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Abstract:  

 

In the ever changing world of technology, the humanoid robot has been a constant 

member of science fiction culture. However, there has been an ongoing project on the campus 

of Huazhong University of Science and Technology (HUST) in Wuhan, China to build and 

program humanoid robots capable of playing soccer in the Federation of International Robot-

soccer Association's (FIRA's) Human Robot World Cup Soccer Tournament (HuroCup). Our 

project goal was to develop a humanoid robot capable of independently displaying effective 

soccer skills. We divided the tasks into two teams; one designed a ball kicking robot program 

while the other designed a path tracking robot program. After each group completed their four 

major objectives, we had created a superior program than its predecessors. Using our 

optimized code as a foundation, another group can further develop these robot programs to 

demonstrate even more humanlike soccer skills. 

 

  



III 
 

 

Table of Contents  

ACKNOWDGLEMENTS: ............................................................................................................................................ I 

ABSTRACT: ............................................................................................................................................................. II 

TABLE OF CONTENTS ............................................................................................................................................. III 

TABLE OF FIGURES .............................................................................................................................................. VIII 

TABLE OF EQUATIONS............................................................................................................................................ X 

LIST OF TABLES ..................................................................................................................................................... XI 

CHAPTER 1: INTRODUCTION .................................................................................................................................. 1 

CHAPTER 2: BACKGROUND .................................................................................................................................... 4 

2.1 INTRODUCTION ........................................................................................................................................................ 4 

2.2 HUMANOID ROBOTIC HISTORY .................................................................................................................................... 4 

2.3.1 IMAGE PROCESSING: .............................................................................................................................................. 5 

2.3.2.1 Biology Vision ............................................................................................................................................ 6 

2.3.2.2 Eye .......................................................................................................................................................................... 6 

2.3.2.3 Optic Nerve ............................................................................................................................................................ 6 

2.3.2.4 Brain ....................................................................................................................................................................... 7 

2.3.3.1 Machine Vision .......................................................................................................................................... 7 

2.3.3.2.1 Cameras ............................................................................................................................................................... 7 

2.3.3.2.2 Charged-Coupled Device (CCD) Sensor ........................................................................................................... 8 

2.3.3.2.3 Complementary Metal-Oxide-Semiconductor (CMOS) Sensor ....................................................................... 8 

2.3.3.3.1 Programming Languages ..................................................................................................................................... 8 

2.3.3.4.1 Electronic Processing Board ................................................................................................................................ 9 

2.3.4.1 Image Processing Algorithms .................................................................................................................... 9 

2.3.4.2.1 Thresholding ........................................................................................................................................................ 9 

2.3.4.2.2 Histogram Equalization ................................................................................................................................. 10 

2.3.4.2.3 P-tile ............................................................................................................................................................. 11 

2.3.4.2.4 Edge Pixel...................................................................................................................................................... 11 

2.3.4.2.5 Iterative or Optimal ...................................................................................................................................... 11 

2.3.4.2.6 Adaptive ....................................................................................................................................................... 12 

2.3.4.3.1 Filtration ............................................................................................................................................................ 12 

2.3.4.3.2 Image Noise .................................................................................................................................................. 12 



IV 
 

2.3.4.3.3 Mean Filter ................................................................................................................................................... 13 

2.3.4.3.4 Median Filter ................................................................................................................................................ 13 

2.3.4.3.5 Gaussian Filter .............................................................................................................................................. 13 

2.3.4.3.6 Frequency Filter ............................................................................................................................................ 14 

2.3.4.4.1 Edge Detection .................................................................................................................................................. 14 

2.3.4.4.2 Sobel ............................................................................................................................................................. 15 

2.3.4.4.3 Canny ............................................................................................................................................................ 15 

2.3.4.5.1 Digital Morphology ............................................................................................................................................ 16 

2.3.4.5.2 Binarization ................................................................................................................................................... 16 

2.3.4.5.3 Erosion and Dilation ..................................................................................................................................... 16 

2.3.4.5.4 Opening and Closing ..................................................................................................................................... 17 

2.3.4.6 Blob Detection ...................................................................................................................................................... 17 

2.3.5 Conclusion .................................................................................................................................................. 18 

2.4.1 MOTION CONTROL .............................................................................................................................................. 18 

2.4.2 DOF Requirements ..................................................................................................................................... 18 

2.4.3 Joint Actuation Method.............................................................................................................................. 19 

2.4.4 Bipedal Motion ........................................................................................................................................... 19 

2.4.5.1 Passive and Full Actuation Methods ..................................................................................................................... 19 

2.4.5.2 Balance Consideration .......................................................................................................................................... 20 

2.4.5.3 Static Balancing .................................................................................................................................................... 20 

2.4.5.5 Dynamic Balancing ............................................................................................................................................... 21 

2.4.5.6 Chosen Method .................................................................................................................................................... 21 

2.5.1 ARTIFICIAL INTELLIGENCE ...................................................................................................................................... 22 

2.5.2 Human Emulation ...................................................................................................................................... 22 

2.5.3 Team Coordination Architecture ................................................................................................................ 25 

2.6.1 CONTROL SYSTEMS .............................................................................................................................................. 27 

2.6.2 Gait Generation .......................................................................................................................................... 28 

2.6.3 Trajectory Following................................................................................................................................... 29 

2.6.4.1Hardware Background and Operation ..................................................................................................... 31 

2.6.4.2.1  Robot Board Components ................................................................................................................................ 31 

2.6.4.2.2 Microprocessor ............................................................................................................................................. 31 

2.6.4.2.3 Digital Signal Processor ................................................................................................................................. 31 

2.6.4.3.1 Servos ................................................................................................................................................................ 32 

2.6.4.3.2 Basic Design .................................................................................................................................................. 33 

2.6.4.3.3 Servo Control ................................................................................................................................................ 34 

2.6.4.3.4 Servo Connections ........................................................................................................................................ 34 

2.6.4.3.5 Joint Connections ......................................................................................................................................... 35 

2.7.1 PROJECT PLAN: BALL KICKING ................................................................................................................................ 35 



V 
 

2.7.2 PROJECT PLAN: PATH TRACKING ............................................................................................................................. 35 

2.8 CONCLUSION ......................................................................................................................................................... 36 

CHAPTER 3: METHODOLOGY................................................................................................................................ 37 

3.1 INTRODUCTION ...................................................................................................................................................... 37 

3.2.1 BALL KICKING: OBJECTIVE 1: CREATE IMAGE PROCESSING ALGORITHM STRATEGY............................................................ 37 

3.2.2 Key Data ..................................................................................................................................................... 38 

3.2.3 Deliverable ................................................................................................................................................. 38 

3.3.1 PATH TRACKING: OBJECTIVE 1: CREATE IMAGE PROCESSING ALGORITHM STRATEGY ........................................................ 38 

3.3.2 Key Data ..................................................................................................................................................... 39 

3.3.3 Deliverable ................................................................................................................................................. 39 

3.4.1 BALL KICKING: OBJECTIVE 2: CREATE BALL KICKING STRATEGY ..................................................................................... 40 

3.4.2 Strategy 1 w/o Barrier................................................................................................................................ 40 

3.4.3 Strategy 2 w/o Barrier................................................................................................................................ 40 

4.4.4 Strategies with Barrier ............................................................................................................................... 41 

3.4.5 Key Data ..................................................................................................................................................... 41 

3.4.6 Deliverable ................................................................................................................................................. 41 

3.5.1 PATH TRACKING: OBJECTIVE 2: CREATE PATH TRACKING STRATEGY .............................................................................. 41 

3.5.2 Area Method .............................................................................................................................................. 42 

3.5.3 Angle Method ............................................................................................................................................ 42 

3.5.4 Key Data ..................................................................................................................................................... 43 

3.5.5 Deliverable ................................................................................................................................................. 43 

3.6.1 OBJECTIVE 3: CONVERT PROCESSES INTO DSP LANGUAGE .......................................................................................... 43 

3.6.2 Key Data ..................................................................................................................................................... 44 

3.6.3 Deliverable ................................................................................................................................................. 44 

3.7.1 OBJECTIVE 4: DEBUGGING AND SERVO TESTING ........................................................................................................ 44 

3.7.2 Key Data ..................................................................................................................................................... 44 

3.8 FINAL DELIVERABLE: BALL KICKING ROBOT .................................................................................................................. 44 

3.9 FINAL DELIVERABLE: PATH TRACKING ROBOT ............................................................................................................... 45 

3.10 CONCLUSION ....................................................................................................................................................... 45 

CHAPTER 4: FINDINGS AND ANALYSIS.................................................................................................................. 46 

4.1 INTRODUCTION ...................................................................................................................................................... 46 

4.2.1 MECHANICAL DESIGN ANALYSIS ............................................................................................................................. 46 

4.2.2 Weight Distribution .................................................................................................................................... 46 

4.2.3 Mechanical Structure ................................................................................................................................. 49 



VI 
 

4.2.4.1 Benchmark Testing .................................................................................................................................. 50 

4.2.4.2 Ball Kicking ............................................................................................................................................................ 50 

4.2.4.3 Path Tracking ........................................................................................................................................................ 51 

4.3 FORCE INFLUENCE ON MECHANICAL DESIGN ................................................................................................................ 52 

4.4.1 ZMP EFFECT ON GAIT PLANNING ........................................................................................................................... 53 

4.4.2 ZMP/Walking Track Planning..................................................................................................................... 53 

4.4.3 Motion Control Model ................................................................................................................................ 55 

4.4.4 Joint Motion ............................................................................................................................................... 58 

4.5.1 BALL KICKING IMAGE PROCESSING ALGORITHM STRATEGY .......................................................................................... 62 

4.5.2.1 Constraints and Considerations: ............................................................................................................. 63 

4.5.2.2 The Hardware: ...................................................................................................................................................... 63 

4.5.3 Algorithm Requirements: ........................................................................................................................... 64 

4.5.4.1 Choosing the Platform for Development: ................................................................................................ 64 

4.5.4.2 C/C++/VC++ .......................................................................................................................................................... 64 

4.5.4.3 MATLAB ................................................................................................................................................................ 65 

4.5.5.1 Algorithm Developement ........................................................................................................................ 66 

4.5.5.2 Color Separation: .................................................................................................................................................. 66 

4.5.5.3 Color Math ........................................................................................................................................................... 67 

4.5.5.4 Median Filtering ................................................................................................................................................... 67 

4.5.5.5 Black-white Autothresholding .............................................................................................................................. 68 

4.5.5.6 Sobel Edge Detection ........................................................................................................................................... 68 

4.5.5.7 Circular Hough Transform .................................................................................................................................... 69 

4.5.6.1 First Algorithm Reviewed ........................................................................................................................ 69 

4.5.6.2 Resize the Image before Processing ..................................................................................................................... 70 

4.5.6.3 Improve the Color Math ....................................................................................................................................... 71 

4.5.6.4 Median filter after Binarization ............................................................................................................................ 72 

4.5.6.5 Replace Circular Detection Components with Blob Detection and Centroiding .................................................. 73 

4.5.7 Refinement Reviewed: ............................................................................................................................... 75 

4.6.1 PATH TRACKING IMAGE PROCESSING ALGORITHM STRATEGY ....................................................................................... 76 

4.6.2 Interface Construction ................................................................................................................................ 76 

4.6.3 Binarization Technique ............................................................................................................................... 77 

4.6.4 Erosion Technique ...................................................................................................................................... 77 

4.6.5 Slope/Angle Calculation technique ............................................................................................................ 78 

4.6.6.1 Algorithm Analysis: ................................................................................................................................. 78 

4.6.6.2.1 Binarization ....................................................................................................................................................... 79 

4.6.6.2.2 Thresholding Technique ............................................................................................................................... 79 

4.6.6.3 Median vs. Mean Filtering .................................................................................................................................... 83 



VII 
 

4.6.6.4 Erosion vs. Filtering Techniques ........................................................................................................................... 85 

4.6.6.5.1 Slope/Angle Calculation Method ....................................................................................................................... 85 

4.6.6.5.2 Edge Detection ............................................................................................................................................. 86 

4.6.6.5.3 Linear Hough transform................................................................................................................................ 87 

4.6.6.5.4 Slope/Angle calculation Comparison ............................................................................................................ 87 

4.7 BALL KICKING GAIT STRATEGY IMPLEMENTED ................................................................................................................ 88 

4.8.1 PATH TRACKING GAIT STRATEGY IMPLEMENTED ........................................................................................................ 89 

4.8.2 Gait Strategy .............................................................................................................................................. 91 

4.8.3 Implementation .......................................................................................................................................... 91 

4.9 BALL KICKING COMPLETE FUNCTIONALITY ................................................................................................................... 91 

4.10 PATH TRACKING COMPLETE FUNCTIONALITY .............................................................................................................. 92 

4.11 CONCLUSION ....................................................................................................................................................... 92 

CHAPTER 5: RECOMMENDATIONS AND CONCLUSIONS ....................................................................................... 93 

5.1 CONCLUSIONS ........................................................................................................................................................ 93 

5.2 RECOMMENDATIONS ............................................................................................................................................... 94 

AUTHORSHIP: ...................................................................................................................................................... 95 

BIBLIOGRAPHY ..................................................................................................................................................... 97 

APPENDIX A: IMAGE PROCESSING INTERFACE .........................................................................................................  

APPENDIX B: IMAGE PROCESSING INTERFACE CODE ................................................................................................  

APPENDIX C: BALL KICKING DSP CODE .....................................................................................................................  

APPENDIX D: PATH TRACKING DSP CODE ................................................................................................................  

APPENDIX E: SERVO INTERFACE ...............................................................................................................................  

APPENDIX F: SERVO INTERFACE CODE .....................................................................................................................  

APPENDIX G: MASS ANALYSIS ..................................................................................................................................  

APPENDIX H: COG ANALYSIS ....................................................................................................................................  

APPENDIX I: ZMP FORCE CODE ................................................................................................................................  

 

  



VIII 
 

Table of Figures  

FIGURE 1: RETINAL INVERSION .............................................................................................................................................. 6 

FIGURE 2: CMOS SENSOR ................................................................................................................................................... 8 

FIGURE 3: HISTOGRAM EQUALIZATION ................................................................................................................................. 10 

FIGURE 4: SOBEL GRADIENT ............................................................................................................................................... 15 

FIGURE 5: BLOB DETECTION ............................................................................................................................................... 18 

FIGURE 6: ZMP ............................................................................................................................................................... 21 

FIGURE 7: PROCESS TO OBTAIN A MODEL PLAYING ROBOSOCCER BY USING ML (PROGRAMMING ROBOSOCCER AGENTS, 2009) .......... 24 

FIGURE 8: SKELETON AGENT ARCHITECTURE .......................................................................................................................... 26 

FIGURE 9: PIPELINE VISUALIZATION OF THE GAIT GENERATION PROCESS ..................................................................................... 29 

FIGURE 10:DIFFERENT SERVO SIZES ..................................................................................................................................... 33 

FIGURE 11: SERVO CONTROL LOOP ...................................................................................................................................... 33 

FIGURE 12: EXAMPLE OF PWM CONTROL ............................................................................................................................ 34 

FIGURE 13: IMAGE DIVISION FOR AREA METHOD ................................................................................................................... 42 

FIGURE 14: ANGLE METHOD EXAMPLE ................................................................................................................................. 43 

FIGURE 15: ALUMINUM 2018 ALLOY PROPERTIES.................................................................................................................. 47 

FIGURE 16: SERVO LAYOUT ................................................................................................................................................ 49 

FIGURE 17: BALL KICKING TEST FIELD ................................................................................................................................... 51 

FIGURE 18: TEST TRACK .................................................................................................................................................... 51 

FIGURE 19:WALKING FLOW CHART ..................................................................................................................................... 55 

FIGURE 20: HOMOGENEOUS COORDINATE SYSTEM ................................................................................................................ 56 

FIGURE 21:SERVO ANGLE MATRICES.................................................................................................................................... 58 

FIGURE 22: LATERAL JOINT MOVEMENT ............................................................................................................................... 59 

FIGURE 23: ZMP EXPECTED TRACK Z AXIS ............................................................................................................................ 59 

FIGURE 24:ANGLE CURVES ................................................................................................................................................. 60 

FIGURE 25: FRONT JOINT MOVEMENT ................................................................................................................................. 61 

FIGURE 27:COLOR SEPERATION .......................................................................................................................................... 66 

FIGURE 28: OPTIMAL COLORIZATION ................................................................................................................................... 67 

FIGURE 29: MEDIAN FILTERING ........................................................................................................................................... 67 

FIGURE 30: THRESHOLDING ................................................................................................................................................ 68 

FIGURE 31: EDGE DETECTION ............................................................................................................................................. 68 

FIGURE 32: HOUGH TRANSFORM ........................................................................................................................................ 69 

FIGURE 33:COMPUATION TIME BREAKDOWN ........................................................................................................................ 70 

FIGURE 34: IMAGE REDUCTION ........................................................................................................................................... 71 

FIGURE 35: COLOR MATH .................................................................................................................................................. 71 

file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172712
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172713
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172731
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172732
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172733
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172734
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172735
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172736
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172737
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172738
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172739


IX 
 

FIGURE 36: COLOR BINARIZATION ....................................................................................................................................... 72 

FIGURE 37: MEDIAN FILTRATION ......................................................................................................................................... 72 

FIGURE 38: BLOB DETECTION ............................................................................................................................................. 73 

FIGURE 39: AREA CALCULATION .......................................................................................................................................... 74 

FIGURE 40: CENTROID LOCATION ........................................................................................................................................ 74 

FIGURE 41: METHOD COMPARISON ..................................................................................................................................... 75 

FIGURE 42: KICKING  AREA DIVISION .................................................................................................................................... 89 

FIGURE 43: ANGLE DETECTION ........................................................................................................................................... 90 

file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172741
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172742
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172743
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172744


X 
 

Table of Equations  

EQUATION 1: GRADIENT .................................................................................................................................................... 14 

EQUATION 2: EDGE STRENGHT ............................................................................................................................................ 14 

EQUATION 3: PLANE ACCELERATION .................................................................................................................................... 30 

EQUATION 4: POSITION ..................................................................................................................................................... 30 

EQUATION 5: ZMP POSITION ............................................................................................................................................. 30 

EQUATION 6: X COORDINATE ZMP ..................................................................................................................................... 53 

EQUATION 8: SIMPLIFIED X COORDINATE ZMP TRACK ............................................................................................................ 54 

EQUATION 9: SIMPLIFIED Y COORDINATE ZMP TRACK ............................................................................................................ 54 

EQUATION 7: Z COORDINATE ZMP ...................................................................................................................................... 54 

EQUATION 10: ANGLE RELATIONSHIPS ................................................................................................................................. 58 

EQUATION 11: CENTER OF GRAVITY ..................................................................................................................................... 60 

EQUATION 12: KINEMATIC ................................................................................................................................................. 60 

EQUATION 13 : JOINT MOVEMENT ...................................................................................................................................... 61 

EQUATION 14: SIMPLIFIED JOINT MOVEMENT ....................................................................................................................... 62 

EQUATION 15: GRADIENT DIRECTION ANGLE ......................................................................................................................... 86 

 

file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172753
file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172756


XI 
 

List of Tables  

 

TABLE 1: ROBOTIC PLATFORM WEIGHT DISTRIBUTION ............................................................................................................. 48 

TABLE 2: WEIGHT RATIO ................................................................................................................................................... 48 

TABLE 3: HUMAN BODY PART PROPORTIONALITY ................................................................................................................... 50 

TABLE 4: ROBOT BODY PART PROPORTIONALITY .................................................................................................................... 50 

TABLE 5: MEASURED VELOCITIES ......................................................................................................................................... 52 

TABLE 6: THRESHOLD 1 ..................................................................................................................................................... 80 

TABLE 7: AVERAGE 1 ......................................................................................................................................................... 80 

TABLE 8: KERNEL 1 ........................................................................................................................................................... 80 

TABLE 9:THRESHOLD 2 ...................................................................................................................................................... 81 

TABLE 10: AVERAGE 2 ....................................................................................................................................................... 81 

TABLE 11: KERNEL 2 ......................................................................................................................................................... 81 

TABLE 12: THRESHOLD 3 ................................................................................................................................................... 82 

TABLE 13: AVERAGE 3 ....................................................................................................................................................... 82 

TABLE 14: KERNEL 3 ......................................................................................................................................................... 82 

TABLE 15: PIXEL TABLE ...................................................................................................................................................... 83 

TABLE 16: TRUNCATED KERNEL 1 ........................................................................................................................................ 83 

TABLE 17:KERNEL 4 .......................................................................................................................................................... 83 

TABLE 19: MEAN/M EDIAN ................................................................................................................................................ 84 

TABLE 20:MEAN FILTERS ................................................................................................................................................... 84 

TABLE 21: MEDIAN FILTERS................................................................................................................................................ 84 

TABLE 18: TRUNCATED MEAN/M EDIAN ............................................................................................................................... 84 

TABLE 22: AREA/  ANGLE METHOD COMPARISON ................................................................................................................... 90 

file://toaster/neiln/My_Documents/Final%20Draft%20MQP.docx%23_Toc239172783


1 
 

Chapter 1: Introduction  

 

From the dawn of creation the world has been on a constant course of evolution. 

Darwinism has left the weaker species by the way side promoting a world of superior 

specimens. The same is partially true for the human race based on the theory we have evolved 

from apes to Neanderthals to Homo sapiens. However, from this point we have relatively 

stopped evolving on a biological level, instead vesting our survival on the evolution of 

technology. From the wheel to electricity to computers, technology has been constantly 

changing in order to make our lives more convenient and comfortable. There are some tasks 

however that humans are still forced to do such as working in dangerous factory environments 

or working in spaces where humans are subjected to extreme measures of risk. Tasks such as 

these are the main area where the use of a humanoid robot would be most beneficial. 

In the ever changing world of technology, one desire has remained constant from the 

invention of the first robot; the desire to create a robot that resembles a man. The humanoid 

robot has been a constant member of science fiction culture and robotics dream but with the 

march of technology it has slowly been shifting from a novel concept to a reality. Over the past 

few years there has been an ongoing project on the campus of Huazhong University of Science 

and Technology (HUST) in Wuhan, China.  

The test of the ǎŎƘƻƻƭΩǎ design is to place the robot in an annual soccer robotics 

completion that pits designs of the past year to see which design features are superior. The end 

goal of this project was to create a robot capable of playing soccer in the Federation of 

International Robot-soccer Association's (FIRA's) Human Robot World Cup Soccer Tournament 

(HuroCup). This is a competition very similar to RoboCup which was conceived by Manuel 

±ŜƭƻǎƻΣ IƛǊƻƪŜ Yƛǘŀƴƻ ŀƴŘ tŜǘŜǊ {ǘƻƴŜΣ άǘƻ ǎǇŜŜŘ ǘƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ ǊƻōƻǘƛŎ ǎŎƛŜƴŎŜέΦ 1 Here the 

latest robotics advancements of the year are put on display to the public.  

In China the competition is known as the FIRA HuroCup and breaks the robot 

programming challenge of playing soccer into separate categories. Our project goal was to 

                                                           
1
 Page 69 Almost Human 



2 
 

develop a humanoid robot capable of independently displaying effective soccer skills. This work 

was done in partnership with colleagues from the Wuhan Institute of Science and Technology. 

This robot was designed to complete tasks in a more efficient or faster manner than the robot 

which had previously been entered into the FIRA HuroCup. We broke this project into two 

teams based on 2 FIRA categories, one designed a ball kicking robot program while the other 

designed a path tracking robot program. 

The first event whose performance we were required to improve was the ball kicking or 

penalty shooting event of the FIRA HuroCup. In this challenge, the robot had to locate and kick 

a ball that was positioned randomly within a predefined space on the field. Whereas in the 

actual challenge an opposing robot goalie would be positioned in front of the goal, our 

requirements were limited to successfully scoring a goal without an active goal keeper. HUST's 

Robot Soccer Club was able to perform four out of five successful shots, and our technical 

sponsor required us to improve on this shooting aspect. 

The competition rules were such that the ball kicking robot needed to be able to identify 

a ball placed in a semicircular area in front of the goal. After locating the ball and the goal it 

needed to score five times out of five chances with one kick. The robot had 90 seconds to kick 

the ball into the goal during each attempt. When we completed our four project objectives, our 

robot was able to score every time. We also set up a barrier in front of the goal and the robot 

was able to avoid this obstacle to score.  

To complete our goal, we finished four objectives. First, we created an image processing 

algorithm strategy to allow the robot to locate the object in the field and discern it from the 

background. Second, we developed an optimal ball kicking strategy to implement. This strategy 

was tested and researched to be the most effective in kicking mechanics. Next, we converted 

the strategy into DSP code. This had to be done so the robot could understand the 

programming and know how to react. Lastly, we tested the movement of the servos and the 

entire system while debugging any problems. 

Another event that the HUST Robotic Soccer Club participates in FIRA HuroCup 

competition is the Marathon. Similar to an actual human marathon run, the HuroCup marathon 

challenge requires the robot to follow a line for 42.195 m (1/1000 of a human marathon 
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distance) in the shortest time possible. For the competition requirements, the robot needed to 

autonomously locate and track a 42 meter path in 15 minutes while maintaining a line deviation 

less than 40cm. This tests the endurance of the humanoid robots, as well as the robustness of 

the control algorithms. 

For our path tracking robot, it needed to round the track for a total distance of 42 

meters in 10 minutes. The robot was required to stay within 40 cm from the closest point of the 

center line, and any more deviation from this path constituted as a departure from the field. 

Human handlers were not allowed to interfere with the function of the robot once it began 

down the path. 

To effectively complete our goal, we created four objectives. First, we created an image 

processing algorithm strategy to allow the robot to locate the white line and discern it from the 

background. Second, we developed an optimal path tracking strategy to implement. This 

strategy was tested and researched to be the most effective in path designation and 

determination. Next, we converted the strategy into DSP code. This had to be done so the robot 

could understand the programming and know how to react. Lastly, we tested the movement of 

the servos and the entire system while debugging any problems.  

After both groups completed their four objectives, we had two working robot programs. 

Each group met all the requirements and even went beyond what was needed. We recommend 

the use of our strategies for future humanoid soccer robots. Using our code as a foundation, 

another group can further develop these robots to demonstrate more humanlike soccer skills. 
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Chapter 2: Background  

2.1 Introduction  

Our goal as stated in chapter 1 is to develop a humanoid robot capable of displaying 

effective soccer skills and techniques. To help us accomplish our goal, we explored general 

humanoid robotic history. Then we researched the four main areas of humanoid robotic 

development including: Image Processing, Motion Control, Artificial Intelligence, and Control 

Systems. Finally, the project plan explains the steps we took to complete our goal. 

2.2 Humanoid Robotic History  

Ψ¢ƘŜ ǿƻǊŘ άwƻōƻǘέ ǿŀǎ ŎƻƛƴŜŘ ōȅ ǘƘŜ /ȊŜŎƘ playwright Karel Capek in his play R.U.R., 

produced in 1923.2 In this play the robots are used to spell humans from the drudgery of 

everyday work; a scenario that could easily be a future reality. This however is a distant reality 

as the robots of today are nowhere as advanced as the general population thinks.3 Most robots 

currently employed are confined to packaging facilities and the assembly lines of factories. The 

efficiency and accuracy of these robots however serve as a catalyst for the spread of robot use 

to other fields such as space exploration, medical and personal use. In the performance of 

these tasks however there is an underlying constant, the fact that these are all human tasks. As 

such the universal solution is a robot in the form of a human or simply a humanoid robot.  

¢ƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ƘǳƳŀƴƻƛŘ ŀǎ ǎǘŀǘŜŘ ōȅ ²ŜōǎǘŜǊΩǎ 5ƛŎǘƛƻƴŀǊȅ ƛǎ άƘŀǾƛƴƎ human form or 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎέΦ ²ƘƛƭŜ ƛǘ ƛǎ ǘǊǳŜ ǘƘŀǘ Ǌƻōƻǘǎ ǎǳŎƘ ŀǎ ǉǳŀŘǊƛǇƭŜƎƛŎǎ ƻǊ ƻǘƘŜǊ ǇǳǊǇƻǎŜ ǎǇŜŎƛŦƛŎ 

variations might be superior in performance, having a robot in human form is initially required 

ōŀǎŜŘ ƻƴ ¦¸DŀŦŘƛΩǎ ¢ƘŜƻǊȅ. This can be summarized from practical experience as from a 

psychological point of view the casual observer is less intimidated and consequently more 

affectionate to a similarly structured form.4 This is simple human nature as we fear the 

                                                           
2
 Almost Human Page 70 

3
 Almost Human Page 71   

4
 Robocup 2000 Page 271 
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unknown and the field of robotics is an area whose future has been poisoned by science fiction 

movies where robots are usually portrayed in a villainous light. 

As such there is an ongoing drive to create an autonomous humanoid to coexist with 

mankind.  

This integrated design work is led by corporate teams such as Honda, Toyota, and Sony, 

government/corporate teams such as National Institute of Advanced Industrial Science 

and Technology in Tsukuba (AIST), Korea Advanced Institute on Science and Technology 

(KAIST), National Aeronautics and Space Administration (NASA), and the German space 

agency Deutschen Zentrum fur Luft- und Raumfahrt (DLR), and university led teams with 

long traditions in mechatronics such as Waseda, Massachusetts Institute of Technology 

(MIT) and Technical University Munich (TUM)5 

Such research and development is an expensive and time consuming struggle. As a 

result most teams of research are mainly focused on a subsystem of the humanoid robot such 

as vision systems, sensory reception, or bipedal locomotion. 

2.3.1 Image Processing: 

The first major step for humanoid robotic design is Image Processing. We initially 

researched general biology vision to understand the process. Next we looked into machine 

vision and compared its three components to biology vision with: cameras, programming 

software and electronic processing board technology. For camera technology, we looked into 

the two different types of Camera sensors CCD and CMOS. Then we researched a few different 

programming languages. Finally we compared different electronic processing boards.  

After researching the three main components for machine vision we used programming 

software to optimize the mathematical image processing algorithms. These techniques can be 

split into five major categories: thresholding, image filtration, edge detection, digital 

morphology, and blob detection. Using this preliminary research we were able to design the 

best possible image processing algorithm and chose the most effective camera, programming 

language and processing board technologies to use. 

                                                           
5
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2.3.2.1 Biology Vision   

To understand how robots process images, we first need to understand how biological 

species process image data. The study of Biology to aid in the design of new technology is called 

Biomimetics.6 Biomimetics focuses on making robots adapt more human functions like vision. 

For us to program a humanoid robot to see and react to images, we need to understand the 

important steps for image processing. To process images, humans use three main tools: the 

eye, the optic nerve and the brain. This process is shown In figure 1. 

 

Figure 1: Retinal Inversion 

2.3.2.2 Eye 

The tool used to collect image data in a biological system is called the eye. The eye 

works in a couple steps. First the eye must locate the object. Then the iris filters all the light 

entering so the eye only gathers a set amount. This acts just like a brightness adjuster would in 

a mechanical system. Next the lens focuses the light that passes through the iris. After the light 

is filtered in the lens the neurons in the eye convert the light to chemical energy. Cones then 

convert the color within the light while rods convert the brightness. All this new information is 

then sent to the second human image processing tool called the optic nerve. 

2.3.2.3 Optic Nerve 

 The second tool humans use to process images is the optic nerve which reorganizes the 

image data into useful information. The optic nerve is connected to the eye by the optic disk. It 

organizes all the light gathered from the eye in this area. This task is called stereo image 
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processing. 7 Stereo Processing allows humans to judge the distance from the object in question 

along with its 3-D shape. This is only possible if both eyes function completely. All of this data is 

then transferred to the brain or the final human image processing tool. 

2.3.2.4 Brain  

 The final and most important step of image processing is done by the brain. After 

receiving the information from the optic nerve, the brain assembles the data into an image you 

are able to recognize. Each part of the brain deals with different parts of the processing step. 

The brain will split the processing steps into: color, motion, shape, and size. Putting all this 

information together it will be able to classify objects you have seen before and register new 

objects as well. 

2.3.3.1 Machine Vision  

 Machine vision is a key application of computer vision which is the science and 

technology of allowing machines and robots to see. 8 Machine vision systems must be able to: 

identify objects, detect position, and recognize shape. Typical machine vision systems will 

mirror how biological creatures process images.  

Most systems will use a camera to collect image information like an eye, organize the 

information using different programming languages like the optic nerve and translate the 

information into something the robot can understand using an electronic processing board like 

the brain. For a robot to process images it needs:  a camera, a programming language, and an 

electronic processing board. 

2.3.3.2.1 Cameras 

 Cameras are the most important and most effective tool used to gather image data for 

mechanical systems such as robots. The camera will act exactly like the human eye by gathering 

light within the area of vision through a lens. Cameras that are used in robotics are categorized 

as either digital or analog. A robot will use a digital camera to collect image data. However, the 

                                                           
7
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most important feature of a camera is the digital sensor.9 There are two types of digital sensors: 

charged-coupled device (CCD) and complementary metal-oxide-semiconductor (CMOS).   

2.3.3.2.2 Charged-Coupled Device (CCD) Sensor 

 The CCD sensor is one type of camera used to collect image pixels. First the CCD camera 

collects the pixel data and sends it to the chip. Since this data is analog, it uses an analog-to-

digital converter (ADC) to turn the pixel value into a digital value.10 This type of sensor creates a 

high quality and low noise image.  Unfortunately, light sensitivity is much higher and the power 

consumed is much greater than CMOS. 

2.3.3.2.3 Complementary Metal -Oxide-Semiconductor ( CMOS) Sensor 

 The second sensor is the CMOS as shown in figure 2. The CMOS device uses several 

transistors to amplify the charge of each pixel in the image.11 This data is digital already, but the 

sensor is more sensitive to background disruption. CMOS takes about 100 times less power 

than its counterpart CCD. However, the CMOS pixels might not be as well defined as the CCD. 

Overall, this sensor is very helpful in collecting image data. 

 

Figure 2: CMOS Sensor 

2.3.3.3.1 Programming Languages  

 Programming languages are great at organizing the data collected by the camera. To 

compile image processing algorithms, the use of high level programming languages are 

essential.12 Visual C++, Visual C, Visual FORTRAN 90, Matlab, Visual Basic and Visual Java are 

                                                           
9
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10
 Computer Vision Tutorial Page 9 

11
 Computer Vision Tutorial Page 9 
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just a couple of programming languages used in organizing information. Using such 

developmental tools we can analyze and implement the different image processing algorithm 

techniques. 

2.3.3.4.1 Electronic Processing Board   

 For the robot to understand the mathematical algorithms, electronic processing boards 

are needed to bridge the gap. The electronic processing board collects the data from the image 

processing algorithms and converts it into a language the robot understands. Acting like the 

brain in a biological system, the board translates the data and has the robot act based on the 

information. There are many different types of processing board technologies like Digital Signal 

Processer (DSP), microprocessors, and embedded systems.  These different Electronic 

Processing board technologies will be discussed in more detail in section 2.6.  

2.3.4.1 Image Processing Algorithms   

 Image processing algorithms are the basis behind machine vision and image computer 

analysis. Using a programming language discussed in section 2.4.3.3, we can use different 

algorithms to help the robot distinguish the objects it detects in the field. Sometimes it is 

applicable to use all possible algorithms simultaneously to allow optimal image recognition. 

This is not always the case because the more algorithms used takes longer to compute within 

the program complier.  

When using such techniques, the programmer needs to use algorithms that are most 

effective together to complete the task. Although using all techniques together is not practical, 

it depends what images the robot will see and what tasks it needs to accomplish. Image 

processing algorithms can be broken into five main categories: thresholding, filtration, edge 

detection, digital morphology, and blob detection.  

2.3.4.2.1 Thresholding  

 The first image processing algorithm technique is called thresholding. Thresholding is 

the technique of converting a grey-level image into a bi-level image.13 A grey-level image is the 

brightness values of each pixel in an image. Bi-level images only contain black and white pixels. 

                                                           
13
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Thresholding is a good way of recognizing pixels with similar brightness values and organizing 

them accordingly.  

First the pixels collected are organized into grey level brightness bins. These bins are 

then used to create a histogram. This technique is called histogram equalization which is used 

in every thresholding method. Using this histogram, we next set a threshold value. The value of 

the threshold can be found using four types of thresholding techniques. Applying this number 

to the histogram, it defines the pixels collected from the image as a binary number either zero 

or one. The darker the pixel is the lower a number it receives. Pixels higher than the set 

threshold number will be assigned a value of one and lower pixel values will be assigned a zero. 

This technique separates the pixel colors between white and black.  

The robot can define the different objects just by pixel brightness. The background and 

objects in the image are easier to identify with this method. Although some are more effective 

than others, there are many different ways to go about using a threshold. Using more than one 

threshold per image will yield better results since most pictures have more than two shades of 

pixels.  There are four main types of thresholding techniques: P-tile, Edge Pixel, Iterative or 

Optimal, and Adaptive methods. 

2.3.4.2.2 Histogram Equalization  

 Histogram Equalization is the main tool used in thresholding techniques to enhance the 

contrast of images. It organizes the pixel brightness or the grey level brightness from 0 to 255. 

14 Each pixel is sorted into bins which are inputted into a histogram graph. By applying a 

threshold value to the graph, the pixels can be classified as either white or black. This 

procedure can also be used to enhance the contrast of red, green and blue color panes. Every 

thresholding method uses histogram equalization effectively as shown in figure 3.  

 

Figure 3: Histogram Equalization 
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2.3.4.2.3 P-tile  

 The first thresholding technique is called p-tile or percentile. It takes the cumulative sum 

of pixel intensities in the image. This percentile number becomes the set threshold.15 This 

method collects the input data into bins of black pixels which are organized in histograms as 

mentioned in section 2.3.4.2.2. Since each bin contains a percentage of black pixels, the 

program finds which bins have a value greater or equal to the threshold value. P-tile is 

advantageous if the object the robot will view is known beforehand since it is computationally 

cheaper than the other methods.  

2.3.4.2.4 Edge Pixel 

 The second main thresholding technique is called the edge pixel method. The value of 

the threshold is based on the concept of a digital laplacian operator. A digital laplacian operator 

is used to define the pixels surrounding the edge of the object.16 The histogram then takes into 

consideration the probability density of the pixels that lie on or near the object. The points with 

large laplacian values are given the value of one while the pixels below this threshold are 

valued as zero.  

If there is a large contrast between the object and the background, the histogram will 

have two hills dividing a long valley. If the object in the picture is only a small portion of the 

image, the hills and valleys become more alike. In this case, using a digital laplacian will only 

include the high values of the histogram. The edge pixel method is best used when the object is 

less significant in the picture and there is not much difference in the contrast of background. 

2.3.4.2.5 Iterative  or Optimal  

 The iterative method is the third main thresholding technique.  Also known as the 

optimal thresholding method, it takes into consideration the mean grey level of the pixels in the 

image.  First, it makes several passes of the object redefining the threshold level.17 Using the 

values from each threshold, a mean grey level for the pixels is found by taking the average of 

the pixels below the initial threshold and above the last one. This value becomes the new 

                                                           
15

 A Comparison of Thresholding Methods Page 2 
16

 A Threshold Selection Technique Page 2 
17

 Image Processing Techniques for Machine Vision Page 1 



12 
 

threshold value and this process continues until these values are equal. This method is very 

effective because it sets a more accurate threshold level for the image in question. 

2.3.4.2.6 Adaptive   

 The last thresholding technique is the adaptive method. In this case, the image is 

divided into patches. A global threshold value is found by taking the weighted sum of the 

thresholds for each patch.18 This technique is much better at defining the edges of the image 

but a great deal of fuzziness is collected as well. This method is very effective since it is able to 

avoid the different lighting conditions but it is also the most computational heavy of the four 

techniques.  

2.3.4.3.1 Filtration   

 Filtration is the second main image processing technique. Filtering deals with the 

problem of extra noise in the image. These algorithms makes it easier to distinguish an object in 

an image in there is too much extra pixel interference. Filter algorithms are used to either 

smooth or enhance the image. If an image has high frequency pixels, a smoothing filter must be 

applied while frequency filters are needed for low frequency pixels. To smooth images spatial 

filter techniques are used while frequency filters are used to enhance the image.19 Mean, 

Median and Gaussian are the three main types of spatial filters. For low frequency pixels, a 

frequency filter can be applied.  

2.3.4.3.2 Image Noise 

 The most important reason for filtration algorithms is the concept of image noise. Image 

noise includes all the extra pixels that interfere with the image. Every picture collects noise, but 

it depends on factors like detector sensitivity, light radiation, and other ambient parameters. 

Noise can be classified as either independent noise for extraneous sources or noise dependent 

on the image itself. Different filters are implemented based on how much irrelevant noise is in 

the picture. 
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2.3.4.3.3 Mean Filter  

 The mean filter is the easiest method to smooth images. This filter works by replacing 

each pixel with the average value of its neighbors.20 This neighborhood of pixels is known as a 

kernel. To understand how this filter works, it is important to know about convulsion filters and 

kernels. A kernel is 3 X 3 image array that is used in convulsion filtering. Mean filtering works 

very similar to convulsion. This method involves multiplying different image pixel arrays 

together. The larger the array the more complex the image is. For example, grey scale pixels are 

entered into a 3 X 3 array. The bigger the array the more smoothing is necessary.  

2.3.4.3.4 Median Filter  

 The second method to smooth image noise is known as the median filter. The median 

filter does a much better job of eliminating noise than the mean filter. This works similar to the 

mean filter by looking at a pixels neighbor to determine the median value. Instead of averaging 

these pixel values, the median is taken from the set. This grants two main bonuses over the 

mean filter. First, the median filter will not be adversely affected by an outlier pixel value. 

Second, the median value will be a pixel in the image thus edge detection is much more 

effective.21 The only downside is if the image in question has too much Gaussian noise. The 

median filter becomes less effective if than the mean filter.  

2.3.4.3.5 Gaussian Filter   

The Gaussian Filter is a type of convulsion filter that removes detail and noise. Using the 

Gaussian distribution in 2-D, smoothing the image becomes possible with convolution methods. 

Since in 2-D, the Gaussian distribution is circular symmetric, convulsion can be used in both x 

and y directions.22 These kernels being composed in both directions can only be done this way 

because they are Gaussian. The effect of the filter is that it blurs the image. The Gaussian uses a 

weighted average of the pixel neighborhood instead of the uniform average the mean filter 

uses. This allows for preserving the edges in the image better than the mean filter. This method 

however, is more computationally heavy then either the mean or median filters.  
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2.3.4.3.6 Frequency  Filter   

  For the frequency domain, the frequency filter is used. Since pixels in the spatial 

domain are computationally cheaper, the frequency filter re-transforms the frequency domain 

pixels into the spatial domain by multiplying the filter with a Fourier transform.23 Since pixels in 

the frequency domain are in sine or cosine form, the Fourier transform is the tool used to 

change these values into the spatial domain. This method is only used when the other three 

options are not possible. 

2.3.4.4.1 Edge Detection  

 The third image processing technique is edge detection. Edge detection is used to 

identify the outline of an image within its background. This is done by converting a 2-D image 

into a set of curves.24 This allows the algorithm to identify the area, shape, and perimeter of 

objects in the image. Edge detection has a variety of methods capable of locating edge pixels 

including measuring edge strength and defining edge enhancement. An important concept in 

edge detection is known as a gradient. The gradient equation is as follows:  

 

 

Equation 1: Gradient 
 

An edge is found where there is the biggest change among pixels. This is found by 

finding the maximum value of the derivate at any given point. A similar indicator is the second 

derivative will be zero at the given point. The gradient finds the most rapid change of intensity 

in the image and using this value can calculate the edge strength. The edge strength equation is 

shown below: 

 

 

Equation 2: Edge Strenght 
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2.3 (1) 

2.3 (2) 
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Every edge detection technique uses the gradient in some capacity to detect the edges 

in the image. The other method is known as edge enhancement. Usually, the algorithm will 

increase the contrast between the edge pixels and its background. Different methods produce 

different results depending on the situation. There are two distinct edge detection techniques 

called Sobel and Canny.  

2.3.4.4.2 Sobel 

The Sobel edge detection method is the most commonly used. This technique works by 

creating templates of the image to form convulsion masks.25 These templates are then used to 

find the gradient at the center of the image. This allows for the better approximation of the 

derivates at the center point of the object. An example template can be seen here:  

 

Figure 4: Sobel Gradient 

2.3.4.4.3 Canny 

 The second method is known as the Canny edge detection technique. The Canny edge 

detector is considered an optimal technique since it needs to follow three main conditions: 

 

1. All edges in an image need to be identified 

2. Distance between edge pixels and actual edge must be very small 

3. No more than one edge should be detected if only one exists 

 

    Since these steps are essential in edge detection it is imperative they work so the Canny 

method will work as well. The method works by first applying a Gaussian convulsion filter to the 

image as mentioned in section 2.3.4.3.5. After convolving in both x and y directions, the 
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magnitude is found for each pixel.  This method is so effective because it removes noise while 

finding the edge. 

2.3.4.5.1 Digital Morphology   

 Digital morphology is the fourth image processing technique. Digital morphology deals 

with the shapes of objects in an image. Shapes are a collection of pixels that form a 2-D object. 

These objects are referred to as structuring elements. Different mathematical methods are 

used to either enhance or highlight the shape in the image. Usually, geometric morphology 

deals with the binarization of the image pixels. Algorithms are computationally cheaper since 

binary data is much easier to process. This is the main way to reconstruct the pixels to their bi-

level forms. Binary erosion and dilation as well as the concept of opening and closing are ways 

to go about geometric restructuring.  

2.3.4.5.2 Binarization  

 Binarization is an essential concept of digital morphology. Binarization deals with 

simplifying the 256 grey-scale and color pixels into a bi-level image. This reduces computational 

speed while improving the effect of algorithm analysis.26 Picking the right threshold value, as 

shown in section 2.3.4.2.1, is important for the effectiveness of the binarization algorithm. The 

downside is if there is too much interference in the image. The more interference, the more 

thresholds are needed and therefore the effect of binarization diminishes. The algorithms 

become more computationally heavy to compensate.  

2.3.4.5.3 Erosion  and Dilation  

 Erosion and dilation are digital morphology techniques used to effectively reconstruct 

geometric objects. Eliminating the set of pixels that form a pattern is essentially what erosion 

does. Dilation is the addition of pixels to a set area. Erosion is the complement of dilation.  

Erosion and dilation theory is based largely on the Euclidean space theory of unions and 

intersections.27 Dilation is the union of all pixels within the structuring element. By using 
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erosion and dilation together, an effective image processing tool known as opening and closing 

can be implemented. 

2.3.4.5.4 Opening and Closing 

 When erosion and dilation are combined, this concept is called opening and closing. 

Opening is when erosion is applied to a structuring element followed immediately by dilation to 

the same element. Closing is the exact opposite.28 Opening is most effective for removing the 

noise from an image after thresholding as occurred. Closing is very effective at smoothing the 

outlines of an image. Since mathematical morphology has a nonlinear nature, it is essential for 

image analysis.29 To get the effect the user wants, using both erosion and dilation side by side 

numerous times can be very beneficial. The more steps used however raises the computational 

heaviness of the algorithm.  

2.3.4.6 Blob Detection  

 The fifth image processing technique is blob detection. Blobs refer to any small, 

compact, bright or dark objects. This of course covers a large area of objects so there are 

different levels of algorithms that can be applied. There are four main factors for the 

effectiveness of blob detection algorithms: 30  

 

1. Reliability 

2. Accuracy 

3. Scalability 

4. Speed 

 

The algorithm must be reliable against all noise. A filter should be applied beforehand to 

increase the results. The sub-pixel resolution must be extremely high and be very accurate. 

Scalability is important because pixels of different sizes must be extracted.  Since blob detection 
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algorithms can be computationally heavy based on the image and what other algorithms have 

been implemented, the speed of run time processing is extremely important. These four steps 

are crucial to Blob detection algorithm effectiveness as shown in figure 5 . 

 

Figure 5: Blob Detection 

2.3.5 Conclusion 

 For a humanoid robot to function, it needs the ability to identify objects and process the 

data collected. To accomplish this, researching how biological creatures gather image data was 

completed. After this step, an analysis between biology vision and machine vision was needed. 

Then different image processing algorithms were researched to understand what tools could be 

implemented. The combination of this research benefited the creation of our humanoid robotΩǎ 

vision system and helped to complete our goal mentioned in chapter one. 

2.4.1 Motion Control  

Being able to actuate the joints is one of the major componenets of our project. In order 

to implement this module we first needed to do some general research into the history of 

robotics locomotion. This gave us a solid foundation of knowledge upon which we could make 

future plans for our own design. The results of this reaserch is summarized in the following 

sections and constitute of Degree of Freedom requirements, various joint actuation methods 

and special considerations for the maintenance of balance during robot operation.   

2.4.2 DOF Requirements 

In order for the robot to perform human like action it is necessary that the robots design 

is one that contains enough joints and the rights amount of degrees of freedom. For the 

optimal design the robot would have the same amount of DOFs as a human however in terms 

of project feasibility, the desire is to keep the DOFs to a minimum. As such our design will 
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ǇǊƻōŀōƭȅ ƘŀǾŜ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ǘƘŜ ǎǘŀƴŘŀǊŘ нп 5hCǎ ŀǎ ǎŜŜƴ ƛƴ ǘƘŜ tLbh wƻōƻǘΦ ά9ŀŎƘ ƭŜƎ Ƙŀǎ с 

DOFs, each arm has 5 DOFs, the neck hŀǎ н 5hCǎ ŀƴŘ ǘƘŜ ǘǊǳƴƪ Ƙŀǎ н 5hCǎΦέ31 

2.4.3 Joint Actuation Method  

These joints would all have to be actuated in some way and for this task there are 3 

main options. These options are the use of hydraulics, air cylinders or electrical motors. The 

first two are clever solutions that are currently being developed and further researched. As 

such they are a bit out of our capabilities to implement, which leaves the highly practical 

method of employing electric motors as our only option. The past years have seen an 

advancement in these motors making them more light weight and powerful. DC motors are the 

motors of choice as they are the more reliable and energy efficient when compared to AC 

motors. Furthermore Brushless DC motors are compact in nature while providing even greater 

efficiency due to the fact there is no possibility of speed losses due to resistance between the 

sliding connections between the brushes and the commutator as seen in conventional DC 

motors. Similarly there is no bearing and brush friction loss. 32 

2.4.4 Bipedal Motion  

This project requires that the robot walk around on two legs. In terms of bipedal 

movement there are a variety of options, starting with the major choice of how the robot will 

actually walk. In current practice there are two main methods of accomplishing the task of bi-

pedal motion. The first is Passive Bipedal and the second is Full Actuation.   

2.4.5.1 Passive and Full Actuation Methods  

The Passive Bipedal method promotes efficiency as there is less actuation employed. 

The motion follows the dynamics of human walking by emulating the controlled fall that 

humans naturally exhibit. Therefore the main parts that have to be directly controlled are the 

ǳǇǇŜǊ ǊŜƎƛƻƴǎ ǎǳŎƘ ŀǎ ǘƘŜ άƘƛǇǎέ ŀƴŘ άǘƘƛƎƘέ ƻŦ ǘƘŜ ǊƻōƻǘΦ ¢ƘŜ ƭƻǿŜǊ Ƨƻƛƴǘǎ ǎǳŎƘ as the knee and 

feet are made in such a way that they automatically fall in a manner to mimic a human step. On 

the other hand Full Actuation provides complete control over all limbs. This means that each 
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joint of the leg is actuated and can be moved independent of outside stimuli. Therefore in order 

for the robot to walk; all the actuation of the joints have to be programmed to work cohesively 

to mimic the gait of a human.  

In reality both methods have their advantages and disadvantages depending on the 

situation in which they are employed. For the purpose of our project of creating soccer playing 

robot the method of Full Actuation has the edge over Passive Bipedal. While Passive Bi-Pedal 

has the advantage of being less cumbersome, cheaper, lighter and more energy efficient; the 

fact that Full Actuation allows to robot to perform more complex tasks is crucial in playing 

soccer. For example kicking the ball with power is more easily accomplished with Full Actuation. 

As such it is the method that the team will use in the development of the robot. 

2.4.5.2 Balance Consideration  

 In order for bipedal walking to be successfully implement the issue of maintain balance 

is one that merits major consideration. There are two types of balancing to consider, static and 

dynamic balancing. Static balancing has been employed from the beginning of humanoid robot 

development. Dynamic balancing however is the future of robotics as it enables the robot to 

deal with more challenging terrain and situations. 

2.4.5.3 Static Balancing  

ά! ǎǘŀǘƛŎŀƭƭȅ ōŀƭŀƴŎŜŘ ǎȅǎǘŜƳ ŀǾƻƛŘǎ ǘƛǇǇƛƴƎ ŀƴŘ ǘƘŜ ŜƴǎǳƛƴƎ ƘƻǊƛȊƻƴǘŀƭ ŀŎŎŜƭŜǊŀǘƛƻƴǎ ōȅ 

ƪŜŜǇƛƴƎ ǘƘŜ ŎŜƴǘŜǊ ƻŦ Ƴŀǎǎ ƻŦ ǘƘŜ ōƻŘȅ ƻǾŜǊ ǘƘŜ ǇƻƭȅƎƻƴ ƻŦ ǎǳǇǇƻǊǘ ŦƻǊƳŜŘ ōȅ ǘƘŜ ŦŜŜǘΦέ33 One 

of the first designs using static balance was the mechanical horse patented by Lewis A. Rygg in 

1893. Since then there has been ongoing research in this area. From this research the Zero 

Moment Point Theory was developed and first postulated by Miomir Vukobratovic in 1963. The 

theory simply states that by keeping the moments of the robot at a value of zero balance can 

be maintained during walking. This can be achieved by counteracting the moments cause by 

the movement of the legs by moving the upper body of the robot so that the sum of the 

moments about the COG is zero.  

                                                           
33
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Figure 6: ZMP 

2.4.5.5 Dynamic Balancing  

While the method of static balancing is effective it is limited by the fact that its steps are 

all preplanned in nature. As such it cannot respond to an unexpected outside stimulus such as a 

sharp push or the degradation of terrain. This is where dynamic balancing comes to the 

ŦƻǊŜŦǊƻƴǘ ŀǎ ǘƘŜ ƻǇǘƛƳŀƭ ǎƻƭǳǘƛƻƴΦ ά¦ƴƭƛƪŜ ŀ ǎǘŀǘƛŎŀƭƭȅ ōŀƭŀƴŎŜŘ ǎȅǎǘŜƳ ǘƘŀǘ Ƴǳǎǘ ŀƭǿŀȅǎ ƻǇŜǊŀǘŜ 

in or near a state of equilibrium, an actively balanced system is permitted to tip and accelerate 

for short periods of ǘƛƳŜΦέ34 This means that self recovery of balance is an accomplishable task 

making the robot more human-like in nature. This system is based on the concept of balancing 

an inverted pendulum and probably first developed by Claude Shannon in 1951. Here he used 

an electric cart to move forward and backwards to balance an inverted pendulum. This was the 

start that led to the development of the first legged robot to employ this method of dynamic 

balancing. The robot was built Miura and Shimoyama in 1984 and was the first walking machine 

that actively balanced. 

2.4.5.6 Chosen Method 

For our project we will be using the principle of static balancing and hence the zero 

moment point theory to achieve stability while the robot is operating. This is chosen as it is the 

easiest to implement, the most cost effective and the least time consuming method. Also 

                                                           
34
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dynamic balancing is a luxury as the terrain in question is topographically flat and the robots, as 

far as we can discern are not allowed to run into each other. Therefore there are no outside 

forces and as such dynamic balancing cannot be considered as a requirement. With static 

balancing we will be able to investigate the first method of balancing. We will also be able to 

keep the robot upright during activities such as walking, turning and kicking which is required to 

play soccer. 

2.5.1 Artificial Intelligence  

Critical to any system is an effective means of control thus any parameters for the robot 

are key. To be competitive on a world standard, a soccer robot's artificial intelligence (AI) must 

be efficient in guiding the robot through obstacles and other challenges, as well as detecting 

balls, goal posts, friends and foes, and being able to maneuver around them. Any mechanical 

advantage would amount to naught if the robot's AI cannot leverage it towards making a 

successful goal in a real competition environment. This section will explain the different AI 

programming techniques and structures that can and have been used on robot soccer 

platforms, demonstrating methods to improve the effectiveness and performance of the robot. 

2.5.2 Human Emulation  

 In most cases, robot soccer agents are programmed dauntingly by hand. One alternative 

would be to use machine learning (ML) techniques to either program the robots with human 

playing styles and behaviors, or even to adapt and predict the movements of the opposing 

team on the field. The robot minds, known as agents, can be programmed using models derived 

from pairing the sensor data inputs on the agents to human defined outputs or actions. The 

main advantage of this method is that it makes use of the human players' ability to play many 

games well and quickly, thus making sense if it is transposed into a robot domain. By emulating 

human playing behavior, the agents' AI can be tuned to enact more fluid and natural styles of 

play. 

 ML techniques are no strangers to the programming field. In video games, such as those 

in the first person shooter (FPS) genre, Thurau, Bauckhage, and Sagerer35 (2004) provide a good 

                                                           
35 Programming Robosoccer Agents, page 4 
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summary of how imitation can be used at reactive, tactical, and strategic levels. Using the FPS 

game Quake II, they built a MATLAB interface to allow a human to play the game while 

simultaneously recording pairs of in-game state-vectors and actions. A self-organizing map was 

used to reduce the dimensionality of state-vectors, and then used multi-layer neural networks 

to map state-vectors to actions. Neural networks are also used to learn trajectories, aiming 

behavior, and their various combinations,36 making better models that can take context into 

account before performing an action.  Primitive movements are extracted as blocks for more 

complicated strings of movement, and conditional probabilities on the state-vector and the last 

action are learned.37 Other research by Priesterjahn, Kramer, Weimer, & Goebels (2005) use 

genetic algorithms to improve imitation models.38  Alternative research involves agents 

modeling opponent behaviors and using said model to better defeat them. 

 More specific to AI challenges in a soccer domain, research has already been done into 

improving the effectiveness of agents in a virtual soccer environment, devoid of actual physical 

robot platforms. Riley, Veloso, and Kaminka (2002) use ML techniques to create a coach agent 

in a Robosoccer39 domain. The coach can learn from previous games, using models to predict 

team formations and passing behavior in order to beat the opposing team. For instance, models 

can be used to best select the ideal plan to defeat the opponent in set plays.40 Models are not 

learned in some cases, and instead are predefined and used to classify the opposing teams 

through a similarity metric. 

Aler, Valls, Camacho, and Lopez look into transforming Robosoccer into an interactive 

game, permitting human control of a Robosoccer agent and then use ML techniques to clone 

his/her in-game behavior. The figure below shows the GUI soccerclient that allows a human 

user to play Robosoccer as a video game, designed in such a way that the only information 

displayed to the user is the same as the one available o the actual agent in the simulation field.   

 

                                                           
36 Ibid, page 4 
37 Programming Robosoccer Agents, page 4 
38 Ibid, page 4 
39 The Robosoccer simulator is a challenging environment for artificial intelligence, where a human has to 
program a team of agents and introduce it into a soccer virtual environment. (Ibid, page 1) 
40 Ibid, page 3 
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Aler et. al conclude that using ML algorithms are indeed effective, at least in the low-

level behaviors of their scope, and the modeled agent was able to provide a challenging 

experience for a human. Key to providing the user feedback is a user-friendly and responsive 

interface for human play,41 and a responsive interface is the crux for learning low-level 

behaviors.42   The Soccerserver interface used by Robosoccer was not originally conceived as a 

video game, thus limiting the level of interactive play compared against commercially available 

games. Their method works best on reactive behaviors (mapped input-outputs), but degrades 

when the action of the human depends on hidden variables, like making use of human 

memories and predictions about the opponents.43 

 In terms of further study, more attention could be applied toward cognitive functions 

applied by a human playing Robosoccer, such as planning, opponent prediction, and trajectory 

computation.44  Using new attributes, they plan to add estimations of some of these hidden 

variables to the agent. Special algorithms can also be used, for instance, to track objects even as 

they go out of view, in the same way that human memory works. By also pre-programming all 

                                                           
41            Programming Robosoccer agents, page 8 
42 Ibid, page 9 
43 Ibid, page 9 
44 Ibid, page 9 

 

Figure 7: Process to Obtain a Model Playing Robosoccer by using ML (Programming 
Robosoccer Agents, 2009) 
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lower-level behavior, the human player can focus more on higher-level decision-making and 

strategy, leaving the execution of more rudimentary details to the computer.45   

2.5.3 Team Coordination Architecture  

 With the goal of having a full robot team best the reigning human soccer champions by 

2050, robot players must not only have the individual coordination that the best human players 

posses, but also teamwork and strategic movement the best teams employ.  The benefits for 

robot coordination affect the FIRA challenge as well as various commercial and industrial 

applications for robots, such as cleaning work and assembly technologies. Developing suitable 

controllers and architectures is important for advancing collective robot performance. 

 Camacho, Fernandez, and Rodelgo (2005) explore technologies for intelligent systems 

and multi-agent systems (MASs),46 coming to describe an instantiation of SkeletonAgent, a 

multi-agent framework capable of integrating classical AI techniques to build intelligent 

systems, into the robot soccer domain.  Likewise, Harmati and Skrzypczyk (2008) describe 

collision free target tracking problem of a multi-agent robot system.47 Both papers approach 

the problem of optimizing robot agent coordination, though not necessarily limited to robot 

soccer in their application. SkeletonAgent is a software agent framework that can be used to 

help concert movement between multiple robot agents, and is described by the figure below48. 

                                                           
45 Programming Robosoccer agents, page 9 
46 Roboskeleton 
47 Robot team coordination 
48 Roboskeleton, page 2 
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The framework is divided into the following modules, interconnected as in the previous figure: 

¶ Agenda/skills: This dynamic structure stores items called acts, which are correlate to the 

skills of the agent. Each act contains a list of lower-level skills/routines that are executed 

in the proper succession to perform the desired act, and when the particular act cannot 

be further broken down, the agent executes the base-level act.49 Camacho et al. (2005) 

show that if the skill can be decomposed into several sub-acts, these can be 

independently managed in the agenda.50 This builds upon compounding small, simple 

tasks into progressively larger and more complex outputs. 

¶ Heuristics/control module: This decides what act to select from the agenda at any time, 

according to a preselected control policy, such as last in/first out (LIFO) or first in/first 

out (FIFO). 

¶ Knowledge base: archives the knowledge that can be used by agent skills, such as files, 

databases, tables, etc. 

¶ Yellow pages: stores the information about all agents belonging to the team, consisting 

of a list of partners and a list of their corresponding skills.  
                                                           
49 Roboskeleteon, page 2 
50 Ibid, page 2 

Figure 8: Skeleton Agent Architecture  
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¶ Communication module: responsible for serializing and de-serializing information to and 

from other agents on the network, as decided by the control module.  

 

Harmati and Skrzypczyk tackle the problem of generic robot formations, where team 

members have to follow the target and achieve a favorable position relative to other 

teammates, targets, and obstacles/opponents. Their method is to convert formations, 

essentially a control problem, into a game theoretic problem and provide solutions in this 

framework. To improve team performance, they build upon the semi-cooperative Stackelberg 

equilibrium51 proposed by Harmati (2006).52  System robustness is improved with the control of 

cost function component with a PD-like fuzzy controller.  Santos (2002) proves soft computing 

techniques to be efficient in poorly defined system organization,53  and Hwang, Tan, and Chen 

(2004) prove that it is also effective in multi-agent coordination54.  

 The sample of methods described exemplify the types of options and possibilities 

available in tuning the AI of robotic systems, all of which can be applied toward improving the 

performance of individual soccer robots and teams. 

2.6.1 Control Systems  

 At the heart of every robot are its behaviors, the sum of its abilities to receive inputs 

from its surroundings, perform due processing and calculations from this information, and then 

promptly affect said surroundings through some means. This is in essence a closed-loop system, 

where a controller manipulates the system inputs to obtain desirable effects on the output of 

ǘƘŜ ǎȅǎǘŜƳΦ ²Ƙŀǘ ŘŜŦƛƴŜǎ άŘŜǎƛǊŀōƭŜέ ŎƻƴŘƛǘƛƻƴǎ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ōŜƘŀǾƛƻǊ ǇǊƻǇƻƴŜƴǘ ƻŦ ŀ robotic 

system. Without an effective control system, a robot will not be able perform its desired tasks 

successfully, whether that would be cleaning floors, disabling landmines, or kicking balls in 

between goal posts.  

                                                           
51 Stackleberg equilibrium: A game theoretic equilibrium in which one player acts as a leader and another as 
a follower, the leader setting strategy taking account of the follower's optimal response. (http://www-
personal.umich.edu/~alandear/glossary/s.html) 
52 Robot team coordination, page 2 
53 Ibid, page 2 
54 Ibid, page 2 

http://www-personal.umich.edu/~alandear/glossary/g.html#GameTheory
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 This section will delve into possible control models for humanoid robots. One particular 

consideration is the shape; since a human-shaped robot has a relatively high center of mass 

while upright, the stance can be unstable and prone to tipping. The robot would have to propel 

itself forward on its bipedal drivers, and still be in control of its center of gravity for maximum 

stability and speed. 

 To be able to play soccer against human opponents, much less a top-tier team, the 

robot has to identify teammates, opponents, boundaries, and the ball itself. It also needs to 

balance itself through many dynamic situations, and effectively maneuver around changing and 

static obstacles. On collective higher-level actions, robot teams must be able to quickly 

coordinate and move towards the best positions to materialize a goal. The processing in control 

units must be done in real-time, so variables like CPU size, current consumption, memory type 

and capacity, on-chip peripherals, as well as the level of development tools are important 

factors that influence the selection of the control processor and algorithms used in a particular 

mobile robot. 

2.6.2 Gait Generation  

 Effective gait generation is the means by which a bipedal humanoid robot can move in a 

quick yet balanced manner, having the robot's legs move through calculated steps and 

positions. Gait planning for humanoids is essentially different from path planning for serial 

robotic arms, since the center of mass is in constant motion while the feet periodically interact 

with the ground in a unilateral way. Since this means that there are only repulsive and no 

attractive forces between the feet and ground, ground interaction must thus be planned out to 

avoid postural instability.55  

 To further understand dynamic stability and help monitor and control a walking robot, it 

is useful to understand the concept of zero moment point (ZMP).56 The ZMP is the point on the 

ground where the sum of tipping moments on the robot, due to gravity and inertia forces, 

equals zero.57 

                                                           
55Observer-based Dynamic Walking Control for Biped Robots, page 3 
56Observer-based Dynamic Walking Control for Biped Robots, page 3 
57Ibid, page 3 
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Figure 9: Pipeline Visualization of the Gait Generation Process
58

 

 

 In the figure above, one can see the how the close-loop system of the gait is run, 

determining the best placement of foot and body movement all to keep the resulting aggregate 

motion stable. The gait generation takes in the desired translation and rotational speed vector 

(VX, VY, jύ ŀǎ ǘƘŜ ƛƴǇǳǘΣ ǿƘƛŎƘ ƛǎ ƴƻǘ ǎȅƴƻƴȅƳƻǳǎ ǘƻ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ƳŀǎǎΩǎ ό/ƻaύ ǎǇŜŜŘΣ ōǳǘ 

rather its desired average. The playing field is designed to be fully flat, but more robust gait 

generation algorithm might take into account uneven terrain, resulting in irregular gait patterns 

at different velocities. 

2.6.3 Trajectory Following  

Control systems also guide the robot through a determined path, and are responsible 

for the fidelity of the trajectory interconnecting the start and target positions. On wheeled 

mobile robots or serial robot manipulators, a control system would involve the use of an 

inverse kinematic model, which calculates the necessary movement needed by a system to 

reach a desired end location in space.  

¢ƘŜ ǊƻōƻǘΩǎ ŘŜǎƛǊŜŘ ƳƻǾŜƳŜƴǘ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ƛƴǘƻ ŀ ƎƛǾŜƴ ½at ǘǊŀƧŜŎǘƻǊȅΣ ǿƘƛŎƘ Ŏŀƴ 

be calculated using a simplified model using the center of mass to represent the entire body. As 

only one foot is connected to the ground during the walk, and considering only that contact 

point and the center of mass, the system can be likened to an inverted pendulum. Contracting 

ƻǊ ŜȄǘŜƴŘƛƴƎ ǘƘŜ ƭŜƎ Ŏŀƴ ŀƭǘŜǊ ǘƘŜ ǊƻōƻǘΩǎ ƘŜƛƎƘǘ ŀƭǘŜǊŜŘΣ ŀƭƭƻǿƛƴƎ ƎǊŜŀǘŜǊ ŎƻƴǘǊƻƭ ƻǾŜǊ /ƻa 

trajectory. By restricting the inverted pendulum such that the CoM only moves along an 

                                                           
58
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arbitrary plan, it results in simple linear dynamics called the 3D Linear Inverted Pedulum Mode 

(3D-LIPM).59 

Walking on overall flat terrain defines the constraint plane as horizontal (kx = ky = 0), 

despite slight deviations in level consistency. Using a global coordinate frame, we use m as 

mass of the pendulum, g for the gravity acceleration and tx and ty as the torques around the x- 

and y-axis, the following equations60 ŘƛǎǇƭŀȅ ǘƘŜ ǇŜƴŘǳƭǳƳΩǎ ŘȅƴŀƳƛŎǎΥ 

 

Equation 3: Plane Acceleration 

 

 According to this model, the position (px, py) of the ZMP on the floor can be calculate 

using the following equations61: 

                       

Equation 4: Position 

From there, a simply substitution of equations 3 and 4 into equations 1 and 2 yields the 

following ZMP equations62: 

 

Equation 5: ZMP Position 

                                                           
59

 Observer-based Dynamic Walking Control for Biped Robots, page 5 
60

 Ibid, page 6 
61

 Ibid, page 6 
62

 Ibid, page 6 
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It can be seen that for a constant height zh of the constraint plane, the ZMP position depends 

on the position and acceleration of the CoM on the plane and the x- and y-components can be 

addressed separately.  

 From the equations given, we can ascertain the required ZMP positions needed to as 

the controller outputs, thus propelling the robot onward with stability.   

2.6.4.1  Hardware Background and Operation 

 This section describes the different critical hardware involved in the processing and 

operation of the HUST soccer robot. Each unit will be described in its general functionality, and 

how it works together with the robot as a whole.  This will serve to explain the importance of 

each unit, and the considerations that need to be made to ensure the best performance from 

given resources. 

2.6.4.2.1  Robot Board Components 

2.6.4.2.2 Microprocessor 

 The microprocessor is essentially an entire central processing unit (CPU) onto an 

integrated circuit (IC). They are for the most part general purpose, although there are different 

types dedicated for specific uses. At the core of all robots is a microprocessor of some type, 

ǳǎǳŀƭƭȅ ŀ ƳƛŎǊƻŎƻƴǘǊƻƭƭŜǊΣ ǳǎŜŘ ŦƻǊ ǘƘŜ ǊƻōƻǘΩǎ ŎŜƴǘǊŀƭ ƻǇŜǊŀǘƛƻƴǎΦ ¢ƘŜȅ Ŏƻƴǘŀƛƴ ǿƛǘƘƛƴ ǘƘŜƳ 

areas called registers that store numbers to be used for data manipulation, and areas called 

arithmetic logic units (ALUs) that perform arithmetic or logic operations on that data.  

2.6.4.2.3 Digital Signal Processor 

Digital Signal Processors (DSP) are specialized microprocessors with architectures 

designed specifically for the types of operations required in digital signal processing; it takes in 

a signal and manipulates it mathematically through digital means. They are programmable 

devices, running their own native instruction code, and can perform millions of operations per 

second, and gain further performance advantages by their dedicated architectures.  

Firstly a signal must be defined. A signal is stream of information representative of a 

certain condition, and in this particular application it is an electrical signal. Since most data, 
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ŜǎǇŜŎƛŀƭƭȅ ŀǎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴǎ ƻŦ ǘƘŜ άǊŜŀƭ ǿƻǊƭŘΣέ ŎƻƳŜ ƛƴ ŀƴŀƭƻƎ ƻǊ Ŏƻƴǘƛƴǳƻǳǎ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΣ 

they need to go through an analog-to-digital converter (ADC) so that digital processing can be 

applied. In most cases, a signal is a voltage or a current that represents the condition, such as 

temperature, pressure, and so on. 

Signals often need to be processed to remove unwanted information, such as noise and 

other extraneous data, for further simplification down the line and to make the information 

ƳƻǊŜ ƛƳƳŜŘƛŀǘŜƭȅ ǳǎŜŦǳƭΦ CƻǊ ǘƘŜ ǊƻōƻǘΩǎ ƻǿƴ ǇǳǊǇƻǎŜǎΣ ǘƘŜ ǎƛƎƴŀƭ ƛǎ ǘƻ ǇǊƻŎŜǎǎŜŘ ƛǎ ŀ ǾƛŘŜƻ 

ǎǘǊŜŀƳ ŦǊƻƳ ǘƘŜ //5 ŎŀƳŜǊŀ ƳƻǳƴǘŜŘ ŀǘ ǘƘŜ ǊƻōƻǘΩǎ άƘŜŀŘΦέ ¢ƘŜ ōŀǎƛŎ ƛŘea of digital signal 

processing is that the image seen by the robot needs to be reduced to a simpler form and thus 

give the robot a better ability to recognize key objects, such as white lines, yellow tennis balls, 

or blue goal posts. By reducing the image to what is truly needed, it makes it much easier for an 

embedded processor to take these in as inputs and produce movements that would be in line 

with our strategies. 

To get the best performance for a particular use, factors like operations per second, 

power consumption, cost, and unique features of a particular processor all add up toward 

judging which is the best processor to use. As mentioned before, these devices run their own 

native instruction code, which can be optimized for ease of use, better functionality for specific 

tasks (like audio and/or video processing), or compatibility with other hardware.  Given the 

ǎȅƴŜǊƎȅ ƻŦ ŀƭƭ ǘƘŜǎŜ ŦŀŎǘƻǊǎΣ ŀ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǇǊƻǾƛŘŜŘ ǎƘŜŜǘ ƳƛƎƘǘ ƴƻǘ ƛƳƳŜŘƛŀǘŜƭȅ ōŜ ǘƘŜ ōŜǎǘ 

source for comparison between different DSPs, and further investigation must be made into 

their more particular features. 

2.6.4.3.1 Servos 

The primary actuators in the robot are servos, and this section describes the basics of 

servo operation and control.  A servo is essentially an electromechanical device that controls 

the angle of a load of rotating around a pivot. The servos at each joint are responsible for the 

direct actuation of knees, ankles, hips and feet. Different servos are shown the following figure: 
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Figure 10:Different Servo Sizes 

2.6.4.3.2 Basic Design 

A servo system consists of: 

¶ Power supply 

¶ Interface 

¶ Position Controller 
o Servo Controller 

¶ Servo Motor (typically limited by a mechanical stop) 

¶ Feedback sensor 
 

The following figure illustrates how the different parts interact with each other to enable 

effective and accurate servo control. 

 

Figure 11: Servo Control Loop 
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2.6.4.3.3 Servo Control 

To communicate to the servo which angle to at, it uses a method called Pulse Width 

Modulation (PWM).  By PWM, the servos assigned angle is determined by the length of an 

electric pulse sent to it.  Pulses are sent in at a regular frequency, but by modulating the width 

of these pulses, one modulates the position of the servo. The figure below illustrates the 

example of PWM control.  

 

 

Figure 12: Example of PWM Control 

 Servos usually work using proportional control to reach the desired position. The further 

the actual servo position is from the value assigned by the pulse width, the faster the motor 

would have to move, and the closer the position is the slower the motor would be.  

2.6.4.3.4 Servo Connections 

 Since servos receive electric pulses, they can be connected to the outputs of a control 

board. Counters and timers on embedded systems can be used so that users can vary the pulse 

through the program they download onto the system chip. A downside of this method of 

control is that some boards may have limited outputs, counters, or timers, and having to 

control a large swath of servos might be impossible without using more resources.  

 Alternatively, some servos may have their own dedicated microcontrollers on each 

servo unit, and instead of directly receiving pulses they can receive byte commands over a 

serial connection. The microcontrollers would then be responsible for sending pulses to its own 

servo. These servo units can be daisy-chained together with no problem, since each byte 

command would be designated to a particular servo through its ID number.  Not only can data 
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be sent to the servos, the servos can also return data packets back with information about 

themselves such as feedback measurements and such, eliminating the need for extraneous 

sensors. With this type of servo, multiple units can be connected to the control board via a 

single serial port connection. 

2.6.4.3.5 Joint Connections  

 Actuators like servos and motors have different means to be connected to other 

effectors. Apart from the mechanical advantages gained by placing these actuators in front of 

gear trains, they can also be connected via chains, belts, and linkages, each offering their own 

particular advantages and tradeoffs in terms of performance.  

2.7.1 Project Plan : Ball Kicking  

 To effectively complete our goal, we needed to create a set of objectives to follow. We 

developed four main objectives to complete our project. First, we created an image processing 

algorithm strategy to allow the robot to locate the object in the field and discern it from the 

background. Second, we developed an optimal ball kicking strategy to implement. This strategy 

was tested and researched to be the most effective in path designation and kicking mechanics. 

Next, we converted both strategies into DSP code. This had to be done so the robot could 

understand the programming and know how to react. Lastly, we tested the movement of the 

servos and the entire system while debugging any problems. 

We had to make sure the robot moved effectively and accomplished all the tasks 

needed. This included following all the rules of the game and kicking the ball into the goal. 

These tasks were divided among our group members over the course of our project. Chapter 3 

is a more detailed explanation of our objectives and what we designed. 

2.7.2 Project Plan: Path Tracking  

To effectively complete our goal, we needed to create a set of objectives to follow. We 

developed four main objectives to complete our project. First, we created an image processing 

algorithm strategy to allow the robot to locate the white line and discern it from the 

background. Second, we developed an optimal path strategy to implement. This strategy was 

tested and researched to be the most effective in path designation and determination. Next, 






























































































































