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ABSTRACT 

 

 

In many sports such as tennis and table tennis, there are training machines available 

for exercises or training purpose. The benefits in using these machines with high functionality 

and comparatively low cost have contributed to their extreme skills improvement. The 

machines setting duplicated accurately for every shots. Thus training on particular areas of the 

player’s game is relatively simple and more focused. Badminton players can acquire same 

advantages as mentioned with a shuttlecock feeder machine. There are machines rarely 

available in the market. One of the options for consumers is the Knight Trainer, which 

consists of two rotating wheels to transmit the shuttlecock. However, the cost is extremely 

expensive to invest in with a minimum of RM15, 000. The overall look of Knight Trainer has 

all the desired qualities but it does possess numerous deficiencies.  From the reviews by 

several badminton players, the machine is unpractical, less accurate and retains high initial 

and operating costs. This research aims to improve the accuracy of Shuttlecock Launching 

System (SLS) by studying the shuttlecock trajectory. Besides, the aim to design and develop a 

low cost solution in manufacturing so that the SLS is allowed for a retail price comparable to 

machines in other sports. Research had been conducted on the trajectory of shuttlecock to 

predict the angles and velocities needed to launch different types of shot. From the study, a 

desired motor specification can be obtained by computing the torque and speed required. The 

results obtained with two approaches are compared by analyzing the trajectory models 

occurred from the simulations. The accuracy of feeder mechanism are founded (12 ± 15.8) 

mm and (15.4 ± 13) mm with standard deviation of 5.716 mm and 5.824 mm respectively. For 

the launching mechanism, results showed an error percentage as low as 4.70% at an angle 

setting of 22.5° for the shuttlecock trajectory. For overall system of SLS, the accuracy for 

angle settings of 22.5°, 45° and 67.5° achieved 20%, 0% and 60% respectively.  
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ABSTRAK 

 

 

Dalam banyak sukan seperti tenis dan ping pong, terdapat mesin latihan yang 

disediakan untuk tujuan latihan. Manfaat dalam menggunakan mesin ini dengan fungsi yang 

tinggi dan kos yang agak rendah telah menyumbang kepada peningkatan kemahiran yang 

melampau mereka. Penubuhan mesin diulang tepat untuk setiap pukulan. Oleh itu, latihan 

dalam bidang-bidang tertentu permainan pemain adalah agak mudah dan lebih fokus. Pemain 

badminton boleh memperoleh kelebihan yang sama seperti yang dinyatakan dengan mesin 

feeder shuttlecock. Salah satu pilihan untuk pengguna adalah Knight Trainer, yang terdiri 

daripada dua roda berputar untuk menghantar bola itu. Walau bagaimanapun, kos sangat 

mahal untuk melabur dalam sekurang-kurangnya RM15,000. Kelihatan keseluruhan Knight 

Trainer mempunyai semua ciri yang dikehendaki tetapi ia mempunyai banyak kekurangan. 

Dari ulasan mengikut beberapa pemain badminton, mesin tersebut kurang praktikal, kurang 

tepat dan mengekalkan kos permulaan dan operasi yang tinggi. Penyelidikan ini bertujuan 

untuk meningkatkan ketepatan Shuttlecock Launching System (SLS) dengan mengkaji 

trajektori shuttlecock itu. Selain itu, matlamat untuk mereka bentuk dan membangunkan satu 

penyelesaian kos rendah dalam pembuatan supaya SLS dibenarkan untuk harga runcit 

setanding dengan mesin dalam sukan lain. Penyelidikan telah dijalankan pada trajektori 

shuttlecock untuk meramalkan sudut dan halaju yang diperlukan untuk melancarkan pelbagai 

jenis pukulan. Dari kajian ini, spesifikasi motor yang dikehendaki boleh diperolehi dengan 

mengira torque dan kelajuan yang diperlukan. Keputusan yang diperolehi dengan dua 

pendekatan berbanding dengan menganalisis model trajektori berlaku dari simulasi. Ketepatan 

mekanisme feeder adalah diasaskan (12 ± 15.8) mm dan (15.4 ± 13) mm dengan sisihan 

piawai masing-masing 5.716 mm dan 5.824 mm. Untuk mekanisme pelancaran tersebut, 

keputusan menunjukkan peratusan kesilapan serendah 4.70% pada tetapan sudut sebanyak 

22.5° untuk trajektori shuttlecock itu. Untuk sistem keseluruhan SLS, ketepatan untuk tetapan 

sudut sebanyak 22.5°, 45°, dan 67.5° mencapai 20%, 0%, dan 60% masing-masing.  



vii 
 

 

 

TABLE OF CONTENTS 

 

 

CHAPTER  TITLE                      PAGE 

 

   ACKNOWLEDGEMENT      iv 

ABSTRACT        v 

   TABLE OF CONTENTS      vii 

   LIST OF TABLES       ix 

   LIST OF FIGURES       x 

   LIST OF SYMBOLS      xii 

   LIST OF APPENDICES      xiii 

 

1  INTRODUCTION       1 

   1.1 Motivation       1 

   1.2 Problem Statement      4 

   1.3 Project Objectives      5 

   1.4 Scope of the project      5 

   1.5 List of Contribution      6 

 

2  LITERATURE REVIEW      7 

  2.1 Theory of Shuttlecock Launching System (SLS)  7 

   2.1.1 Motion of a Projectile     7 

   2.1.2 Principle of Linear Impulse and Momentum  9 

   2.1.3 Block Diagram of SLS    11 

  2.2 Review of Existing Shuttlecock Launcher System  13 

  2.3 Performance Indices      13 

 

 

 



viii 
 

 

CHAPTER  TITLE                      PAGE 

 

   2.4 Design and Development of SLS    16 

   2.5 Improve Performance of SLS     20 

   2.6 Summary of Literature Review    25 

 

 3  METHODOLOGY       26 

   3.1 Description of Methodology     26 

   3.2 Development of the Prototype for Experimentation  28 

    3.2.1 Equations for Calculating Feeder Rate  28 

    3.2.2 Cam Design      29 

    3.2.3 Calculation for Motor Selection   30 

     3.2.3.1 Motor in feeder mechanism   30 

     3.2.3.2 Motor in launching mechanism  31 

    3.2.4 Testing for Ideal Height for SLS Prototype  33 

    3.2.5 Design of Electric and Electronic Parts of SLS 34 

    3.2.6 Examine Existed Trajectory Equation  37 

   3.3 Experiment 1: Feeder Repeatability Test   40 

   3.4 Experiment 2: Verify Reliability of Lateral Swing Design 42 

   3.5 Experiment 3: Accuracy test     46 

 

 4  RESULT AND DISCUSSION     50 

   4.1 Results Obtained      50 

    4.1.1 Testing for Ideal Height    50 

    4.1.2 Prototype of Shuttlecock Launcher Design  51 

    4.1.3 Shuttlecock Trajectory test    52 

    4.1.4 Result of Experiment 1: Feeder Repeatability Test 53 

    4.1.5 Result of Experiment 2: Verify Reliability of 55

     Lateral Swing Design 

    4.1.6 Result of Experiment 3: Accuracy Test  57 

 



ix 
 

 

CHAPTER  TITLE                      PAGE 

     

   4.2 Discussion       59 

    4.2.1 Testing for Ideal Height    59 

    4.2.2 Prototype of Shuttlecock Launcher Design  60 

    4.2.3 Shuttlecock Trajectory test    60 

    4.2.4 Experiment 1: Feeder Repeatability Test  62 

    4.2.5 Experiment 2: Verify the Reliability of Lateral  64

     Swing Design 

    4.2.6 Experiment 3: Accuracy Test    65 

 

 5  CONCLUSION AND RECOMMENDATIONS   68 

 

 REFERENCES         70 

 APPENDICES         73  



x 
 

 

 

 

LIST OF TABLES 

 

 

TABLE  TITLE                PAGE 

 

2.1  Comparison of three badminton trainers available in market   13 

2.2  Comparison among available solutions     15 

2.3  Physical parameters of shuttlecocks      17 

3.1  Launching conditions for four common badminton shots[19]  39 

3.2  Specifications of shuttlecock used based on [1]    27 

4.1  Variables of trajectory equation      52 

4.2  The analysis for range, mean and standard deviation               62 

(new and used shuttlecocks) 

4.3  The analysis for range, mean and standard deviation (new shuttlecocks) 63 

4.4 Comparison of height and distance travel from simulation and   64 

experimental results  

4.5 Calculation of accuracy in error for the shuttlecock trajectories from the     65 

 experiment  

4.6  Number of shots achieved by different angle settings    66  



xi 
 

 

 

 

LIST OF FIGURES 

 

 

FIGURE TITLE                       PAGE 

 

1.1  Net lift          2 

1.2  Net shot         2 

1.3  Smash shot         3 

1.4  Illustration of feeder storage with irregular shuttlecocks’ position  4 

1.5  Overview of hit operation       5 

2.1  Trajectory of shuttlecock       7 

2.2  Impulse and momentum on shuttlecock               10 

2.3  Closed-loop control system                            11 

2.4  Shuttlecock Launching System                           11 

2.5  Design Sketch of SLS launching mechanism               12 

2.6  Kuasa Automated Badminton Trainer                          18 

2.7  Fully automated ball serving badminton machine                         19 

2.8  Portable badminton training robot                           20 

2.9  Schematic overview of the serve operation                          21 

2.10  The vertical position y of the shuttlecock versus time                        23 

2.11  The horizontal position x of the shuttlecock versus time                        23 

2.12  The vertical velocity    of the shuttlecock versus time                        24 

2.13  The horizontal velocity    of the shuttlecock versus time                        24 

3.1  Flow chart of research methodology                           27 

3.2  Diameter and number of teeth of gear design                          28 

3.3  Space constraint of cam design                29 

3.4  Diagram of badminton court dimension[24]               32 

3.5  Diagram of trigonometry function to obtain the desired velocity               33 

3.6  Setup for testing ideal height of SLS prototype              34 



xii 
 

 

FIGURE TITLE                       PAGE 

 

3.7  12V with 30A ADC power adapter                35 

3.8  Power booster 12VDC-24VDC output               35 

3.9  Circuit design to interact with Arduino               36 

3.10  Contactors                   36 

3.11  Potentiometer with overload protection               37 

3.12  The trajectories of the basic strokes in badminton[20]             39 

3.13  Setup for experiment 1                 41 

3.14  Setup for experiment 2                 43 

3.15  Illustrated graph of trajectory plotted by Tracker 4.84             43 

3.16  Illustration of shuttlecocks’ inclined position               44 

3.17  Setup for experiment 3                 47 

3.18  Colored cork of a shuttlecock                 48 

3.19  Color marked by the shuttlecocks                48 

3.20  Illustration of center of marks                 49 

4.1 Motion patterns of shuttlecock at different heights (a) 500mm,             50 

(b) 600mm, (c) 700mm and (d) 800m                          

4.2  Prototype of SLS machine (in mm)                                  51 

4.3  Preliminary results from MATLAB simulation                         52 

4.4  Results obtained by using the parameters in [19]                               53 

4.5  Data points collected by using both new and used shuttlecocks            54 

4.6  Data points collected by using new shuttlecocks              54 

4.7  Plot of data point with angle setting of 22.5
◦
 in mm               55 

4.8  Plot of data point with angle setting of 45
◦
 in mm                         56 

4.9  Plot of data point with angle setting of 67.5
◦
 in mm              56 

4.10  Data points collected with an angle setting of 22.5
◦
              58 

4.11  Data points collected with an angle setting of 67.5
◦
              58 

4.12 Angle deviations of shuttlecock at different heights (a) 500mm,             59 

(b) 600mm, (c) 700mm and (d) 800mm 

4.13  Shuttlecock holder in feeder mechanism               60 



xiii 
 

 

FIGURE TITLE                       PAGE 

 

4.14  Trajectory of shuttlecock with 5 different velocities              62 

4.15  Intersection between racket and data points               63 

4.16  Shuttlecock directs to the left when dropped behind reference line            63 

4.17  Motion pattern of shuttlecock at angle of 22.5
◦
 during landing            66 

4.18  Motion pattern of shuttlecock at angle of 67.5
◦
 during landing            66 

  



xiv 
 

 

 

 

LIST OF SYMBOLS 

 

 

x - Horizontal displacement 

y - Vertical displacement 

t - Time taken 

v - Velocity 

   - Constant acceleration 

g - Gravity acceleration 

F - Force 

   - Resistive force 

   - Buoyant force 

 , k - Constant 

m - Mass 

  - Angle 

d - Distance travel 

V - Volume 

  - Density 

  - Dynamic viscosity 

R - Radius 

  



xv 
 

 

 

 

LIST OF APPENDICES 

 

 

APPENDIX TITLE                PAGE 

 

 A How the Shuttlecock Launching System works    73 

 B Gantt Chart of Research Activities with Milestones    74 

C Table of data points collected from Experiment 1     75 

(new and used shuttlecocks) 

 D Table of data points collected from Experiment 1 (new shuttlecocks) 77 

 E Arduino Source Code of SLS       79 

 

 

 

  



 

 

 

 

CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Motivation 

 

These days, badminton is one of the famous racquet sports in the world and has been 

comprised in Olympic Games organizations, which are the leading international sporting 

event with more than 200 nations participating. Footwork is about movement skills. While it's 

obvious that racket skills are important, good movement skills are often underestimated by 

players. Good footwork supports players to reach the shuttlecock early and it is desirable in 

all state of affairs. 

 

 There are various types of training for the experts in the badminton circles. One of the 

popular ways of training is the “Multi-shuttle” training session. This training works with a lot 

of shuttlecocks which the coach will throw towards the player to achieve the strokes. The 

training phase can be distributed into two types: 

a) Technical 

- Carry out different shot techniques such as smash, clear, drop and defensive 

shots, net play, backhands and drive shot. 

- Practice various movements on court which includes running to net, to side, 

backwards and jumping. 

b) Physical 

- For the stamina, aerobic and anaerobic endurance 

- For the durability, explosive strength and concentration strength 

- For the speed consistency, stability and speed of reaction and action 
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Multi shuttlecock drills suit the technical training very well because it allows coach to 

allocate the direction, speed and angle of the flight of shuttlecocks. For drop, clear, smash and 

backhand strokes, shuttlecock travels at a high trajectory to the back line of the court. Player 

has to reach the shuttlecock and perform an overhead stroke as shown in Figure 1.1. 

 

Figure 1.1 Net lift 

 

For net play and drive shot, these shots are done in the fore court which is nearest to 

the net area. Net play is targeted shot that propel the shuttlecock across the net at an angle 

perpendicular to the floor. This will make the player runs toward the net to perform net play 

as well as drive shot. The trajectory of the shuttlecock is the lowest as shown in Figure 1.2. 

 

Figure 1.2 Net shot 
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Regarding defensive shot, it is performed after a smash shot. During smash shot, 

shuttlecock travels with a high speed and power downward to the player which is usually 

done from the back line of the court. The angle of shuttlecock’s trajectory is relatively low 

with high steepness as shown in Figure 1.3. Therefore, it is difficult for player to carry out a 

defensive shot.  

 

 

Figure 1.3 Smash shot 

 

As a badminton coach to conduct a technical training, he/she has to perform shuttlecock 

serve to the player with different speeds, directions, as well as angles. A set of this training 

usually requires 100 shuttlecocks serve at a time. During training period, coach has to repeat 

the serve and collect the shuttles. This will consume lots of energy for a coach to deal with 

several players at a time. With this Shuttlecock Launching System (SLS), coaches can simply 

concentrate on coaching whilst improve badminton skills of the players. Furthermore, players 

can improve their performance which focuses on their agility in the competition. 
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1.2 Problem Statement 

 

The research is initiated by evaluating the problem statement so that the objective can 

be achieved among the scope and limitation of the research. 

 

The problem faced in badminton field there is no machine which is comprehensive to 

replace coaches or practice partner during training. The ability to practice independently has 

been limited. However, the available products on the market are expensive which cost at least 

RM9000 and make the product has not be in great demand to the public. This is because the 

machines contain two high speed motors which are costly. Besides, the other problem is the 

existing products mostly consist of two rotating wheels as the shuttlecock launcher. From the 

research it was examined that this type of actuation system can destroy the cork when it is 

dragged into the launching mechanism[2]. Also, the accuracy of launching the shuttlecock to 

a target is affected by the rotating wheels. This is led by different speeds of the rotating 

wheels which are difficult to be synchronized[3]. For the feeder mechanism, the problem 

faced during the operation is the irregular position of shuttlecocks in the storage as shown in 

Figure 1.4. This may lead to the inaccurate shot when the shuttlecock is supplied to the 

launching mechanism. Other than that, another challenge is the time-optimal control between 

the feeder and launching mechanism which is shown in Figure 1.5. The racket has to move to 

an exact position where the intersection between racket and shuttlecock occurs.  

 

Figure 1.4 Illustration of feeder storage with irregular shuttlecocks’ position 

 

Irregular 

position 
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Figure 1.5 Overview of hit operation 

 

 

1.3 Project Objectives 

 

 To design and develop a Shuttlecock Launching System (SLS) with lateral swing. 

 To analyze the accuracy and improve performance of the machine by simulating the 

existed trajectory of shuttlecock. 

 

 

1.4 Scope of the project 

 

This research focuses on: 

 The design of electric and electronic parts of SLS. 

 The development of shuttlecock launching prototype in which the desired position of 

shot is adjustable.  

 Analysis on the accuracy of the shots and verify with the existed trajectory equation. 

 

Intersection 

point 
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1.5 Outline of the Dissertation 

 

The remainder of the report is organized as follows. First, the theory of SLS is 

introduced in Chapter 2, which also involves SLS problem, performance indices, comparison 

among available solutions and summary of literature review. Next, research methodology is 

developed in Chapter 3. The experimentally obtained results and analysis are then presented 

in Chapter 4 and discussed in details. Finally, conclusion and future works are drawn in 

Chapter 5 and the references are stated after that.  

  



 

 

 

 

CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 Theory of Shuttlecock Launching System (SLS) 

 

2.1.1 Motion of a Projectile 

 

The current study is to understand the aerodynamics of shuttlecock. Shuttlecock 

travels in curvilinear motion which moves along a curved path. Thus, vector analysis is used 

to formulate the position, velocity and acceleration of the shuttlecock. Consider a shuttlecock 

launched at a point (      , with an initial velocity of   , having components       and 

      as shown in Figure 2.1. The weight causes the projectile to have a constant downward 

acceleration,               . 

   

Figure 2.1 Trajectory of shuttlecock[4]
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Horizontal Motion 

The velocity in the horizontal direction always remain constant, and     . Hence, 

            (2.1) 

 

Vertical Motion 

Since the acceleration is directed upward, then      . Then, 

            (2.2) 

            
 

 
    (2.3) 

  
       

           (2.4) 

 

To analyze the motion of shuttlecock in the air, the air resistive force is taken into 

account. There are two models of equation: a linear model (air resistive force is assumed 

linear in the velocity of shuttlecock) and a quadratic model (air resistive force is assumed 

quadratic in the velocity of shuttlecock). Since the air resistive force is assumed linear in this 

research, linear model of air resistance is chosen to describe the motion of shuttlecock. It does 

not require complicated calculation in collecting data. Theoretically, the resistive force is 

written as             , Assume that        [5]. 

 

For horizontal direction,  

 
   

  
        (2.5) 

 

For vertical direction,  

 
   

  
              (2.6) 

 

 where    is the buoyant force. By integrating both equations 2.5 and 2.6, the velocities for the 

vertical and horizontal direction will be, 

 

 


