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ABSTRACT

Increasing interest, enthusiasm of sport lovers, and economics involved offer high importance to sports
video recording and analysis. Being crucial for decision making, ball detection and tracking in soccer
has become a challenging research area. This paper presents a novel deep learning approach for 2D ball
detection and tracking (DLBT) in soccer videos posing various challenges. A new 2-stage buffer median
filtering background modelling is used for moving objects blob detection. A deep learning approach for
classification of an image patch into three classes, i.e. ball, player, and background is initially proposed.
Probabilistic bounding box overlapping technique is proposed further for robust ball track validation.
Novel full and boundary grid concepts resume tracking in ball_track_lost and ball_out_of_frame situa-
tions. DLBT does not require human intervention to identify ball from the initial frames unlike the most
published algorithms. DLBT yields extraordinary accurate and robust tracking results compared to the
other contemporary 2D trackers even in presence of various challenges including very small ball size and

fast movements.

© 2019 Association of Polish Electrical Engineers (SEP). Published by Elsevier B.V. All rights reserved.

1. Introduction

Object tracking is a well-explored area of research. Any object,
its motion, and appearance have its own difficulty level in tracking
in presence of different challenges. High interest and economics in
sports offer high importance to accurate ball tracking. Continuous,
robust, and accurate ball tracking helps in taking crucial decisions
and identifying infringement over game rules during fast sports
activities. Thus, tracking of a ball is the most required but chal-
lenging machine vision activity in ball-based sports. Few common
challenges are occlusion, misdetection, shadowing, and changes
in object appearance and environmental condition. In addition to
the challenges in arbitrary object tracking, ball tracking is prone to
many additional challenges. Few of them include unexpected high
velocity of events, frequent occlusion of ball by players, changes
in ball size, shape, color, texture, and velocity. Additionally, sports
environment is inconsistent, dynamic, and unpredictable.

Soccer is the most loved and appreciated sport in the world [1].
Its popularity attracted many researchers to work on 2D and 3D ball
tracking for various applications. They include highlight extraction,
tactical and performance analysis, refereeing, shot classification,
event detection, content insertion, commentary assistance, etc. All
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these applications need instantaneous ball position and its track as
a reference. Thus, robust ball detection and tracking are important
and crucial tasks. A recent survey on ball detection and tracking [2]
presents the depth and breadth of this challenging topic.

Research work on tracking of ball in sports began in late 90’s.
Researchers at that time were interested in obtaining ball position
in 3D [3-5] more than ball detection and tracking [6,7]. Kalman
Filter (KF) was mostly used for ball tracking [8,9]. However, unsuit-
ability of KF for tracking non-linearly and dynamically moving
objects like ball, with changing appearance, decreased the tracking
performance. As a consequence, hybrid approaches started being
used which included Nearest Neighbour Data Association (NNDA)
[10] and Template Matching (TM) [11]. Small and less challenging
datasets resulted in their high quantitative performance. Mean-
while, Particle Filter (PF) was introduced for ball tracking due to
its capability to handle non-linearity. A few works [12-15] claim to
satisfactorily overcome problems like, varying scales, partial occlu-
sion, non-linear, non-periodic motion, etc. However, they could not
handle drastic changes in ball size, multicolored ball, and ball on
similar background. The track of ball was lost due to slow updation
of number of particles. TM has been extensively used for ball track-
ing [16-18]. TM was effective while dealing with a merged and
missing ball. However, many researchers [19,20] used only long
trajectory sequences in which the ball was most unlikely to miss.
Presence of ball-like objects in the background also leads to false
positives in such approaches. Offline ball tracking approaches like
Data Association (DA) was used for tracking only tennis ball in sim-
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Fig. 1. Basic architecture of CNN.

pler conditions [21-23]. Similar to DA, graph based approach can
handle occlusion for a very small duration. Ball missing for longer
duration may lead to tracking failure. None of the methods [24-26]
can handle size and shape changes of ball due to heavy occlusion
and high velocity.

Recently introduced methods [27-29] used energy function
optimization approach. They formulated the ball-tracking prob-
lem in terms of ball-player interaction [27,29] and introduced
physics-based constraints [29]. The approach in Ref. 29 is generic.
However, the processing time of this approach increases for bigger
fields like soccer. A single approach cannot guarantee the consis-
tency of performance across different sports. Both the approaches
[27,29] assigned ball position to the player possessing the ball. Very
recently, a supervised machine learning framework has been used
for real-time ball-position measurement [30]. The work in Ref. 30
trained their ball detection algorithm using appearance and motion
features for ball and no ball patches. Reno et al. [31] used Convolu-
tional Neural Networks (CNN) [32] for detecting tennis ball. They
designed and trained it, which is time consuming. It offered good
performance on the easy task of tennis ball tracking. Ball tracking
in team sports is much more complex [2].

The proposed algorithm cascades Intersection Over Union (I0U)
with a modified pre-trained CNN [32] for fast ball detection and
tracking. The interaction between ball and player is modeled using
bounding boxes. Ball position is assigned to a player only if he
occupies or occludes the ball. Database image patches are used
to train a modified CNN for ball detection using transfer learning.
The proposed algorithm handles the challenges like; automatic ball
detection, occlusion by players, ball track lost, and ball out of frame.

Further, Section 2 discusses the fundamentals used by the
proposed work. Section 3 presents the proposed 2D ball track-
ing algorithm in detail along with features and limitations of the
work. Section 4 presents the experiments and database. Section 5
describes the results, and their discussions followed by conclusion
and future scope in Section 6.

2. Learning paradigms

This section offers a brief overview on deep learning, basic archi-
tecture of CNN and transfer learning.

2.1. Deep learning

Deep learning algorithms learn data representations rather
than task-specific computations [32]. Its relation with represen-
tation learning, machine learning, and artificial intelligence is
described as Deep learning is element of Representation learning
next Machine learning and finally Artificial Intelligence [33]. Deep
learning helps computational models, with many layers, to learn

data with multiple levels of abstraction. These methods discover
intrinsic structures in huge datasets using backpropagation [34].
They also find out internal adjustable parameters to obtain repre-
sentation of one layer from its previous layer [32]. Deep learning
is divided into three major types of learning methods: supervised,
semi-supervised, and unsupervised [35,36]. More recently, rein-
forcement learning was also introduced [37]. Supervised learning
has been very popular so far. It requires a huge amount of labeled
dataset for training. The CNN takes an image as input and produces
a vectored and labeled output after training.

An objective function measures the loss between the output and
its true value. The model adjusts its weights using backpropaga-
tion [34] to minimize the objective function during training. A deep
learning system may have millions of such weights. Major applica-
tions of deep learning include image and pattern matching. A few
major deep learning architectures include CNN, recurrent neural
network, and recursive neural networks [38]. This work uses CNN.

2.2. Fundamentals of CNN

A basic architecture of CNN for classification, using supervised
learning method, is shown in Fig. 1. It consists of an input layer,
one or more convolution layers accompanied by non-linearity and
pooling layer (optional). This follows one or more fully connected
layers and finally a classification (regression) output layer. Incom-
ing images have the same size as input layer, while the output
layer neurons (k) are same as the required classes. Each convo-
lution layer is initialized with a set of inherent learnable random
Gaussian filters (weights), that extracts features from the previous
layer. The image patches of filter size (F x F) for each colour plane
are convolved with the randomly initialized Gaussian weight filter
matrices of the same size to obtain a convolution value (x).

Final feature detection filters for each layer are obtained by
successively updating the Gaussian weight matrices of each layer
during the process of training. For high dimensional data like
images, it is impractical to connect every neuron from current layer
to every other neuron from its previous layer. So, each current layer
neuron takes inputs from a small region(F x F)from its previous
layer. The region is called receptive field, whose spatial dimension
is same as filter size and is decided heuristically. Each filter has a
small height and width but larger depth. The filters convolve with
the previous layer and produce activations. Height and width of the
activation are computed using (1) [39]:

W2=(W1-F+2P)/S+1. (1)

Where, W1 and W2 are input and output volume size. F, P,
and S represent the filter size, amount of zero padding, and stride,
respectively. Each convolution layer has a non-linearity function
for range compressing the output of a convolution layer. Rectified
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Linear Unit (ReLU) implements the most popular non-linearity [40].
ReLU trains several times faster than other non-linearity functions
[41].1t has a transfer function f(x) = max(0, x) for inputx. It does not
require input normalization for preventing from saturating. Still,
Local Response Normalization (LRN) is sometimes used after ReLU
for generalization [41]. If a kernel i is applied at position (x, y) of an
input volume and its activity is denoted bya!, ,,, the ReLU outputb, ,
is given by (2) [41]. If n is the number of adjacent kernel maps over
which the sum is taken and N is the total number of kernels in the
respective layer:

B
(@,,)

min(N-1,i+n/2)

D

Jj=max(0,i-n/2)

(2)

bi,=d /| k+a

Pooling layer may be periodically inserted between successive
convolution layers. Inclusion of pooling layers reduces the spatial
size of the representation, the number of learnable parameters and
controls over-fitting.

Max operation is mostly preferred also for pooling layer. Height
and width of the output of pooling layer is computed using (3) [39]:

W2 =(W1-F)/S+1. (3)

Same parameter definitions as Eq. (1) are used in Eq. (3). More
the number of convolution layers, more the amount of abstraction
learnt. Output of the last convolution layer is vectorized for use by
fully connected layers. The size of the last fully connected layer is
equal to the number of classesk. A very popular cross entropy loss
function is used as in Eq. (4):

n k
E(0) = _ZH ZH tj Iny;(x;, 0).

Where, f represents weights and biases parameter vector, target
t; indicates that i input belongs to j class and yj(x;, 6) is the
probability with which the CNN associates input i to class j,P(t; =
1 | x; ). Normalized exponential [42], i.e. softmax (5), is the output
layer transfer function:

(4)

ear(x)
Ef:l e’

Where, 0 <y, <1 ade:f:1 yj = 1. Forward pass includes pro-
cessing the data from input layer to output layer. The loss is
computed between the predicted and true values. Backpropaga-
tion [34] updates the CNN parameters using Stochastic Gradient
Descent with Momentum (SGDM) algorithm [43]. Conventional

yr(x) = (5)

-

Fig. 2. Sample images from the ball-player-background dataset (a) balls; (b) players; (c) background.

L

Stochastic Gradient Descent (SGD) algorithm gets trapped at a local
minima. Adding a momentum term as in Eq. (6) escapes it [43]:

(6)

Where, 0 is the parameter vector, | represents the iteration num-
ber and o > 0 represents the learning rate of the network. VE(6)
is gradient of the loss function and y represents the contribution
of gradient from previous iteration to the current iteration. A mini-
batch, i.e. a subset of the complete dataset is used for training CNN
to save time without compromising performance. A single pass
of evaluation of gradients using a mini-batch is called iteration.
When all the training samples pass through the network once, it is
called an epoch. After a suitable large number of epochs, the CNN
is considered trained. It is then performance evaluated on the test
sets.

Or1 =0 — o VEO) + y(0; — 61_1).

2.3. Transfer learning

Transfer learning is the technique where a part of any connec-
tionist network, that has learned one task, can be reused for other
similar task [44,45]. Transfer learning replaces the last few layers of
a pre-trained network with new untrained layers. A related labeled
dataset is used to train the modified network. During training,
parameters of only the new layers are trained, whereas parameters
of the retained layers are refrained from training. Transfer learning
is advantageous than learning a complete network from scratch.
Transfer learning involves tuning less hyperparameters and train-
ing only newly added layers to save time.

3. Proposed work

This section presents a detailed description of the proposed
work including offline training of CNN using transfer learning, auto-
matic ball finder, bounding box overlap for tracking, concept of
grids and all other modules of the proposed 2D ball detection and
tracking algorithm.

3.1. Offline training of CNN

We propose a CNN architecture designed by modifying the
Visual Geometry Group (VGG) at University of Oxford, named VGG-
M [46] network for ball detection followed by its training. This
sub-section also offers an insight into generation of our ball-player-
background dataset.
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Fig. 3. Modified architecture of VGG-M CNN.

3.1.1. Dataset generation

Due to unavailability of dedicated dataset of ball and players,
we designed our own dataset using images cropped from online
available and our own soccer videos. We cropped 1500 images
for each class, i.e. ball, player, and background. We deliberately
used images of only soccer ball. For players, we cropped images
of only soccer players playing in the field. For background class,
we obtained the images of soccer playfield and stands. For robust
training, we selected the class objects of all size, shape, and colour.
Figure 2 shows a few samples of all the three classes. We deliber-
ately included images of blurred and occluded objects to train the
CNN better, make it a robust classifier, and avoid over-fitting.

3.1.2. Proposed CNN architecture and training

VGG-M is one of the smallest CNN, originally designed for image
recognition and object detection [46], whose pre-trained weights
are publically available. Since, only three classes are required, small
CNN is enough [47]. Smaller size corresponds to less number of
layers, less number of learnable parameters, less computation time
and eventually higher speed. VGG-M takes an input image of size
107 x 107 x 3. It has five hidden layers with three convolutional
and two fully connected layers. All the three convolution layers
have ReLU. First two convolution and RelLU layers are followed
by LRN and max pooling layers. The LRN and pooling layers are
discussed in Section 2.2. VGG-M CNN is originally pre-trained on
ImageNet dataset [48] with 1000 object categories. Here, we have
three classes viz., ball, player, and background. We replaced the
last three layers of VGG-M with two fully connected layers and one
classification layer, with the lengths of 512, 256, and 3, respectively
as in Fig. 3. First two fully connected layers have ReLU.

We choose the lengths of fully connected layers experimen-
tally. The last output classification layer of length 3, represents the
three classes. Softmax layer follows last fully connected layer. In
the proposed VGG-M CNN, we used (1), for calculation of all the
convolution layers’ dimensions. We used hyperparameters of the
already trained VGG-M network for object detection, in the pro-
posed ball detection algorithm, using transfer learning. Thus, 96
filters of 7 x 7 x 3 dimension (F = 7), filter shift stride (S = 2) and
no zero padding (P = 0) were used for computing dimension of CL1,
from input layer as suggested in Ref. 46. For computing output of
max pooling layer at CL1 and CL2, we used (3) withF = 3,5 =2,
andP = 0. For dimensions of CL2, we used 256 filters, with, F =5
S =2, and P = 0.. Finally, for dimension of CL3, we used 512 filters
withF = 3, S =1,andP = 0. Figure 3 shows the modified architec-
ture.

We used SGDM optimization algorithm to minimize loss func-
tion in Eq. (4) on the modified VGG-M network. The network

parameters update is done using mini-batch of 100 training sam-
ples from the training dataset. We experimentally selected a
learning rate of « = 0.01 for the newly added layers and the other
layers from trained at infinitesimal learning rate ofor = 0.00005.
This setting helps to train the newly added layers faster than the
earlier ones due to large difference in the learning rates. Further,
we train the CNN using our ball-player-background dataset divided
in a ratio of 70:20:10 for train, validation, and test set. The process
repeats until either the network is converged using loss function
threshold or predefined number of epochs (100 in our case) is
reached whichever is earlier. We obtained the validation accuracy
of 98.44% and test accuracy of 98.89% for the CNN in Fig. 3.

3.2. Proposed 2D ball detection and tracking algorithm

The trained VGG-M is employed for ball detection and classifi-
cation in the proposed algorithm. This sub-section offers a detailed
insight into the proposed preprocessing algorithms for blob detec-
tion of moving objects. The proposed novel techniques for removal
of all false blobs followed by the robust ball tracking are presented
subsequently.

3.2.1. Initialization and blob detection

Initialization and pre-processing is the first module in the pro-
posed algorithm. It includes initialization of constants and CNN.
After initialization, the first frame from a video sequence is taken as
input. Here, ROW and COL stands for number of rows and columns
of the input frame. We use a novel background modelling approach
for ball detection. The proposed fast background modelling algo-
rithm works in two steps: the first step takes incoming SIZE1 frames
to form a stack. It takes a temporal pixel-position median of the
stack to obtain a single median frame, pushes it as the first entry to
the second stack of SIZE2 frames and clears the first stack. Subse-
quently, the next SIZE1 frames can enter the first stack to repeat the
same process and obtain the second entry to the second stack. Thus,
SIZE1 x SIZE2 frames are required to fill the second stack completely.
The second step involves taking again the similar median of the
available frames of the second stack. The median of the second stack
serves as the background for frames until next turn of the second
step. The background obtained after this process is the final back-
ground for the future frames until the end of sequence. It must be
noted here that this background modelling technique is applicable
only to fixed camera videos. Unlike successive frame differencing,
this technique offers much robust blobs of moving objects. Back-
ground pixels are obtained using the background modeling as in
algorithm 1.
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Algorithm 1: Median filtering background modeling

Input: SIZE1, SIZE2,ii =1, jj =1, TEMP1:= zeros(ROW x COLx3, SIZE1), TEMP?2 = zeros(tROW x COLx 3, SIZE?).

Output: background frame

if i <SIZE1x SIZE2
TEMPI(:, ii) := vectorize(i" frame)
if ii = SIZE1
ii=0
TEMP2(:, jj) := median (TEMP1)
TEMP = median (TEMP2(:,1: jj))
background = reshape (TEMP,[ROW,COL,3])
=+l
end if
ii=ii+1
end if

The current frame is subtracted from the obtained background
frame using algorithm 1. A bi-thresholding operation is carried
out on the three channels of the frame difference separately using
an experimentally derived threshold (0.07). The three thresholded
binary channels are logically ORed to yield a single binary image
representing moving blobs by logical 1 bits. Blobs of size within
the preset range (7x7 and 125 x 125 pixels) are retained whereas
others are neglected. Morphological operations, dilation and holes
filling are carried out further using a disc structural element of a
radius of 2 pixels. This joins the entities like leg blobs and hand blobs
with torso blob of the players to yield complete player blobs along
with ball blobs. Area, bounding boxes, and centroids of the blobs
(ABG;) in current processed frame (i) are used further. All the bound-
ing boxes are inflated using experimentally decided SWELLBY pixels
on each side to obtain bounding box overlapping for tracking the
closest ball and player(s) together. Further, the CNN is used for
classifying all the blobs of it" frame into ball, players, and back-
ground classes. Further unwanted blobs, that are outside the circle
of CENT;_; centroid and RAD radius of the previous ball or player
blob are removed. The algorithm checks whether the conditions
ball track lost or ball out of frame exist by checking the respective
grids till the ball is found to continue tracking. The abnormal sized
blobs are neglected as they may not be ball or players.

3.2.2. Automatic ball finder (ABF)

We invoked this module during initialization just after detection
of all ball blob candidates. The proposed ball-tracking algorithm
uses this module for ball detection. Once the ball is detected and
validated,ABF flag Automatic Ball Finder (ABF) flag is reset to skip
revisiting this module further. The proposed module automati-
cally finds the ball unlike other arbitrary object tracking algorithms
[49,50] which take the ball either manually or from Ground Truth
(GT). Detection in every frame by other trackers results in increased
computational overhead. However, in our approach, we incorpo-
rated automatic ball finder. This module searches the ball in initial
frames of the input video sequence. After it finds the ball, it validates
the ball automatically and starts tracking until it is lost, to save com-
putations. This module, shown in algorithm 2, learns the initial ball
to be tracked at a reasonable computational cost. Here, SF;, CENT;,
and BBOX; denote status flag of the event, centroid, and bounding
box of ball in ith frame, respectively. AREA and dBall denote blob
area and blob diameter. If a ball candidate blob is available inM
consecutive frames of a video, it may be a true ball. A ball can-
didate is considered a validated ball if the inflated ball candidate
bounding box overlaps maximum with that in the previous frame.
This is further validated, if this overlap is non-zero for previous
Mconsecutive frames forming a trajectory to indicate the true ball.
If a true ball is detected,BBOX;, CENT;, and AREA are updated and
boundary grid(BGRID) and full grid(FGRID) are obtained for further
use.

Algorithm 2: Automatic Ball Finder
Input: ABC,of the blobs, BBOX, ,, ROW, COL
Output: ABFF, SF,, BBOX,, AREA, dBall, RAD, BGRID, FGRID
ABCBull; .= ABC,(ball)
if ABCBall; + {¢p}
SF, =1
if SF,_ =1
if (BBOX,_, N ABCBall,) = {p}
BBOX, := bounding box of max (BBOX,_, N ABCBall,)
CENT, := centroid of max (BBOX,_, (1 ABCBull,)
if ZL:i*MH Sl:k = M
ABFF =0
Obtain ARFEA, dBall & RAD from BBOX, .
Obtain BGRID & FGRID from ROW, COL,& BBOX,

end if
end if
end if
BBOX, = bounding box of ABCBall,
else
SF, =3
end if

3.2.3. Intersection over union for ball tracking

Conventional object tracking by detection in every frame is com-
putationally very heavy. In this work, we propose a novel concept of
ball bounding box overlap for tracking a ball using spatial Intersec-
tion Over Union (IOU). IOU also known as Jaccard index or Jaccard
similarity coefficient metric [51] is a measure for comparing simi-
larity and diversity of sample sets. It is a ratio of intersection of the
bounding box in the previous frame and the predicted bounding
box in the current frame to their union as in (7):

- |BBAmBBB| - |BBAmBBB|
B |BBa U BBg| B |BBa| + |BBs| — [BBA N BBp|’

oU (7)

where, BB, and BBg are areas of bounding box in the previous
frame and the current frame. Further, N and U are intersection and
union in terms of number of pixels represented by| |.IOU has so far
been used on randomly selected image patches [47] for tracking.
But mainly it is a performance measure for detection and tracking
algorithms [49,50,52]. The proposed work uses it on moving ball
blobs which are very small in number compared to the random
image patches unlike [47]. This does not require the mathemati-
cal or physics model ling of the ball candidate trajectories. A priori
knowledge of maximum ball speed, camera distance from the ball,
and the frame rate of the video sequence are sufficient to decide the
factor by which the true bounding box of the moving ball is to be
inflated. Ball is the fastest object in soccer that may travel as fast as
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Fig. 4. White dot with red bounding box shows the tracked ball, other white dots
denote previous ball positions, yellow circle indicates region of the ball search for
next frame, and yellow lines indicate ball trajectories. Yellow bounding box repre-
sents inflated bounding box.

129 kmph [53]. The inflated bounding boxes of the true ball from
the previous and the ball candidates from the current frame are
tested for overlap. In case, more than one ball bounding box can-
didates overlap, the maximum overlap bounding box indicates the
true ball position. If the overlap (intersection) is non-zero ( # ¢),
then the ball is considered successfully tracked at the respective
position. The same principle is applied for the ball in previous frame
and player(s) in the current frame and vice versa. Figure 4 explains
the concept of using bounding box overlap for ball tracking. The
ball positions from six consecutive frames form a trajectory. The
inflated bounding boxes overlap each other even if the true bound-
ing boxes do not if the bounding boxes are inflated enough. This
simple and elegant concept of bounding box normalized intersec-
tion in the successive frames offers a very robust and accurate
tracking algorithm at much less computational cost compared to
the conventional tracking algorithm.

3.2.4. Ball tracking module

As discussed in Sections 3.2.2 and 3.2.3, a ball is tracked using
the bounding box overlap implemented using IOU. In this module,
the filtered ball blobs (ABCBall;) of current frame (i) are checked
for spatial overlap of the bounding boxes with that of the previous
frame ball (BBOX;_;). Parameters like BBOX;, CENT;, and RAD are
computed using the maximum IOU position in the current frame. In
case of ball_track_lost and ball_out_of_frame the ball blob candidates
may be detected using any of the grids; FGRID and BGRID. Here,
FGF and BGF are full grid and boundary grid flags, which denote the
activation (set) and deactivation (reset) of the grids. Once we obtain

the true ball bounding box, we set the status flag SF; as ball track
continued and deactivate both the grids. The ball tracking module
is presented as algorithm 3. Results are shown in Fig. 4.
Algorithm 3: Ball tracking module
Input: ABCBall, of the ball blobs, BBOX, ,, FGF, BGF
Output: SF,, BBOX, ,, AREA, dBall, RAD
if ABCBall, # {¢}
if BGF =0 AND FGF =0
temp = (BBOX,_, (N ABCBull,)
else if BGF =1 AND FGF =0
temp = (BGRID () ABCBall,)
else if BGF =0 AND FGF =1
temp = (FGRID(\ ABCBall,)
end if
if temp = {@}
BBOX, =bounding box of max(overlap of ABCBall,)
CENT, = centroid of max(overlap of ABCBall,)
SF, =1
Inflate BBOX, by SWELLBY pixels on all sides
Obtain dBall and RAD
BGF :=0.FGF =0
else
ABCBall, = {¢p}
end if
end if

3.2.5. Player tracking module

If ball blobs are not detected in the search, then the control
is passed to the player-tracking module assuming that the ball is
occluded. The control can also be passed to this module if at least
one player is present inside the search region (in circle of RAD
radius) and both the grids are deactivated. If the ball is occupied
or occluded by player(s), the player blob(s) are tracked using same
method discussed in Section 3.2.3; the ball blob check also contin-
ues. Whenever the ball has an isolated blob, it is tracked further
and the player track is discontinued. The new ball position is used
to obtain parameters BBOX;, CENT;, andRADas in Fig. 5(a).

The player blobs of the current frame are checked for overlap
with previous ball (or player(s)) to detect the probable ball position,
as in Fig. 5(b). In soccer, it is difficult to identify which player(s)
is(are) possessing the ball. Hence, a bounding box is fit on all the
near-by players suspicious of occluding the ball as in Fig. 5(c). Player
tracking module is presented in algorithm 4.

Fig. 5. (a) Red bounding box shows the player position; (b) Red bounding box show most probable players who may occlude ball.
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Algorithm 4: Player tracking module
Input: ABCBall,, ABCPlayers,, FGF, BGF, BBOX,,.
Output: SF,, BBOX, ,CENT,, AREA , dBall , RAD.
it ABCPlayers, = {¢p} &8& ABCBall, — {p} && FGF — 0 && BGF =0
temp = (BBOX,_, () ABCPlayers,)
ABCPlayers,(~ temp) = {¢p}
if ABCPlayers, = {¢p}
Form a region with players suspect of ball occlusion
Obtain BBOX,, CENT;, and RAD from it
SF, =2
if Zkzi—PA’l‘Hl (SF, =2)=PAT1
FGF =1
end if

end if
end if

During occlusion, status flag (SF;) is set for players, which
denotes the ball is occluded or possessed by the player(s). If only
a player(s) is detected for PAT1 previous frames and no ball is
detected,FGRID is activated and theFGFis set. The grid remains
active until true ball is detected.

3.2.6. Bounding box grid module

Grid is a mesh-like structure made up of connected rectangles
of size four times that of the true ball bounding box. The two grids
viz., FGRID and BGRID are shown in Figs. 6(a) and 6(b). . FGRID is
spread over full frame. It identifies and resumes ball tracking if it is
lost due to either presence of false positives or long time occlusion.
BGRID detects ball_out_of_frame situation and keeps on looking for
ball at boundaries in the successive frame(s).

Even after the ball is lost, the moving objects blob spatial posi-
tion detection continues as in Section 3.2.1. All the blob positions
are classified as ball or player blobs. If neither ball nor player posi-
tions are found in the current frame, the control passes to the grid
module where the grid activation is checked. IfFGRID is activated,
the SF; is set to ball_out_of frame and the ball is searched in the
entire successive frames. Detected player and background blobs are
neglected using the CNN classification of the corresponding resized
patches, while all the ball blob candidates are detected as possible
ball positions. If it is stationary, it is not a true ball position and will
be neglected in the subsequent frame. The next position among
the newly detected ball positions in the next frame will be consid-
ered for checking a true ball location further. This continues until
true ball position is found. FGRID remains active until true ball is
found in PAT 2 frames, after which FGRID is deactivated and BGRID
is activated assuming that the ball has gone out of frame.BGRID
continues to remain active until the true ball is found, after which
it is deactivated. Another case in which the BGRID is activated is
the bounding box of the ball was overlaps the BGRID locations and
subsequently the ball is lost. It is assumed that the ball is out of
frame. The algorithm keeps a close check on player(s) near to the

ballin theBGRID, by tracking their blobs and trying to detect the ball
around the player blobs. The player may occlude the ball and take it
back inside the frame while the algorithm may activate the BGRID
and set SF; as ball out of frame. If a player occupying or occluding
the ball also leaves the frame, it is considered that the ball is out of
frame. The module is presented in algorithm 5.

Algorithm 5: Bounding Box Grid module

Imput: FGF , BGF , BBOX, |, SF,.

Output: FGF, BGF, SF,.

if SF,=0
if FGF =1
SF, =3

i (% puraa (ST, =) = PAT2

FGF =0,BGF =1.
end if
else if BGF =1
SF, =3
else if BGF =0
temp = (BGRID(\ BBOX, ;)
if temp + {p}
SF,:=3,BGF =1
end if
else
SF, =3, FGF =1
end if
end if

3.2.7. Flow diagram of the complete algorithm

All the above-mentioned modules are organized to form the
proposed ball detection and tracking algorithm as algorithm 6.
The proposed algorithm performs the task of 2D ball tracking
from a soccer video sequence obtained from a stationary camera.
Here,ROW, COL, and numFrames represent the row, column, and
number of image frames of the input video sequence, respectively.
The proposed 2D ball detection and tracking flow diagram is shown
in Fig. 7.

3.3. Novelties in our approach

The proposed ball-tracking algorithm is able to robustly track
soccer ball of any size, appearance, and texture moving with high
velocity. We first time proposed a modified VGG-M CNN trained to
classify ball, players, and background classes using transfer learn-
ing. It not only detects and tracks the ball but also the potential
player(s), occupying it, until the ball reappears. Thus, it elegantly
models ball player interaction.

We used a novel robust 2-stage median filtering background
modelling technique for extracting moving objects by modeling

Fig. 6. (a) Full grid; (b) Boundary grid.
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Fig. 7. Detailed flow diagram of the proposed DLBT algorithm.

object-free background from video frames itself. The proposed
algorithm exploits the performance measure IOU for ball and player
detection and tracking. This simple concept has made the otherwise

slow and difficult task of ball tracking under long-term occlusion
possible. The proposed algorithm does not need any ball bound-
ing box in the first frame, unlike other trackers. It finds a true
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ball on its own and tracks it further. The proposed CNN is pre-
trained using earlier frame patches and not a single frame from
the current recording is used for training, unlike other contempo-
rary algorithms. The CNN is trained robustly enough to handle ball
track lost, ball out of frame, false positives situations, and resume
tracking using the novel concept of grids. The problem of partial
occlusion is handled by predicting the most tentative ball position
by tracking a player occluding the ball. The proposed algorithm
achieves an overall speed of 10 frames per second(FPS), which is
enough for most of the real-time decisions.

The modified VGG-M network is trained using a mini-batch size
of 100 sample images, 100 epochs, global learning rate of 0.0005,
and learning rate of 0.01 for new layers [47]. Increasing the epochs
even to 300 does not increase its robustness or accuracy.

In the proposed median filtering background modeling algo-
rithm 1, we experimentally selected values 15-25 for SIZE1 and
SIZE2. Smaller value of SIZE1 results in more pauses during back-
ground modeling. Its larger value results in presence of false blobs.

Algorithm 6: Proposed 2D ball detection and tracking algorithm

Input: Video frames, Load GT,

VGG-M CNN,

Initialize constants

SIZE\, SIZE2, TEMP1, TEMP2, SWELLBY, BBOX, CENT, ROW, COL,numFrames.

Output: SF,, BBOX,,CENT,.

Recursion:
for all i €{1,2,....,numFrames} do

Read " frame
Obtain background image- Algorithm 1.

diffimage, .= |backgr0und —i* /mme|
Threshold diffimage;into binaryimag e,
Morphologically convert binaryimag e, into blobimage,
Get AREA, BBOX,, & CENT, of blobs from blobimage, into ABC,
it ABC, # {0}
Inflate all blobs by SWELLBY pixels
Classify the blobs using VGG-M CNN
if ABFF —1
Find ball- Algorithm 2.
else if ABFF =0
if BGF =1
Remove blobs not on BGIRD
else
Remove blobs outside RAD radius circle
end if
end if
Obtain ABCBall, and ABCPlayers, from rest blobs
Compute true ball parameters- Algorithm 3.
Compute player blobs parameters- Algorithm 4.
Check for grid activations conditions- Algerithm 5.
end if
end for

3.4. Limitations of our approach

Our approach has few limitations. The algorithm offers high
robustness when the foreground is of smaller size compared to
the background. When the ball blob and a blob of a player wear-
ing similar color uniform, with similar sizes, touch each other,
the algorithm fails momentarily. Nevertheless, the tracker resumes
tracking when the ball blob assumes its actual shape and size and
gets isolated from the player blob. The stands region is the potential
source of false positives and noise. In this approach, we masked the
stands region, thereby, losing track of the ball when it goes in or flies
through the masked region resulting in reduced accuracy. Since
the algorithm focusses on ball tracking, it does not track individual
players very precisely. It tracks only potential ball snatcher(s).

4. Experiments and database

Two versions of the proposed algorithm are used for per-
formance evaluation and benchmarking. Version 1 includes the
initialization cum pre-processing, ball tracking, and player track-
ing modules for benchmarking. This version requires ball bounding
box as an input. Version 1 is benchmarked with Multiple Instance
Learning (MIL) [49] and Kernelized Correlation Filter (KCF) [50] in
Section 5.1. Version 2 has module, and grid module in addition to
version 1 modules. Version 2 also has ability to search the lost ball
during tracking and resume tracking after the lost ball is found.

This causes incorrect computations of area, bounding box, and
centroid of each blob. The SIZE2 parameter prunes out minor differ-
ences between frames in SIZE1 buffer. We selected size 18 for SIZE1
and SIZE2 buffers. Thus, a robust background model is obtained
after the first SIZE1 x SIZE2 frames of the video sequence.

We thresholded the difference frame by a value 0.07. Small
structural element is selected for morphological operations as mov-
ing objects in each frame are very small. We choose a disc shaped
structural element with radius 2 pixels to avoid too much dilation.
We pruned very small (7 x 7 pixels) and very large (125 x 125 pix-
els) blobs that may be neither a ball nor player(s). We inflated the
object bounding boxes on all sides by SWELLBY pixels. We chose
SWELLBY = 20 and RAD = N x dBall, heuristically. dBall is true ball
diameter. When a player is occluding the ball, it is found mostly at
the boundary of player blobs. Therefore, we limit the search circle
radius to RAD = max(ballHeight, ballWidth) pixels, heuristically.

We evaluated our algorithm on ISSIA dataset [54] that has six HD
(1920 x 1080)videos taken by six stationary cameras set on a single
play field, at 25 FPS. Since, this dataset is designed for player track-
ing, ball is not present in many frames. The videos offer challenges
like; partial occlusion, long-term full occlusion, two balls appear in
same frame, noisy stands and boundary regions, ball out of frame,
and player uniform color. To handle noise and misdetections from
the non-field regions and billboards, we masked them and ball is
not detected in these regions. This leads to a slight decrease in the
performance compared to the other algorithms.
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Fig. 8. Results of the proposed DLBT algorithm (Version 2), (a) Precision curves Tracking accuracy), (b) success curve.

Table 1
Comparison of the Proposed Algorithm (Version 1), MIL, and, KCF.
Sequence # of fr. MIL[49] KeF(50] F\;Zf;i,idn
PE 10U PE 10U PE 10U
filmrole1l 224 24564 012 31916 009 1252 0.52
filmrole12 156 342,12 0.02 49929 0.13 22.68 033
filmrole13 95 1068.7 0.01 1169.7 0.01 1207 0.50
filmrole14 204 820.11 001 94584 0.01 15.63 0.58
filmrole21 304 430.83 0.01 41432 0.00 1825 0.38
filmrole22 614 - - 1095.1 0.00 269.1 0.26
filmrole31 125 97.92 0.08 16.57 0.70 2.54 0.71
filmrole32 104 56.79 0.01 10032 0.01 57.85 0.26
filmrole33 235 19323 0.03 36657 0.10 59.03 0.37
filmrole34 661 - - 207.84 0.10 18.63 048
filmrole35 72 32639 002 33222 002 13.78 0.64
filmrole41 48 698.27 0.03 49493 033 32 0.71
filmrole42 117 549.05 0.01 57797 0.01 3748 035
filmrole43 276 - - 62593 0.00 62.79 0.50
filmrole44 377 47480 0.01 36438 0.06 255.1 0.27
filmrole45 133 506.35 0.01 51248 0.01 3.95 0.75
filmrole46 210 671.63 001 34782 037 16.75 0.51
filmrole51 191 14331 0.03 69139 0.00 3035 043
filmrole52 81 236.57 0.02 276.64 0.01 24.02 038
filmrole61 220 11913 0.01 1287.7 0.00 1424 0.63
Weighted Avg. 479.63 0.03 56043 0.08 7824 044

* Results of MIL are not available on filmrole22, filmrole34 and filmrole43.
Comparatively better results are highlighted in bold.

5. Results and discussion

This work used MATLAB 2018a on a 64-bit Windows 10 i7
machine, 32GB RAM, and NVIDIA GTX1050Ti GPU.

5.1. Version 1

Since, only ball centroids are available in GT videos, 25 x 25 size
of the reference GT bounding box is considered. Twenty sections
of the six ISSIA sequences were selected, so that ball is present in
all frames. Benchmarking of the proposed algorithm with MIL and
KCF is presented in Table 1 in terms of Position Error (PE) and IOU.
Version 1 out rightly outperforms both the trackers. KCF and MIL
tracked the ball for a few frames and then lost it. Reasons are too
small ball size, high-velocity ball movement, and long-term occlu-
sion by players, which lead to trackers learning the player limbs
or other objects as a ball. KCF and MIL process at 625 FPS and 0.5

Table 2

PE and IOU result.
Sequences PE (in pixels) 10U
filmrolel 128.10 0.44
filmrole2 70.68 0.34
filmrole3 5.75 0.50
filmrole4 6.1 0.54
filmrole5 3.78 0.54
filmrole6 5.97 0.76
Average 36.71 0.52

FPS. Both yield poor accuracy and robustness due to frequent loss
of track. The proposed algorithm processes at 10 FPS, with all the
said features and yields outstanding results.

5.2. Version 2

Version 2 could not be compared with other trackers as they
do not have the said features. All the other object trackers require
manually located object in the first frame. We used PE threshold
range of 0 to 200 pixels and success rate (IOU) O to 1 for perfor-
mance benchmarking. Figure 8(a) shows tracking accuracy PE on
all the six videos. The algorithm has achieved more than 20 pixel
accuracy, which is fairly high on all videos. The accuracy is not close
to 100% in many frames because, the ball moved out of play field
or was in the stands region. Low accuracy on filmrole2 is due to
partial occlusion by a player and ball color matching the player
uniform. The proposed tracker tracks the players until the ball com-
pletely comes out from the player. During those frames, our tracker
gives the centroid of the player bounding box as the ball centroid.
When a player handles the ball, he takes a large number of frames
to release the ball. During all the above scenarios, GT is present
but the proposed tracker cannot detect the ball. Figure 8(b) shows
overlap threshold of proposed ball bounding box against GT. Of all
the detections, 30% have IOU greater than 0.7. Our algorithm tracks
the ball occupying or occluding players and compares them with
GT. Thus, IOU is nonzero though the distance between GT and pre-
dicted centroid is large. A maximum IOU of 0.99 is achieved. Table 2
shows the average PE and 10U of all the video sequences of ISSIA
dataset. The proposed algorithm recognized a few events of the
ongoing soccer game. The events are ball detected, player occupy-
ing the ball, and ball out of frame. The event accuracy, precision
and recall are shown in Table 3. Figure 9(a) shows a sample result
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Fig. 9. (a) A sample result of the proposed DLBT algorithm (version 2) on filmrole 6 video. Green and white dots represent GT and tracking results. Yellow lines represent
trajectory of the ball. Yellow text represents the current state of the game. Red mesh is the active boundary grid; (b) Result after post processing operation (linear interpolation)

is applied for missing ball centroid positions.

Table 3
Event Detection.

Events Precision (%)  Recall (%)  Overall Accuracy (%)
Ball detected 93.25 73.25

Player occupying the ball ~ 46.07 56.27 87.45

Ball out of frame 89.08 97.38

frame of the proposed algorithm along with boundary grid. Figure
9(b) shows the result after prediction of the missing ball position
centroids using linear interpolation, which approximates the true
ball trajectory.

6. Conclusions

The proposed 2D DLBT algorithm is highly efficient not only for
detecting and tracking the ball but also for modelling the necessary
ball-player interaction. Excellent results are obtained compared to
the other contemporary trackers in terms of PE and IOU. While
others fail to track small fast moving objects, our algorithm did
that with ease, in reasonable time. The proposed approach is novel
in many ways. First, we proposed a new background modeling
method using median filtering. Second, it did not require training
even on a single frame of the used test dataset. Third, our algorithm
finds the true ball without human intervention in the initial frames
and also subsequently, unlike all other algorithms. Fourth, our algo-
rithm can keep track of a ball going out of frame and coming back to
resume tracking. Finally, our algorithm can predict the ball position
for a reasonable time after any player occludes the ball.

The 2D ball detection can be extended to track the ball in 3D
space. Constants and hyperparameters can be obtained by training
the network beforehand on sport videos. Bounding box can be made
adaptive using reinforcement learning. Semantic information can
be extracted from video sequences.
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