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ABSTRACT 

Nowadays, healthy lifestyle trends are more prominent globally around the world. 

There are numerous number of marathon running race events that have been held and 

inspired interest among peoples of different ages, genders and countries. Such 

diversified truths increase more difficulties to comprehending large number of 

marathon images since such process is often done manually. Therefore, a deep 

learning based racing bib number (RBN) localization and recognition for marathon 

running races is implemented. RBN is the identification tag number wore by each 

runner during marathon running races. The architecture pipeline is consists of two 

phases. Two different networks are utilized which are You Only Look Once version 3 

(YOLOv3) and Convolutional Recurrent Neural Network (CRNN). During first phase, 

YOLOv3 consists of single convolutional network that used to predict RBN by 

multiple bounding boxes and class probabilities of boxes. Next the RBN detected can 

be parsed into CRNN to undergo RBN recognition. For second phase, CRNN is used 

to output a label sequence for each input image and then selecting the label sequence 

that has the highest probabilities. As a result, CRNN will output the contents of RBN 

detected. All of the experimental results including of mean average precision (mAP) 

and edit distance have been analysed and evaluated in the project thesis. 
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ABSTRAK 

Pada masa kini, trend gaya hidup sihat semakin menonjol di seluruh dunia. 

Terdapat banyak acara perlumbaan dijalankan dan kejadian ini telah memberi 

inspirasi dalam kalangan orang berumur, jantina dan negara yang beza. Fenomena 

ini telah mengakibatkan banyak kesukaran untuk menguruskan imej and video 

dirakam daripada acara perlumbaan kerana proses ini dilakukan secara manual. 

Oleh sebab itu, penyetempatan dan pengenalian racing bib number (RBN) berasaskan 

deep learning telah dilaksanakan. Perancangan seni bina projek ini terdiri daripada 

dua peringkat. Dua rangkaian berbeza telah diguna iaitu You Only Look Once version 

3 (YOLOv3) dan Convolutional Recurrent Neural Network (CRNN). Pada peringkat 

pertama, YOLOv3 mempunyai rangkaian konvolusi tungga yang digunakan untuk 

meramal RBN dengan beberapa peti bounding dan kebarangkalian kelas kotak. 

Selepas itu, RBN yang ditempatkan akan dihantar ke CRNN untuk menjalankan RBN 

pengenalian. Pada peringkat kedua, CRNN diguna untuk menghasilkan urutan label 

bagi setiap imej input dan kemudian memilih urutan label yang mempunyai 

kebarangkalian tertinggi. Akibatnya, CRNN akan menyembahkan kandungan RBN 

yang dikesan. Semua keputusan eksperimen termasuk ketepatan, min purata ketepatan 

(mAP) dan edit jarak telah dianalisis dan dinilai dalam projek tesis ini. 
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CHAPTER 1  

INTRODUCTION 

1.1 Introduction 

This thesis proposes the implementation of deep learning-based racing bib number 

(RBN) detection and recognition for marathon running races. This chapter will present 

about the project background, problem statement, objectives, the scope of works, 

project significant and chapter review. 

1.2 Project Background  

Over the past decades, the great popularization of intelligence devices and rapid 

development of technology have brought forth enormous of new outcomes and 

services that have prompted the huge demand of practical computer vision 

technologies. As opposed to the scanning of document, natural scene text localization 

and recognition contributes a method to straightly access and utilize the textual data 
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in the wild which apparently is the most pressing technologies. Subsequently, text 

localization and recognition in natural scene have enticed many significant attention 

from the communities of computer vision and document analysis. 

Nowadays, healthy lifestyle trends are more prominent globally around the world. 

Such new trend is to organize such running activities in order to inspire the awareness 

of the public about the importance of health. There are numerous number of marathon 

or distance running race events that raises in different formats for different situations 

have been held and inspired interest among peoples of different ages, genders and 

countries. Such diversified truths increase more difficulties to comprehending 

marathon video or images. The runners or participants have a single racing bib number 

(RBN) to indicate themselves and this bib number presents on the heterogeneous 

backgrounds and different materials. Numerous number of images captured by 

organizers and photographers attending the marathon running races are significantly 

increased.  

As a result, a deep learning based racing bib number (RBN) detection and 

recognition system is proposed. Two distinct neural network frameworks are utilized 

in this system and therefore combine into one cascade networks that purposed for RBN 

detection and recognition. During Phase 1 which is RBN detection, You Only Look 

Once version 3 (YOLOv3) system will be applied while phase 2 will be using 

Convolutional Recurrent Neural Network (CRNN) to recognize RBN detected. 

1.3 Problem Statement 

Scene text are usually short snippets written in different languages and fonts and 

text arrangement normally does not obey strict rules of printed documents. More 

broadly, natural scene text localization and recognition is a problem of interest to the 

optical character recognition community. Today, RBN identification is often done 
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manually which a process made difficult by the sheer number of available photos. Tag 

number localization and detection is commonly used in various traffic and security 

applications, for instance parking, border control and analysis of traffic flow. There 

are multiple approaches for natural scene text localization and recognition in images 

and video form and also in high speed and high accuracy. However, these approaches 

are not better enough to obtain accurate and precise results for RBN localization in 

marathon images because they usually relies on characteristics of rich texts but not 

numerals. In running races, each competitors has an identification tag number named 

Racing Bib Number (RBN). Such tag number is generally printed on a paper of 

cardboard tag and pinned onto the T-shirt of different color and at different parts of 

each competitor’s body during marathon race. There are some problems faced for 

application of RBN detection and recognition. Firstly, competitors run together with 

different speeds and background complexity varies continuously with moving objects, 

sky, buildings, tree and others. Secondly, input images captured in natural scene 

usually influenced by occlusion and the loss of information or quality. Thirdly, 

inconsistent light intensities can influence the images captured and it results in 

unbalanced illumination throughout the images. Therefore, achieving accurate 

performance for localizing and recognizing RBN in marathon races is a challenging 

and difficult task. 

1.4 Objectives 

 To implement an artificial intelligent cascade network which can automatically 

detect and recognize racing bib number during marathon race on GPU by using 

Deep Learning.  

 To analyze and enhance the performance of the system that able to achieve 

high accuracy and precision. 


