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  <world width = "80.0" height = "100.0" 
    startX = "10.0" 
    startY = "10.0" 
    startAngle = "0.0"> 
  </world> 
  <neuralrobot wheelDistance = "5.2" robotSpeed = "8.0"> 
    <object x = "20.0" y = "20.0" r = "2.6" 
      angle = "0.0" 
      height = "3.0" 
      mass = "50.0" 
      staticFrictionThreshold = "1.0" 
      viscousFrictionTau = "0.5" 
      viscousMomentFrictionTau = "0.0" 
      collisionAngularFrictionFactor = "0.01" 
      color = "Red"> 
    </object> 
    <sensors> 
      <irsensor x = "1.0" y = "1.0" 
        height = "1.8" 
        orientation = "0.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "1.0" y = "-1.0" 
        height = "1.8" 
        orientation = "0.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "0.5" y = "1.0" 
        height = "1.8" 



        orientation = "45.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "0.5" y = "-1.0" 
        height = "1.8" 
        orientation = "-45.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "0.0" y = "1.0" 
        height = "1.8" 
        orientation = "90.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "0.0" y = "-1.0" 
        height = "1.8" 
        orientation = "-90.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
    </sensors> 
  </neuralrobot> 
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  00000000 00000000 00000000 013.6866 00000000 057.8567 1.0 0.0 0.0 0.0  
  00000000 00000000 00000000 016.3869 00000000 053.2265 1.0 0.0 0.0 0.0  
  00000000 00000000 00000000 014.8516 00000000 055.7677 1.0 0.0 0.0 0.0  
  00000000 00000000 00000000 015.7606 00000000 056.5351 1.0 0.0 0.0 0.0  
  00000000 00000000 00000000 015.6614 00000000 054.2562 1.0 0.0 0.0 0.0  
  0.689666 0.616129 00000000 015.2781 00000000 059.8924 1.0 0.0 0.0 0.0  
  0.898523 0.780486 00000000 016.7938 00000000 059.1452 1.0 0.0 0.0 0.0  
  01.09827 01.28201 00000000 014.9952 00000000 053.4388 1.0 0.0 0.0 0.0  
  01.63977 01.44604 00000000 015.4153 00000000 061.2761 1.0 0.0 0.0 0.0  
  01.67267 02.05729 00000000 017.3189 00000000 056.6577 1.0 0.0 0.0 0.0  
  03.09586 03.72857 00000000 017.3809 00000000 062.4889 1.0 0.0 0.0 0.0  
  005.0089 05.03493 00000000 07.21895 00000000 062.8666 1.0 0.0 1.0 0.0  
  06.52008 06.79527 00000000 04.09871 00000000 046.0674 1.0 0.0 1.0 0.0  
  06.03534 08.55567 00000000 010.7992 00000000 026.0934 1.0 0.0 1.0 0.0  
  04.97141 009.1698 00000000 018.5785 00000000 012.4829 1.0 0.0 1.0 0.0  
  03.89935 08.00387 00000000 0029.847 00000000 05.10918 1.0 0.0 1.0 0.0  
  01.00478 03.52438 00000000 045.4979 00000000 0019.916 1.0 0.0 1.0 0.0  
  00000000 00.77206 00000000 048.2736 00000000 042.9448 1.0 0.0 1.0 0.0  
  00000000 00000000 00000000 044.5865 00000000 060.3912 1.0 0.0 1.0 0.0  
  00000000 00000000 00000000 032.9384 00000000 077.0842 1.0 0.0 1.0 0.0  
  00000000 00000000 00000000 0012.801 00000000 069.5409 1.0 0.0 0.0 0.0  
  00000000 00000000 00000000 0015.052 00000000 066.0309 1.0 0.0 0.0 0.0 
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[net, mean, std, PCAmatrix] = feedforward(X.', Y.');  
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net = newff(minmax(Xtrans), [2 m], {'logsig', 'logsig'});  
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  [2 m],   {'logsig', 'logsig'} 
  [4 m],   {'logsig', 'logsig'} 
  [2 4 m], {'logsig', 'logsig', 'logsig'} 
  [4 4 m], {'logsig', 'logsig', 'logsig'} 
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savenetwork('RobotNetwork.xml', net, mean, std, PCAmatrix);  
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m_EnkiRobot = new RFW::CEnkiRobot(m_EnkiWorld);  
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  <polygone m = "9"> 
    -10.0  -10.0 
    +10.0  -10.0 
    +12.0   -7.0 
    +12.5   -1.5 
    +12.5   +1.5 
    +12.0   +7.0 
    +10.0  +10.0 
    -10.0  +10.0 
    -11.0    0.0 
  </polygone> 
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  <object x = "80.0" y = "40.0" 
    color = "Maroon" 
    height = "10.0" 
    angle = "0.0" 
    mass = "200.0" 
    staticFrictionThreshold = "1.0" 
    viscousFrictionTau = "0.1" 
    viscousMomentFrictionTau = "0.0" 
    collisionAngularFrictionFactor = "0.01"> 
    <polygone m = "4"> 
      -10.0  -10.0 
      +10.0  -10.0 
      +10.0  +10.0 
      -10.0  +10.0 
    </polygone> 
  </object> 
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  <object x = "20.0" y = "60.0" r = "10.0" 
    color = "Navy" 
    height = "10.0" 
    angle = "0.0" 
    mass = "100.0" 
    staticFrictionThreshold = "1.0" 
    viscousFrictionTau = "0.1" 
    viscousMomentFrictionTau = "0.0" 
    collisionAngularFrictionFactor = "0.01"> 
  </object> 
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  <world width = "100.0" height = "100.0" 
    startX = "10.0" 
    startY = "10.0" 
    startAngle = "45.0"> 
    <object x = "40.0" y = "25.0" 
      color = "Lime" 
      height = "10.0" 
      angle = "-45.0" 
      mass = "100.0" 
      staticFrictionThreshold = "1.0" 
      viscousFrictionTau = "0.1" 
      viscousMomentFrictionTau = "0.0" 
      collisionAngularFrictionFactor = "0.01"> 
      <polygone m = "9"> 
        -10.0  -10.0 
        +10.0  -10.0 
        +12.0   -7.0 



        +14.0   -1.5 
        +14.0   +1.5 
        +12.0   +7.0 
        +10.0  +10.0 
        -10.0  +10.0 
        -12.0    0.0 
      </polygone> 
    </object> 
    <object x = "80.0" y = "40.0" 
      color = "Red" 
      height = "10.0" 
      angle = "45.0" 
      mass = "100.0" 
      staticFrictionThreshold = "1.0" 
      viscousFrictionTau = "0.1" 
      viscousMomentFrictionTau = "0.0" 
      collisionAngularFrictionFactor = "0.01"> 
      <polygone m = "4"> 
        -10.0  -10.0 
        +10.0  -10.0 
        +15.0  +10.0 
        -10.0  +10.0 
      </polygone> 
    </object> 
    <object x = "20.0" y = "60.0" r = "5.0" 
      color = "Blue" 
      height = "10.0" 
      angle = "0.0" 
      mass = "50.0" 
      staticFrictionThreshold = "1.0" 
      viscousFrictionTau = "0.1" 
      viscousMomentFrictionTau = "0.0" 
      collisionAngularFrictionFactor = "0.01"> 
    </object> 
  </world> 
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  <camera x = "2.0" y = "0.0" 
    height = "0.5" 
    orientation = "0.0" 
    fieldOfView = "15.0" 
    pixelCount = "50" /> 
    
  <irsensor x = "1.3" y = "1.3" 
    height = "1.8" 
    orientation = "45.0" 
    range = "20.0" 
    aperture = "0" 
    rayCount = "1" 
    sensorResponseKernel = "simple" /> 
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  <neuralrobot wheelDistance = "5.2" robotSpeed = "15.0"> 
    <object x = "20.0" y = "20.0" 
      angle = "0.0" 
      height = "3.0" 
      mass = "50.0" 
      staticFrictionThreshold = "1.0" 
      viscousFrictionTau = "0.5" 
      viscousMomentFrictionTau = "0.0" 
      collisionAngularFrictionFactor = "0.05" 
      color = "Gold"> 
      <polygone m = "6"> 
        -2.5  -2.5 
        +2.0  -2.5 
        +3.0  -2.0 
        +3.0  +2.0 
        +2.0  +2.5 
        -2.5  +2.5 
      </polygone> 
    </object> 
    <sensors> 
      <irsensor x = "1.0" y = "1.5" 
        height = "1.8" 
        orientation = "90.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "1.3" y = "1.3" 
        height = "1.8" 
        orientation = "45.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "1.6" y = "0.6" 
        height = "1.8" 
        orientation = "0.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "1.6" y = "-0.6" 
        height = "1.8" 
        orientation = "0.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "1.3" y = "-1.3" 
        height = "1.8" 
        orientation = "-45.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 



        sensorResponseKernel = "simple" /> 
      <irsensor x = "1.0" y = "-1.5" 
        height = "1.8" 
        orientation = "-90.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "-1.5" y = "-1.0" 
        height = "1.8" 
        orientation = "-180.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <irsensor x = "-1.5" y = "1.0" 
        height = "1.8" 
        orientation = "-180.0" 
        range = "20.0" 
        aperture = "0" 
        rayCount = "1" 
        sensorResponseKernel = "simple" /> 
      <camera x = "0.0" y = "1.0" 
        height = "0.5" 
        orientation = "60.0" 
        fieldOfView = "45.0" 
        pixelCount = "50" /> 
      <camera x = "0.0" y = "-1.0" 
        height = "0.5" 
        orientation = "-60.0" 
        fieldOfView = "45.0" 
        pixelCount = "50" /> 
      <camera x = "2.0" y = "0.0" 
        height = "0.5" 
        orientation = "0.0" 
        fieldOfView = "15.0" 
        pixelCount = "50" /> 
    </sensors> 
  </neuralrobot> 

:��*���
��������)�����%���)����������)���������,�����������,��)����
���������



�

����������

1)�����,����'��,�����������'��(�������)�����	������*	�����������
��������������'��(��,�2���,��
1)����������������2���������*�����,���
���������'��,��������)����	�����,�����)����)��)��
)�,,�����,���4�����*5���,�����)�����	�����,����1)�����������
*
����������	������)�����'��(���

�

1)��������������)�,����	�*�������������)����	���2�
����������)�����	���2�
�����1)��	���,�+

�,������)������)�,������'�9��

  CFeedForward::Simulate(CVector x): CVector 
  begin 
   
(1) x := x - m_Mean 
(2) x := x / m_Std  // element by element 
(3) y := m_PCAMatrix * x 
 
(4) for Layer := 0 to m_NumLayers - 1 do begin 
(5)   y := m_Weights[Layer] * y + m_Biases[Layer] 
(6)   y := m_LayersTransferFcn[Layer](y) 
(7) end 
   
    return y; 
  end 
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  <network inputDimensions = "6" outputDimensions = "4" numLayers = "3"> 
    <mean> 
      <vector m = "6"> 
         0.5469 
         0.8383 
        14.9469 
        24.2931 
        27.4923 
        39.5549 
      </vector> 
    </mean> 
    <std> 
      <vector m = "6"> 
         1.4228 
         2.2431 
        13.2114 
        14.9573 
        18.6651 
        21.5919 
      </vector> 
    </std> 
    <PCAmatrix> 
      <matrix m = "6" n = "6"> 
        -0.6129  -0.6111   0.2967   0.2694   0.1270   0.2720 
         0.0337   0.1230  -0.4286   0.5603  -0.4914   0.4944 
        -0.0786  -0.0334  -0.6607   0.1831   0.7211  -0.0497 
         0.3468   0.0235   0.1716  -0.3121   0.3307   0.8017 
        -0.1551  -0.4163  -0.5119  -0.6501  -0.3351   0.0740 
         0.6874  -0.6605   0.0078   0.2443  -0.0225  -0.1751 
      </matrix> 
    </PCAmatrix> 
    <layers> 
      <layer index = "1" dimensions = "4" transferFcn = "logsig" /> 
      <layer index = "2" dimensions = "4" transferFcn = "logsig" /> 
      <layer index = "3" dimensions = "4" transferFcn = "logsig" /> 
    </layers> 
    <weights> 
      <inputlayer to = "1"> 
        <matrix m = "4" n = "6"> 
          -2.5202  -0.2487   0.5199   4.9593   -0.2628  -1.5376337509 
          -1.8132  -3.7116  -3.3079  20.3096  -20.5454  20.6921671054 
           3.5972  -2.0743  -2.6365   2.8116   -2.2578   6.4847634567 
           0.4913   0.4940   0.0806  -0.5194   -0.3200  -0.8301912843 
        </matrix> 
      </inputlayer> 
      <hiddenlayer to = "2" from = "1"> 
        <matrix m = "4" n = "4"> 
          23.6662   39.9447   41.9081  -83.0140367806 
          55.5267  -27.9243   45.4143   35.5339920444 
           4.3360   27.2725  -23.6810   45.0458177605 
         -48.7727   33.5489    3.8649  -56.0159550367 



        </matrix> 
      </hiddenlayer> 
      <hiddenlayer to = "3" from = "2"> 
        <matrix m = "4" n = "4"> 
           8.1293    2.2256   10.8377    1.1275475536 
          -3.0373   -6.8360    0.2909    3.9822623431 
         -44.1881  -66.0722    3.9148  -99.4670877679 
         -30.0430   41.3335  -37.7869   86.7369517566 
        </matrix> 
      </hiddenlayer> 
    </weights> 
    <biases> 
      <bias to = "1"> 
        <vector m = "4"> 
           0.5537 
          -2.3086 
           6.6602 
          -0.5831 
        </vector> 
      </bias> 
      <bias to = "2"> 
        <vector m = "4"> 
           17.6842 
          -64.1610 
          -13.8322 
           14.2032 
        </vector> 
      </bias> 
      <bias to = "3"> 
        <vector m = "4"> 
            4.5828 
          -10.2205 
           68.0925 
          -44.2838 
        </vector> 
      </bias> 
    </biases> 
  </network> 

1)���.���
�,��'�������'�������%*���)������1)�����'��(�'�����������,�����:1;:<��-�)�2��
'����������	�
�����:1;:<����
������)���
���
��2������
)����'��(���������.����������



�&#�# 
�
�

�

��
�
��������������
�������,��������%���������$&���-��������	�
���
�
���������$�%���8������
"����������1)���������
������)���
�����,�������')����������
���,�����$8"�����������)�������)�,��
�����*���,��������*�������)���,�����
�����������������	���������������+�������������



(
'�����%� ����
��

1)�����������*��������
����������,����$�%���8������"����������-�'���������������*��'��
������9�
�/���� 0�11���
�������,��/����
���
�������

�/���� 0�11���
�������
�	�������� ���
�� ������.�<��������

�

3���
������	�*�
�	*������2����
����)������,��)���*���
���,��'�����-���,,������*���
����	�
��*�
����������������������.�')���,��'�����1)��������,2�����������)���
���������)���'��)�2�����*�
����2����.�%�������)����)��)��')�����		��
�������6�����*���'���������'������)����������������
������
�������)��6	��H;�*���/�������,������'������)���
�������

�/����
���
������������������
��%��'��������
���
���,�����������)��������������,�	)*��
���

���,�����������)���
�������



�

1)��(������)���
�����*���
�������������
��������������	������������)������������)������
���

���,�����������)��������������,�2�
��2������3���
������������)���
������������
�����������)��
�
���������)���		��
������')���������)���%/�
�������)������������'���,��������,���,��
1)����������������������������)�,���&���������
��%*�.
2�3
����)�,�*���
�����2���)��
2��'	�����������*����������	�
���
�	�������

:����)������.�����*�
�������'��(���,�	��,����*������%��������'��(��


