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Abstract 

 
The purpose of this thesis is to study different methods to detect and track players in 

sport events. First, a literature review of methods related to optical character 

recognition is conducted. Next, an experiment measuring the performance of QR-

Code Reader on mobile platform is conducted, the results shows QR-Code may not 

be suitable method to identify and track players. A novel pipeline is presented and 

tested. The pipeline start with detection of players’ face, followed by detection of 

text area using stroke width transforms. Finally the segmented character is sent into 

OCR engine. In order to further improve the performance by deducing the 
processing area, a novel Number Tag Area Extraction algorithm is implemented and 

tested. The results show that the entire pipeline can give relatively high performance 

in terms of precision as well as speed. 
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1 Introduction 

In recent years, there’s a trend that digital content information is required to be 

provided an individual-level. When it comes to sport events, it is obvious that 

individual audience needs highly personalized information according to their 

preferences. Unfortunately traditional broadcast sport video can only provide limited 
information which can’t be adjusted individually. Based on the fact that there’s a huge 

boost in smartphone equipped with camera, attention has been paid to apply 

Augmented Reality Technologies (AR) on smartphone platform in order to give vivid 
user experience. More specific, one of the goals is to track and recognize players in 

sport events, once the players are identified, information can be given in nearly real-

time.  

According to the statistics from Apple Store, the 50 billionth app was 
downloaded from Ohio, America on 16

th
 of May, 2013. This gives us an idea about 

how people would like to use their smartphone. Historically speaking, mobile phones 

can do much more things now compared to the time when the first mobile phone was 
invented. And under the rapid development of hardware and software, smartphone is 

expected to be an ideal device to replace calculator, camera, video recorder, and mp3 

player. It is obvious that smartphones could be and will be the most popular device on 
the entire earth. Speaking of future trend in the field of AR, Google Glass is a 

wearable device which was released to developer in 2013. The device has a processor, 

a camera and a head-mounted display (MD) which can display information. And it is 

not too hard to imagine that in the future Google Glass could be capable of running 
player detection algorithm and provide AR experience.  

1.1 Application Background 

Since augmented reality technique is a desirable way to interact with people as 

described above, the problem has been shifted to a narrower spectrum. Is it possible 

that augmented reality technique can be applied on mobile platform in sport events? 

Here comes to the imagination that one audience picks up his smartphone when 
watching a sport event such as marathon, the smart phone will capture marathon 

players using its build-in camera, tracking and identifying which player it is and 

displaying information related to this player on the screen at the same time. To figure 
out if it is really feasible for mobile phone to track and detect players on the 

playground, there are many things which need to be considered. 

Firstly, it is relatively difficult to implement such an augmented reality 

application on mobile platform trying to identify and track the sport player in real time 
since most of the smart phone has slower CPU, limited memory space, and they 

usually use a special operating system. The hardware and software limitation needs to 

be carefully examined and solved. 
Secondly, though most of the smartphones are equipped with a build-in camera, 

the overall image quality suffers from high noise and blur. The image quality 

decreases quite dramatically under low environmental light and high speed movement 
of objects to capture. There can barely find an image based application on mobile 

platform which could overcome those difficulties successfully by now. 

Thirdly, tracking and detecting procedure should be really fast and the detection 

rate should be relatively high, otherwise this mobile application will lose its ability to 
be used practically. 
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1.2 Objectives 

The initial purpose of doing this thesis is to find out if it is really feasible to apply 

augmented reality technique on mobile platform in sport events. Since augmented 
reality requires information from tracking and identifying players, the purpose of 

doing this thesis has been shifted to finding out the proper methods of tracking and 

identifying players using various techniques on mobile platform. There are many exist 
solutions to achieve this goal, for example, QR-Code and Optical Character 

Recognition (OCR) are thought to be the most appropriate ones. 

Firstly, a literature survey is conducted comparing different image analysis and 

classification algorithms for capturing and recognition of characters, number 
plates/tags. The purpose of doing this is to examine various possible techniques to 

detect players’ number tags. 

Secondly, an experiment is performed in order to test the performance of various 
applications such as Barcode Reader on mobile platform. The main purpose of doing 

this is to evaluate the performance of QR-Code which serves as an identifier in order 

to detect and track players on mobile platform. It is also possible to find potential 
hardware limitation and therefore guide the research in a good way. 

Last but not least, based on the results from previous step, it is also possible to 

combine a suitable set of techniques to further investigate this issue. Therefore I 

present a novel system combing Face Detection, Stroke Width Transform, and 
Tesseract OCR (Optical Character Recognition) Engine, trying to detect uniform tags 

in sport events. After data collection and systematic evaluation, the performance of 

this system is enhanced by further decreasing processing area with number tag area 
extraction algorithm. 

1.3 Importance of this thesis 

The importance of doing this thesis is to examine suitable techniques which can be 
applied in the field of Augmented Reality. Augmented reality is widely used in sport 

events for TV-broadcasting. Physical content information is combined with digital 

content information in order to provide vivid user experience to the audience when 
watching sport events. The information is stored in a database and can be searched by 

using player’s identity number. After each player on the playfield is tracked and 

identified, related information can be retrieved from the database and displayed on the 

screen. In sport events, a unique number tag on player’s uniform usually serves as 
identifier and players’ identity number usually don’t change during the game. If 

players’ identity number changes, information in the database can be updated 

manually. Except using complicated equipment to accomplish player tracking, it’s still 
possible to track and identify players by recognizing number tags or special markers 

such as QR-Code and AR-Tag. The results of this thesis may give inside vision of 

current player identifying techniques, measure their performance in real scenario and 
guide future research in a good way. 

2 Related Work  

Some researchers has tried to tackle player detection problem, the shortage of single 

camera tracking system is quite obvious, a single camera either can take the whole 

scene in a relatively low resolution or part of the scene in high resolution with some of 
the players missing. One of the methods presented in [12] aims at detecting and 

recognizing players on the sports field. With the help of multiple well calibrated and 

synchronized cameras, each pixel in the image plan is thought to be a viewing ray to a 
point on ground plane. Foreground masks are calculated and projected on many 

corresponding planes which are parallel to ground plane. The players are treated as 



 

             

 

  3 

   

   

 

 

vertical objects, after summation of the cumulative projection, large projection values 

indicate the position of the player on the ground plane. This graph-based tracking 

algorithm would be applied to images taken from multi views of player standing on 

the filed ground, thus gives a hint about player’s position. Note that image analysis 
and classification is also used at the same time in order to find any potential digit 

shows up in the image subsequence.  Similarly, [26] uses multiple cameras with 

overlapping viewing field to track soccer players on the ground, but they use a more 
sophisticated three-stage system to achieve better results. The first step is a single 

camera based processing in order to extract the foreground based on image difference. 

The results will be connected regions of moving objects on the ground. The following 
step is a local procedure which aims at finding bounding box of each player and the 

player will be classified by Histogram Intersection technique. The last step is a multi-

player tracker using associative measurements. Alternatively, instead of using GPS or 

video methods, [10] builds a wireless sensor network to track the players on the 
ground. There is a fiducial marker system called ARTag [15, 16, 24], it is a marker 

based tracking system, it provides computer vision algorithms calculating the ‘pose’ of 

camera, making it possible to track the objects which ARTag are attached to. But 
notice that all the methods mentioned above are complicated systems with 

professional equipment and are not likely to be used by the audience. 

Instead of tracking, there are many identification and classification algorithms 
available to detect players. One research outlines the identification of players using 

covariance feature as the region descriptor to detect uniform number on players’ body 

in sport events [6]. Different image features can compose a covariance matrix and 

covariance feature is different when using various image features such as position and 
intensity. The author outlines the possibility for this method to give results in real time 

because of the short computational time. The overall recognition rate is 79% and they 

also found this method gives convincing results under varying lighting environments. 
Researchers also proposed a new approach in number recognition using principal-axis 

based contour descriptor [21]. This approach is expected to consume much less 

computational time and maintain relatively high recognition rate compared to 

traditional methods. Other research in [7] introduces a region space technique in order 
to track competitors in sports events. Under the assumption that the feature (such as 

mean color, location, shape) of target objects only vary little between two consecutive 

frames, the candidate can be extracted by searching through adjacency graph and 
picture trees using prior knowledge of the scene. Another research outlines the 

difficulty of traditional methods to identify the player due to blurry image and fast 

movement of objects [25]. They present a novel system composed of player tracking 
and identification subsystem. By use of conditional random field model features this 

research achieves accuracy up to 85%.   

3 Methods 

The key idea of this thesis is to examine, implement and test various technique making 

it possible tracking and identifying players in a sport event on smartphone.  
Firstly I conduct a comprehensive literature survey by searching the database for 

previous research outcomes in the field of image analysis and classification algorithms 

for capturing and recognition of number plates. 
Secondly, I perform a mobile application’s performance evaluation experiment 

on smartphone using QR-Reader application. The results outline the possibility of QR-

Code being used as an identifier of player in sport event. 

Thirdly, by collecting and analyzing data from previous experiment, I try to 
identify the most suitable method for smartphone to detect players on the playground 

in terms of speed and accuracy. 
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Next, I try to implement a complete system using method thought to be the most 

appropriate one concluded from previous step. I run a systematic evaluation of the 

whole system. Give measurement in terms of performance and accuracy.  

Last but not least, I try to identify the shortage of the entire system and number 
tag area extraction algorithm described in Section 3.3.5 is used to further deduce the 

processing area and improve its performance. 

3.1 Number/Character Tag Recognition: A Survey 

Optical character recognition (OCR) is usually used to convey electrical scanned 

handwritten or printed text into digital form. OCR algorithms are generally composed 

of the following steps: 
1) Location of the number/character area.  

2) Segmentation of number/character area. 

3) Identification of each number/character. 
This section aims at doing a critical and comprehensive survey of different OCR 

algorithms, including reviews and analysis of methods to detect character plate region, 

presentation of various segmentation methods and demonstration of character 
classification methods. 

3.1.1 Character Plate/Tag Area Detection 

Since it’s the most important and basic step to extract the rectangular character 

plate/tag area from single image or video subsequence, I hereby present some major 
processing methods used to address this problem. 

A character/tag area is usually ‘a rectangular area with increased horizontal and 

vertical edge occurrence’. Thus the ideal way to find ROI (Region of Interest) is to 
extract edges from original image by computing gradient magnitude or local variance. 

Note that these methods can sometime achieve really good results, but when it comes 

to complex image, unwanted edges with high magnitude may also be extracted. Since 

a binary image only contains either foreground pixels or background pixels, 
morphological operator such as dilation, erosion, opening and closing could be applied. 

Mathematical morphology is usually used as an efficient way combined with edge 

based methods to achieve relatively high recognition rate. 
According to [8], a hybrid number plate extraction system used in highway is 

presented. This method based on edge statistics and morphological operation. This 

system has the following four steps: vertical edge detection, edge statistics, 
hierarchical based plate location and morphological based plate location. The results 

show that 99.6% of the license plates are successfully detected. 

Connected component analysis (CCA) is generally performed on binary image to 

label connected components based on pixel connectivity [5]. Each labeled component 
will be assigned with a value. The component is filtered according to many criteria 

such as location, aspect ratio, density etc.  

3.1.2 Segmentation 

The region of interest (ROI) detected from previous step is further processed to 

segment all the characters. There are many techniques developed to tackle this 

problem. 
a) Horizontal and vertical projections 

This is the most common method which process binary image to segment characters. 

The whole idea is to summarize pixels of each row and each column, this is called 

projection. The minimum values of horizontal and vertical projection allow us to 
separate each character. But note that connected component analysis (CCA) is also 

involved in character segmentation process. CCA labels pixels with eight-connectivity 
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into groups. Each component found in ROI is filtered according to its height, width, 

aspect ratio etc. 

b) Adaptive Thresholding 

It seems that it’s nearly impossible to find a global threshold which works fine in 
every image, thus the idea of using adaptive thresholding method is proposed. The 

procedure is to separate the entire image into sub blocks, and calculate a local 

threshold for each sub block, as presented by [19].  
 

3.1.3 Recognition 

This section gives us a glimpse about various character recognition algorithms 
performed on segmented characters. 

a) Artificial Neuron Networks 

Artificial neuron networks are simply mathematical model presenting bio-neurons. As 

presented by [22], Multi-layer feed forward neuron networks are used to tackle 
character recognition problem. After trained properly by using error backpropagation 

methods, neuron networks can achieve better performance. 

In [17], there are two types of neuron networks are employed, a time-discrete 
cellular neuron networks (DCTNN) combined with normal multi-layer-perceptron 

network (MLP) can achieve high recognition rate up to 98.15%. Instead of feeding 

MLP a set of image as input, they use DCTNN to generate image feature and 
transform those feature into MLP. Their MLP consist of 24 feature input, 15 middle 

layer and 36 output neurons. But notice that a character is considered to be recognized 

only if the value of corresponding output is greater than 0.85 and all the other output’s 

value less than 0.25. 
b) Template matching 

In [27], a number tag recognition system is implemented using template matching 

based methods. Template matching works fine on single-font, not rotated, fixed sized 
characters. In this paper the author have to detect and correct skew and tilt before 

sending segmented characters into template matching process. Template matching is 

based on computation of cross-correlation values shifting the template through every 

pixel of the image. Various templates may be applied to find best match and approx. 
90% of the CPU time is consumed by cross-correlation calculations. 

3.2 Performance Evaluation of Quick Response Codes  

Except extracting and detecting digits, another ideal way to identify and track players 

is to use Optical Transmission Patterns such as QR-Codes and put it on players’ 

uniform. QR-Code is a widely used Machine Readable Code in daily life but the 

successful decoding of QR-Codes depends on many factors.  
In this section, a systematic evaluation is carried out in order to examine the 

performance of Quick Response (QR) Codes decoding application on mobile platform. 

The reason of doing these experiments is to find out if it is feasible for mobile phone 
to decode QR-Codes serve as an identifier in sports events. Based on the fact that the 

normal scenario of decoding QR-Codes requires the camera to be vertical to the plane 

and take images within a certain range of distance, but for practical manners, in sport 
events QR-Codes may be taken with various sizes, rotations and lighting conditions, 

thus it’s crucial to find out the decoding performance of QR-Codes when applied in 

real scenario.  

3.2.1 Introduction to QR-Code 

QR-Code is proposed by Japanese researcher Denso in 1994 and was later widely used 

and recognized as international standard [18]. QR-Code is a visual marker which 

contains both location and content information. And as a 2D barcode, it can store 
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much more data than 1D barcode. QR-Code can have varying size and the size of QR-

Code is called Version. It has error correction ability, which means even if some part 

of the code is damaged or unreadable QR-Code still has some redundant data to 

correct the error. 

 

Figure 1. QR code Structure Example 

The decoding process of QR-Code is generally composed of two steps [14]. The 

first step is preprocessing of the image. The image is carefully enhanced by smoothing, 
removing of noise, stretching of histogram and correction of rotation and tilt. The 

following step is the decoding step. The decoder will locate the corner and edge 

pattern, and then decode the black and white spot in data area. 

3.2.2 Decoding 2D QR-Codes with ZXing Library 

ZXing ("Zebra Crossing") [4] is an open source library written in Java, supporting 

smartphones to use their build in camera to decode 2D QR-Code. In this practical   

experiment, a mobile application is implemented on Android Platform using ZXing 
Library, this app is installed on a Samsung Galaxy One smartphone. The QR-Code is 

generated by ZXing library with the settings shown in Table1. Each QR-Code is 

printed on a white A4 paper. 

Table 1. QR-Code Settings 

QR-Code Size 500px x 500px 

Error Correction Low 

Encoding UTF-8 

Dot Size 1cm x 1cm 

3.2.3 Environment Setting Up and Data Collection 

There are 5 different QR-Code to test, I use smartphone’s build-in camera to shoot 
photos of these QR-Codes with each combination of the factors below. After that I 

send all the images into ZXing decoding application and record the results. The results 

are shown in Table 2 and Table 3.  
a) Lighting Conditions: a dark room with only natural sun light or with the 

lamp on. (Figure 2) 

b) Distances: 2.5m, 3.5m and 4.5m.(Figure 3) 

c) Visual angles: rotate 0, 30,45,60,90 degrees around z-axis respectively, 
(Figure 4). Rotate -30 to 30 degrees around x-axis and y-axis 
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Figure 2 Example of QR-Code in dark room (left) and light room (right) 

 

Figure 3 Example of QR-Code in three different distnces: 2.5m (left),3.5m (middle), 4.5m 

(right)  

 

Figure 4 Example of QR-Code with different rotation: 0, 30,45,60,90 degrees rotation 

around z-axis (from left to right) 

3.3 Player Identification using Number Tag Recognition 

Since I come to the conclusion not to use QR-Code as players’ identifier from 

previous experiments, and in sport event number tags are usually used to identify 
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players, thus in this section, I implement a complete tag recognition pipeline 

combining various techniques making it possible to detect players in a sport event 

such as marathon. The pipeline is presented by Figure 5. Input Image (a) Image after 

face detection (b) SWT Image and Image after Crop (c) Segmented characters (d) 
OCR (e) 

 

Hardware and software environment of this system: 
a) Processor: Intel® Core™ Duo CPU, T6600, 2.20GHz 

b) Memory: 2.00GB 

c) Operating System: Windows 7 Ultimate 
d) Developing Environment: Visual Studio 2008 

 

The project was implemented with OpenCV (Open Source Computer Vision 

Library) [1], Stroke Width Transform (SWT) Library [3], and Tesseract OCR engine 
[2]. OpenCV is an open source library developed by Intel and it was released under 

BSD license thus it’s free to use. OpenCV provides a variety of useful interfaces and 

over 2500 optimized algorithms dealing with image processing, face and object 
identification, moving objects tracking etc. This project uses image processing 

functions and face detection functions from OpenCV. 

This project is a combination of various techniques in order to track and detect 
players on the playground. The basic work flow is: 

a) First, detect any faces showing up in the image (shown by Figure 5. Input 

Image (a) Image after face detection (b) SWT Image and Image after Crop 

(c) Segmented characters (d) OCR (e)  a). 
b) By using the results from face detection, it is possible to find a rectangular 

area which contains potential number tag shown at the upper body of 

players (marked by green bounding box shown in Figure 5. Input Image (a) 
Image after face detection (b) SWT Image and Image after Crop (c) 

Segmented characters (d) OCR (e)). 

c) In next step, Stroke Width Transform is performed on this area (marked by 

green bounding box) in order to extract possible text (Figure 5. Input Image 
(a) Image after face detection (b) SWT Image and Image after Crop (c) 

Segmented characters (d) OCR (e)). The text is also segmented and 

enhanced (Figure 5. Input Image (a) Image after face detection (b) SWT 
Image and Image after Crop (c) Segmented characters (d) OCR (e) ),  

d) Finally, single character will be sent to Tesseract OCR engine (Figure 5. 

Input Image (a) Image after face detection (b) SWT Image and Image after 
Crop (c) Segmented characters (d) OCR (e)).  

The following sub-sections give a detailed explanation of each imaging 

processing step described above.  
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Figure 5. Input Image (a) Image after face detection (b) SWT Image and Image after 

Crop (c) Segmented characters (d) OCR (e) 

3.3.1 Face Detection 

Based on the fact that number tag usually shows up on the players’ upper body, it 

would be ideal to detect the players’ face in order to further reduce the processing area 
in SWT step. Face detection also has an advantage for detecting multiple players 

shown in the same photo (as illustrated in Figure 8. Examples of using face detection 

to find potential number tag area. The hypothesis area is labeled as a green bounding 
box and the detected face is labeled as red circle.), making it possible to track multiple 

players at the same time. After the plays’ face is detected, based on each face’s scale 

and location, it’s easy to give an assumption about number tags’ location and size. 

a) Haar-Like Feature 
It is relatively easier to detect features which encode the information about which 

class the objects belongs to. Haar wavelets feature set was first proposed by 

Papageorgiou et al. [20]. The feature was adopted by Viola and Jones [23] and further 
improved to a so called Haar-Like feature. Haar-Like feature is a set of adjacent 

rectangular area, the sum of intensity values in each rectangular area will be calculated 

and the difference between those sums will be considered also. Haar-Like feature is 

the feature which can encode existence of oriented contrasts between regions in the 
image. For example, it is very common observation that intensity values around eyes 

is smaller than those around nose, by knowing this observation we can create a set of 

rectangles lie above those areas. Figure 6  illustrates how Haar-Like Feature works.  

 

Figure 6 Example of Haar-Like Feature Face Detection 

Viola and Jones also proposed an integral image method to further improve the 

performance. An integral image is a matrix with the same size to the original image. 
Each elements in integral image contains a value, this value is the sum of intensity 

values located in up-left region of the original image. As illustrated by Figure 7. , 

     ( )   ( )   ( )   ( )  where   is the corresponding value in integral 

image. 

 

Figure 7. Illustration of integral image 
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b) Face Detection in OpenCV 

In OpenCV, the detection phase of Haar-Like feature is to move the detection window 

in every position of the image, the size of detection window can vary thus making it 

possible to detect the objects with unknown size. OpenCV also use a set of trained 
classifiers and combine them into a so called "cascade". The image will be searched 

subsequently until some stage is terminated or passed. In this project, face detection is 

done by calling the interface provided by OpenCV, and OpenCV will give a set of 
circular area detected as a face (Figure 8. Examples of using face detection to find 

potential number tag area. The hypothesis area is labeled as a green bounding box and 

the detected face is labeled as red circle.. 

 

Figure 8. Examples of using face detection to find potential number tag area. The 
hypothesis area is labeled as a green bounding box and the detected face is labeled as red 

circle. 

OpenCV function cvHaarDetectObjects will return a set of faces detected from 

the image. As illustrated by Figure 9, each face object has a corresponding diameter D 

and its center point position (   ). To extract the rectangular area which contains 

potential number tag, I use the following equation:                 , the 

point of upper corner of green bounding box is  (       ). 

 

Figure 9. Illustration of number tag area calculation 
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3.3.2 Stroke Width Transform (SWT) 

In order to detect text regions in natural scenes, Stroke Width Transform is thought to 

be the most suitable and efficient way to achieve this goal. As presented by [13], one 

feature which can separate texts from other components is its constant stroke. SWT 
operator is a local operator which can calculate the most possible stroke width 

containing that pixel. All text components will be detected and grouped according to 

its stable stroke width. 

  
(a)                                                     (b)                       (c) 

Figure 10, Illustration of Stroke Width Transform. A typical stroke (a): pixel P is at the 

boundary of this stroke,   is the gradient direction at point P, follow this direction can lead to 

another boundary pixel Q, which has the opposite gradient direction to   , each pixel along 

the ray(P,Q) is signed with the stroke width value W. Image before SWT (b). Image after SWT 

(c): only text ‘376’ in this image has constant stroke width. 

 

This section outlines the SWT algorithm in general (Figure 10), described as follows: 
a) First run canny image detector.  

b) From each point   on canny edge, its gradient direction    is calculated,    is 

perpendicular to stroke’s orientation. We follow the ray               

until another pixel   on canny edge is found. Then the gradient direction    is 

calculated. If    is roughly opposite to   , we consider the entire pixel along [p, q] 

signed with the stroke width value‖   ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ‖. If   is not found or    is not opposite 

to   , the ray is discarded. Each pixel of resulting SWT image has a width value 

of most likely stroke it belongs to (Figure 10 c). 

c) In filtering step, all the neighboring pixels which have similar stroke width value 

are grouped by using connected component analysis. And then all the component 
is filtered according to some criteria such as area, variance of stroke width, aspect 

ratio etc. 

In this project, SWT is performed by a public library developed by Andrew Perrault 

and Saurav Kumar [3]. This library is under GNU General Public License thus can be 
modified and distributed. It is a really rough implementation but follows the basic idea 

of SWT algorithm. The processing area is reduced by face detection step and SWT is 

only applied on a small part of the original image. In these cases, the average SWT 
processing area is only 10% of the original image, relatively high performance can be 

achieved. 

3.3.3 OCR 

Segmented character will be sent to Optical Character Recognize Machine, i.e. 
Tesseract OCR engine. Tesseract is a free OCR engine which was developed by HP 

from 1984 to 1994.  As claimed by the developer, Tesseract is probably the most 
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accurate OCR engine available now. It can read various formats of images and support 

up to 60 languages with relatively high performances. Since Tesseract is taken by 

Google from 2006, it is currently being developed and released under the Apache 

License 2.0. 
This project use Standard English Training Set already included in Tesseract. The 

engine is set to use OEM mode, and will only detect single character, and will only 

give digit results from 0-9. 
 

3.3.4 Data Collection 

This system has been tested with a set of image taken from different distances and 
different visual angles. There are total 116 images in the database. The images are 

taken with three kinds of rotation presented in Figure 11 (Without rotation, Rotate 

around Y-axis with 45 Degrees and Rotate around x-axis with 30 degrees). As 

illustrated by Figure 12, in this project, there are 23 number tags in total, captured by a 
smartphone’s build-in camera with different rotation and distances. But notice that in 

order to test the ability for this project to detect multiple players, among all the 23 tags, 

there are 5 tags are worn by single person showing up in the image, the rest 18 tags are 
worn by two person showing up in the image (Figure 13. Example of single person 

detection (left) multiple person detection (right)). The image resolution is 2560*1920. 

 

Figure 11 Example of three different rotations: Zero-Rotation (left) Rotate around Y-axis 

(middle) Rotate around X-axis (right) 
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Figure 12 Example of three different distances 

 

Figure 13. Example of single person detection (left) multiple person detection (right) 
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Based on previous observations, SWT is really time consuming, the average time for 

SWT is approx. 1.5 seconds and that’s not acceptable. To further increase the 

performance, it’s necessary to deduce the processing area for SWT.  

3.3.5 Progressive Improvement using Number Tag Area Extraction 

Number Tags are usually rectangular area with single primary color. In our case white 

is the background color of number tags. Intensity gradient magnitude in such an area 

could be relatively small compared to gradient magnitude value around edges. Thus it 
is ideal to extract this rectangular number tag area by searching for areas which have 

both big intensity values and small gradient magnitude values. Hereby I present one 

method to extract number tag area from images: 
a) The algorithm starts with original image show in Figure14 (a). The 

rectangular area (marked by green rectangle) which contains potential 

number tags is smoothed by Gaussian filter. The smoothed image is Figure 

14 (b).  After Gaussian Filtering, Gaussian Image is used to calculate 
gradient direction at each pixel of the image and further calculate gradient 

magnitude at each pixel, show by Figure 14 (c), notice that gradient 

magnitude image will be smoothed as well.  
b) The second step is binarization step. Gaussian Image and Gradient 

Magnitude Image are conveyed to binary image by using cvThreshold 

function. Note I use Otsu as binarization parameter. Morphological closing is 
performed afterwards in order to remove noise. The two resulting binary 

images are multiplied together by using cvMul function, showed in Figure14 

(f) 

c) Finally, the last step will find all the possible contours by using 
cvFindContours function. In this case, I only want to find outer contours.  

Each founded contours can generate a bounding box and filtered according to 

specific criteria such as aspect ratio, area, position etc. Until now, as shown 
by Figure 14(f), I had extracted the number tag area (marked by green 

bounding box). 

                 

Figure 14 Number Tag Area Extraction Algorithm 
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4 Results 

4.1 Performance Evaluation of Quick Response Codes 

Table 2. QR-Code Decoding performances regarding distance, visual angle 

(Rotate around Z axis), environmental light 

Distance Angle 
Detection 

Rate    
Light Room 

Detection 
Rate    

Dark Room 

2.5m 

0 100% 100% 

30 100% 100% 

45 100% 100% 

60 100% 100% 

90 100% 100% 

3.5m 

0 100% 100% 

30 100% 100% 

45 75% 50% 

60 100% 100% 

90 100% 100% 

4.5m 

0 25% 25% 

30 25% 0% 

45 0% 0% 

60 0% 0% 

90 25% 0% 

 

Table 3. QR-Code Decoding performances regarding x-axis and y-axis rotation 

Light Room, Distance 2.5m, Without z-axis rotation 

            x-axis 
y-axis 

-30 -10 0 10 30 

-30 0% 75% 75% 75% 0% 

-10 0% 100% 100% 100% 25% 

0 25% 100% 100% 100% 25% 

10 0% 100% 100% 100% 0% 

30 0% 25% 75% 75% 0% 

 

4.2 Number Tag Recognition 

To measure the results quantitatively, I calculate the Precision: the percentage of 
correctly detected tag (face) out of the total amount of tag (face) detected. The original 

data are presented in Appendics1. Detailed analysis of those results is presented in 

conclusion part of this paper. 

Table 4 and table 5 are the results from face detection. Table 4 illustrates how 
many faces are detected for each level of distance and rotation. Table 5 gives 

information regarding precision. Generally speaking, the results reveal that face 

detection works fine until the distance reaches 10 meters. Speaking of precision, the 
overall precision is 64.73%. Low precision is partly caused by the detection failure at 

10 meters distance. 
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Table 4 Number of faces detected correctly  

  
Without 

Rotation 

X-axis 

30 

degree 

Y-axis  

45  

degree 

Total 

4m 21 21 15 57 

7m 21 20 17 58 

10m 4 0 0 4 

Total 46 41 32 119 
 

Table 5 Precision of face detection:  

  
Without 

Rotation 

X-axis 

30 

degree 

Y-axis  

45  

degree 

Total 

4m 87.50% 77.78% 78.95% 81.41% 

7m 87.50% 76.92% 73.91% 79.45% 

10m 100.00% 0.00% 0.00% 33.33% 

Total 91.67% 51.57% 50.95% 64.73% 
 
Table 6 and Table 7 show the overall performance of this entire player detection 

pipeline. Overall there’s almost 50% of the tags are identified correctly. Note the 

results of overall pipeline are influenced by many factors. 

Table 6. Number of tags detected correctly 

 

  
Without 

Rotation 

X-axis 

30 

degree 

Y-axis  

45  

degree 

Total 

4m 16 10 10 36 

7m 15 11 10 36 

10m 4 0 0 4 

Total 35 21 20 76 

Table 7. Tag detection precision. 

 

Without 

Rotation 

X-axis 

30 

degree 

Y-axis  

45  

degree 

Total 

4m 66.67% 41.67% 58.82% 55.72% 

7m 62.50% 44.00% 50.00% 52.17% 

10m 100.00% 0.00% 0.00% 33.33% 

Total 76.39% 28.55% 36.27% 47.07% 

4.3 Progressive Improvement using Number Tag Area Extraction 

There are 14 test cases in total. The images shown in Figure 15 are the resulting 

images after face recognition. The rectangular areas marked by green bounding box 

are the results after number tag area extraction algorithm described above. The yellow 
bounding boxes are the results after SWT. The red digits shows on upper left corner of 

each yellow bounding box are the results after OCR engine. No red digit shown means 

OCR engine fail to recognize the character and return empty result. 
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Figure 15 Results after Number Tag Area Extraction 

As illustrated by Table8 below, the average time for Face Detection is 770.71ms. 

It means face detection based on Haar-Like Feature algorithm is time consuming. But 
notice that after using Number Tag Extraction Algorithm described in this section, the 

SWT time is deduced to approx. 299.64ms. 

Table 8 Processing time of each step 

  

Face 

Detection 

Time 

(ms) 

SWT 

Time 

(ms) 

OCR 

Time 

(ms) 

1 601 315 92 

2 737 445 91 

3 901 151 27 

4 1200 892 46 

5 613 132 27 

6 670 143 24 

7 798 324 26 

8 898 382 25 

9 538 166 15 

10 712 183 27 

11 629 148 21 

12 993 364 30 

13 1002 407 24 

14 498 143 18 

Average 770.71  299.64  35.21  
 

5 Discussion 

a) Performance 

The performance of this system mainly depends on three major processing times, 
namely, face detection time, SWT time, and OCR time. The similarity between those 

algorithms in terms of performance is quite obvious, the processing time of those 
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algorithms increase when the processing area gets bigger. After careful examination, I 

found out face detection consumes too much time (approx. 770ms). It is because the 

resolution of original image is too big. To further improve face detection’s 

performance, original image can be down sampled into a smaller image.  
Recall that the purpose of this thesis is to study various techniques regarding 

player detection. From this point of view, the system proposed in this thesis can detect 

players and recognize number tags on their upper body successfully. But obviously 
this system is too slow to give results in real-time because after improvement this 

system still needs approx. 1 second in total.  

b) Recognition Rate 
QR-Code reader can achieve good recognition rate up to 4.5 meters. That means 

a player wearing QR-Code as an identifier can only be detected within 4.5m distance. 

This is because smartphone’s camera has limited resolution, when QR-Codes are shot 

beyond 4.5 meters distance, the black and white dot in data area can’t be separated 
anymore, thus QR-Reader may have located its position but fail to decode the data. 

This distance limitation is vital in some sport events because the audience can’t sit 

very close to the player, thus it’s not desirable for those who sitting far away from 
players.  

Observe that at 2.5m distance, decoding when rotating around z-axis can give 

good results, that means QR-Code can be detected at almost any degree of rotation 
around z-axis. This feature seems like an advantage of QR-Code, but rotation around 

z-axis for human body is not natural, in other words, this feature cannot make QR-

codes more competitive among all the identification methods. And also notice that 

from 3.5m distance, decoding when rotating around z-axis for 45 degrees is somehow 
problematic.  

The detection rate can be affected by various lighting conditions. Generally 

speaking, enough light is a requirement for high recognition rate. This is illustrated 
according to the results, for example, at 4.5m distance, QR-Code reader can decode 

more QR-Codes in a light room compared to a dark room. 

Speaking of rotation around x-axis and y-axis, results show that QR-Code can be 

detected within a certain angle of rotation around x-axis and y-axis. In this case, 
around 0 to 30 degrees. This is thought not enough to tackle player detection problem 

because in real scenario, players who use QR-Code as an identifier may rotate quite 

big degrees while playing. 
However, speaking of overall recognition rate of proposed system in this paper, it 

achieves approx. 47.07%. Since the system is composed of three processing steps, 

failure of any step would influence the overall recognition rate. As described above, 
face detector would not work when distance reaches 10 meters, thus the following two 

steps in the system can’t give good results as well, it is reasonable that recognition rate 

would drop.  

But if considered separately, even if there are only four cases which are passed 
through face detection to SWT and OCR at 10 meters distance, all of them are 

correctly detected (100% recognized). That means SWT and OCR could be capable of 

detecting numbers at an even longer distance, I would expect higher recognition rate 
after improvement is made regarding face detection in this project. Face detection thus 

has been proved to be the limit of the whole system in terms of recognition rate. Since 

the system is highly relies on the quality of face detection, to overcome this shortage, 
some measures might be taken in case of face detection failure. 

c) Factors which Influence Recognition Rate 

Rotation is thought to be one of the key factors which influence system’s 

recognition rate. It turns out the system has the lowest recognition rate (approx. 42%) 
when people rotate 30 degrees around x-axis. The results also show that rotation of 

face will influence the face detection’s precision dramatically. The results show Haar-

Like Feature face detector works best only if people’s front face is capture by camera. 
Otherwise the precision will drop if the face rotates.  
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Since in real scenario it is not likely that player will only front facing the camera, 

it is extremely important to improve the precision of the whole system under various 

rotating angles. [11] Present a rotation invariant multi-view face detection method in 

order to detect faces with arbitrary rotation. They construct a high-performance 
rotation invariant multi-face detector including various techniques. The results show 

that this algorithm has achieved high accuracy as well as low computational 

complexity. OCR is also sensitive to rotation. OCR which based on neuron network 
can achieve good results in terms of rotated characters after properly trained with 

training data. Image preprocessing algorithms are proposed in [9] in order to 

overcome geometrical distortion and rotations, thus to further improve the accuracy. 
And here also comes the conclusion that the distance has influence on face 

detection’s precision and the whole system’s precision. More specifically, precision 

would drop when distance increases. Recall the conclusion from Section 5 that QR-

Code detection would fail when distance increase to 4.5 meters, my system can still 
reach 50% precision at 7 meters distance.  

d) Implementing Issues 

The choice of different library has influence on the final results. For example, in 
this thesis ZXing library is used on mobile platform, there are other QR-Decoding 

libraries which may have better performances. The lack of comparison of 

performances between different libraries in this thesis makes the conclusion made 
based on corresponding results unreliable. 

  The stroke width transform algorithm library is still under construction, it’s not 

extremely stable and reliable but the functionality is enough to tackle this problem. In 

my observation, the high consumption of time was partly caused by the 
implementation issue and library bugs. 

This system has been developed on a laptop, it’s almost certain that smart phone 

can’t run this algorithm due to hardware and software limitations. 
e) Main Contribution 

The main contribution of this thesis project is to introduce a new way to track 

and identify players in sport events, and this technique could be further improved and 

used in other fields also. There are other techniques to track and identify players, but 
most of them may require special equipment such as multiple synchronized camera or 

wireless sensors which could not be handled by unprofessional people. This system 

only uses images taken from single camera. After properly improved, this system has 
the potential to be installed on a mobile device and there might be a huge need in the 

nearest future. 

6 Conclusion 

In this paper, firstly I identify the research objective as finding possible solution which 

can be used to track and identify players in a sport event. 
Secondly, I conduct an experiment in terms of the performance of QR-Code 

Reader application on mobile platform. The result shows QR-Code can only be 

decoded within a certain distance, in our cases, up to 4.5 meters. This vital limitation 
made QR-Code hard to be used as an identifier of players in the sport event since the 

audience usually sit in a relatively far place while watching the game.  

Then I decided to identify the player using optical character recognition. Based 
on knowledge from previous literature review, it is really hard to detect number tags 

which players are wearing because in real scenario there’s other tags may influence 

the results. Now the problem has been shifted to detect the players’ face first, followed 

by searching player’s upper body area to find number tags. 
Next, I implement and test a pipeline to detect players on the playground. I use 

face detection to detect players’ face, followed by stroke width transform algorithm to 

find any potential numbers on players’ upper body. The last step is to send those 
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components into OCR engine. Results show the overall performance is limited due to 

SWT’s high consumption of time. Thus I present a number tag area extraction 

algorithm to further deduce the processing area. Results show that this pipeline can 

have relatively high recognition rate and improved speed. 
Finally, by evaluating the performance of the whole system systematically, I 

come to the conclusion that this proposed system is capable of detecting players 

within 10 meters distance but the performance still needs to be improved. 
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Appendix 1:  

Number Tag Distance Rotate 
Actual 

Face 

Amount 

of Face 

Detected 

Amount of 

Correctly 

Detected  

Face 

Amount 

of Tag 

Detected 

Amount of 

Correctly 

Detected 

Tag  

Amount 

of 

Digits 

Amount of 

Digits 

Detected  

Amount of 

Correctly 

Detected 

Digits  

107 4m 0 1 1 1 1 1 3 3 3 

107 4m x30 1 2 1 2 1 3 4 3 

107 4m y45 1 2 1 2 1 3 5 3 

107 7m 0 1 2 1 2 1 3 5 3 

107 7m x30 1 1 1 1 0 3 9 2 

107 7m y45 1 2 1 2 1 3 4 3 

107 10m 0 1 1 1 1 1 3 3 3 

107 10m x30 1 0 0 0 0 3 0 0 

107 10m y45 1 0 0 0 0 3 0 0 

542 4m 0 1 1 1 1 1 3 5 3 

542 4m x30 1 1 1 1 1 3 3 3 

542 4m y45 1 2 1 1 1 3 4 3 

542 7m 0 1 1 1 1 1 3 3 3 

542 7m x30 1 2 1 2 1 3 3 3 

542 7m y45 1 2 1 2 1 3 3 3 

542 10m 0 1 0 0 0 0 3 0 0 

542 10m x30 1 0 0 0 0 3 0 0 

542 10m y45 1 0 0 0 0 3 0 0 

376 4m 0 1 1 1 1 0 3 2 1 

376 4m x30 1 1 1 1 0 3 2 2 

376 4m y45 1 1 1 1 0 3 2 2 

376 7m 0 1 2 1 2 1 3 3 3 

376 7m x30 1 1 1 1 1 3 3 3 

376 7m y45 1 2 1 1 0 3 4 3 

376 10m 0 1 0 0 0 0 3 0 0 

376 10m x30 1 0 0 0 0 3 0 0 

376 10m y45 1 0 0 0 0 3 0 0 

801 4m 0 1 1 1 1 1 3 2 2 

801 4m x30 1 1 1 1 0 3 2 1 

801 4m y45 1 1 1 1 0 3 2 2 

801 7m 0 1 1 1 1 1 3 3 3 

801 7m x30 1 1 1 1 0 3 2 2 

801 7m y45 1 1 1 1 1 3 3 3 

801 10m 0 1 1 1 1 1 3 3 3 

801 10m x30 1 0 0 0 0 3 0 0 

801 10m y45 1 0 0 0 0 3 0 0 

934 4m 0 1 1 1 1 1 3 3 3 

934 4m x30 1 2 1 1 1 3 4 3 

934 4m y45 1 1 1 1 1 3 3 3 

934 7m 0 1 1 1 1 1 3 5 2 

934 7m x30 1 1 1 1 1 3 3 3 
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934 7m y45 1 1 1 1 1 3 4 3 

934 10m 0 1 1 1 1 1 3 3 3 

934 10m x30 1 0 0 0 0 3 0 0 

934 10m y45 1 0 0 0 0 3 0 0 

360 809 4m 0 2 2 2 2 2 6 6 6 

360 809 4m x30 2 3 2 3 1 6 4 3 

360 809 4m y45 2 1 1 1 1 6 3 3 

360 809 7m 0 2 2 2 2 1 6 5 5 

360 809 7m x30 2 2 2 2 1 6 6 5 

360 809 7m y45 2 2 2 2 1 6 7 5 

360 809 10m 0 2 0 0 0 0 6 0 0 

360 809 10m x30 2 0 0 0 0 6 0 0 

360 809 10m y45 2 0 0 0 0 6 0 0 

369 147 4m 0 2 2 2 2 1 6 8 6 

369 147 4m x30 2 2 2 2 0 6 6 5 

369 147 4m y45 2 2 2 2 1 6 6 6 

369 147 7m 0 2 2 2 2 2 6 6 6 

369 147 7m x30 2 2 2 2 2 6 6 6 

369 147 7m y45 2 2 2 2 1 6 4 4 

369 147 10m 0 2 0 0 0 0 6 0 0 

369 147 10m x30 2 0 0 0 0 6 0 0 

369 147 10m y45 2 0 0 0 0 6 0 0 

180 207 4m 0 2 2 2 2 1 6 8 6 

180 207 4m x30 2 3 2 3 2 6 13 6 

180 207 4m y45 2 1 1 1 0 6 5 3 

180 207 7m 0 2 2 2 2 1 6 8 6 

180 207 7m x30 2 3 2 3 2 6 14 6 

180 207 7m y45 2 2 1 1 1 6 3 3 

180 207 10m 0 2 0 0 0 0 6 0 0 

180 207 10m x30 2 0 0 0 0 6 0 0 

180 207 10m y45 2 0 0 0 0 6 0 0 

808 638 4m 0 2 2 2 2 1 6 8 6 

808 638 4m x30 2 3 2 2 1 6 8 6 

808 638 4m y45 2 2 1 2 1 6 6 4 

808 638 7m 0 2 2 2 2 1 6 6 5 

808 638 7m x30 2 3 2 3 0 6 2 2 

808 638 7m y45 2 2 1 2 0 6 3 2 

808 638 10m 0 2 0 0 0 0 6 0 0 

808 638 10m x30 2 0 0 0 0 6 0 0 

808 638 10m y45 2 0 0 0 0 6 0 0 

598 259 4m 0 2 3 2 3 2 6 7 6 

598 259 4m x30 2 2 2 2 1 6 7 4 

598 259 4m y45 2 2 1 1 1 6 3 3 

598 259 7m 0 2 2 2 2 1 6 10 5 

598 259 7m x30 2 3 2 3 1 6 15 5 

598 259 7m y45 2 2 1 1 1 6 5 3 

598 259 10m 0 2 0 0 0 0 6 0 0 
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598 259 10m x30 2 0 0 0 0 6 0 0 

598 259 10m y45 2 0 0 0 0 6 0 0 

731 100 4m 0 2 3 2 3 2 6 10 6 

731 100 4m x30 2 2 2 2 0 6 7 4 

731 100 4m y45 2 1 1 1 1 6 3 3 

731 100 7m 0 2 3 2 3 2 6 10 6 

731 100 7m x30 2 3 2 3 1 6 13 4 

731 100 7m y45 2 2 2 2 1 6 8 6 

731 100 10m 0 2 0 0 0 0 6 0 0 

731 100 10m x30 2 0 0 0 0 6 0 0 

731 100 10m y45 2 0 0 0 0 6 0 0 

254 970 4m 0 2 3 2 3 2 6 8 6 

254 970 4m x30 2 2 2 2 1 6 9 6 

254 970 4m y45 2 1 1 1 0 6 4 2 

254 970 7m 0 2 2 2 2 1 6 8 6 

254 970 7m x30 2 1 1 1 1 6 4 3 

254 970 7m y45 2 2 2 2 0 6 7 5 

254 970 10m 0 2 0 0 0 0 6 0 0 

254 970 10m x30 2 0 0 0 0 6 0 0 

254 970 10m y45 2 0 0 0 0 6 0 0 

563 460 4m 0 2 2 2 2 1 6 10 6 

563 460 4m x30 2 3 2 2 1 6 7 6 

563 460 4m y45 2 2 2 2 2 6 6 6 

563 460 7m 0 2 2 2 2 1 6 7 6 

563 460 7m x30 2 3 2 2 0 6 12 4 

563 460 7m y45 2 1 1 1 1 6 3 3 

563 460 10m 0 2 1 1 1 1 6 3 3 

563 460 10m x30 2 0 0 0 0 6 0 0 

563 460 10m y45 2 0 0 0 0 6 0 0 
 


