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The research related to the analysis of living structures (Biomechanics) has been a source of

recent research in several distinct areas of science, for example, Mathematics, Mechanical

Engineering, Physics, Informatics, Medicine and Sport. However, for its successful

achievement, numerous research topics should be considered, such as image processing and

analysis, geometric and numerical modelling, biomechanics, experimental analysis,

mechanobiology and enhanced visualization, and their application to real cases must be

developed and more investigation is needed. Additionally, enhanced hardware solutions and

less invasive devices are demanded.

On the other hand, Image Analysis (Computational Vision) is used for the extraction of

high level information from static images or dynamic image sequences. Examples of

applications involving image analysis can be the study of motion of structures from image

sequences, shape reconstruction from images and medical diagnosis. As a multidisciplinary

area, Computational Vision considers techniques and methods from other disciplines, such

as Artificial Intelligence, Signal Processing, Mathematics, Physics and Informatics. Despite

the many research projects in this area, more robust and efficient methods of Computational

Imaging are still demanded in many application domains in Medicine, and their validation

in real scenarios is matter of urgency.

These two important and predominant branches of Science are increasingly considered

to be strongly connected and related. Hence, the main goal of the LNCV&B book series

consists of the provision of a comprehensive forum for discussion on the current state-of-

the-art in these fields by emphasizing their connection. The book series covers (but is not

limited to):

• Applications of Computational Vision and

Biomechanics

• Biometrics and Biomedical Pattern Analysis

• Cellular Imaging and Cellular Mechanics

• Clinical Biomechanics

• Computational Bioimaging

and Visualization

• Computational Biology in Biomedical Imaging

• Development of Biomechanical Devices

• Device and Technique Development for

Biomedical Imaging

• Experimental Biomechanics

• Gait & Posture Mechanics

• Grid and High Performance Computing for

Computational Vision and Biomechanics

• Image Processing and Analysis

• Image Processing and Visualization in

Biofluids

• Image Understanding

• Material Models

• Mechanobiology

• Medical Image Analysis

• Molecular Mechanics

• Multi-Modal Image Systems

• Multiscale Biosensors in Biomedical Imaging

• Multiscale Devices and Biomems for

Biomedical Imaging

• Musculoskeletal Biomechanics

• Multiscale Analysis in Biomechanics

• Neuromuscular Biomechanics

• Numerical Methods for Living Tissues

• Numerical Simulation

• Software Development on Computational

Vision and Biomechanics

• Sport Biomechanics

• Virtual Reality in Biomechanics

• Vision Systems
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Preface

Color perception plays an important role in object recognition and scene under-

standing both for humans and intelligent vision systems. Recent advances in

digital color imaging and computer hardware technology have led to an explosion

in the use of color images in a variety of applications including medical imaging,

content-based image retrieval, biometrics, watermarking, digital inpainting,

remote sensing, visual quality inspection, among many others. As a result, auto-

mated processing and analysis of color images has become an active area of

research, which is witnessed by the large number of publications during the past

two decades. The multivariate nature of color image data presents new challenges

for researchers and practitioners as the numerous methods developed for single

channel images are often not directly applicable to multichannel ones.

The goal of this volume is to summarize the state-of-the-art in the early stages

of the color image processing pipeline. The intended audience includes researchers

and practitioners, who are increasingly using color and, in general, multichannel

images.

The volume opens with two chapters on image acquisition. In Chap. 1 Chen

et al. focus on the problem of color artifacts generated by line-scan cameras. They

propose a method that enables automated correction of the color misalignment in

multi-line CCD images for rotational and translational scans. The chapter presents

the experimental results achieved using a close-range multi-line CCD imaging

system for inspection applications and a long-range camera intended for surveil-

lance tasks. The results confirm that the two imaging systems enable the acqui-

sition of hyper-resolution images with effective color misalignment adjustment.

In Chap. 2 Lee and Park propose a novel adaptive technique for color image

demosaicking that exploits the characteristics of the CFA pattern. Comparative

experiments performed on a large set of test images show the effectiveness of the

proposed interpolation algorithm in terms of peak signal-to-noise ratio, structural

similarity, and subjective visual quality. The new algorithm outperforms con-

ventional algorithms especially in the case of natural images containing many

image structures such as lines, edges, and corners.

The volume continues with two chapters on color constancy. In Chap. 3 Lee

and Plataniotis et al. present a comprehensive survey of color constancy and color

invariance. The color of an object recorded in image data is not only a function of

an intrinsic property of the object itself, but also a function of the acquisition
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device and the prevailing illumination. When these factors are not properly con-

trolled, the performance of color image processing applications can deteriorate

substantially. The Authors review two common approaches to attain reliable color

description of image data under varying imaging conditions, namely, color con-

stancy and color invariance, where the former is based on scene illuminant esti-

mation and image correction, while the latter is based on invariant feature

extraction.

In Chap. 4 Lecca describes applications of the von Kries model of chromatic

adaptation to color correction, illuminant invariant image retrieval, estimation of

color temperature and intensity of light, and photometric characterization of a

device. The von Kries model describes the change in image colors due to illu-

minant variation. Lecca first illustrates the theoretical foundations of the von Kries

model. The Author then presents a method for the model parameter estimation and

derives a mathematical relationship between the parameters of the von Kries

model and the color temperatures and intensities of the varied illuminants. The

chapter concludes by showing a model relating the von Kries parameters to the

photometric properties of the acquisition device. Through this model, it is possible

to estimate the light wavelengths for which the camera sensors are maximally

responsive. These wavelengths are used for finding an illuminant invariant image

representation. The chapter reports various experiments carried out on publicly

available real-world datasets.

In Chap. 5 Baljozovic et al. propose a novel algorithm for removing impulsive

or mixed noise from color images based on the halfspace depth function. The

resulting multichannel filter maintains the spectral correlation between the color

channels and does not depend on the nature or distribution of the noise. The

Authors compare the performance of their filter against a large number of state-of-

the-art noise removal filters on a diverse set of images.

The volume continues with three chapters on mathematical morphology. In

Chap. 6 Debayle and Pinoli present a spatially adaptive image processing

framework based on the General Adaptive Neighborhood Image Processing

(GANIP) concept. The Authors extend the GANIP approach to color images and

define a set of locally adaptive image processing operators. Special emphasis is

given to adaptive fuzzy and morphological filters, which are compared to their

classic counterparts in restoration, enhancement, and segmentation of color

images.

In Chap. 7 Velasco and Angulo investigate the applicability of recent multi-

variate ordering approaches to morphological analysis of color and multispectral

images. The Authors survey supervised learning and anomaly based ordering

approaches and present applications of each.

In Chap. 8 Lefèvre et al. review morphological template matching using the

Hit-or-Miss Transform (HMT) operator. The Authors review the application of

HMT to binary, grayscale, and color images. They also discuss several case studies

illustrating practical applications of HMT in different application domains.

The volume continues with two chapters on segmentation. In Chap. 9 Moreno

et al. propose two powerful color edge detection methods based on the tensor
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voting concept, which extracts structures from a cloud of multidimensional points.

The proposed edge detection techniques are evaluated based on measures of

completeness, discriminability, precision, and robustness to noise. Experimental

results on a database with ground-truth edges reveal useful properties of the new

methods, especially in the case of color images distorted by a Gaussian noise

process.

In Chap. 10 Alarcon and Dalmau first review various discrete and fuzzy-based

color categorization models and then they focus on a new framework which

provides a probabilistic partition of a given color space. The proposed approach

combines the color categorization model with a probabilistic segmentation algo-

rithm and generalizes it including the interaction between categories. The effec-

tiveness of the proposed approach is illustrated using various applications

including color image segmentation, edge detection, video re-colorization, and

object tracking.

In Chap. 11 Kawulok et al. present an overview of skin detection. The Authors

focus on approaches based on pixel classification and present a comparative study

of various state-of-the-art methods. They give an overview of techniques which

model the skin color using a set of fixed rules, as well as those based on machine

learning. In the latter case, the Authors report an experimental study which shows

the sensitivity of commonly used methods to the number of samples in the training

set. Not only are the techniques for skin color modeling explored, but also

important approaches toward reducing skin detection errors are presented and

validated empirically. In particular, the Authors outline the possibilities of

adapting the skin color models to specific lighting conditions or to an individual,

whose skin regions are to be segmented. In addition, the Authors present how the

textural features and spatial analysis of the skin probability maps can be employed

for skin detection.

In Chap. 12 Lee et al. address the issues connected with the employment of skin

color as a feature in automatic face detection systems. After providing a general

overview of face detection methods utilizing color information, the Authors dis-

cuss approaches for modeling skin color distribution in various color spaces,

focusing on the influence of illumination conditions on the skin detection results

and describe practical applications of skin color classification in high-level image

processing systems. The effectiveness of color cues in terms of detection perfor-

mance and computational efficiency is addressed using two distinct case studies.

Chapter 13 by Jiang et al. completes the volume. The Authors describe a very

interesting application of color-based visual saliency in the design of video games.

They provide an overview of several state-of-the-art saliency estimation methods

and propose novel methods which are evaluated and compared with previously

published techniques on an image saliency dataset. The proposed saliency esti-

mation frameworks are applied to the visual game design process. The results

demonstrate that the incorporation of color saliency information improves the

visual quality of the video games and substantially increases their attractiveness.

As Editors, we hope that this volume focused on low-level color image pro-

cessing will demonstrate the significant progress that has occurred in this field in
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recent years. We also hope that the developments reported in this volume will

motivate further research in this exciting field.

M. Emre Celebi

Bogdan Smolka
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