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Energy Saving Footwork that is hard to Slip and Turn over 
with a Little Physical Load in Power Tennis 

Yoshihiko KAWAZOE*1  
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Kaga 2-3-1-904, Itabashi-ku, Tokyo, 173-0003 Japan 

After seven singles players had retired or withdrawn with injuries at Wimbledon 2013, the All England Club issued 
an extraordinary statement defending the state of its grass. According to the International Tennis Federation, the seven 
retirements and walkovers in singles were believed to be the most on the same day at a Grand Slam event in the Open 
era. All of the slipping and injuries led to questions of why. The suggested culprits included the length of the season, the 
short time to adjust to grass from clay, and the condition of the courts. There have been several significant falls, the 
most graphic being when Azarenka twisted her right knee during her first-round that left her lying on the court in tears 
for several minutes. With so many players being asked about court conditions in news conferences and so many news 
media requests to speak to the groundskeeper, the All England Club issued a statement about the grass.“The court 
preparation has been to exactly the same meticulous standard as in previous years, and we expect them to continue to 
play to their usual high quality.” It is said that different types of tennis injury have been associated with play on 
different court surfaces and current knowledge of tennis player and court interactions is limited. Some research with 
tennis injury incidence, player movements and the biomechanics of slips were begun and a new direction for assessing 
tennis player-surface interactions has discussed for practical use in the future regulation of tennis courts. On the other 
hand, in sports, moving body parts around a fixed joint is very popular, but it seems to limit one's power, whereas more 
power can be generated and the strain on the body is lessen by using the entire body without twisting motion and not 
resorting to just the fixed joint. This paper proposed the approach for realization of robust physical movements in tennis 
based on distributed control of physical body in humanoid biped robots, which uses only small active power making full 
use of equilibrium instability as a source of driving force with simple state transition. Making postures simultaneously 
by using the entire body produces natural movements.  

Key Words : Sports Engineering, Human Dynamics, Dexterity, Physical Movement, Tennis Injury, Humanoid Biped 
Robot, Biomechanics of Slips, Tennis player, Robustness, State Transition, Constructive Approach. 
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  Fig.1 Two states of right side step with kick of ground     Fig.2 Two states of right side step without kick of ground 
 

 
 Fig.3 Side step without kick during backhand stroke by K. Rosewall 15) 
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Fig. 4  Proposed nonlinear optimal control applied to humanoid biped robot walking. 
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Fig. 5  Example of nonlinear optimal control by Rufus Oldenburger. 
  

 
              (a)                                          (b)  

Fig. 6  Servomotors configuration and the State of right side step using instability without kick of ground 
 

  � �  State1                 State2    � � � �       State3           � �  State4  

Fig.7  Four States of NANBA Walk and Run of biped robot with 10 freedom legs (GENBE - No.4-2007u 
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  State 2                                                                         State 3 y
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Fig.8 State transition from State 2 (Statically stable) to State 3 (Statically unstable), falling down to the ground. 
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Fig.9  NANBA dash o36.5 cm/s, 6.58 steps/suof.biped robot (GENBE No.4-2007). It takes only 0.3 seconds for 2 steps. 
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(a) State 2 in program�  (b) Nearly State 2 in reality  

Fig.10  Forward speed vs pitch speed of biped robot.  Fig.11 Difference between States of program and actual movement. 
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     � � � Fig.12 Forward leaning angle vs Time setting               Fig.13 Stride vs. Time setting 
 

4.� ¥hi)Ì-
�v�mîçc�<�à\ëï_©¨\_)ò 

ïjcÞñFïkB;C��ì�w�ýZ?6JK\"lE6JKS-m�\§§$cP<�ªc�?\E6

JKECÞc�¿â�Ýg?<Dw�ýZ-PêI-�¸\{Sôõc)FEI6)ò\nõP<¥hi)Ì\


�EI�mo÷½u\ÂÃP<Dvc�Lgi_)ò?& P<( 16 )D 
í 14 56ïð�\��P<®íu_ñ6Jr-VW49L,ÈÜ\�cREI�ø4ÈÜcBò\o_C�m
o�m 1uFï´Ü\�cREC�mo�m 2ucîçP<Dvc�L6í 15-�ªc6Ý-X4®íuc´¸
Lc 180Ùñ6JrP< ( 18 ) D 
�

�

�

 
� front view   side view� � � front view   side view 

�        
  front view   side view� � �  front view   side view� �

(a) state 1               (b) state 2  
Fig.14  Two states of 180 degrees 

NANBA TURN. 
 

   
     (a) t = 0.000 s           �  (b) t = 0.627 s            (c) t = 0.990 s             (d) t = 1.254 s  
 

   
     (e) t = 1.815 s             (f) t = 2.013 s              (g) t = 2.178 s� �         � (h) t = 2.343 s   
                           (f) nearly state1 

   
    (i) t = 2.508 s             (j) t = 2.673 s             (k) t = 2.838 s               (l) t =3.003 s 
� � � � � � � � � � � � � � � � � � � � � �                                � (l) nearly state2  

Fig.15  NANBA TURN based on distributed control of physical body. It turns 
instantaneously 180 degrees per second. 
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Fig.16  Repititive Side step on the table until battery exchange ( Trial No.1, movie No.10, 2nd cycle) 
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(a) Side step repetition number              � �     (b) Side step repetition times (minutes) 

Fig.17 Repetition number and times in the side step on the table until battery exchange. 
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Fig.18  Repetition number and times in the side step on the carpet until battery exchange. 
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 (a)t=0.00s � (b)t=0.08s  (c)t=0.16s   (d)t=0.24s�  (e)t=0.32s � (f)t=0.40s   (g)t=0.48s
 (a) State3� � � � � � � �  � � � � � � � � � � � �     �           (g) State4  

Fig.19 Robust NANBA backhand-stroke of biped robot , which uses only small active power. (250 fps) 
 

     
0.000 s�  f01� � � � 0.067 s  f03  �   0.133 s�   f05� � � 0.200 s    f07� � 0.266 s�  � f09 �  0.033 s� � f1) 

nearly state 1�                                                               

     
� � � � � � � � 0.400 s   f13� �  0.466 s� � f15� � � 0.533 s� � � f17� � 0.060 s� � f19    0.666 s  f21 

� � � � � � � � � � � � � � � � � � nearly state 2  
Fig.20  Robust instantaneous NANBA TURN utilizing instability, which uses only small active power. It turns instantaneously 180 

degrees in 0.7 seconds.  
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(a) 

     
    0.000 s           0.033 s           0.067 s            0.100 s            0.133 s           0.166 s 

     
    0.199 s           0.233 s           0.266 s            0.299 s            0.333 s            0.366 s  
                                               (b) 

Fig.21 Side step during receive a served ball by T. Suzuki. 
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     0.0 s          0.1 s           0.2 s           0.3 s           0.4 s           0.5 s         0.6 s  
� � � � � � � � � (a) NANBA forehand stroke proposed by Kawazoe (Proto-type1) 

      

     0.0 s          0.1 s           0.2 s           0.3 s           0.4 s           0.5 s         0.6 s  
� � � � � � � � (b) NANBA forehand stroke proposed by Kawazoe� (Proto-type 2) 

Fig.22 Robust instantaneous NANBA forehand-stroke utilizing instability, which uses only small active power. 
 

�
� � � nearly state 1� � � � � � nearly state 2�  � � � � � � � � � � �

�  
� � � nearly state 1� � � � � nearly state 2�   

�        � � (a)� (Proto-type1)� � � � � � � � � � � � �        � � � � � (b)� (Proto-type 2) 
� �                 � Fig.23 Two states of NANBA Forehand strokes proposed by Kawazoe. 
�

      
   0.0 s         0.1 s         0.2 s         0.3 s         0.4 s         0.5 s         0.6 s  

Fig.24  Open stance NANBA forehand-stroke proposed by Kawazoe, which uses only small active power. 
�

     
 (a) t = 0.000 s    (b) t = 0.0627 s   (c) t = 0.0990 s   (d) t = 0.125 s    (e) t = 0.1.82 s    (f) t = 0.201 s   

Fig.25  Forehand-stroke during receive a served ball by K. Date Krumm. 
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