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ABSTRACT 

Work presented through this paper aims at performing the 

optimization of IVF treatment. Considering the vital aspect 

that helps in accurate analysis of embryo viability, in this 

regard many embryo scoring techniques have been reported in 

the literature. The usual way of analysing the quality of 

human embryo is through the grading process (that is on the 

day fifth of embryo development) that takes into consideration 

the following components along with their morphological 

features; namely: zona pellucid, trophectoderm and inner cell 

mass (ICM). Hatching of embryo to the uterus wall mainly 

depend on trophectoderm (TE) region development. Thus the 

quality assessment of TE region in order to find the viable 

embryo is highly essential. This paper present a method for 

TE region segmentation using watershed method, so that the 

segmented region is represented in much better way. These 

results of segments are compared with those obtained level-set 

algorithm and meaningful conclusions have been derived. 

General Terms 

Blastocyst analysis, Embryo quality assessment. 

Keywords 
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1. INTRODUCTION 
The successful development of IVF technique was found three 

decades ago by performing a series of experiments on 

development of embryos outside the body and then injecting 

into the human body. For the success of this process the 

patient has to undergo more than one treatment stage. Hence 

achieving the results with high efficiency is a big challenge in 

the field of medical science. The operation involves careful 

study of an IVF cycle that is analyzing the successful 

development of embryos produced during this process and 

selecting the corresponding embryo which has highest 

probability of leading to live birth [1]. Because of this, more 

than one embryo has to be transferred by the IVF clinics for 

its success. Hence the IVF's pregnancy rates can be 

maintained with this method, but it also leads to multiple 

pregnancies (MP), and some negative effects such as 

operative delivery, preeclampsia, maternal hemorrhage, 

uterine rupture and premature delivery [2]. This situation can 

be avoided by transferring small number of embryos to the 

patient's uterus. However this process needs to analyze the 

quality of embryo and thereby transferring the embryo which 

is going to have the highest potential towards the leading to 

the birth. 

Hence it is necessary to have an efficient technique and 

necessary steps which can increase the possibility of making 

the selection of more than one potential embryo. To achieve 

this goal many researchers are contributind and making 

continuous effort to accomplish this goal. Some researchers 

have worked on developing a grading system that are 

generally used to classify the embryos into various categories 

in accordance with their potential value. One of the work 

towards this concept is contributed by Gardner and 

Schoolcraft [3], and this has been used in deciding the embryo 

selection with largest quality value (generally based on three 

morphological characteristics) [4]. Even though such scoring 

metric is present, it is not easy to select correct embryo in 

comparison with its sibling embryo, because there is no clear 

knowledge about each element which is used in the 

comparison. Ahlstom et al. [5] has also contributed towards 

this by highlighting in its work about the Trophectoderm (TE) 

region in comparison with other elements, which helps to 

choose the embryo with highest potential value from group of 

embryos. Their study has proved that there is a requirement of 

strong TE layer which can help in successful production of an 

implanted embryo. Thus it is evident that, in order to produce 

an embryo with high potential value during the blastocyst 

stage, the quality of TE region is going to make a crucial role. 

2. LITERATURE SURVEY 
Previous study shows that the human embryos have been 

analyzed manually by medical professionals and the study 

involves the prediction of live birth supported by the manually 

analyzed embryo. The study done by Bendus et al. [6] reveals 

that, different embryologists provide different scores to the 

same set of embryos, and it is not easy to provide the solution 

to these differences in scores made by different 

embryologists. One possible solution for this problem is 

taking the help of automatic techniques which are generally 

capable of producing more standard scores. Previous studies 

consider the semiautomatic techniques in analyzing the 

human embryos. Hnida et al. [7] used semiautomatic 

technique to understand the morphological feature of human 

embryo, „FertiMorph‟ which is a semiautomatic technique 

developed by IHMedical, Copenhagen,Denmark. This 

technique helps to measure the blastocyst size taken from 

series of embryo images. Giusti et al. [8] explained about 

segmentation of day-2 embryo, where energy value is shared 

at each stage. They used a level-set algorithm (which is 

variational in nature), to segment the inner boundaries of TE 

region. From these studies it can be concluded that previously 

many semi automatic techniques have been developed but it is 

required to develop a full automation technique. It is not easy 

to develop such a full automation technique because of the 

complex nature of pattern values, and presence of embryo in 

different shapes at different stages. Other parameters like 

image quality and the presence of some unwanted things 

which are generally present in the neighborhood of embryo's 

developing environment are also to be considered. 
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This paper proposes an automatic segmentation technique, 

which is considered as a strong method for segmenting the TE 

region, does not require any manual pre-processing work. The 

presented work utilized the Retinex algorithm [10] to 

highlight the cells which are present in the cavity area or 

region and then level-set algorithm is applied to segment the 

TE region from corresponding selected blastocyst image. 

Finally to enhance the segmentation operation it is proposed 

to use the watershed technique. 

3. DESCRIPTION OF THE 

BLASTOCYST GRADING 
It is necessary to know the different regions and grading of 

the blastocyst prior to the segmentation of trophectoderm in 

microscopic images of human embryo. The image of fifth day 

developmental stage of embryo known as blastocyst is shown 

in Figure 1. 

 

Fig: 1 Human embryo (blastocyst stage). 

Each blastocyst consists of three regions: The surrounding 

outer layer called Zona Pellucida(ZP), which helps in 

maintaining the continuity of the blastomeres. The middle 

layer bellow the ZP region is known as trophectoderm(TE). 

Hatching of embryo to the wall of the uterus is based on the 

development of TE region in blastocyst. The centre part of the 

blastocyst is known as the cavity region and, is surrounded by 

the TE region. The cavity contains a set of cells called as 

Inner Cell Mass (ICM) and is a cause for the formation of 

fixed structure of the fetus. Gardener‟s grading system [12] 

classifies blastocyst from 1 to 6 for development. A or B or C 

for TE‟s quality and A or B or C for ICM‟s quality. Work 

presented in this paper explains a method for the segmentation 

of TE region. The quality of TE can be explained based on the 

arrangement of cells in the blastocyst. If the cells are arranged 

in a unified tightly packed then it is A grade. If the cells are 

loosely fitted epithelium then it is B grade. For C grade, it is 

the collection of some large cells. The graded images of 

blastocysts are shown in the Figure.2. 

 

Fig: 2 Sample images of three grades of TE (A to C). 

Morphological features of embryos predicted by the 

embryologists and endocrinologists in the IVF laboratories are 

taken into consideration for deciding transfer of viable 

embryos [12-14]. Identification of the viable embryo relies on 

the information visualized by the embryologists that depends 

on the experience and level of expertise of the observers [6]. 

Therefore automated image analysis technique is needed to 

identify the viable embryos. 

3.1 A Review of Computer-Based Analysis 

of Embryo   
 Some of the clinical research in IVF is focused on analyzing 

different features of an embryo under development and 

ultimately grading it according to its morphology, size, and 

shape at different stages of growth, fragmentation, 

development rate. Analysis of these feature are performed 

manually. There are few user interface and software tools that 

could help researchers to perform region/boundary 

identification and helps in computing various measures. There 

are very few machine-vision-based systems that could 

perform any of the above tasks automatically.  

Much of the previous works (although not that many) have 

been presented for grading and identification of different 

elements of human embryos in HMC microscope images. 

Pedersen et al. [15] used level sets presented by Zhao et al. 

[16] to find embryos‟ boundaries. Karlsson et al. [17] 

described an automatic area based segmentation system for 

the identification of the inner and outer circumferences of ZPs 

with 88% success rate using 48 samples. Morales et al. [18] 

proposed a method using Canny edge detection [19] and 

active contours to highlight ZP contours. Wong et al. [20] 

presented an automatic tracking method based on particle 

filter to track the cleavage of embryos. A few researchers have 

tried to model blastomeres using 3-D modeling. Pedersen et 

al. [14] proposed a multiphase variational level set method for 

3-D system modeling of blastomeres through Z-stack images. 

Giusti et al. [8] proposed a system for analyzing blastomeres 

(cells in day 1 to day 3 of the embryo‟s development) using 3-

D volumes of microscopic HMC embryo images. They first 

transfer each image to an acyclic graph associated with a 

predefined energy. By searching the path of lowest energy, 

the 3-D contour generator curve was found. Thus, the 

segmentation was achieved. Filho et al. [21] presented a 

semiautomatic blastocyst grading system 

4. DESCRIPTION OF THE PROPOSED 

WORK 
The proposed system flow operation is shown in Figure 3. 

The input image contains the debris and other adjacent 

images. To clean up these debris retinex algorithm[22-30] is 

used and the processed image is segmented using the level-set 

method [11]. Watershed method [31] is used to better 

represent the segmented image. The basic operation of each 

module is explained in the following sections. 

4.1 Retinex Algorithm 
The two dimensional projection of a three dimensional 

circular embryo, the clear image of the embryo‟s shell, and 

the fixation of imaging device could create visual artifacts that 

appear as shadows and ghost like cells on the cavity regions 

of blastocyst images. 

The data values in the cavity region include small slopes of 

lower frequency components that are similar to those of non-

uniform illumination. These low frequency components are 

removed by Retinex algorithm by Moral et al. [10]. A set of 
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starting pixel say, „y‟ and ending pixel „z‟ defines the path on 

an image. Brownian paths are approximated for these random 

paths on the image boundary. 

 

Fig: 3 Proposed system flowchart 

With respect to the same parameter settings and similar 

gradient slopes in the image plane, the isotropic Brownian 

paths hold same values in all directions. These are the 

functions of radial distances from a pixel coordinate. 

We further adopt the formulation of discrete random walks 

over an image grid. This formulation considers a collection of 

N walks or paths 1, . . . , k, . . . N, starting at „yt‟ and ending at 

an arbitrary pixel „z‟.  nk denotes the number of pixels of the 

path k, and xi and xi+1 (i = {1, ..., nk−1}) represent two 

consecutive points in the path k.  

All these paths for the collection of N walks that are 

formulated on an image „X‟ of M × N pixels are defined on 

the discrete rectangular grid „R‟, with „yt‟ as the starting pixel 

and „z‟ as ending pixel. The Neumann boundary condition is 

forced by converting the image into a symmetric and periodic 

image of size 2M × 2N by first mirroring the image across its 

right and then bottom sides.  

Consider a target pixel „z‟ is met when the random walk from 

yt and „yt ‟ both stop at „z‟. Here, „yt ‟ is conjugate of „yt‟ in 

the image plane which is both symmetric and periodic. The 

random walk is expected to stop in finite-bounded time „n(z)‟. 

Using inverse discrete Fourier transform the lightness values 

are then converted back to the discrete image domain R. The 

lightness value for each point on the grid is normalized to a 

band of [0, 255]. ICM cavity region contains more low 

frequency components compared to TE. Such pre-processing 

leads to a better performance of the level-set algorithm in 

identification of TE inner boundaries. 

4.2 Level-Set-Based Segmentation 
The tracking of boundaries, identification and shape, a 

numerical method, level set based algorithm is used. 

Particularly it is very good for following changes in 

topologies and shapes. For the purpose of analysis of 

blastocyst, the level set is used as a semiautomatic method. 

Since the cavity region includes low frequencies and damped 

edges, the level-set algorithm still has difficulties in stopping 

at the right boundaries and often leaks into the cavity region. 

Hence it is proposed to use the Retinex algorithm to smooth 

the cavity region, as a pre-processing step, before the 

application of the level-set algorithm for the TE region. 

In order to deal with intensity in-homogeneities in an image, a 

formulated method based on a model that considers the 

composition of an image as 

X = YZ + l    (1) 

Where „Z‟ is the original image, „Y‟ is the biased field which 

represents the intensity in-homogeneity, and „l‟ is additive 

noise (zero mean Gaussian). „X‟ is an image function in 

image domain (Ω) defined over all real values (R). Bias field 

„Y‟ can be easily predicted by a neighborhood constant of 

each point in the image due to its slowly varying property. 

The true image „Z‟ takes N distinct values from c1 . . . cl in 

the disjoint region Ω1 . ..Ωl, respectively.  

Based on the assumptions stated above, our objective is to 

minimize the energy in a variational framework by finding the 

optimum regions {Ω }Ni=1, the constants {𝑐 }Ni=1, and the 

estimation of bias field „𝑌 ‟. Hence, the image segmentation 

and the bias field estimation are found simultaneously through 

energy minimization.  

4.3 Edged Image 
The output of the level set algorithm is better represented and 

cleaned up using post processing step. On the output of the 

level set algorithm, we apply canny edge detection method for 

extracting the edges. Here the boundaries identified by the 

level set method are again identified and the output of this 

method is binary version which contains a set of edges that 

corresponds to the boundaries of TE and other region. TE 

region contains discontinuities in these edges. Because of the 

non customized parameter settings of the canny edge detector 

there may also exist natural discontinuities at the boundaries 

of outer TE region. In this work, for all processed images we 

use the same parameters for the canny operator. The lower 

value of 0.12 and high threshold value of 0.3 are the 

parameters used. Using morphological dilation method the 

discontinuities in between the boundaries of TE region are 

filled out. 

4.4 Beam Formation 
In order to find the segments of the TE region, find the centre 

of gravity bit off from the centre. We make use of circular 

shape of the embryo. Then 72 beams from centre of gravity 

towards the outer edges are projected. Each beam is 50 apart 

from one another.  

4.5 Beam Intersection 
When the beams move from centre towards the outward, these 

beams intersects with all other regions. We use the first and 

last intersections, and expect the second intersection of the 

beams to be right on the outer boundary of the TE region and, 

to have smooth variation. This property is used to find those 

points where the intersection variates more than ±5 pixels 

from the median of the neighboring second intersections. 

4.6 TE segmentation 
Because of the equidistant property from the center of the 

mass, the recorded segment belongs to the TE segments which 

are retained. In addition to this process, it removes the 

segments that correspond to cavity region and debris. 

However, this process fails to remove those segments which 

corresponding to the ICM region which is connected to the 

TE‟s interior boundary. 

4.7 Polar Conversion 
The symbol „r‟ or „ρ‟ is used to denote radial co-ordinate, and 

the „ϕ‟, „θ‟, or  „t‟ are denoted by angular coordinate. 

The ISO standard for angular coordinate is specified as „ϕ‟. 

Angular coordinate will not change the direction by adding 

some number of the full turns(3600). Also, the negative radial 

coordinate is interpreted by the corresponding positive 

distance measured in the opposite. Therefore, the same points 

https://en.wikipedia.org/wiki/Rho
https://en.wikipedia.org/wiki/Phi
https://en.wikipedia.org/wiki/Theta
https://en.wikipedia.org/wiki/International_Organisation_for_Standardisation
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are used to express infinite number of different polar 

coordinates (r, ϕ ± n×360°) or(−r, ϕ ±(2n +1)180°), where n is 

any integer. Moreover, the pole itself can be expressed as 

(0, ϕ) for any angle „ϕ‟. 

For any point a single representation is essential, usually 

positive numbers (r ≥ 0) are limited by „r‟ and „ϕ‟ in the 

interval [0, 360°) or (−180°, 180°] (in radians, [0, 2π) or 

(−π, π]). A unique azimuth is chosen for the pole, e.g., ϕ = 0. 

4.8 K-means Clustering 
The beams which intersect with the ICM, the distance is much 

shorter from the center of mass for the first intersected beams 

compared to the beams which first intersect inner side of the 

TE region. The K-means clustering method is used to find the 

intersections with the ICM and cluster these intersected beams 

into two groups with respect to the distance of their first 

intersection with the radiated beams. In these two groups, the 

one which has the smaller centroid most likely belongs to the 

ICM region which is connected to the TE region. These 

intersections are superseded by the other centroid location of 

the cluster.   

Categorizing the group of data points into small number of 

groups called clusters and this process is called the clustering. 

In general, we have „n‟ data points „xi‟, where i=1...n that 

have to be partitioned in „k‟ clusters. The goal is to assign a 

cluster to each data point. K-means is a clustering method that 

aims to find the positions „μi‟, i=1...k of the clusters that 

minimize the distance from the data points to the cluster. 

 K-means clustering solves  

argminc∑i =1k∑x∈cid(x,μi) = argminc∑i=1k∑x∈ci∥x−μi∥22 

where „ci‟ is the set of points that belong to cluster i. The K-

means clustering uses the square of the Euclidean 

distance d(x,μi)=∥x−μi∥22. This problem is not trivial (in fact 

it is NP-hard), so the K-means algorithm only hopes to find 

the global minimum, possibly getting stuck in a different 

solution 

Algorithm 

The Lloyd's algorithm (also known as k-means algorithm), is 

used to solve the k-means clustering problem and it works as 

follows. First, decide the number of clusters k. Then: 

1. The center of the 

clusters are initialized 
μi= some value ,i=1,...,k 

2. Each data point 

attributed by the closest 

cluster. 

ci={j:d(xj,μi)≤d(xj,μl),l≠i,j=1,...,n} 

3. Set the mean of all 

data points belonging to 

that cluster by the 

position of each cluster. 

μi=1|ci|∑j∈cixj,∀i 

4. Repeat steps 2-3 until 

convergence  

                 where |c|= number of elements in c 

The algorithm finally meets at a point, although it is not 

essentially the minimum of the sum of squares. Because the 

problem is non-convex and the algorithm is just a heuristic, 

meeting to a local minimum. This algorithm stops when the 

assignments do not change from one iteration to the next. 

4.9 Watershed Segmentation 
The algorithm works on a gray scale image. During the 

successive flooding of the grey value relief, watersheds with 

adjacent catchment basins are constructed. This flooding 

process is performed on the gradient image, i.e. the basins 

should emerge along the edges. Normally this will lead to an 

over-segmentation of the image, especially for noisy image 

material, e.g. medical CT data. The image must be pre-

processed and on the basis of a similarity criterion the regions 

must be merged. 

Watershed segmentation method is as follows: 

 A set of pixels, markers are chosen from the 

starting of flooding. Each is given a different label. 

 The marked area of each neighboring pixels are 

inserted into a priority queue with a priority level 

corresponding to the gray level of the pixel. 

 From the priority queue the pixel with the lowest 

priority level is extracted. If the extracted pixel of 

the neighbors that have already been labeled all 

have the same label, then the pixel is labeled with 

their label. All non-marked neighbors that are not 

yet in the priority queue are put into the priority 

queue. 

 Step 3 is repeated until the priority queue is empty. 

The non-labeled pixels are the watershed lines. 

Cartesian Conversion 

The Cartesian coordinates „x‟ and „y‟ are converted from the 

polar coordinates „r‟ and „ϕ‟  by using the trigonometric 

functions sine and cosine: 

x = r cos ϕ   (2) 

y = r sin ϕ   (3) 

The converted Cartesian coordinates are converted back to the 

polar form by 

r = (x2 + y2)1/2    (4) 

(by the Pythagorean theorem or the Euclidean 

norm), and 

ϕ = atan2(y, x)   (5) 

where, atan2 is the arctangent function of a common variation  

defined as 

arctan(y/x) if x > 0 

arctan(y/x)+π if x < 0 and y ≥ 0 

    atan2(y,x)   =       arctan(y/x)-π if x < 0 and y < 0 

  π/2  if x = 0 and y > 0   (6) 

  -π/2  if x = 0 and y < 0 

  Undefined if x = 0 and y = 0 

The value of „ϕ‟ above is the principal value of the complex 

number function arg applied to „x+iy‟. An angle in the range 

[0, 2π) may be obtained by adding 2π to the value in case it is 

negative. 

 

https://en.wikipedia.org/wiki/Integer
https://en.wikipedia.org/wiki/Non-negative_number
https://en.wikipedia.org/wiki/Interval_(mathematics)
http://www.onmyphd.com/?p=k-means.clustering&ckattempt=1#h3_init
https://en.wikipedia.org/wiki/Cartesian_coordinate_system
https://en.wikipedia.org/wiki/Trigonometric_function
https://en.wikipedia.org/wiki/Trigonometric_function
https://en.wikipedia.org/wiki/Trigonometric_function
https://en.wikipedia.org/wiki/Pythagorean_theorem
https://en.wikipedia.org/wiki/Euclidean_norm
https://en.wikipedia.org/wiki/Euclidean_norm
https://en.wikipedia.org/wiki/Euclidean_norm
https://en.wikipedia.org/wiki/Atan2
https://en.wikipedia.org/wiki/Arctangent
https://en.wikipedia.org/wiki/Principal_value
https://en.wikipedia.org/wiki/Argument_(complex_analysis)
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5. RESULTS AND DISCUSSIONS 
The method for segmentation presented in this work is tested 

on MATLAB R2013 on a PC(CPU Intel core i3,Windows OS, 

2.53 GHz with 4GB Ram)  The input image is 195*199 pixel. 

Table 1 shows the output images of our work. To evaluate the 

performance [32], we have compared the segmented output of 

the level-set method with the ground truth image. The 

boundary of the TE in level-set output is marked with the red 

color. In the ground truth image, the TE is marked manually 

with green color. With help of this, we have calculated the 

average accuracy is 92%. Watershed method is used to better 

represent segmented output as shown in the Table 1. 

Table: 1. Output of the proposed method along with 

ground truth and level-set method output image. 

Watershed 

method output 

Ground truth 

Image 

Level-Set 

method output 

Acc

urac

y (%) 

   

 

 

97 

   

 

 

93 

   

 

 

86 

The Single Scale Retinex (SSR) technique is applied on the 

original image as an image enhancement operation. The 

Figure 4 shows the output after applying SSR technique. 

 

Fig:4 (a) Original Image (b) &(c) The resultant image 

after applying the single scale retinex technique 

These normalization techniques are used to solve the 

illumination invariance problem at the pre-processing level. 

  

Fig: 5 Image Segmentation 

Figure 5 shows image segmentation operation, i.e. subtracting 

the object from its background. 

 

Fig: 6 Image Dilation 

Figure 6 shows the dialated image after performing the image 

dilation operation. 

 

Fig: 7 Level set segmentation 

Figure 7 shows the output of level set segmentation operation, 

which is performed to segment the TE region. 

 

Fig: 8 Water shed operation 

Figure 8 shows the output of watershed segmentation 

technique. From the results, it is evident that the watershed 

segmentation results are quite encouraging, the accuracy 

obtained with a large number of images is 92%. 

6. CONCLUSION 
This study, presented a method for identification and 

segmentation of TE regions of human embryos on their fifth 

day of creation. The Retinex algorithm is used to enhance the 

quality of blastocyst images by deemphasizing blastocyst 

cavity regions and those areas outside the embryo. Then the 

level-set algorithm is used for automatic initialization and to 
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converge to the TE boundaries. The watershed method is used 

to represent segmented TE region and other region. This 

method can automatically segment TE regions in blastocyst 

images of grades A, B, and C effectively. As demonstrated, 

the proposed method can detect TE regions with good shape 

accuracy. In humans, five days after the fertilization, the 

blastocyst performs the zona hatching; the zona pellucida 

degenerates and decomposes, to be replaced by the underlying 

layer of trophoblastic cells[33]. So finding the zona pellucida 

region in accordance with the TE region is considered to be 

the future work. 
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