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It seems that the emergence of intellectuality in an autonomous robot exists in the dexterity of 
human or creatures as complex systems. The previous paper proposed the research style and the 
development procedure along this approach for realization of a real intellectual robot. We call this 
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. 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 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 walking & running. Instability makes the natural movement. We 
also investigated the approach to the emergence of the intellectuality of an autonomous robot for 
breaking through the problems of the conventional intelligent robot with SMPA (Sense- Model- Plan- 
Act) framework in the real world. It is based on the development of human's dexterity or proficient 
skills with Subsumption Architecture (SA) by learning in the real world. This paper showed the 
development of NANBA Run of Humanoid Biped Robot GENBE by using small-soles toward 
Super-High Speed NANBA Dash  making full use of instability as a source of driving force based on 
the distributed control of physical body in a martial art. 

 
Key Word: Robotics, Humanoid Biped Robot, High Speed NANBA Dash, Human-Robotics,  
         Small-Soles 
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(a) Naoko TAKAHASHI� (b) GENBE No.4. 

Fig.1 NANBA Runs 
 

Table 1 Measured operating time and max operating 
angle vs. time setting (speed) of GENBE No.4. 
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(a) Large (59×113 mm)� � � (b) Small (46×66 mm) 
� � Fig.2� Soles of biped robot GENBEs 
 

 
(a) State 1       (b) State 2                 � � � �  

Fig.3 Two states of GENBE No.4 with small soles  
     for Super-high-speed NANBA dash 37cm/s5 
� �  8 steps/s.  
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   (1) t=0.000s     (2) t=0.020s    (3) t=0.040s   (4) t=0.060s     (5) t=0.080s    (6) t=0.100s    (7) t=0.120s    (8) t=0.140s 
      Start                                                                    Nearly State 1                 Nearly State 2 

 
   (9) t=0.160s     (10) t=0.180s   (11) t=0.200s   (12) t=0.220s   (13) t=0.240s   (14) t=0.260s   (15) t=0.280s  (16) t=0.300s 
                                                  Nearly State 3                Nearly State 4 

 
   (17) t=0.320s    (18) t=0.340s   (19) t=0.360s   (20) t=0.380s   (21) t=0.400s   (22) t=0.420s   (23) t=0.440s  (24) t=0.460s 
                                  Nearly State 1                 Nearly State 2 

 
   (25) t=0.480s    (26) t=0.500s   (27) t=0.520s   (28) t = 0.540s  (29) t=0.560s   (30) t=0.580s   (31) t=0.600s  (32) t=0.620s 
    Nearly State 3                 Nearly State 4                                               Nearly State 1  

(a) KOHNO's RUN� � � � � � � � � � � � (b)� GENBE No.4 with small soles 
Fig.4 Emergence of NANBA dash 37cm/s, 8 steps/s of GENBE No.4 with small soles. It takes only 0.6  
     seconds from standstill to 2 step runs.  
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Fig.5 Moves of legs in the air for NANBA dash 37cm/s, 8 steps/s of GENBE No.4 with small soles (Every  
� �  0.02 seconds)  
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 Fig.6 Forward speed vs pitch speed of biped robot 

 � � GENBE No.4 (��with small-soles). 
 

 



� ��������	
�� � 17
� 2007 

    - 23 -�  

� oE§È5îï:�ûüýþP5�����

���=w7@�Ê¤�;�ËÌf�)5îï

X@¼��XY)�LY)XE?��EÎ[¹

x^ïLY$o�=�$�"�HMw?��"

�1àP��������=w7@P�ä�f

�Mg 
� Fig.7 P5���5
-Fig.80Hì�=÷#$ 
�

 

     
(a) t=0.68 s      (b) t=1.12           (c) t=1.24       � (d) t=1.36      (e) t=1.52      (f) t=1.64 

      
  (g) t=1.76         (h) t=1.88          (i) t=1.96        (j) t=3.04      (k) t=3.20       (l) t=3.72 s  
Fig.7 Simple autonomous shock avoidance during falling down and instantaneous rising of biped robot 
GENBE No.5 with Anti-ZMP based on distributed control of physical body in a martial art utilizing 
instability. It takes only 2.5 seconds. 
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(a) Before falling down  (b) after falling down 
Fig.9 Detection of falling down using Position 
� �  Sensitive Detector (PSD). 
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� � Fig11 Power layout for servomotors  
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(i) t=2.833 s� � � � �      (j) =3.000 s           (k) t=3.166 s� � � � �     (l) t=3.333 s 

    
(m) =3.500 s            (n) t=3.666 s� � � � � �   (o) t=3.833 s          (p) t=4.000 s 

    
(q) t=4.166 s� � � � �     (r) t=4.333 s� � � � �     (s) =4.500 s            (t) t=4.666 s 

   
(u) t=4.833 s� � � � �     (v) =5.000 s           (w) t=5.166 s  

Fig.12 Emergence of a simple self-sustained humanlike robust instantaneous NANBA TURN-2006 
     of humanoid biped robot GENBE No.5 for obstacle avoidance during NANBA walking. It turns 
     instantaneously 90 degrees in 0.8 seconds for obstacle avoidance and restarts NANBA walking  
     (every 5/30 frames).  
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  � � �         (a)State 1  

   
               (b) State 2 
Fig.13 Fundamental two states of GENBE- No.4-  
     2006 NANBA turn (90 degrees) 

              

  
              (a) State 1 

  
             (b) State 2 

  
               (c) State 3 

  
               (d) State 4 

  
              (e) State 5 
Fig.14 Fundamental states of GENBE- No.5- 2006  
� � � of improved NANBA turn (90 degrees) for 
� � � obstacle avoidance during NANBA walking. 
 �  

Walk

Avoid Right-Turn

Forward
Walk

PSD

Servo motor

Center-
Sensor

(*1)
S   :Avoid > Walk

S
(*1)

 
Fig.15 Subsumption Architecture of NANBA�  
      walk of GENBE No.5 -2006 for obstacle 
      avoidance and instantaneous NANBA turn 
      (90 degrees). 
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(d) t=0.666 s         (e) t=0.833 s� � � � �     (f) =1.000 s            (g) t=1.166 s 

    
(h) t=1.333 s�          (i) =1.500 s            (j) t=1.666 s� � � �       (k) t=1.833 s�  

    
(l) =2.000 s          (m) t=2.166 s� � � � �     (n) t=2.333 s� � � � �     (o) =2.500 s   

  
Fig.16 Emergence of simple self-sustained humanlike robust quick stops of humanoid biped robot GENBE  
      No.5-2006 for abrupt disturbance during NANBA walking. It stops quickly during walking in 0.8  
      seconds (every 5/30 frames).  
 
 
Y÷��"|XHíÀoMg 
� Fig.15P5SA(Subsumption Architecture)=�M
â�ãê��w9�Ñ���ãêä 23) - 350�å

c¾og�Ñ��Walk-ä'0w�Ñ�� Avoid
-$%&c�{XýþoM0#$EMæçE®

¯��åf�)5$%&c�{oMw Avoid 
-ýþ0HÊ¤KL5ßàX@#$` 90èÒ=
ó�\=�ôîõX5Avoid-ýþ0H�éoM
wWalk-� !�"0=ê7@ä'cÊ,oMg 
  Fig.16P5øù�|¶-�\$%&0=Vo
M��� 5
�Wëb�ìKc¾o?q@s¢
ªÌÍf�Mg� !�"f��X@?Mw"

=øù=M�ä=|NXY$%&=VX@íß

àXYåf�)5��Oð#$` 0.8 îfíß
àX5R����Y±=Î�£Mg 
 

nFo� p 
� �K±���-vpurs�ur0cG?@5

�MOð#$��Oð*ìíÀcFGX@¢�

=ñòoM�w=�)'Kw ½c1����

�����������°���(s%&'�

 !()c!ÔYgvpurs�ur=�M%

&'� !()P5
u_s�ur=�M�'

�`2a�'Kf�7Yg��(xP5()|X
H}~='?"�5Î[�¹hHzR�()=

i¡@}~=ÜX?g,�-c��)�>J=

Cu�:�c#µ@¼=ä[c�>@ä��d

cc3dàoLyìíÀcFGX@�"E�e

fØqoM�wHf"5K$=&'=(M`a

bH�Mg 
� !�"fä'W=_��`30cm4��

��=$%&-É0c�{X5�ùE90j��



� ��������	
�� � 17
� 2007 

    - 27 -�  

 !söu cX@ÊË�"|ow?��Ñ�

�5� !�"f��W=øùM�ä=|NX

Y$%&=VX@` 0.8 îfíßàX@Î�
£Mw?���������������5
�
�'+åc¾XYg 
  1980 ïð=ª�-©~�ñ�ò����­
óus�r�HvH��ô{a=¼Î[HÉ�

Ä�w�õXYw"5��cy#E�wöTH÷

ùwX@5��E�u¬ øf�õc�µ$L

E?Ç�Ä7Yw?�ù=OúX@5ûBº»

üs�4ý
 36) H��w�����Õ�w{þ

�ã�cR���=��=�£@?M-./�

`0g��LP5&��ã�=Üã=O§Mùf5

�P��ùc�?Yw"5��	�X�XYg

�r�HvP5&c�£Ma½5{a�é
�

é
c�?Y#$fog(�)5�r�HvP5

>�cÄLY)oM��Eo
¸ç�E�hf

¼5�Lc�7Y¸��#${aH�£@�Ô

�>M=P5Çw���ÃE¸$?C¸��å

fHÉ�Äw?��w=�Ã?Y#$fog�

��d^��O�=X@¼5��T�P���

Ä5��T�P���.�E?w-��{aH0

{$EµLyE$E?�åc5Í@c¢#$�

£MwoMw5�Ã=8?Ç�Y¸K��M�

w=�Ã?Y�fogw�vH5Î[H�Ly

Î[Hf"MÃ}w?�5�ÀKLY¼�H�

�#$�7@5��#$ùH��Mw?��w

E�fog�ÀKL@?Ly5ä�Hof=�

Mg��ä�co¡@��fh)|��wXY

$5�©HE?w?��wfog� 
� ûBw?�1�c#µYÎ[¹h�_�º»

#$1�L@¸MêB½�ÚK=P	�oMX

#E?g 
>§)=5ÌÍ�¹c?YÄ?Y&/012Å

wK#?^v uñs!"#$%=&¸>'(

X�>Mg�Y5ãº»=)�Xw
á*c?

YÄ?@?M+,--.��/0�105234

5-.�/0�1056789-¼�
¬­s

AIsLv¨:¶¤05�4ý
-;<=05>?
@�-.��/0�105A­BC�-.��10

�D¤1=ÚEoMgF�º»wX@GçEH

½cI?YJà 16ïjsKLM9sNa�¢s

OB¢PsQRST517ïjsUVWXsY"
#ZséR¢[s\]^¢518ïjs+_Í`
asRôbsc1.�¢s�de¢5Jà 19
ïjsNfìdsg4hisj]klséZm

�Dn=¼Ú¸	EoMg 
E>5ãº»�¢	PJà 17ïjW_oTò�
ABXÝpqràº»s�tr=�7@�§L

Y�wc�]oMg 
 
q� r 

1) _ãuv5Rwð����_GÝ��_¯
H�5xã�����öy524-2, (2006), 
pp.169- 170. 

2) ./zmsKLM9sNa�¢sOB¢P5
{�Î[¹|=�}���������

��������� !�"s� !()

��N5xã�²�ö~�5� 9ýÕ�w
=��®¯L  _½:�X�5 (2005), 
pp.514-519. 

3) ./zmsUVWXsY"#Z5����
������ Anti-ZMP =�Mó�\�ô
îõ�� !söu ���N5xã�²

�ö~� Dynamics and Design Conference 
2006 CD-ROM�X� 560, (2006), pp.1-6 

4) ./zm5ìíÀcFGoM������
��������=�}OP=���uE

?Î[¹x5:;��L  _½: 20065
(2006), pp. 301- 304. 

5) ./zm5�ùs1"&s¨�w7�oM�
�����)#Y-� 1 å5{�Î[¹x=
�}���������������� !

�"s� !()��N05��������

	
�5� 15
5pp.11-23 ,(2005)�  
6)� ./zm5�ùs1"&s¨�w7�oM
������)#Y-� 2 å5������
�����������s��s�!v�b

�«zó¶:05��������	
�5�

15
5pp.25-32.� (2005)�  
7) ./zmséR¢[s\]^¢5����
��������� Anti-ZMP =�Mó�
\îïûüýþw�"�H)5xã�²�

ös�²½�s�¿®¯	���ö D &  D 



������������������� !�"�#$�%&'� !()�*�+,-./0 

- 28 -  

2006 CD-ROM�X� 550, (2006), pp.1-6 
8) ./zm5��������������
=�}��Eîï:sûüýþ�µÎw�

"�H)5:;��L  _½: 20065
(2006), pp.297-300. 

9) ./zm5ìíÀcFGoM}�d®¯=
�M�����������������

���Î[¹x, xã�²�ö~�_�¬
 �L  _½:(v uñ��& ¨©u
ª sK¬��Hv )��� , (2006), 
pp.296-301. 

10) ./zm5�����w��H 21 w
c
1"MY±��¨©uª s������

����5� 5ý 21w
ú�L  _½: 
�ò�ABw����X�5- 2006), 
pp.23-26. 

11) ./zm5�ùs1"&s¨�w7�oM
������)#Y-ìíÀcFGXY��

��������ó�\�ôîõ�� !s

öu ���N05��������	
�5

� 16
5pp.3- 11 ,(2006)�  
12) ./zm5�ùs1"&s¨�w7�oM
������)#Y-ìíÀcFGXY��

�����������ó�\îïûüýþ

w�"�H)05��������	
�5�

16
5pp.13- 20 ,(2006)�  
13) ./zms+_Í`asRôb5{(?=
X£)�Î[¹x=�}��������
��������E�"��N-ìíÀc

FGoM�
��)�)05xã�²�ö

2007 ïjïR�ö���X�5Vol.7, 
pp.27-28, (2007) 

14) ./zmsRôbsc1.�¢5vpu
rs�ur=�M�����������

�ìíÀcFGoM� !()�'+5x

ã�²�ö 2007ïjïR�ö���X�5
Vol.7, pp.29-30, (2007) 

15)  ./zm5��������������
�Î[¹x=�}�� !s¨óv��º

»5:;��L  _½: 2007 ���5
(2007), pp. 185-188. 

16)  ./zm5{�Î[¹x=�}��w�

�����"�éê-���������

���������� !�"�#$�


�)�)*�+,05��������	


�5� 17
5(2007), pp.� �  �  
17) �é{�sW��m5}Ï���j��
õNcª�Äæç�¢?¼ =�M[�

�����ÍÎH�"½¹h5xã���

��öy524-2, (2006), pp.222-231. 
18) ����s����s�R�9sg�²
 m5<Î�¨©uª«¬­����=�

MK¬���H�"�H)���_N5x

ã�����öy523-6, (2005), pp.706-717. 
19) ����5¨©uª«¬­�Î[b5N
ð��533-8, (2005), pp.114-120. 

20) �4ý
5xã�{R��"c§)êG5
WÏ6�52006ï 11¡
5pp.184-192. 

21) �4ý
5ûBwv uñ�Î[¹x�
¢?�Î[Õ�=VoM�YE£×c5ò

�5Vol.74,� No.65(2004), pp.772- 773. 
22) �4ý
¤¥5�4ý
�Î[¦§5

pp.54-55,�¨º»¤5(2005) 
23) �4ý
¤¥5�4ý
�©È�z
K
¦§5pp.58-61,�¨º»¤5(2006) 

24) Brooks, R. A., A robust layered control 
system for a� mobile robot, IEEE Journal of 
Robotics and Automation, Vol.2, No.1, 14 -23 
(1986). 

25) Brooks, R. A., Intelligence without 
representation, Artificial Intelligence, Vol.47, 
(1991), pp. 139 -159. 

26) Gomi, T, Impact of Non-Cartesianism on 
Software Engineering, Evolutionary Robotics 
ER'98, AAI Books, Ontario, Canada, 1998, pp. 
487–519. 

27) 67895{\ò������{a��
X?��5������YEª«5

Evolutionary Robotics ER'98, AAI Books, 
Ontario, Canada, 1998, pp.427–454. 

28) ./zm5��äwX@����ÓÔK
w�������{b��N5xã�²�

ö 2002 ï j ï R � ö � � � X � , 
pp.171-1725(2002). 



� ��������	
�� � 17
� 2007 

    - 29 -�  

29) ./zm5{a�����{b�¬�-�
1å5��äwX@�����­sÕ��
ÓÔKw��� �L� s¼u�¨H-

®05������
�5�11&12
5pp.9-19, 
(2002) 

30) ./zm5{a�����{b�¬�-�
2å5SAcG?Y���ò�������
�(���N05������
�5�

11&12
5pp.21-31, (2002) 
31) ./zm5���ÓÔK��Nw���
�-v uñ=>µMÓÔK*�¼��u

-05xã�²�ös�²½�s�¿®¯

	���öCD-ROM�X�5pp.1-6, (2003). 
32) ./zm5{a�����{b�¬�-1
"&s���ÓÔKw����#$�¼�

�u-05��������	
�5�13

5pp.13-23, (2003) 

33) ./zm5�¨�����Ý=�M{a
�����{b�¬�w���ÓÔK�

�N, xã�²�ö2004ïjïR�ö��
�X�, pp.169-1705(2004). 

34) ./zm521w
�����w���{
b��)�-�¨�����Ý=�MÓÔ

K��ß05�3ýnmw
ú�L  _½
:�ò�ABw���¯°�5pp.15-16. 
(2004) 

35) ./zm5{a�����{b�¬�-�
¨�����ÝwÓÔK��ß0����

����	
�5�14
5pp.3-16, (2004). 
36) �4ý
5{ûB�±Ã#?cNð=2
#o5wÔ�²³?_°v 2152007 ï 10
¡
5No.2355pp.8-13.wÔ�²³º»´5
(2007)-TMC��ö¯°0 

 
 
 


