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Abstract

remove specular highlights in food images. We use independent
components analysis (ICA) to separate the specular and diffuse
components from the original image using only one image. This
paper describes the details of the proposed model and also
presents experimental results on food images to demonstrate the
effectiveness of our approach.

Index Terms—Dietary assessment, diet record method, image
analysis, specular highlight removal, independent components
analysis, specular reflection.

I. INTRODUCTION

Dietary assessment, the process of determining what some-
one eats during the course of a day, provides valuable insight
for mounting intervention programs for the prevention of many
chronic diseases including obesity, cancer, diabetes, and heart
disease [1], [2]. Traditional dietary assessment, consisting of
written and orally reported methods are time consuming and
tedious and often require a nutrition professional to complete,
is not widely acceptable or feasible for everyday monitoring
[3]. Mobile devices with high resolution imaging capability,
improved memory capacity and network connectivity provide a
unique mechanism for collecting dietary information and thus
reducing burden on both users and healthcare professionals.
The importance of using food images to record and estimate
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Fig. 2.

Fig. 3. Examples of the assisting gray images.

emphasized in the assisting gray image. Examples of the
generated assisting gray images corresponding to the original
images in Figure 1 are shown in Figure 3.

After generating the assisting gray image, we now have two
input components (the assisting gray image and the original
image) for ICA to separate the specular reflection component
from the original image. ICA achieves this by tuning the
mixing coefficients to maximize the mutual independence
of the estimated signals. Denote the original image and the
assisting gray image in N dimensional row vector form as
Iorg and Igray , respectively. Then the linear mixing can be

expressed as follows:
[ | I:I [ R
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where [1 and I, are the separated output images. The parame-
ter matrix is assumed to be a full rank coefficient matrix which
can be estimated using Farid and Adelson’s model [12]. I
contains mainly the specular highlight component. Therefore
we can detect specular highlight areas using I and refine
our separation result by a color compensation process on the
specular highlight areas.

The color compensation is obtained by considering the
chromaticity of k nearest neighboring pixels without specular
highlight. In our implementation, we set k& = 8. The nearest
pixels are checked in the direction shown in Figure 4 until &
pixels without specular reflection have found. The color of the
current pixel equals to the average color of the k£ neighbors
without specular highlight.

(6)

C

III. EXPERIMENTAL RESULTS

In the experiments presented here, our specular highlight
removal method is tested on a collection of food images
acquired by mobile telephone cameras. We investigated food
images acquired in a controlled environment and in natural
eating conditions (also referred to as “free-living” such as at
home, restaurants and on the go). Figure 5 shows the results
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Block diagram of our proposed method for specular highlight removal.

Fig. 4. Direction of searching nearest neighboring pixels for color compen-
sation (The red block indicates current pixel and the blue dot represents the
starting pixel).

on food images acquired under controlled lab settings. When
taking food images in our lab, we move the cameras randomly
in order to generate specular reflection at random positions.
Figure 6 shows the results for food images acquired during
free-living studies. In both Figure 5 and 6, the original food
images are shown in column (a). The mask or region of the
specular highlight area detected by our method is shown in (b).
The image of mask is a binary image in which black pixels
indicate areas without specular highlights while the white
pixels indicate the specular highlight area detected by our
method. The images in column (d) and (e) show the result of
image segmentation with respect to the corresponding images
in column (c) and (a) respectively.

In our experiments we use the segmentation method based
on the Normalized Cuts framework. Normalized Cuts is a
graph partition method first proposed in [19], which treats an
image pixel as a node of a graph and formulates segmentation
as a graph partitioning problem. In order to compare the seg-
mentation results of highlight-free images and original images,
we used the same segmentation method on the highlight-free
images obtained by our method and the corresponding orig-
inal image. The comparison between segmentation results of
highlight-free images and that of original images in Figures 5
and 6 illustrates improvement in the image segmentation.

In addition, Figure 7 shows that our method is robust to
images without obvious specular highlighted areas. Figure 7
(a) is an image without specular highlights. We used our
method on the original image to generate the binary mask
image (Figure 7 (b)) and the output highlight-free image
(Figure 7 (c)). The mask image is black in the entire plate
area indicates that no specular reflection is detected. We can
also see from Figure 7 (c) that our method does not produce
artifacts in images without specular highlights.
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(c) Highlight-Free Images (d) Segmentation of (c) (e) Segmentation of (a)

Experimental results of our proposed method using food images acquired in controlled experiments; (a) original input image; (b) mask of detected

specular highlight area; (c) generated highlight-free image; (d) segmentation results for highlight-free images; (e) segmentation results for original input images.

IV. CONCLUSIONS

The accuracy of food image segmentation is essential to
mobile dietary assessment. In this paper, we proposed a
specular highlight removal method using a single color image
to improve the segmentation results of food images. Our
experimental results on food images show the effectiveness
of our method in specular highlight detection and removal
and also show the improvement of segmentation results after
specular highlight removal.
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