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Serpentine Locomotion of a Snake-like Robot Controlled by Cyclic

Inhibitory CPG Model
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Abstract Based on the structure of both biological snakes and snake-like robots and their

rhythm movement, the cyclic inhibitory CPG is adopted as a control method to construct a

snake-like robot neuron network model. The validity of the serpentine movement controlled

by the CPG model is verified through a snake-like robot model. A modulating method of the

CPG parameters is brought forward and simulation to realize the required turning motion

is carried out. Finally, the aspects of future research are discussed.

Key words Snake-like robot, central pattern generator (CPG), cyclic inhibition, serpen-

tine locomotion
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[2] 2:'b0�7"xS SerpenoidbYwF{lDXo3SldbY
Ma

[3] 6BA=z2:' Serpentine {lbY
Burdick
[4] ��k&�SxtL,{6yCV.^5S!I
V-y:op'��{lDXo3�OxtS�x�LLl8�s+ÆZ{lDXoS3J�J%imiS{\���OS/3�WN�tV�SiJpF [5]

, �I#P*VSV�>�q�X (Central pattern generators,

CPG) �O�+K CPG {�ÆZJ�6ks� /S�F(V��O�xSaÆU�1�%8>�S��oS�:S�tC5�A#�O{ CPG +�S3�O�rONhWSÆZdS{lDXo�Oxt�V7%l�O{ CPG >iS�7>L��2�{lDXoS3J�(�O#R�
2004 N�Ma

[6] A#\4�O CPG [>xt�['{lDXo�tC5�O5Se��L�#\4�O CPG >iVS�t)�w��`B�J�W℄S};�:�`�C5V CPG S�%�w��OS{lDXo�nÆÆ�8VQ'�5i�A#};�O CPG [>xt��['{lDXo�O5S>i��>iS0[��
CPG J)1�℄S};�:SDO��t)GW_S};�O�o%�`B�J
9Æ
CPG J)g�O�_D�:��,z�y�
2 �℄~oG[r CPG �k
2.1 1�6>+ CPG %0����L [7] V K. Matsuoka 2:S�t)�*�};�O"`x��6' CPG >iJ)�w: 1 +��

; 1 ~<�QT CPG K*
Fig. 1 Cyclic inhibitory CPG unit� CPG >iS�y��wU�

τu̇{e,f,m}i = − u{e,f,m}i + w{e,f,m}iy{m,e,f}i − βv{e,f,m}i+
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u0,{e,f,m}i + Feed{e,f,m}i +

n
∑

i=0

wijy{e,f,m}i (1)

y{e,f,m}i = max(0, u{e,f,m}i) (2)

τ ′v̇{e,f,m}i = −v{e,f,m}i + y{e,f,m}i (3)

yi = yfi − yei (4)VV u{e,f,m}i FY iÆ CPGS�H�t)�eH�t)�VW�t)S�A^J
v{e,f,m}iF\��t)SP�7i
y{e,f,m}i F\��t)S�:
u0,{e,f,m}i F\��t)SJ�
w{e,f,m}i F\��t)S"`i[�;�gg2%i[ wcn; Feed{e,f,m}i F\��t)S��Xv�g'
β Fi/�7ilI(d/�℄S2�
τ F�t)J?Sz	�W
τ ′ F�t)S`B�W
wij FY i Æ CPG %Y j Æ CPG GWS"`i[
yi FY iÆ CPG SqY�:��};�O CPG1�/�:SDO%\4�OS CPG �Bj%8S�VDO��w#VW�t)�V�J?�G7�H�t)S?^��O�;�eH�t){?#J?d/�V�:^�OVW�t)S?�wB};�;���t)J?d/S����C5V;l�v��WS�o%�7%JÆ�t)S`B�"=�WS��C5�1�/�:Ku�_S};�O�o%u��t)��`B�J�};�O CPG /�:SQ0h�#J�S_i�;^���#z	�W τ %��#J�_i�w#�o�t)>i��T�5�A^J��(I umax, 7 umax 
�OM�t)J?0�(�Vb1℄�bYV “v ” z	�WS��{
%�xg'S�I�7\ÆM (`�+K “v ” z	�W^���Fz	�W�70q%�Bj� τ �b). w#��iS�t)���Q};�OS CPG >iV�/�:SQ0{
��9J�S_io���
2.2 ��!-Æ�� CPG )��+#*B3:��}�O{S3D��{lDXoSx�3
��w�#S^0�"%7�M�VYÆ���3�m0V.S��C��3�3S /(YÆ�\8�\&�K�U0'DÆ\II�S.Hirose 2:S{lbY�T{�;�ÆÆ�"%7�*�
2.1 VS CPG J)A!�[{lDXo CPG C5>i�w: 2 +��� CPG C5>iSDO��CPG J)I�t)};�O
YÆÆ CPG J)*�i�J�v��i[F w00; CPG J)GW�9D9QHx^�\8�t)l�J^J�"`�;�g2%i[ w0; �8/S%8�t)GW8�"`�

wij =











w00, i = j = 0

w0, i = j − 1

0, V. , i = 0, · · · , n j = 0, · · · , n (5)7% w0, 0:S CPG ^�V\:S�t)J?
CPG i��#};�OS0qJ�1��N
;��N^D9QH�DÆ0bS\Ia>��"��{lDXo CPG �O5Se�V�Y i Æ CPG S�:�OY i Æ{lDXo��CPG S�:(�\la_GWS�SwU�
θi = αyi, i = 0, · · · , n (6)VV θi(2i) FY i Æ�S\la_�α F`�T{lDXo��x�OS+��nFqG{lDXo�'�
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; 2 }nFZq CPG D6
Fig. 2 Snake-like robot CPG network(m CPG C5�:6Y 0,1 Æ�S\I0%V-\)�GWS\I0%ÆM�L7%ÆÆJ��h w00 S6�h�;ÆN4�"��V�O{lDXoSa?w�;� CPG0 %nwFfJ)�o`=`�O{lDXo3�

3 ~oG[rG��kF�D2:S{lDXo CPG C5>i�O5S��K�W�ESX�OS+�`xt��}L [1] [�DXo�yz<>i�6Q'Dz����y>ilVop'z<�>i+�w� 1 +��DXo%;vw�SB)��9�1[>�� 1 f |?j-!
Table 1 Parameters of kinetic model, <5 #
 (Nl) bd�& (I) #
3j (Lj) #
\fJN (Lg) #
T& (M) a>\JN (Lc), hJ 6 0.016 kg·m2 0.08 m 0.02 m 0.5 kg 0.04 m

4 ~oG[r CPG �kU}>�R
4.1 #*B3:��}� 2 VS+�l CPG C5op'z<�CPG V�t)+��b�jXL [7] VS6Z��b3p�W t = 50s; Feed{e,f,m}i = 0, M%�.v�g'S�℄��}t���
CPG J)WS"`i[���y>iS!I�:FÆ6HY�� 2 CPG ?j-!

Table 2 Parameters of CPG model, <5 τ τ ′ β u0,{e,f,m}i wcn w0 w00 α n, hJ 0.3 0.3 1 2.5 2.5 1.5 1.54 1 4

CPG C56B�bUS�:w: 3 +��69�bk�K�q\:S CPG ��9I����N��IG
0:S CPG )e���N�G/ 3s�NFQMb�MbG0�#S℄S/F 1.25s; \)�S\I0/F 11◦; J�S\la_wE/F [−57◦, 57◦].M CPG S�:�O%7% (6) � (VV α=1) �xQ�yz<>iV�DXo>i6��W'x�3�{lDXo9(!Iw: 4 +� (|(~G:+Y: 79�(�).�#�tC5S%lbq�/Hlb{lDXoS9�3x^�LD: 4 
�:{lDXoA���Æ6HYx^x�3�7%a?�`B{lDXo3x^�Do�ES
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�7%/nxth���w`�t)�: y S&�l��VwF�_DS\la_�O%�
�tF�_D�8*I�;�^��D>iqS�.l�:!Ix^S�℄�!I�7�UÆ'�vS�w�
; 3 CPG �<d[;

Fig. 3 Output curve of CPG

; 4 f |?j�<d[
Fig. 4 Output curve of kinetic model

4.2 �/�>!-Æ��A'~ CPG {%�����O{lDXoa?Sxt/n�72�^a?x^S�a_�I�G�ovx^S�a_�I�`��L2:',>ÆZxt�7%` CPG0 Si�J�i[���GWS\I0�Wbqa?�O�'twU�
w00,new = w00 + ∆w00 (7)VV�w00,new Fi�J�di[
w00 F+i[��b w00 = 1.54; ∆w00 Fi[SsC%�z<e#w: 5 �6 +���: 5 
Y�∆w00 > 0 �DXosa?� `JI�WIa?_i( ∆w00 S�lI6ÆbwEIr&6C��S�: 5(a) �(b) �:'$Æa?!II��l�S ∆w00 gI��F 0.04 ( 0.01. �: 6 
Y�∆w00 < 0 �DXo a?� `JI�WIa?_i(

∆w00 S�lI6ÆbwEIr&6C��S�: 6(a) �(b) �:'$Æa?!II��l�S ∆w00 gI��F −0.01 ( −0.28. : 5(c) (: 6(c) l�S ∆w00 gI��F 0.01 (
−0.01, 7%p:
�RQ�xt^����'YÆ�p�GWS\0�mz�a?_(iIsC%6ÆbwEIS�S��∆w00 > 0 �sa (M�?x^); ∆w00 < 0 � a ($�?x^); ∆w00 �lI0`�a?Æw0G�
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(a) tb� (-)

(a) Turn left (cycle)

(b) tb� (3)

(b) Turn left (arc)

(c) CPG �;Z (tb�)

(c) Output curve of CPG (turn left); 5 |=f$
Fig. 5 Simulation

(a) !b� (3)

(a) Turn right (arc)

(b) !b� (�-m)

(b) Turn right (half cycle)

(c) CPG �;Z (!b�)

(c) Output curve of CPG (turn right); 6 |=f$
Fig. 6 Simulation: 7 �DXo6x�3%7V�pnÆk��0Vxa?+�S!I:�Vz<�O't�

if t > 25, ∆w00 = 0.06; else ∆w00 = 0 (8)

; 7 ℄q�uAp-
Fig. 7 Go forward and turn left
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5 g�'7%l�O{3�OD�S�Q��C��};�O CPG [>�2�['{lDXo CPG C5>i
���yz<>i�D'� CPG C5lx�3�OS�aq
2: z<�D'�W�ESa?�OS CPG+�S`xt�mz�A#};�O CPG[>�2�[�S{lDXo�tC5>i�
pS
`B CPG C5S0b+�
��Wx�3(bqSa?�O
F{lDXo�&��O2�'dSxt�
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