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ABSTRACT 

 
The various image processing techniques are widely used for extracting the features from microscopic 

images of sperm cells of different species for more than three decades.  This study will explore the low-level 
process used for improving the quality of an image, middle-level process applied for segmenting the sperm 
cells and high-level process implemented for the identification of head, mid-piece and tail of sperm cells in the 
given field of focus.  The procedures of an image acquisition and processing of an image is specific to the 
particular focus of research, hence the various image acquisition methods related to the field of sperm cells 
are also discussed here.  Automatic detection of sperm cells and identification of various parts of 
spermatozoon in microscopic images are highly important process in the field of assisted method of 
fertilization.  Innovative research in analyzing the morphology of spermatozoa includes segmentation of sperm 
cells and measuring the size of their head, mid-piece and tail.  In this study, we have classified, assessed and 
conferred several methods for sperm cell segmentation and detection of various parts of spermatozoa.  After 
analyzing these techniques and its limitations, a futuristic view point of morphological analysis of spermatozoa 
has been explored. 
eywords: Medical images, Image processing, Spermatozoa, Morphological analysis, k-mean clustering. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Corresponding author 



     ISSN: 0975-8585 
 

 

January –February  2017  RJPBCS 8(1)  Page No. 413 

INTRODUCTION 
 

Microscopic medical image processing techniques have been implemented to assist the 
andrologist/urologist to identify the normal sperm cells for assisted method of fertilization. Especially image 
segmentation is an initial process as well as essential for obtaining the Region of Interest (ROI) from the 
medical images [1].  Infertility is a clinical problem which affects 15% of couple worldwide [2].  Determining the 
infertility, the quality examination of semen is based on its characteristics such as viscosity, pH, concentration, 
motility, vitality and morphology.  Even though many systems are available for evaluating the various 
characteristics of semen, the morphological analysis can be done only by image processing.  Analyzing the 
morphology of a sperm cell using image processing methods can identify the defects in the sperm cell.  
Morphological defects such as abnormal sperm head, mid-piece and tail in the sperm cell are one of the 
important male factor infertility which is of 30-40% [2,3].  An abnormal sperm head is strongly associated with 
low fertilization which reduces the pregnancy rate [4].  The manual investigation of morphological defects of 
human sperm is always subjective with respect to the investigator, whereas the investigation through image 
processing techniques is accurate than the former irrespective of the investigator.  In view of the fact that the 
semen test is the initial step for all later steps in infertility treatment [4,5].  In this regard, WHO recommends a 
guideline for the preparation of sperm smear [6].  Image acquisition is the primary step in microscopic image 
analysis.  So that, many researchers have concentrated well on the acquisition of original images. 
 

This paper gives a relevant study of the various techniques proposed by the researchers for the field 
of microscopic medical images of human sperm cells.  Since, the manual analysis of human sperm cell using 
microscope is always subjective, will not be guaranteed for the assisted method of fertilization.  So the manual 
evaluation can be reduced by using image processing techniques to detect the normal human sperm cells 
automatically.  Finally, a futuristic perception of indentifying normal sperm cells, total number of normal 
sperm cells and defective sperm cells from the field of focus has been suggested.  The schematic diagram of 
normal spermatozoon and its guideline value (WHO’s guideline) is shown in Table 1.  
 

This paper is presented as follows: section 2 shows the techniques discussed in the literature review 
for the identification of sperm cells and its parts.  Our own perception for the research in human sperm cell 
morphology is discussed in section 3.  Section: 4 show the conclusion. 

 
Table 1. Schematic Diagram of Spermatozoon 

 

Schematic diagram of sperm cell [20] WHO’s guideline for normal sperm [6] 

 

 

World Health Organization’s guideline for Normal 
Sperm (5th Edition) 

Volume: >= 1.5ml  

Total Sperm                      
(millions in ejaculate): 

>= 39 million is 
normal 

Concentration / Count   
(millions per ml): 

>= 15 million is 
normal 

Motility: >= 40% is normal 

Morphology >= 30%  
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Literature review 
 
 The assisted method of fertilization requires computer based morphological analysis of human sperm 
cells for analyzing the male pattern infertility and improving the success ratio in fertilization.  The role of 
computer for the evaluation of various semen characteristics in different species [7-9] are reported four 
decades ago [10].  The image processing techniques on microscopic medical images of human spermatozoa 
can be simplified as image pre-processing, sperm segmentation, feature selection and sperm parts 
identification, which are elaborated in the following divisions. 
 
Image preprocessing 
 
 Many of the researchers have concentrated on improving the quality of an image by following various 
pre-processing approaches like gold-standard staining procedure, noise removal, color space transformation, 
image enhancement, multi resolution processing and image morphology processing.   The researchers have 
transformed the input image from one mode of color space to another mode of color space i.e. RGB to gray 
scale [13] or RGB to L*A*B depends on the process.  An image enhancement is one of the important pre-
processing methods, which helps improving the quality of an image.  The authors [14] used raw semen sample 
(without adding any staining materials) for acquiring the images and implemented two-stage enhancement 
technique to remove non-related parts (pixels) in the image using opening and closing filters.   
 

The median filter is also used for reducing the noises in the images.  The authors [15] identified the 
teratozoospermia using four stages of image processing. In the first stage, the RGB colored images were 
changed into Gray level then the noises were reduced using median filter.  The second stage was edge 
detections; third stage involves segmentation of various parts of sperm and fourth stage concluded with 
statistical measurement of normal and abnormal spermatozoa.  A fully automatic method was proposed [16] 
for identification of acrosome, nucleus, mid-piece and tail of sperm. An improved-hybrid method was applied 
to remove noise and segmented the sperm cells from the original image.  To analyze the morphology of 
spermatozoa, Cellular Nanoscale Network based proposed system was introduced by the authors [17].  The 
authors [18] have applied improved two-stage framework to segment sperm’s head.  The list of methods 
covered in the pre-processing stage were used for several applications is illustrated in Table 2. 
 

Table 2. List of methods in Pre-processing 

Pre-processing 
Category 

Method used Comments 

Color image 
processing 

 
Color space 

transformation 

Transformed input image from RGB 
to gray scale [13-17] 

RGB to L*A*B [18] 

Image 
enhancement 

Contract 
adjusting and 

opening-closing 
filters 

Improved image quality for better 
visual interpretation [14]. 

Image filter Median filter Reduced the noises in the image 
[15]. 

 
 

Noise Removal 

Improved hybrid 
method (4th 
order partial 

equation at first 
stage, Median 

filter at 2nd 
stage) 

Noise removed from sperm image 
(R –Red component) [16] 

Relaxed Median 
filter 

Preserved image information (sharp 
corners & thin lines) 
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 Sperm segmentation 
 

The author [10] implemented threshold based segmentation to segment the sperm cells from the 
background.  The threshold value was calculated by differentiating the staining intensity value of background 
and sperm head, which required high contrast staining.  The adaptive thresholding method was implemented 
based on the regularized intensity value of input image [11].  Connection with this method of staining, the 
strategic Hough transformation was used for the detection of sperm head [12] based on the elliptical shape 
with 5 parameters.   

 

Table 3. Various types of Segmentation 

Sperm segmentation Comments 

Thresholding Separated the sperm cells from the environment, 
threshold value calculation based on staining intensity 
[10]. 

Adaptive thresholding  Thresholding based on Regularized intensity value [11]. 

Bayes’ criteria –threshoding  & 
Otsu method 

Rectangular boundary identified by changing the pixels to 
binary (0’s, 1’s) form ; objects partitioned (first stage) [12]. 

Otsu method Two stages procedure implemented based on histogram of 
the image [13]. 

Otsu with intra-class variance considered;  Two-step 
thresholding algorithm - Simple thresholding used: 
partitioned sperm particles.  Finally, Sperms were 
identified [14]. 

Sobel operator Applied for detecting the edges to get foreground and 
background of an image [15]. 

Watershed segmentation Carried out for segmenting the normal and abnormal 
spermatozoa from the field of focus [15] 

Simple threshold, Rotating calipers 
algorithm & entropy based EM 
algorithm and Markov-random 
field model 

Created a mask includes acrosome, nucleus and midpiece, 
segmented the various parts [16].  

Otsu’s Thresholding  Segmented the objects from background based on class-
differences [17] 

Morphological process – CNN 
based dilation and erosion 

Extracted image components based on Cellular-nanoscale 
network [17] 

k-means clustering Segmenting the foreground (sperm) as one cluster and 
background as another cluster [18].  

Morphological process – erosion, 
opening 

Used for removing the sperm cells, which were in border, 
morphological opening was applied for segmenting the 
head portion in the sperm [18]. 

 
 Hough transformation is used for detecting ellipse, line and circle like shapes.  In the original image, 
first, the rectangular region was identified by converting the pixel into binary form using Bayes’ criteria 
threshoding, second, 3 stages of hough transformation was implemented to identify the sperm head, and 
finally, the morphological attributes (width, length, perimeter and area) of the sperm head were calculated 
using elliptical parameters directly.  The authors of this work stated that this method gave objective criterion 
for the process of classifying the sperm’s morphological shapes.  A two-stage procedure for segmenting sperm 
head and mid_piece was developed [13].  In the first stage, Otsu method was used for extracting the objects 
and classified them using histogram analysis.   
 

At the same time, unwanted portions were removed based on their size, which was helpful for 
detecting the sperm’s head and tail (wrapped in bounding box).  In the 2nd stage, nth-fusion method was 
handled for partitioning the head and mid_piece.  The nth level thresholding was applied then intersection 
with ‘n’ special growing masks was included.  The authors [14] have applied two step thresholding-algorithms 
to segment foreground from the background, using Otsu’s method.  The watershed segmentation was carried 
out by the authors [15], based on marker-controlled connected component.  The rotating calipers algorithm 
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was applied by the authors [16] for fixing best-fitted rectangle on each region of the sperm image.  The 
segmentation of acrosome, nucleus and midpiece of the sperm was based on entropy based EM and markov 
random field model.  The k-mean is a cluster based algorithm used for segmenting [18] the sperms and 
background.  The morphological process (erosion) was applied for removing the sperms which are touching 
the border.  The head was detected and segmented from the sperm using morphological opening method.  
The list of various segmentation methods are displayed in the Table 3. 
 
 Feature selection and sperm parts identification 
 
 The authors [12] have implemented the strategic Hough transformation method to detect the sperm 
part(head) as well as measured the size of sperm head with the help of elliptical parameters.  The authors [13] 
used 2 growing mask for separating head and acrosome. The segmentation of head is based on nth-fusion, 
used 2 level thresholding (Otsu and fixed threshold).  After segmenting the head, the acrosome and mid-piece 
were identified and partitioned based on intersection of segmented head.  They concluded that their 
algorithm detected 95 spermatozoa out of 216.  The authors [14] have identified the tail of the sperm using 
elliptic model.  
 

Table 4. Feature selection procedures 
 

Identification of 
Sperm parts  

Comments 

Strategic Hough 
Transformation 

Sperm head was detected using this method and measured the size of sperm 
head using elliptical parameters [12]. 

nth-fusion 2 stage 
segmentation 

First stage: used Otsu method – enhanced bottom part of sperm – head was 
segmented  
Second stage: fixed threshold method – acrosome and mid-piece were 
partitioned [13] 

Maximum 
correlation-
coefficient 

Ellipse-fitting algorithm was used; area, elongation and tail were taken to find 
maximized correlation_coefficent between elliptic and partition box, Finally Tail 
was detected [14]. 

Euclidean distance 
transform 

Various sperm parts detected - Head area, perimeter, head length, head width, 
midpiece length, tail length, orientation and Eccentricity and Equvidiameter was 
calculated based on Euclidean distance among the pixels [15]. 

SSIM Structural Similarity Index was calculated for all pixels- initial pixel placed at end 
of midpiece and find next pixel based on highest SSIM – this method is based on 
local entropy estimation [16]. 

Dice coefficient & 
Hausdorff distance 

Applied this evaluation metric to ensure the extracted features [18] 
. 

 
 The estimation criteria used for identifying tail was maximized-correlation-coefficient.  The Euclidean 
distance was calculated by the authors [15], to measure the head area and other parts of sperm cells.  The 
features were selected based on the Structural Similarity index of every pixel [16].  Finally, the authors have 
achieved 96.829 % of accuracy in the process of identifying sperm parts. The evaluation metric used by the 
authors [18] were Dice coefficient and Hausdorff distance and concluded that their system was able to identify 
the sperm cells in 98 % of accuracy.  The methods used for feature extraction is given in Table 4. 
 
Possible approaches for future research 
 
 The various image-processing techniques are widely used for processing the images related to various 
domains of research.  In this section the low-level, middle-level and high-level image processing techniques are 
suggested for the futuristic research on sperm cells is given in Table 5.     
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Table 5. Futuristic methods 
 

Category Name of the method Benefits 

Low-level Color transformation – (from RGB to Gray level or LAB) Origin for feature 
extraction 

Image filtering and enhancement – contrast stretching, 
smoothing 

Improving the quality of 
the image 

Image Restoration – noise removal filters (mean, median, 
average etc.,) 

Removing artifacts 

Morphology processing – opening, closing, dilation and 
erosion 

Complete the 
discontinuity of the 
object boundaries 

Middle-level  Threshold based, edge based, region based, cluster based 
and entropy based segmentation 

Segment the Region of 
Interest from the 
background 

High-level Neural network, Genetic algorithm, optimization 
techniques etc., can be applied for image processing  

Object identification and 
feature extraction 

 
CONCLUSION 

 
 In this survey, it has been made clearly to explore the various methods of low-level, mid-level and 
high-level processing applied for the identification of human spermatozoa and its morphological structure.  
The cluster-based segmentations are well suited for microscopic medical image segmentation [19]. 
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