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I. INTRODUCTION 
Embryonic Stem Cells (ESC) deduced from the inner cell mass (ICMs) of blastocyst, the sperm in the 

oocyte can be divided into number of totipotent cells which cannot be differentiated. These cells when enter into 

the blastocyst it can be differentiated into number of specialized cells. Embryonic stem cells are the pluripotent 

cells that can be derived from the inner cell of mammalian blastocyst. The specialized cells can be further 

differentiated to produce more number of stem cells. The word “ES cells” was used to differentiate these 

embryo-derived pluripotent cells from teratocarcinoma-derived pluripotent embryonal carcinoma (EC) cells. 

 

Embryonic stem (ES) cells have been recognized from several mammalian species, including mouse, 

monkey, and human. It is well established that various signaling pathways, including phosphoinositide 3-kinase 

(PI3K)/Akt and Wnt/β-catenin signaling in the maintenance of ES cell pluripotency, and is known about the 

signaling pathways, involved in the derivation ES cells from ICMs.Embryonic stem (ES) cells go through 

protracted proliferation while remaining composed for multilineage differentiation. A sole network of 

transcription factors may illustrate self-renewal and simultaneously suppress differentiation. First, the generation 

of mature lineage from ES cells in culture delivers access to populations of initial precursors that are difficult, if 

not impossible, to access in vivo. Evaluates of these mutations in vivo are habitually tricky by the early death of 

the embryo in utero.  Second, the developmental potential of ES cells carrying targeted mutations of genes vital 

for embryonic development can be formed in culture.Moreover, under well-defined conditions, embryonic stem 

cells are adept of propagating themselves indefinitely. This permits embryonic stem cells to be hired as 

beneficial tools for both research and regenerative medicine, as they can yield vast numbers of themselves for 

continual research or clinical use.For the reason, of their manipulability and hypothetically boundless capacity 

for self-renewal, ES cell therapies have been suggested for regenerative medicine and tissue replacement after 

injury or disease. 

 Our impact of my works are précised as follows:  (i) 3x3 median filter is applied to remove noises in 

the time lapse videos; (ii) after pre-processing active contour segmentation algorithm is applied for extraction of 

blebs from human embryonic stem cells; (iii) to enhance the segmentation result optimization is done using 

cuckoo search algorithm. 

 

ABSTRACT: The main aim of this project is to segment the bleb from human embryonic stem cells 

(hESC). The behavior of bleb can be used to distinguish apoptotic bleb from the healthy bleb. The health 

of the human embryonic stem cells can be determined using the portion of bleb formed on the surface of 

the stem cells. The complete bleb formation contains bleb extraction and retraction. This paper uses the 

active contour algorithm for the segmentation of bleb from human embryonic stem cells. The output of the 

segmentation, input video and area of bleb can be used as an input to the optimization process. The 

cuckoo search algorithm is utilized for optimization, which inspired from the brooding parasitism will 

enhance the segmentation result. The proposed method attains the quick and accurate analysis in the bleb 

extraction process. 
Keywords:Apoptotic bleb, Bleb Extraction, Dynamic bleb, Human Embryonic Stem Cell (hESC),Stem 

Cells. 
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Figure 1.Embryonic Stem cells 

 

II. HUMAN EMBRYONIC STEM CELLS 
Human blastocyst-derived, pluripotent cell lines are defined that have common karyotypes, express 

extraordinary stages of telomerase movement, and express cell surface indicators that illustrate primate 

embryonic stem cells but do not describe other initial lineages. Later identical production in vitro for 4 to 5 

months, these cells quiet preserved the growing potential to form trophoblast and derivatives of all three 

embryonic germ layers, including gut epithelium (endoderm); cartilage, bone, smooth muscle, and striated 

muscle (mesoderm); and neural epithelium, embryonic ganglia, and stratified squamous epithelium (ectoderm). 

These cell lines ought to be beneficial in human developmental biology, drug discovery, and transplantation 

therapies for diseases ranging from heart disease to Parkinson's disease to leukemia. 

 

 
 

Figure 2.Generation of pluripotent human embryonic stem cell line
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Generation of human embryonic stem cell (hESC) lines involves several steps. Donor embryos are first 

acquired subsequently in vitro fertilization or by egg activation (parthenogenetic embryos) and permitted to 

progress in vitro. Pluripotent cells are then isolated either from the inner cell mass of pre‐implantation 

blastocysts or from 4, 8, or 16 – cell stage morulae. Finally, isolated cells are plated in distinct hESC medium 

with or without feeder cell layers to propagate and choose for pluripotent cell populations. These procedures 

have given rise in hESC lines able to produce tissues from all three embryonic germ layers and the germ line. 

 

III. BLEBBING OF HUMAN EMBRYONIC STEM CELLS 
 Blebs are bulges that seem and vanish from the surface of cells. The mining of blebs and their altering 

area over time in live videos is vital for understanding the mechanisms and purpose of human embryonic stem 

cell (hESC) blebbingbehavior. The behaviour of blebbing can be used to weigh, cell health dynamic blebs 

specify healthy cells and apoptotic blebs show dying cells. The capability to examine rates of bleb expansion 

and retraction are significant in the field of toxicology and might form the base of an assay that hinge on a 

functional cytoskeleton.  

The biologists effort to elucidate the dissimilarity between healthy and dying cell blebbings in hESC by 

equating the time of their occurrences. Blebbing is considered to be associated to signalling pathways. It is 

noteworthy for biologists to have adequate indication to govern whether Calcium, P2_ 7 and ATP  inhibitors can 

converse the behaviour of  blebbing through the Rho-Rock Pathway or not. Inhibitors can adjust 

blebbingbehavior by either hindering the pathway leading to myosin activation or constrain myosin directly. 

The bleb enlarges due to cytoplasmic pressure until polymerization of actin underneath the sheath reduces 

bleb development and can ultimately cause bleb retraction. Hence blebs are diverse from other cellular 

protrusions, such as lamellipodia or filopodia where the membrane is pushed onward by actin filament 

polymerization. Bleb formation is well-known to happen during apoptosis, but is experiential in dynamic 

cells during cytokinesis, migration and spreading. Even though non-apoptotic blebbing has been informed in 

stem cells, no preceding studies have inspected the biomechanics of bleb formation in stem cells. 

 

Factors 

 
 

Figure 3 shows the sequences of both bleb expansion and retraction. Two separate phases make up the 

lifespan of a bleb, each of which has their own biology and physics. During expansion, bleb size rises, while cell 



Cuckoo Search Optimization of Blebs in Human Embryonic Stem Cells 

| IJMER | ISSN: 2249–6645                                 www.ijmer.com                          | Vol. 7 | Iss. 3 | Mar. 2017 | 14 | 

physique size reduces which lasts;30s. In contrast, during bleb retraction, bleb size reduces while cell body size 

grows, which lasts;2 min.  The intermediate bleb specifies that switches from expansion to retraction are 

occurring. The intermediate bleb has the full bleb size in complete bleb formation procedures. 

 

 

 
Figure 3.Expansion and retraction occurring over time 

 

IV. ACTIVE CONTOUR 
 Active contours or snakes are used broadly for image processing and segmentation applications, mainly 

to trace object boundaries.It can attain the segmentation results near to the object contours, which can be 

appropriately used for analysis and recognition of the object shape. The active contours exploit numerous types 

of previous knowledge, such as intensity distribution information of the image, information about the boundary 

shape, and texture information, to attain accurate results for object boundaries in image analysis. 

 It can be characterized as region-based models or edge-based models.  Edge-based segmentation seems 

for breaks in the image intensity. Region-based segmentation seems for homogeneity within a sub-region; under 

desired property, e.g. intensity, color, and texture. Instinctive interpretation of images is a very tough problem in 

computer vision. Numerous ways are developed in past decade to enhance the segmentation performance in 

computer vision. Our approach is based in the active contour algorithm with the region based segmentation. 

 

The following energy functional for calculating the snake energy: 

Esnake  = Eintern al + Eexternal + Econstraint                                             (1) 

Snake energy (𝐄𝐬𝐧𝐚𝐤𝐞) contains of three terms. Eint denotes the internal energy of the snake while Eimg 

represents the image forces, Econ represents external constraint forces.  

 

Internal Energy (Eint) hinges on the inherent properties of the curve and is the addition of elastic energy and 

bending energy, which is given in equation 

Eint  = Eelastic + Ebending                                                                                    (2) 

Eint = 
1

2
(𝛼|𝑣𝑠|2+𝛽|𝑣𝑠𝑠 |2)𝑑𝑠 (3) 

Where α(s) and β(s) are user defined weights. 

External energy (Eext) of the contour is derived from the image. 

Eext  =  Eimage  𝑣 𝑠  𝑑𝑠(4) 

Image energy (Eimage) is function of the features of the image. 

Eimage  =𝑤𝑙𝑖𝑛𝑒 Eline +𝑤𝑒𝑑𝑔𝑒 Eedge + 𝑤𝑡𝑒𝑟𝑚 Eterm (5) 

𝑤𝑙𝑖𝑛𝑒 , 𝑤𝑒𝑑𝑔𝑒 , 𝑤𝑡𝑒𝑟𝑚 are the weight of salient features. 

 

V. CUCKOO SEARCH ALGORITHM 
Cuckoo search is an optimization algorithm, which is inspired from brooding parasitism of cuckoo 

species in nature with of Lévy flight behaviour. It is used to resolve structural optimization problem. Two 
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important features as follows: 1) Intensification, 2) Diversification. Intensification expects to examine about 

current best solution and choose the best applicants or results. Diversification makes define that the algorithm 

can discover the search space more effectively, by randomization.Cuckoo Search is a metaheuristic algorithm 

developed by Yang and Deb. Heuristic is an optimization technique intended for resolving a problem hurriedly 

when conventional approaches are too slow, or when it cannot find the exact solution. Metaheuristic 

optimization is a genetic algorithm and heuristic is the application.   

 

Cuckoo search algorithm is better than other algorithm such as PSO and GA by solving the problem in 

a quick manner, resolving larger problem, attaining robust algorithm and a small number of parameters are 

required for fine tuning. The female cuckoo relies on the other host birds to raise their young. If the eggs of the 

cuckoo in the host bird nest are revealed, the host bird may throw away or her nest will be abended and raise her 

own brood somewhere else. In the CS algorithm, each egg in the host bird nest characterizes a solution, and a 

cuckoo egg signifies a new solution. If a new solution is better than nest available, it will replace the worst one. 

If there is a large search space, Levy flight are typically supplementary efficient. It is a distance approach could 

optimize efficient search under definite condition and the undertaking parameter are firmed by the power law. 

Law of Lévy flight revealed that random-walk style search is better implemented rather than simple random 

walk.  

 

Three rules of the CS algorithm are defined as follows: 

1) One egg is laid by each cuckoo at one time and randomly the nest has been chosen to dump their egg.  

2) High quality of egg can be moved on to the further generation with the better nest. 

3) The integer of existing host nests is stationed, and the cuckoo eggs are learned with a probability pa ∈(0, 1) 

of the host bird. 

VI. IMPLEMENTATION RESULT 
 The video frames are phase contrast images. Each video was captured using 2 x objectives with 

512x512 resolutions. Each video frame is acquired at 0.1 seconds time interval. The input video is shown in 

figure. 

 

 
Figure 4.Input stem cells 

 

 
Figure 5.Video information in command window 
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The command window gives information about the video format; here 25 frames were obtained per interval. The 

video is acquired in color format which is not effective for image processing. HSV is very useful in image 

processing applications. The color information is typically noisy than the HSV information. Henceforth RGB 

can be altered into HSV.  

Median filter is applied to clean the image from acquisition noise. 

v(m,n) = median{y(m-k,n-l),(k,l)∈ W} 

 

 
Figure 6.Preprocessed output 

 

Region based active contour is used for extraction of blebs from human embryonic stem cells. The 

automatic changes in the topology of the image during the progression of the curve can be efficiently deal by 

this method. The image displays the thin white line which indicates the area of bleb region. 

 

 
Figure 7.Segmented output 

 

The optimization is a technique which enhances the quality of segmentation result. Cuckoo Search algorithm is 

applied on the segmentation result to find out the area of bleb region exactly. 

 

 
Figure 8.Optimized output 
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VI. CONCLUSION 
The bio-optimized segmentation methods have better performances than their conventional 

counterparts. With the bio-inspired optimization metric, low performance due to over-segmentation is reduced. 

A new concept that the bleb formation/retraction process can be used as a biological indicator of cell health. 

Healthy cells retract their blebs back to the cell body, while non-healthy cells do not retract them or retract them 

slowly. Bleb area detection by active contour segmentation followed by cuckoo search optimization is 

implemented. The method yields high true positive rate white it gives low false positive rate.  The method also 

matches the trend of the ground truth experiment closely. To improve the accuracy further, it is necessary to 

investigate into getting more frames per second to establish inter frame relationship for detecting small tiny bleb 

regions. 
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