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ABSTRACT
Most of the vehicles, which can be observed by the cameras used in the Intelligent Transport Systems, 
are coated with reflective layers which, like car windows, are characterized by the effect of light polari-
sation. Utilising this effect by using a camera designed for the Intelligent Transportation System along 
with the linear polarizer it is possible to improve the extraction of the vehicles from the surrounding. 
The article presents the methods of using the polarised light for increasing the operating range of the 
video systems along with an illustration of the possibilities and limitations of this technique. Some 
experimental results obtained by the fusion of data recorded for the standard video sequences and the 
use of linear polarisers are also presented.
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1. Introduction 
Video Image Processors (VIPs) used in Intelligent 

Transportation Systems (ITS) support both infrared and 
visible light cameras [1]. The most important advantage of 
such camera based tracking systems is their ability to track 
vehicles at different distances. Moreover, some parameters 
of vehicles cannot be recognised without cameras (e.g. co-
lour, detailed profile or exact size) [1,2]. 

Nevertheless, tracking of distant objects is limited by 
several physical factors e.g. road lighting (natural or ar-
tificial), dust, fog, snow. The extension of the maximum 
working distance of such methods is one of the most 
important elements allowing further improvement of 
the performance of the ITS. Increase of the maximum 
tracking distance is possible using for example some al-
ternative wavelengths. The Far Infrared (FIR – typical 

wavelengths can be e.g. 100-300 mm) and Middle Infrared 
(MIR) wavelengths (about 10-30 mm) are valuable for the 
ITS applications, because vehicles are usually well visible 
due to the heat emission [1]. Moreover, both wavelength 
ranges are less influenced by the fog and dust in compa-
rison to the visible light. The cost of cameras and lenses 
for such wavelengths with appropriate quality (resolution, 
number of frames per seconds) is rather too high for con-
temporary systems so they are used for special purposes 
only. It is also worth to notice that the Near Infrared (NIR) 
wavelengths can be valuable only due to superior sensiti-
vity of the silicon sensors in this wavelength range. From 
the image processing and analysis point of view images 
acquired by infrared cameras are similar to the greyscale 
ones obtained from the typical visible light range camera. 

Another interesting technique is using a number of ca-
meras with different lenses. In such systems some fixed fo-
cal length lenses are necessary because of their significantly 
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better quality in comparison to the variable focal length 
lenses. Unfortunately the acquisition system is much more 
complicated in this case. In the most universal systems the 
VIP should support multiple cameras and multiple images 
instead of processing the image taken from a single camera.

An interesting alternative for increasing the working 
range of the tracking systems are super-resolution tech-
niques [3-10], but their application requires some sophi-
sticated image processing algorithms. The acquisition of 
multiple images from a number of cameras can lead to 
significant increase of the resolution of the resulting ima-
ge but a good data-fusion algorithm is necessary. A better 
choice is usually previously mentioned variant of multiple 
cameras with different focal length lenses.

In this paper another approach that could be used in-
stead of the techniques discussed above or together with 
them is considered. In typical video tracking system only 
a light level or light levels at different wavelengths (colour) 
are considered without the utilisation of the light polari-
zation effect. However, the light polarisation could be very 
useful for image acquisition, since its application is inspi-
red by the nature and many animals use this property of 
the light in their own vision systems.

2. Light polarisation
The shapes and colours of the vehicles observed by 

the cameras are usually different. Their surfaces reflect 
light and most vehicles are very shining due to multiple 
layers of the vehicle’s body (typical masks etc.). The glass 
or plastic car windows are also influenced by the light po-
larisation. The effect of light polarisation is well known 
in vehicle photography, since the application of the linear 

polarising filter allows obtaining some interesting photo-
graphic effects. The same polarisation effect [11-14] can 
be relevant for vehicles tracking in the ITS applications. 
This effect is illustrated in Fig.1 (dots indicate polarisation 
perpendicular to the image).

This effect for the glass has been described firstly by 
Brewster [11]. The direct sunlight is not polarised but after 
it is reflected by the glass or similar material, the reflected 
beam and the beam refracted into the material (e.g. glass) 
can form the right angle, what leads to the polarisation 
of the reflected light. Nevertheless, if the incident beam is 
polarised in the plane of incidence, it will not be reflected.

The skylight is also polarised and its polarisation depends 
on the place on the sky hemisphere (angle) as well as the po-
sition of the sun. The level of polarisation is up to 80% in very 
specific situations and is much lower in typical cases [14].

The application of the polarisation for optical vehic-
le tracking purposes is possible using two cameras. They 
should be located close to each other due to some distor-
tions related to the perspective view causing the necessity 
of alignment such acquired images, preferably with subpi-
xel accuracy. If the distance between tow cameras is larger 
or the tracked objects are close, the 3D alignment is ne-
cessary instead of the 2D, e.g. for the distances to objects 
about 100 meters and the distance between cameras about 
20 cm as in our experimental setup. 

The necessary alignment can be performed using cali-
bration techniques for the stereovision systems [15,16]. If 
there are some other static and characteristic objects (e.g. 
trees, buildings) in the scene the external camera parame-
ters should be estimated without any additional calibra-
tion markers. The internal parameters of cameras (optical 
distortions of the lenses, focal length) should be estimated 
before the acquisition of the video frames.

Image processing part of the calibration is mostly re-
lated to the 3D reprojection of the images (from both ca-
meras or from a single one as in our experiments). The 
absolute difference for greyscale images can be used as the 
difference metric as well as the simple average RGB diffe-
rence:

 

, (1)

where the indices h and v denote the RGB channels obta-
ined from two cameras with different polarisation filters.

It is also possible to utilise some more sophisticated 
colour related polarisation differences but is has not been 
considered in this paper.

The position of the sun is also important because there 
are two light sources in the scene. The first one is the sun that 
is the main non-polarised light source but the second source 

Fig.1.  Reflection of linearly polarized light at Brewster’s angle. 
Source: [11]
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is the sky, which disperses the light and adds the polarisation.
The vehicles have different sizes and shapes but the flat 

reflective areas are unusual and the most of the cars have 
rounded aerodynamic smoothed shapes. This is the main 
reason why the whole area of the car is not significantly re-
flective in the polarisation domain. The maximum values 
of polarised light reflections can be observed only for some 
parts of the vehicles and this can be considered as the disad-
vantage related to the loss of potential information. On the 
other hand it can be an advantage for the tracking system be-
cause the size of the car is less important for them and then 
some point objects are tracked instead of some larger ones.

The calculation of the difference between images 
needs not only a geometrical alignment. Two images must 
be synchronously acquired by two cameras and the same 
light characteristics are necessary including iris size of the 
lenses, shutter speed or gain. The additional colour cor-
rections are also important and in this paper some areas 
located aside the road are used for testing purposes. The 
observed differences without any corrections are less than 

2 values of 256 levels for each colour channel (about 1% of 
the maximum signal level).

During the tests various sets of video images have 
been acquired and only the one with a minimal polarisa-
tion (the worst case) is further considered.

3. Experimental tests 
The results obtained in our experiments have been obta-

ined for the sunny day monitoring the traffic on an asphalted 
road. The cameras have used zoom lenses with a maximal fo-
cal length. The reference image has been cropped due to the 
presence of some other unimportant objects in the cameras’ 
field of view. The example video frames acquired from both 
cameras and their differenced are illustrated in Fig. 4. Such 
image set has been used mainly for testing the performance 
of the vehicle’s detection. Two new sets have been created by 
image rescaling for the simulation of the larger distance or 
smaller physical resolution of cameras. The images having 4 
times smaller horizontal and vertical resolution (simulation 
of the 16 times smaller resolution of the cameras) are shown 
in Fig. 5, while Fig. 6 illustrates the 8 times smaller resolution 
(horizontally and vertically) images (simulation of the 64 times 
smaller resolution of the cameras). Those images are typical for 
the tracking systems, especially Track-Before-Detect ones [17], 
which operate usually on small resolution images.

The polarisation effect is related to the small part of 
each vehicle. The observed difference between both po-
larised images is high for high resolution images but the 
details are less visible due to the low-pass filtering if the 
resolution is reduced. Nevertheless, some small objects 
(around pixel size or smaller) may give large signals rela-
ted to the polarised images.

The stereoscopic system presented in the paper allows for 
some interesting observations. First, a very interesting phe-
nomenon is the fact that the polarised light observed by the 
camera is related not only to the glass or metal parts of the ve-
hicles. The road itself (asphalt) reflects part of the light with 
a polarisation effect as well. It is well visible on the acquired 
images and related especially for the wheels’ tracks on the road. 

Fig.2. Illustration of the image acquisition and processing for the two-camera system

Fig.3.  Illustration of the configuration of two linear 
polarising filters during the synchronous video 
acquisition. 
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Another advantage of such configuration of two came-
ras is also interesting for the 3D tracking systems. Two ca-
meras with wide field-of-view (wide angle) could be used 
for stereovision image processing in near and medium di-
stances. Properly aligned cameras can also support detec-
tion and tracking of the vehicles with a small parallax as in 
the case considered in the paper. Nevertheless, for the near 
distances such system is not adequate as is shown in Fig. 7. 
Analysing this image it can be easily noticed that the top of 

the truck is moved in horizontal direction depending on 
the position of the camera. In such situation the proposed 
technique should not be used.

In order to reduce such parallax effect the camera with the 
embedded different polarisation filters integrated with the sen-
sors should be used. Another possibility is the use of the optical 
separating system, similarly as in 3CCD technology. 

An interesting observation is the proper detection 
both moving and non-moving vehicles, what can be use-
ful for the application of background estimation techni-
ques, estimation of vehicles’ position and speed as well as 
techniques of fitting a model to the image (classification, 
correlation) for static vehicles.

4. Conclusion
One of the main advantages of the proposed approach can 

be observed analysing the images presented in Fig. 5, where 
the vehicle moving towards the camera after the truck can be 
efficiently tracked utilising the differential image. The effect of 
light polarisation allows a good detection of this vehicle based 
on its windscreen reflecting polarised light. Similar effect can 
also be observed for some other vehicles where the glass or me-
tallic surfaces can be utilised in the proposed technique.

Fig.4.  Reference frame: (acquired with polarisation filter 1 (left-up), 
acquired with polarisation filter2 (right-up), average of both 
polarised images and the absolute difference between them 
(right-down)

Fig.5.  Reduced resolution (25% of original size) frames (up), their 
average and difference.

Fig.7.  Illustration of the parallax problem for the close objects 
(fragment of truck relatively to the middle line odf the road).

Fig.6.  Reduced resolution (12.5% of original size) frames (up), their 
average and difference.
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The approach presented in the paper can be used as 
a  part of the video based vehicle tracking system created 
using the super-resolution imaging combined with the 
Track-Before-Detect approach as a part of further research.

The polarisation approach gives also some new possi-
bilities for the classification of vehicles, since some matt 
and glossy vehicles could be additionally distinguished. 

Multiple wavelengths (more than 3 colour channels) 
are also important for the separation of objects on ima-
ges. The multispectral imaging is used for remote sensing 
(usually in satellite observations of the Earth surface). It is 
also possible to use this technique for the ITS but this ap-
proach is rather expensive. Nevertheless, the multispectral 
sensors may improve the tracking accuracy in the future 
systems, similarly as the use of polarisation.

Acknowledgements
This work is supported by the Polish Ministry of Scien-

ce and Higher Education (Grant No. N509 399136 „Esti-
mation of the vehicles’ motion trajectories using the Bay-
esian analysis and digital image processing algorithms“).

Bibliography
[1] KLEIN L.A., Sensor Technologies and Data Require-

ments for ITS. Artech House ITS library, Norwood, 
Massachusetts 2001.

[2] KLEIN L.A., MILLS M.K., GIBSON R.P., Traffic 
Detector Handbook: Third Edition, FHWA, FHWA-
-HRT-06-108, 2006.

[3] IRANI M., PELEG S., Improving Resolution by Ima-
ge Registration. Graphical Models and Image Pro-
cessing, vol. 53, p. 231-239, 1991.

[4] IRANI M., PELEG S.: Super Resolution from Ima-
ge Sequences. Proceedings of the 10th International 
Conference on Pattern Recognition, p. 115-120, June 
1990.

[5] KEREN D., PELEG S., BRADA R., Image Sequence 
Enhancement Using Sub-Pixel Displacement. Proce-
edings of the IEEE Conference on Computer Vision 
and Pattern Recognition, p. 742-746, June 1988.

[6] LUCCHESE L., CORTELAZZO G. M., A Noise-
-Robust Frequency Domain Technique for Estima-
ting Planar Roto-Translations. IEEE Transactions on 
Signal Processing, vol. 48, no. 6, p. 1769-1786, June 
2000.

[7] ZOMET A., RAV-ACHA A., PELEG S., Robust Su-
per-Resolution. Proceedings of the International 
Conference on Computer Vision and Pattern Reco-
gnition (CVPR), vol. 1, p. 645-650, 2001.

[8] OKARMA K., The Influence of the Sampling Filter 
Function in the Super-Resolution Methods on the 
Accuracy of the Register Plates Recognition and the 
Visual Image Quality”. Logistyka no. 6/2009 (CD-
-ROM).

[9] OKARMA K., MAZUREK P., Automatic Image Qu-
ality Assessment of the Super-Resolution Images for 
the Register Plate Number Recognition. Logistyka 
no. 2/2010 p. 283-290 (in Polish).

[10] OKARMA K., MAZUREK P., The Analysis of the Su-
per-Resolution Techniques  for the Automatic Verti-
cal Road Signs Recognition Systems. Logistyka no. 
6/2009 (CD-ROM).

[11] FEYNMAN R.P., LEIGHTON R.B, SANDS M., The 
Feynman Lectures on Physics, vol. 1-2, 2nd edition, 
Addison Wesley Longman, 2005

[12] GUENTHER R.D., Modern Optics, Wiley 1990
[13] BENNETT J.M., Polarization, in: Handbook of 

Optics, vol. I Fundamentals, Techniques, and Design 
(ed. BASS M., et.al.), McGraw-Hill, 1995

[14] PYE D., Polarised Light in Science and Nature, Insti-
tute of Physics Publishing, 2001.

[15] BRADSKI G., KAEHLER A., Learning OpenCV. 
Computer Vision with the OpenCV Library, O’Re-
illy Media, 2008.

[16] HARTLEY R.I., ZISSERMAN A., Multiple View 
Geometry in Computer Vision, Cambridge Univer-
sity Press, 2000.

[17] BLACKMAN S., POPULI R., Design and Analysis of 
Modern Tracking Systems. Artech House, 1999.


