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There is no robot around us in our society at the current 
stage if we define a robot as an autonomous machine 
working in the arena of offices, homes, and disaster sites, 
etc. outside the factories. Mechatronics, dynamics and 
robotics involving humans are the world of strong 
nonlinearity. This paper investigated the approach to the 
emergence of the objective behavior of an autonomous 
mobile robot by learning with Subsumption Architecture (SA) 
for breaking through the problems of the conventional 
robotics with SMPA (Sense- Model- Plan- Act) framework in 
the real world. It showed the way of learning in the real world 
with SA and developed into practical education curriculum 
as an introduction to Robotics having an intellectual and 
emotional appeal. 
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  �   
  (a) t=0.68 s  �   (b) t=1.12 s  � �   (c) t=1.24 s     � (d) t=1.36 s   (e) t=1.52 s     (f) t=1.64 s 

     
 (g) t=1.76 s     (h) t=1.88 s     (i) t=1.96 s     (j) t=3.04 s      (k) t=3.20 s     (l) t=3.72 s  

Fig.1 Simple autonomous shock avoidance during falling down and instantaneous rising of biped robot 
GENBE-No.5-2005 utilizing instability. It takes only 2.5 seconds. 
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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.2� Going up the stairs of GENBE-No.4 with 10 freedom legs with instability. 
 

 
  

 
Fig.3 Humanoid biped robot who walks and runs on the 
ice and snow in the lake HARUNA. 
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Fig.4 Example of computer aided measurement of 

characteristics of sensors using C and Excel in the 
project. 

 

 
Fig.5 Presentation and contest of autonomous biped robot 

in the projectY. 



 

 
Journal of Robotics and Mechatronics Vol.23 No.5, 2011 

5

 
 
Fig.6 Example of Subsumption architecture in the 
project. 
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Fig.7 Example of estimation sheet in the contest. 
 
 

Group Idea Technique Art Effort Total Score Group First Place Second Place Third Place
1 19 21 22 23 85 Total Score 95(No.11Group) 92(No.7Group) 89(No.8Group)
2 19 18 19 22 78 Idea 23(No.11Group) 21(No.7,8Group) -
3 17 13 16 20 66 Technique 24(No.11Group) 23(No.7Group) 22(No.8Group)
4 17 16 17 21 71 Art 24(No.11Group) 23(No.7,8Group) -
5 19 19 19 22 79 Effort 24(No.7,11Group) - 23(No.1Group)
6 18 18 18 22 75
7 21 23 23 24 92
8 21 22 23 22 89
9 14 13 15 19 61

10 19 17 18 21 76
11 23 24 24 24 95
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Fig.8 Example of estimated results in the project. 
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    Fig.10 Conventional model-based Robot. 
 

Lv.0

Cruise

Escape

Lv.3

Search

Avoid2

Lv.2

Lv.1
Avoid1 SSensors Actuators

Escape

         Lv.0              Lv.1                  Lv.2         Lv.3
S   :  Escape > Avoid1sAvoid2 >  Search > Cruise  

� Fig.11 Example of Subsumption architecture 
 

J��A�UVWn/�[47]9ø´Ú��Å�Ú��
<�_nlX�9n/^Kµú<tu¶JÃ<W<

*Ñ��Ê/_WX,JAB<ÄÖÌ�7�.S SA
*i/C°
���<´LN!üQ/�JKcm7

^_Å�Ú�NÛ¯·¸Ú���*ò/ÄÅK8^

*WXXYRZ9SA Nº13*A� Brooks<WX
,JAB<CD
���K�<ih7ûüN��4

Q^[49]s[51]_ 
� ��g¬Në(
���K ´cKûü-./�

JW�Xo��[30]9�æ9ÅÆ
���<¼âõ
ðÀ4Ç ´ª¸¹<|b*ÈR.�¼��{��

�À78<de*i[��*WCR./ih*7o

�[52][53]_AXA9�èÉ7�J*9 ´cK��
AB^/UV�K{�B"rcn[9·¸<¹�|

bc ´<
����decm7^ªm7!*<�

(�îhJ:;K;ÖB^/_ 
� ´¿�cK9��g¬'*i/`Êñ	
��


���<µ×UVN�5A9 1�É92�É<¼p
ØÙÚ
���Àx
yz{�*
E¼pØÙÚX

Rt�/
�àÝ{3ôMÀJAB< 3�É<òP
¼	
��
���x
yz{�À<µúx
o�

���*%�Q/_ 
 
cd����� PQef(�	
��
��

+gh��  
� FG< SMPA *øùE
���<�
�*¡�
/´LD7 ËNá�1{Q/��*9�
�cÌ

ÍA�a�NK��J
����þÚ�û*i[µ

úA9qõ01$ä1�U*cm/����N5@

-W7^·¸DÅ�Ú�JAB�_�lB^E��

3� âN®�1¯õ$
�àÝ{3JABÊ­A

�[29]_ 
� � 12<Î<
���Kµ×UVg*&\A�	

��
��� Mobile-2004N�Q_½¾gÞõ�
1
�K9ä�
1� 68332 (25 MHz, 32bit CPU)Ï�9
CCD���K
���<sÌ*&�B2ZAB
�
��<sÌ<ÐN�YA�_Ð<�Y* 0.3 [s]�+
<|UNÅA9�<yr<Ä!|U*�l|U�X

X/<c9ÕÖB^/QlB<ÐN CCD���cª
«Q/<cK7E9ÕÖB^/[;<Ñz<�Ü<

RGBNÐ¿�0s252�*�'ABÐ<�N|UNÒ
ÓA�_%î?æ¿�:ÅÀNóOAB901�ä

1� 2 �*i[��� ÔNÔ 180 +<e>DcÕ
ÖAB×4>�Ì&ñØ|*��cm/ih*A�_

01�ä1�K9HiTEC (\ HSR-5995TG9�â{
30 kg-cm93p1° 0.12 sec/60Ù(7.4 V�&|)cn/_

���*K��� Ô�ÎÚ*� 1�JÛÜÊ(�
1â�23�1)�s�*� 1�n[9ÎÚ<���
 Ô*K DCä1��Ã.�.�[��R.B^/_
01�ä1�KÞõ�
1�*È??
cm/�9

DCä1�*ÝÞ�XXo�Jm901�ä1�<»
ß{4<��*û�&N²�Qà.�n/<c9È

?ð�à�1XR»áNaâcm/ih*AB?


A�_ð�à�1NÛ 3 $<ã»[»ä(Panasonic



 

 
Journal of Robotics and Mechatronics Vol.23 No.5, 2011 

7

(\n�åâ<�»ä 1.2V, 2230 mAh)$6´*AB
Ö�'A�_
���<0 hK9Èæ�Ô  185 
[mm]9%-��ç¡� 152 [mm]9L� 1.23 [kg]�ð
�à�q�� cn/_CCD���²;<±ZK 112 
[mm] cn/_ÎÚ<��� ÔU<£¥K  116 
[mm] 9sÌñ<=mK 4.3 +cn/_ 
� � 13K9��
�×ècn[9
����¿�:
4�éNÅÀA7�R
�NEu7E�^BêÐN

�ÕA�Rëì<ÚÅ�NQ/�JNóOAB^/_

qõ0K¢£qõ09?@qõ09ÐN�NQ/

CCD���cn/_%î?æ¿�:<î+K¢£q
õ01<¦�§XR
���J<¿«î+N�©A

B^/_¿�:ÅÀAvoid 1K�·9¿�:ÅÀAvoid 
2KÂ^_í9¿�:ÅÀ Avoid 3K%î?æÑ*¡
�/Å�Ú�cn[9¿�:ÅÀ Avoid 3K¿�:
ÅÀAvoid 1u�K¿�:ÅÀAvoid 2J�|*�|
KLN��Q�� Avoid 3Nãä-W9¿�:ÅÀ
Avoid 3<Ú��KÈs<¿�:ÅÀ Avoid 1u�K
¿�:ÅÀ Avoid 2*î/ih7½¾g¬*AB^
/_�<ih7 SADÄ!,N� 149Ú��1�à
{�2N� 15*�Q_ 
� � 16K9JD·uc<�m<2å/$Þ¯ïàc
n[9(1)�3�1�·Ü9(10)�êÐ<�Õ·Üc
n/_ 
 

�
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Fig.14 Subsumption architecture of autonomous 
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Fig.16 Autonomous and objective behaviors of Mobile Robot 2004 with SA(Escape�Avoid1�Avoid2�Avoid3�Search�
Cruise) for searching for RED color using CCD camera with high-speed approaching obstacle avoidance in a new unknown 
environment. 
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Fig.17 Avoidance (B) of Mobile Robot-2004 against an approaching ball with a relative velocity of 60 cm/s during searching 
for RED color. 
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Fig.18 Robot-2003 behaviors of avoiding moving human legs as obstacles. 
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Fig.19 Robot-2003 behaviors of avoiding moving human hands as obstacles. 
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Fig.20 Robot-2003 behaviors of avoiding a moving human body lying down outside experimental environment. 
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Fig.21 Approach and avoidance of Braitenberg Vehicles 
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Fig.22 Robot e-puck and locations of IR sensors  
 

(a) t = 0s        (b) t = 0.33s      (c) t = 0.67s      (d) t = 1.0s       (e) t = 1.33s       (f) t = 1.67s  
Fig.23 Obstacle avoidance behaviors of robot e-puck 
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Fig.24 Approach behaviors of robot e-puck 
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 � � (a) Vol.01, p.1             (b)Vol.08, p.1 
 

 
   (c) Vol.8, Exercise     �  (d) Vol.8, Practice Theme  
     Fig.25 Example of Weekly Textbooks  
 

 
          (a)                      (b)  

Fig.26 Measurement of IR-sensor characteristics and an 
example of report. 
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Fig.27 Computer aided measurement program of 

IR-sensor characteristics with C language.  
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            (a)                                   (b)                                      (c)  

Fig.28 Line trace experiment of autonomous robot with floor sensors and the project contest scenes 
 

 
Fig.29 Robot simulator and forwarding program to autonomous robot. 

 

  
  (a)  Robot for experiment                 (b) Robot for 3Dsimulator    

                     �  Fig.30 Robot for experiment and 3Dsimulator 
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�
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          (a)  Simulation                      (b) Experiment  
Fig.31 Autonomous obstacle avoidance with comparison between simulation and experiment 

 

 
       (a) Simulation                   (b) Experiment 

 
                                �Fig.32 Simulation and experiment��
�

 

 
     (a) Simulation                  (b) Experiment  

     Fig.33 Simulation and experiment��� 
 

 
       (a)  Simulation                       (b) Experiment  

         Fig.34 Simulation and experiment��� 
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Fig.35 Experimental environment in final competition 

 

 
     (a)  Simulation                  (b) Experiment  

Fig.36 Scenes in a final competition of autonomous mobile robot. 
 

 
            (a)  Simulation                           (b) Experiment  

Fig.37. Line trace with obstacle avoidance 
 

  
� � � �  t=24.63s               �     t=28.97s          �         t=31.83s 

 
 Fig.38. Experimental behavior of autonomous mobile robot with SA during line trace with obstacle avoidance 
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        (a)                      (b) 

 

 
(c)                    (d) 

 

 
(e)                      (f) 

 

 
(g) 

 

    
 (h)                 (i) 

 

  
(j)              (k) 

 

 
(l) 

 
Fig.39 Scenes related to the educational curricula and 

the presentation of autonomous mobole robot. 
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