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V1K 004.932.2
COMPUTERIZED SPERM QUALITY ANALYZER

Aleksandr I. Nikolskyy ¢, Yosyp Y. Bilynskyy? Alexander A Lazarev °,
Vladimir G. Krasilenko”
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®Vinnytsia Social Economy Institute, Vinnytsia, Ukraine;

B pobomi poszensuymo euxopucmanmns cucmemu Labview ons
asmomamu3zayii npoyecy aHaunizy AKOCmMi cnepmu. 3a cnepmozpamor mu
BUSHAYAEMO KIIbKICMb mMa PYXIUBICMb CHEpMamo30i0is, a mMaKoic
nomivyaemo Haukpawux. /s 6xiono2o 300paxcenHsi BUKOHYEMO NONEPeOHIO
00pobKy 0n151 noKpawjeHHs axocmi 300padicenHs. Pospobnena cucmema
nepeobauae 00pOOKY 8 peanbHOMY pedCUMi HYAacy 3 MONCIUBICHIIO
aoanmayii nio po3mip ma sAKicms CnepmMozpamu.

1. INTRODUCTION

Modern technologies of computer processing and image analysis [1-
3] can improve the quantitative and qualitative indices of the patient's
spermogram analysis. The main problem of tracking biological objects in
video stream is automatic finding them in each separate frame. When
analyzing moving biological objects recorded by digital microscope using
tracking algorithms, a large number of frames must be processed in the
images stream. Counting the number of selected objects in each frame to
determine the average of a standard set, usually 200 frames, and grouping
and clustering by different parameters, including shape, speed, location,
etc., are important subtasks [1]. And for each of these sub-tasks not only
dedicated optimal image processing algorithms adapted to specific
conditions, but the possibility to rearrange and integrate them easily into a
single tool environment are required. There are well-established approaches
to recognition of very noisy and correlated single objects [4, 5] and sets of
multiple objects [6], including moving ones [7], with simultaneous division
into clusters. However, they are all very diverse and poorly integrated into
single, flexible and configurable, and adaptive system or program.
Therefore, when choosing a tool for research, we settled on Labview as the
most powerful system-design platform and development environment for
a visual programming language by National Instruments. [8].
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2. EXPERIMENTAL STUDIES OF IMAGE PRE-PROCESSING
ALGORITHMS FOR EXTRACTION AND ANALYSIS OF
MULTIPLE BIOLOGICAL OBJECTS

One of the main objectives of research of tracking algorithm of
moving biological objects is pre-processing of frames in the stream to
improve the quality of their subsequent detection and tracking.

2.1 The algorithm of frames pre-processing, using morphological
tool and local threshold

To eliminate the problems described above, one of pre-processing
algorithms can be used (Fig.1). As shown in Figure 1a the original color
image in addition to the objects of interest, has many false objects and
complex background.

"

F
-

sy T, 4 . v i

a) Original Image RGB b) Color Plan c) Brightness: Alters

(32 bits) 1189%x619 Extraction: Extracts the the brightness (85),
color plan (RGB - contrast (53,7), and
Green plan) from an gamma (1,61) of an
image. image.

d) Gray e) Gray Morphology 2: f) Gray Morphology_3:
Morphology 1: Modifies the shape of Modifies the shape of
Modifies the shape of objectin an image. object in an images.
objects in an image. (Operation: Dilate — (Operation: Close -
(Operation: Erode - Structuring Element Structuring  Element
Structuring  Element square 3x3, Iterations - square 9x9)

cross 3x3, Iterations - 3)
4)
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9) Gray h) Threshold: Selects i) Basic Morphology:
Morphology 4: ranges of pixel values in Modifies the shape of
Modifies the shape of grayscale inanimage. binary objects in an
object in an image. (Local Threshold: image. (Operation:
(Operation: Open — Background Correction  Auto Median —
Structuring  Element Look For: Dark Object) Structuring  Element
square 9x9) square 7x7)

J) Adv. Morphology: k Color  Operators:
(Operation:  Remove Performs arithmetic and

border  objects - logical operations on
Structuring  Element images. (Operation:
square 3%3 - Multiply 255)
Connectivity 4/8)

Figure 1. The algorithm of frames pre-processing using a morphological
tool and local threshold, version 1

Preprocessing includes equalization of common luminance of the
image, elimination of the high frequency noise and various artifacts
(highlighting of the separate regions, gaps, fractures, etc.) in the original
image, contrast adjustments, threshold processing, binarization, and other
functional transformations. Preprocessing by one of the algorithms
presented in Fig.1 includes a set of tools described above, which enable
successive transformation of each image frame.

3. USING LABVIEW FOR REAL-TIME SIMULATION,
CLASSIFICATION, TRACKING AND MATCHING MULTIPLE
BIOLOGICAL OBJECTS

The main indicators of sperm quality are the number of
spermatozoons and their mobility. After preliminary image processing
using NI Vision Assistant and Fuction Practicle Analysis, we will count the
number of spermatozoa and determine their basic parameters. Fig. 2 shows
the input frame, the frame after preprocessing and the determination of
mobility.
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a)- Input frame with indicated best spems b) Frame after mobility analisys
Figure 2. Simulation results of spermatozoons analisys

In this example, the number of particles is 24, and the main
parameters of the first five particles, namely the position and size, are
shown in Table 1.

Table 1. Parameters of the first 5 particles after analysis

Object # [Center of Mass X |Center of Mass Y [Bounding Rect Diagonal [Perimeter |Max Feret Diameter|Area |% Area/Image Area
1 529,57426 24,40594 16,97056| 37,18959 14,42221| 101 0,04384
2 430,05806 27,90323 22,80351| 56,25136 19,31321] 155 0,06727
3 120,67442 49,81395 12,80625| 27,70276 10,19804 43 0,01866
4 220,13274 64,9469 18,02776]| 39,61967 15,52417| 113 0,04905
5 618,75281 66,94382 15,81139] 35,53274 13,60147 89 0,03863

To determine the motility of the spermatozoons, we perform a
logical sum operation on the frames. During the motion of the sperms, their
trajectories will be formed, according to which we can determine the
number of progressively fast moving (class A), the number of progressively
slow mobility (class B), the number of low active (class C) and fixed (class
D).

4.CONCLUSIONS

The tasks of real-time tracking of the dynamics of movement of
various biological objects are researched in the work. Specificity of these
objects, conditions of their visualization and model parameters strongly
influence the choice of methods and algorithms, which are optimal for a
specific task. Therefore, in this article, in order to automate the processes of
adaptation algorithm of recognition - tracking, we suggest frame pre-
processing algorithm using NI Labview tools and Vision Assistant.
Preprocessing included equalization of general background luminance of
the image, elimination of high-frequency noise and different artifacts
(highlighted areas, gaps, fractures, etc.) from the original image,
contrasting, thresholding, binarization and other functional transformations.
For further reconstruction, the moving objects in the image are enhanced
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by sharpening and processed by algorithms. The paper shows the
possibility of building frames preprocessing algorithms in the stream for a
number of biological objects. Counting the number of selected objects in
each frame to determine the average of a standard set, usually 200 frames,
and grouping and clustering by different parameters, including shape,
speed, location, are important subtasks there that are considered in this
paper. Modern computer processing and image analysis techniques will
improve the quantity and quality analysis of the patient's spermogram.
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