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Operational time t (activity units)

Modifier
Learning

Short Range Naviation Learning

Middle Range Navigation Learning
LearningObstacle Avoidance
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Scale

20 cm

Bi−directional vector

Area limits

Sonar Readings−taken once

Short Range (RBF)

Readings. Robot repeats vector
Middle Range (SOFM)

pattern approx 10 times.

Sonar

1 2 3 4 5

Phase of movement

Short Range Navigation Area

Middle Range
Navigation Area
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R 0.025
S 0.101

S 0.004
R 0.0

S 0.09
R 0.31

S 0.185
R 0.025
S 0.020

R 0.025
S 0.241

R 0.060
S 0.064

R 0.02
S 0.312

R 0.024
S 0.282

R 0.242

R 0.200
S 0.242

R 0.0
S 0.0

R 0.005
S 0.0

R 0.015
S 0.016

S 0.0016
R 0.0

50 cm

RBF data

SOFM & RBF data

No reliable data

SOFM  data
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homing vectors

Robot moves towards focus
of the fan shaped area using the 

This RBF and SOFM are
now ‘active’ i.e. used to
generate homing
vectors

Robot

Active RBF (area at tip) and SOFM

Active node, i.e position in linked list

New active node
This RBF and SOFM are
‘active’ i.e. used to
generate homing
vectors

The robot has reached a position from which 
the RBF translation distance is small enough to 
signal the active node to pass control to the next node up

This RBF and SOFM are
‘active’ i.e. used to
generate homing
vectors

Robot was preparing to start mapping from here before low
battery level forced return.  At this time the empty RBF and 

New active node

SOFM for the next epoch are the active networks.
 becomes the active one.The previous node 
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&O?HTH5 ./+1?�E(&O?N3�U�+1'�=7;G02&^,i'�= v*= = &:;g02&:) 3VUV5 3/$];<&OC<3/$gv*.4) 3:BH0�'<3V+1C2&O.49P3/5 +1?�5 ?]9-?g+1C2&O?]9-./&:9[@�+1'�=7;�02&602&�3�3/&O.
UV5 3/$
9G0�./&:91;H3/$�v*.4) 36) 3/.49P3/&OA1>1K%#%$�&[./+102+-3^UV5 = =X'*)�&83/$�&\0�./&:91;H3/$]v*.4) 36) 3/.49P3/&OA1>g5 ?�3/$�&\5 ?�5 3/579-=�3/&:) 3Z)�5 ?*@�&
3/$�&Z3/&:) 3kUV5 = =X02&[@�+1?*;<'*@J3/&:;]5 ?
9-? � +1C2&O?M9-./&:9<� K}|�,i'<3/'�./&[@�+1?*)�57;<&O.49P3/5 +1?]57)VUV$�&�3/$�&O.V3/$�&8./+102+-3k@�+1'�=7;]02&
&O?*9-0�= &:;�3/+G;<&:@�57;<&8UV$�57@4$M) 3/.49P3/&OA1>(3/+('*)�&1B�0*91)�&:;g'�C2+1?M)�&O?*)�+1./>G5 ?�C�'<3:K

" |^)%9-?]9-= 3/&O./?*9P3/5 T1&^3/+�'*)�5 ?�A\3/$�&63/./5 ?*9-./>�3/./&O&1B�9-?*;�$*9WTH5 ?�A�+1?�= >G+1?�&6C*9-5 .%+-,X?�&�3 U�+1./Y<)�91@J3/5 T1&1BN3/$�&8)�&O?*)�+1.
5 ?�C�'<3}@�+1'�=7;\02&%C�./&:)�&O?N3/&:;83/+89-= =H+-,*3/$�&%?�&�3 U�+1./Y<)�9-?*;[3/$�&%T1&:@J3/+1.4)�,i./+1E 3/$�+N)�&�?�&�3 U�+1./Y<)XUV5 3/$�3/$�&%$�5 A1$�&:) 3
@�+1?<v2;<&O?*@�&[TP9-= '�&:)k'*)�&:;DK6#%$�&\EG91� +1.kC�./+10�= &OE UV5 3/$M3/$�57)^57)k3/$*9P36?�&�3 U�+1./Y<)%,i./+1E�EG9-?H>�;<5 lh&O./&O?N36C�=791@�&:)
UV5 3/$�5 ?�3/$�&\&O?HTH5 ./+1?�E(&O?N3kU�+1'�=7;�02&[3/&:) 3/&:;M9-?*;]3/$�57)6@�+1'�=7;�5 ?*@�./&:91)�&Z3/$�&\@4$*9-?*@�&[+-,	C2&O.4@�&OC<3/'*9-=�9-= 5791)�5 ?�A*K

���
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Links Between Nodes

Navigational Competence

Operational limits

x Order of Node Production

Nodes

������������
Wall
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�������������������������������������������
�����������������������������������������
�����������������������������������������

1

1

Breadth First Strategy

Depth First Strategy

p�5 A1'�./&^b-c�x!� :;(=6!@?0C&]6?-/@ � ( 
!0C& G>03:E6=0k(PH52 ( � 6?-/@ &/4A� 0C&!(!2 : +��f(]2 -*0C&!(]7 45-!H :E6?-!H?(*-/6 �!2 H�6=032 45-h.�4	��
�(P0k(/-/.1(
� 45+?7 @ 6 ��(=.10 � 6�
 
?2 -!H

�}T1&O?�5 ,}?�+-36+-,	A1&O?�&O.49-=X'*)�&1Bh)�'*@4$
9GE(&:@4$*9-?�57)�E @�+1'�=7;M02&\'*)�&�,i'�=�91)^9-?M&O= &OE(&O?N365 ?
9g)�&:9-.4@4$�C�./+<@�&:;<'�./&
5 ,X3/$�&8./+102+-3%02&:@�+1E(&:)%= +N) 3:B<+1.%&OT1&O?]'*)�&:;]91)%9;� T1+-3/&A�<9-= +1?�AN)�57;<&Z9�TP9-= '�&ZA1&O?�&O.49P3/&:;�0H>G'*)�5 ?�A�3/$�&Z3/./5 ?*9-./>
3/./&O&1K

"$# 5 3/$R3/$�&gA1./&:9P3/= >S5 ?*@�./&:91)�&:;S?H'�E\02&O.\+-,VT1&:@J3/+1.[E(+PT1&OE(&O?N34)OB�UV5 = =}3/$�&�+<;<+1E(&�3/./>S+-,%3/$�&g./+102+-3[./&OEG9-5 ?
)�'<o�@�5 &O?N3/= >[91@O@�'�.49P3/& �
�k+PUQEG9-?H>Z,I9-?�C*9P3�3/&O./?*)�@O9-?[3/$�&V./+102+-3�A1&O?�&O.49P3/&"02&�,i+1./&�5 3	?�&O&:;�)�3/+6./&�3/'�./?\3/+^3/$�&
@4$*9-./A15 ?�A^) 349P3/5 +1?83/+Z@�+1././&:@J3�3/$�&%$�&:91;<5 ?�A ��re,�3/$�&%$�&:91;<5 ?�A6@O9-?[02&V91;<&:�N'*9P3/&O= >8@�+1././&:@J3/&:;DBW+1.X3/$�&�EG9-A1?�&�3/57@
@�+1E(C*91)/)k57)^'*)�&:;DBhUV5 = =�3/.49-?*)�=79P3/5 +1?*9-=X&O././+1.4)V02&:@�+1E(&�)�5 A1?�5 v2@O9-?N3 �nr )6)�+1E(&[,i+1./E +-,")�+1?*9-.^0*9-=79-?*@�5 ?�A*B2+1.
C2+N)�5 3/5 +1?�5 ?�A*B*3/+g@�+1././&:@J3k3/.49-?*)�=79P3/5 +1?�C2+N)/)�5 0�= &]_�3/$�57)^U�+1'�=7;MC�./+10*9-0�= >]./&:�N'�5 ./&Z3/$�&�57;<&O?N3/5 v2@O9P3/5 +1?M+-,")�+1E(&
'�?�57�N'�&^,i&:9P3/'�./&^5 ?�3/$�&6=79-?*;�)/@O9-C2& �N3/$�&Z@4$*9-./A15 ?�A\) 349P3/5 +1?g57)"?�+-3V9P3%C�./&:)�&O?N3%)�'*@4$g9[,i&:9P3/'�./&WjJK�re,X+<;<+1E(&�3/./>
57)89]C�./+10�= &OE ;<+H&:)63/$�&g�656p�L ?�&O&:;
3/+M02&(3/.49-5 ?�&:;SE(+1./&(.49-C�57;<= >n_i./&OC2&:9P3/5 ?�A]3/$�&(,I9-?m)�$*9-C2&:;FC*9P3�3/&O./?
= &:)/)4j"+1.V&OT1&O?�;<./+1C�C2&:;g5 ?],I9WT1+1'�.%+-,�3/$�&6,I91) 3V3/.49-5 ?�5 ?�AGzk�%p �

" �"+1'�=7;u9-?�+-3/$�&O.g?�&�3 U�+1./YhBV)�'*@4$t91)G3/$�& �6./+PU # $�&O?«zV&:�N'�5 ./&:;�_ � # z^jG+1.�3/$�&FzV&:) 3/./57@J3/&:;«�"+1'�= +1E\0
�}?�&O./A1>1B-02&k'*)�&:;G9-= +1?�AN)�57;<&%3/$�&k+-3/$�&O.}?�&�3 U�+1./Y<)OB-5 ?G+1.4;<&O.	3/+[5 ?*@�./&:91)�&�3/$�&691@O@�'�.491@�>[+-,h3/$�&^)�><) 3/&OE¢0H>�9-= f
= +PUV5 ?�AI� T1+-3/5 ?�A6�W,i./+1E¢9Z?�&�3 U�+1./Y\)�'�C�C�= >H5 ?�A[98;<5 lh&O./&O?N3}C2&O.4@�&OC<3/'*9-=�C2&O.4)�C2&:@J3/5 T1&1K�r�?�)�'*@4$(98@�+1?<v*A1'�.49P3/5 +1?
3/$�&O./&ZU�+1'�=7;g02&[9()�5 ?�A1= &1� # z�?�&�3 U�+1./YGA1./+PUV5 ?�A\+PT1&O.V9-= =h3/$�&8EG9-C�C2&:;�9-./&:91)OK

" ��9-?F3/$�&g)�><) 3/&OE @�+1C2&�UV5 3/$Q@�+1?<v*?�&:;R9-./&:91)OB�)�'*@4$m91)[9M@�+1././57;<+1.Z= &:91;<5 ?�AM+�ln3/$�&�EG9-5 ?R= &:9-./?�5 ?�A
9-./&:9 �
|�3kC�./&:)�&O?N3V3/$�&[./+102+-3k'*)�&:)k9-?�&OE(&O./A1&O?*@�>�0�.49-YH5 ?�AG./+1'<3/5 ?�&Z3/+�) 3/+1C]3/$�&[5 ,	5 3^E(+PT1&:)�3/+H+�@�= +N)�&Z3/+�9(U%9-= =
UV$�5 = &8= &:9-./?�5 ?�A �N,i'�.�3/$�&O.^)�&O?*)�+1.V./&:91;<5 ?�A�C2+15 ?N34)k9-= +1?�A�3/$*9P3kT1&:@J3/+1.V9-./&63/./'�?*@O9P3/&:;DK}re,�3/$�&O./&857)V9G@�+1././57;<+1.
@�+1?�?�&:@J3/&:;�3/+�3/$�&;� EG9-5 ?
= &:9-./?�5 ?�Ag9-./&:9<��3/$�&(@�'�././&O?N3^E(&:@4$*9-?�57)�E²)�$�+1'�=7;M02&(@O9-C*9-0�= &\+-,	3/.49WT1&O.4)�5 ?�A�9-?*;

�*a
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���������������������������������������������������

������������������ Wall

Sensor Reading 

Emergency Braking

Robot Vector Movement

���������������������������������������������������������������

��������������������������������������������������������������� �����������������������������������������������������������������������������

�����������������������������������������������������������������������������

����������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������
Scale

20 cm

Fan shaped
Mapping Area

p�5 A1'�./&[b�1�x � 6�
 
?2 -!H ��4!:9:92 @�4!: � � 2 0C& 0C&!(
�!6?-AG
&/6�
�(=@ 	 (=.10f4!: � 4 �P( �*(/-!0! 6=0k0k(!:,-
EG9-C�C�5 ?�A[5 3V91)}A1.49-C�$�57@O9-= = >\./&OC�./&:)�&O?N3/&:;(5 ?Gv*A1'�./&6b�1�K 5^?*@�&k3/$�&^0*91)�57@V+1C2&O.49P3/5 +1?G+-,D3/$�&6C�./+1C2+N)�&:;�E(+<;<&O=
57)%C�./+PT1&:;G3/+GU�+1./Y(3/$�57)VUV5 = =D./&:�N'�5 ./&63/&:) 3/5 ?�AG0H>?� @�+1?*) 3/./'*@J3/5 ?�A6��_i+1.V'*)�5 ?�A(./&:9-=�j�@�+1././57;<+1.4)OK

�%��� �N!^����� ���[�] V�8���*��¡¢�X!"�
y}./5 +1.V3/+�3/$�&\5 ?�5 3/579-=�&��<C2&O./5 E(&O?N3^3/$�&O./&\UV5 = =�02&�9-?
5 ?HT1&:) 3/5 AN9P3/5 +1?�5 ?N3/+g&��H3/&O?*;<5 ?�A�3/$�&\'*)�&\+-,	3/$�&�zk91;<579-=��%91)�57)
p�'�?*@J3/5 +1?�?�&�3 U�+1./YhK�re,�5 3V57)V;<57)/@�+PT1&O./&:;G3/$*9P3%3/$�&[zk�%pQ@O9-?]C�./+<;<'*@�&891@O@�'�.49P3/&6&O?�+1'�A1$g./&:)�'�= 34)%+PT1&O."3/$�&8E(57;�;<= &
.49-?�A1&�?*9WTH5 AN9P3/5 +1?�+1C2&O.49P3/5 +1?*9-=<9-./&:9^5 3"EG9W>[U�&O= =<02&k'*)�&:;\5 ?*) 3/&:91;�+-,23/$�&k)�= +PUQ3/.49-5 ?�5 ?�A[�H&O= ,�5^./AN9-?�57)�5 ?�AZp�&:9P3/'�./&
L
9-C�K �k+PU�&OT1&O.:Bh)�5 ?*@�&\3/$�&�./&:)�'�= 3Z+-,}3/$�&:)�&�3/&:) 34)657)Z9P3ZC�./&:)�&O?N3Z'�?�YH?�+PUV?M3/$�&(C�./+1C2+N)�&:;M5 ?�5 3/579-=	&��<C2&O./5 E(&O?N3Z57)
;<57)/@�'*)/)�&:;gUV5 3/$]3/$�&8C�./&:)�'�E(C<3/5 +1?�+-,�02+-3/$�?�&�3 U�+1./Y<)�02&O5 ?�AGC�./&:)�&O?N3:K

�3� ����� ����# 'O5 -�!)'(*,+�:<%  ?:B5 F�CQ:B5 '
#%$�&(E(+<;<5 v*&:;S)�&O= ,%@4$*9-./A15 ?�A]�k+1EG91;S)/@�+1'<3h�2¬{�/�P¨! N�69-?*;
3/$�&(@�'*) 3/+1E 0�'�5 = 3[@4$*9-./A15 ?�A]) 349P3/5 +1?SUV5 = =�+1?*@�&�E(+1./&
02&8'*)�&:;DK}|�=79-C<3/+1C]UV5 = =�C�./+PTH57;<&6$�5 A1$�= &OT1&O=�@�+1?N3/./+1={K

�3� ��� � ����# 'O5 -�!)'(*,+�:<% 03'O+�L�#
#%$�&g&��<C2&O./5 E(&O?N349-=�9-./&:9�UV5 = ="?�+
= +1?�A1&O.\02&]@�+1?*) 3/.49-5 ?�&:;S3/+M3/$*9P3�+-,k= 5 3�3/= &gE(+1./&(3/$*9-?m3/$�&])�$�+1.�3�9-?*;RE(57;�;<= &
.49-?�A1&[?*9WTH5 AN9P3/5 +1?M@�+1E(C2&�3/&O?*@�&:)OKZ|k= 3/$�+1'�A1$M3/$�&�9-./&:9GUV5 = =�?�+-3Z02&\=79-./A1&[&O?�+1'�A1$�3/+]'*)�&[3/$�&\57;<&:9-= 57)�&:;MC*9P3�3/&O./?
)�$�+PUV?G5 ?(v*A1'�./&6bP�*BN9-?g9-./&:9Z=79-./A1&V&O?�+1'�A1$(,i+1.�9P3"= &:91) 3"+1?�&k= +1?�A[.49-?�A1&V?*9WTH5 AN9P3/5 +1?(&OC2+<@4$
_i$�+1C2&�,i'�= = >�3 U�+Hj�UV5 = =
02&^'*)�&:;DK	p�5 A1'�./& � �8)�$�+PUk)"98= 5 Y1&O= >(@�+1?<v*A1'�.49P3/5 +1?�K # $�5 = &^?�+-3"57;<&:9-={B13/$�57)�)�&�3�fe'�Cg@O9-?G02&^'*)�&:;�3/+83/&:) 3"3/$�&^0*91)�57@
,i'�?*@J3/5 +1?*9-= 5 3 >g+-,X3/$�&8= +1?�A(.49-?�A1&6?*9WTH5 AN9P3/5 +1?]@�+1E(C2&�3/&O?*@�&8E(&:@4$*9-?�57)�EG)OK

�3� ����� ����# 'O5 -�!)'(*,+�:<% & 5 43MA'(F/L�5 '
#%$�&kC�'�./C2+N)�&V+-,23/$�57)}5 ?�5 3/579-=*&��<C2&O./5 E(&O?N3}57)	3/+[)�&O&V5 ,h3/$�&kE(&:@4$*9-?�57)�EG)};<&OT1&O= +1C2&:;\,i+1.	3/$�&k= +1?�A8.49-?�A1&%?*9WTH5 AN9P3/5 +1?
@�+1E(C2&�3/&O?*@�&8E(&:@4$*9-?�57)�Eª@O9-?�02&85 ?N3/&OA1.49P3/&:;g5 ?N3/+�9�E(+<;<&O=�9-= +1?�AN)�57;<&^3/$�&[)�$�+1.�3^9-?*;gE(57;�;<= &[.49-?�A1&6?*9WTH5 AN9P3/5 +1?
@�+1E(C2&�3/&O?*@�&1K	#%$�&^)�'*@O@�&:)/)}+-,h3/$�&k&��<C2&O./5 E(&O?N3Z_I9-?*;�3/$�&^E(+<;<&O=�j�UV5 = =202&^0*91)�&:;�'�C2+1?G3/$�&k./+102+-34)"9-0�5 = 5 3 >\3/+8v*.4) 3

�Hb



Area

Robot
Scout

Capture

Area

Charger

Long Range
Navigation Area
Epoch 1

50 cm

Long Range
Navigation Area
Epoch 2

Middle Range
Navigation Area

Epoch start 
position

Short Range
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