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Machine vision is the science concerned with developing theoretical and algorithmic approaches by which useful
information is obtained and analyzed from an image or a set of images of a scene of interest. Cluttered
environment, due to harsh illumination or complex multi colored scene components, comes out as one of the
biggest challenges to the field of machine vision. In this dissertation, we propose the use of the relationship
between light and objects albedo to achieve robust visual perception in cluttered environments. As part of the face
recognition task in a robust security system, we propose a novel approach for the illumination recovery of faces
with cast shadows and specularities. Given a single 2D face image, we relight the face object by extracting the
nine spherical harmonic basis and the face spherical illumination coefficients by using the face spherical spaces
properties. First, an illumination training database is generated by computing the properties of the spherical
spaces out of face albedo and normal values estimated from 2D training images. The training database is then
discriminately divided into two directions in terms of the illumination quality and light direction of each image.
Based on the generated multi-level illumination discriminative training space, we analyze the target face pixels
and compare them with the appropriate training subspace by using pre-generated tiles. When designing the
framework, practical real time processing speed and small image size were considered. In contrast to other
approaches, our technique requires neither 3D face models, nor restricted illumination conditions for the training
process. Furthermore, the proposed approach uses one single face image to estimate the face albedo and face
spherical spaces. For autonomous robots, the ability to manipulate unknown objects is pivotal to successfully
operate in a complex environment. To tackle the issue in hand, we propose a novel multi lighting two-step method
for unknown objects segmentation using albedo characteristics of object shape. We address the task of detecting
unknown multi colored objects of interest, specifically ones that are being seen for the first time and located in the
proximity of unidentified obstacles. Illumination at different wavelengths and angles are projected by a robot,
thus acquiring additional information about the scene and exploiting it for successful unknown objects
segmentation. By analyzing shades and reflections of a scene's objects, we were able to form and identify true
edges and visually separate items of interest. Our proposed method does not require predefined models of target
objects and assumes no previously assigned targets pose. We validated our theoretical methodology and technical
solutions by presenting promising experimental results showing significant improvements in machine visual

perception after actively and passively making use of the light-object relationship.
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