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� NANBA TENNIS with Powerful and Injury-free Robust Movement  

Utilizing Equilibrium Instability without Kick of Ground � �  
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We realized the simple self-sustained humanlike robust walking & running NANBA of humanoid biped robot 
GENBE based on distributed control of physical body in a martial art, which uses only small active power with simple 
chaotic limit cycle utilizing instability. Instability makes the natural movement and can be applied to walking of a 
physically handicapped person, rehabilitation, sports, and so on. This paper showed the  development of robust NANBA 
walking of humanoid Biped Robot GENBE to NANBA-Tennis making full use of instability as a source of driving force.   
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Fig.1 Study of NANBA TENNIS 
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       t=0.00[s]              t=0.10[s]              t=0.20[s]              t=0.30[s]             t=0.40[s] 

    
       t=0.50[s]              t=0.60[s]              t=0.70[s]              t=0.80[s]             t=0.90[s] �

 

� � State1             State2  
� � � � � � � � � � � � � � (a)� � � � � � � � � � � � � � � � � � � � � � � � � � � � (b) 
� � � � � � � � � � � � Fig.2 Right side step with kick of ground by left leg.(250 fps) 
 

    
       t=0.00[s]              t=0.10[s]             t=0.20[s]              t=0.30[s]             t=0.40[s] 

    
       t=0.50[s]              t=0.60[s]             t=0.70[s]              t=0.80[s]             t=0.90[s] �

 

� � � State1            State2   
� � � � � � � � � � � � � � � � � (a)� � � � � � � � � � � � � � � � � � � � � � � � � (b) 
Fig.3 Robust instantaneous NANBA side-step of humanoid biped robot GENBE No.4-2 utilizing instability, which uses only small 

active power. Right side step using instability without kick of ground. (250 fps) 
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(a) state 1 

 
(b) state 2 

Fig.4 Fundamental States NANBA Walk and Run of 
GENBE-No.4 with 10 freedom legs 
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=  =
= (1)= 0.00s  `200= = = (2) 0.10 s= f225    (3) 0.20 s  f250  = = (4) 0.30 s   f275 
                             = = = = = a=  

= = =
(5) 0.40 s= = f300= = = (6) 0.50 s= =  f325 = (7) 0.60 s= =  `350   (8)= 0.70 s= f375 
= = = = = = = = = = = = = = = = = = = = = = = = = = = a   
Fig.5 Robust instantaneous NANBA volley of humanoid biped robot GENBE 

No.4-2  based on distributed control of physical body in a martial art 
utilizing instability.   

 
 
 
 
 
 

=
nearly state 1= = = nearly state 2  

Fig.6 Fundamental two states of NANBA 
Volley of GENBE-No.4 with 10 
freedom dfegrees legs. 

 

 =   
0.000 s=     f06= = = 0.067 s       f08     0.133 s=   =  f10= = = = = 0.200 s= = = = f12= = = =  0.266 s= = = = = f14 
= = = = = = = = = = = = nearly state 1 

= =  =
0.333 s= = = f16= = = = = 0.400 s      f18= = = =   0.466 s= = = = f20= = = = = 0.533 s= = = = f22= = = = =  0.600 s= = =  f24
= = = = = = = = = = = = = = = = = = = = = = = = = nearly state 2  

Fig.7 Robust instantaneous NANBA forehand-volley proposed by Kawazoe utilizing 
instability, which uses only small active power.  

 

 

 nearly state 1 nearly state 2   
Fig.8 Fundamental two states of NANBA 

Fore-Volley proposed by Kawazoe. 

    
   0.000 s=   `01= = = 0.067 s   f03    0.133 s=    f05= = = 0.200 s= = f07= = = 0.266 s= = f09 
= = = = = = = =    nearly state 1= = = =  

    
0.333 s= = = f1I= =  0.400 s     f13= =  0.466 s= = = f15= = = 0.533 s= = = f17=   0.600 s= = = f19 
= = = = = = = = =               nearly state 2= = = = = = = = =   

Fig.9 Robust instantaneous NANBA backhand-volley proposed by Kawazoe 
utilizing instability, which uses only small active power.  

 
 

=

= nearly state 1= = = nearly state 2=  
Fig.10 Fundamental two states of NANBA 

Back-Volley proposed by Kawazoe. 
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= front view   side view= = = front view   side view 

=        
  front view   side view= = =  front view   side view =

(a) state 1               (b) state 2  
Fig.12 Fundamental two states of 180 degrees NANBA TURN.  

(1)t=0.000s      (2)t=0.067s     (3)t=0.133s     (4)t=0.200s      (5)=0.267s      (6)t=0.333s      (7)t=0.400s     (8)t=0.467 

(9)t=0.533s      (10)t=0.600s    (11)t=0.667s    (12)t=0.733s     (13)=0.800s     (14)t=0.867s    (15)t=0.933s    (16)t=1.000 
   

� � � � � � � Fig.11 NANBA Turn of  YYoosshhiinnoorrii== KKOOHHNNOO..  IItt  ttuurrnnss  instantaneously 180 degrees in 0.5 seconds.  
 

     
= = 0.000 s   (f)   = =  0.160 s=   (g)=     0.330 s   (h)      0.495 s   (i)     0.660 s   (j)       0.825 s   (k)  
  (f) nearly state 1=    =   = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = (k) nearly state 2  

Fig.13 Robust instantaneous NANBA TURN about body axis of humanoid biped robot GENBE No.4 utilizing instability, which uses only 
small active power. It turns instantaneously 180 degrees in 0.7 seconds.  
 

     
0.000 s=  f01= = = = 0.067 s  f03  =   0.133 s=   f05= = = 0.200 s    f07= = 0.266 s=  = f09 =  0.033 s= = f1I 

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.14 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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 �  
� � � � �  � state3          �  state4      
Fig.15 Two states for robust instantaneous NANBA 
backhand-stroke of humanoid biped robot GENBE utilizing 
instability, which uses only small active power. (250 fps) 

      
 (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.16 Robust instantaneous NANBA backhand-stroke of humanoid biped robot GENBE utilizing instability, which uses only small active 

power. (250 fps) 
 

       
� � 0.0 s         0.1s         0.2 s          0.3 s         0.4 s         0.5 s         0.6 s         0.7 s  

� � � � � � � � � � � (a)� 3Dimensional� CG time historical frames: top view  

       
� � 0.0 s         0.1s         0.2 s          0.3 s         0.4 s         0.5 s         0.6 s         0.7 s  

� � � � � � � � � � � (b)  3Dimensional� CG time historical frames: side view 

       
� � 0.0 s         0.1s         0.2 s          0.3 s         0.4 s         0.5 s         0.6 s         0.7 s  

� � � � � � � � � � � (c)  3Dimensional� CG time historical frames!front view 
� � � � � � � � Fig.17 Three dimensional analysis of forehand strokes by top-pro Rojer Fedeler. 
 

      

     0.0 s          0.1 s           0.2 s           0.3 s           0.4 s           0.5 s         0.6 s  
                               Fig.18 Conventional forehand-stroke by KAWAZOE.  
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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.19 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.20 Fundamental two states of NANBA Forehand strokes proposed by Kawazoe. 
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