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Abstract

The segmentation of transparent objects can be very use-

ful in computer vision applications. However, because they

borrow texture from their background and have a similar

appearance to their surroundings, transparent objects are

not handled well by regular image segmentation methods.

We propose a method that overcomes these problems us-

ing the consistency and distortion properties of a light-field

image. Graph-cut optimization is applied for the pixel la-

beling problem. The light-field linearity is used to estimate

the likelihood of a pixel belonging to the transparent ob-

ject or Lambertian background, and the occlusion detector

is used to find the occlusion boundary. We acquire a light

field dataset for the transparent object, and use this dataset

to evaluate our method. The results demonstrate that the

proposed method successfully segments transparent objects

from the background.

1. Introduction

Image segmentation is a fundamental problem in com-

puter vision. The goal of segmentation is to simplify and/or

change the representation of an image into something that

is more meaningful and easier to analyze [26]. For ex-

ample, it is very important to separate foreground object-

s from the background in applications such as object de-

tection, object recognition [19], and surveillance tasks [8].

Numerous methods have been developed to deal with the

image segmentation problem, including techniques based

on thresholding [20], partial differential equations [7], and

graph partitioning [27, 4]. However, none of these meth-

ods are suitable for the segmentation of transparent objects

from an image. The difficulty of dealing with such object-

s means that transparent object segmentation is a relatively

untouched field.

Although there are few techniques for separating trans-

parent objects from an image, many tasks in our everyday

life deal with transparent objects. For example, when a ma-

chine is operating in kitchens, living rooms, and offices, it

should avoid touching fragile objects such as glasses, vases,

Figure 1. Input and output of our system. The left side shows the

captured light-field image, and the right-hand side is a magnifica-

tion of the central viewpoint. The output after segmentation of the

transparent object is shown on the bottom-right.

bowls, bottles, and jars. One way of detecting these trans-

parent objects is to segment them from captured images of

the scene. The appearance of a transparent object is highly

dependent on the background, from which its texture and

colors are largely borrowed. Thus, it is extremely challeng-

ing to separate the transparent object from the background.

It is almost impossible to achieve stable transparent ob-

ject segmentation in a 2D image using conventional image

segmentation approaches. In this paper, we utilize a light-

field camera to capture 4D light-field images, and propose

a method that can segment the transparent objects from the

captured 4D light-field image (see Fig. 1). Our method can

automatically segment the transparent objects without any

interaction. The main idea is to take advantage of the light-

field distortion (LFD) feature [14] that has been proposed

for transparent object recognition. LFD does not rely on the

appearance of the background, and LFD features from the

Lambertian and non-Lambertian areas have different prop-

erties. As shown in Fig. 2, the features from the Lamber-

tian area are almost linearly distributed with respect to the

viewpoints, unlike features from transparent objects. We

call this property light-field linearity (LF-linearity). How-

ever, features from the background will be nonlinear when

occlusion occurs, and features from the transparent object

will be linear when the distortion is relatively mild. This
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does not present a problem when LFD is used for recogni-

tion tasks, because several dominant features can determine

what type of transparent object is contained in the image.

We cannot completely separate the transparent object from

the background using LFD alone, but we can use this feature

to obtain a rough estimate of the position of the transparent

object and the background.

To completely segment the transparent object from an

image, we utilize the graph-cut optimization method [4]

with LF-linearity and occlusion detection from the 4D light-

field image. Our method only uses information from a geo-

metric relationship that is independent of the color and tex-

ture.

The contributions of this paper are as follows: 1) we pro-

pose a method for a challenging computer vision problem,

transparent object segmentation, and the method is automat-

ic, requiring no human interaction; 2) an energy function is

defined using the LF-linearity, and occlusion detector; and

3) comparisons show that the proposed method obtains bet-

ter results than previous method for finding glass [16].

2. Related work

There are various strategies for optimizing energy func-

tions. The combinatorial min-cut/max-flow graph-cut al-

gorithm is widely used for energy functions defined on a

discrete set of variables. Greig et al. [12] were the first

to realize that powerful min-cut/max-flow algorithms could

be used to minimize certain energy functions in computer

vision applications. The energy function encodes both re-

gional object information and the regularization of the im-

age smoothness. The regional information usually comes

from user interaction [4, 22], particularly in image editing

applications. Automatic segmentation approaches that do

not require user interaction have been developed in recen-

t years. An object segmentation framework [6] has been

proposed for the automatic extraction of candidate object-

s by solving a sequence of constrained parametric min-cut

problems. Another method [21] estimates whether a pixel is

inside the foreground object based on the point-in-polygon

problem, whereby any ray starting from a point inside the

polygon will intersect the boundary of the polygon an odd

number of times. In our method, we use occlusion to de-

tect the boundary of a transparent object, and this occlu-

sion boundary also allows us to determine which side is the

background. We detect the occlusion boundary by design-

ing a series of occlusion detectors to check the pattern of

forward-backward matching consistency in all viewpoints.

The forward-backward matching consistency has been used

in many previous studies such as [1]. For more sophisti-

cated occlusion detection strategies, we refer to [2] and the

references therein.

From a different perspective, a number of studies have

analyzed images captured by special optics or devices to

obtain the physical parameters of the transparent object,

such as its refractive index and surface normal. Schlieren

photography [24, 25] has been used to analyze gas and

fluid flows and shock waves. This method requires high-

quality and precisely aligned optics to visualize the refrac-

tion response in a scene as a gray-scale or color image.

Wetzstein et al. [30] extended this technique to light-field

background-oriented Schlieren photography, using a com-

mon digital camera and a special optical sheet, known as

a light-field probe (LF-probe), to reconstruct the transpar-

ent surface [31]. Similarly, Ji et al. [13] used an LF-probe

and multiple viewpoints to reconstruct an invisible gas flow.

The light refracted by transparent objects tends to be polar-

ized, meaning that polarizing filters can be used to measure

their light intensity [17, 18]. Ding et al. [10] used a cam-

era array and checkerboard pattern to acquire dynamic 3D

fluid surfaces. Ye et al. [33] acquired dynamic 3D fluid sur-

faces with a single camera, but they used a special ”Bokode”

background (which emulates a pinhole projector) to capture

ray–ray correspondences. All of the above methods require

some special optics or devices, so their applicability is re-

stricted to laboratory environments, and they are not feasi-

ble for common practical use.

Similar to our target, learning-based method [15, 16] has

been proposed for finding glass in a single view image.

Fritz et al. [11] used SIFT feature and LDA for learning a

transparent object and detecting its location and region as a

bounding box. Wang et al. [28, 29] used RGB-D image for

glass object segmentation. The depth image was utilized as

one of the cues for transparency that the depth information

is missing in the glass region, since the glass refracts the ac-

tive light from the sensor. For multi-view images as input,

the epipolar-plane-image (EPI) analysis method was used to

extract layers with specular properties [9]. Multi-view im-

ages with known camera motion has been used to recover

shape and pose of transparent object [3]. Our method utilize

the characteristic that transparent objects distort the back-

ground by refraction to derive the LFD feature [14] which

was originally proposed for transparent object recognition.

We take advantage of occlusion information and the dis-

tortion feature for transparent object segmentation from a

single-shot light-field image, and the proposed method also

has the potential for glass and specular objects.

3. Feature descriptors from light field

In this section, we define LF-linearity and occlusion de-

tector for describing feature of transparent object.

3.1. Light­field linearity

The LFD feature was proposed by Maeno et al. [14].

They used this feature to classify different shapes of trans-

parent objects. We will utilize an important property of this
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