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Chapter 9 Al and Robotics in Animal Science

Al-based Image Recognition for Sperm
Morphology and Motility

Amit Kumar, Simson Soren, Sanjib Borah

Assisted reproductive technologies play a major role in animal reproduction and conservation.
Accuracy in semen analysis is an indispensable component for the success of Assisted
Reproductive Technologies, as male infertility may contribute up to 40 to 50 % of pregnancy
failure cases. The manual analysis of semen may be subjective, time-consuming, and error-
prone. It was improved by the introduction of a superior technique, the Computer-Aided Sperm
Analysis, which enhanced the examination of viability and kinematic parameters of
spermatozoa. Recently, artificial intelligence, especially integrated with deep convolutional
neural networks (DCNN), has depicted immense potential in enhancing the efficiency of semen
analysis. Such systems efficiently and speedily perform the objective analysis of sperm
morphology and motility through image recognition as they are trained with massive annotated
datasets through supervised learning.
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Introduction

Assisted reproductive technologies (ARTS) like artificial insemination, in vitro embryo production, embryo
transfer, intracytoplasmic sperm injection, gamete/embryo sexing, gamete/embryo cryopreservation,
gamete/embryo micromanipulation, somatic cell nuclear transfer, and genome resource banking are playing
amajor role in farm animal and wild animal reproduction. In the case of farm animal reproduction, ARTs are
playing a major role in enhancing economic returns by the rapid multiplication of highly productive farm
animal germplasm. The production and distribution of frozen semen from bulls of high genetic merit, coupled
with artificial insemination, is a breakthrough that has enhanced the pace of multiplication of highly
productive farm animals. In case of wild animal reproduction, ARTs are helpful in conservation of
endangered wild animal species (Ciani et al., 2008; Ciani et al., 2012).
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The success of artificial insemination technology lies in the correct and rapid analysis of semen samples from
male animals. Both male and female infertility may contribute to the pregnancy failure, but male infertility
may contribute to 40-50% of cases (Hirsh, 2003). Male fertility is highly significant in the case of farm
animals, as a semen sample from a male animal is used for artificial insemination in several thousand females.
Thus, proper examination of semen samples is important for the success of artificial insemination
programmes and other ARTs. However, the manual analysis of semen is time-consuming, as well as prone
to errors (Douglas et al., 2021).

Development of artificial intelligence (Al) in semen examination has shown potential to improve the process
of semen analysis, by enhancing the speed of semen analysis, as well as reducing the amount of error in
semen analysis (Baker and Xiang, 2023; Kakkar et al., 2025). The Computer-Aided Sperm Analysis (CASA)
system is one such technological advancement that is being integrated with Al-based image processing to
improve semen analysis. Artificial intelligence-based image processing has facilitated semen examination
through better sperm selection and the tracking of individual sperm cells. These techniques are highly
efficient with reproducible results. They facilitated the efficient analysis of sperm functional parameters, the
most important of which include motility, morphology, and DNA integrity, as well as helping to overcome
the limitations of manual analysis (Baldan et al., 2025).

Computer-Aided Sperm Analysis (CASA): the transformative advancement in semen analysis

The introduction of CASA since 1980 has led to a decrease in variability in semen analysis, and as a result,
semen analysis has become more standardized. CASA systems consist of computer software-based automatic
application of cameras to analyze the data obtained through microscopic evaluation of semen, and interpret
the results of semen parameters. They had been developed to provide accurate information about different
sperm functional parameters like sperm kinematics, concentration, and viability by means of continuous
image capturing through video cameras, their processing through video image digitization, and analysis
through computers. Their use spread throughout laboratories and clinical practice, reducing the time and
errors in semen analysis (Finelli et al., 2021). The first commercial CASA developed was CellSoft by CRYO
Resources Ltd in 1985, and the next CASA developed was HTM-2000 by Hamilton-Thorn in 1986. The
CellTrack system from Motion Analysis Corporation was a CASA system developed in the early 1990s. The
commonly reported sperm kinematic parameters by the CASA include: Total Motility, Progressive Motility,
Curvilinear Velocity (VCL), Average Path Velocity (VAP), Straight Line Velocity (VSL), Amplitude of
Lateral Head Displacement (ALH), Beat Cross Frequency (BCF), Straightness (STR), Linearity (LIN).
Motility is one of the main functional parameters associated with the fertility of spermatozoa. The important
motility parameters include: Total motility, defined as the ratio of the number of motile cells to the total cell
concentration, while progressive motility is the percentage of spermatozoa moving in the forward direction,
which is crucial for fertility. VCL represents the total distance travelled by the sperm (obtained by adding
point-to-point distances along the curved path) divided by the time. In contrast, VSL is obtained by dividing
the distance between the first and last points of the sperm path by the time taken, and VAP is obtained by
dividing the total smoothed average path (by neglecting the curves in the path), followed by the spermatozoa,
by the time taken. Presently, more than 12 CASA systems are marketed around the world; however, the most
popular one is the IVOS Sperm Analyzer of Hamilton Throne, along with the use of the Makler chamber and
Leja slide. It supports an image capture rate of 60 frames per second, which provides the highest level of
accuracy for analysing spermatozoa kinematic parameters, reducing errors, as well as allowing subjective
examination of semen (Sethi et al., 2021).

Www.cornousbooks.com 75



Al and Robotics in Animal Science

Avrtificial intelligence (Al) in semen examination

It has been reported that male factor contributes about 50% in infertility and pregnancy failure cases (Agarwal
et al., 2015). Regardless of several ARTs being used nowadays, the successful conception rates have not
increased over the past few years (Fauser 2019), and sperm selection can be implicated as a major
contributing factor in this (Oseguera-Lopez et al., 2019). When the semen sample is examined by the
embryologist, they cannot spend much time examining the entire semen sample. As a result, semen
examination largely depends on manual examination, which is subjective and error-prone, affecting the
success of ARTs (Barroso et al. 1999). Artificial intelligence (Al) has recently evolved as a solution to the
subjectivity, errors, variability, and delays in semen examination (Bormann et al., 2020). Application of Al
is highly useful in the analysis of pictures at a higher rate in terms of frames per second than the human eye,
as well as an enhanced ability to recognise different patterns during semen analysis (Stockman and Shapiro,
2001).

Al and machine learning algorithms have shown great potential in analysing sperm morphology according
to WHO-led criteria, which is helpful in ARTSs like ICSI and IVF. A deep neural network is an algorithm
structure that helps in semen examination, like the classification of normal sperm from stressed sperm (Butola
et al. 2020), and the prediction of pregnancy outcomes (Kandel et al. 2020). The efficiency of artificial
intelligence in analysing visual data is further enhanced by the application of deep convolutional neural
networks (DCNN). DCNNs mimic the human brain, especially the visual cortex, in analyzing the visual
data. They are highly advanced, fabricated similarly to the human brain, consisting of multilayered neural
networks (Mienye et al., 2024). DCNNSs are trained to recognise images by providing them with a large
number of annotated datasets, which is a part of supervised learning. Data is annotated through classification,
tagging, bounding boxes, etc., which is crucial in the training of DCNNs or machine learning (Hong et al.,
2017). DCNN models enabled Al to estimate and report the proportion of spermatozoa in the WHO motility
categories with significantly lower error than the baseline (Andersen et al., 2024). There is a requirement for
continuous training of these DCNN-integrated Al models with annotated datasets to further enhance their
efficiency in analyzing semen samples with higher accuracy and speed.

Conclusion

The shift towards Computer-Aided Sperm Analysis from manual microscopic semen examination represents
a significant advancement in enhancing the efficiency of semen analysis. The semen analysis process is
getting quicker, more accurate, and objective through the integration of Al into CASA systems. The
supervised learning of deep convolutional neural networks has shown an impact on further enhancing the
efficiency of Al-based semen examination. Consistent improvement of fertility outcomes in livestock and
human ARTSs requires continuous training of DCNN-integrated Al models with massive annotated datasets
to further improve the accuracy of semen examination.
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