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Abstract— Due to the rapid growth of machine learning 

technology, there is a need for research to automatically 

recognize objects and analyze their behavior in various fields, as 

is the case with sports. Currently, a system for detecting and 

tracking multiple objects in a sporting event is not accurate 

enough. Since most of the services depend on the manual 

operation of an experienced operator, it is necessary to develop a 

real time tracking technique for detecting the position of an 

object. In this paper, we propose an algorithm for multi - object 

tracking in a sporting event by presenting the results of 

comparing the performance of existing algorithms for multi-

object tracking. 
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events, Video processing, KCF 

I. INTRODUCTION 

Recently, the improvement of machine learning technology 

represented by deep learning has dramatically improved the 

performance of classifying objects and motions in videos, and 

the demand for recognizing and analyzing objects in images is 

increasing. In the sports field, there is a need for a technique 

of automatic multi-object tracking in a sports game in order to 

automatically recognize and analyze the motion of objects 

such as players, referees, and balls in a sports game as shown 

in Figure 1. However, sports objects are fast and irregular in 

their movement, so it is difficult to track them, and therefore 

they are analyzing the contents of sports games through the 

manual operation of skilled operators. 

Existing real-time single-object tracking has been studied 

extensively and shows a high level of tracking success rate, 

but multi-object tracking remains at object detection level. In 

addition, it is difficult to predict the performance of object 

tracking in a sporting event, since previous works apply multi-

object tracking technique with the videos which objects are 

moving in certain direction such as CCTV. 

In this paper, we suggest a suitable algorithm for multi-

object tracking in sports events by applying algorithms with 

high performance on multi-object tracking such as 

MEDIANFLOW[1], BOOSTING[2], MIL(Multi instance 

learning)[3], KCF(Kernalized correlation filter)[4] proposed 

in the past to track multi-objects in sporting events and 

comparing their performance. 

 

 
Figure 1.  Example of multiple objects in soccer video 

This paper is organized as follows. We explain the previous 

works in section II. Comparative experimental results are 

given in section III and concluding remarks are given in 

section IV 

II. RELATED WORKS 

In the case of MEDIANFLOW, tracking is based on the 

trajectory of the point, and tracking performance is fast due to 

low object tracking complexity and accurate when the median 

of the object is suitable for specifying the object. However, it 

shows low tracking success rate in images where the object 

shows irregular motion or the median of the object is not 

suitable to specify the object. 

BOOSTING and MIL are tracking methods through object 

detection, and both have commonality in object detection and 

tracking through learning. In the case of MIL, it continuously 

updates the model to be tracked, which is good for object 

detection, but consumes a lot of resources for updating. 

BOOSTING is a method that combines learning data with a 

number of weak but specialized methods to derive high-level 

learning results, and uses various elements such as LBP 

(Local Binary Pattern) and color for object tracking. 

Since KCF requires less resources than a learning-based 

approach even though it shows high tracking success rate, 

KCF is recognized as a state-of-the-art in many fields. KCF 

tracing object based on color characteristics by using 

correlation filter without learning or model update. 

Most of the existing methods have been used in a single  
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Figure 2.  ISSIA soccer videos 

 

object tracking environment, and experiments have been 

performed on objects with a large number of feature points, 

such as faces, or objects with a large difference in color, such 

as tennis ball in the room. 

III. COMPARATIVE EXPERIMENTAL RESULTS 

The images used in the experiment are ID 1 and ID 3 

images of ISSIA soccer video [5] in Figure 2, 13 players are 

tracked in ID 1, 10 players are tracked in ID 3, Performance 

was compared through the number of failed objects, which 

can be seen in Table 1. The CPU used in the experiment is 

Intel i7-6500U CPU@2.50GHz and also implemented 

OpenCV 3.1.0 in Visual Studio 2013 environment for 

implementation. 

In the case of using the MEDIANFLOW algorithm, if the 

movement of the object is constant, the tracking of the object 

is performed at a high speed. However, if the object suddenly 

changes the movement, it cannot follow the trajectory and the 

white uniform and the line in the soccer field are often not 

distinguished. This was remarkable in the ID 1 video, in 

which the athletes changed rapidly, and showed a success rate 

of 7.7% for the corresponding video. 

The MIL method uses a method of updating the object 

model in the video, but in many cases, the players of each 

team track the wrong player due to the nature of the sports 

game wearing the same uniform. As a result, the existing 

model was mistakenly updated as the model of the 

corresponding player, which showed a very low tracking 

success rate unlike the single object tracking. In addition, we 

confirmed the slowest of the four algorithms due to the nature 

of MIL, which uses a lot of resources in each model update. 

 

TABLE 1. PERFORMANCE COMPARISON BETWEEN MULTI-OBJECT 

TRACKING ALGORITHMS 

Method 

ID 1 ID 3 

Tracking 

Speed 

(fps) 

Tracking 

Accuracy 

(%) 

Tracking 

Speed 

(fps) 

Tracking 

Accuracy 

(%) 

KCF 45.41 84.6 63.22 90 

MIL 1.46 31.7 1.97 20 

BOOSTING 7.60 76.9 9.54 80 

MEDIAN 

FLOW 
19.33 7.7 21.77 40 

 

BOOSTING, which uses weak learning compared to MIL 

but utilizes various characteristics, showed better performance 

even though similar method was used, and it showed a higher 

tracking success rate while tracking about 5 times faster than 

MIL. However, it is vulnerable to interference between 

objects in the image, which shows a low tracking success rate 

in the ID 1 image test, where there is a large number of inter-

object crossings. 

The KCF algorithm, which tracks objects through 

associations with existing objects based on color, showed the 

best performance for tracking multiple objects in a sporting 

event. We have traced all objects in most frames without 

failure and confirmed that they detect and track objects about 

30 times faster than MIL. 

We have confirmed through experimental results that there 

are some cases where algorithms that show excellent 

performance when tracking single objects are not working 

properly when applied to sports videos. These results seem to 

be due to the characteristics of sports videos in which similar 

objects move fast and irregularly. In addition, it has been 

confirmed that it is difficult to apply the learning - based 

detection / tracking algorithm to real - life environment 

because the speed of the learning - based detection / tracking 

algorithm is very slow. 

 

 
Figure 3.  Tracking results with KCF(Left) and BOOSTING(Right) in case 

of frequently switching positions between players 
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Figure 4.  Tracking failures 

IV. CONCLUSIONS 

In this paper, typical object tracking techniques 

experimented with conventional single object tracking are 

tested in a multi-object environment in sports images. 

Through the experimental results, it is expected that the KCF 

technique and the improved method can be used to create a 

multi-object tracker for sports images with high speed and 

high accuracy. 

As shown in Figure 4, in some cases, all existing trackers 

fail to track. We will try to develop robust automatic tracker to 

track the players, referees, and balls in sports videos by using 

color based feature like KCF. 
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