanced and
accessible digital microscopy.

The cost of these microscopes is an important
consideration as well. It can be a barrier to adoption, not
justin underserved regions but even in well-funded
research labs. Many labs have limited budgets and
prioritize investments in other advanced technologies
like genetic sequencers. If microscopes could be
developed at a lower cost, they could transition from
being considered a major capital expense to a standard
lab supply item. Additionally, training and support play a
critical role in adoption that must be factored into the
cost. While it is easier to provide training in local
universities and research labs, supporting microscopes
that are deployed internationally presents a significant
scaling challenge. In the early stages, frequent
modifications to the design required tailored support for
each unit, but with newer models, the focus has shifted
to stabilizing designs and minimizing variations to
simplify long-term maintenance.

To ensure that Ramona Optics’ products align with user
needs, extensive customer discovery has been a key
strategy. Beta prototypes were distributed to multiple
labs for free, allowing for real-world feedback from
diverse users. Additionally, a research firm conducted
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structured interviews with biologists to gather
insights. Interestingly, most biologists were less
concerned with technical specifications like
numerical aperture and resolution and more
focused on practical functionality, such as the
ability to measure multiple fluorescence
channels and having a flexible, zoomable
interface. This feedback has directly influenced
product development, ensuring that usability
aligns with the real needs of researchers.

The user interface plays a critical role in
adoption, as researchers need to see firsthand
how the system integrates into their workflows.
Demonstrations and interactive testing are
crucial for building confidence and encouraging
widespread use. Additionally, Ramona Optics is
exploring the role of machine learning in
microscopy. By leveraging Al, the system can
automate time-consuming tasks like annotating
images and classifying cell types, potentially
reducing reliance on expensive fluorescence
markers. Al-driven insights can also reveal
patterns that might be difficult to detect with
the naked eye, further enhancing the
microscope’s value.

As Ramona Optics continues to grow, the focus
is shifting from technical development to
broader business expansion. Over the last five
years, the team has gained a deeper
understanding of the importance of finding the
right applications where their technology can
make significant impact. Moving forward, they
are actively exploring new use cases in clinical
diagnostics, research, and industrial inspection.
With a strong team and a clear vision, the next
few years will be crucial in determining how
their technology scales and reaches a broader
audience.

CIEit

Array of cameras

Universally accessible gigapixel microscopes

“It has been decades, but it is still really trying to get
digital microscopes into low-resource areas, in Africa
and South America, and wherever. It is really a need
to have effective digital microscopes because there's
very few trained clinicians or pathologists who can
look at and interpret the images. If you had a digital
microscope there, you just capture the image by
someone mildly trained, and then a trained clinician in
Europe or in the U.S. can look at it remotely. Getting an
instrument that's robust enough, cheap enough and
portable enough, and that needs minimal support
because it is in a remote area and maybe runs on a
cell phone is really hard.”

Dr. Horstmeyer

Dr. Roarke Horstmeyer's work in computational optics
has led to groundbreaking advancements in imaging
technology, from gigapixel-scale microscopy to
Al-driven image analysis. His research group at Duke
University continues to push the boundaries of biological
imaging, tackling challenges in resolution, field-of-view,
and deep tissue visualization. Through Ramona Optics,

A common theme behind Dr. Horstmeyer's research is the goal to
make gigapixel microscopes universally accessible. He believes

that these systems have significant impact and improve the lives
of millions of underserved populations.

Raw image data

Micro-camera array

11141
Imaged Area

Ramona Optics was founded in 2017 by Dr. Mark Harfouche
and Dr. Roarke Horstmeyer after they graduated from
Caltech. The company aims to solve a long-standing
problem in microscopy: forming high resolution images
over a large area. Current microscopes can, at best, see a
few square centimeters at a time, which fundamentally
limits what we're able to see and how quickly we're able
to see it.

he is bridging the gap between cutting-edge research
and real-world applications, making high-performance
digital microscopes more accessible to scientists and
clinicians. While is it difficult to predict the impact of this
research across a range of disciplines, it is clear that
these imaging systems will drive innovation and open a
new window into the microscopic world.
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Example: Raw image data

Ramona Optics is developing the first gigapixel microscope
that captures cellular-level detail over hundreds of square
centimeters. By combining an array of customized micro-
cameras, structured lighting and machine learning software,
their new computational microscope provides extremely
large field-of-view, high resolution imaging performance.
The company is located within the Duke BRIDGE Space
in the Chesterfield Building in downtown Durham.
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John Bowron, Ph.D.:
A Mastermindin

Optical Innovation

A Career Dedicated to Optical Excellence

John Bowron's technical journey is both remarkable and
steadfast. “In some ways, I've had the same role since
the 90s,” he shares with a chuckle. “Wherever I've been,
I've worked on R&D, project requirements, modeling, and
analysis of optics. When | say requirements, | mean optical
requirements—everything optical. That's just what | do.”

Bowron'’s career has been marked by significant contribu-
tions to optical science, including his co-authorship of
the paper New High-Brightness Compact LCD Projector,
published in Proceedings of SPIE in 1996. The work laid
the foundation for advancements in display technology
and underscored Bowron's ability to transform theoretical
concepts into practical solutions. His 18 patents,
spanning areas like advanced lens design and imaging
systems, further attest to his impact on the field.

His dedication to innovation also reflects his ability to
connect personal passions with professional work. A
lifelong Star Trek fan, Bowron's enthusiasm for futuristic
technology inspired Circle Optics to nickname their ground-
breaking Pegasus camera system "The Jordi Visor" after the
iconic device used by Star Trek character Geordi La Forge.
This blend of imagination and engineering perfectly
encapsulates Bowron's unique approach to problem-solving.

CIEit

The Draw of Circle Optics

After leaving IMAX, Bowron considered stepping away
from technical work altogether. "I had considered
quitting technical work for various reasons,” he admits.
But a conversation with Circle Optics’ Chief Research
Officer, Andy Kurtz, reignited his passion. “Andy enticed
me with the promise of doing what | love—designing,
modeling, and solving optical problems—without the
distractions of tasks | don't enjoy.”

Circle Optics offered Bowron a unique opportunity to
focus on cutting-edge research and development. "My
role here is what I'd call proper industrial R&D,” he explains.
“If we design something, build it, and it works, then it's
been proven. The design is verified. Don’t come back two
years later and say it doesn't work anymore—that's a
manufacturing issue. I'm interested in solving the
unsolved problems, not revisiting the solved ones.”

His current work at Circle Optics involves creating
technology that has never existed before. “This isn't just
an incremental improvement,” he emphasizes. “We're
building entirely new capabilities, such as stitch-free
panoramic imaging systems that eliminate artifacts and
distortion. It's like something out of a science fiction
novel.

The Patience to Innovate

Dr. John Bowron's work requires extraordinary patience
and perseverance. Designing innovative optics often
means venturing into uncharted territory, with no
guarantee of immediate success. “You need to accept
that what you're creating doesn't exist yet,” he reflects.
“It takes time and a willingness to iterate repeatedly.
That's the nature of innovation.”

His time at IMAX was a powerful lesson in the patience
required to achieve excellence. “Projects there often
spanned years before reaching fruition,” he recalls. “The
good news about working on something entirely new is
that when it finally works, it's immensely rewarding.
You've made the impossible, possible.”

This ethos of persistence carries over to his work at
Circle Optics, where the team’s innovations have the
potential to transform industries ranging from defense
to immersive training and beyond. “What we're doing is
paving the way for new applications that most people
haven't even thought of yet,” Bowron notes.

A Learning Mindset and Love for
Storytelling

Despite his extensive experience and achievements,
Bowron approaches every project with humility and
curiosity. “l dont think you ever stop learning,” he says.
“Every project teaches you something new, whether it's
about the limits of technology, the challenges of
collaboration, or your own assumptions. The more you
work, the more you realize how much there is to learn.”
His passion for discovery extends beyond science and
into the world of storytelling. Bowron cites author Isaac
Asimov as one of his inspirations. “Asimov’s ability to
explore complex ideas and make them accessible
resonates with me,” he shares. “He reminds us that
imagination is the seed of innovation.” This admiration
for storytelling fuels Bowron's creative thinking, helping
him bridge the gap between theoretical science and
practical application.

Looking Ahead

Bowron's journey at Circle Optics is a story of pushing the
boundaries of what's possible. By contributing to the
company'’s groundbreaking stitch-free panoramic imaging
systems, he is helping reshape how we perceive and
interact with the world. As Bowron hones his craft, he
embodies the patience, curiosity, and innovative spirit
necessary to create technology that has never existed
before. His work is a powerful reminder that while the road
to groundbreaking achievements can be challenging, the
rewards are well worth the effort.

For Bowron, the journey of innovation is a blend of
artistry, precision, and resilience. Through his work, he
exemplifies what it means to transform visionary ideas
into tangible reality. Inspired by science fiction and
rooted in the discipline of physics, Bowron stands as a
bridge between the worlds of imagination and engineering.
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Employee Spotlight:

Bob Stanchus

At Circle Optics, we pride ourselves on a culture built
around Innovation, Know-how, and Synergy. These values
are reflected in a team with deep expertise, drawing
from some of the most iconic names in imaging, including
IMAX, Navitar, Kodak, and Carestream. Among them is Bob
Stanchus, Senior Mechanical Engineer, whose passion
for design and problem-solving began in childhood. From
his early days sketching forts to his groundbreaking work at
Kodak and Circle Optics, he has spent nearly four decades
mastering the art of innovation. Stanchus’ expertise spans
from pioneering film cameras to developing cutting-edge
technology like the Hydra 360-degree imaging system.
Known for his thoughtful approach and technical precision,
he ensures every design achieves seamless integration,
bringing balance and innovation to each project.

CTO Allen Krisiloff has this to say about working with
Stanchus, “Development of new products requires both
discipline and creativity. Bob has a disciplined approach to
the design process. He first confirms that he understands
the use-case and the specifications for the device under
development. Many of his decisions about the form, fit,
and function of components will depend upon how
someone is expected to use and interact with the product.
Bob thinks about the targeted cost of manufacture. He
thinks about the way in which the components will be
assembled. These considerations inform his creativity.
Bob effectively draws upon his experience on previous
projects to innovatively meet the requirements of each
new design challenge.”

This article highlights Stanchus’ career journey, his
contributions to Circle Optics, and his reflections on the
collaborative process that drives innovation and
excellence in engineering.

A career built on design and innovation

Stanchus’ fascination with design began early in life,
drawing and building with whatever materials were at
hand. His passion led him to Alfred State, where he
honed his skills in drafting and mechanical design. His
first major role was at Kodak, where he worked on iconic
projects such as the Advanced Photographic System
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(APS). While APS wasn't a commercial success due to
the rise of digital photography, it pushed Bob and his
team to innovate.

“We had to take risks and design with redundancies to
make things fail-safe,” Bob recalls. “It wasn't just about
designing something on a computer; it was about
rethinking how we approached challenges, from concept
to production.”

Shaping Circle Optics’ innovation

Since joining Circle Optics, Stanchus has played a critical
role in advancing the company’s innovative panoramic
imaging systems. He was instrumental in the
development of Hydra, a 360-degree camera system,
where his focus was on precise alignment and
integration."My main role with Hydra was to accurately
nest and hold all 11 cameras together so that they were
perfectly aligned,” Stanchus explained. “It was about
creating coherence in the system, ensuring that every
component worked seamlessly together.”

Stanchus’ design philosophy has also shaped Circle
Optics’ broader approach to innovation. During the
company'’s early branding discussions, Stanchus shared
an insight that has informed our behavioral design
model: “I need to know the forest, the trees, and the
branches on the trees.” This metaphor underscores his
commitment to balancing the big picture with the
smallest details—a mindset that has influenced the
company'’s values of Innovation, Know-how, and
Synergy.

"The innovation process starts with taking
aspects of what has been invented and
expanding on them, bringing about
something more useful and needed. It has

always been exciting for me to come up with
different physical forms and combinations of
parts to satisfy that challenge - things that
have never been thought of or seen before.
That process exercises one’s imaginative
skill. That's gratifying to me."
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Mentorship and the art of collaboration

Reflecting on his career, Stanchus credits his growth to the
mentorship and collaboration he experienced, particularly
during his time at Kodak. “ was surrounded by experts
and capabilities.” “One project involved designing a part
that required a $200,000 mold, and the mold designer sat
right next to me. Watching him work taught me not just
how to design, but how to think about the entire
manufacturing process.”

At Circle Optics, Stanchus continues to foster this spirit of

collaboration. “It's about having a servant attitude toward

your team,” he says. “When you design with the intent to

serve, everything works better. It's not just about handing

off your work; it's about ensuring it truly supports the next
person in the process.”

dvice for the next generation

Stanchus’ advice to young engineers reflects the
wisdom he has gained over decades:

Know When to Break the Pencil: “As engineers, we

can get caught up in perfectionism. At some point,

you have to move on to the next stage and let the
design evolve.”

Ask the Right Questions: “The quality of your design
depends on the quality of your questions. Don't just
take a sketch and run with it—dig into the details, ask
what's really needed, and make sure the solution
serves the bigger goal.”

A legacy of precision and purpose

Stanchus’ career is defined by his ability to transform
ideas into reality, bridging creativity and utility. Whether
designing cutting-edge optical systems or mentoring
the next generation of engineers, Stanchus continues to
lead with intention, innovation, and a deep appreciation
for the details.

“At the end of the day, | don't create from
nothing,” Stanchus reflects. “l innovate with
what's given, finding ways to bring coherence
and utility to the world around us. That's what
drives me.”
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d - t' a Circle Optics’ pioneering work in high-fidelity imaging
A Vocacy ln Ac Ion. systems is directly relevant to UAS operations, battlefield

awareness, and national defense initiatives, reinforcing

B ridg i ng I n novati o n our commitment to developing technologies that enhance
- - situational awareness and mission effectiveness.
with Policy

February 26, 2025 — Circle Optics CEO Zak Niazi and COO
lan Gauger met with Congressman Joe Morelle, the Founder
and Co-Chair of the Congressional Optics & Photonics
Caucus, to discuss Circle’s national security use cases and
technology readiness.

“The bipartisan, bicameral caucus is the result of a multi-
year effort to increase awareness of how optics and photonics
work to maintain the U.S. position as a leader in global
innovation. Our world is shifting to a knowledge-based
economy that rewards those nations which invest in innovation
and are at the forefront of emerging technologies. And the
reward is what our nation needs most right now: a boost in
our economy and the creation of stable, high-paying jobs.”"

Regulations in aviation and drone technology are evolving
at an unprecedented pace. Staying ahead of these changes
is crucial to ensuring that our technology is not only cutting-
edge but also compliant and beneficial to national security
initiatives. During our time in Washington, Circle Optics

also had the opportunity to meet with Michael Robbins,

President and CEO of the Association for Uncrewed Vehicle

At Circle Optics, we believe that groundbreaking technology
and forward-thinking policy must work together to drive
progress. Our recent trip to Washington, D.C., reinforced
this belief as we engaged with key policymakers and
industry leaders to discuss the future of aviation, UAS

integration, and national security. These conversations
highlighted the importance of strategic advocacy in
ensuring that American innovation continues to lead the
way in defense and aerospace.

One of the key highlights of our visit was meeting with
Representative Joe Morelle, who has long been a champion
for Rochester-based technology companies and a strong
advocate for economic development in Upstate New York.
As a member of the House Appropriations Committee,
Morelle plays a critical role in determining federal funding
priorities, making his leadership essential for advancing
defense innovation and fostering industry growth.

Following our discussion, Founder and CEO Zak Niazi
reflected on the alignment between national security
goals and Circle Optics’ mission, commenting, “It was
fantastic meeting with Congressman Morelle and other
Representatives. It is clear that there is a unified vision in
Congress to keep our troops and national airspace safer,
and at Circle we are committed to building technologies
that do just that”

Systems International (AUVSI), whose insights on emerging
regulatory trends were invaluable. Robbins has been
instrumental in advocating for the safe and effective
integration of uncrewed systems into national airspace,
working closely with policymakers to shape legislation
that supports innovation while maintaining safety and
operational standards.

Reflecting on this conversation, COO lan Gauger
emphasized the significance of these discussions:

“The meeting with Michael Robbins was incredibly
enlightening. Aviation and drone regulations are rapidly
evolving. It's important to have a finger on the pulse of
the industry.”

For decades, AUVSI has been a steadfast advocate for
the safe and responsible advancement of autonomous
systems, ensuring that regulations evolve in ways that
support technological progress, efficiency, and national
security. Circle Optics is proud to contribute to this
dialogue, shaping the future of aviation and defense
alongside industry leaders and policymakers.

@ SBIR Advisors

Representative Joe Morelle,
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People Accelerating DOD & Private Business Growth

To support this mission, Circle Optics has partnered with Venture Government
Strategies, a leading firm specializing in federal advocacy and strategic
navigation of complex appropriations processes. We are honored to be working
with Hamilton Bloom, Partner at Venture Government Strategies, whose prior
leadership roles include serving as Republican Subcommittee Staff Director for
the Senate Appropriations Committee and supporting major legislative efforts,
including the CARES Act. With his expertise and commitment, Circle Optics is
well-positioned to advance policy conversations that accelerate innovation
and national defense.
Hamilton Bloom,
Partner, Venture Government Strategies

“The landscape of government contracting is evolving with an increased
emphasis on innovation, a heavy reliance on technology, and a continued
focus on streamlining processes. Companies should prepare for evolving
compliance issues, be digitally savvy, and maintain agility and adaptability.
Adaptations don't need to be extensive but should be timely and responsive to
the constant changes in the field."
Ashley Chung,
Director of Business Development, SBIR Advisors

“MCFL APEX has been providing guidance to Circle Optics since 2023 in their
innovation efforts, as they address the needs of the Defense Industrial Base
(DIB). Working with Zak Niazi and lan Gauger, they do understand that
protecting the warfighter is critical and incorporate that into their mission.
Their wide field-of-view imaging capabilities have the potential to significantly
advance defense components, support large prime contractors, and drive
innovation across the commercial sector.”
Anna Vulaj Fitzsimmons,
Program Director, MCFL APEX Accelerator
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