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There is no robot around us in our society at the current stage and also there will be no 
robot in the future if we define a robot as an machine working in the arena of offices, homes, 
and disaster sites, etc. outside the factories and also continue the present conventional 
research and development (R&D) style in robot projects. We proposed the concept of 
Human-Robotics, where robots and engineers should learn and develop in collaboration with 
each other in the real world on the basis of the dexterity of nature, life and human with 
Subsumption Architecture (SA) in the previous paper. We showed as the case studies the 
simple self-sustained humanlike robust walking & running & instantaneous turn NANBA of 
humanoid biped robot GENBE based on distributed control of physical body in a martial art 
utilizing instability without ZMP (Zero Moment Point) control, which uses only small active 
power with simple chaotic limit cycle utilizing instability, further developing into 
autonomous shock avoidance during falling down owing to being pushed from backside and 
instantaneous rising. Instability makes the natural movement and can be applied to walking 
of a physically handicapped person, rehabilitation, sports, and so on. We also showed the 
case study of an autonomous robot without SMPA (Sense- Model- Plan- Act) framework. In 
this paper, we realized the JIZAI movement of humanoid biped robot based on the 
distributed control of physical body in a martial art going up and down the stairs making full 
use of instability as a source of driving force.  

 
Key Word: Robotics, Humanoid Biped Robot, Ascent and Descent, Staires, Martial Art, 
NANBA  
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FFiigg..11  HHumanoid biped robot GENBE No.2 with  
     legs of 6joints��

 

  
(a) State 1�  

 
 (b) State 2 

Fig.2 Fundamental States of  GENBE-No.2  
� � NANBA Walking with 6 freedom legs. 
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Fig.3 Forward speed vs pitch speed of biped robot 
    GENBE No.2 with legs of 6 joints.�  
 

 
FFiigg..44  HHumanoid biped robot GENBE No.4.with  
     legs of 10joints.��
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(1) t = 0.000 s    (3) t = 0.133 s   (5) t = 0.266 s    (7) t = 0.399 s   (9) t = 0.532 s� � (11) t = 0.666 s
  
� � � � � � � � � Fig.5 NANBA walking & running of  YYoosshhiinnoorrii�� KKOOHHNNOO 

 

(a) 0.000s  (b) 0.033s  (c) 0.066s   (d) 0.099s   (e) 0.133s   (f) 0.166s    (g) 0.199s   (h) 0.233s   (i) 0.266s   (j) 0.299s 
(a) nearly state 1�        (c) state 2� � � � � � � �          (f) state 3               (h) state 4 
  
Fig.6 Emergence of simple self-sustained humanlike robust running NANBA of  humanoid biped robot  
� � GENBE No.4. Height: 34 cm, running speed: 18 cm/s�6 steps/s/. 
 

 

 
(a) state 1 

 
(b) state 2 

Fig.7 Fundamental States of GENBE-No.4  
� � NANBA Walking with 10 freedom legs 

 

  

 �   
(a) state1           (b) state2 

Fig.9 Fundamental two states of 90 degrees  
� � NANBA Turn. 
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 Fig.8 Forward speed vs pitch speed of biped  
     robot GENBE No.4 (�Lwith small-soles). 
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� �

(1) t = 0.000 s� � (3) t=0.133 s� (5) t = 0.266 s� � (7) t = 0.399 s� � (9) t = .532 s� �  (11) t = 0.666 s  
� � Fig.10 NANBA Turn of  YYoosshhiinnoorrii�� KKOOHHNNOO..  IItt  ttuurrnnss  instantaneously 90 degrees in 0.5 seconds.  
  

�    
� � (i)                        (j)                  (k)                     (l)   

�� �� �� �� �� �� �� �� �� 22..550088  ss                      22..667733  ss                ��       22..883388  ss              ��       33..000033  ss  
FFiigg..1111 Emergence of a simple self-sustained humanlike robust instantaneous NANBA TURN about  
� � � body axis of humanoid biped robot GENBE No.4 based on distributed control of physical body  
� � � in a martial art utilizing instability with Anti-ZMP, which uses only small active power. It turns  
� � � instantaneously 90 degrees in 0.5 seconds.  

 

  

  �  
� � � (a) state1 � � � � � (b) state2 

Fig.12 Fundamental two states of 180 degrees NANBA Turn. 



��������������������� !"#$ 

14  

 
 

(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.13 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�                                                                              nearly state 2 
  
Fig.14 Emergence of a simple self-sustained humanlike robust instantaneous NANBA TURN about 
      body axis of humanoid biped robot GENBE No.4 based on distributed control of physical body  
      in a martial art utilizing instability with Anti-ZMP, which uses only small active power. It turns 
      instantaneously 180 degrees in 0.7 seconds.  
 

 
 (4) t=0.299 s�  (7) t = 0.599 s�  (10) t = 0.899 s� (13) t = 1.199 s� (16) t = 1.499 s  (19) t = 1.799 s 

 
� �  Fig.15  Going up the stairs by Yoshinori KOHNO. 
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  (b) t=0.999 s             (c) t=1.33 s              (d) t=1.66 s               (e) t=1.99 s            ((f) t=2.33 s  

    
 (g) t=2.66 s              (h) t=2.99 s             (i) t=3.33 s                (j) t=3.66 s            (k) t=3.99 s    

    
(l) t=4.33 s      �        (m) t=4.66 s             (n) t=4.99 s             (o) t=5.33 s                (p) t=5.66 s   
  

� � � � Fig.16� Going up the stairs of GENBE-No.4 with 10 freedom legs with instability. 
 

(2) t = 1.120 s (4) t = 1.248 s (6) t = 1.376 s (8) t = 1.504 s (10) t = 1.632 s (12) t = 1.760 s (14) t = 1.888 s (16) t = 2.016 s
Nearly State 1         Nearly State 2   Nearly State 3 

(18) t = 2.144 s (20) t = 2.272 s (22) t = 2.400 s (24) t = 2.528 s (26) t = 2.656 s (28) t = 2.784 s (30) t = 2.912 s (32) t = 3.040 s
Nearly State 4    Nearly State 5 � � � � � �  Nearly State 6�  

 
(34) t = 3.168 s (36) t = 3.296 s (38) t = 3.424 s (40) t = 3.552 s 
 Nearly State 1     
  

Fig.17 Going up the stairs of GENBE-No.4 with 10 freedom legs with instability (every 32/250 s) 
 

     
State 1 State 2 State 3 State 4 State 5 State 6  

Fig.18  Six states of GENBE-No.4 with 10 freedom legs for going up the stairs with instability. 
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(a) t=0.000 s         (b) t=0.333 s            (c) t=0.666 s           (d) t=0.999 s          (e) t=1.33 s 

    
(f) t=1.66 s          (g) t=1.99 s            (h) t=2.33 s            (i) t=2.66 s            (j) t=2.99 s 

    
(k) t=3.33 s            (l) t=3.66 s          (m) t=3.99 s           (n) t=4.33 s            (o) t=4.66 s�  

  
� � � Fig.19� Going down the stairs of GENBE-No.4 with 10 freedom legs with instability. 
 

(1) t = 0.704 s (3) t = 0.832 s (5) t = 0.960 s (7) t = 1.088 s (9) t = 1.216 s (11) t = 1.344 s (13) t = 1.472 s (15) t = 1.600 s
Nearly State 1   Nearly State 2 �  � � � � � � � � � � �  � � � Nearly State 3 

(17) t = 1.728 s (19) t = 1.856 s (21) t = 1.984 s (23) t = 2.112 s (25) t = 2.240 s (27) t = 2.368 s (29) t = 2.496 s (31) t = 2.624 s
� � � Nearly State 4   Nearly State 5   Nearly State 6

(33) t = 2.752 s (35) t = 2.880 s (37) t = 3.008 s (39) t = 3.136 s 
        Nearly State 1 
  

Fig.20� Going down the stairs of GENBE-No.4 with 10 freedom legs with instability (every 32/250 s) 
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State 1 State 2 State 3 State 4 State 5 State 6  

Fig.21 Six states of GENBE-No.4 with 10 freedom legs for going down the stairs with instability 
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