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Abstract

Specularities often confound algorithms designed to solve computer vision tasks such as
image segmentation, object detection, and tracking. These tasks usually require color image
segmentation to partition an image into regions, where each region corresponds to a particular
material. Due to discontinuities resulting from shadows and specularities, a single material is
often segmented into several sub-regions. In this paper, a specularity detection and removal
technique is proposed that requires no camera calibration or other a priori information
regarding the scene. The approach specifically addresses detecting and removing specularities
in facial images. The image is first processed by the Luminance Multi-Scale Retinex [B.V.
Funt, K. Barnard, M. Brockington, V. Cardei, Luminance-Based Multi-Scale Retinex,
AIC97, Kyoto, Japan, May 1997]. Second, potential specularities are detected and a wave-
front is generated outwards from the peak of the specularity to its boundary or until a material
boundary has been reached. Upon attaining the specularity boundary, the wavefront contracts
inwards while coloring in the specularity until the latter no longer exists. The third step is dis-
cussed in a companion paper [M.D. Levine, J. Bhattacharyya, Removing shadows, Pattern
Recognition Letters, 26 (2005) 251-265] where a method for detecting and removing shadows
has also been introduced. The approach involves training Support Vector Machines to identify
shadow boundaries based on their boundary properties. The latter are used to identify shad-
owed regions in the image and then assign to them the color of non-shadow neighbors of the
same material as the shadow. Based on these three steps, we show that more meaningful color
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image segmentations can be achieved by compensating for illumination using the Illumination
Compensation Method proposed in this paper. It is also demonstrated that the accuracy of
facial skin detection improves significantly when this illumination compensation approach is
used. Finally, we show how illumination compensation can increase the accuracy of face
recognition.
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1. Introduction

A primary goal of many color image segmentation methods is to partition an im-
age into regions, where each region corresponds to a particular material. Due to dis-
continuities resulting from shadows and specularities, a given single material is often
segmented into several regions, as illustrated by the facial skin in Fig. 1.

Specularities and shadows often confound algorithms designed to solve computer
vision tasks such as image segmentation, object detection, and tracking. In this pa-
per, an illumination compensation technique is proposed that eliminates specularities
from images, while a companion paper deals with the shadow problem [2]. Specular-
ity elimination requires no camera calibration or other a priori information regard-
ing the scene. Illumination compensation, as proposed in this paper, was found to
increase the accuracy of facial image segmentation, skin detection, and face recogni-
tion, all three of which are important computer vision tasks in face processing
applications.

The three applications addressed in this paper are only ultimately concerned with
the excellence of the segmentation of a facial image. Neither realistic image recon-
struction as proposed by inpainting [16] nor image enhancement is of importance.
The objective of the specularity (as well as the shadow) removal method presented
here is to detect the face as a single region and label it with its true skin color. In fact,
to accomplish this task requires the suppression of all shading due to illumination,
thereby eliminating any existing image realism.

Fig. 1. Image segmentation. (Left) Original, (Right) image segmented using EDISON.
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