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Abstract. In this paper, a proposed system for automatic counting and visual
multi-tracking for human sperm in microscopic video frames is presented. It can
be easily turned into a commercial computer-assisted sperm analysis (CASA)
system. CASA systems help in detecting infertility in human sperm according to
clinical parameters. The proposed system consists of nine phases and it counts
sperm in every single frame of video in real time and calculates the average
sperm count through the whole video with accuracy 94.3% if it is compared to
the manual counting. Also, it tracks all identified sperm in video frames in real
time. It works with different frame rates above 15 frame/s to track visually the
movements of the sperm. The dataset consists of three high-quality 1080p
videos with different frame rates and durations. Finally, the open challenging
research points are addressed.
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1 Introduction

Human sperm motility is of great interest to biologists studying sperm function and to
medical physician for male infertility evaluating and treating [1]. Approximately the
infertility rate in Egypt is 9% according to the Egyptian IVF registry report [2]. Most of
the married couples seek diagnostic semen analysis to help assess the cause.

Semen examination is divided into two groups, namely examination in macroscopic
and microscopic. The macroscopic examinations are general semen inspections without
the need for complicated tools. The inspections include the volume, semen color,
viscosity, and the pH of the semen. The microscopic examinations are performed for
more detail conditions of the semen where a sophisticated tool needed in the process.
These include sperm mass movements, motility, sperm concentration, viability, and
sperm morphology [3].
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Today, the general method for analyzing sperm at fertility clinics and research
laboratories is strenuous and subjective [4]. Typically, lab technicians use microscopes
for manually counting the number of sperm cells and for visually evaluating the quality
of sperm movement according to standard protocols. The common parameters evalu-
ated during a typical semen analysis can be divided into nine different parameters [5].
In some modern clinics, more objective Computer Assisted Semen Analysis (CASA)
instruments are used to trace the swimming paths of sperm automatically in time-lapse
microscopy image sequences [4]. Digital image processing algorithms could help in
performing the semen analysis according to the previous four parameters. Katz and
Davis were the first authors who proposed an automatic sperm tracking in the mid-
1980s [6], they proposed a software contains over 60 commands. System commands
enable the user to capture and manipulate data. The program automatically performs a
sequence of data capture, reduction, analysis, and reporting steps with a minimum of
user input.

Beresford-Smith et al. [7] applied radar tracking algorithms on sperm tracking.
They adapted the probabilistic data association filter to track a single sperm in clutter.
However, they reported no experimental data. Tomlinson et al. in [8] described a
CASA system based on multi-target tracking algorithms. They tracked multiple sperms
and graded their motility using 1-s video clips. However, the authors did not address
the problem of tracking through collisions or over long durations.

Hidayatullah et al. in [9] survey on multi-sperm tracking for sperm motility mea-
surement and illustrate the advantages and disadvantages for a group of the proposed
CASA system until 2016.

The rest of the paper is organized as follows. Section 2 is a brief description of the
CASA systems. Section 3 presents the proposed system for visual multi-tracking for
human semen. Experimental results are discussed in Sect. 4. Finally, Sect. 5 conclude
the paper and list the possible future work.

2 Computer Assisted Semen Analysis (CASA)

The term CASA stands for “computer-aided sperm analysis” or “computer-assisted
sperm analysis”. Over approximately 30 years the Computer-assisted sperm analysis
(CASA) systems have improved. This evolution happened through amelioration in
devices to capture the image from a microscope, huge increases in computational
power, new computer programming languages, and advanced software algorithms. The
evolution grants great benefits for animal and human semen analysis. However, the
methods for identification of sperm and their motion patterns are little changed. Out-
dated and slower systems stay in use [10].

In general, the CASA system consists of microscope that is given an additional
digital camera. This camera will replace the function of the veterinarian or doctor eye to
record video of the sperm being analyzed. This digital video is then sent to the com-
puter for processing.

The recording results are stored in the form of a digital video file. To be processed,
this video must be extracted into image frames. The analysis is done on each frame to
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identify sperm. After the sperm can be identified, the comparison between sequential
frames is carried out to obtain sperm motility parameters [9].

Majority of fertility laboratories and semen processing facilities have a CASA
system, but the extent of dependence thereon ranges exceedingly. Each system is
different. Modern CASA systems can automatically assess several fields in a shallow
specimen. Images of 500 to >2000 sperm can be captured, at 50 or 60 frames per
second, in clear or complex extenders, and in <2 min, store information for 30 frames
and deliver summary data for each spermatozoon and the population [10].

The accurate prediction fertility, from a semen sample, cannot be calculated by
CASA. However, current CASA systems provide significant information for quality
assurance of semen planned for understanding the responses of sperm responses to
changes in the microenvironment in research, and for marketing [10].

3 The Proposed Counting and Visual Multitracking
for Human Sperm System

The proposed system consists of nine phases. The first phase is reading the video file
frame by frame, while the second phase is converting the video frame from RGB
domain to HSV domain according to Eq. (1). In phase number 3, a thresholding value
will be applied to video frame according to specific values of Hue, Saturation and
Value to segment the semen from the background according to Eq. (2).
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A binarization of the image is required in phase number 3, while in phase number 5
a pixel grouping is a necessary step for phase number 6 which accept and reject pixel
groups according to a pixel group value to remove noise and an unwanted group of
pixels as illustrated in Eq. (3).
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Thresholdpixel group ¼ 1 number of pixels in a group� 50
0 number of pixel in a group[ 50

�

ð3Þ

Fig. 1. Proposed system block diagram for multi-tracking and counting human sperm.

Fig. 2. The output of video frame after every phase of the proposed system
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In phase number 7, the proposed system calculated the center of the pixel groups
according to x–y coordinates and append them to a global x–y parameter and count all
pixel groups which indicated the number of sperm. Drawing a rectangle around the
pixel groups is done in phase number 8 for tracking purposes. In the final phase, the
system draws all the old x–y coordinates saved in the global x–y parameter. Figure 2
illustrates all the required phases in a block diagram for the proposed system.

One of the main functions of the proposed system is visually tracking all sperm in
the video frame. Figure 1 presents the output video frame after every phase of the 9
phases the proposed system had.

As illustrated in Fig. 2, the resulted frame after phase 5, 6 contains only the actual
visual sperm without noise while the final frame after phase 9 contains the original
video frame with yellow rectangle tracking the sperms and blue dots for the previous
x–y coordinates for all sperms spotted in the previous frames.

4 Experimental Results

The proposed system was implemented using a commercial software package
(MATLAB). All experiments were performed on a server with Intel Xeon E5-2620
processor and 96 GB Ram. To evaluate the proposed system, three microscopic videos
for human sperm sample were selected. The video’s description is presented in Table 1.

The proposed system is designed to perform 2 main functions. The first function is
to count the pixel groups (Human Sperm) in every frame and display the count number
above the frame in real time as illustrated in Fig. 3. The average number of sperms is
calculated at the end of the video. The average number of sperm for the whole video is
94.3% accuracy with +2, −2 as the standard deviation for error if it is compared to the
manual counting.

The second function of the proposed system is to track every sperm and its
movements through the video by tracking it is previous x–y coordinates in the previous
video frames. Figure 4 illustrated a zoomed tracking for different sperm movement in
video frames.

The proposed system analyze the video frames in different frame rates. Figure 4
illustrated the movements of sperms in 25 frame/s. It can operate in 1 frame/s, but the
movements can’t be noticed and that will affect the whole performance of the system.
So, the preferable frame rate is above 15 frame/s to notice the movement of the sperms
and track them visually.

Table 1. Videos description used by the proposed system

Video name Duration (sec) # of frames/sec Quality

Video 1 93 25 1080p
Video 2 60 27 1080p
Video 3 28 30 1080p
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The proposed system achieved its goals to count the sperms in every frame and
calculated the average the sperm on the whole video. It visually tracks every sperm in
the video highlighting its path through the video sample.

5 Conclusions and Future Work

The counting and visual multitracking for human sperm is considered one of the
motivating topics of interest to researchers over the past 30 decades. The development
of computer-assisted semen analysis (CASA) has also attracted more researchers into
this field as those systems are applied in most of the laboratories across Egypt and even
worldwide. In this paper, a proposed system was introduced to count human sperm in
video frames. It counts sperm in every single frame in real time and calculates the
average count of sperm in the whole video with accuracy 94.3% and error +2 or −2
percent if it is compared to the manual counting. Also, the proposed system tracks
visually all identified sperm across the video and visually mark the sperm with a yellow

Fig. 3. Number of sperms in every frame

Fig. 4. (a) Sperm with fast movement, (b) sperm with medium movement and (c) sperm with
slow movement
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rectangle and draw blue dots for the previous x–y coordinates of sperm movement
across the previous video frames.

There is still a room for improvements as a future work for the proposed system.
The following future points are under open research and they are: (1) The intersections
of sperm movements, it will be visually hard to track; (2) Analyzing x–y coordinates to
detect the quality of the sperm by its speed, and (3) Improving the system to work with
low-quality videos.
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