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Abstract 

Polarimetric imaging offers the potential for suppressing background and enhancing target signatures. 
The advantage in the use of more than one waveband lies in the nature of the light received. The 
hypothesis is that in the 3-5µm (MWIR) region, the polarisation is primarily composed of reflected 
ambient energy, while in the 8-12 µm (LWIR) region the polarised energy is primarily due to object 
emission. These two bands thus contain complementary information that can be utilised to improve 
target discrimination over the information in a single band. 

Work to date, and presented in this paper, indicates that very often polarimetric information is available 
in both the MWIR and the LWIR wavebands.  The analysis has also revealed that the response of each 
material differs not only as a function of the net angle between the observer, target, and illumination 
source, but also between wavebands. 

Introduction 

Background 

Polarimetric imaging offers the potential for 
suppressing background and enhancing target 
signatures.  The advantage in the use of more 
than one waveband lies in the nature of the light 
received.  In the medium wave infrared (MWIR) 
region of the spectrum, it is believed that the 
polarisation is primarily composed of reflected 
ambient energy, whilst in the long wave infrared 
(LWIR) region the polarised energy from object 
emission is likely to be more prominent than in 
the MWIR region.  These two bands will thus 
often contain complementary information that 
can be utilised to improve target discrimination 
over the information in a single band. 

Scope of Work 

The scope of this project was to build a 
demonstrator capable of capturing both MWIR 
and LWIR data simultaneously over a range of 
polarisation states in order to evaluate the 
potential for combining polarisation effects in 
each waveband to capitalise on complementary 

reflected and emitted polarisation 
characteristics.   

The project utilises the SELEX Condor II dual 
band IR camera: a camera capable of providing 
spatially and temporally coincident images in 
LWIR and MWIR.  The Condor camera 
integrates onto a demonstrator breadboard 
directly behind a polarisation filter mounted in a 
rotary stage.  Figure 1 shows the demonstrator 
mounted on a tripod.   

 
Figure 1:  The demonstrator mounted on the tripod 
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Bespoke software (developed by Lightnics, a 
French SME specialising in real time image 
manipulation software) synchronises the capture 
of the Condor dual waveband data with the filter 
rotation such that data is collected for the four 
principal filter positions: namely 0°, 45°, 90° 
and 135°.  The software then applies a set of 
MBDA developed algorithms to the data – 
based on Stokes Parameters – in order to 
provide a near real-time display of the 
polarimetric aspects of the scenes in each 
waveband, including polarisation magnitude and 
direction.  Figure 2 shows the software interface 
being used to view the polarimetric response in 
the scene. 

 
Figure 2: The software interface used to capture and view 
the polarimetric data 

Post trials, the analysis of data was split 
between MBDA(UK) and Selex-ES.  
MBDA(UK) concentrated on analysing the pure 
polarimetric characteristics of the data to 
understand the basic physics while Selex-ES 
used proprietary algorithm tools to demonstrate 
separation of object classes through statistical 
analysis of multi-dimension waveband and 
polarimetric characteristics.  

Task 5 

Overview 

Under Task 5 of the ITP (the initial phase for 
this project), the principle objective was to 
gather and analyse a large range of non-military 
data sets in order that basic data could be 
obtained without the expense of formal trials 
involving military targets.  Therefore, once the 
requirements for the demonstrator were 
established, and the design and build completed, 
a series of data gathering trials were undertaken.  
The trials allowed the polarimetric data to be 

captured for a wide range of scenarios (both 
urban and maritime) over a broad duration of 
time and weather conditions, as depicted in 
Figure 3.  Trials locations where data was 
captured included a set of urban scenes at the 
MBDA France site at Le Plessis Robinson, 
Paris, from the banks of the River Seine, and a 
harbour scene at Sète in the South of France.    

 
Figure 3:  A selection of the trials scenarios illustrated the 
range in conditions in which data was gathered 

Observations 

In analysing the data it has been seen that, the 
majority of time, the strongest discrimination 
was in the polarised MWIR image; however 
there were occasions when this was reversed 
and it was the polarised LWIR images with the 
strongest discrimination.  There were also times 
when the effect in both wavebands was 
approximately equal, as well as cases where the 
information in the polarised imagery has not 
been as strong as that in the conventional un-
polarised images.   

Figure 4 is an example polarimetric (MWIR) 
image.  The image superimposes the angle of 
polarisation onto a reference image that itself 
can be varied to emphasize regions that have a 
strong polarimetric signature.   It can be seen 
that in this format the cars on the bridge are well 
enhanced.  Figure 5 is another example of a 
polarimetric image used to analyse the scene.  
Here, the degree of linear polarisation is plotted 
for both MWIR (left hand image) and LWIR 
(rhs) images.  The use of green & red channels 
allows pixels with a strong polarisation to be 
superimposed onto a reference image that 
represents the 'dc' level of unpolarised energy.  
From this image it can be seen that in the LW 
image the position of the road is more strongly 
accentuated than in the MW image. 
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Figure 4:  An example polarimetric image.  Displaying the 
angle of polarisation for the scene highlights the cars on 
the bridge 

 
Figure 5: Displaying the degree of polarisation for both 
MW (l) and LW(r) shows that the response in LW is more 
useful for distinguishing the road from the surroundings. 

Much of the variability in the results is due to 
the complexity in the number of parameters that 
may affect the way a particular scene responds 
to the presence of a polariser at any given 
orientation.  Such factors as the properties of the 
material itself (composition, surface 
smoothness, reflectivity, emissivity, 
temperature, etc.), the weather conditions (cold, 
hot, overcast, foggy, etc.), the position of the 
sun and time of day and the orientation of the 
target object could all be cited as variables.  
Indeed drawing absolute conclusions based on 
the interpretation of the physical properties of a 
region within an image that lead to a particular 
result is difficult, and in some cases, even 
contradictory. 

In analysing the data, Selex-ES adopted a 
method based on statistical analysis of the scene 
data regions.  This is in acknowledgement of the 
fact that a full physical interpretation of the 
scene information will be highly impractical for 
any feasible realisation of this system.  The 
processing methodology used in the analysis 
extracted the full linear polarisation states and 
the unpolarised information into a multi-
dimensional data space (as illustrated in Figure 
6).  From this, the measure of the separation 
between these clusters could be analysed.  In the 
Task 5 study, there were clear demarcations 
between different materials, and that the 

measurable separations were more easily 
separable in the polarisation space than in the 
intensity space alone.  This knowledge fed the 
design of the Task 6 investigations. 
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Figure 6: Example cluster analysis for three objects in an 
urban scene 

Task 6 

Overview 

The conclusions and recommendations from 
Task 5 were that there was strong indication that 
the combination of a dual waveband sensor and 
polariser would indeed enhance scene 
discrimination and, by carrying out a more 
controlled scientific set of characterisations 
tests, each variable could be varied, and 
quantified, in isolation.  Based on this, the 
objective of Task 6 was to perform a series a 
characterisation tests in order that a more 
definitive statement could be made as to the 
benefits of the technique in a missile system. 

The characterisation tests took place at the 
MBDA France site at Le Plessis Robinson, 
Paris.  Figure 7 illustrates the principal setup of 
the tests.  A set of materials are placed on a 
sample tray and a high temperature blackbody 
attached to a frame is rotated from one side of 
the tray across to the other, keeping constant 
separation, in order to approximately simulate 
the transition of the sun over the course of the 
day.  The camera is located at one of two 
positions during the tests: either parallel to the 
plane of blackbody rotation (as seen in Error! 
Reference source not found.) or rotated with 
respect to the target tray by 90degrees so that 
the blackbody rotation is orthogonal to the 
camera boresight.  The series of characterisation 
tests undertaken captures the polarimetric 
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response for a range of materials, including 
water, under a range of conditions.  Results can 
then be compared across materials (and 
conditions) as a function of the blackbody 
position. 

 

Figure 7: The principal set-up used to make the 
characterisation tests 

Observations 

Data analysis is not yet complete, however 
Figure 8 is an example plot showing the 
variation in the mean value of the non-
normalised degree of linear polarisation (DoLP) 
as the blackbody position is rotated across the 
tray; with the camera in the parallel orientation 
as shown in Figure 7.   

 
Figure 8: DoLP for a painted metal sample (l) and sand 
(r).  Note that data is not currently normalised between 
wavebands. 

The left hand plot is for a metal plate coated in a 
naval paint, whilst the right hand plot is for a 
sample of sand.  In both cases there is a peak in 
response when a specular condition is reached - 
that is when the blackbody angle is equal but 
opposite to that of the camera viewing angle - 
particularly in the medium waveband.  
However, both the magnitude and width of the 
peak are noticeably different in these examples, 
and therefore it suggests that unique signatures/ 
responses can be attributed to a given materials. 

Overall Conclusions 

Task 5 'real' scene analysis and the Task 6 
characterisation analysis have indicated that 

very often polarimetric information is available 
in both the MWIR and the LWIR wavebands.  
More importantly, the characterisation work has 
revealed that the response of each material 
differs not only as a function of net angle 
between the observer, target, and illumination 
source, but also between wavebands. The 
project team thus concurs with other workers in 
the field that have examined single band 
polarisation, that man made objects appear to 
have stronger polarisation characteristics than 
naturally occurring ones. This should allow a 
general discrimination benefit for military 
systems and may provide a solution to the 
thermal inversion (or cross-over) problem where 
IR target signatures may merge completely into 
the background at certain times of the day, 
usually near dawn and dusk. 

To date, analysis has also indicated that by 
understanding the engagement conditions of a 
scenario such as time of a day and net position 
and angle of trajectory, it should be possible to 
utilise a polarimetric database in order to 
present the operator (or indeed closed-loop ATR 
algorithm) with a polarimetric image that is 
tuned to enhance particular features in the scene 
and thus generate a stronger target to 
background contrast.  

 

 


