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 Image processing 

 rPDI camera prototype 

Fig. 3. Photograph of  the rPDI camera prototype showing the front window. 

Specification Value 

Image resolution 800 x 600 pixels 

Pixel size 4.65 µm 

Frame rate 30 Hz 

Field of  view 20º 

F-number f/1.9 

Resolution (on-axis @ 20% contrast) 160 lp/mm 

Dimensions (mm) 97 (H) 159.4 (W) 159.4 (L) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Schematic of  rPDI camera. Each CCD camera captures a different 

polarization state: camera 1 captures the horizontal polarization component 

while camera 2 captures the vertical one. The 532 nm filter can be removed or 

replaced by one having a different center wavelength. (Under US 7,446,871; 

CDN 2,550,692; UK GB2, 427,975 patents). 

   

Fig. 4. Flowchart of  the image 

processing using the video 

feeds of  the two camera 

channels to compute the DOLP 

of  the target. The flowchart 

illustrated here shows a sample 

test of  a fingerprint on a white 

wall plate. The reference image 

shows that the fingerprint is 

undetectable under normal 

lighting conditions while the 

fingerprint is easily visible with 

the rPDI camera under 

polarized lighting. 

Extensive peer reviewed scientific research exists to prove the utility of  

polarization difference imaging (PDI) across multiple areas of  use 

including security and surveillance through to healthcare. However, real 

world use of  polarimetric imaging and sensing has been limited by the 

sequential rather than simultaneous capture of  the polarization states. 

Our team has built and tested a low cost prototype of  a custom 

polarization beam-splitting assembly developed and patented by Q5 

Innovations Inc. This real-time polarization difference imaging (rPDI) 

camera provides a clean polarization segregation across a wide field of  

view, thus allowing simultaneous separation and routing of  orthogonal 

states of  linear polarization to two separate sensors. 

 Context 

  

 Why real-time PDI? 
The real-time data capture overcomes the limitations of  existing 

technologies enabling use in dynamic environments where sequential 

capture and processing of  polarization information often leads to 

significant movement artifacts [1] , in applications such as security and 

surveillance or underwater. It has been demonstrated that even if  less 

than one percent of  the returning light from the target is polarized, a 

polarization image can be made which can reveal subtle surface details 

and textures [2].  

 

 

 

 

 

 

 

 

 

PDI therefore can greatly improve target detection by substantially 

enhancing contrast and reducing noise in the presence of  intervening 

scattering medium or mechanisms. Real-time PDI offers superior 

visibility and improved imaging distance through optically dense and 

poor lighting conditions such as fog, dust, smoke, cloud or turbid water, 

in which cases visibility remains clear and constant, as shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

Fig. 1. Left: standard camera 

images of  scenes hidden by 

dense fog. Right: the rPDI 

camera images in the first and 

second row respectively reveal 

an island and detailed building 

features. Courtesy of  Q5 

Innovations Inc. 

Moreover, along with the possibility of  imaging at any wavelength in 

real-time, rPDI extends to a number of  applications in healthcare, from 

guiding surgical excision of  skin cancers to detecting cancers at very 

early stages, as well as potential clinical utilities in cardiovascular, 

dentistry, and ophthalmology applications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 shows the flowchart of  the image processing using the signals 

from both channels of  the rPDI camera. The mathematical  treatment 

of  the images is chosen to optimize the DOLP (Degree Of  Linear 

Polarization) signature of  the targets. The processing is done in real-

time using a custom software based on the cameras’ manufacturer’s 

framework. 
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Figures 5 and 6 offer sample results that demonstrate potential 

applications in target detection and material discrimination when using 

the rPDI camera prototype without the 532 nm filter. Figure 5 shows 

images extracted from video recordings of  cars in a parking lot: the left 

image was taken with the reference camera and the right DOLP image 

was obtained from the custom software’s output. The visibility of  the 

car windshields is enhanced in the DOLP image. 

Fig. 5. Cars in a parking lot. Left: reference camera image. Right: DOLP image 

emphasizing car windshields. Both images are extracted from video recordings. 

Fig. 6. Still images of  a glass cup (left of  image) and a plastic cup (right of  

image). Left: reference camera image. Right: color mapped DOLP image. 

Figure 6 provides an example of  material discrimination between a glass 

cup (left) and a plastic cup (right). Both images were recorded by 

illuminating the glasses with a polarized light source. 

Based on the results of  the first prototype, certain limitations were 

encountered due to using some off-the-shelf  components. For example, 

the 532 nm filter limits the light gathering to that wavelength and 

introduces vignetting effects. Q5 has developed custom coatings for 

their polarization beam-splitter assembly to be used on the next 

generation build that should greatly enhance wavelength specificity and 

throughput tailored to application, as well as polarization segregation. 

In addition, to increase the camera’s image resolution and frame rate, 

the company will apply additional algorithms as well as its custom 

FPGA-based  electronics. 

 

 

 

 

 

 

 

 

 

Q5 Innovations Inc., info@q5innovations.com, 250-590-5888   

 

 

 

 

 

 

 

 

 


