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Scope
Allied Vision cameras with Sony IMX Polarsens 5.0 megapixel sensors support four-directional polarization 
using filters directly in front of the sensor. With these cameras, you can replace additional polarizer filters 
on the lens used in typical applications. In many cases, polarizer sensors can adapt easily to setups with 
varying polarization angles; there is no need to change or rotate optical polarization filters anymore. This 
can be useful, for example, to reduce reflections or analyze surfaces for material stress and defects. This 
application note explains the functionality of polarizer sensors and shows use cases, including example 
images. Contents generally apply to Alvium X-507 Pol, X-508 Pol, and Mako G-508 Pol cameras.

Structure of Polarsens sensors
Figure 1 shows the structure for Polarsens sensors that is similar to that of standard sensors, but with the 
following differences: 

 Figure 1: Structure of a polarizer sensors
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Polarizer array
The on-chip nanowire polarizer array supports orientations for 90°, 45°, 135°, and 0°. Four pixels build a 
calculation unit to determine for each pixel the intensity and angle of polarization, similar to the debayering 
of an RGB or color sensor. 
The four-directional polarization of the Sony IMX250MZR/MYR sensors is arranged as shown in Figure 2:

Pixel response
Figure 3 shows the relative pixel response in relation to the angle of the polarized light:

The relative response with a polarized light source is: P0°  +  P90°  =  P45°  +  P135°   =  1. 

With an unpolarized light source, the relative response would be: P0°  +  P90°  =  P45°  +  P135°   =  2.

 Figure 2: Polarizer array coding diagram

 Figure 3: Relative pixel response to polarized light
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Polarization angle versus image brightness
Figure 4 shows an example of a polarizer RAW image:

Figure 5 shows how the orientation of the polarization filters affects brightness values for the sub-images: 

Each sub-image has one quarter of full resolution because only one out of four pixels is used. 

As polarization filters block a large part of the light hitting the sensor, stronger illumination or longer 
exposure times are required to improve image results.

 Figure 4: Polarizer RAW image

 Figure 5: Polarization angle versus image brightness in sub-images
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Polarization imaging standard operations

Stokes parameters
One approach to quantify polarization is using the so-called Stokes parameters. These parameters cover all 
directions of polarization, including circular polarization that cannot be measured with the described 
sensor technology.
The Stokes parameters are often combined into a vector as shown in Equation 1. Because the sensor cannot 
measure circular polarization (PRC and PLC), S3 is always 0.

The Stokes parameters include the angle, degree, and intensity of the polarized light.

The ranges of the Stokes parameters are on polarized light:

•   0.0 ≤ S0 ≤ 1.0 

• −1.0 ≤ S1 ≤ 1.0 

• −1.0 ≤ S2 ≤ 1.0 

The ranges of the Stokes parameters are on unpolarized light: 

•   0.0 ≤ S0 ≤ 2.0 

• −1.0 ≤ S1 ≤ 1.0 

• −1.0 ≤ S2 ≤ 1.0 

These Stokes parameters help you to derive other useful information from the image, including:

• Degree of polarization (p)

• Angle of polarization (Ɵ)

The degree of polarization describes how much polarization we have at a certain pixel cluster. The degree 
of polarization of the reflected light depends on the material surface and the angle of reflection:

The direction of reflection is determined by the angle of polarization. It can be calculated like this:

 Equation 1: Stokes parameters

 Equation 2: Degree of polarization

 Equation 3: Angle of polarization
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Or the angle of polarization can be calculated like this:

With atan2 being the function that already considers the quadrants of the Cartesian coordinates.

Sensitivity of polarization sensors
The polarization filter applied to a pixel reduces the sensitivity of that pixel, based on:

• Polarization itself

• Transmission of the filter.

On unpolarized light, the polarization causes a reduction in sensitivity of 50 percent. 

The gray area in Figure 10 shows light that does not hit the sensor. Only the light represented by the yellow 
area hits the sensor. This is 50 percent of the total area:

The transmission of the filter further reduces the response.

In case of the Sony IMX250MZR sensor, the response reduction caused by the filter can be derived from the 
quantum efficiency values measured at 529 nm: 

• IMX250LLR (standard monochrome sensor): 64%

• IMX250MZR (polarized monochrome sensor): 25%

The reduction due to polarization is 50%, resulting in: 50% × 64% = 32%

 Equation 4: Angle of polarization

 Figure 6: Sensitivity reduction caused by polarized light

So, the filter transmission is: trfilter =

Quantum efficiency 
(polarized monochrome sensor)

=
25%

= 78%
Reduction by polarization 32%
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Application examples
Polarization can be used for various imaging applications.

Reducing reflections
Another typical use case of polarization imaging is to reduce reflections. This can be achieved by applying 
only the lowest signal out of a calculation unit. The result can be seen in Figure 7.

Other applications
Polarized image data can be used to:

• Enhance contrast to detect shapes in lowlight conditions

• Inspect material properties, such as stress composition or surface structure.

• Observe aerosol concentration and distribution of particles in gases or cloud characteristics.

• Optimize signal transmission and reception in wireless communication systems. 

 Figure 7: Reflection reduction by applying minimum signal of each calculation unit
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