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Abstract—We present a technique for visual tracking in the
field of Human Sperm motion. Application of sperm cell tracking
is mainly important in Intracytoplasmic Sperm Injection (ICSI),
a medical procedure that has enabled the In Vitro Fertilization
(IVF) of a single sperm which is injected directly into an egg. In
this paper, we consider the problem of tracking multi object in
video sequences of human sperms and developed Kalman Filter
based tracker. The problem for this research is that the many
object (sperm cell) appears at a time. Many cell sperms have
fast and unpredictable motility or movement. In addition, each
and every sperms have closely similar size and shape. To solve
this problem, we used point detection procedure for detect many
cell sperm. It is combined by Kalman Filter for prediction and
Hungarian Assignment method for create sperm movement track.
The experiment results were conducted on both open video data
and our own video data. Experiment results showed that the
proposed method can localize the many sperm cell and handle
our specific problem in human multi sperm cell tracking.
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Filter, Multi Human Sperm Cell Detection
I. INTRODUCTION
In-Vitro Fertilization (IVF) method is one of the most
popular techniques in assisting couples with infertility problems. This fertilization process can be conducted by putting
both of the egg and sperm cells inside a cup or glass-like
containers or by injecting the sperm to the egg cell by a process
called Intracytoplasmic Sperm Injection (ICSI). The fact is
success rate of IVF relatively low, around 30-40 %. These
failures are determined by many factors, including the quality
of the sperm used during the ICSI process. Furthermore,
characteristic of sperm movement or sperm motility is one
of the most important aspect to determine the quality of
the sperm. Human sperm quality assessment was provided
by World Health Organization (WHO) in 2010 [1]. Motility,
vitality and morphology of sperm cell are assessed as sperm
quality factor. According to those criteria, WHO categorize
sperm motility into 4 categories that can be seen in Table I.
Since we know that sperm quality assessment plays an
essential role in human fertility and animal breeding, and

TABLE I
H UMAN S PERM M OTILITY C LASSICATION B Y W ORLD H EALTH
O RGANIZATION (WHO) [1]
No.
1
2
3
4

Grades
A
B
C
D

Name
Rapid progressive motility
Slow progressive motility
non-progressive motility
Immotility

Movements µm/s
25
5 <speed <25
<5
No Movements

manual analysis by expert is very time-consuming, and in other
hand if we are looking for an accurate analysis to assess the
sperm quality, we also need a means of statistical analysis
that may not be achieved by visual assessment from human
or expert, so the automation of analyzing sperm motility is
necessary.
In the middle-1980, Andrologist introduced computerassisted semen analysis (CASA) [2]. This system predict
sperm motility and evaluated men fertility from general population. Unfortunately, CASA systems require substantial user
intervention to operate and remain prohibitively expensive.
In another way, Research of human sperm tracking has
been approached by some researchers. Human sperm motility
analysis from video data is one of the active research area
nowadays. The common problem that existed in this research
are sperm cell detection and tracking. Previous research by
Xiuzhuang Zhou et al [3] proposed an integration of Particle
filter and mean shift based mode seeking to efficiently capture
the uncertain motions of the sperm cells. Particle filter facilitates the tracking by exploring in state space of the target
distribution to avoid getting trapped in local optimal mode.
Mean-shift based local optimization aims at fast location of the
local optimal mode and facilitates the estimate of local optimal
orientation. Ravanfar et al [4] proposed sperm tracking method
based on Watershed segmentation and Particle filter estimation
which focuses on the sperm collision problem. The tracker
estimates motion direction of sperms regardless of sperm head
orientation and tries to employ morphological characteristics
along motion features in order to weight particles. The other

challenge in this research is the fact that every single sperm
cell has a similar shape and size, so with applying limitation
for search space in each frame can help us to solve this
challenge like Ravanfar et al [5].
Other research, Liu [6] utilize Kalman Filter to quantify the
locomotive behavior of human sperm heads and tails . Kalman
Filter are used for real-time tracking application [7],[8], [9].
Kalman filter reduce state kinematic model to estimate state.
Although there is no clear winner that consistently outperformed every other algorithm in every scenario, a Kalman
filter based approach using probabilistic data association is
most accurate overall.
In this paper we consider the problem of tracking multi
object in video sequences of human sperms and developed
combination detection method and prediction method using
Kalman Filter for the tracker.
The problem for this research is the motility or movement
of Multi Human Sperm that is fast and unpredictable. Furthermore, our video sequences of human sperms were taken by
low frame rate cameras which only has 20 fps for efficiency
storage for human sperm data record, so that the sperm-motion
more abrupt.
The remainder of the paper is organized as follows. Section
2 describes the background method that used in this proposed
method will be described. Basic concept of Kalman Filter and
Hungarian Assignment method will be provided. Design of
proposed method is described in Section 3. Experiments result
is presented in Section 4, and the performance of the proposed
method is evaluated for two real scenarios, one with open data
(good frame rate) and the other one with our own data (low
frame rate). The conclusion and further discussion as open
problem of this paper are briey discussed in the last section
of the manuscript.

After we know the requirement for multi sperm tracking.
The main objective of this research is to make a tracker that
can multi track cell sperm on low frame rate video, which
have abrupt motions robustly. We employed Kalman Filter for
estimate target position and Hungarian Assignment Method for
correct the estimate track of cell sperms. The brief description
about background methods are described as follows:
A. Kalman Filter
Kalman Filter is an optimal estimator, it predict state based
on series of measurement observed over time [10]. Kalman
Filter is developed by Rudolf E Kalman for filtering. Kalman
filter presume parameters of interest from indirect, inaccurate,
and uncertain observation. It run recursively so the new
measurement can be processed as they arrive. Kalman filter
is a part of Gaussian Tracker that is suitable for use in a
Gaussian Distribution [11].
In Kalman Filter, we have to build the model that suits
problems. The main equation is
1 + Buk + wk 1

(1)

(2)

xk (current state) may be evaluated using linear stochastic
equation 1. xk is linear combination of previous state (xk 1 )
plus control signal (u) and noise (w). In sperm tracking we
don’t use control signal.
The measurement value can be calculate by 2. It is a linear
combination between current state value and measurement
noise. A, H, B is general form matrices. After we get the
model, we estimate the mean and standard deviation of noise
function wk 1 and vk .It cause in real life there is no pure
Gaussian signal, we may assume it with some approximation.
Next step after we have the model is Kalman Filter process.
The process consist of two main stage : Time update (prediction) and Measurement update (correction). In the prediction
step, Kalman Filter produces the estimated current state with
uncertainties.
The step in time update is described as follows
1. Time Update(prediction) :
a. Project the state ahead
x̂k = Ax̂k

1 + Buk

(3)

b. Project the error covariance matrix ahead
P̂k = APk

1A

T

+Q

(4)

2. Measurement update (correction):
a. Compute the Kalman Gain
Kk = Pk H T (HPk H T + R)

1

(5)

b. Update the estimate next state after get measurement zk
x̂k = x̂k + Kk (zk
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xk = Axk

zk = Hxk + vk

H x̂k )

(6)

c. Update the error covariance
Pk = (I

Kk H)Pk

(7)

The process above run iteratively between prediction and
correction. The previous estimates will be input for the current
state. The x̂k is prior estimate and also P̂k is prior error
covariance. The prior value is used for measurement equation
5, 6, 7.
In measurement update we get posterior values. Equation 5
calculate Kalman Gain (Kk ) for estimate the next value. Then
we try to find x̂k (value we want to estimate in time k) in
equation 6. Also we get Pk which is necessary for the estimate
value in next time (k + 1) (equation 7).
B. Hungarian Assignment Method
Hungarian method or known as Munkres Assignment
Method is a combinatorial optimization algorithm which used
to solve assignment problem [12]. It is introduced by Harold
Kuhn. In 1957 Kuhn Munkress review this algorithm and
observed that is polynomial. Assignment problem deals with

assigning delivery jobs to path, worker to jobs, machine to
tasks, and so on. The goal is to get optimum assignment
We find optimal assignment for given nxn matrix with step
below
Step 1 . For each row, choose the smallest entry in each row
and subtract it with all the entries of its row.
Step 2. For each column, choose the smallest entry in each
column and subtract it with all the entries of its column.
Step 3. Make line through rows and columns which cover all
of zero entries in the matrix. The minimum number of line is
used.
Step 4. Test if optimal solution is reached.
Algorithm finish if minimum number of covering line is n
If minimum number of covering line less than n go to step 5.
Step 5. Choose the smallest entry that is not covered by any
line. Subtract it from each uncovered row and add it to each
covered column. Go to Step 3 again.
III. METHODOLOGY
The main pipeline of the our proposed method (sperm
tracker) can be seen in fig. 1. The process starts with gathering
video dataset of cell sperms. Then video will be divide into
sequence or frames image. The size of sperm cell image is 512
x 384. After that for each frame, we do multi sperm detection,
and then followed by multi sperm tracking. The detection
consist of noise reduction and intensity thresholding. The
tracking utilize Kalman Filter and Hunggarian Assignment
Method. Output of the propose method is sperm path or track
for each sperm. We also get the position and track distance. We
use Framework multi detection and tracking from Copyright
Student Dave’s Tutorials 2013. The tracker utilize Matlab
Image Processing Toolbox for some image processing standard
operation.
A. Multi-Sperm Detection
We detect the appearance of multi sperm by three stage :
background subtraction, noise reduction using 2-d Gaussian
Filter, and threshold in binary image. Detection process can
be seen in fig 2.
1. Image Noise Reduction using 2d Gaussian Filter
The first step of our detection stage is reducing noise in sperm
cell image. Image noise is caused by random electrical disturbance in video imaging system. This phenomenon manifested
in bad image whose has random light, dark pixels, pixel or
low contrast.
We know that there is many sperm in one image frame.
Moreover there is many unknown object that is noise allegedly.
We apply Gaussian Filter to reducing the noise.
Gaussian Filter is used to remove noise and detail. We have
to process image so we use 2D Gaussian Filter. This filter
form from two 1D Gaussian function.
x2 +y2
1
2s 2
e
(8)
2ps 2
s is standard deviation of the distribution. The distribution
assume have mean of zero. We represent the continuous

G(x, y) =

Gaussian function in discrete number / pixel. The Image is
convolving by the 2D Gaussian distribution function. We use
Laplacian of Gaussian to blob detection. the input image is
convolved by Gaussian Kernel.
2. Intensity Thresholding
Sperm Cell have pixel intensities different from background.
We can use threshold operation to find the sperm cell. Pixel
whose grayscale value exceeds will be accepted while the
pixel whose grayscale value are below threshold limit will
be rejected. This procedure produce binary black and white
image. The determination of the threshold depends on the
brightness of sperm cell image. If the threshold is too high,
then low contrast sperm will not be detected.Then if the
threshold is to low, the noise will distract the detection. The
noise will detect as sperm cell. We set threshold manually
based on experiment result. We decide 0.8 is the best threshold
in our sperm cell image and Kokopeli sperm image [13] (1 or
white is high contrast and 0 or black is low contrast ).
3. Point x-y Detection
We utilize imextrema function to find extreme
value in an image at pixel resolution (from
http://www.mathworks.com/matlabcentral/fileexchange/41955find-image-extrema/content/imextrema.m). The extreme value
is the location of sperm (coordinate of detected sperm).
B. Multi-Sperm Tracking
Sperm has been detected in certain frame. After that we
track the sperm using the Kalman Filter. The first we will set
up a model based on the available data sperm. Once the model
is created, we executed iteration of Kalman Filter prediction.
The prediction on frame n based on the location information
of sperm in the frame n 1. We need to define the value of
noise on sperm dataset. The noise can be assumed based on
the variability of how fast the sperm move, eg centimeters
.
second 2
Standard Kalman Filter performs poorly when tracking
multiple target in close proximity or whose paths intersect. It
derived assuming only two measurement hypotheses: either the
measurement originated from the target interest or originated
from cluttered. It is possible that some measurement are
cluttered. In multi tracking, utilize assignment method is an
alternative solution for different measurement and target. We
use Hunggarian Assigment Method for solving the problem.
We we assign the detections to estimated track positions. We
make the distance (cost) matrice between all pairs rows as
tracks(measurement), and column as detections (target). The
pseudocode of our multi sperm tracking can be seen in fig 3.
IV. RESULT
In order to evaluate our proposed method, experiments has
been done by using video data to track the movement of a
human sperm cell. The experiments are implemented on Intel
i5 2.50 GHz CPU with 4 Gigabytes RAM. Our experiments
are done by using two video data, the first data retrieved from
Dr. Cipto Mangunkusumo Hospital Lab (It have low frame rate
about 20 fps)[14] and the second data retrieved from Kokopelli

Fig. 1. Main Pipeline of Our Propose Method

Fig. 2. Flowchart of sperm detection process

Fig. 3. Multi Tracking Pseudocode

Technology [13]. We use 300 number of sperm cell image
sequence from two dataset. The challenges in our experiment
are fast motion of many sperm, abrupt motion due to low frame
rate, and partially occlusion between sperm during motion.
A. Qualitative Evaluation
We evaluate multi sperm detection before multi sperm
tracking. Fig 4 shows that multi detection method can detect
high frame rate dataset with a stable. The number of detected
sperm can either increases or decreases due to there are sperm

enter or exit to the frame. In fig 4 we detect 48 sperms in frame
#5, 47 sperms in frame #10, 49 sperms in frame #20, and 48
sperms in frame #40.
However, when viewed qualitatively there are some missdetection. Some noise are detected. We can say that detection
accuracy is about 90% with miss-detection under 10 %. In
low frame rate, we also successfully detect multi sperm. The
result can be seen in fig 5. We detect 2 sperms in frame #5,
26 sperms in frame #12, 27 sperms in frame #17, and 26
sperms in frame #40.

For multi sperm tracking we divide result into three part
: Tracking in Fast Motion Dataset, Tracking in Low Frame
Rate Dataset , and Tracking in Partially Occlusion. Overall
the experiment result shows that both video can be tracked
well.
1) Tracking in Fast Motion Dataset: This challenges can be
overcame well cause we can detect well many sperm in same
time by sperm detection. And the Kalman Filter and Hungarian
Assignment method based can track many sperm trajectory
well. But sometimes the estimated track less efficient. It cause
sperm move faster so it make farther track between current
frame and next frame. In fig 6, it show illustrated performance
of tracker facing fast motion challenge. In frame #5 sperms
is initial position. In frame #15 sperms had move away from
initial position and so on. Each sperm track is visualized by
color.
2) Tracking in Low Frame Rate Dataset: The challenge in
the form of sperm that move abruptly. This challenge becomes
difficult when many sperm moving abruptly. Our tracker can
successfully through the whole sequence. Fig 7 show the
performance of our tracker in handling abrupt motion of many
sperm moving. We can see in frame #5 sperm has not mowed
away. And in frame #50 we see that there are some sperm that
move actively.
3) Tracking in Partially Occlusion: Partially Occlusion is
the most difficult problem in this experiment. Our tracker
sometime can swap the tracking target between other sperm.
Hungarian method can handle this problem to assign the right
track for the right sperm.
V. CONCLUSION
Based on experiments that we had performed, we concluded
that the proposed method can perform multi human sperm cell
tracking on low frame rate video. Our approach is combining
multi detection method with Kalman Filter and Hungarian
Assignment Method.
For future work, there some parameter that we can tune.
In detection method we can explore more noise reduction
method. So we get more clear detection. We also can using
another assignment method like fuzzy Hungarian Assignment
method to get more accurate. Next work we have to calculate
some variable such as curvilinear velocity(VCL), straight-line
velocity (VSL), Linearity of forward progression (LIN), and
amplitude of lateral head displacement (ALH). That variable
is important to sperm quality assessment.
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Fig. 4. Result multi sperm detection in fast motion dataset

Fig. 5. Result multi sperm detection in Low Frame Rate dataset

Fig. 6. Result multi sperm tracking in fast motion dataset

Fig. 7. Result multi sperm tracking in abrupt motion dataset

