
CUSTOMER & APPLICATION
Arizona-based 4D Technology Corporation designs 
and manufactures dynamic-interferometers, handheld 
3D surface-shape profilers, and snap-shot polarization 
cameras. For accurate and instantaneous sub-
nanometer measurement of optics, optical systems 
and precision machined surfaces, even in the 
presence of vibration and motion, 4D developed a 
micro-polarizer array. However, the high cost of the 
technology has limited their widespread use. 

CHALLENGE
Sony has designed an industrial sensor with on-chip 
polarization and produces the imagers at very high volumes 
with exceptional results – less expensive, higher yields, 
better filter positions and precision, and at a higher quality. 
4D decides to change for Sony’s IMX250 to replace their 
own custom sensor for building their measurement devices.

RESULT
4D Technology is excited about the high performance 
and low cost of the Sony IMX250 micro-polarizer sensor. 
In many of 4D’s products they are replacing their own 
custom sensors with Sony IMX250 imagers - they provide 
less cross-talk in the images while costing less to build. 
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MICRO-POLARIZED SENSORS ALLOW 
FOR IMPOSSIBLE MEASUREMENTS  
Interferometric measurements with micro-polarizer technology allow for accurate quality 
checks for transparent materials and astronomic observations. 4D Technology Corporation 
uses the Sony® IMX250 PolarSense to equip its measurement devices, their main target 
applications demonstrate how on-chip polarization can improve imaging results. 

CHALLENGES OF INTERFEROMETRIC 
MEASUREMENTS 
Phase-shifting interferometry, in its conventional form, 
is an ultra-sensitive technique capable of measuring 
surface profiles down to a fraction of a wavelength 
(sub-nanometer). Its goal is to get the birefringence 
as quality criteria of transparent materials. However, 
the traditional measurement is highly sensitive to 
motion and vibration because a minimum of 3 video 
frames, and preferably 5 - 11, must be captured. 
This means that everything must be extremely 
stable during frame acquisition as the slightest sub-
micron vibration will compromise or preclude the 
measurement. Typically, pneumatic isolation tables 
are required to dampen out the vibration to permit 
measurement.  The extreme sensitivity to vibration 
restricted the use of interferometry to controlled 
laboratory environments and precluded- its use over 
long paths, for large objects or on the production 
floor. 4D Technology’s patented interferometers 
reinvented optical metrology by using their micro-
polarized sensor technology as a means of achieving 
instantaneous phase measurements.

Picture 1: (C) 4D TechnologyScan QR code and read online!
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APPLICATION NOTE: MICRO-POLARIZER TECHNOLOGY

Using a micro-polarizer array enables to capture all 
necessary interferometric data in just a single camera 
frame. Any motion is literally frozen in time, which 
eliminates the old restrictions and obtains more precise 
measurements. One shot, precise real-time results 
without compromise can be achieved with this so-
called dynamic interferometry. Since every frame is 
a quantitative measurement, it’s possible to produce 
movies of optical structures changing shape over time 
and measure very large structures.

ON-CHIP POLARIZERS AS AN INNOVATION 
DRIVER

Over time, vision-based inspection has grown and 
evolved with more processes and materials being 
monitored visually. As a result, more people started to 
ask 4D to get access to their custom sensors which 
resulted in offering their micro-polarizer cameras 
for other purposes outside of interferometers and 
leveraged their knowledge in computing and calibrating 
pixelated data to create PolarView GUI and SDK 
software packages.

POLARIZATION IS A REAL BENEFIT TO 
IMAGING: IT GIVES SO MUCH EXTRA 

INFORMATION, MAKING THE INVISIBLE 
VISIBLE, WITH ONLY MINOR LOSSES OF 

VISIBLE LIGHT.

With the use of polarization-based technology on the 
rise, Sony has designed an industrial sensor with on-chip 
polarization. This imaging sensor market leader produces 
these chips at very high volumes with exceptional results 
– less expensive, higher yields, better filter positions and 
precision, and at a higher quality. 

“IN MANY OF OUR PRODUCTS WE ARE 
REPLACING OUR OWN CAMERAS BUILT 

AROUND CUSTOM SENSORS WITH THESE 
SONY IMX250 IMAGERS, AS THEY PROVIDE 

LESS CROSS-TALK IN THE CAPTURED 
IMAGES WHILE COSTING LESS TO BUILD,” 

says Neal Brock, Director of New Technology Development 
at 4D Technology.

The polarizers are fitted directly on top of the pixels and 
use four filter angles: 0, 45, 90, and 135 degrees. The 
sensor captures polarized light at each of these angles 
simultaneously in one image to prevent temporal image 
artifacts. In a manner similar to how color information is 
extracted in Bayer RGB sensors, the light polarization 
information is captured at each of the four filtered pixel 
angles. Polarization angle and intensity information 
of the light reaching the sensor can be interpolated 
and accurately identified. Off-the-shelf sensors like the 
SONY IMX250 currently cover a wavelength range of 
400 nm to 850 nm, are very reliable, easy to use, and 
have a very long service life. Polarized sensors that use 
standard sensors and add a polarizing array after the 
fact may have shorter life cycles since the array must 
be bonded to the sensor. The main advantages of 
the new IMS250 are, however, lower cost and higher 
performance due to the lower polarization cross-talk 
at the pixels. “We have integrated the SONY IMX250 
sensor into our PolarView software package and 
recommend it for visible applications.” commented 
Brock.

Picture 2: Neal Brock (C) 4D Technology
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APPLICATION NOTE: MICRO-POLARIZER TECHNOLOGY

BIREFRINGENCE HIGHLIGHTS STRESS IN 
TRANSPARENT MATERIALS

BIREFRINGENCE IS THE OPTICAL 
PROPERTY OF A MATERIAL HAVING A 

REFRACTIVE INDEX THAT DEPENDS ON 
THE POLARIZATION AND PROPAGATION 

DIRECTION OF LIGHT.

One of the most active applications of polarization 
cameras is measuring stress and birefringence, which 
has multiple uses in machine vision inspection. It is a 
means of grading the quality of transparent materials, 
like crystals, glass, salt and many polymers, by 
measuring their birefringence as an intrinsic property 
of the material. “It’s basically looking at macro-
level stresses in these materials. The fundamental 
birefringence is a property of a material that is set 
at the crystal level, from an asymmetry in the lattice 
of the material. Light traveling through this material 
will experience different refractive indices based on 
its angle within the medium which can be detected 
and seen through polarization”, Brock explains. 
Birefringence is due to the asymmetric crystal structure 
of an optical material. These nonuniformities cause it 
to have different refractive indices based on the angle 
of light passing through it. Many materials exhibit what 
is called stress-induced birefringence. For example, 
when a plastic or glass gets squeezed or stretched, it 
can be very birefringent due to the stresses stored in 
the material. Because this effect is dependent on the 
incidence angle of the light going through the medium, 
polarized cameras make great tools in measuring the 
quality of the manufacturing of these materials.

The quality of photographic lenses is strongly influenced by 
birefringence in the glass or plastic optics used. Especially 
with higher performance, sophisticated lenses, the slightest 
pressure from the mounts holding the lens elements can 
induce polarization aberrations that can be seen in the 
captured images. These stress points change the local 
refractive index which can distort the wave front of the light 
passing through the lens, causing artifacts in the images. 
Therefore, birefringence measurements are a crucial part of 
quality assurance processes for lens manufacturers.
Virtual and Augmented Reality devices often utilize polarized 
light, therefore; any birefringence in such optical systems can 
distort the light and reduce the image quality. “Optics and 
glasses, the whole optical system for projecting the video 
information is often made of formed plastics and glass,” 
says Neal Brock of 4D. “As the manufacturers purchase 
optics and build their devices with these materials, they 
must inspect the quality before and after the manufacturing 
process very carefully. Birefringence measurement is by far 
the best method for doing this inspection.”

In Machine Vision applications, a micropolarizer 
camera is often used to reduce the glint or glare that 
results from smooth surface reflections from the light 
source used to illuminate the inspected part. Since 
most parts have multiple surface angles, no single 
polarizer angle can be used to reduce its resulting 
glare. By reducing glare at multiple polarization angles, 
defects and structures can be revealed that would 
otherwise not be visible using other methods.

Picture 4: Birefringence on soap bubbles

Picture 3: (C) 4D Technology
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APPLICATION NOTE: MICRO-POLARIZER TECHNOLOGY

POLARIZED CAMERAS ARE A GREAT 
OBSERVATION TOOL FOR ASTRONOMY

Astronomers are interested in using polarized sensors 
to improve exoplanet detection by direct imaging 
which can improve the signals by some orders in 
magnitude. The starlight coming directly to earth and 
the light from an exoplanet are perfectly superimposed, 
appearing as the same point of light. The problem is 
that the starlight completely overwhelms the light from 
the exoplanet. But the light coming from the exoplanet 
actually reflects off it, so it is very polarized, compared 
to the starlight. Using a polarized sensor can improve 
the signal contrast making it easier to observe them.

The biggest and most important astronomical 
application of a polarized camera is to observe the sun 
and its solar flares, to get a better understanding of 
them and forecast solar storms. The Earth’s magnetic 
field is affected by the interference produced by solar 
storms. They cause radio interference and changed 
flight routes but can also cause power outages with 

whole regions losing power for hours or days, in some 
cases. One such sun storm wiped out the power grid in 
Canada back in 1989, effecting over 6 Million people, 
so tracking these storms is important in protecting 
the power grid and the daily routines of many who 
use power every day. Solar storms are initiated by 
coronal mass-ejections (CME), which are a significant 
release of plasma from the sun, and often follows solar 
flares. These CMEs release large quantities of matter 
and electromagnetic radiation and it is the latter that 
causes these disruptions.

The big mystery for scientists is the fact that the sun’s 
corona is much hotter than its core. Astronomers 
are trying hard to understand why this is the case. 
Recently, NASA has launched an investigation 
program to capture measurement samples of the 
corona. Interestingly, the corona is highly polarized. 
By observing the corona with polarized cameras built 
into satellites and balloons, solar physicists hope to 
create a prediction system that could warn power 
plant managers of pending CMEs coming to Earth. 
With this additional knowledge, they will have a chance 
to turn the power grids off to avoid damage from the 
CME’s impact. This is still science-fiction but, thanks to 
polarized cameras, astronomers can better understand 
corona mass-ejections and work on models that could 
predict them in the future.

POLARIZATION IMPROVES IMAGES IN 
MANIFOLD APPLICATIONS VERY QUICKLY

Polarization offers an easy, quick, more cost-effective, 
and more reliable method to get highly-accurate 
image data in better quality. In manifold inspection 
tasks, the method eliminates the effects of reflections 
and glare on surfaces like glass, plastic, and metal 
in vision applications. In particular, inspection results 
can be significantly improved by polarizing filters in 
industrial quality assurance, traffic and infrastructure 
systems, and medicine. As described in the 
birefringence example above, polarized light helps 
analyzing the distribution of stress in transparent 
plastics. Material stresses, tensions, and other 
related problems can be identified more quickly by 
measuring the internal strains. This works also for air 
bubbles in plastic bottles, defects in films, or in cast 
or extruded plastics.

Picture 5: Coronal Ejections cause solar storms and can wipe 
out power grid on Earth
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APPLICATION NOTE: MICRO-POLARIZER TECHNOLOGY

For intelligent transport or in traffic-monitoring systems, 
using polarized imaging can identify a person behind the 
glare of a window in a vehicle. Autonomous cars benefit 
from improved road detection functions in all types of light 
conditions by recording the flat surface of the road with 
polarization filters. Knowing the direction of light identifies 
the source of light in darkness or at dusk, and eliminates 
reflections to avoid false-detections. Drones, and in 
principle, infrastructure and agriculture applications, could 
use polarization filtering to detect objects under water by 
eliminating the reflections on the surface of the water.

Polarization can improve the detection of objects in every 
respect, by improving image contrast and by making 
additional image data visible. In most of the applications 
where polarization helps, it can be easier, quicker, more 
cost-effective, and more reliable to invest in a sensor with 
on-chip polarization. The simultaneous recording at the 4 
angles of polarization allows the benefits of polarized light in 
more compact and embedded vision systems.

Please contact us if you have any additional 
questions about this technology or how best to 
implement in your use case. FRAMOS Imaging 
experts are available 24/7 to assist in your design 
and answer any questions you may have. Please 
contact your local representative or via email:  info@
framos.com

ABOUT  FRAMOS  |   FRAMOS enables machines to see. Imaging and embedded vision 
technologies are their passion, they play a key role in automation, robotics and the IoT-connected 
factory and are key drivers in cognitive systems, the smart home, intelligent mobiles and autonomous 
vehicles. FRAMOS is a leading global supplier of imaging products, embedded vision technologies, 
custom solutions and OEM services. The vision experts have been assisting customers since 1981 
as a technical consultant, development partner and external supplier selecting individual components, 
complex system compositions or customization options. They also provide individual technology, 
focusing on sensor modules and intellectual property, such as IP Cores, Imaging Algorithms 
and SoCs. From the sensor to the finished vision system, FRAMOS offers a powerful portfolio of 
imaging services and components with a range of capabilities to suit every budget. Strong brands 
combined with excellent technical support allow their customers to develop cutting-edge imaging 
and embedded vision systems and shorten their time-to-market. With a team of more than 100 
employees working worldwide, they aim to find the fastest and most efficient imaging solutions for 
their customers.

Picture 6: Image with and without using a polarization filter (c)Sirui Deutschland GmbH

Picture 7: Pola Cam


