
 

 

 

Abstract—At computer vision, polarization can be used for 

improving image quality and also for reconstruct 3D form of an 

object. There are three physical principles that must be observed in 

the use of polarization in 3D image reconstruction, i.e. the 

polarization parameters estimation, surface normal calculation, and 

the height gradient calculation. It is interesting to study polarization 

parameters estimation because the results from this stage is used at 

the last two stages. The common method used to estimate the 

parameters of polarization is Least Mean Square (LMS). LMS 

requires polarized images as its input. Those images taken by placing 

a polarizer in front of the camera at a certain polarizer angle. In the 

use of this method, the error at polarizer angle measurement is not 

considered. The research aims to develop an algorithm that can 

estimate not only the parameters but also the uncertainty. The 

algorithm developed is a modification of the LMS. 

 

Keywords—LMS, polarization, polarization parameters, 

polarizer.   

I. INTRODUCTION 

LONG with the widespread use of polarization in 

computer vision, such as 3D image reconstruction, the 

development of 3D image reconstruction method is growing 

rapidly, both of which based on geometric and photometric 

principles. An approach that is often used is based on the 

projection of light structure, which detailed survey can be seen 

at [1]. On the other hand, Shape of Shading approach is quite 

often used. The approach has drawbacks, while working 

especially with objects that are highly reflective. Other 

approach that is often used is the geometric approach to 

structure from motion based approach [2]. Reference [6] uses 

polarization imaging to calibrate catadioptric sensors based on 

shape from polarization technique.  

Utilization polarized image can also be used in 3D 

reconstruction techniques. References [3], [5], and [8] are 

using polarization light. Polarization in computer vision can 

also be used for reducing halation effect at plant image, as in 
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[7], and for improving image quality that taken at foggy 

weather, as in [9].  

Light is generally not polarized. There are three events to 

cause the light becomes polarized, i.e. reflection, selective 

absorption, and scattering. In most events in nature, light is 

partially linearly polarized. 

Condition of polarization of light can be analyzed through 

its parameters. In connection with the use of polarization for 

3D reconstruction, by analyzing the polarization parameters 

and refractive index of the observed object, the surface normal 

can be calculated. Furthermore, by integrating the normal 

field, the shape of an object can be reconstructed. The 

polarization parameters therefore, are needed in the 3D 

reconstruction method using polarization approach. 

In partially linearly polarized light, LMS method can be 

used to estimate the polarization parameters. Polarized image 

as the input for LMS is obtained by placing a polarizer in front 

of the camera at a certain polarizer angle. There are 

possibilities of inaccuracy at the measurement of polarizer 

angle. Least Mean Square method cannot directly be used to 

estimate the polarization parameters simultaneously with the 

inaccuracy. This study aims to develop a modified LMS 

algorithm that can estimate not only the parameters of 

polarization but also the value of the error in the measurement 

of the polarizer angle. 

II. METHOD 

Naturally, the light is unpolarized. However, after a certain 

process, reflection, for example, light will be partially linearly 

polarized which is highly dependent on the surface normal and 

the refractive index of the medium. Partially linearly polarized 

light has 3 parameters, namely the light magnitude  , the 

degree of polarization   and polarization angle  . Based on 

[10], to determine the condition of polarization on the light, 

we can simply rotate the polarizer in front of a camera. The 

relationship between the light intensity measured by the sensor 

 , and polarizer angle ( ) is expressed at intensity equation 

[4]:  

 

 ( )  
 

 
(    (     )   ) (1) 

 

One way to describe the state of polarization of the light is 

by using the Mueller calculus [4]. In Mueller calculus, Stokes 
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vector,   (        ) , is used to describe the 

condition of polarized light. Stokes vector of a partially 

linearly polarized light can be written as follows [4]: 
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So that (1) becomes: 
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(                  )  (6) 

 

 The polarization parameters   ,   , and    in cases where 

the error at the measurement of polarizer angle is negligible 

can be estimated using the LMS method. 

III. RESULTS AND DISCUSSION 

When the error at polarizer angle measurement is 

considered, LMS method cannot directly be used to estimate 

the polarization parameters. In this paper, an algorithm using 

the LMS as its main tool is developed, that can estimate either 

the polarization parameters or polarization angle measurement 

errors in the polarizer. 

N polarized images are taken by putting a polarizer in front 

of a camera. Each image at     pixels is taken at polarizer 

angle   ,   ,…,   . Uncertainty at polarizer angle 

measurement is considered so that  ̂       ,   
       , with    as the error at polarizer angle 

measurement.  

Therefore we have a system of intensity equation, for 

         ;          ;          , and   
(   )

 as 

intensity with polarizer at image  , pixel (   ): 
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(  
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     ̂ )  (7)  

 

Algorithm I that we can see at Table I is the algorithm 

developed in this research. This algorithm can estimate the 

parameters values of polarization and simultaneously estimate 

error at the polarizer angle measurement.  

Algorithm I is tested on four sets of polarized images. The 

first one is a set of six catadioptric images. Catadioptric image 

is chosen to represent the image of specular objects which is 

highly reflective (hereinafter referred to as collection C1). 

Each image is taken at six different polarizer angle 

                      and     . C1 is belong to Olivier 

Morel from LE2i IUT Le Creusot, Universite de Bourgogne, 

France. 

The second set of images is a set of six images of wayang 

that selected for its varying texture (hereinafter referred to as 

collection C2). Each image is taken at polarizer angle 

                    and    . C2 is belong to M. Iqbal. 

The third set is a set of six images of LED monitor and any 

objects in the vicinity (hereinafter referred to as collection 

C3). Each image is taken at polarizer angle 

                    and     . Light Emitting Diodes monitor 

itself emits polarized light. So that the image is chosen as it 

combines object that emits polarized light and surrounding 

objects such as walls, wiring, and other. The fourth set of 

images (hereinafter referred to as C4) containing the same 

object with the third set, but the images in this collection are 

saved as BMP file, while the images of the third set are saved 

as PNG file. 

Algorithm I uses LMS method in it. At the initial stage, we 

set     . Then we estimate the polarization parameters 

using LMS. The estimation results are then used to estimate 

  . The updated value of    are used at the next iteration to 

estimate the polarization parameters. This process is continued 

until the iteration reaches a certain value. 

We implemented Algorithm I on Matlab 8.1.0.604 (2013) 

by using personal computer with processor Intel Core i7. The 

results of the estimation of the polarization parameters and 

error at polarizer measurement on four image sets can be seen 

at Table II. By using the algorithm given in this paper, the 

value of the error of the polarizer angle measurement can also 

be estimated. For example, in Table II, when the algorithm is 

tested using C4, for the real value of polarizer angle 

measurement error is     , its estimation is        . However, 

the estimated value does not change even though the actual 

value has changed. Other than estimation value of error at 

polarizer angle measurement, we also estimate the polarization 

parameters      and  . For C1, the value of pix1 and pix2 

consecutively is 600 and 450, whereas for C2, pix1=200, 

pix2=400. And for C3 and C4, pix1=200 and pix2=500. We 

choose the difference between the real intensity with polarizer 

and its estimation as the algorithm’s error. The normalized 

errors are given at the 8
th

 column of Table II. As we can see at 

Table II, the results for C3 and C4 are not significantly 

different. Based on this experiment, we can conclude that the 

type of storage file does not affect the estimation result.     
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TABLE I 

ALGORITHM I: MODIFIED LMS ALGORITHM 

INPUT: 

1.  N images with size, m x n pixels, that captured at polarizer angle   ,          . Set   (          ). 

2. Polarization intensity:   
(   )

,          ,          ,          .  

3. Num_iter is the number of iteration. 

OUTPUT:    ̂,   ̂(   )  ̂(   ), and  ̂(   )          ,          , and Error.  

       

(1)      

(2)      

(3) Error = 0 

(4) While             do 

(5)         

(6)  For i=1 to m 

(7)   For j=1 to n 

(8)    Compute   
(   )

,   
(   )

, and   
(   )

 via LMS 

(9)   End For 

(10)  End For 

   

(11)  For   =1 to N 

(12)   Use          to compute    via LMS 

(13)  End For 

(14)          

(15) End While 

  

(16) For i=1 to m 

(17)  For j=1 to n 

(18)   Compute  ̂(   )  ̂(   ),  ̂(   ) 

(19)   For k=1 to N 

(20)    Compute  ̂ 
(   )

 and             | ̂ 
(   )

   
(   )
| 

(21)   End For 

(22)  End For 

(23) End For 
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TABLE  II 

ESTIMATION OF POLARIZATION PARAMETERS AND ERROR AT POLARIZER ANGLE MEASUREMENT BY USING ALGORITHM I 

Image Set      ̂  ̂   (         )  ̂(         )  ̂(         ) Error = 

∑| ̂   | 

 

 

C1 

     0.0044 222.5743 0.1001 1.1717 0.0073 

     0.0044 222.5743 0.1001 1.2048 0.0073 

     0.0044 222.5743 0.1001 1.2432 0.0073 

 

 

C2 

     -0.1501 311.6134 0.0556 -0.9107 0.0055 

     -0.1501 311.6134 0.0556 -0.8775 0.0055 

     -0.1501 311.6134 0.0556 -0.8391 0.0055 

 
 

C3 

     2.7236 228.7856 0.0984 -0.0332 0.0244 

     2.7236 228.7856 0.0984 3.8646e-06 0.0244 

     2.7236 228.7856 0.0984 0.0384 0.0244 

 

 

C4 

     2.5856 229.9950 0.0674 -0.1445 0.0243 

     2.5856 229.9950 0.0674 -0.1114 0.0243 

     2.5856 229.9950 0.0674 -0.0730 0.0243 

IV. CONCLUSION 

The paper has developed an algorithm that can estimate the 

polarization parameters and also the polarizer angle 

measurement error. The algorithm uses LMS method on it. It 

works by assuming the error value is zero to estimate the 

parameters and then estimate the measurement error by using 

the polarization parameters estimation value. The updated 

value of the measurement error is used at the next iteration to 

estimate the polarization parameters. The process is continued 

until iteration number reaches a certain value. At the 

experiment, the estimation value of the polarizer angle 

measurement error does not change when the value actually 

changes. It is recommended to overcome this deficiency by 

applying kernel method to overcome the possibility of 

multicollinearity problem at the data.  
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