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Abstract- recent years, a variety of segmention methods have been proposed for automatic delineation of the fetal and 

neonatal brain MRI. These methods aim to define regions of interest of different granularity: brain, tissue types or more 

localised structures. Different methodologies have been applied for this segmentation task and can be classified into 

unsupervised, parametric, classification, atlas fusion and deformable models. Brain atlases are commonly utilised as 

training data in the segmentation process. Challenges relating to the image acquisition, the rapid brain development as 

well as the limited availability of imaging data however hinder this segmentation task. In this paper, we review methods 

adopted for the perinatal brain and categories them according to the target population, structures segmented and 

methodology. We outline different methods proposed in the literature and discuss their major contributions. Different 

approaches for the evaluation of the segmentation accuracy and benchmarks used for the segmentation quality are 

presented. We conclude this review with a discussion on shortcomings in the perinatal 

domain and possible future directions. In recent years, a variety of segmentation methods have been proposed for 

automatic delineation of the fetal and neonatal brain MRI. These methods aim to define regions of interest of different 

granularity: brain, tissue types or more localised structures. Different methodologies have been applied for this 

segmentation task and can be classified into unsupervised, parametric, classification, atlas fusion and deformable models. 

Brain atlases are commonly utilised as training data in the segmentation process. Challenges relating to the image 

acquisition, the rapid brain development as well as the limited availability of imaging data however hinder this 

segmentation task. In this paper, we review methods adopted for the perinatal brain and categorise them according to the 

target population, structures segmented and methodology. We outline different methods proposed in the literature and 

discuss their major contributions. Different approaches for the evaluation of the segmentation accuracy and benchmarks 

used for the segmentation quality are presented. We conclude this review with a discussion on shortcomings in the 

perinatal domain and possible future directions. n recent years, a variety of segmentation methods have been proposed 

for automatic delineation of the fetal and neonatal brain MRI. These methods aim to define regions of interest of different 

granularity: brain, tissue types or more localised structures. Different methodologies have been applied for this 

segmentation task and can be classified into unsupervised, parametric, classification, atlas fusion and deformable models. 

Brain atlases are commonly utilised as training data in the segmentation process. Challenges relating to the image 

acquisition, the rapid brain development as well as the limited availability of imaging data however hinder this 

segmentation task. In this paper, we review methods adopted for the perinatal brain and categorise them according to the 

target population, structures segmented and 

methodology. We outline different methods proposed in the literature and discuss their major contributions. Different 

approaches for the evaluation of the segmentation accuracy and benchmarks used for the segmentation quality are 

presented. We conclude this review with a discussion on shortcomings in the perinatal domain and possible future 

directions  

Abstract In recent years, a variety of segmentation methods have been proposed for automatic delineation of the fetal and 

neonatal brain MRI. These methods aim to define regions of interest of different granularity: brain, tissue types or more 

localized structures. Different methodologies have been applied for this segmentation task and can be classified into 

unsupervised, parametric, classification, atlas fusion and deformable models. Brain atlases are commonly utilized as 

training data in the segmentation process. Challenges relating to the image acquisition, the rapid brain development as 

well as the limited availability of imaging data however hinders this segmentation task. In this paper, we review methods 

adopted for the perinatal brain and categorize them according to the target population, structures segmented and 

methodology. We outline different methods proposed in the literature and discuss their major contributions. Different 

approaches for the evaluation of the segmentation accuracy and benchmarks used for the segmentation quality are 

presented. We conclude this review with a discussion on shortcomings in the perinatal domain and possible future 

directions. 

 

I. INTRODUCTION 

Neonatal cerebral MR imaging is a sensitive technique for evaluating brain injury in the term and preterm infant . 

Magnetic resonance (MR) imaging has revolutionized neuropediatrics. The worldwide availability of MR facilities 

has resulted in detailed images of the brain in a wide range of neurological disorders .As an imaging technique, MR 

imaging remains unparalleled in its diagnostic and clinical value. The demand for good-quality MR imaging of the 

newborn brain in infants within the neonatal intensive care unit (NICU) at risk of cerebral injury is increasing 

worldwide. 

Image segmentation and edge detection are two of the most important low level vision operations. The two 

operations are complementary in nature. Image segmentation focuses on global information and labels the input into 
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homogeneous regions. Edge detection, on the other hand, focuses on local information and labels the pixels which 

are assumed to be located at discontinuities. Image segmentation is an essential process for most subsequent image 

analysis tasks and thus, subsequent tasks rely heavily on the quality of segmentation. Image Segmentation is the 

process of partitioning a digital image into multiple regions or sets of pixels. The partitions are different objects in 

image which have the same texture or color .Aregion is characterized as possessing a certain degree of interior 

homogeneity and a contrast with the surround which is large compared to the interior variation. 

Segmentation aims at dividing pixels into similar region. Real world images are ambiguous and our perception of an 

image changes over time. An image often gives details at multiple scales. Thus, the more one looks at an image, the 

more one sees .The objective of image segmentation is to parse an image into its constituent components. 

The aim of image segmentation is the domain-independent partition of the image into a set of regions which are 

visually distinct and uniform with respect to some property, such as grey level, texture or color. Many segmentation 

methods are based on two basic properties of the pixels in relation to their local neighborhood: discontinuity and 

similarity. Methods based on some discontinuity property of the pixels are called boundary-based methods, whereas 

methods based on some similarity property are called region-based methods. With the aim of improving the 

segmentation process, a large number of new algorithms which integrate region and boundary information have 

been proposed over the last few years. Among other features, one of the main characteristics of these approaches is 

the time of fusion: embedded in the region detection or after both processes. 

Edge detection and analysis of edges at multiple scales has a rich history since the early days of edge detection. 

Edge detection is one of the most frequently used techniques in digital image processing. The boundaries of object 

surfaces in a scene often lead to oriented localized changes in intensity of an image, called edges. The image edges 

are detected and then grouped (linked) into contours/surfaces that represent the boundaries of image objects. Edge 

detection techniques transform images to edge images benefiting from the changes of grey tones in the images. 

Edges are the sign of lack of continuity, and ending. As a result of this transformation, edge image is obtained 

without encountering any changes in physical qualities of the main image. 

Image segmentation is basically classified into five categories namely Edge-based segmentation, Region-based 

segmentation, characteristic feature threshold or clustering, contour-based approaches and hybrid techniques. 

Region-based approaches try to find partitions of the image pixels into sets corresponding to coherent image 

properties such as brightness, color and texture. Contour-based approaches usually start with a first stage of edge 

detection, followed by a linking process that seeks to exploit curvilinear continuity. Region-based approaches in 

general, enjoy a number of attractive properties including greater robustness to noise (by avoiding derivatives of the 

image intensity) and initial contour placement (by being less local than most edge-based approaches) .Region-based 

approaches consist in grouping points into connected regions according to some similarity criteria . The advantage 

of region growing is that it enables the correct segmentation of regions that have the similar properties and are 

spatially separated, and also the building of connected regions. 

Edge detection techniques consist of making a decision as to whether pixels are an edge or not. These techniques 

include high–emphasis special frequency filtering, gradient operators’ adaptive local operators, functional 

approximations and line and curve fitting. Region merging, region splitting and a combination of these two 

techniques are well known as region based detection techniques. In characteristic feature thresholding or clustering, 

threshold selection schemes are based on a gray-level histogram and properties and clustering techniques are known 

as multidimensional extension of the concept of thresholding . Hybrid segmentation algorithms combine different 

image properties to achieve the segmentation. Hybrid techniques are one which integrates the results of edge-based 

and region-based segmentation techniques with a method to combine these segments obtained where the edges 

between regions are eliminated or modified based on contrast, gradient and shape of the boundary. 

A practical interactive segmentation algorithm must provide four qualities: 1) Fast computation, 2) Fast editing, 3) 

An ability to produce an arbitrary segmentation with enough interaction, 4) Intuitive segmentations [8].  

Image segmentation has a crucial role in extracting high-level information from the processed images. It plays an 

essential part in the extraction of useful information and attributes from medical images. Hence, it is a key task for 

understanding, analyses and interpretation of the image represented structures. 

Image segmentation, has always been one of the most difficult tasks due to the complexity and diversity of images. 

Influencing factors range from illumination, image contrast and image noises to even image size. Therefore, great 

interest has been shown in this area and numerous approaches have been proposed. 

Image segmentation has taken a central place in numerous applications, including, but not limited to, multimedia 

databases, color image and video transmission over the Internet, digital broadcasting, interactive TV, video-on-

demand, computer-based training, distance education, video-conferencing and telemedicine, and, with the 

development of the hardware and communications infrastructure, to support visual applications. The field has 
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become a principal area of research, not only in electrical engineering, but also in other academic disciplines, such 

as computer science, geography, medical imaging, criminal justice, and remote sensing. 

The most obvious application of image segmentation technique in medical imaging is anatomical localization, or in 

generic terms, region of interest delineation, whose main aim is to outline anatomic structures and regions of 

interest. Image segmentation is used in making photo albums automatically by clustering pictures into events and 

sub-events for albuming, based on date/time metadata information as well as color content of the pictures. 

 

II. RELATED WORK 

Song Wang et al. have proposed a new minimized cost function, cut ratio, for segmenting images using graph-based 

image segmentation where this cost function for graph-based image segmentation had several properties. It allowed 

the image perimeter to be segmented. It guaranteed that the components produced by bipartitioning were connected. 

An implemented algorithm presented for finding a minimum ratio cut which proved its correctness. An optimal 

bipartition was found in polynomial time. The applications to image segmentation, and the results of segmenting a 

number of medical and natural images using this technique were discussed. 

Abraham Duarte et al.introduced a new evolutionary region merging method in order to efficiently improve 

segmentation quality results. An over-segmented image was obtained by applying a standard morphological 

watershed transformation on the original image. Next, each resulting region was represented by its centroid. The 

over-segmented image was described by a simplified undirected weighted graph, where each node represents one 

region and weighted edges measure the dissimilarity between pairs of regions (adjacent and non-adjacent) according 

to their intensities, spatial locations and original sizes Finally, the resulting graph was iteratively partitioned in a 

hierarchical fashion into two sub-graphs, corresponding to the two most  

significant components of the actual image, until a termination condition was met. This graph-partitioning task was 

solved by a variant of the min-cut problem (normalized cut) using a hierarchical social (HS) metaheuristic. The 

resulting hierarchical top down segmentation was adaptable to the complexity of the considered image in turn the 

quality of the segmentation was very high. 

Pablo Arbelaezet al. have presented a unified approach to contour detection and image segmentation. Contour 

detector combines multiple local cues into a globalization framework based on spectral clustering. Segmentation 

algorithm consists of generic machinery for transforming the output of any contour detector into a hierarchical 

region tree. In this manner, the problem of image segmentation to that of contour detection was reduced. 

Wei-Ying Ma et al. have presented a novel framework for detecting image boundaries and demonstrated its use in 

segmenting a large variety of natural images. This scheme utilized a predictive coding model to identify the 

direction of change in color and texture at each image location at a given scale, and constructed an edge flow vector 

which facilitated integration of color and texture into a single framework for boundary detection. Segmentation 

results on a large and diverse collection of natural images were provided, demonstrating the usefulness of the 

method to content based image retrieval. The use of texture features increased the processing time significantly in 

performing image segmentation. One can use local image statistics to determine if the image is textured or not and 

thus determine if texture segmentation is required. This approach was obtained very promising results. 

Eitan Sharon et al.have introduced a segmentation algorithm that incorporates different properties at different levels 

of scale. The algorithm avoids the over-averaging of coarse measurements, which was typical in many multiscale 

methods, by measuring properties simultaneously with the segmentation process.The process of building the 

pyramid was efficient, and the measurement of properties at different scales integrates with the process with almost 

no additional cost. Experiments showed that algorithm achieved a dramatic improvement in the quality of the 

segmentation relative to the tested methods. 

Jianbo Shi et al.have proposed a novel global criterion, the normalized cut, for segmenting the graph. An approach 

aimed at extracting the global impression of an image where image segmentation was treated as a graph partitioning 

problem. An efficient computational technique based on a generalized eigenvalue problem was used to optimize this 

criterion. This approach was applied to segmenting static images, as well as motion sequences, and found the results 

were encouraging. 

Mohamed A. El-Sayedet al. proposed an approach for edge detection, which is entropy-based thresholding. The 

main advantages were its robustness and its flexibility. Experiment results have demonstrated that the proposed 

scheme for edge detection worked satisfactorily and results were compared with the results of the algorithm against 

several leading edge detection methods for different gray level digital images. The technique decreased the 

computation time with generates high quality of edge detection.  

 

III. PROBLEM STATEMENT 
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The aim of brain segmentation is to divide large-scale brain areas such as cerebellum, the brainstem and the two 

hemispheres, and small-scale structures (tissues), such as the gray matter,  

the white matter, and the cerebrospinal fluid (CSF). In newly born infant, distinguishing between cortical and sub-

cortical gray matter, and between myelinated and unmyelinated white matter, which is crucial in the evaluation of 

the white matter myelination process which is an indicator of brain maturation. In order to capture the smaller sized 

structures of the newborn brain, higher resolution images need to be acquired during limited periods to avoid 

artifacts due to infant motion, leading to lower signal-to-noise ratios and to stronger partial volume effects. Since the 

water content of white matter (mostly unmyelinated at birth) is close to that of the gray matter, the gray-white matter 

contrast is inverted and significantly reduced compared to adult MRI, leading to lower contrast-to-noise ratios. The 

contrast inversion in the newborn images worsens the partial volume problem at the interface between gray matter 

and CSF. Hence there is a need for efficient brain segmentation. All the aforesaid problems encouraged me to do 

research work in this area.  

 

3.1 Research gaps in neonatal brain segmentation 

Automatic segmentation of the neonatal brain images is an evolving discipline that has gained research attention 

only in thelast decade or so. The existing algorithms have limitations and inaccuracies that need to be addressed by 

further research. Is gum et al. have outlined some possible directions for future work, based on the NeoBrainS12 

challenge; this includes extending the segmentation algorithms to involve patients with diseases, incorporating 

images obtained at various gestational ages in neonatal phase and including images obtained by different MR 

scanners and protocols 

 

3.2 Design Considerations 

Design of the NBIS involved a number of interacting factors, which were collected together under the following 

headings: (a) head coil, (b) infant positioning, (c) immobilization, (d) transport, and (e) gradient noise. The detailed 

design considerations for each of these items are shown in Table 1. Design Solutions Neonatal Head Coil To 

maximize SNR and support accelerated imaging, the coil should be as close fitting as possible and have as many 

channels as feasible, while retaining the load dominated condition (3). Given that infants across a range of post 

conceptual ages needed to be studied, a key parameter was the maximum head size to be accommodated. We 

therefore sought a robust estimator of the maximum diametric lengths for the oldest infants in the target age group 

and adopted the 95th percentile. Measurements were made of anterior–posterior (AP), right–left 

(RL) and inferior–superior (IS) diameters on previously acquired magnetization-prepared rapid gradient-echo 

(MPRAGE) brain images on 91 term-born infants (age range at scan, 38.14–44.42 wk. The AP diameter was 

measured from the nasion to the occiput, on the midsagittal slice (Fig. 1a, horizontal blue line). The RL diameter 

was determined by measuring biparietal diameter at the widest point on the mid coronal view (Fig. 1b, blue  arrow) 

and the IS diameter was measured from the tip of the skull to the body of the third cervical vertebrae on the mid-

sagittal slice (Fig. 1a, vertical blue line). 
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IV. CONCLUSION 

This review paper deals with the neonatal brain segmentation approaches available in the literature. It begins with an 

outline of imaging the neonatal brain that presents the demarcating features of the neonatal brain coupled with its 

visualization on MR images. Subsequently, the obstacles to automated segmentation namely, neonatal imaging 

artifacts and constraints, inter-subject variability, age-dependent changes within a baby and limited availability of 

validation resources are elucidated. This is followed by a survey of the various segmentation algorithms. The 

algorithms are classified based on their segmentation capability into intracranial segmentation techniques that 

merely skull-strip the brain and brain tissue segmentation methods that subdivide the brain into its constituent 

tissues. The brain tissue segmentation approaches are further categorized based on their atlas usage into atlas-based, 

augmented atlas-based and atlas-free techniques. While atlas based approaches rely on manually derived atlases and 

probabilistic tissue priors, augmented atlas-based strategies depend on longitudinal data and subject-specific 

representations forsegmentation. Conversely, atlas-free techniques completely remove the need for atlases in 

segmentation. However, a quantitative comparison of the various types of segmentation is not done for the want of 

public availability of the different segmentation approaches; besides, this review paper is not aimed at projecting any 

segmentation method as superior to the others. Finally, the research gaps in the existing literature are identified. This 

includes the insufficiencies of atlas-based approaches, improper segmentation of MWM, limited volumetric analysis 

and limited extension to structural abnormalities of the brain. Thus, we conclude that automated segmentation of the 

neonatal brain is presently in its early stages; but, with further research it has the potential to be of great use in 

clinical pediatric neuroradiology 

 


