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Abstract- When we take a photograph of a show piece placed in glass cage, it is difficult to avoid formation of 

reflection on the glass surface and these reflection artifacts deteriorates image quality of the desired object. In 

this paper we addressed the separation of reflections in the image based on illumination. Initially take a 

photograph containing both reflection and desired object which is in other side of the glass wall. Then take 

another photograph in such a way that the desired object is not illuminated and let only reflection component is 

available in the image. By processing these two images we extracted clear image of the desired object and 

reflected part. 
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I.  INTRODUCTION  
 Consider the situation that to take a photograph 

of a show piece in a museum kept in a glass cage, 

the obtained image contains both desired object as 

well as reflections on surface of the glass. Actually 

the desired object is not clearly visible because of 

reflections on glass. So it is required to eliminate 

the reflection component in the image to get clear 

desired object. Here we propose a novel procedure 

to remove this reflection component to make clear 

visible of desired object. 

  Let the light rays transmitting from 

medium one (air) and passes through medium two 

(a semi-reflecting medium such as glass) and flows 

in medium one. In this path, the light illuminates 

the objects in medium one and reflection occurs on 

surface of glass. If we capture an image in the 

direction of light rays, in many situations we get 

image of objects overlapped with reflected objects 

on the glass surface. Human can clearly distinguish 

the reflected object as well as real object in the 

image but for computers it is difficult to 

distinguish. For computer vision it is necessary to 

separate reflected objects on the glass surface to 

identify the real objects. Based on illumination of 

the object we address the problem separation of 

reflections in an image. 

 

II. RELATED WORK 

Based on different approaches many reflection 

removal algorithms have been proposed.  Let us 

start review with polarization approach: Kim et al. 

[1] proposed a method to separate diffuse and 

specular reflections in controlled environment. 

Wolff and Boult [2] used polarization method to 

distinguish the conductors and dielectric materials 

based on diffuse reflection cues. Born and Wolf [3] 

explains that light reflects from the surface of 

object is polarized, the light intensities of the object 

surface changes when we viewed through 

polarizers and at Brewster angle total reflection 

part is perfectly removed. Schechner et al. [4] 

separated the transmitted and reflected layers of an 

image captured through glass window by using 

polarizing filters. Umeyama and Godin [5] 

proposed a method to separate diffuse and specular 

reflection as independent components and observed 

the changes using polarizers. Kong et al. [6] used 

multiple polarized images captured from one 

viewpoint with a different polarizer angle separated 

by 45 degrees and proposed a reflection separation 

method based on physical properties of polarization 

to obtain reflection and background layers. 

 

III. PROBLEM FORMULATION 

Consider Figure 1 for our experimental set up. Let 

two rooms are there and partitioned by a glass wall. 

Assume an ideal environment such that no external 

light enters into the rooms and light from each 

room will not enter to other room (practically not 

possible). Rooms are equipped with illumination 

light sources, Image sensors (camera) and objects. 

Image sensor is focused on the glass wall i.e. glass 

surface of room 1 is referred as surface 1 and glass 

surface of room 2 is referred as surface 2. 
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Figure 1: Experimental set up 

Let Table 1 gives all possibilities of image 

formation in the camera. In case 1, there is no 

image formation, because illumination is zero in 

both the rooms. In case 2, the room 2 is 

illuminated; Image sensor captures object 2 

through the glass wall. In case 3, the room 1 is 

illuminated; virtual image of object 1 is formed on 

surface 1 and camera captures the reflection of 

object 1 formed on surface 1. In case 4, both rooms 

are illuminated; virtual image of object 1 and 

object 2 are formed on surface 1 and surface 2 

respectively. Camera 1 captures the reflection of 

object 1 on surface 1 and object 2 through the glass 

wall similarly camera 2 captures the reflection of 

object 2 on surface 2 and object 1 through the glass 

wall. 

Table 1.  Image formation circumstances on glass surface and sensor 

Case 
Illumination at 

Room 1 

Illumination at 

Room 2 

Camera 

sensor 

Reflection on Glass 

surface at Room 1 

1 No No No Image No Image 

2 No Yes Object 2 No Image 

3 Yes No 
Reflection of 

Object 1 
Object 1 

4 Yes Yes 

Reflection of 

Object 1 

+ 

Object 2 

Object 1 

 

The image is combination of foreground and 

background images and mathematically it can be 

represented as  

BF III 
    

   (1) 

Where IF is foreground and IB is background 

images. 

Let gs1 and gs2 are the reflections formed on 

surface 1 and surface 2 respectively. 

The images obtained in camera as: 

21 ObjectgsI 
    

   (2) 

Here, IF is gs1 and IB = Object 2. 

In case 1, there is no image formation in camera, 

i.e. I = 0.  

In case 2,  

2ObjectI 
    

   (3) 

In case 3,  

1gsI 
     

   (4) 

In case 4, 

21 ObjectgsI 
   

   (5) 

IV. METHODOLOGY 
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Figure 2.  Methodology used to remove reflections 

 

Figure 2 gives the block diagram of 

separating reflections in images. In first step we 

preprocess the input image, captured in the case 4. 

Apply the proposed reflection separation algorithm 

to separate foreground and background images. 

The resultant of previous step gives two images, 

foreground and background images. Finally post 

process the output images.  

Initially take the picture as in case 4 that 

contains both reflection and background images. 

This image contains both reflection of object 1 and 

background of object 2. Then take another picture 

of reflection part only by not illuminating the 

object 2. Further process these two image as below: 

I1 = reflection of object1 + object 2  

  (6) 

I2 = reflection of object 1   

  (7) 

I = I1 – I2    

   (8) 

Result I is the output image which is free from 

reflection component.  

  

V. DISCUSSION AND FUTURE WORK 
  In case 4, reflection part is occurred in the 

captured image. The complexity of separation of 

background and foreground images is more in this 

case. In camera 1 image, reflection of object 1 

forms on surface 1 is foreground image and object 

2 is background image. We have to capture two 

input images in a particular angle and do not 

change the camera position while taking second 

image. These two images are given as input and 

after processing we get output image consists of 

desired object. In future, the reflection separation 

can be done based illumination color and intensity. 

 

VI. RESULTS 

After applying our proposed method to images 

containing reflections, the results are shown in 

Figure 3. 

 
Figure 3.  (a) Input image with foreground and background images. (b) Input image of reflection of 

foreground object. (c) Output image of separated foreground reflections and clear background object. 

 

VII. CONCLUSION 

Separation of reflected part in the image 

containing both background and reflected object is 

ill posed problem. In this paper we addressed this 

problem of separating reflection components in the 

image. We have proposed our method based on 

illumination of the object. First input image is 

captured containing both foreground and 
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background object, second image is only of 

foreground image by not illuminating the 

background object. By processing these two input 

images we get image without reflected part i.e. 

clear background object. 
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