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2. Contacting Pololu
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3. Important Safety Warning and Handling Precautions
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4. Getting Started with Your 3pi Robot
�!�9�H�H�=�B�;�G�H�5�F�H�9�8�K�=�H�<�M�C�I�F���D�=�7�5�B�6�9�5�G�G�=�A�D�@�9�5�G�H�5�?�=�B�;�=�H�C�I�H�C�:�H�<�9�6�C�L�	�5�8�8�=�B�;�6�5�H�H�9�F�=�9�G�	�5�B�8�H�I�F�B�=�B�;�=�H�C�B���.�<�9���D�=�G�<�=�D�G
�K�=�H�<���5���8�9�A�C���D�F�C�;�F�5�A���H�<�5�H���K�=�@�@���;�=�J�9���M�C�I���5���6�F�=�9�:���H�C�I�F���C�:���=�H�G���:�9�5�H�I�F�9�G��

General features of the Pololu 3pi robot, top view.
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Labeled bottom view of the Pololu 3pi robot.

�.�<�9���:�C�@�@�C�K�=�B�;���G�I�6�G�9�7�H�=�C�B�G���K�=�@�@���;�=�J�9���M�C�I���5�@�@���H�<�9���=�B�:�C�F�A�5�H�=�C�B���M�C�I���B�9�9�8���H�C���;�9�H���M�C�I�F�����D�=���I�D���5�B�8���F�I�B�B�=�B�;��

4.a.What You Will Need

�.�<�9���:�C�@�@�C�K�=�B�;���A�5�H�9�F�=�5�@�G���5�F�9���B�9�7�9�G�G�5�F�M���:�C�F���;�9�H�H�=�B�;���G�H�5�F�H�9�8���K�=�H�<���M�C�I�F�����D�=��

�P 4 AAA batteries. ���B�M������ �7�9�@�@�G�K�=�@�@�K�C�F�?�	�6�I�H�K�9�F�9�7�C�A�A�9�B�8�(�=�'�" �6�5�H�H�9�F�=�9�G�	�K�<�=�7�<�5�F�9�F�9�7�<�5�F�;�9�5�6�@�9�5�B�8
�7�5�B�6�9�D�I�F�7�<�5�G�9�8fr om Pololu [http://www .pololu.com/catalog/product/1002] �C�F�5�H�5�@�C�7�5�@�G�H�C�F�9���#�:�M�C�I�I�G�9�F�9�7�<�5�F�;�9�5�6�@�9
�6�5�H�H�9�F�=�9�G�	�M�C�I�K�=�@�@�5�@�G�C�B�9�9�8�5�6�5�H�H�9�F�M�7�<�5�F�;�9�F�����5�H�H�9�F�M�7�<�5�F�;�9�F�G�8�9�G�=�;�B�9�8�H�C�7�C�B�B�9�7�H�H�C�9�L�H�9�F�B�5�@�G�9�F�=�9�G�6�5�H�H�9�F�M�D�5�7�?�G�	
�G�I�7�<���5�G���H�<�9iMAX-B6AC [http://www .pololu.com/catalog/product/2260]�	���A�5�M���6�9���I�G�9�8���K�=�H�<���H�<�9�����D�=�W�G���6�5�H�H�9�F�M���7�<�5�F�;�9�F���D�C�F�H��

�P AVR ISP programmer with 6-pin connector. �.�<�9���D�=�:�9�5�H�I�F�9�G�5�B�� �.�A�9�;�5�L�L���A�=�7�F�C�7�C�B�H�F�C�@�@�9�F�	�K�<�=�7�<�F�9�E�I�=�F�9�G
�5�B�9�L�H�9�F�B�5�@�D�F�C�;�F�5�A�A�9�F�G�I�7�<�5�G�H�<�9Pololu USB AVR programmer [http://www .pololu.com/catalog/product/1300] �C�F
���H�A�9�@�W�G�� �0�,�#�-�*�G�9�F�=�9�G���.�<�9���D�=�<�5�G�5�G�H�5�B�8�5�F�8���
�D�=�B�D�F�C�;�F�5�A�A�=�B�;�7�C�B�B�9�7�H�C�F�	�G�C�M�C�I�F�D�F�C�;�F�5�A�A�9�F�K�=�@�@�B�9�9�8�H�C�<�5�J�9
�56-pin ISP cable [http://www .pololu.com/catalog/product/972] �:�C�F�7�C�B�B�9�7�H�=�B�;�H�C�H�<�9�H�5�F�;�9�H�8�9�J�=�7�9�����3�C�I�K�=�@�@�5�@�G�C�B�9�9�8
�K�<�5�H�9�J�9�F���7�5�6�@�9���M�C�I�F���D�F�C�;�F�5�A�A�9�F���F�9�E�I�=�F�9�G���H�C���7�C�B�B�9�7�H���H�C���5���7�C�A�D�I�H�9�F��

�P A desktopor laptop computer. �3�C�I�K�=�@�@�B�9�9�8�5�D�9�F�G�C�B�5�@�7�C�A�D�I�H�9�F�:�C�F�8�9�J�9�@�C�D�=�B�;�M�C�I�F�7�C�8�9�5�B�8�@�C�5�8�=�B�;�=�H�C�B�H�C
�H�<�9���D�=���.�<�9���D�=�7�5�B�6�9�D�F�C�;�F�5�A�A�9�8�C�B�1�=�B�8�C�K�G�	�'�5�7�	�5�B�8�&�=�B�I�L�C�D�9�F�5�H�=�B�;�G�M�G�H�9�A�G�	�6�I�H�*�C�@�C�@�I�G�I�D�D�C�F�H�:�C�F�'�5�7�G
�=�G���@�=�A�=�H�9�8��

�3�C�I���A�=�;�<�H���:�=�B�8���H�<�9���:�C�@�@�C�K�=�B�;���A�5�H�9�F�=�5�@�G���I�G�9�:�I�@���=�B���7�F�9�5�H�=�B�;���5�B���9�B�J�=�F�C�B�A�9�B�H���:�C�F���M�C�I�F���F�C�6�C�H���H�C���9�L�D�@�C�F�9��
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�P �-�9�J�9�F�5�@�@�5�F�;�9�G�<�9�9�H�G�C�:�K�<�=�H�9�D�C�G�H�9�F�6�C�5�F�8���5�J�5�=�@�5�6�@�9�5�H�7�F�5�:�H�G�C�F�C�:�:�=�7�9�G�I�D�D�@�M�G�H�C�F�9�G���C�F�8�F�M�
�9�F�5�G�9�K�<�=�H�9�6�C�5�F�8�G�H�C�7�?
���7�C�A�A�C�B�@�M���5�J�5�=�@�5�6�@�9���5�H���<�C�A�9���7�C�B�G�H�F�I�7�H�=�C�B���G�I�D�D�@�M���G�H�C�F�9�G����

�P �&�=�;�<�H�
�7�C�@�C�F�9�8���A�5�G�?�=�B�;���H�5�D�9���:�C�F���>�C�=�B�=�B�;���A�I�@�H�=�D�@�9���G�<�9�9�H�G���H�C�;�9�H�<�9�F��

�P �����������6�@�5�7�?���9�@�9�7�H�F�=�7�5�@���H�5�D�9���H�C���7�F�9�5�H�9���@�=�B�9�G���:�C�F���M�C�I�F���F�C�6�C�H���H�C���:�C�@�@�C�K��

4.b.Powering Up Your 3pi

�.�<�9�:�=�F�G�H�G�H�9�D�=�B�I�G�=�B�;�M�C�I�F�B�9�K���D�=�F�C�6�C�H�=�G�H�C�=�B�G�9�F�H�:�C�I�F������ �6�5�H�H�9�F�=�9�G
�=�B�H�C�H�<�9�6�5�H�H�9�F�M�<�C�@�8�9�F�G���.�C�8�C�H�<�=�G�M�C�I�K�=�@�@�B�9�9�8�H�C�F�9�A�C�J�9�H�<�9�&������
�*�5�M�5�H�H�9�B�H�=�C�B�H�C�H�<�9�&�����W�G�C�F�=�9�B�H�5�H�=�C�B�5�G�M�C�I�K�=�@�@�K�5�B�H�H�C�D�@�I�;�=�H�6�5�7�?�=�B
�H�<�=�G�K�5�M�K�<�9�B�M�C�I�5�F�9�8�C�B�9���1�=�H�<�H�<�9�&���� �F�9�A�C�J�9�8�M�C�I�F���D�=�G�<�C�I�@�8
�@�C�C�?���@�=�?�9���H�<�9���D�=�7�H�I�F�9���H�C���H�<�9���F�=�;�<�H��

�)�B�7�9�H�<�9�6�5�H�H�9�F�=�9�G�5�F�9�=�B�D�@�5�7�9�	�M�C�I�G�<�C�I�@�8�F�9�H�I�F�B�H�<�9�&���� �H�C�=�H�G�D�C�G�=�H�=�C�B
�C�J�9�F�H�<�9�F�9�5�F�6�5�H�H�9�F�M�<�C�@�8�9�F���'�5�?�9�G�I�F�9�9�5�7�<�A�5�@�9�&���� �<�9�5�8�9�F�D�=�B�;�C�9�G
�=�B�H�C���5���7�C�F�F�9�G�D�C�B�8�=�B�;���:�9�A�5�@�9���G�C�7�?�9�H��

�(�9�L�H�	�D�I�G�<�H�<�9�D�C�K�9�F�6�I�H�H�C�B���@�C�7�5�H�9�8�C�B�H�<�9�@�9�:�H�G�=�8�9�C�:�H�<�9�F�9�5�F�6�5�H�H�9�F�M
�D�5�7�?���H�C�H�I�F�B�C�B�M�C�I�F���D�=���3�C�I�G�<�C�I�@�8�G�9�9�H�<�9�H�K�C�6�@�I�9�D�C�K�9�F�&�����G�C�B
�H�<�9�I�B�8�9�F�G�=�8�9�C�:�H�<�9���D�=�@�=�;�<�H�	�5�B�8�H�<�9���D�=�G�<�C�I�@�8�6�9�;�=�B�F�I�B�B�=�B�;�=�H�G
�D�F�9�@�C�5�8�9�8�8�9�A�C�D�F�C�;�F�5�A���3�C�I�7�5�B�G�=�A�D�@�M�D�I�G�<�H�<�9�D�C�K�9�F�6�I�H�H�C�B�5�;�5�=�B
�H�C�H�I�F�B�H�<�9���D�=�C�:�:�	�5�B�8�M�C�I�7�5�B�D�I�G�<�H�<�9�F�9�G�9�H�6�I�H�H�C�B���@�C�7�5�H�9�8�>�I�G�H�6�9�@�C�K
�H�<�9���D�C�K�9�F���6�I�H�H�C�B�����H�C���F�9�G�9�H���H�<�9���D�F�C�;�F�5�A���H�<�9���F�C�6�C�H���=�G���F�I�B�B�=�B�;��

4.c.Using the Preloaded Demo Program

�3�C�I�F���D�=�7�C�A�9�G�D�F�9�@�C�5�8�9�8�K�=�H�<�5�D�F�C�;�F�5�A�H�<�5�H�8�9�A�C�B�G�H�F�5�H�9�G�A�C�G�H�C�:�=�H�G�:�9�5�H�I�F�9�G�5�B�8�5�@�@�C�K�G�M�C�I�H�C�H�9�G�H�H�<�5�H�=�H�=�G�K�C�F�?�=�B�;
�7�C�F�F�9�7�H�@�M�� �1�<�9�B�M�C�I�:�=�F�G�H�H�I�F�B�C�B�M�C�I�F���D�=�	�M�C�I�K�=�@�@�<�9�5�F�5�6�9�9�D�5�B�8�G�9�9�H�<�9�K�C�F�8�G�T�*�C�@�C�@�I���D�=�,�C�6�C�H�U�	�H�<�9�B�T���9�A�C
�*�F�C�;�F�5�A�U�5�D�D�9�5�F�	�=�B�8�=�7�5�H�=�B�;�H�<�5�H�M�C�I�5�F�9�F�I�B�B�=�B�;�H�<�9�8�9�A�C�D�F�C�;�F�5�A���#�:�M�C�I�<�9�5�F�5�6�9�9�D�6�I�H�8�C�B�C�H�G�9�9�5�B�M�H�9�L�H�C�B�H�<�9
�&�����	 �M�C�I�A�5�M�B�9�9�8�H�C�5�8�>�I�G�H�H�<�9�7�C�B�H�F�5�G�H�D�C�H�9�B�H�=�C�A�9�H�9�F�C�B�H�<�9�I�B�8�9�F�G�=�8�9�C�:�H�<�9�6�C�5�F�8���1�<�9�B�H�<�9�D�F�C�;�F�5�A�<�5�G�G�H�5�F�H�9�8
�G�I�7�7�9�G�G�:�I�@�@�M�	�D�F�9�G�G�H�<�9�� �6�I�H�H�C�B�H�C�D�F�C�7�9�9�8�H�C�H�<�9�A�5�=�B�A�9�B�I���*�F�9�G�G�� �C�F�� �H�C�G�7�F�C�@�@�:�C�F�K�5�F�8�C�F�6�5�7�?�K�5�F�8�H�<�F�C�I�;�<�H�<�9
�A�9�B�I�	���5�B�8���D�F�9�G�G�������H�C���A�5�?�9���5���G�9�@�9�7�H�=�C�B���C�F���H�C���9�L�=�H���C�B�9���C�:���H�<�9���8�9�A�C�G�����.�<�9�F�9���5�F�9���G�9�J�9�B���8�9�A�C�G���5�7�7�9�G�G�=�6�@�9���:�F�C�A���H�<�9���A�9�B�I��

���� Battery: �.�<�=�G�8�9�A�C�8�=�G�D�@�5�M�G�H�<�9�6�5�H�H�9�F�M�J�C�@�H�5�;�9�=�B�A�=�@�@�=�J�C�@�H�G�	�K�<�=�7�<�G�<�C�I�@�8�6�9�5�6�C�J�9���
�
�
 �������
�0�C�@�H�G���:�C�F�5�:�I�@�@�M�

�7�<�5�F�;�9�8�G�9�H�C�:�6�5�H�H�9�F�=�9�G���,�9�A�C�J�=�B�;�H�<�9�>�I�A�D�9�F�A�5�F�?�9�8�������� �K�=�@�@�G�9�D�5�F�5�H�9�H�<�9�6�5�H�H�9�F�M�J�C�@�H�5�;�9�A�9�5�G�I�F�9�A�9�B�H�7�=�F�7�I�=�H
�:�F�C�A���H�<�9���5�B�5�@�C�;���=�B�D�I�H�	���7�5�I�G�=�B�;���H�<�9���B�I�A�6�9�F���8�=�G�D�@�5�M�9�8���H�C���8�F�C�D���H�C���G�C�A�9���@�C�K���J�5�@�I�9��

���� LEDs: ���@�=�B�?�G�H�<�9�F�9�8�5�B�8�;�F�9�9�B�I�G�9�F�&�����G�C�B�H�<�9�I�B�8�9�F�G�=�8�9�C�:�H�<�9�6�C�5�F�8���#�:�M�C�I�<�5�J�9�G�C�@�8�9�F�9�8�=�B�H�<�9�C�D�H�=�C�B�5�@
�I�G�9�F���&�����G�	���H�<�9�M���K�=�@�@���5�@�G�C���6�@�=�B�?��

���� Trimpot: ���=�G�D�@�5�M�G�H�<�9�D�C�G�=�H�=�C�B�C�:�H�<�9�I�G�9�F�H�F�=�A�A�9�F�D�C�H�9�B�H�=�C�A�9�H�9�F�	�K�<�=�7�<�=�G�@�C�7�5�H�9�8�C�B�H�<�9�I�B�8�9�F�G�=�8�9�C�:�H�<�9�6�C�5�F�8�	
�5�G�5�B�I�A�6�9�F�6�9�H�K�9�9�B�
 �5�B�8���
�������1�<�=�@�9�8�=�G�D�@�5�M�=�B�;�H�<�9�J�5�@�I�9�	�H�<�=�G�8�9�A�C�5�@�G�C�6�@�=�B�?�G�H�<�9�&�����G�5�B�8�D�@�5�M�G�5�B�C�H�9�K�<�C�G�9
�:�F�9�E�I�9�B�7�M���=�G���5���:�I�B�7�H�=�C�B���C�:���H�<�9���7�I�F�F�9�B�H���F�9�5�8�=�B�;�����#�H���=�G���9�5�G�=�9�G�H���H�C���H�I�F�B���H�<�9���H�F�=�A�D�C�H���I�G�=�B�;���5�����A�A���:�@�5�H�
�<�9�5�8���G�7�F�9�K�8�F�=�J�9�F��

���� Sensors:�-�<�C�K�H�<�9�7�I�F�F�9�B�H�F�9�5�8�=�B�;�G�C�:�H�<�9�#�,�G�9�B�G�C�F�G�I�G�=�B�;�5�6�5�F�;�F�5�D�<�����=�;�;�9�F�6�5�F�G�A�9�5�B�@�C�K�9�F�F�9�:�@�9�7�H�5�B�7�9��
�*�@�5�7�=�B�;�5�F�9�:�@�9�7�H�=�J�9�C�6�>�9�7�H�G�I�7�<�5�G�M�C�I�F�:�=�B�;�9�F�I�B�8�9�F�C�B�9�C�:�H�<�9�G�9�B�G�C�F�G�K�=�@�@�7�5�I�G�9�H�<�9�7�C�F�F�9�G�D�C�B�8�=�B�;�F�9�5�8�=�B�;�H�C�8�F�C�D
�J�=�G�=�6�@�M�C�B�H�<�9�;�F�5�D�<���.�<�=�G�8�9�A�C�5�@�G�C�8�=�G�D�@�5�M�G�T���U�H�C�=�B�8�=�7�5�H�9�H�<�5�H�6�I�H�H�C�B�� �<�5�G�5�B�9�:�:�9�7�H�S�D�F�9�G�G�� �5�B�8�H�<�9�#�,�9�A�=�H�H�9�F�G
�K�=�@�@�6�9�H�I�F�B�9�8�C�:�:���#�B�=�B�8�C�C�F�@�=�;�<�H�=�B�;�7�C�B�8�=�H�=�C�B�G�5�K�5�M�:�F�C�A�6�F�=�;�<�H�=�B�7�5�B�8�9�G�7�9�B�H�C�F�<�5�@�C�;�9�B�@�=�;�<�H�G�	�5�@�@�C�:�H�<�9�G�9�B�G�C�F�G
�G�<�C�I�@�8�F�9�H�I�F�B�9�B�H�=�F�9�@�M�6�@�5�7�?�F�9�5�8�=�B�;�G�K�=�H�<�#�,�C�:�:���,�9�A�C�J�=�B�;�H�<�9�>�I�A�D�9�F�A�5�F�?�9�8�*���� �8�=�G�5�6�@�9�G�7�C�B�H�F�C�@�C�:�H�<�9�9�A�=�H�H�9�F�G�	
�7�5�I�G�=�B�;���H�<�9�A���H�C���5�@�K�5�M�G���6�9���C�B��

���� Motors: �"�C�@�8�8�C�K�B�� �C�F�� �H�C�F�I�B�H�<�9�A�C�H�C�F�C�B�H�<�9�7�C�F�F�9�G�D�C�B�8�=�B�;�G�=�8�9�	�C�F�<�C�@�8�8�C�K�B�6�C�H�<�6�I�H�H�C�B�G�H�C�F�I�B�6�C�H�<
�A�C�H�C�F�G�G�=�A�I�@�H�5�B�9�C�I�G�@�M���.�<�9�A�C�H�C�F�G�K�=�@�@�;�F�5�8�I�5�@�@�M�F�5�A�D�I�D�H�C�G�D�9�9�8���=�B�M�C�I�F�C�K�B�D�F�C�;�F�5�A�G�	�M�C�I�7�5�B�G�K�=�H�7�<�H�<�9�A�C�B
�A�I�7�<�A�C�F�9�G�I�8�8�9�B�@�M���.�5�D�� �C�F�� �H�C�G�K�=�H�7�<�H�<�9�7�C�F�F�9�G�D�C�B�8�=�B�;�A�C�H�C�F�H�C�F�9�J�9�F�G�9���H�<�9�6�I�H�H�C�B�@�9�H�H�9�F�6�9�7�C�A�9�G�@�C�K�9�F�7�5�G�9
�=�:���D�F�9�G�G�=�B�;���=�H���K�=�@�@���8�F�=�J�9���H�<�9���7�C�F�F�9�G�D�C�B�8�=�B�;���A�C�H�C�F���=�B���F�9�J�9�F�G�9����
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���� Music: �*�@�5�M�G�5�B�5�8�5�D�H�5�H�=�C�B�C�:�$���-�����5�7�<�W�G� �I�;�I�9�=�B�� �'�=�B�C�F�:�C�F�A�=�7�F�C�7�C�B�H�F�C�@�@�9�F�5�B�8�D�=�9�N�C�	�K�<�=�@�9�G�7�F�C�@�@�=�B�;�5
�H�9�L�H���8�=�G�D�@�5�M�����.�<�=�G���8�9�A�C�B�G�H�F�5�H�9�G���H�<�9���5�6�=�@�=�H�M���C�:���H�<�9�����D�=���H�C���D�@�5�M���A�I�G�=�7���=�B���H�<�9���6�5�7�?�;�F�C�I�B�8��

���� Timer: �� �G�=�A�D�@�9�G�H�C�D�K�5�H�7�<���*�F�9�G�G�� �H�C�G�H�5�F�H�C�F�G�H�C�D�H�<�9�G�H�C�D�K�5�H�7�<�5�B�8�� �H�C�F�9�G�9�H���.�<�9�G�H�C�D�K�5�H�7�<�7�C�B�H�=�B�I�9�G�H�C
�7�C�I�B�H���K�<�=�@�9���M�C�I���5�F�9���9�L�D�@�C�F�=�B�;���H�<�9���C�H�<�9�F���8�9�A�C�G��

Note: �#�:�H�<�9���D�=�F�9�7�9�=�J�9�G�5�B�M�G�9�F�=�5�@�8�5�H�5�K�<�=�@�9�H�<�9�8�9�A�C�D�F�C�;�F�5�A�=�G�K�5�=�H�=�B�;�:�C�F�5�6�I�H�H�C�B�D�F�9�G�G�:�F�C�A�H�<�9
�I�G�9�F�	���=�H���K�=�@�@���G�K�=�H�7�<���=�B�H�C���G�9�F�=�5�@���G�@�5�J�9���A�C�8�9�����-�9�9Section 10.a�:�C�F���A�C�F�9���=�B�:�C�F�A�5�H�=�C�B��

�.�<�9�G�C�I�F�7�9�7�C�8�9�:�C�F�H�<�9�8�9�A�C�D�F�C�;�F�5�A�=�G�=�B�7�@�I�8�9�8�K�=�H�<�H�<�9�*�C�@�C�@�I�� �0�, ���������� �&�=�6�F�5�F�M�8�9�G�7�F�=�6�9�8�=�BSection6�	�=�B�H�<�9
�:�C�@�8�9�Fexamples\3pi-demo-program ��

4.d. Included Accessories

�.�<�9���D�=�F�C�6�C�H�G�<�=�D�G�K�=�H�<�H�K�C�H�<�F�C�I�;�<�
�<�C�@�9�F�9�8�&�����G�5�B�8�H�K�C�H�<�F�C�I�;�<�

�<�C�@�9�;�F�9�9�B�&�����G���.�<�9�F�9�5�F�9�7�C�B�B�9�7�H�=�C�B�D�C�=�B�H�G�:�C�F�H�<�F�9�9�C�D�H�=�C�B�5�@�&�����G
�C�B�M�C�I�F���D�=���C�B�9�B�9�L�H�H�C�H�<�9�D�C�K�9�F�6�I�H�H�C�B�H�C�=�B�8�=�7�5�H�9�K�<�9�B�H�<�9���D�=�=�G�C�B
�5�B�8�H�K�C�I�G�9�F�
�7�C�B�H�F�C�@�@�5�6�@�9�&���� �D�C�F�H�G�B�9�5�F�H�<�9�:�F�C�B�H�9�8�;�9�C�:�H�<�9�F�C�6�C�H��
�/�G�=�B�;�H�<�9�G�9�&�����G�=�G�7�C�A�D�@�9�H�9�@�M�C�D�H�=�C�B�5�@�5�G�H�<�9���D�=�K�=�@�@�:�I�B�7�H�=�C�B�>�I�G�H
�:�=�B�9�K�=�H�<�C�I�H�H�<�9�A���3�C�I�7�5�B�7�I�G�H�C�A�=�N�9�M�C�I�F���D�=�6�M�7�<�C�C�G�=�B�;�M�C�I�F
�8�9�G�=�F�9�8�7�C�A�6�=�B�5�H�=�C�B�C�:�F�9�8�5�B�8�;�F�9�9�B�&�����G�	�C�F�M�C�I�7�5�B�9�J�9�B�I�G�9your
own LEDs [http://www .pololu.com/catalog/category/20] �=�:�M�C�I�K�5�B�H�A�C�F�9
�7�C�@�C�F���6�F�=�;�<�H�B�9�G�G���C�D�H�=�C�B�G��

�(�C�H�9�H�<�5�H�M�C�I�G�<�C�I�@�8�C�B�@�M�5�8�8�&�����G�=�:�M�C�I�5�F�9�7�C�A�:�C�F�H�5�6�@�9�G�C�@�8�9�F�=�B�;�	
�5�B�8�M�C�I�G�<�C�I�@�8�H�5�?�9�7�5�F�9�H�C�5�J�C�=�8�8�9�G�C�@�8�9�F�=�B�;�5�B�M�C�:�H�<�9�7�C�A�D�C�B�9�B�H�G
�B�9�5�F�H�<�9�H�<�F�C�I�;�<�
�<�C�@�9�&���� �D�5�8�G���&�����G�5�F�9�D�C�@�5�F�=�N�9�8�	�G�C�6�9�G�I�F�9�H�C�G�C�@�8�9�F�H�<�9�A�G�I�7�<�H�<�5�H�H�<�9�@�C�B�;�9�F�@�9�5�8�7�C�B�B�9�7�H�G�H�C�H�<�9
�D�5�8�A�5�F�?�9�8�K�=�H�<�H�<�9+�����9�:�C�F�9�M�C�I�G�C�@�8�9�F�H�<�9�A�=�B�M�C�I�7�5�B�D�F�9�G�G�
�:�=�H�H�<�9�A�=�B�D�@�5�7�9�5�B�8�7�<�9�7�?�H�C�A�5�?�9�G�I�F�9�H�<�9�M�@�=�;�<�H�5�G
�9�L�D�9�7�H�9�8�����)�B�7�9���G�C�@�8�9�F�9�8���=�B���D�@�5�7�9�	���7�5�F�9�:�I�@�@�M���H�F�=�A���C�:�:���H�<�9���9�L�7�9�G�G���D�C�F�H�=�C�B���C�:���H�<�9���&�������@�9�5�8�G��

�3�C�I�F���D�=�5�@�G�C�G�<�=�D�G�K�=�H�<�H�<�F�9�9�G�<�C�F�H�=�B�;�6�@�C�7�?�G�C�:�9�5�7�<�7�C�@�C�F���6�@�I�9�	�F�9�8�	�M�9�@�@�C�K�	�6�@�5�7�?���.�<�=�G�A�9�5�B�G�M�C�I�7�5�B�7�I�G�H�C�A�=�N�9�M�C�I�F
���D�=���6�M���G�9�@�9�7�H�=�B�;���H�<�9���G�<�C�F�H�=�B�;���6�@�C�7�?���7�C�@�C�F���M�C�I���A�C�G�H���D�F�9�:�9�F�	���C�F���M�C�I���7�5�B���I�G�9���5���A�=�L�H�I�F�9���C�:���7�C�@�C�F�G��
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Two rechargeable AAA Ni-MH
batteries.

5. How Your 3pi Works
5.a.Batteries

Intr oduction to Batteries

�.�<�9�D�C�K�9�F�G�M�G�H�9�A�C�B�H�<�9���D�=�6�9�;�=�B�G�K�=�H�<�H�<�9�6�5�H�H�9�F�=�9�G�	�G�C�=�H�=�G�=�A�D�C�F�H�5�B�H�H�C
�I�B�8�9�F�G�H�5�B�8�<�C�K�M�C�I�F�6�5�H�H�9�F�=�9�G�K�C�F�?���� �6�5�H�H�9�F�M�7�C�B�H�5�=�B�G�5�7�5�F�9�:�I�@�@�M�7�C�B�H�F�C�@�@�9�8
�7�<�9�A�=�7�5�@�F�9�5�7�H�=�C�B�H�<�5�H�D�I�@�@�G�9�@�9�7�H�F�C�B�G�=�B�:�F�C�A�H�<�9�D�C�G�=�H�=�J�9�������H�9�F�A�=�B�5�@�5�B�8�D�I�G�<�9�G
�H�<�9�A�C�I�H�C�:�H�<�9�B�9�;�5�H�=�J�9���
���H�9�F�A�=�B�5�@���.�<�9�A�C�G�H�7�C�A�A�C�B�H�M�D�9�=�G�H�<�9alkaline
battery�	 �K�<�=�7�<�=�G�6�5�G�9�8�C�B�5�F�9�5�7�H�=�C�B�6�9�H�K�9�9�B�N�=�B�7�5�B�8�A�5�B�;�5�B�9�G�9�H�<�F�C�I�;�<�5
�D�C�H�5�G�G�=�I�A�<�M�8�F�C�L�=�8�9�G�C�@�I�H�=�C�B���)�B�7�9�5�@�?�5�@�=�B�9�6�5�H�H�9�F�=�9�G�5�F�9�7�C�A�D�@�9�H�9�@�M�8�=�G�7�<�5�F�;�9�8�	
�H�<�9�M�7�5�B�B�C�H�6�9�F�9�I�G�9�8��� �C�F�H�<�9���D�=�	�K�9�F�9�7�C�A�A�9�B�8�F�9�7�<�5�F�;�9�5�6�@�9�B�=�7�?�9�@�
�A�9�H�5�@�

�<�M�8�F�=�8�9���(�=�'�"���6�5�H�H�9�F�=�9�G�	�K�<�=�7�<�7�5�B�6�9�F�9�7�<�5�F�;�9�8�C�J�9�F�5�B�8�C�J�9�F���(�=�'�" �6�5�H�H�9�F�=�9�G
�5�F�9�6�5�G�9�8�C�B�5�8�=�:�:�9�F�9�B�H�7�<�9�A�=�7�5�@�F�9�5�7�H�=�C�B�:�F�C�A�5�@�?�5�@�=�B�9�6�5�H�H�9�F�=�9�G�	�6�I�H�M�C�I�8�C�B�W�H
�B�9�9�8�H�C�?�B�C�K�5�B�M�H�<�=�B�;�5�6�C�I�H�H�<�9�7�<�9�A�=�7�5�@�8�9�H�5�=�@�G�H�C�I�G�9�5�6�5�H�H�9�F�M���9�J�9�F�M�H�<�=�B�;�M�C�I
�B�9�9�8�H�C�?�B�C�K�5�6�C�I�H�=�H�=�G�A�9�5�G�I�F�9�8�K�=�H�<�5�:�9�K�G�=�A�D�@�9�B�I�A�6�9�F�G���.�<�9�:�=�F�G�H�=�G�H�<�9
�G�H�F�9�B�;�H�<�K�=�H�<�K�<�=�7�<�H�<�9�9�@�9�7�H�F�C�B�G�5�F�9�D�I�G�<�9�8�	�K�<�=�7�<�K�9�A�9�5�G�I�F�9�=�B�J�C�@�H�G���0���	�H�<�9
�I�B�=�H�G�C�:�9�@�9�7�H�F�=�7�D�C�H�9�B�H�=�5�@�����B �(�=�'�" �6�5�H�H�9�F�M�<�5�G�5�J�C�@�H�5�;�9�C�:�5�6�C�I�H�������0�� �.�C
�I�B�8�9�F�G�H�5�B�8�<�C�K�A�I�7�<�D�C�K�9�F�M�C�I�7�5�B�;�9�H�C�I�H�C�:�5�6�5�H�H�9�F�M�	�M�C�I�5�@�G�C�B�9�9�8�H�C�?�B�C�K
�<�C�K�A�5�B�M�9�@�9�7�H�F�C�B�G�H�<�9�6�5�H�H�9�F�M�7�5�B�D�I�G�<�D�9�F�G�9�7�C�B�8�R�H�<�=�G�=�G�H�<�9�9�@�9�7�H�F�=�7�7�I�F�F�9�B�H�	�A�9�5�G�I�F�9�8�=�B�5�A�D�G���������� �7�I�F�F�9�B�H�C�:�� ��
�7�C�F�F�9�G�D�C�B�8�G�H�C�5�6�C�I�H���X���
���� �9�@�9�7�H�F�C�B�G�:�@�C�K�=�B�;�C�I�H�C�B�9�G�=�8�9�5�B�8�=�B�H�C�H�<�9�C�H�<�9�F�9�5�7�<�G�9�7�C�B�8�	�K�<�=�7�<�=�G�G�I�7�<�5�<�I�;�9�B�I�A�6�9�F
�H�<�5�H�=�H�W�G�9�5�G�=�9�F�H�C�H�5�@�?�5�6�C�I�H�=�H�>�I�G�H�=�B�H�9�F�A�G�C�:�5�A�D�G���� �� �=�G�5�@�G�C�5�H�M�D�=�7�5�@�7�I�F�F�9�B�H�H�<�5�H�5�A�9�8�=�I�A�
�G�=�N�9�8�A�C�H�C�F�A�=�;�<�H�I�G�9�	�5�B�8
�=�H�W�G���5���7�I�F�F�9�B�H���H�<�5�H���K�=�@�@���D�I�H���5���G�=�;�B�=�:�=�7�5�B�H���G�H�F�5�=�B���C�B���G�A�5�@�@���������������6�5�H�H�9�F�=�9�G��

� �C�F�5�B�M�6�5�H�H�9�F�M�	�=�:�M�C�I�5�H�H�9�A�D�H�H�C�8�F�5�K�A�C�F�9�5�B�8�A�C�F�9�7�I�F�F�9�B�H�	�H�<�9�J�C�@�H�5�;�9�D�F�C�8�I�7�9�8�6�M�H�<�9�6�5�H�H�9�F�M�K�=�@�@�8�F�C�D�	�9�J�9�B�H�I�5�@�@�M
�8�F�C�D�D�=�B�;�5�@�@�H�<�9�K�5�M�H�C�N�9�F�C�5�H�H�<�9�G�<�C�F�H�7�=�F�7�I�=�H�7�I�F�F�9�B�H���H�<�9�7�I�F�F�9�B�H�H�<�5�H�:�@�C�K�G�=�:�M�C�I�7�C�B�B�9�7�H�C�B�9�G�=�8�9�8�=�F�9�7�H�@�M�H�C�H�<�9�C�H�<�9�F
�K�=�H�<�5�H�<�=�7�?�K�=�F�9�������C�B�W�H�H�F�M�H�<�=�G���.�<�9�K�=�F�9�A�=�;�<�H�C�J�9�F�<�9�5�H�5�B�8�A�9�@�H�	�5�B�8�H�<�9�6�5�H�H�9�F�M�7�C�I�@�8�9�L�D�@�C�8�9�����.�<�9�:�C�@�@�C�K�=�B�;�;�F�5�D�<
�G�<�C�K�G���5���;�C�C�8���A�C�8�9�@���C�:���<�C�K���H�<�9���J�C�@�H�5�;�9���C�B���5���H�M�D�=�7�5�@���6�5�H�H�9�F�M���8�F�C�D�G���5�G���H�<�9���7�I�F�F�9�B�H���;�C�9�G���I�D��

Battery voltage vs. current.

�.�<�9power�D�I�H�C�I�H�6�M�5�6�5�H�H�9�F�M�=�G�A�9�5�G�I�F�9�8�6�M�A�I�@�H�=�D�@�M�=�B�;�H�<�9�J�C�@�H�G�6�M�H�<�9�5�A�D�G�	�;�=�J�=�B�;�5�A�9�5�G�I�F�9�A�9�B�H�=�B�K�5�H�H�G���1����
� �C�F�9�L�5�A�D�@�9�	�5�H�H�<�9�D�C�=�B�H�A�5�F�?�9�8�=�B�H�<�9�;�F�5�D�<�	�K�9�<�5�J�9�5�J�C�@�H�5�;�9�C�:�
�����0 �5�B�8�5�7�I�F�F�9�B�H�C�:�
�������	 �H�<�=�G�A�9�5�B�G�H�<�5�H�H�<�9
�D�C�K�9�F�C�I�H�D�I�H�=�G�
�������1���#�:�M�C�I�K�5�B�H�A�C�F�9�D�C�K�9�F�	�M�C�I�B�9�9�8�H�C�5�8�8�A�C�F�9�6�5�H�H�9�F�=�9�G�	�5�B�8�H�<�9�F�9�5�F�9�H�K�C�K�5�M�G�H�C�8�C�=�H��parallel
�5�B�8series�7�C�B�:�=�;�I�F�5�H�=�C�B�G���1�<�9�B�6�5�H�H�9�F�=�9�G�5�F�9�7�C�B�B�9�7�H�9�8�=�B�D�5�F�5�@�@�9�@�	�K�=�H�<�5�@�@�C�:�H�<�9�=�F�D�C�G�=�H�=�J�9�H�9�F�A�=�B�5�@�G�H�=�9�8�H�C�;�9�H�<�9�F�5�B�8
�5�@�@�C�:�H�<�9�=�F�B�9�;�5�H�=�J�9�H�9�F�A�=�B�5�@�G�H�=�9�8�H�C�;�9�H�<�9�F�	�H�<�9�J�C�@�H�5�;�9�G�H�5�M�G�H�<�9�G�5�A�9�	�6�I�H�H�<�9�A�5�L�=�A�I�A�7�I�F�F�9�B�H�C�I�H�D�I�H�=�G�A�I�@�H�=�D�@�=�9�8�6�M
�H�<�9�B�I�A�6�9�F�C�:�6�5�H�H�9�F�=�9�G���1�<�9�B�H�<�9�M�5�F�9�7�C�B�B�9�7�H�9�8�=�B�G�9�F�=�9�G�	�K�=�H�<�H�<�9�D�C�G�=�H�=�J�9�H�9�F�A�=�B�5�@�C�:�C�B�9�7�C�B�B�9�7�H�9�8�H�C�H�<�9�B�9�;�5�H�=�J�9
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�8�F�C�D���I�B�H�=�@���H�<�9���9�B�9�F�;�M���F�I�B�G���C�I�H�	���5�G���G�<�C�K�B���=�B���H�<�9���;�F�5�D�<���6�9�@�C�K��

Battery voltage vs. time.
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5.b.Power management
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�P Linear �F�9�;�I�@�5�H�C�F�G�I�G�9�5�G�=�A�D�@�9�:�9�9�8�6�5�7�?�7�=�F�7�I�=�H�H�C�J�5�F�M�<�C�K�A�I�7�<�9�B�9�F�;�M�=�G�D�5�G�G�9�8�H�<�F�C�I�;�<�5�B�8�<�C�K�A�I�7�<�=�G
�8�=�G�7�5�F�8�9�8���.�<�9�F�9�;�I�@�5�H�C�F�D�F�C�8�I�7�9�G�5�@�C�K�9�F�C�I�H�D�I�H�J�C�@�H�5�;�9�6�M�8�I�A�D�=�B�;�I�B�B�9�9�8�9�8�9�B�9�F�;�M���.�<�=�G�K�5�G�H�9�:�I�@�	�=�B�9�:�:�=�7�=�9�B�H
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�H�<�9���A�C�H�C�F�G���5�B�8���H�<�9���#�,���&�����G���=�B���H�<�9���@�=�B�9���G�9�B�G�C�F�G�	���K�<�=�@�9���0�������=�G���I�G�9�8���:�C�F���H�<�9���A�=�7�F�C�7�C�B�H�F�C�@�@�9�F���5�B�8���5�@�@���8�=�;�=�H�5�@���G�=�;�B�5�@�G��

�/�G�=�B�;�0�6�C�C�G�H�:�C�F�H�<�9�A�C�H�C�F�G�5�B�8�G�9�B�G�C�F�G�;�=�J�9�G�H�<�9���D�=�H�<�F�9�9�I�B�=�E�I�9�D�9�F�:�C�F�A�5�B�7�9�5�8�J�5�B�H�5�;�9�G�C�J�9�F�H�M�D�=�7�5�@�F�C�6�C�H�G�	�K�<�=�7�<
�I�G�9���6�5�H�H�9�F�M���D�C�K�9�F���8�=�F�9�7�H�@�M��

�P � �=�F�G�H�	�5�<�=�;�<�9�F�J�C�@�H�5�;�9�A�9�5�B�G�A�C�F�9�D�C�K�9�F�:�C�F�H�<�9�A�C�H�C�F�G�	�K�=�H�<�C�I�H�F�9�E�I�=�F�=�B�;�A�C�F�9�7�I�F�F�9�B�H�5�B�8�5�@�5�F�;�9�F�A�C�H�C�F�8�F�=�J�9�F��

�P �-�9�7�C�B�8�	�G�=�B�7�9�H�<�9�J�C�@�H�5�;�9�=�G�F�9�;�I�@�5�H�9�8�	�H�<�9�A�C�H�C�F�G�K�=�@�@�F�I�B�H�<�9�G�5�A�9�G�D�9�9�8�5�G�H�<�9�6�5�H�H�9�F�=�9�G�8�F�C�D�:�F�C�A�������8�C�K�B�H�C
�������0���3�C�I�7�5�B�H�5�?�9�5�8�J�5�B�H�5�;�9�C�:�H�<�=�G�K�<�9�B�D�F�C�;�F�5�A�A�=�B�;�M�C�I�F���D�=�	�:�C�F�9�L�5�A�D�@�9�6�M�7�5�@�=�6�F�5�H�=�B�;�5���
�O�H�I�F�B�6�5�G�9�8�C�B
�H�<�9���5�A�C�I�B�H���C�:���H�=�A�9���H�<�5�H���=�H���H�5�?�9�G��

�P �.�<�=�F�8�	�5�H���������0�	�5�@�@�:�=�J�9�C�:�H�<�9�#�,�&�����G�7�5�B�6�9�D�C�K�9�F�9�8�=�B�G�9�F�=�9�G�G�C�H�<�5�H�H�<�9�M�7�C�B�G�I�A�9�H�<�9�@�C�K�9�G�H�D�C�G�G�=�6�@�9�5�A�C�I�B�H
�C�:���D�C�K�9�F�������(�C�H�9���H�<�5�H���M�C�I���7�5�B���G�K�=�H�7�<���H�<�9���&�����G���C�B���5�B�8���C�:�:���H�C���G�5�J�9���9�J�9�B���A�C�F�9���D�C�K�9�F����

�)�B�9�C�H�<�9�F�=�B�H�9�F�9�G�H�=�B�;�H�<�=�B�;�5�6�C�I�H�H�<�=�G�D�C�K�9�F�G�M�G�H�9�A�=�G�H�<�5�H�=�B�G�H�9�5�8�C�:�;�F�5�8�I�5�@�@�M�F�I�B�B�=�B�;�C�I�H�C�:�D�C�K�9�F�@�=�?�9�A�C�G�H�F�C�6�C�H�G�	�H�<�9
���D�=�K�=�@�@�C�D�9�F�5�H�9�5�H�A�5�L�=�A�I�A�D�9�F�:�C�F�A�5�B�7�9�I�B�H�=�@�=�H�G�I�8�8�9�B�@�M�G�<�I�H�G�C�:�:���.�<�=�G�7�5�B�H�5�?�9�M�C�I�6�M�G�I�F�D�F�=�G�9�	�G�C�M�C�I�A�=�;�<�H�K�5�B�H
�M�C�I�F�����D�=���H�C���A�C�B�=�H�C�F���=�H�G���6�5�H�H�9�F�M���J�C�@�H�5�;�9��
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A typical small brushed DC
motor, with no gearbox.

�� �G�=�A�D�@�9�7�=�F�7�I�=�H�:�C�F�A�C�B�=�H�C�F�=�B�;�6�5�H�H�9�F�M�J�C�@�H�5�;�9�=�G�6�I�=�@�H�=�B�H�C�H�<�9���D�=���.�<�F�9�9�F�9�G�=�G�H�C�F�G�	
�G�<�C�K�B�=�B�H�<�9�7�=�F�7�I�=�H�5�H�F�=�;�<�H�	�7�C�A�D�F�=�G�9�5�J�C�@�H�5�;�9�8�=�J�=�8�9�F�H�<�5�H�C�I�H�D�I�H�G�5�J�C�@�H�5�;�9�9�E�I�5�@
�H�C�H�K�C�
�H�<�=�F�8�G�C�:�H�<�9�6�5�H�H�9�F�M�J�C�@�H�5�;�9�	�K�<�=�7�<�K�=�@�@�5�@�K�5�M�G�6�9�G�5�:�9�@�M�6�9�@�C�K�H�<�9�A�5�=�B
�A�=�7�F�C�7�C�B�H�F�C�@�@�9�F�W�G�A�5�L�=�A�I�A�5�B�5�@�C�;�=�B�D�I�H�J�C�@�H�5�;�9�C�:�� �0��� �C�F�9�L�5�A�D�@�9�	�5�H�5�6�5�H�H�9�F�M
�J�C�@�H�5�;�9�C�:�������0�	�H�<�9�6�5�H�H�9�F�M�J�C�@�H�5�;�9�A�C�B�=�H�C�F�D�C�F�H�������� �K�=�@�@�6�9�5�H�5�@�9�J�9�@�C�:�������0��
�/�G�=�B�;���
�
�6�=�H�5�B�5�@�C�;�
�H�C�
�8�=�;�=�H�5�@�7�C�B�J�9�F�G�=�C�B�	�K�<�9�F�9�� �0 �=�G�F�9�5�8�5�G�5�J�5�@�I�9�C�:���
�����	������
�0 �=�G�F�9�5�8�5�G�5�J�5�@�I�9�C�:���������.�C�7�C�B�J�9�F�H�=�H�6�5�7�?�H�C�H�<�9�5�7�H�I�5�@�6�5�H�H�9�F�M�J�C�@�H�5�;�9�	�A�I�@�H�=�D�@�M
�H�<�=�G�B�I�A�6�9�F�6�M���
�
�
 �A�0�X�������5�B�8�8�=�J�=�8�9�6�M���
�������.�<�=�G�=�G�<�5�B�8�@�9�8�7�C�B�J�9�B�=�9�B�H�@�M�6�M
�H�<�9read_battery_millivolts_3pi() �:�I�B�7�H�=�C�B���D�F�C�J�=�8�9�8�=�B�H�<�9�*�C�@�C�@�I�� �0�,
�&�=�6�F�5�F�M���G�9�9Section 6.a �:�C�F�A�C�F�9�=�B�:�C�F�A�5�H�=�C�B���	�K�<�=�7�<�5�J�9�F�5�;�9�G�H�9�B�G�5�A�D�@�9�G�5�B�8
�F�9�H�I�F�B�G���H�<�9���6�5�H�H�9�F�M���J�C�@�H�5�;�9���=�B���A�0��

unsigned int read_battery_millivolts_3pi()
{

return readAverage(6,10)*5000L*3/2/1023;
}

5.c.Motors and Gearboxes

�� �A�C�H�C�F�=�G�5�A�5�7�<�=�B�9�H�<�5�H�7�C�B�J�9�F�H�G�9�@�9�7�H�F�=�7�5�@�9�B�9�F�;�M�H�C�A�C�H�=�C�B���.�<�9�F�9�5�F�9�A�5�B�M
�8�=�:�:�9�F�9�B�H�?�=�B�8�G�C�:�A�C�H�C�F�G�	�6�I�H�H�<�9�A�C�G�H�=�A�D�C�F�H�5�B�H�:�C�F�@�C�K�
�7�C�G�H�F�C�6�C�H�=�7�G�=�G�H�<�9
brushedDC motor�	 �K�<�=�7�<�=�G�H�<�9�H�M�D�9�I�G�9�8�C�B�H�<�9���D�=���� �6�F�I�G�<�9�8���� �A�C�H�C�F
�H�M�D�=�7�5�@�@�M�<�5�G�D�9�F�A�5�B�9�B�H�A�5�;�B�9�H�G�C�B�H�<�9�C�I�H�G�=�8�9�5�B�8�G�9�J�9�F�5�@�9�@�9�7�H�F�C�A�5�;�B�9�H�=�7�7�C�=�@�G
�A�C�I�B�H�9�8�C�B�H�<�9�A�C�H�C�F�G�<�5�:�H���5�F�A�5�H�I�F�9�����.�<�9�T�6�F�I�G�<�9�G�U�5�F�9�G�@�=�8�=�B�;�D�=�9�7�9�G�C�:�A�9�H�5�@
�H�<�5�H�G�K�=�H�7�<�H�<�9�D�C�K�9�F�:�F�C�A�C�B�9�7�C�=�@�H�C�H�<�9�B�9�L�H�5�G�H�<�9�G�<�5�:�H�H�I�F�B�G�G�C�H�<�5�H�A�5�;�B�9�H�=�7
�5�H�H�F�5�7�H�=�C�B�6�9�H�K�9�9�B�H�<�9�7�C�=�@�5�B�8�H�<�9�A�5�;�B�9�H�G�7�C�B�H�=�B�I�C�I�G�@�M�D�I�@�@�G�H�<�9�A�C�H�C�F�=�B�H�<�9
�G�5�A�9���8�=�F�9�7�H�=�C�B��

�.�<�9�D�F�=�A�5�F�M�J�5�@�I�9�G�H�<�5�H�8�9�G�7�F�=�6�9�5�F�I�B�B�=�B�;�A�C�H�C�F�5�F�9�=�H�G�G�D�9�9�8�	�A�9�5�G�I�F�9�8�=�B�F�D�A�	
�5�B�8�=�H�G�H�C�F�E�I�9�	�A�9�5�G�I�F�9�8�=�B�?�;�Y�7�A�C�F�C�N�Y�=�B���D�F�C�B�C�I�B�7�9�8�T�C�I�B�7�9�
�=�B�7�<�9�G�U�����.�<�9
�I�B�=�H�G�:�C�F�H�C�F�E�I�9�G�<�C�K�H�<�9�8�9�D�9�B�8�9�B�7�9�C�B�6�C�H�<�:�C�F�7�9�5�B�8�8�=�G�H�5�B�7�9���:�C�F�9�L�5�A�D�@�9�	�5
�A�C�H�C�F�H�<�5�H�D�F�C�8�I�7�9�G�� �C�N�Y�=�B�C�:�H�C�F�E�I�9�7�5�B�D�F�C�8�I�7�H�5�:�C�F�7�9�C�:�� �C�N���K�=�H�<�5���
�=�B�7�<
�@�9�J�9�F�5�F�A�	�� �C�N���K�=�H�<�5���
�=�B�7�<�@�9�J�9�F�	�5�B�8�G�C�C�B���'�I�@�H�=�D�@�M�=�B�;�H�<�9�H�C�F�E�I�9�5�B�8�G�D�9�9�8
���A�9�5�G�I�F�9�8�5�H�H�<�9�G�5�A�9�H�=�A�9���;�=�J�9�I�G�H�<�9�D�C�K�9�F�8�9�@�=�J�9�F�9�8�6�M�5�A�C�H�C�F�� �1�9�G�9�9�	
�H�<�9�F�9�:�C�F�9�	���H�<�5�H���5���A�C�H�C�F���K�=�H�<���H�K�=�7�9���H�<�9���G�D�9�9�8���5�B�8���<�5�@�:���H�<�9���H�C�F�E�I�9���5�G���5�B�C�H�<�9�F���<�5�G���H�<�9���G�5�A�9���D�C�K�9�F���C�I�H�D�I�H��

���J�9�F�M�A�C�H�C�F�<�5�G�5�A�5�L�=�A�I�A�G�D�9�9�8���K�<�9�B�B�C�:�C�F�7�9�=�G�5�D�D�@�=�9�8���5�B�8�5�A�5�L�=�A�I�A�H�C�F�E�I�9���K�<�9�B�H�<�9�A�C�H�C�F�=�G�7�C�A�D�@�9�H�9�@�M
�G�H�C�D�D�9�8�����1�9�7�5�@�@�H�<�9�G�9�H�<�9free-runningspeed�5�B�8�H�<�9stall torque���(�5�H�I�F�5�@�@�M�	�5�A�C�H�C�F�I�G�9�G�H�<�9�@�9�5�G�H�7�I�F�F�9�B�H�K�<�9�B�B�C�:�C�F�7�9
�=�G�5�D�D�@�=�9�8�H�C�=�H�	�5�B�8�H�<�9�7�I�F�F�9�B�H�8�F�5�K�B�:�F�C�A�H�<�9�6�5�H�H�9�F�=�9�G�;�C�9�G�I�D�I�B�H�=�@�=�H�G�H�5�@�@�G�	�G�C�H�<�9free-runningcurrent�5�B�8stall current
�5�F�9�5�@�G�C�=�A�D�C�F�H�5�B�H�D�5�F�5�A�9�H�9�F�G�7�<�5�F�5�7�H�9�F�=�N�=�B�;�H�<�9�A�C�H�C�F�� �.�<�9�G�H�5�@�@�7�I�F�F�9�B�H�=�G�I�G�I�5�@�@�M�A�I�7�<�<�=�;�<�9�F�H�<�5�B�H�<�9�:�F�9�9�
�F�I�B�B�=�B�;
�7�I�F�F�9�B�H�	���5�G���G�<�C�K�B���=�B���H�<�9���;�F�5�D�<���6�9�@�C�K��
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The 30:1 gearmotor used on the
3pi.

Motor operation: current and speed vs. torque.

�.�<�9�:�F�9�9�
�F�I�B�B�=�B�;�G�D�9�9�8�C�:�5 �G�A�5�@�@���� �A�C�H�C�F�=�G�I�G�I�5�@�@�M�A�5�B�M�H�<�C�I�G�5�B�8�G�C�:
�F�C�H�5�H�=�C�B�G�D�9�F�A�=�B�I�H�9���F�D�A���	�A�I�7�<�<�=�;�<�9�F�H�<�5�B�H�<�9�G�D�9�9�8�K�9�K�5�B�H�H�<�9�K�<�9�9�@�G�C�:�5
�F�C�6�C�H�H�C�H�I�F�B���� gearbox�=�G�5�G�M�G�H�9�A�C�:�;�9�5�F�G�H�<�5�H�7�C�B�J�9�F�H�G�H�<�9�<�=�;�<�
�G�D�9�9�8�	�@�C�K�

�H�C�F�E�I�9�C�I�H�D�I�H�C�:�H�<�9�A�C�H�C�F�=�B�H�C�5�@�C�K�9�F�
�G�D�9�9�8�	�<�=�;�<�9�F�
�H�C�F�E�I�9�C�I�H�D�I�H�H�<�5�H�=�G�5�A�I�7�<
�6�9�H�H�9�F�G�I�=�H�9�8�:�C�F�8�F�=�J�=�B�;�5�F�C�6�C�H���.�<�9�;�9�5�F�F�5�H�=�C�I�G�9�8�C�B�H�<�9���D�=�=�G���
�����	�K�<�=�7�<
�A�9�5�B�G�H�<�5�H�:�C�F�9�J�9�F�M���
 �H�I�F�B�G�C�:�H�<�9�A�C�H�C�F�G�<�5�:�H�	�H�<�9�C�I�H�D�I�H�G�<�5�:�H�H�I�F�B�G�C�B�7�9���.�<�=�G
�F�9�8�I�7�9�G�H�<�9�G�D�9�9�8�6�M�5�:�5�7�H�C�F�C�:���
�	�5�B�8���=�8�9�5�@�@�M���=�B�7�F�9�5�G�9�G�H�<�9�H�C�F�E�I�9�6�M�5�:�5�7�H�C�F
�C�:�����
�����.�<�9���F�9�G�I�@�H�=�B�;���D�5�F�5�A�9�H�9�F�G���C�:���H�<�9�����D�=���A�C�H�C�F�G���5�F�9���G�I�A�A�5�F�=�N�9�8���=�B���H�<�=�G���H�5�6�@�9��

Gear ratio: ���
����

Free-running speed: ���
�
���F�D�A

Free-running current: ���
���A��

Stall torque: �����C�N�Y�=�B

Stall current: �����
���A��

�.�<�9�H�K�C�K�<�9�9�@�G�C�:�H�<�9���D�=�9�5�7�<�<�5�J�9�5�F�5�8�=�I�G�C�:�
�������=�B�	�K�<�=�7�<�A�9�5�B�G�H�<�5�H�H�<�9�A�5�L�=�A�I�A�:�C�F�7�9�=�H�7�5�B�D�F�C�8�I�7�9�K�=�H�<�H�K�C
�A�C�H�C�F�G�K�<�9�B�8�F�=�J�=�B�;�:�C�F�K�5�F�8�=�G���X�����
������ �� ���� �C�N���.�<�9���D�=�K�9�=�;�<�G�5�6�C�I�H�� �C�N�K�=�H�<�6�5�H�H�9�F�=�9�G�	�G�C�H�<�9�A�C�H�C�F�G�5�F�9�G�H�F�C�B�;
�9�B�C�I�;�<�H�C�@�=�:�H�H�<�9���D�=�I�D�5�J�9�F�H�=�7�5�@�G�@�C�D�9�C�F�5�7�7�9�@�9�F�5�H�9�=�H�5�H�� �; ���H�K�=�7�9�H�<�9�5�7�7�9�@�9�F�5�H�=�C�B�C�:�;�F�5�J�=�H�M�����.�<�9�5�7�H�I�5�@�D�9�F�:�C�F�A�5�B�7�9
�=�G�@�=�A�=�H�9�8�6�M�H�<�9�:�F�=�7�H�=�C�B�C�:�H�<�9�H�=�F�9�G���C�B�5�G�H�9�9�D�9�B�C�I�;�<�G�@�C�D�9�	�H�<�9�K�<�9�9�@�G�K�=�@�@�G�@�=�D�6�9�:�C�F�9�H�<�9�M�G�H�5�@�@�R�=�B�D�F�5�7�H�=�7�9�	�H�<�=�G
�<�5�D�D�9�B�G���K�<�9�B���H�<�9���G�@�C�D�9���=�G���5�F�C�I�B�8�����
�
���
�O��

Driving a motor with speed and direction control

�)�B�9�B�=�7�9�H�<�=�B�;�5�6�C�I�H�5���� �A�C�H�C�F�=�G�H�<�5�H�M�C�I�7�5�B�7�<�5�B�;�9�H�<�9�8�=�F�9�7�H�=�C�B�C�:�F�C�H�5�H�=�C�B�6�M�G�K�=�H�7�<�=�B�;�H�<�9�D�C�@�5�F�=�H�M�C�:�H�<�9�5�D�D�@�=�9�8
�J�C�@�H�5�;�9���#�:�M�C�I�<�5�J�9�5�@�C�C�G�9�6�5�H�H�9�F�M�5�B�8�A�C�H�C�F�	�M�C�I�7�5�B�G�9�9�H�<�=�G�:�C�F�M�C�I�F�G�9�@�:�6�M�A�5�?�=�B�;�7�C�B�B�9�7�H�=�C�B�G�C�B�9�K�5�M�5�B�8�H�<�9�B
�H�I�F�B�=�B�;�H�<�9�6�5�H�H�9�F�M�5�F�C�I�B�8�H�C�A�5�?�9�H�<�9�A�C�H�C�F�G�D�=�B�=�B�F�9�J�9�F�G�9���)�: �7�C�I�F�G�9�	�M�C�I�8�C�B�W�H�K�5�B�H�H�5�?�9�H�<�9�6�5�H�H�9�F�=�9�G�C�I�H�C�:�M�C�I�F���D�=
�5�B�8�F�9�J�9�F�G�9�H�<�9�A�9�J�9�F�M�H�=�A�9�=�H�B�9�9�8�G�H�C�6�5�7�?�I�D�R�=�B�G�H�9�5�8�	�5�G�D�9�7�=�5�@�5�F�F�5�B�;�9�A�9�B�H�C�:�:�C�I�F�G�K�=�H�7�<�9�G�	�7�5�@�@�9�8�5�B�"�
�6�F�=�8�;�9�	
�5�@�@�C�K�G���H�<�9���A�C�H�C�F���H�C���G�D�=�B���9�=�H�<�9�F���6�5�7�?�K�5�F�8�G���C�F���:�C�F�K�5�F�8�G�����"�9�F�9���=�G���5���8�=�5�;�F�5�A���H�<�5�H���G�<�C�K�G���<�C�K���H�<�9���"�
�6�F�=�8�;�9���K�C�F�?�G��
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�#�:�G�K�=�H�7�<�9�G�� �5�B�8�� �5�F�9�7�@�C�G�9�8���H�<�9�7�9�B�H�9�F�D�=�7�H�I�F�9���	�7�I�F�F�9�B�H�:�@�C�K�G�H�<�F�C�I�;�<�H�<�9�A�C�H�C�F�:�F�C�A�@�9�:�H�H�C�F�=�;�<�H�	�5�B�8�H�<�9�A�C�H�C�F�G�D�=�B�G
�:�C�F�K�5�F�8�����@�C�G�=�B�;�G�K�=�H�7�<�9�G�� �5�B�8�� �7�5�I�G�9�G�H�<�9�7�I�F�F�9�B�H�H�C�F�9�J�9�F�G�9�8�=�F�9�7�H�=�C�B�5�B�8�H�<�9�A�C�H�C�F�H�C�G�D�=�B�6�5�7�?�K�5�F�8�����B�"�
�6�F�=�8�;�9
�7�5�B�6�9�7�C�B�G�H�F�I�7�H�9�8�K�=�H�<�A�9�7�<�5�B�=�7�5�@�G�K�=�H�7�<�9�G�	�6�I�H�A�C�G�H�F�C�6�C�H�G�	�=�B�7�@�I�8�=�B�;�H�<�9���D�=�	�I�G�9�H�F�5�B�G�=�G�H�C�F�G�H�C�G�K�=�H�7�<�H�<�9�7�I�F�F�9�B�H
�9�@�9�7�H�F�C�B�=�7�5�@�@�M���.�<�9�"�
�6�F�=�8�;�9�G�:�C�F�6�C�H�<�A�C�H�C�F�G�C�B�H�<�9���D�=�5�F�9�5�@�@�6�I�=�@�H�=�B�H�C�5�G�=�B�;�@�9�A�C�H�C�F�8�F�=�J�9�F�7�<�=�D�	�H�<�9�.����������� �(�!�	
�5�B�8�C�I�H�D�I�H�D�C�F�H�G�C�:�H�<�9�A�5�=�B�A�=�7�F�C�7�C�B�H�F�C�@�@�9�F�C�D�9�F�5�H�9�H�<�9�G�K�=�H�7�<�9�G�H�<�F�C�I�;�<�H�<�=�G�7�<�=�D���"�9�F�9�=�G�5�H�5�6�@�9�G�<�C�K�=�B�;�<�C�K�C�I�H�D�I�H
�D�C�F�H�G���*�������5�B�8���*�������C�B���H�<�9���A�=�7�F�C�7�C�B�H�F�C�@�@�9�F���7�C�B�H�F�C�@���H�<�9���H�F�5�B�G�=�G�H�C�F�G���C�:���A�C�H�C�F���'����

PD5 PD6 1 2 3 4 M1

�
 �
 �C�:�: �C�:�: �C�:�: �C�:�: �C�:�:�����7�C�5�G�H��

�
 �� �C�:�: �C�B �C�B �C�:�: �:�C�F�K�5�F�8

�� �
 �C�B �C�:�: �C�:�: �C�B �F�9�J�9�F�G�9

�� �� �C�:�: �C�:�: �C�B �C�B �C�:�:�����6�F�5�?�9��

�'�C�H�C�F���'�����=�G���7�C�B�H�F�C�@�@�9�8���H�<�F�C�I�;�<���H�<�9���G�5�A�9���@�C�;�=�7���6�M���D�C�F�H�G���*�������5�B�8���*������

PD3 PB3 1 2 3 4 M2

�
 �
 �C�:�: �C�:�: �C�:�: �C�:�: �C�:�:�����7�C�5�G�H��

�
 �� �C�:�: �C�B �C�B �C�:�: �:�C�F�K�5�F�8

�� �
 �C�B �C�:�: �C�:�: �C�B �F�9�J�9�F�G�9

�� �� �C�:�: �C�:�: �C�B �C�B �C�:�:�����6�F�5�?�9��
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PWM speed control, showing gradual deceleration.

�-�D�9�9�8�7�C�B�H�F�C�@�=�G�5�7�<�=�9�J�9�8�6�M�F�5�D�=�8�@�M�G�K�=�H�7�<�=�B�;�H�<�9�A�C�H�C�F
�6�9�H�K�9�9�B�H�K�C�G�H�5�H�9�G�=�B�H�<�9�H�5�6�@�9���-�I�D�D�C�G�9�K�9�?�9�9�D�*����
�<�=�;�<���5�H�� �0�	 �5�@�G�C�7�5�@�@�9�8�5 �@�C�;�=�7�5�@�T���U���5�B�8�<�5�J�9�*����
�5�@�H�9�F�B�5�H�9�E�I�=�7�?�@�M�6�9�H�K�9�9�B�@�C�K���
 �0 �C�F�T�
�U���5�B�8�<�=�;�<���.�<�9
�A�C�H�C�F�8�F�=�J�9�F�K�=�@�@�G�K�=�H�7�<�6�9�H�K�9�9�B�H�<�9�T�:�C�F�K�5�F�8�U�5�B�8
�T�6�F�5�?�9�U�G�H�5�H�9�G�	�7�5�I�G�=�B�;�'�� �H�C�H�I�F�B�:�C�F�K�5�F�8�5�H�5�F�9�8�I�7�9�8
�G�D�9�9�8��� �C�F�9�L�5�A�D�@�9�	�=�:�*���� �=�G�<�=�;�<�H�K�C�H�<�=�F�8�G�C�:�H�<�9�H�=�A�9���5
������ dutycycle���	�H�<�9�B�'�� �K�=�@�@�H�I�F�B�5�H�5�D�D�F�C�L�=�A�5�H�9�@�M������
�C�:�=�H�G�:�I�@�@�G�D�9�9�8���-�=�B�7�9�H�<�9�A�C�H�C�F�J�C�@�H�5�;�9�=�G�5�G�9�F�=�9�G�C�:
�D�I�@�G�9�G�C�:�J�5�F�M�=�B�;�K�=�8�H�<�	�H�<�=�G�A�9�H�<�C�8�C�:�G�D�9�9�8�7�C�B�H�F�C�@�=�G
�7�5�@�@�9�8�D�I�@�G�9�
�K�=�8�H�<�A�C�8�I�@�5�H�=�C�B���*�1�'���� ���B�9�L�5�A�D�@�9�G�9�F�=�9�G
�C�:�*�1�' �D�I�@�G�9�G�=�G�G�<�C�K�B�=�B�H�<�9�;�F�5�D�<�5�H�F�=�;�<�H���5�G�H�<�9�G�=�N�9�C�:
�H�<�9�D�I�@�G�9�G�8�9�7�F�9�5�G�9�G�:�F�C�A���
�
�� �8�I�H�M�7�M�7�@�9�8�C�K�B�H�C�
���	
�H�<�9���A�C�H�C�F���G�D�9�9�8���8�9�7�F�9�5�G�9�G���:�F�C�A���:�I�@�@���G�D�9�9�8���8�C�K�B���H�C���5���G�H�C�D��

�#�B�H�<�9���D�=�	�G�D�9�9�8�7�C�B�H�F�C�@�=�G�5�7�7�C�A�D�@�=�G�<�9�8�I�G�=�B�;�G�D�9�7�=�5�@
�*�1�' �C�I�H�D�I�H�G�C�:�H�<�9�A�5�=�B�A�=�7�F�C�7�C�B�H�F�C�@�@�9�F�H�<�5�H�5�F�9�@�=�B�?�9�8
�H�C�H�<�9�=�B�H�9�F�B�5�@�H�=�A�9�F�G�.�=�A�9�F�
�5�B�8�.�=�A�9�F�����.�<�=�G�A�9�5�B�G�H�<�5�H�M�C�I�7�5�B�G�9�H�H�<�9�*�1�' �8�I�H�M�7�M�7�@�9�C�:�H�<�9�H�K�C�A�C�H�C�F�G�C�B�7�9�	�5�B�8�H�<�9
�<�5�F�8�K�5�F�9���K�=�@�@���7�C�B�H�=�B�I�9���H�C���D�F�C�8�I�7�9���H�<�9���*�1�'���G�=�;�B�5�@�	���=�B���H�<�9���6�5�7�?�;�F�C�I�B�8�	���K�=�H�<�C�I�H���5�B�M���:�I�F�H�<�9�F���5�H�H�9�B�H�=�C�B��

�.�<�9set_motors() �:�I�B�7�H�=�C�B�=�B�H�<�9�*�C�@�C�@�I�� �0�, �&�=�6�F�5�F�M���G�9�9Section6.a�:�C�F�A�C�F�9�=�B�:�C�F�A�5�H�=�C�B���@�9�H�G�M�C�I�G�9�H�H�<�9�8�I�H�M�7�M�7�@�9�	
�5�B�8�=�H�I�G�9�G���
�6�=�H�D�F�9�7�=�G�=�C�B���5�J�5�@�I�9�C�:������ �7�C�F�F�9�G�D�C�B�8�G�H�C���
�
�� �8�I�H�M�7�M�7�@�9��� �C�F�9�L�5�A�D�@�9�	�H�C�;�9�H������ �C�B�'�� �5�B�8������ �C�B
�'���	���M�C�I���K�C�I�@�8���7�5�@�@

set_motors(171,84);

�.�C�;�9�H�5�G�@�C�K�@�M�8�9�7�F�9�5�G�=�B�;�*�1�' �G�9�E�I�9�B�7�9�@�=�?�9�H�<�9�C�B�9�G�<�C�K�B�=�B�H�<�9�;�F�5�D�<�	�M�C�I�K�C�I�@�8�B�9�9�8�H�C�K�F�=�H�9�5�@�C�C�D�H�<�5�H�;�F�5�8�I�5�@�@�M
�8�9�7�F�9�5�G�9�G���H�<�9���A�C�H�C�F���G�D�9�9�8���C�J�9�F���H�=�A�9��

Turning with a differ ential drive

�.�<�9���D�=�<�5�G�5�B�=�B�8�9�D�9�B�8�9�B�H�A�C�H�C�F�5�B�8�K�<�9�9�@�C�B�9�5�7�<�G�=�8�9�	�K�<�=�7�<�9�B�5�6�@�9�G�5�A�9�H�<�C�8�C�:�@�C�7�C�A�C�H�=�C�B�7�5�@�@�9�8differential
drive. �#�H�=�G�5�@�G�C�?�B�C�K�B�5�G�5�T�H�5�B�?�8�F�=�J�9�U�G�=�B�7�9�H�<�=�G�=�G�<�C�K�5�H�5�B�?�8�F�=�J�9�G���#�H�=�G�7�C�A�D�@�9�H�9�@�M�I�B�@�=�?�9�H�<�9�G�H�9�9�F�=�B�;�G�M�G�H�9�A�C�:
�5�I�H�C�A�C�6�=�@�9�	�K�<�=�7�<�I�G�9�G�5�G�=�B�;�@�9�8�F�=�J�9�A�C�H�C�F�5�B�8�G�H�9�9�F�5�6�@�9�:�F�C�B�H�K�<�9�9�@�G���.�I�F�B�=�B�;�K�=�H�<�5�8�=�:�:�9�F�9�B�H�=�5�@�8�F�=�J�9�=�G�5�7�7�C�A�D�@�=�G�<�9�8
�6�M�F�I�B�B�=�B�;�H�<�9�H�K�C�A�C�H�C�F�G�5�H�8�=�:�:�9�F�9�B�H�G�D�9�9�8�G���#�B�H�<�9�D�F�9�J�=�C�I�Gset_motors() �9�L�5�A�D�@�9�	�H�<�9�@�9�:�H�K�<�9�9�@�K�=�@�@�G�D�=�B�:�5�G�H�9�F
�H�<�5�B�H�<�9�F�=�;�<�H�	�8�F�=�J�=�B�;�H�<�9�F�C�6�C�H�:�C�F�K�5�F�8�5�B�8�H�C�H�<�9�F�=�;�<�H���.�<�9�8�=�:�:�9�F�9�B�7�9�=�B�G�D�9�9�8�G�8�9�H�9�F�A�=�B�9�G�<�C�K�G�<�5�F�D�H�<�9�H�I�F�B�K�=�@�@�6�9�	
�5�B�8�G�D�=�B�B�=�B�;�=�B�D�@�5�7�9�7�5�B�6�9�5�7�7�C�A�D�@�=�G�<�9�8�6�M�F�I�B�B�=�B�;�C�B�9�A�C�H�C�F�:�C�F�K�5�F�8�5�B�8�C�B�9�6�5�7�?�K�5�F�8���-�D�=�B�B�=�B�;�=�G�5�B�9�G�D�9�7�=�5�@�@�M
�9�:�:�9�7�H�=�J�9���A�5�B�9�I�J�9�F���:�C�F���5���F�C�I�B�8���F�C�6�C�H�	���5�B�8���M�C�I���K�C�B�W�H���<�5�J�9���H�C���K�C�F�F�M���5�6�C�I�H���D�5�F�5�@�@�9�@���D�5�F�?�=�B�;��
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The 3pi demonstrating the effects of various motor
settings.

5.d.Digital inputs and sensors

�.�<�9�A�=�7�F�C�7�C�B�H�F�C�@�@�9�F�5�H�H�<�9�<�9�5�F�H�C�:�H�<�9���D�=�	�5�B���H�A�9�@�� �0�, �A�9�;�5�������C�F�A�9�;�5�������	�<�5�G�5�B�I�A�6�9�F�C�:�D�=�B�G�K�<�=�7�<�7�5�B�6�9
�7�C�B�:�=�;�I�F�9�8�5�G�8�=�;�=�H�5�@�=�B�D�I�H�G���H�<�9�M�5�F�9�F�9�5�8�6�M�M�C�I�F�D�F�C�;�F�5�A�5�G�5�� �C�F�5�
 �8�9�D�9�B�8�=�B�;�C�B�K�<�9�H�<�9�F�H�<�9�J�C�@�H�5�;�9�=�G�<�=�;�<���5�6�C�J�9
�5�6�C�I�H�������0�����C�F���@�C�K�����"�9�F�9���=�G���H�<�9���7�=�F�7�I�=�H���:�C�F���C�B�9���C�:���H�<�9���D�I�G�<�6�I�H�H�C�B���=�B�D�I�H�G��

�(�C�F�A�5�@�@�M�	�H�<�9pull-up resistor�, �����
�
���
�?���6�F�=�B�;�G�H�<�9�J�C�@�H�5�;�9�C�B�H�<�9�=�B�D�I�H�D�=�B�H�C�� �0�	�G�C�=�H�F�9�5�8�G�5�G�5���	�6�I�H�D�F�9�G�G�=�B�;�H�<�9
�6�I�H�H�C�B�7�C�B�B�9�7�H�G�H�<�9�=�B�D�I�H�H�C�;�F�C�I�B�8���
�0���H�<�F�C�I�;�<�5�� �?�F�9�G�=�G�H�C�F�	�K�<�=�7�<�=�G�A�I�7�<�@�C�K�9�F�H�<�5�B�H�<�9�J�5�@�I�9�C�:�,�� �.�<�=�G�6�F�=�B�;�G�H�<�9
�=�B�D�I�H�J�C�@�H�5�;�9�J�9�F�M�7�@�C�G�9�H�C�
 �0�	�G�C�H�<�9�D�=�B�F�9�5�8�G�5�G�5�
���1�=�H�<�C�I�H�H�<�9�D�I�@�@�
�I�D�F�9�G�=�G�H�C�F�	�H�<�9�=�B�D�I�H�K�C�I�@�8�6�9�T�:�@�C�5�H�=�B�;�U�K�<�9�B
�H�<�9�6�I�H�H�C�B�=�G�B�C�H�D�F�9�G�G�9�8�	�5�B�8�H�<�9�J�5�@�I�9�F�9�5�8�7�C�I�@�8�6�9�5�:�:�9�7�H�9�8�6�M�F�9�G�=�8�I�5�@�J�C�@�H�5�;�9�C�B�H�<�9�@�=�B�9�	�=�B�H�9�F�:�9�F�9�B�7�9�:�F�C�A�B�9�5�F�6�M
�9�@�9�7�H�F�=�7�5�@�G�=�;�B�5�@�G�	�C�F�9�J�9�B�8�=�G�H�5�B�H�@�=�;�<�H�B�=�B�;�����C�B�W�H�@�9�5�J�9�5�B�=�B�D�I�H�:�@�C�5�H�=�B�;�I�B�@�9�G�G�M�C�I�<�5�J�9�5�;�C�C�8�F�9�5�G�C�B���-�=�B�7�9�H�<�9�D�I�@�@�
�I�D
�F�9�G�=�G�H�C�F�G�5�F�9�=�A�D�C�F�H�5�B�H�	�H�<�9�M�5�F�9�=�B�7�@�I�8�9�8�K�=�H�<�=�B�H�<�9�� �0�, �R�H�<�9�F�9�G�=�G�H�C�F�, �=�B�H�<�9�D�=�7�H�I�F�9�F�9�D�F�9�G�9�B�H�G�H�<�=�G�=�B�H�9�F�B�5�@�D�I�@�@�
�I�D�	
�B�C�H���5���8�=�G�7�F�9�H�9���D�5�F�H���C�B���H�<�9�����D�=���7�=�F�7�I�=�H���6�C�5�F�8��

�� �A�C�F�9�7�C�A�D�@�=�7�5�H�9�8�I�G�9�:�C�F�H�<�9�8�=�;�=�H�5�@�=�B�D�I�H�G�=�G�=�B�H�<�9�F�9�:�@�9�7�H�5�B�7�9�G�9�B�G�C�F�G���"�9�F�9�=�G�H�<�9�7�=�F�7�I�=�H�:�C�F�H�<�9���D�=�W�G�@�9�:�H�A�C�G�H
�F�9�:�@�9�7�H�5�B�7�9���G�9�B�G�C�F�	���K�<�=�7�<���=�G���7�C�B�B�9�7�H�9�8���H�C���D�=�B���*���
��
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�.�<�9�G�9�B�G�=�B�;�9�@�9�A�9�B�H�C�:�H�<�9�F�9�:�@�9�7�H�5�B�7�9�G�9�B�G�C�F�=�G�H�<�9�D�<�C�H�C�H�F�5�B�G�=�G�H�C�F�G�<�C�K�B�=�B�H�<�9�@�9�:�H�<�5�@�:�C�:�/���	 �K�<�=�7�<�=�G�7�C�B�B�9�7�H�9�8�=�B
�G�9�F�=�9�G�K�=�H�<�7�5�D�5�7�=�H�C�F�������� �� �G�9�D�5�F�5�H�9�7�C�B�B�9�7�H�=�C�B�@�9�5�8�G�H�<�F�C�I�;�<�F�9�G�=�G�H�C�F�,���� �H�C�D�=�B�*���
�� �.�<�=�G�7�=�F�7�I�=�H�H�5�?�9�G�5�8�J�5�B�H�5�;�9�C�:
�H�<�9�:�5�7�H�H�<�9�8�=�;�=�H�5�@�=�B�D�I�H�G�C�:�H�<�9�� �0�, �7�5�B�6�9�F�9�7�C�B�:�=�;�I�F�9�8�5�G�8�=�;�=�H�5�@�C�I�H�D�I�H�G�C�B�H�<�9�:�@�M���� �8�=�;�=�H�5�@�C�I�H�D�I�H�D�F�9�G�9�B�H�G�5�J�C�@�H�5�;�9
�C�:�� �0 �C�F�
 �0�	�8�9�D�9�B�8�=�B�;�C�B�K�<�9�H�<�9�F�=�H�=�G�G�9�H�H�C�5�� �C�F�5�
 �6�M�M�C�I�F�D�F�C�;�F�5�A���.�<�9�K�5�M�=�H�K�C�F�?�G�=�G�H�<�5�H�H�<�9�D�=�B�=�G�5�@�H�9�F�B�5�H�9�@�M
�G�9�H�H�C�5�� �0 �C�I�H�D�I�H�5�B�8�H�<�9�B�5�8�=�;�=�H�5�@�=�B�D�I�H���.�<�9�7�5�D�5�7�=�H�C�F�G�H�C�F�9�G�7�<�5�F�;�9�H�9�A�D�C�F�5�F�=�@�M�	�G�C�H�<�5�H�H�<�9�=�B�D�I�H�F�9�5�8�G�5�G�5�� �I�B�H�=�@
�A�C�G�H�C�:�H�<�9�G�H�C�F�9�8�7�<�5�F�;�9�<�5�G�:�@�C�K�9�8�H�<�F�C�I�;�<�H�<�9�D�<�C�H�C�H�F�5�B�G�=�G�H�C�F���"�9�F�9�=�G�5�B�C�G�7�=�@�@�C�G�7�C�D�9�H�F�5�7�9�G�<�C�K�=�B�;�H�<�9�J�C�@�H�5�;�9�C�B
�H�<�9�7�5�D�5�7�=�H�C�F���M�9�@�@�C�K���8�F�C�D�D�=�B�;�5�G�=�H�G�7�<�5�F�;�9�:�@�C�K�G�H�<�F�C�I�;�<�H�<�9�D�<�C�H�C�H�F�5�B�G�=�G�H�C�F�	�5�B�8�H�<�9�F�9�G�I�@�H�=�B�;�8�=�;�=�H�5�@�=�B�D�I�H�J�5�@�I�9�C�:�D�=�B
�*���
�����6�@�I�9����

�.�<�9�F�5�H�9�C�:�7�I�F�F�9�B�H�:�@�C�K�H�<�F�C�I�;�<�H�<�9�D�<�C�H�C�H�F�5�B�G�=�G�H�C�F�8�9�D�9�B�8�G�C�B�H�<�9�@�=�;�<�H�@�9�J�9�@�	�G�C�H�<�5�H�K�<�9�B�H�<�9�F�C�6�C�H�=�G�C�J�9�F�5�6�F�=�;�<�H
�K�<�=�H�9�G�I�F�:�5�7�9�	�H�<�9�J�5�@�I�9�F�9�H�I�F�B�G�H�C�
 �A�I�7�<�A�C�F�9�E�I�=�7�?�@�M�H�<�5�B�K�<�9�B�=�H�=�G�C�J�9�F�5�6�@�5�7�?�G�I�F�:�5�7�9���.�<�9�H�F�5�7�9�G�<�C�K�B�5�6�C�J�9�K�5�G
�H�5�?�9�B�K�<�9�B�H�<�9�G�9�B�G�C�F�K�5�G�C�B�H�<�9�9�8�;�9�6�9�H�K�9�9�B�5�6�@�5�7�?�G�I�F�:�5�7�9�5�B�8�5�K�<�=�H�9�C�B�9�R�H�<�=�G�=�G�K�<�5�H�=�H�@�C�C�?�G�@�=�?�9�C�B�D�I�F�9�K�<�=�H�9��

�.�<�9�@�9�B�;�H�<�C�:�H�=�A�9�H�<�5�H�H�<�9�8�=�;�=�H�5�@�=�B�D�I�H�G�H�5�M�G�5�H�� �=�G�J�9�F�M�G�<�C�F�H�K�<�9�B�C�J�9�F�K�<�=�H�9�	�5�B�8�J�9�F�M�@�C�B�;�K�<�9�B�C�J�9�F�6�@�5�7�?���.�<�9
�:�I�B�7�H�=�C�Bread_line_sensors() �=�B�H�<�9�*�C�@�C�@�I�� �0�, �&�=�6�F�5�F�M�G�K�=�H�7�<�9�G�H�<�9�D�C�F�H�5�G�8�9�G�7�F�=�6�9�8�5�6�C�J�9�5�B�8�F�9�H�I�F�B�G�H�<�9�H�=�A�9�:�C�F
�9�5�7�<���C�:���H�<�9���:�=�J�9���G�9�B�G�C�F�G�����"�9�F�9���=�G���5���G�=�A�D�@�=�:�=�9�8���J�9�F�G�=�C�B���C�:���H�<�9���7�C�8�9���H�<�5�H���F�9�5�8�G���H�<�9���G�9�B�G�C�F�G��
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time = 0;
last_time = TCNT2;
while (time < _maxValue)
{

// Keep track of the total time.
// This implicity casts the difference to unsigned char, so
// we don't add negative values.
unsigned char delta_time = TCNT2 - last_time;
time += delta_time;
last_time += delta_time;

// continue immediately if there is no change
if (PINC == last_c)

continue;

// save the last observed values
last_c = PINC;

// figure out which pins changed
for (i = 0; i < _numSensors; i++)
{

if (sensor_values[i] == 0 && !(*_register[i] & _bitmask[i]))
sensor_values[i] = time;

}
}

�.�<�=�G�D�=�9�7�9�C�:�7�C�8�9�=�G�:�C�I�B�8�=�B�H�<�9�:�=�@�9src\PololuQTRSensors\PololuQTRSensors.cpp �� �.�<�9�7�C�8�9�A�5�?�9�G�I�G�9�C�:�H�=�A�9�F
�.���(�.���	 �K�<�=�7�<�=�G�5�G�D�9�7�=�5�@�F�9�;�=�G�H�9�F�=�B�H�<�9�� �0�, �H�<�5�H�K�9�<�5�J�9�7�C�B�:�=�;�I�F�9�8�H�C�7�C�I�B�H�I�D�7�C�B�H�=�B�I�C�I�G�@�M�	�=�B�7�F�9�A�9�B�H�=�B�;�9�J�9�F�M
�
�����[�G�����5�G�=�7�5�@�@�M�	�H�<�9�7�C�8�9�K�5�=�H�G�I�B�H�=�@�C�B�9�C�:�H�<�9�G�9�B�G�C�F�G�7�<�5�B�;�9�G�J�5�@�I�9�	�7�C�I�B�H�=�B�;�I�D�H�<�9�9�@�5�D�G�9�8�H�=�A�9�=�B�H�<�9�J�5�F�=�5�6�@�9time ��
���#�H�=�G�=�A�D�C�F�H�5�B�H�H�C�I�G�9�5�G�9�D�5�F�5�H�9�J�5�F�=�5�6�@�9�:�C�F�H�<�9�9�@�5�D�G�9�8�H�=�A�9�G�=�B�7�9�H�<�9�H�=�A�9�F�.���(�.�� �D�9�F�=�C�8�=�7�5�@�@�M�C�J�9�F�:�@�C�K�G�	�8�F�C�D�D�=�B�;
�6�5�7�?�H�C�N�9�F�C�����/�D�C�B�8�9�H�9�7�H�=�B�;�5�H�F�5�B�G�=�H�=�C�B�:�F�C�A�5�� �H�C�5�
 �C�B�C�B�9�C�:�H�<�9�G�9�B�G�C�F�G���6�M�A�9�5�G�I�F�=�B�;�5�7�<�5�B�;�9�=�B�H�<�9�=�B�D�I�H�D�C�F�H
�*�#�(�����	�H�<�9�7�C�8�9�8�9�H�9�F�A�=�B�9�G�K�<�=�7�<�G�9�B�G�C�F�7�<�5�B�;�9�8�5�B�8�F�9�7�C�F�8�G�H�<�9�H�=�A�9�=�B�H�<�9�5�F�F�5�Msensor_values[i] �����:�H�9�F�H�<�9�H�=�A�9
�@�=�A�=�H_maxValue �=�G�F�9�5�7�<�9�8���H�<�=�G�=�G�G�9�H�H�C���
�
�
 �6�M�8�9�:�5�I�@�H�C�B�H�<�9���D�=�	�7�C�F�F�9�G�D�C�B�8�=�B�;�H�C���
�
 �[�G���	�H�<�9�@�C�C�D�9�B�8�G�	�5�B�8�H�<�9�H�=�A�9
�J�5�@�I�9�G���5�F�9���F�9�H�I�F�B�9�8��

5.e.3pi Simplified Schematic Diagram

�����:�I�@�@���I�B�8�9�F�G�H�5�B�8�=�B�;���C�:���<�C�K���M�C�I�F�����D�=���K�C�F�?�G���7�5�B�B�C�H���6�9���5�7�<�=�9�J�9�8���K�=�H�<�C�I�H���:�=�F�G�H���I�B�8�9�F�G�H�5�B�8�=�B�;���=�H�G���G�7�<�9�A�5�H�=�7���8�=�5�;�F�5�A��
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�3�C�I�7�5�B�8�C�K�B�@�C�5�8�5�D�8�:�J�9�F�G�=�C�B�C�:�H�<�9�G�7�<�9�A�5�H�=�7here[http://www .pololu.com/file/download/3pi_schematic.pdf?file_id=0J119] (40k
pdf)��
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6. Programming Your 3pi
�.�C�8�C�A�C�F�9�K�=�H�<�M�C�I�F���D�=�H�<�5�B�9�L�D�@�C�F�9�H�<�9�8�9�A�C�D�F�C�;�F�5�A�C�F�I�G�9�=�H�5�G�5�G�9�F�=�5�@�G�@�5�J�9�H�C�5�A�5�G�H�9�F�8�9�J�=�7�9�	�M�C�I�K�=�@�@�B�9�9�8
�H�C�D�F�C�;�F�5�A�=�H�	�K�<�=�7�<�F�9�E�I�=�F�9�G�5�7�C�A�D�I�H�9�F�5�B�8�5�B�9�L�H�9�F�B�5�@�� �0�, �#�-�*�D�F�C�;�F�5�A�A�9�F�@�=�?�9�C�I�FUSB AVR programmer
[http://www .pololu.com/catalog/product/1300]��

�3�C�I�K�=�@�@�5�@�G�C�B�9�9�8�G�C�:�H�K�5�F�9�H�<�5�H�7�5�B�7�C�A�D�=�@�9�M�C�I�F�D�F�C�;�F�5�A�G�5�B�8�H�F�5�B�G�:�9�F�H�<�9�A�H�C�M�C�I�F���D�=�J�=�5�M�C�I�F�D�F�C�;�F�5�A�A�9�F��
� �C�F�1�=�B�8�C�K�G�I�G�9�F�G�	�K�9�F�9�7�C�A�A�9�B�8�;�9�H�H�=�B�;�H�<�9�B�9�7�9�G�G�5�F�M�G�C�:�H�K�5�F�9�6�M�8�C�K�B�@�C�5�8�=�B�;�5�B�8�=�B�G�H�5�@�@�=�B�;�H�<�9Pololu AVR
Development Bundle[http://www .pololu.com/file-redirect/avr-development-bundle](~200MB exe)�	���K�<�=�7�<���7�C�B�H�5�=�B�G��

���� WinAVR [http://winavr .sourceforge.net/]�	 �5�:�F�9�9�	�C�D�9�B�
�G�C�I�F�7�9�G�I�=�H�9�C�:�8�9�J�9�@�C�D�A�9�B�H�H�C�C�@�G�:�C�F�H�<�9�� �0�, �:�5�A�=�@�M�C�:
�A�=�7�F�C�7�C�B�H�F�C�@�@�9�F�G�	���=�B�7�@�I�8�=�B�;���H�<�9���!�(�/���!�������7�C�A�D�=�@�9�F���:�C�F��������������

���� AVR Studio [http://www .atmel.com/forms/

software_download.asp?category_id=163&family_id=607&subfamily_id=760&fn=dl_AvrStudio4Setup.exe]�	���H�A�9�@�W�G�:�F�9�9�=�B�H�9�;�F�5�H�9�8
�8�9�J�9�@�C�D�A�9�B�H�9�B�J�=�F�C�B�A�9�B�H���#�������H�<�5�H�B�5�H�=�J�9�@�M�K�C�F�?�G�K�=�H�<�1�=�B���0�,�W�G�:�F�9�9�!���� ���������� �7�C�A�D�=�@�9�F�� �� �0�, �-�H�I�8�=�C
�=�B�7�@�I�8�9�G�����0�,���#�-�*���G�C�:�H�K�5�F�9���H�<�5�H���K�=�@�@���@�9�H���M�C�I���I�D�@�C�5�8���M�C�I�F���D�F�C�;�F�5�A�G���H�C���H�<�9�����D�=��

���� �.�<�9Pololu AVR C/C++ Library [http://www .pololu.com/docs/0J20]�	 �K�<�=�7�<�A�5�?�9�G�=�H�9�5�G�M�H�C�I�G�9�H�<�9�5�8�J�5�B�7�9�8
�:�9�5�H�I�F�9�G���C�:���M�C�I�F�����D�=��

���� �.�<�9���8�F�=�J�9�F�G���5�B�8���G�C�:�H�K�5�F�9���:�C�F���H�<�9���*�C�@�C�@�I���/�-�������0�,���*�F�C�;�F�5�A�A�9�F��

�#�:�M�C�I�5�F�9�I�G�=�B�;�H�<�9�*�C�@�C�@�I�/�-�� �� �0�, �*�F�C�;�F�5�A�A�9�F�	�H�<�9�8�9�J�9�@�C�D�A�9�B�H�6�I�B�8�@�9�G�<�C�I�@�8�6�9�9�B�C�I�;�<�H�C�;�9�H�M�C�I�G�H�5�F�H�9�8�	�H�<�C�I�;�<
�K�9�G�H�=�@�@�F�9�7�C�A�A�9�B�8�M�C�I�H�5�?�9�5�A�C�A�9�B�H�H�C�@�C�C�?�H�<�F�C�I�;�<�H�<�9programmer userÕsguide [http://www .pololu.com/docs/0J36] �5�B�8
�;�9�H�A�C�F�9�:�5�A�=�@�=�5�F�K�=�H�<�=�H�5�B�8�=�H�G�6�C�B�I�G�:�9�5�H�I�F�9�G���#�:�M�C�I�5�F�9�I�G�=�B�;�5�8�=�:�:�9�F�9�B�H�D�F�C�;�F�5�A�A�9�F�	�M�C�I�K�=�@�@�B�9�9�8�H�C�G�9�H�I�D�M�C�I�F
�D�F�C�;�F�5�A�A�9�F���6�M���:�C�@�@�C�K�=�B�;���=�H�G���=�B�G�H�5�@�@�5�H�=�C�B���=�B�G�H�F�I�7�H�=�C�B�G��

Note: �.�<�9�F�9�G�H�C�:�H�<�=�G�;�I�=�8�9�K�=�@�@�5�G�G�I�A�9�M�C�I�5�F�9�D�F�C�;�F�5�A�A�=�B�;�H�<�9���D�=�I�G�=�B�;�� �0�, �-�H�I�8�=�C�� �=�B�1�=�B�8�C�K�G�	�6�I�H
�=�H�=�G�D�C�G�G�=�6�@�9�H�C�D�F�C�;�F�5�A�H�<�9���D�=�C�B�C�H�<�9�F�D�@�5�H�:�C�F�A�G��� �C�F�A�C�F�9�;�9�B�9�F�5�@�=�B�G�H�F�I�7�H�=�C�B�G�C�B�� �0�, �D�F�C�;�F�5�A�A�=�B�;�	
�=�B�7�@�I�8�=�B�;�&�=�B�I�L�5�B�8�'�5�7�)�- �2 �=�B�G�H�5�@�@�5�H�=�C�B�=�B�G�H�F�I�7�H�=�C�B�G�	�G�9�9�H�<�9Pololu USB AVR Programmer UserÕs
Guide [http://www .pololu.com/docs/0J36] �5�B�8�H�<�9Pololu AVR C/C++ Library UserÕs Guide
[http://www .pololu.com/docs/0J20]�� �1�9�D�F�C�J�=�8�9�@�=�A�=�H�9�8�G�I�D�D�C�F�H�:�C�F���D�=�D�F�C�;�F�5�A�A�=�B�;�C�B�H�<�9�'�5�7���3�C�I�7�5�B
�5�@�G�C�D�F�C�;�F�5�A�M�C�I�F���D�=�I�G�=�B�;�H�<�9���F�8�I�=�B�C�#���� �5�B�8�5�B�9�L�H�9�F�B�5�@�#���-�*�D�F�C�;�F�5�A�A�9�F�	�G�I�7�<�5�G�C�I�F�/�-�� �� �0�,
�*�F�C�;�F�5�A�A�9�F��� �C�F�=�B�G�H�F�I�7�H�=�C�B�G�C�B�H�<�=�G�5�D�D�F�C�5�7�<�	�D�@�9�5�G�9�G�9�9�C�I�F�;�I�=�8�9��Programming Orangutansand the
3pi Robot from the Arduino Environment [http://www .pololu.com/docs/0J17]��

Warning: ���C�B�C�H�5�H�H�9�A�D�H�H�C�D�F�C�;�F�5�A�M�C�I�F���D�=�=�:�=�H�G�6�5�H�H�9�F�=�9�G�5�F�9�8�F�5�=�B�9�8�C�F�I�B�7�<�5�F�;�9�8���A�5�?�9�G�I�F�9�M�C�I�7�<�5�F�;�9
�5�B�M�B�9�K�F�9�7�<�5�F�;�9�5�6�@�9�6�5�H�H�9�F�=�9�G�:�I�@�@�M�6�9�:�C�F�9�M�C�I�:�=�F�G�H�I�G�9�H�<�9�A�����&�C�G�=�B�;�D�C�K�9�F�8�I�F�=�B�;�D�F�C�;�F�5�A�A�=�B�;�7�C�I�@�8
permanently disable�M�C�I�F�����D�=��

6.a.Downloading and Installing the C/C++ Library

�.�<�9�*�C�@�C�@�I���������� �� �0�, �&�=�6�F�5�F�M�A�5�?�9�G�=�H�9�5�G�M�:�C�F�M�C�I�H�C�I�G�9�H�<�9�5�8�J�5�B�7�9�8�:�9�5�H�I�F�9�G�C�:�M�C�I�F���D�=���H�<�9�@�=�6�F�5�F�M�=�G�I�G�9�8�:�C�F
�5�@�@�C�:�H�<�9�9�L�5�A�D�@�9�G�=�B�H�<�9�:�C�@�@�C�K�=�B�;�G�9�7�H�=�C�B�G��� �C�F�M�C�I�F�7�C�B�J�9�B�=�9�B�7�9�	�H�<�9�G�C�I�F�7�9�7�C�8�9�:�C�F�H�<�9�G�9�9�L�5�A�D�@�9�G�5�B�8�H�<�9�8�9�A�C
�D�F�C�;�F�5�A���=�G���=�B�7�@�I�8�9�8���K�=�H�<���H�<�9���@�=�6�F�5�F�M��

�1�9�F�9�7�C�A�A�9�B�8�8�C�K�B�@�C�5�8�=�B�;�H�<�9�@�=�6�F�5�F�M�5�G�D�5�F�H�C�:�H�<�9�*�C�@�C�@�I�� �0�, ���9�J�9�@�C�D�A�9�B�H���I�B�8�@�9�5�G�8�9�G�7�F�=�6�9�8�=�BSection6���#�:
�M�C�I�C�B�@�M�K�5�B�H�H�<�9�@�=�6�F�5�F�M�	�M�C�I�7�5�B�8�C�K�B�@�C�5�8�5�G�H�5�B�8�5�@�C�B�9�=�B�G�H�5�@�@�9�F�	�K�<�=�7�<�=�G�5�A�I�7�<�G�A�5�@�@�9�F�:�=�@�9�	�:�F�C�A�H�<�9Pololu AVR
C/C++ Library User Õs Guide[http://www .pololu.com/docs/0J20]��
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Note: �.�C�@�9�5�F�B�A�C�F�9�5�6�C�I�H�H�<�9�:�I�B�7�H�=�C�B�G�=�B�H�<�9�*�C�@�C�@�I�� �0�, �&�=�6�F�5�F�M�5�B�8�<�C�K�H�C�I�G�9�H�<�9�A�	�D�@�9�5�G�9�G�9�9�H�<�9
Pololu AVR Library Command Reference[http://www .pololu.com/docs/0J18]��

6.b.Compiling a Simple Program

�� �J�9�F�M�G�=�A�D�@�9�8�9�A�C�D�F�C�;�F�5�A�:�C�F�H�<�9���D�=�=�G�5�J�5�=�@�5�6�@�9�=�B�H�<�9�:�C�@�8�9�Fexamples\atmega328p\simple-test ���C�F
examples\atmega168\simple-test �=�:�M�C�I�<�5�J�9�5�B�C�@�8�9�F���D�=�K�=�H�<�5�B�� �.�A�9�;�5�����������.�<�9examples �:�C�@�8�9�F�7�5�B�6�9�:�C�I�B�8�=�B
�H�<�9�8�=�F�9�7�H�C�F�M�K�<�9�F�9�M�C�I�=�B�G�H�5�@�@�9�8�H�<�9�*�C�@�C�@�I�� �0�, ���������� �&�=�6�F�5�F�M�	�K�<�=�7�<�=�GC:\libpololu-avr\ �6�M�8�9�:�5�I�@�H���.�<�=�G�8�9�A�C
�D�F�C�;�F�5�A���I�G�9�G���5���:�9�K���6�5�G�=�7���7�C�A�A�5�B�8�G���:�F�C�A���H�<�9���*�C�@�C�@�I�����0�,���&�=�6�F�5�F�M��

#include <pololu/3pi.h>

int main()
{

print("Hello!");

play("L16 ceg>c");

while(1)
{

red_led(0);
green_led(1);

delay_ms(100);

red_led(1);
green_led(0);

delay_ms(100);
}

return 0;
}

�(�5�J�=�;�5�H�9�H�C�H�<�9simple-test �:�C�@�8�9�F�	�8�C�I�6�@�9�
�7�@�=�7�?�C�B�H�<�9�:�=�@�9simple-test.aps �	�5�B�8�H�<�9�D�F�C�>�9�7�H�G�<�C�I�@�8�C�D�9�B�5�I�H�C�A�5�H�=�7�5�@�@�M
�=�B�� �0�, �-�H�I�8�=�C�	�G�<�C�K�=�B�;�H�<�9�� �:�=�@�9���'�5�?�9�G�I�F�9�M�C�I�G�9�@�9�7�H�H�<�9�J�9�F�G�=�C�B�H�<�5�H�=�G�5�D�D�F�C�D�F�=�5�H�9�:�C�F�H�<�9�A�=�7�F�C�7�C�B�H�F�C�@�@�9�F�C�B�M�C�I�F
���D�=�����5�H�A�9�;�5�������D���=�:���M�C�I�F���G�9�F�=�5�@���B�I�A�6�9�F���=�G0J5840�C�F���;�F�9�5�H�9�F�	���9�@�G�9���5�H�A�9�;�5��������
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AVR Studio showing the 3pi sample program.

�.�C�7�C�A�D�=�@�9�H�<�=�G�D�F�C�;�F�5�A�	�G�9�@�9�7�HBuild > Build �C�F�D�F�9�G�GF7�� �&�C�C�?�:�C�F�K�5�F�B�=�B�;�G�5�B�8�9�F�F�C�F�G���=�B�8�=�7�5�H�9�8�6�M�M�9�@�@�C�K
�5�B�8�F�9�8�8�C�H�G���=�B�H�<�9�C�I�H�D�I�H�8�=�G�D�@�5�M�9�8�6�9�@�C�K�� �#�:�H�<�9�D�F�C�;�F�5�A�7�C�A�D�=�@�9�G�G�I�7�7�9�G�G�:�I�@�@�M�	 �H�<�9�A�9�G�G�5�;�9�T���I�=�@�8�G�I�7�7�9�9�8�9�8
�K�=�H�<�
 �1�5�F�B�=�B�;�G�Q�U�K�=�@�@�5�D�D�9�5�F�5�H�H�<�9�9�B�8�C�:�H�<�9�C�I�H�D�I�H�	�5�B�8�5 �:�=�@�9test.hex �K�=�@�@�<�5�J�9�6�9�9�B�7�F�9�5�H�9�8�=�B�H�<�9
examples\atmegaxx8\simple-test\default �:�C�@�8�9�F��
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AVR Studio build window, compiling the example project.

���C�B�B�9�7�H�M�C�I�F�D�F�C�;�F�5�A�A�9�F�H�C�M�C�I�F�7�C�A�D�I�H�9�F�5�B�8�H�C�H�<�9�#�-�*�D�C�F�H�C�:�M�C�I�F���D�=�	�5�B�8�H�I�F�B�C�B�H�<�9���D�=�W�G�D�C�K�9�F�6�M�D�F�9�G�G�=�B�;
�H�<�9�6�I�H�H�C�B�@�5�6�9�@�9�8�*�)�1���,�� �#�:�M�C�I�5�F�9�I�G�=�B�;�H�<�9�*�C�@�C�@�I�/�-�� �� �0�, �*�F�C�;�F�5�A�A�9�F�	�H�<�9�;�F�9�9�B�G�H�5�H�I�G�&���� �7�@�C�G�9�H�C�H�<�9�/�-��
�7�C�B�B�9�7�H�C�F���G�<�C�I�@�8���6�9���C�B���5�B�8���H�<�9���M�9�@�@�C�K���G�H�5�H�I�G���&�������G�<�C�I�@�8���6�9���6�@�=�B�?�=�B�;�	���=�B�8�=�7�5�H�=�B�;���H�<�5�H���H�<�9���D�F�C�;�F�5�A�A�9�F���=�G���F�9�5�8�M��

Warning: ���C�B�C�H�5�H�H�9�A�D�H�H�C�D�F�C�;�F�5�A�M�C�I�F���D�=�=�:�=�H�G�6�5�H�H�9�F�=�9�G�5�F�9�8�F�5�=�B�9�8�C�F�I�B�7�<�5�F�;�9�8���A�5�?�9�G�I�F�9�M�C�I�7�<�5�F�;�9
�5�B�M�B�9�K�F�9�7�<�5�F�;�9�5�6�@�9�6�5�H�H�9�F�=�9�G�:�I�@�@�M�6�9�:�C�F�9�M�C�I�:�=�F�G�H�I�G�9�H�<�9�A�����&�C�G�=�B�;�D�C�K�9�F�8�I�F�=�B�;�D�F�C�;�F�5�A�A�=�B�;�7�C�I�@�8
permanently disable�M�C�I�F�����D�=��

Note: �3�C�I�F�D�F�C�;�F�5�A�A�9�F�A�I�G�H�6�9�=�B�G�H�5�@�@�9�8�7�C�F�F�9�7�H�@�M�6�9�:�C�F�9�M�C�I�I�G�9�=�H���#�:�M�C�I�5�F�9�I�G�=�B�;�H�<�9�*�C�@�C�@�I�/�-��
�� �0�,���D�F�C�;�F�5�A�A�9�F�	���D�@�9�5�G�9���G�9�9���=�H�GuserÕs guide[http://www .pololu.com/docs/0J36]�:�C�F���=�B�G�H�5�@�@�5�H�=�C�B���=�B�G�H�F�I�7�H�=�C�B�G��
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Pololu 3pi robot with an Orangutan USB programmer connected to its ISP port.

�-�9�@�9�7�HTools > Program AVR > Connect �H�C�7�C�B�B�9�7�H�H�C�H�<�9�D�F�C�;�F�5�A�A�9�F�� � �C�F�H�<�9�*�C�@�C�@�I�/�-�� �� �0�, �D�F�C�;�F�5�A�A�9�F�C�F
�)�F�5�B�;�I�H�5�B�/�-�� �D�F�C�;�F�5�A�A�9�F�	�H�<�9�8�9�:�5�I�@�H�C�D�H�=�C�B�G�C�:�T�-�.�%���
�
�C�F�� �0�,�#�-�*�U�5�B�8�T���I�H�C�U�G�<�C�I�@�8�6�9�:�=�B�9�	�G�C�7�@�=�7�?���C�B�B�9�7�H
�5�B�8���H�<�9�����0�,�#�-�*���D�F�C�;�F�5�A�A�=�B�;���K�=�B�8�C�K���G�<�C�I�@�8���5�D�D�9�5�F��

�3�C�I�K�=�@�@�I�G�9�� �0�,�#�-�*�H�C�@�C�5�8test.hex �=�B�H�C�H�<�9�:�@�5�G�<�A�9�A�C�F�M�C�:�M�C�I�F���D�=���.�C�8�C�H�<�=�G�	�7�@�=�7�?�T�Q�U�=�B�H�<�9� �@�5�G�<�G�9�7�H�=�C�B�5�B�8
�G�9�@�9�7�H�H�<�9�:�=�@�9test.hex �H�<�5�H�K�5�G�7�C�A�D�=�@�9�8�9�5�F�@�=�9�F���(�C�H�9�H�<�5�H�M�C�I�<�5�J�9�H�C�:�=�F�G�H�B�5�J�=�;�5�H�9�H�C�M�C�I�F�D�F�C�>�9�7�H�8�=�F�9�7�H�C�F�M���(�C�K
�7�@�=�7�?���T�*�F�C�;�F�5�A�U���=�B���H�<�9��� �@�5�G�<���G�9�7�H�=�C�B�	���5�B�8���H�<�9���H�9�G�H���7�C�8�9���G�<�C�I�@�8���6�9���@�C�5�8�9�8���C�B�H�C���M�C�I�F�����D�=��
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Programming the 3pi from AVR Studio.

�#�:�M�C�I�F���D�=�K�5�G�G�I�7�7�9�G�G�:�I�@�@�M�D�F�C�;�F�5�A�A�9�8�	�M�C�I�G�<�C�I�@�8�<�9�5�F�5�G�<�C�F�H�H�I�B�9�	�G�9�9�H�<�9�A�9�G�G�5�;�9�T�"�9�@�@�C���U�C�B�H�<�9�&�����	 �5�B�8�H�<�9
�&�����G�C�B�H�<�9�6�C�5�F�8�G�<�C�I�@�8�6�@�=�B�?���#�:�M�C�I�<�9�5�F�H�<�9�H�I�B�9�5�B�8�G�9�9�H�<�9�@�=�;�<�H�G�:�@�5�G�<�=�B�;�	�6�I�H�B�C�H�<�=�B�;�5�D�D�9�5�F�G�C�B�H�<�9�&�����	 �A�5�?�9
�G�I�F�9�H�<�5�H�H�<�9�&���� �=�G�7�C�F�F�9�7�H�@�M�D�@�I�;�;�9�8�=�B�H�C�H�<�9���D�=�	�5�B�8�H�F�M�5�8�>�I�G�H�=�B�;�H�<�9�7�C�B�H�F�5�G�H�I�G�=�B�;�H�<�9�G�A�5�@�@�D�C�H�9�B�H�=�C�A�9�H�9�F�C�B�H�<�9
�I�B�8�9�F�G�=�8�9���C�:���H�<�9�����D�=�	���7�@�C�G�9�G�H���H�C���H�<�9���6�5�@�@���7�5�G�H�9�F��
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Pololu 3pi robot on a 3/4" black line.

7. Example Project #1: Line Following
7.a.About Line Following

�(�C�K�H�<�5�H�M�C�I�<�5�J�9�@�9�5�F�B�9�8�<�C�K�H�C�7�C�A�D�=�@�9�5�G�=�A�D�@�9�D�F�C�;�F�5�A
�:�C�F�H�<�9���D�=�	�=�H�W�G�H�=�A�9�H�C�H�9�5�7�<�M�C�I�F�F�C�6�C�H�8�C�G�C�A�9�H�<�=�B�;�A�C�F�9
�7�C�A�D�@�=�7�5�H�9�8���#�B�H�<�=�G�9�L�5�A�D�@�9�D�F�C�>�9�7�H�	�K�9�W�@�@�G�<�C�K�M�C�I�<�C�K�H�C
�A�5�?�9�M�C�I�F���D�=�:�C�@�@�C�K�5�6�@�5�7�?�@�=�B�9�C�B�5�K�<�=�H�9�6�5�7�?�;�F�C�I�B�8�	�6�M
�7�C�C�F�8�=�B�5�H�=�B�;�=�H�G�G�9�B�G�C�F�G�5�B�8�A�C�H�C�F�G���&�=�B�9�:�C�@�@�C�K�=�B�;�=�G�5�;�F�9�5�H
�=�B�H�F�C�8�I�7�H�=�C�B�H�C�F�C�6�C�H�D�F�C�;�F�5�A�A�=�B�;�	�5�B�8�=�H�A�5�?�9�G�5 �;�F�9�5�H
�7�C�B�H�9�G�H���=�H�W�G�9�5�G�M�H�C�6�I�=�@�8�5�@�=�B�9�
�:�C�@�@�C�K�=�B�;�7�C�I�F�G�9�	�H�<�9�F�I�@�9�G�5�F�9
�G�=�A�D�@�9�H�C�I�B�8�9�F�G�H�5�B�8�	�5�B�8�=�H�W�G�B�C�H�<�5�F�8�H�C�D�F�C�;�F�5�A�M�C�I�F���D�=�H�C
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7.b.A Simple Line-Following Algorithm for 3pi
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�
 �C�I�H�C�:�H�<�9�A�5�L�=�A�I�A�D�C�G�G�=�6�@�9�C�:�������	�5�B�8�H�<�9�5�@�;�C�F�=�H�<�A�7�5�I�G�9�G�5�@�C�H�C�:�I�B�B�9�7�9�G�G�5�F�M�G�<�5�?�=�B�;�C�B�H�<�9�7�I�F�J�9�G�����H
�H�<�=�G�D�C�=�B�H�	�M�C�I�A�=�;�<�H�K�5�B�H�H�C�K�C�F�?�C�B�H�F�M�=�B�;�H�C�5�8�>�I�G�H�5�B�8�=�A�D�F�C�J�9�H�<�=�G�5�@�;�C�F�=�H�<�A�	�6�9�:�C�F�9�A�C�J�=�B�;�C�B�H�C�H�<�9�B�9�L�H�G�9�7�H�=�C�B��
�-�C�A�9���=�8�9�5�G���:�C�F���=�A�D�F�C�J�9�A�9�B�H���5�F�9��

�P �#�B�7�F�9�5�G�9���H�<�9���A�5�L�=�A�I�A���D�C�G�G�=�6�@�9���G�D�9�9�8��

�P ���8�8���A�C�F�9���=�B�H�9�F�A�9�8�=�5�H�9���7�5�G�9�G�	���K�=�H�<���=�B�H�9�F�A�9�8�=�5�H�9���G�D�9�9�8���G�9�H�H�=�B�;�G�	���H�C���A�5�?�9���H�<�9���A�C�H�=�C�B���@�9�G�G���>�9�F�?�M��

�P �!�=�J�9�M�C�I�F�F�C�6�C�H�5�A�9�A�C�F�M���<�5�J�9�=�H�G�A�5�L�=�A�I�A�G�D�9�9�8�=�B�7�F�9�5�G�9�5�:�H�9�F�=�H�<�5�G�6�9�9�B�C�B�H�<�9�@�=�B�9�7�C�B�G�=�G�H�9�B�H�@�M�:�C�F�5�:�9�K
�7�M�7�@�9�G��

�3�C�I���A�=�;�<�H���5�@�G�C���K�5�B�H���H�C��

�P �'�9�5�G�I�F�9�H�<�9�G�D�9�9�8�C�:�M�C�I�F�@�C�C�D�	�I�G�=�B�;�H�=�A�=�B�;�:�I�B�7�H�=�C�B�G�:�F�C�ASection 17 �C�:�H�<�9command reference
[http://www .pololu.com/docs/0J18]�H�C���H�=�A�9���5���:�9�K���H�<�C�I�G�5�B�8���7�M�7�@�9�G���C�F���6�M���6�@�=�B�?�=�B�;���H�<�9���&�����G���C�B���5�B�8���C�:�:���9�J�9�F�M�����
�
�
���7�M�7�@�9�G��

�P ���=�G�D�@�5�M�G�9�B�G�C�F�F�9�5�8�=�B�;�G�C�B�H�<�9�&������ �-�=�B�7�9�K�F�=�H�=�B�;�H�C�H�<�9�&���� �H�5�?�9�G�5�G�=�;�B�=�:�=�7�5�B�H�5�A�C�I�B�H�C�:�H�=�A�9�	�M�C�I�G�<�C�I�@�8�8�C
�H�<�=�G���5�H���A�C�G�H���:�9�K���H�=�A�9�G���D�9�F���G�9�7�C�B�8��
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�P �#�B�7�C�F�D�C�F�5�H�9�H�<�9�6�I�N�N�9�F�=�B�H�C�M�C�I�F�D�F�C�;�F�5�A���3�C�I�A�=�;�<�H�K�5�B�H�M�C�I�F���D�=�H�C�D�@�5�M�A�I�G�=�7�K�<�=�@�9�=�H�=�G�8�F�=�J�=�B�;�C�F
�A�5�?�9�=�B�:�C�F�A�5�H�=�C�B�5�@�6�9�9�D�G�H�<�5�H�8�9�D�9�B�8�C�B�K�<�5�H�=�H�=�G�8�C�=�B�;���-�9�9Section 3 �C�:�H�<�9command reference
[http://www .pololu.com/docs/0J18] �:�C�F�A�C�F�9�=�B�:�C�F�A�5�H�=�C�B�C�B�I�G�=�B�;�H�<�9�6�I�N�N�9�F���:�C�F�A�I�G�=�7�	�M�C�I�W�@�@�K�5�B�H�H�C�I�G�9�H�<�9
�*�&���3�4���"�����%���C�D�H�=�C�B���H�C���5�J�C�=�8���8�=�G�F�I�D�H�=�B�;���M�C�I�F���G�9�B�G�C�F���F�9�5�8�=�B�;�G��

�.�<�9���9�B�H�=�F�9���G�C�I�F�7�9���7�C�8�9���H�C���H�<�=�G���G�=�A�D�@�9���@�=�B�9���:�C�@�@�C�K�=�B�;���D�F�C�;�F�5�A���=�G���D�F�9�G�9�B�H�9�8���6�9�@�C�K�	���:�C�F���M�C�I�F���F�9�:�9�F�9�B�7�9��

/*
* 3pi-linefollower - demo code for the Pololu 3pi Robot
*
* This code will follow a black line on a white background, using a
* very simple algorithm.  It demonstrates auto-calibration and use of
* the 3pi IR sensors, motor control, bar graphs using custom
* characters, and music playback, making it a good starting point for
* developing your own more competitive line follower.
*
* http://www.pololu.com/docs/0J21
* http://www.pololu.com
* http://forum.pololu.com
*
*/

// The 3pi include file must be at the beginning of any program that
// uses the Pololu AVR library and 3pi.
#include <pololu/3pi.h>

// This include file allows data to be stored in program space.  The
// ATmegaxx8 has 16x more program space than RAM, so large
// pieces of static data should be stored in program space.
#include <avr/pgmspace.h>

// Introductory messages.  The "PROGMEM" identifier causes the data to
// go into program space.
const char welcome_line1[] PROGMEM = " Pololu";
const char welcome_line2[] PROGMEM = "3\xf7 Robot";
const char demo_name_line1[] PROGMEM = "Line";
const char demo_name_line2[] PROGMEM = "follower";

// A couple of simple tunes, stored in program space.
const char welcome[] PROGMEM = ">g32>>c32";
const char go[] PROGMEM = "L16 cdegreg4";

// Data for generating the characters used in load_custom_characters
// and display_readings.  By reading levels[] starting at various
// offsets, we can generate all of the 7 extra characters needed for a
// bargraph.  This is also stored in program space.
const char levels[] PROGMEM = {

0b00000,
0b00000,
0b00000,
0b00000,
0b00000,
0b00000,
0b00000,
0b11111,
0b11111,
0b11111,
0b11111,
0b11111,
0b11111,
0b11111

};

// This function loads custom characters into the LCD.  Up to 8
// characters can be loaded; we use them for 7 levels of a bar graph.
void load_custom_characters()
{

lcd_load_custom_character(levels+0,0); // no offset, e.g. one bar
lcd_load_custom_character(levels+1,1); // two bars
lcd_load_custom_character(levels+2,2); // etc...
lcd_load_custom_character(levels+3,3);
lcd_load_custom_character(levels+4,4);
lcd_load_custom_character(levels+5,5);
lcd_load_custom_character(levels+6,6);
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clear(); // the LCD must be cleared for the characters to take effect
}

// This function displays the sensor readings using a bar graph.
void display_readings(const unsigned int *calibrated_values)
{

unsigned char i;

for(i=0;i<5;i++) {
// Initialize the array of characters that we will use for the
// graph.  Using the space, an extra copy of the one-bar
// character, and character 255 (a full black box), we get 10
// characters in the array.
const char display_characters[10] = {' ',0,0,1,2,3,4,5,6,255};

// The variable c will have values from 0 to 9, since
// calibrated values are in the range of 0 to 1000, and
// 1000/101 is 9 with integer math.
char c = display_characters[calibrated_values[i]/101];

// Display the bar graph character.
print_character(c);

}
}

// Initializes the 3pi, displays a welcome message, calibrates, and
// plays the initial music.
void initialize()
{

unsigned int counter; // used as a simple timer
unsigned int sensors[5]; // an array to hold sensor values

// This must be called at the beginning of 3pi code, to set up the
// sensors.  We use a value of 2000 for the timeout, which
// corresponds to 2000*0.4 us = 0.8 ms on our 20 MHz processor.
pololu_3pi_init(2000);
load_custom_characters(); // load the custom characters

// Play welcome music and display a message
print_from_program_space(welcome_line1);
lcd_goto_xy(0,1);
print_from_program_space(welcome_line2);
play_from_program_space(welcome);
delay_ms(1000);

clear();
print_from_program_space(demo_name_line1);
lcd_goto_xy(0,1);
print_from_program_space(demo_name_line2);
delay_ms(1000);

// Display battery voltage and wait for button press
while(!button_is_pressed(BUTTON_B))
{

int bat = read_battery_millivolts();

clear();
print_long(bat);
print("mV");
lcd_goto_xy(0,1);
print("Press B");

delay_ms(100);
}

// Always wait for the button to be released so that 3pi doesn't
// start moving until your hand is away from it.
wait_for_button_release(BUTTON_B);
delay_ms(1000);

// Auto-calibration: turn right and left while calibrating the
// sensors.
for(counter=0;counter<80;counter++)
{

if(counter < 20 || counter >= 60)
set_motors(40,-40);

else
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set_motors(-40,40);

// This function records a set of sensor readings and keeps
// track of the minimum and maximum values encountered.  The
// IR_EMITTERS_ON argument means that the IR LEDs will be
// turned on during the reading, which is usually what you
// want.
calibrate_line_sensors(IR_EMITTERS_ON);

// Since our counter runs to 80, the total delay will be
// 80*20 = 1600 ms.
delay_ms(20);

}
set_motors(0,0);

// Display calibrated values as a bar graph.
while(!button_is_pressed(BUTTON_B))
{

// Read the sensor values and get the position measurement.
unsigned int position = read_line(sensors,IR_EMITTERS_ON);

// Display the position measurement, which will go from 0
// (when the leftmost sensor is over the line) to 4000 (when
// the rightmost sensor is over the line) on the 3pi, along
// with a bar graph of the sensor readings.  This allows you
// to make sure the robot is ready to go.
clear();
print_long(position);
lcd_goto_xy(0,1);
display_readings(sensors);

delay_ms(100);
}
wait_for_button_release(BUTTON_B);

clear();

print("Go!");

// Play music and wait for it to finish before we start driving.
play_from_program_space(go);
while(is_playing());

}

// This is the main function, where the code starts.  All C programs
// must have a main() function defined somewhere.
int main()
{

unsigned int sensors[5]; // an array to hold sensor values

// set up the 3pi
initialize();

// This is the "main loop" - it will run forever.
while(1)
{

// Get the position of the line.  Note that we *must* provide
// the "sensors" argument to read_line() here, even though we
// are not interested in the individual sensor readings.
unsigned int position = read_line(sensors,IR_EMITTERS_ON);

if(position < 1000)
{

// We are far to the right of the line: turn left.

// Set the right motor to 100 and the left motor to zero,
// to do a sharp turn to the left.  Note that the maximum
// value of either motor speed is 255, so we are driving
// it at just about 40% of the max.
set_motors(0,100);

// Just for fun, indicate the direction we are turning on
// the LEDs.
left_led(1);
right_led(0);

}
else if(position < 3000)
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{
// We are somewhat close to being centered on the line:
// drive straight.
set_motors(100,100);
left_led(1);
right_led(1);

}
else
{

// We are far to the left of the line: turn right.
set_motors(100,0);
left_led(0);
right_led(1);

}
}

// This part of the code is never reached.  A robot should
// never reach the end of its program, or unpredictable behavior
// will result as random code starts getting executed.  If you
// really want to stop all actions at some point, set your motors
// to 0,0 and run the following command to loop forever:
//
// while(1);

}

7.c.Advanced Line Following with 3pi: PID Control

�� �A�C�F�9�5�8�J�5�B�7�9�8�@�=�B�9�:�C�@�@�C�K�=�B�;�D�F�C�;�F�5�A�:�C�F�H�<�9���D�=�=�G�5�J�5�=�@�5�6�@�9�=�B�H�<�9�:�C�@�8�9�Fexamples\atmegaxx8\3pi-linefollower-

pid ��

Note: ���B ���F�8�I�=�B�C�
�7�C�A�D�5�H�=�6�@�9�J�9�F�G�=�C�B�C�:�H�<�=�G�G�5�A�D�@�9�D�F�C�;�F�5�A�7�5�B�6�9�8�C�K�B�@�C�5�8�9�8�5�G�D�5�F�H�C�:�H�<�9Pololu
Arduino Libraries [http://www .pololu.com/docs/0J17]���G�9�9Section 5.g����

�.�<�9�H�9�7�<�B�=�E�I�9�I�G�9�8�=�B�H�<�=�G�9�L�5�A�D�@�9�D�F�C�;�F�5�A�	�?�B�C�K�B�5�G�*�#���7�C�B�H�F�C�@�	�5�8�8�F�9�G�G�9�G�G�C�A�9�C�:�H�<�9�D�F�C�6�@�9�A�G�H�<�5�H�M�C�I�A�=�;�<�H�<�5�J�9
�B�C�H�=�7�9�8�K�=�H�<�H�<�9�D�F�9�J�=�C�I�G�9�L�5�A�D�@�9�	�5�B�8�=�H�G�<�C�I�@�8�5�@�@�C�K�M�C�I�H�C�;�F�9�5�H�@�M�=�B�7�F�9�5�G�9�M�C�I�F�F�C�6�C�H�W�G�@�=�B�9�:�C�@�@�C�K�=�B�;�G�D�9�9�8���'�C�G�H
�=�A�D�C�F�H�5�B�H�@�M�	 �*�#���7�C�B�H�F�C�@�I�G�9�G�7�C�B�H�=�B�I�C�I�G�:�I�B�7�H�=�C�B�G�H�C�7�C�A�D�I�H�9�H�<�9�A�C�H�C�F�G�D�9�9�8�G�	�G�C�H�<�5�H�H�<�9�>�9�F�?�=�B�9�G�G�C�:�H�<�9�D�F�9�J�=�C�I�G
�9�L�5�A�D�@�9�7�5�B�6�9�F�9�D�@�5�7�9�8�6�M�5�G�A�C�C�H�<�F�9�G�D�C�B�G�9���*�#���G�H�5�B�8�G�:�C�F�*�F�C�D�C�F�H�=�C�B�5�@�	�#�B�H�9�;�F�5�@�	���9�F�=�J�5�H�=�J�9���H�<�9�G�9�5�F�9�H�<�9�H�<�F�9�9�=�B�D�I�H
�J�5�@�I�9�G���I�G�9�8���=�B���5���G�=�A�D�@�9���:�C�F�A�I�@�5���H�C���7�C�A�D�I�H�9���H�<�9���G�D�9�9�8���H�<�5�H���M�C�I�F���F�C�6�C�H���G�<�C�I�@�8���H�I�F�B���@�9�:�H���C�F���F�=�;�<�H��

�P �.�<�9proportional �J�5�@�I�9�=�G�5�D�D�F�C�L�=�A�5�H�9�@�M�D�F�C�D�C�F�H�=�C�B�5�@�H�C�M�C�I�F�F�C�6�C�H�W�G�D�C�G�=�H�=�C�B�K�=�H�<�F�9�G�D�9�7�H�H�C�H�<�9�@�=�B�9���.�<�5�H�=�G�	�=�:
�M�C�I�F�F�C�6�C�H�=�G�D�F�9�7�=�G�9�@�M�7�9�B�H�9�F�9�8�C�B�H�<�9�@�=�B�9�	�K�9�9�L�D�9�7�H�5�D�F�C�D�C�F�H�=�C�B�5�@�J�5�@�I�9�C�:�9�L�5�7�H�@�M�
���#�:�=�H�=�G�H�C�H�<�9�@�9�:�H�C�:�H�<�9�@�=�B�9�	
�H�<�9�D�F�C�D�C�F�H�=�C�B�5�@�H�9�F�A�K�=�@�@�6�9�5�D�C�G�=�H�=�J�9�B�I�A�6�9�F�	�5�B�8�H�C�H�<�9�F�=�;�<�H�C�:�H�<�9�@�=�B�9�	�=�H�K�=�@�@�6�9�B�9�;�5�H�=�J�9���.�<�=�G�=�G�7�C�A�D�I�H�9�8
�:�F�C�A���H�<�9���F�9�G�I�@�H���F�9�H�I�F�B�9�8���6�Mread_line()�G�=�A�D�@�M���6�M���G�I�6�H�F�5�7�H�=�B�;�����
�
�
��

�P �.�<�9integral �J�5�@�I�9�F�9�7�C�F�8�G�H�<�9�<�=�G�H�C�F�M�C�:�M�C�I�F�F�C�6�C�H�W�G�A�C�H�=�C�B���=�H�=�G�5�G�I�A�C�:�5�@�@�C�:�H�<�9�J�5�@�I�9�G�C�:�H�<�9�D�F�C�D�C�F�H�=�C�B�5�@
�H�9�F�A���H�<�5�H���K�9�F�9���F�9�7�C�F�8�9�8���G�=�B�7�9���H�<�9���F�C�6�C�H���G�H�5�F�H�9�8���F�I�B�B�=�B�;��

�P �.�<�9derivative �=�G�H�<�9�F�5�H�9�C�:�7�<�5�B�;�9�C�:�H�<�9�D�F�C�D�C�F�H�=�C�B�5�@�J�5�@�I�9���1�9�7�C�A�D�I�H�9�=�H�=�B�H�<�=�G�9�L�5�A�D�@�9�5�G�H�<�9�8�=�:�:�9�F�9�B�7�9�C�:
�H�<�9���@�5�G�H���H�K�C���D�F�C�D�C�F�H�=�C�B�5�@���J�5�@�I�9�G��

�"�9�F�9���=�G���H�<�9���G�9�7�H�=�C�B���C�:���7�C�8�9���H�<�5�H���7�C�A�D�I�H�9�G���H�<�9���*�#�����=�B�D�I�H���J�5�@�I�9�G��

// Get the position of the line.  Note that we *must* provide
// the "sensors" argument to read_line() here, even though we
// are not interested in the individual sensor readings.
unsigned int position = read_line(sensors,IR_EMITTERS_ON);

// The "proportional" term should be 0 when we are on the line.
int proportional = ((int)position) - 2000;

// Compute the derivative (change) and integral (sum) of the
// position.
int derivative = proportional - last_proportional;
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integral += proportional;

// Remember the last position.
last_proportional = proportional;

�(�C�H�9�H�<�5�H�K�9�7�5�G�H�H�<�9�J�5�F�=�5�6�@�9position �H�C�5�Bint �H�M�D�9�=�B�H�<�9�:�C�F�A�I�@�5�:�C�F�D�F�C�D�C�F�H�=�C�B�5�@�����Bunsignedint �7�5�B�C�B�@�M�G�H�C�F�9
�D�C�G�=�H�=�J�9�J�5�@�I�9�G�	�G�C�H�<�9�9�L�D�F�9�G�G�=�C�Bposition-2000 �	�K�=�H�<�C�I�H�7�5�G�H�=�B�;�	�K�C�I�@�8�@�9�5�8�H�C�5�B�9�;�5�H�=�J�9�C�J�9�F�:�@�C�K���#�B�H�<�=�G�D�5�F�H�=�7�I�@�5�F
�7�5�G�9�	���=�H���5�7�H�I�5�@�@�M���K�C�I�@�8�B�W�H���5�:�:�9�7�H���H�<�9���F�9�G�I�@�H�G�	���6�I�H���=�H���=�G���5�@�K�5�M�G���5���;�C�C�8���=�8�9�5���H�C���I�G�9���7�5�G�H�=�B�;���H�C���5�J�C�=�8���I�B�9�L�D�9�7�H�9�8���6�9�<�5�J�=�C�F��

���5�7�<�C�:�H�<�9�G�9�=�B�D�I�H�J�5�@�I�9�G�D�F�C�J�=�8�9�G�5�8�=�:�:�9�F�9�B�H�?�=�B�8�C�:�=�B�:�C�F�A�5�H�=�C�B���.�<�9�B�9�L�H�G�H�9�D�=�G�5�G�=�A�D�@�9�:�C�F�A�I�@�5�H�<�5�H�7�C�A�6�=�B�9�G�5�@�@
�C�:���H�<�9���J�5�@�I�9�G���=�B�H�C���C�B�9���J�5�F�=�5�6�@�9�	���K�<�=�7�<���=�G���H�<�9�B���I�G�9�8���H�C���8�9�H�9�F�A�=�B�9���H�<�9���A�C�H�C�F���G�D�9�9�8�G��

// Compute the difference between the two motor power settings,
// m1 - m2.  If this is a positive number the robot will turn
// to the right.  If it is a negative number, the robot will
// turn to the left, and the magnitude of the number determines
// the sharpness of the turn.
int power_difference = proportional/20 + integral/10000 + derivative*3/2;

// Compute the actual motor settings.  We never set either motor
// to a negative value.
const int max = 60;
if(power_difference > max)

power_difference = max;
if(power_difference < -max)

power_difference = -max;

if(power_difference < 0)
set_motors(max+power_difference, max);

else
set_motors(max, max-power_difference);

�.�<�9�J�5�@�I�9�G�������
�	�������
�
�
�
�	�5�B�8������ �F�9�D�F�9�G�9�B�Hadjustable�D�5�F�5�A�9�H�9�F�G�H�<�5�H�8�9�H�9�F�A�=�B�9�<�C�K�M�C�I�F���D�=�K�=�@�@�F�9�5�7�H�H�C�H�<�9�@�=�B�9��
�.�<�9�D�5�F�H�=�7�I�@�5�F�J�5�@�I�9�G�7�<�C�G�9�B�:�C�F�H�<�=�G�9�L�5�A�D�@�9�K�9�F�9�G�C�A�9�K�<�5�H�5�F�6�=�H�F�5�F�=�@�M�D�=�7�?�9�8�	�5�B�8�K�<�=�@�9�H�<�9�M�K�C�F�?�G�I�:�:�=�7�=�9�B�H�@�M�:�C�F
�H�M�D�=�7�5�@�@�=�B�9�:�C�@�@�C�K�=�B�;�	�H�<�9�F�9�=�G�D�@�9�B�H�M�C�:�F�C�C�A�H�C�=�A�D�F�C�J�9�H�<�9�A���#�B�;�9�B�9�F�5�@�	�=�B�7�F�9�5�G�=�B�;�H�<�9�G�9�*�#���D�5�F�5�A�9�H�9�F�G�K�=�@�@�A�5�?�9
power_difference �@�5�F�;�9�F�	�7�5�I�G�=�B�;�G�H�F�C�B�;�9�F�F�9�5�7�H�=�C�B�G�	�K�<�=�@�9�8�9�7�F�9�5�G�=�B�;�H�<�9�A�K�=�@�@�A�5�?�9�H�<�9�F�9�5�7�H�=�C�B�G�K�9�5�?�9�F���#�H�W�G�I�D�H�C
�M�C�I�H�C�H�<�=�B�?�5�6�C�I�H�H�<�9�8�=�:�:�9�F�9�B�H�J�5�@�I�9�G�5�B�8�9�L�D�9�F�=�A�9�B�H�K�=�H�<�M�C�I�F�F�C�6�C�H�H�C�8�9�H�9�F�A�=�B�9�K�<�5�H�9�:�:�9�7�H�9�5�7�<�D�5�F�5�A�9�H�9�F�<�5�G���.�<�=�G
�9�L�5�A�D�@�9�;�=�J�9�G�H�<�9�A�C�H�C�F�G�5�A�5�L�=�A�I�A�G�D�9�9�8�C�:���
�
�	�K�<�=�7�<�=�G�5�G�5�:�9�=�B�=�H�=�5�@�J�5�@�I�9���)�B�7�9�M�C�I�<�5�J�9�5�8�>�I�G�H�9�8�H�<�9�D�5�F�5�A�9�H�9�F�G
�H�C�K�C�F�?�K�9�@�@�5�H�5�G�D�9�9�8�C�:���
�
�	�H�F�M�=�B�7�F�9�5�G�=�B�;�H�<�9�G�D�9�9�8���3�C�I�W�@�@�D�F�C�6�5�6�@�M�B�9�9�8�H�C�F�9�5�8�>�I�G�H�H�<�9�D�5�F�5�A�9�H�9�F�G�5�G�H�<�9�A�5�L�=�A�I�A
�G�D�9�9�8�=�B�7�F�9�5�G�9�G�����M�;�F�5�8�I�5�@�@�M�=�B�7�F�9�5�G�=�B�;�H�<�9�A�5�L�=�A�I�A�G�D�9�9�8�5�B�8�H�I�B�=�B�;�H�<�9�D�5�F�5�A�9�H�9�F�G�	�G�9�9�=�:�M�C�I�7�5�B�;�9�H�M�C�I�F���D�=�H�C
�F�I�B�5�G�:�5�G�H�5�G�D�C�G�G�=�6�@�9���1�9�<�5�J�9�6�9�9�B�5�6�@�9�H�C�F�I�B���D�=�G�K�=�H�<�5�A�5�L�=�A�I�A�G�D�9�9�8�C�:������ �C�B�7�C�I�F�G�9�G�K�=�H�<�����
�F�5�8�=�I�G�7�I�F�J�9�G�	�5�@�@
�6�M���:�=�B�8�=�B�;���H�<�9���F�=�;�<�H���*�#�����D�5�F�5�A�9�H�9�F�G��

�*�@�9�5�G�9�G�9�9Section2 �C�:�H�<�93pi robot videos[http://www .pololu.com/docs/0J32] �;�5�@�@�9�F�M�:�C�F�J�=�8�9�C�G�C�:���D�=�@�=�B�9�:�C�@�@�C�K�9�F�G�I�G�=�B�;
�H�I�B�9�8���*�#�����5�B�8���<�=�;�<�9�F���A�5�L�=�A�I�A���G�D�9�9�8�G��
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8. Example Project #2: Maze Solving
8.a.Solving a Line Maze

�.�<�9�B�9�L�H�G�H�9�D�I�D�:�F�C�A�G�=�A�D�@�9�@�=�B�9�:�C�@�@�C�K�=�B�;�=�G�H�C�H�9�5�7�<�M�C�I�F
���D�=�H�C�B�5�J�=�;�5�H�9�D�5�H�<�G�K�=�H�<�G�<�5�F�D�H�I�F�B�G�	�8�9�5�8�9�B�8�G�	�5�B�8
�=�B�H�9�F�G�9�7�H�=�C�B�G���'�5�?�9�5 �7�C�A�D�@�=�7�5�H�9�8�B�9�H�K�C�F�?�C�:�=�B�H�9�F�G�9�7�H�=�B�;
�6�@�5�7�?�@�=�B�9�G�	�5�8�8�5�7�=�F�7�@�9�H�C�F�9�D�F�9�G�9�B�H�H�<�9�;�C�5�@�	�5�B�8�M�C�I�<�5�J�9�5
line maze�	�K�<�=�7�<�=�G�5�7�<�5�@�@�9�B�;�=�B�;�9�B�J�=�F�C�B�A�9�B�H�:�C�F�5�F�C�6�C�H�H�C
�9�L�D�@�C�F�9���#�B�5�@�=�B�9�A�5�N�9�7�C�B�H�9�G�H�	�F�C�6�C�H�G�H�F�5�J�9�@�5�G�E�I�=�7�?�@�M�5�G
�D�C�G�G�=�6�@�9�5�@�C�B�;�H�<�9�@�=�B�9�G�:�F�C�A�5�8�9�G�=�;�B�5�H�9�8�G�H�5�F�H�H�C�H�<�9�;�C�5�@�	
�?�9�9�D�=�B�;�H�F�5�7�?�C�:�H�<�9�=�B�H�9�F�G�9�7�H�=�C�B�G�H�<�5�H�H�<�9�M�D�5�G�G�5�@�C�B�;�H�<�9�K�5�M��
�,�C�6�C�H�G�5�F�9�;�=�J�9�B�G�9�J�9�F�5�@�7�<�5�B�7�9�G�H�C�F�I�B�H�<�9�A�5�N�9�	�G�C�H�<�5�H�H�<�9�M
�7�5�B�:�C�@�@�C�K�H�<�9�:�5�G�H�9�G�H�D�C�G�G�=�6�@�9�D�5�H�<�5�:�H�9�F�@�9�5�F�B�=�B�;�5�6�C�I�H�5�@�@�C�:
�H�<�9���8�9�5�8���9�B�8�G��

�.�<�9�A�5�N�9�G�H�<�5�H�K�9�K�=�@�@�H�9�5�7�<�M�C�I�H�C�G�C�@�J�9�=�B�H�<�=�G�H�I�H�C�F�=�5�@�<�5�J�9
�C�B�9�G�D�9�7�=�5�@�:�9�5�H�I�F�9���H�<�9�M�<�5�J�9no loops�� �.�<�5�H�=�G�	�H�<�9�F�9�=�G�B�C
�K�5�M�H�C�F�9�
�J�=�G�=�H�5�B�M�D�C�=�B�H�C�B�H�<�9�A�5�N�9�K�=�H�<�C�I�H�F�9�H�F�5�7�=�B�;�M�C�I�F
�G�H�9�D�G���-�C�@�J�=�B�;�H�<�=�G�H�M�D�9�C�:�A�5�N�9�=�G�A�I�7�<�9�5�G�=�9�F�H�<�5�B�G�C�@�J�=�B�;�5looped�A�5�N�9�	�G�=�B�7�9�5�G�=�A�D�@�9�G�H�F�5�H�9�;�M�5�@�@�C�K�G�M�C�I�H�C�9�L�D�@�C�F�9
�H�<�9���9�B�H�=�F�9���A�5�N�9�����1�9�W�@�@���H�5�@�?���5�6�C�I�H���H�<�5�H���G�H�F�5�H�9�;�M���=�B���H�<�9���B�9�L�H���G�9�7�H�=�C�B��

�1�9�5�@�G�C�I�G�I�5�@�@�M�7�C�B�G�H�F�I�7�H�C�I�F�A�5�N�9�G�I�G�=�B�;�C�B�@�M�G�H�F�5�=�;�<�H�@�=�B�9�G�8�F�5�K�B�C�B�5�F�9�;�I�@�5�F�;�F�=�8�	�6�I�H�H�<�=�G�=�G�A�C�G�H�@�M�>�I�G�H�H�C�A�5�?�9�H�<�9
�7�C�I�F�G�9���9�5�G�M���H�C���F�9�D�F�C�8�I�7�9���R���H�<�9���A�5�N�9�
�G�C�@�J�=�B�;���G�H�F�5�H�9�;�M���8�9�G�7�F�=�6�9�8���=�B���H�<�=�G���H�I�H�C�F�=�5�@���8�C�9�G���B�C�H���F�9�E�I�=�F�9���H�<�9�G�9���:�9�5�H�I�F�9�G��

� �C�F�=�B�:�C�F�A�5�H�=�C�B�C�B�6�I�=�@�8�=�B�;�M�C�I�F�C�K�B�7�C�I�F�G�9�	�G�9�9�C�I�F�H�I�H�C�F�=�5�@�C�BBuilding Line Following and Line Maze Courses
[http://www .pololu.com/docs/0J22]��

���B�5�8�8�=�H�=�C�B�5�@�F�9�G�C�I�F�7�9�:�C�F�I�B�8�9�F�G�H�5�B�8�=�B�;�G�=�A�D�@�9�	�B�C�B�
�@�C�C�D�9�8�A�5�N�9�G�C�@�J�=�B�;�=�G�H�<�=�Gpresentation[http://www .pololu.com/file/

download/line-maze-algorithm.pdf?file_id=0J195]�����
���?�D�8�:���K�F�=�H�H�9�B�6�M�7�I�G�H�C�A�9�F���5�B�8�F�C�6�C�H�=�7�G�D�F�C�:�9�G�G�C�F���,�� �0�5�B�B�C�M���#�H�8�C�9�G�B�W�H
�=�B�7�@�I�8�9�5�B�M�7�C�8�9�	�6�I�H�=�H�;�C�9�G�C�J�9�F�G�C�A�9�=�A�D�C�F�H�5�B�H�7�C�B�7�9�D�H�G�5�B�8�7�C�B�H�5�=�B�G�5�B�I�A�6�9�F�C�:�J�=�G�I�5�@�G�H�C�<�9�@�D�=�@�@�I�G�H�F�5�H�9�H�<�9
�=�A�D�C�F�H�5�B�H���D�C�=�B�H�G��

8.b.Working with Multiple C Files in A VR Studio

�.�<�9�������G�C�I�F�7�9���7�C�8�9���:�C�F���5�B���9�L�5�A�D�@�9���@�=�B�9���A�5�N�9���G�C�@�J�9�F���=�G���5�J�5�=�@�5�6�@�9���=�B���H�<�9���:�C�@�8�9�Fexamples\atmegaxx8\3pi-mazesolver ��

Note: ���B ���F�8�I�=�B�C�
�7�C�A�D�5�H�=�6�@�9�J�9�F�G�=�C�B�C�:�H�<�=�G�G�5�A�D�@�9�D�F�C�;�F�5�A�7�5�B�6�9�8�C�K�B�@�C�5�8�9�8�5�G�D�5�F�H�C�:�H�<�9Pololu
Arduino Libraries [http://www .pololu.com/docs/0J17] ���G�9�9Section 5.g�� �.�<�9���F�8�I�=�B�C�G�5�A�D�@�9�G�?�9�H�7�<�=�G�5�@�@
�7�C�B�H�5�=�B�9�8���K�=�H�<�=�B���5���G�=�B�;�@�9���:�=�@�9��

�.�<�=�G�D�F�C�;�F�5�A�=�G�A�I�7�<�A�C�F�9�7�C�A�D�@�=�7�5�H�9�8�H�<�5�B�H�<�9�9�L�5�A�D�@�9�G�M�C�I�<�5�J�9�G�9�9�B�G�C�:�5�F�	�G�C�K�9�<�5�J�9�G�D�@�=�H�=�H�I�D�=�B�H�C�A�I�@�H�=�D�@�9�:�=�@�9�G��
�/�G�=�B�;�A�I�@�H�=�D�@�9�:�=�@�9�G�A�5�?�9�G�=�H�9�5�G�=�9�F�:�C�F�M�C�I�H�C�?�9�9�D�H�F�5�7�?�C�:�M�C�I�F�7�C�8�9��� �C�F�9�L�5�A�D�@�9�	�H�<�9�:�=�@�9turn.c �7�C�B�H�5�=�B�G�C�B�@�M�5�G�=�B�;�@�9
�:�I�B�7�H�=�C�B�	���I�G�9�8���H�C���A�5�?�9���H�I�F�B�G���5�H���H�<�9���=�B�H�9�F�G�9�7�H�=�C�B�G��

#include <pololu/3pi.h>

// Turns according to the parameter dir, which should be 'L', 'R', 'S'
// (straight), or 'B' (back).
void turn(char dir)
{

Pololu 3pi Robot User's Guide © 2001Ð2011 Pololu Corporation

8. Example Project #2: Maze Solving Page 35 of 68

http://www.pololu.com/picture/view/0J878
http://www.pololu.com/picture/view/0J878
http://www.pololu.com/docs/0J22
http://www.pololu.com/docs/0J22
http://www.pololu.com/file/download/line-maze-algorithm.pdf?file_id=0J195
http://www.pololu.com/file/download/line-maze-algorithm.pdf?file_id=0J195
http://www.pololu.com/docs/0J17
http://www.pololu.com/docs/0J17
http://www.pololu.com/docs/0J17/5.g


switch(dir)
{
case 'L':

// Turn left.
set_motors(-80,80);
delay_ms(200);
break;

case 'R':
// Turn right.
set_motors(80,-80);
delay_ms(200);
break;

case 'B':
// Turn around.
set_motors(80,-80);
delay_ms(400);
break;

case 'S':
// Don't do anything!
break;

}
}

�.�<�9�:�=�F�G�H�@�=�B�9�C�:�H�<�9�:�=�@�9�	�@�=�?�9�5�B�M�� �:�=�@�9�H�<�5�H�M�C�I�K�=�@�@�6�9�K�F�=�H�=�B�;�:�C�F�H�<�9���D�=�	�7�C�B�H�5�=�B�G�5�B�=�B�7�@�I�8�9�7�C�A�A�5�B�8�H�<�5�H�;�=�J�9�G
�M�C�I�5�7�7�9�G�G�H�C�H�<�9�:�I�B�7�H�=�C�B�G�=�B�H�<�9�*�C�@�C�@�I�� �0�, �&�=�6�F�5�F�M���1�=�H�<�=�Bturn()�	�K�9�H�<�9�B�I�G�9�H�<�9�@�=�6�F�5�F�M�:�I�B�7�H�=�C�B�Gdelay_ms()�5�B�8
set_motors()�H�C�D�9�F�:�C�F�A�@�9�:�H�H�I�F�B�G�	�F�=�;�<�H�H�I�F�B�G�	�5�B�8�/�
�H�I�F�B�G���-�H�F�5�=�;�<�H�T�H�I�F�B�G�U�5�F�9�5�@�G�C�<�5�B�8�@�9�8�6�M�H�<�=�G�:�I�B�7�H�=�C�B�	�H�<�C�I�;�<
�H�<�9�M�8�C�B�W�H�F�9�E�I�=�F�9�I�G�H�C�H�5�?�9�5�B�M�5�7�H�=�C�B���.�<�9�A�C�H�C�F�G�D�9�9�8�G�5�B�8�H�<�9�H�=�A�=�B�;�G�:�C�F�H�<�9�H�I�F�B�G�5�F�9�D�5�F�5�A�9�H�9�F�G�H�<�5�H�B�9�9�8�9�8�H�C�6�9
�5�8�>�I�G�H�9�8�:�C�F�H�<�9���D�=���5�G�M�C�I�K�C�F�?�C�B�A�5�?�=�B�;�M�C�I�F�A�5�N�9�G�C�@�J�9�F�:�5�G�H�9�F�	�H�<�9�G�9�5�F�9�G�C�A�9�C�:�H�<�9�B�I�A�6�9�F�G�H�<�5�H�M�C�I�A�=�;�<�H�B�9�9�8
�H�C���5�8�>�I�G�H��

�.�C�5�7�7�9�G�G�H�<�=�G�:�I�B�7�H�=�C�B�:�F�C�A�C�H�<�9�F�� �:�=�@�9�G�	�K�9�B�9�9�8�5�T�<�9�5�8�9�F�:�=�@�9�U�	�K�<�=�7�<�=�G�7�5�@�@�9�8turn.h ���.�<�9�<�9�5�8�9�F�:�=�@�9�>�I�G�H�7�C�B�H�5�=�B�G
�5���G�=�B�;�@�9���@�=�B�9��

void turn(char dir);

�.�<�=�G�@�=�B�9�8�9�7�@�5�F�9�G�H�<�9turn() �:�I�B�7�H�=�C�B�K�=�H�<�C�I�H�5�7�H�I�5�@�@�M�=�B�7�@�I�8�=�B�;�5�7�C�D�M�C�:�=�H�G�7�C�8�9���.�C�5�7�7�9�G�G�H�<�9�8�9�7�@�5�F�5�H�=�C�B�	�9�5�7�<�� �:�=�@�9
�H�<�5�H���B�9�9�8�G���H�C���7�5�@�@turn() �5�8�8�G���H�<�9���:�C�@�@�C�K�=�B�;���@�=�B�9��

#include "turn.h"

�(�C�H�9�H�<�9�8�C�I�6�@�9�
�E�I�C�H�9�G�6�9�=�B�;�I�G�9�8�=�B�G�H�9�5�8�C�:�5�B�;�@�9�6�F�5�7�?�9�H�G���.�<�=�G�G�=�;�B�=�:�=�9�G�H�C�H�<�9�� �7�C�A�D�=�@�9�F�H�<�5�H�H�<�9�<�9�5�8�9�F�:�=�@�9�=�G�=�B�H�<�9
�D�F�C�>�9�7�H�8�=�F�9�7�H�C�F�M�	�F�5�H�<�9�F�H�<�5�B�6�9�=�B�;�5�G�M�G�H�9�A�<�9�5�8�9�F�:�=�@�9�@�=�?�93pi.h �����@�K�5�M�G�F�9�A�9�A�6�9�F�H�C�D�I�H�H�<�9�7�C�8�9�:�C�F�M�C�I�F�:�I�B�7�H�=�C�B�G
�=�B�H�<�9�� �:�=�@�9�=�B�G�H�9�5�8�C�:�H�<�9�<�9�5�8�9�F�:�=�@�9���#�:�M�C�I�8�C�=�H�H�<�9�C�H�<�9�F�K�5�M�	�M�C�I�K�=�@�@�6�9�A�5�?�=�B�;�5�G�9�D�5�F�5�H�9�7�C�D�=�9�G�C�:�H�<�9�7�C�8�9�=�B�9�5�7�<
�:�=�@�9���H�<�5�H���=�B�7�@�I�8�9�G���H�<�9���<�9�5�8�9�F��

�.�<�9�:�=�@�9follow-segment.c �5�@�G�C�7�C�B�H�5�=�B�G�5�G�=�B�;�@�9�:�I�B�7�H�=�C�B�	follow_segment()�	�K�<�=�7�<�K�=�@�@�8�F�=�J�9���D�=�G�H�F�5�=�;�<�H�5�@�C�B�;�5�@�=�B�9
�G�9�;�A�9�B�H�I�B�H�=�@�=�H�F�9�5�7�<�9�G�5�B�=�B�H�9�F�G�9�7�H�=�C�B�C�F�H�<�9�9�B�8�C�:�H�<�9�@�=�B�9���.�<�=�G�=�G�5�@�A�C�G�H�H�<�9�G�5�A�9�5�G�H�<�9�@�=�B�9�:�C�@�@�C�K�=�B�;�7�C�8�9�8�=�G�7�I�G�G�9�8
�=�BSection 7�	���6�I�H���K�=�H�<���9�L�H�F�5���7�<�9�7�?�G���:�C�F���=�B�H�9�F�G�9�7�H�=�C�B�G���5�B�8���H�<�9���9�B�8�G���C�:���@�=�B�9�G�����"�9�F�9���=�G���H�<�9���:�I�B�7�H�=�C�B��

void follow_segment()
{

int last_proportional = 0;
long integral=0;

while(1)
{

// Normally, we will be following a line.  The code below is
// similar to the 3pi-linefollower-pid example, but the maximum
// speed is turned down to 60 for reliability.

// Get the position of the line.
unsigned int sensors[5];
unsigned int position = read_line(sensors,IR_EMITTERS_ON);
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// The "proportional" term should be 0 when we are on the line.
int proportional = ((int)position) - 2000;

// Compute the derivative (change) and integral (sum) of the
// position.
int derivative = proportional - last_proportional;
integral += proportional;

// Remember the last position.
last_proportional = proportional;

// Compute the difference between the two motor power settings,
// m1 - m2.  If this is a positive number the robot will turn
// to the left.  If it is a negative number, the robot will
// turn to the right, and the magnitude of the number determines
// the sharpness of the turn.
int power_difference = proportional/20 + integral/10000 + derivative*3/2;

// Compute the actual motor settings.  We never set either motor
// to a negative value.
const int max = 60; // the maximum speed
if(power_difference > max)

power_difference = max;
if(power_difference < -max)

power_difference = -max;

if(power_difference < 0)
set_motors(max+power_difference,max);

else
set_motors(max,max-power_difference);

// We use the inner three sensors (1, 2, and 3) for
// determining whether there is a line straight ahead, and the
// sensors 0 and 4 for detecting lines going to the left and
// right.

if(sensors[1] < 100 && sensors[2] < 100 && sensors[3] < 100)
{

// There is no line visible ahead, and we didn't see any
// intersection.  Must be a dead end.
return;

}
else if(sensors[0] > 200 || sensors[4] > 200)
{

// Found an intersection.
return;

}

}
}

���9�H�K�9�9�B�H�<�9�*�#���7�C�8�9�5�B�8�H�<�9�=�B�H�9�F�G�9�7�H�=�C�B�8�9�H�9�7�H�=�C�B�	�H�<�9�F�9�5�F�9�B�C�K�5�6�C�I�H�G�=�L�A�C�F�9�D�5�F�5�A�9�H�9�F�G�H�<�5�H�7�C�I�@�8�6�9�5�8�>�I�G�H�9�8��
�1�9�W�J�9�D�=�7�?�9�8�J�5�@�I�9�G�<�9�F�9�H�<�5�H�5�@�@�C�K���D�=�H�C�G�C�@�J�9�H�<�9�A�5�N�9�5�H�5�G�5�:�9�	�7�C�B�H�F�C�@�@�9�8�G�D�9�9�8���H�F�M�=�B�7�F�9�5�G�=�B�;�H�<�9�G�D�9�9�8�5�B�8�M�C�I
�K�=�@�@���E�I�=�7�?�@�M���F�I�B���=�B���H�C���@�C�H�G���C�:���D�F�C�6�@�9�A�G���H�<�5�H���M�C�I�W�@�@���<�5�J�9���H�C���<�5�B�8�@�9���K�=�H�<���A�C�F�9���7�C�A�D�@�=�7�5�H�9�8���7�C�8�9��

�*�I�H�H�=�B�;�H�<�9�� �:�=�@�9�G�5�B�8�<�9�5�8�9�F�:�=�@�9�G�=�B�H�C�M�C�I�F�D�F�C�>�9�7�H�=�G�9�5�G�M�K�=�H�<�� �0�, �-�H�I�8�=�C���#�B�H�<�9�@�9�:�H�7�C�@�I�A�B�C�:�M�C�I�F�G�7�F�9�9�B�	�M�C�I
�G�<�C�I�@�8�G�9�9�C�D�H�=�C�B�G�:�C�F�T�-�C�I�F�7�9� �=�@�9�G�U�5�B�8�T�"�9�5�8�9�F� �=�@�9�G�U���,�=�;�<�H�7�@�=�7�?�C�B�9�=�H�<�9�F�C�B�9�5�B�8�M�C�I�K�=�@�@�<�5�J�9�H�<�9�C�D�H�=�C�B�H�C�5�8�8�C�F
�F�9�A�C�J�9�:�=�@�9�G�:�F�C�A�H�<�9�@�=�G�H���1�<�9�B�M�C�I�6�I�=�@�8�M�C�I�F�D�F�C�>�9�7�H�	�� �0�, �-�H�I�8�=�C�K�=�@�@�5�I�H�C�A�5�H�=�7�5�@�@�M�7�C�A�D�=�@�9�5�@�@�� �:�=�@�9�G�=�B�H�<�9�D�F�C�>�9�7�H
�H�C�;�9�H�<�9�F���H�C���D�F�C�8�I�7�9���5���G�=�B�;�@�9���<�9�L���:�=�@�9��

8.c.Left Hand on the Wall

�.�<�9�6�5�G�=�7�G�H�F�5�H�9�;�M�:�C�F�G�C�@�J�=�B�;�5�B�C�B�
�@�C�C�D�9�8�A�5�N�9�=�G�7�5�@�@�9�8�T�@�9�:�H�<�5�B�8�C�B�H�<�9�K�5�@�@�U���#�A�5�;�=�B�9�K�5�@�?�=�B�;�H�<�F�C�I�;�<�5�F�9�5�@
�@�5�6�M�F�=�B�H�<�R�5�<�I�A�5�B�
�G�=�N�9�8�A�5�N�9�6�I�=�@�H�K�=�H�<�G�H�C�B�9�K�5�@�@�G�R�K�<�=�@�9�?�9�9�D�=�B�;�M�C�I�F�@�9�:�H�<�5�B�8�C�B�H�<�9�K�5�@�@�5�H�5�@�@�H�=�A�9�G���3�C�I�W�@�@�H�I�F�B
�@�9�:�H�K�<�9�B�9�J�9�F�D�C�G�G�=�6�@�9�5�B�8�C�B�@�M�H�I�F�B�F�=�;�<�H�5�H�5�B�=�B�H�9�F�G�9�7�H�=�C�B�=�:�H�<�9�F�9�=�G�B�C�C�H�<�9�F�9�L�=�H���-�C�A�9�H�=�A�9�G�	�K�<�9�B�M�C�I�F�9�5�7�<�5�8�9�5�8
�9�B�8�	�M�C�I�W�@�@�H�I�F�B�����
 �8�9�;�F�9�9�G�H�C�H�<�9�F�=�;�<�H�5�B�8�G�H�5�F�H�K�5�@�?�=�B�;�6�5�7�?�H�<�9�K�5�M�M�C�I�7�5�A�9�����J�9�B�H�I�5�@�@�M�	�5�G�@�C�B�;�5�G�H�<�9�F�9�5�F�9�B�C
�@�C�C�D�G�	�M�C�I�F�<�5�B�8�K�=�@�@�H�F�5�J�9�@�5�@�C�B�;�9�5�7�<�@�9�B�;�H�<�C�:�K�5�@�@�=�B�H�<�9�9�B�H�=�F�9�@�5�6�M�F�=�B�H�<�9�L�5�7�H�@�M�C�B�7�9�	�5�B�8�M�C�I�W�@�@�:�=�B�8�M�C�I�F�K�5�M�6�5�7�?
�H�C�H�<�9�9�B�H�F�5�B�7�9���#�:�H�<�9�F�9�=�G�5�F�C�C�A�G�C�A�9�K�<�9�F�9�=�B�H�<�9�@�5�6�M�F�=�B�H�<�K�=�H�<�5�A�C�B�G�H�9�F�C�F�G�C�A�9�H�F�9�5�G�I�F�9�	�M�C�I�W�@�@�:�=�B�8�H�<�5�H�C�B�H�<�9
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�K�5�M�	�G�=�B�7�9�M�C�I�W�@�@�H�F�5�J�9�@�8�C�K�B�9�J�9�F�M�<�5�@�@�K�5�M�9�L�5�7�H�@�M�H�K�=�7�9���1�9�I�G�9�H�<�=�G�G�=�A�D�@�9�	�F�9�@�=�5�6�@�9�G�H�F�5�H�9�;�M�=�B�C�I�F���D�=�A�5�N�9�G�C�@�J�=�B�;
�9�L�5�A�D�@�9��

// This function decides which way to turn during the learning phase of
// maze solving.  It uses the variables found_left, found_straight, and
// found_right, which indicate whether there is an exit in each of the
// three directions, applying the "left hand on the wall" strategy.
char select_turn(unsigned char found_left, unsigned char found_straight, unsigned char found_right)
{

// Make a decision about how to turn.  The following code
// implements a left-hand-on-the-wall strategy, where we always
// turn as far to the left as possible.
if(found_left)

return 'L';
else if(found_straight)

return 'S';
else if(found_right)

return 'R';
else

return 'B';
}

�.�<�9�J�5�@�I�9�G�F�9�H�I�F�B�9�8�6�Mselect_turn()�7�C�F�F�9�G�D�C�B�8�H�C�H�<�9�J�5�@�I�9�G�I�G�9�8�6�Mturn()�	�G�C�H�<�9�G�9�:�I�B�7�H�=�C�B�G�K�=�@�@�K�C�F�?�B�=�7�9�@�M�H�C�;�9�H�<�9�F
�=�B���C�I�F���A�5�=�B���@�C�C�D��

8.d.The Main Loop(s)

�.�<�9�G�H�F�5�H�9�;�M�C�:�C�I�F�D�F�C�;�F�5�A�=�G�9�L�D�F�9�G�G�9�8�=�B�H�<�9�:�=�@�9maze-solve.c ���'�C�G�H�=�A�D�C�F�H�5�B�H�@�M�	�K�9�K�5�B�H�H�C�?�9�9�D�H�F�5�7�?�C�:�H�<�9�D�5�H�<
�H�<�5�H�K�9�<�5�J�9�:�C�@�@�C�K�9�8�	�G�C�K�9�8�9�:�=�B�9�5�B�5�F�F�5�M�G�H�C�F�=�B�;�I�D�H�C���
�
�� �H�<�9�G�9�K�=�@�@�6�9�H�<�9�G�5�A�9�7�<�5�F�5�7�H�9�F�G�I�G�9�8�=�B�H�<�9turn()
�:�I�B�7�H�=�C�B�����1�9���5�@�G�C���B�9�9�8���H�C���?�9�9�D���H�F�5�7�?���C�:���H�<�9���7�I�F�F�9�B�H���D�5�H�<���@�9�B�;�H�<���G�C���H�<�5�H���K�9���?�B�C�K���K�<�9�F�9���H�C���D�I�H���H�<�9���7�<�5�F�5�7�H�9�F�G���=�B���H�<�9���5�F�F�5�M��

char path[100] = "";
unsigned char path_length = 0; // the length of the path

�)�I�F�T�A�5�=�B�@�C�C�D�U�=�G�:�C�I�B�8�=�B�H�<�9�:�I�B�7�H�=�C�Bmaze_solve()�	 �K�<�=�7�<�=�G�7�5�@�@�9�8�5�:�H�9�F�7�5�@�=�6�F�5�H�=�C�B�	�:�F�C�Amain.c �� �.�<�=�G�:�I�B�7�H�=�C�B
�5�7�H�I�5�@�@�M�=�B�7�@�I�8�9�G�H�K�C�A�5�=�B�@�C�C�D�G�R�5�:�=�F�G�H�C�B�9�H�<�5�H�<�5�B�8�@�9�G�G�C�@�J�=�B�;�H�<�9�A�5�N�9�	�5�B�8�5�G�9�7�C�B�8�H�<�5�H�F�9�D�@�5�M�G�H�<�9�G�C�@�I�H�=�C�B�:�C�F
�H�<�9�:�5�G�H�9�G�H�D�C�G�G�=�6�@�9�H�=�A�9���#�B�:�5�7�H�	�H�<�9�G�9�7�C�B�8�@�C�C�D�=�G�5�7�H�I�5�@�@�M�5�@�C�C�D�K�=�H�<�=�B�5�@�C�C�D�	�G�=�B�7�9�K�9�K�5�B�H�H�C�6�9�5�6�@�9�H�C�F�9�D�@�5�M�H�<�9
�G�C�@�I�H�=�C�B���A�5�B�M���H�=�A�9�G�����"�9�F�9�W�G���5�B���C�I�H�@�=�B�9���C�:���H�<�9���7�C�8�9��

// This function is called once, from main.c.
void maze_solve()
{

while(1)
{

// FIRST MAIN LOOP BODY
// (when we find the goal, we use break; to get out of this)

}

// Now enter an infinite loop - we can re-run the maze as many
// times as we want to.
while(1)
{

// Beep to show that we finished the maze.
// Wait for the user to press a button...

int i;
for(i=0;i<path_length;i++)
{

// SECOND MAIN LOOP BODY
}

// Follow the last segment up to the finish.
follow_segment();

// Now we should be at the finish!  Restart the loop.
}

}
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�.�<�9�:�=�F�G�H�A�5�=�B�@�C�C�D�B�9�9�8�G�H�C�8�F�=�J�9�8�C�K�B�5�G�9�;�A�9�B�H�C�:�H�<�9�7�C�I�F�G�9�	�8�9�7�=�8�9�<�C�K�H�C�H�I�F�B�	�5�B�8�F�9�7�C�F�8�H�<�9�H�I�F�B�=�B�H�<�9path
�J�5�F�=�5�6�@�9���.�C�D�5�G�G�H�<�9�7�C�F�F�9�7�H�5�F�;�I�A�9�B�H�G�H�Cselect_turn()�	�K�9�B�9�9�8�H�C�7�5�F�9�:�I�@�@�M�9�L�5�A�=�B�9�H�<�9�=�B�H�9�F�G�9�7�H�=�C�B�5�G�K�9�7�F�C�G�G�=�H���(�C�H�9
�H�<�5�H�H�<�9�F�9�=�G�5�G�D�9�7�=�5�@�9�L�7�9�D�H�=�C�B�:�C�F�:�=�B�8�=�B�;�H�<�9�9�B�8�C�:�H�<�9�A�5�N�9���.�<�9�:�C�@�@�C�K�=�B�;�7�C�8�9�K�C�F�?�G�D�F�9�H�H�M�K�9�@�@�	�5�H�@�9�5�G�H�5�H�H�<�9�G�@�C�K
�G�D�9�9�8�G���H�<�5�H���K�9�W�F�9���I�G�=�B�;��

// FIRST MAIN LOOP BODY
follow_segment();

// Drive straight a bit.  This helps us in case we entered the
// intersection at an angle.
// Note that we are slowing down - this prevents the robot
// from tipping forward too much.
set_motors(50,50);
delay_ms(50);

// These variables record whether the robot has seen a line to the
// left, straight ahead, and right, whil examining the current
// intersection.
unsigned char found_left=0;
unsigned char found_straight=0;
unsigned char found_right=0;

// Now read the sensors and check the intersection type.
unsigned int sensors[5];
read_line(sensors,IR_EMITTERS_ON);

// Check for left and right exits.
if(sensors[0] > 100)

found_left = 1;
if(sensors[4] > 100)

found_right = 1;

// Drive straight a bit more - this is enough to line up our
// wheels with the intersection.
set_motors(40,40);
delay_ms(200);

// Check for a straight exit.
read_line(sensors,IR_EMITTERS_ON);
if(sensors[1] > 200 || sensors[2] > 200 || sensors[3] > 200)

found_straight = 1;

// Check for the ending spot.
// If all three middle sensors are on dark black, we have
// solved the maze.
if(sensors[1] > 600 && sensors[2] > 600 && sensors[3] > 600)

break;

// Intersection identification is complete.
// If the maze has been solved, we can follow the existing
// path.  Otherwise, we need to learn the solution.
unsigned char dir = select_turn(found_left, found_straight, found_right);

// Make the turn indicated by the path.
turn(dir);

// Store the intersection in the path variable.
path[path_length] = dir;
path_length ++;

// You should check to make sure that the path_length does not
// exceed the bounds of the array.  We'll ignore that in this
// example.

// Simplify the learned path.
simplify_path();

// Display the path on the LCD.
display_path();

�1�9�W�@�@�8�=�G�7�I�G�G�H�<�9�7�5�@�@�H�Csimplify_path()�=�B�H�<�9�B�9�L�H�G�9�7�H�=�C�B�����9�:�C�F�9�H�<�5�H�	�@�9�H�W�G�H�5�?�9�5�@�C�C�?�5�H�H�<�9�G�9�7�C�B�8�A�5�=�B�@�C�C�D�	�K�<�=�7�<
�=�G�J�9�F�M�G�=�A�D�@�9�����@�@�K�9�8�C�=�G�8�F�=�J�9�H�C�H�<�9�B�9�L�H�=�B�H�9�F�G�9�7�H�=�C�B�5�B�8�H�I�F�B�5�7�7�C�F�8�=�B�;�H�C�C�I�F�F�9�7�C�F�8�G�����:�H�9�F�8�C�=�B�;�H�<�9�@�5�G�H�F�9�7�C�F�8�9�8
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�H�I�F�B�	�H�<�9�F�C�6�C�H�K�=�@�@�6�9�C�B�9�G�9�;�A�9�B�H�5�K�5�M�:�F�C�A�H�<�9�:�=�B�=�G�<�	�K�<�=�7�<�9�L�D�@�5�=�B�G�H�<�9�:�=�B�5�@follow_segment()�7�5�@�@�=�B�H�<�9�C�I�H�@�=�B�9�C�:
maze_solve()�5�6�C�J�9��

// SECOND MAIN LOOP BODY
follow_segment();

// Drive straight while slowing down, as before.
set_motors(50,50);
delay_ms(50);
set_motors(40,40);
delay_ms(200);

// Make a turn according to the instruction stored in
// path[i].
turn(path[i]);

8.e.Simplifying the Solution

���:�H�9�F�9�J�9�F�M�H�I�F�B�	�H�<�9�@�9�B�;�H�<�C�:�H�<�9�F�9�7�C�F�8�9�8�D�5�H�<�=�B�7�F�9�5�G�9�G�6�M�����#�:�M�C�I�F�A�5�N�9�	�:�C�F�9�L�5�A�D�@�9�	�<�5�G�5�@�C�B�;�N�=�;�N�5�;�D�5�G�G�5�;�9�K�5�M
�K�=�H�<�B�C�G�=�8�9�9�L�=�H�G�	�M�C�I�W�@�@�G�9�9�5�G�9�E�I�9�B�7�9�@�=�?�9�V�,�&�,�&�,�&�,�&�W�5�D�D�9�5�F�C�B�H�<�9���D�=�W�G�&������ �.�<�9�F�9�W�G�B�C�G�<�C�F�H�7�I�H�H�<�5�H�K�C�I�@�8�;�9�H
�M�C�I�H�<�F�C�I�;�<�H�<�=�G�G�9�7�H�=�C�B�C�:�H�<�9�D�5�H�<�:�5�G�H�9�F�H�<�5�B�>�I�G�H�:�C�@�@�C�K�=�B�;�H�<�9�@�9�:�H�<�5�B�8�C�B�H�<�9�K�5�@�@�G�H�F�5�H�9�;�M���"�C�K�9�J�9�F�	�K�<�9�B�9�J�9�F�K�9
�9�B�7�C�I�B�H�9�F���5���8�9�5�8���9�B�8�	���K�9���7�5�B���G�=�A�D�@�=�:�M���H�<�9���D�5�H�<���H�C���G�C�A�9�H�<�=�B�;���G�<�C�F�H�9�F��

���C�B�G�=�8�9�F�H�<�9�G�9�E�I�9�B�7�9�V�&���&�W�	�K�<�9�F�9�V���W�G�H�5�B�8�G�:�C�F�T�6�5�7�?�U�5�B�8�=�G�H�<�9�5�7�H�=�C�B�H�5�?�9�B�K�<�9�B�5�8�9�5�8�9�B�8�=�G�9�B�7�C�I�B�H�9�F�9�8���.�<�=�G�=�G
�K�<�5�H�<�5�D�D�9�B�G�=�:�H�<�9�F�9�=�G�5�@�9�:�H�H�I�F�B�H�<�5�H�6�F�5�B�7�<�9�G�C�:�:�C�:�5�G�H�F�5�=�;�<�H�D�5�H�<�5�B�8�@�9�5�8�G�=�A�A�9�8�=�5�H�9�@�M�H�C�5�8�9�5�8�9�B�8�����:�H�9�F�H�I�F�B�=�B�;
���
�O�@�9�:�H�	�����
�O�	�5�B�8���
�O�@�9�:�H�5�;�5�=�B�	�H�<�9�B�9�H�9�:�:�9�7�H�=�G�H�<�5�H�H�<�9�F�C�6�C�H�=�G�<�9�5�8�=�B�;�=�B�=�H�G�C�F�=�;�=�B�5�@�8�=�F�9�7�H�=�C�B�5�;�5�=�B���.�<�9�D�5�H�<�7�5�B�6�9
�G�=�A�D�@�=�:�=�9�8�H�C�5�
�O�H�I�F�B���5�G�=�B�;�@�9�V�-�W���.�<�9�:�C�@�@�C�K�=�B�;�8�=�5�;�F�5�A�8�9�D�=�7�H�G�H�<�=�G�G�7�9�B�5�F�=�C�	�G�<�C�K�=�B�;�H�<�9�H�K�C�:�I�B�7�H�=�C�B�5�@�@�M�9�E�I�=�J�5�@�9�B�H
�D�5�H�<�G���:�F�C�A���G�H�5�F�H���H�C���9�B�8��

���B�C�H�<�9�F�9�L�5�A�D�@�9�=�G�5�.�
�=�B�H�9�F�G�9�7�H�=�C�B�K�=�H�<�5�8�9�5�8�9�B�8�C�B�H�<�9�@�9�:�H���V�&���-�W���.�<�9�H�I�F�B�G�5�F�9���
�O�@�9�:�H�	�����
�O�	�5�B�8�
�O�	�:�C�F�5�H�C�H�5�@�C�:
���
�O�F�=�;�<�H�����.�<�9���G�9�E�I�9�B�7�9���G�<�C�I�@�8���6�9���F�9�D�@�5�7�9�8���K�=�H�<���5���G�=�B�;�@�9���V�,�W��

�#�B�:�5�7�H�	�K�<�9�B�9�J�9�F�K�9�<�5�J�9�5�G�9�E�I�9�B�7�9�@�=�?�9�V�L���L�W�	�K�9�7�5�B�F�9�D�@�5�7�9�5�@�@�H�<�F�9�9�H�I�F�B�G�K�=�H�<�5�H�I�F�B�7�C�F�F�9�G�D�C�B�8�=�B�;�H�C�H�<�9�H�C�H�5�@
�5�B�;�@�9�	���9�@�=�A�=�B�5�H�=�B�;���H�<�9���/�
�H�I�F�B���5�B�8���G�D�9�9�8�=�B�;���I�D���C�I�F���G�C�@�I�H�=�C�B�����"�9�F�9�W�G���H�<�9���7�C�8�9���H�C���<�5�B�8�@�9���H�<�=�G��

// Path simplification.  The strategy is that whenever we encounter a
// sequence xBx, we can simplify it by cutting out the dead end.  For
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// example, LBL -> S, because a single S bypasses the dead end
// represented by LBL.
void simplify_path()
{

// only simplify the path if the second-to-last turn was a 'B'
if(path_length < 3 || path[path_length-2] != 'B')

return;

int total_angle = 0;
int i;
for(i=1;i<=3;i++)
{

switch(path[path_length-i])
{
case 'R':

total_angle += 90;
break;

case 'L':
total_angle += 270;
break;

case 'B':
total_angle += 180;
break;

}
}

// Get the angle as a number between 0 and 360 degrees.
total_angle = total_angle % 360;

// Replace all of those turns with a single one.
switch(total_angle)
{
case 0:

path[path_length - 3] = 'S';
break;

case 90:
path[path_length - 3] = 'R';
break;

case 180:
path[path_length - 3] = 'B';
break;

case 270:
path[path_length - 3] = 'L';
break;

}

// The path is now two steps shorter.
path_length -= 2;

}

�)�B�9�=�B�H�9�F�9�G�H�=�B�;�D�C�=�B�H�5�6�C�I�H�H�<�=�G�7�C�8�9�=�G�H�<�5�H�H�<�9�F�9�5�F�9�G�C�A�9�G�9�E�I�9�B�7�9�G�H�<�5�H�G�<�C�I�@�8�B�9�J�9�F�6�9�9�B�7�C�I�B�H�9�F�9�8�6�M�5�@�9�:�H�
�H�I�F�B�=�B�;
�F�C�6�C�H�	�@�=�?�9�V�,���,�W�	�K�<�=�7�<�K�C�I�@�8�6�9�F�9�D�@�5�7�9�8�6�M�V�-�W�5�7�7�C�F�8�=�B�;�H�C�H�<�=�G�7�C�8�9���#�B�5�A�C�F�9�5�8�J�5�B�7�9�8�D�F�C�;�F�5�A�	�M�C�I�A�=�;�<�H�K�5�B�H
�H�C�?�9�9�D�H�F�5�7�?�C�:�=�B�7�C�B�G�=�G�H�9�B�7�=�9�G�@�=�?�9�H�<�=�G�	�G�=�B�7�9�H�<�9�M�=�B�8�=�7�5�H�9�G�C�A�9�?�=�B�8�C�:�5�D�F�C�6�@�9�A�H�<�5�H�7�C�I�@�8�7�5�I�G�9�H�<�9�F�C�6�C�H�H�C�;�9�H�@�C�G�H��

�(�C�K���@�9�H�W�G���G�H�9�D���H�<�F�C�I�;�<���5���G�@�=�;�<�H�@�M���A�C�F�9���7�C�A�D�@�=�7�5�H�9�8���A�5�N�9�	���G�<�C�K�=�B�;���<�C�K���K�9���7�5�B���G�=�A�D�@�=�:�M���H�<�9���D�5�H�<���5�G���K�9���9�L�D�@�C�F�9���=�H��

Fully explore the maze using a left-hand-on-the-wall strategy.
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�.�<�9�5�6�C�J�9�@�=�G�H�C�:�5�7�H�=�C�B�G�=�G�5�F�9�7�C�F�8�C�:�5�@�@�H�<�9�G�H�9�D�G�K�9�H�C�C�?�H�C�:�I�@�@�M�9�L�D�@�C�F�9�H�<�9�A�5�N�9�K�<�=�@�9�@�C�C�?�=�B�;�:�C�F�H�<�9�9�B�8�	�K�<�=�7�<�=�G
�A�5�F�?�9�8�6�M�H�<�9�@�5�F�;�9�6�@�5�7�?�7�=�F�7�@�9���)�I�F�;�C�5�@�=�G�H�C�B�C�K�F�9�8�I�7�9�H�<�=�G�@�=�G�H�H�C�F�9�D�F�9�G�9�B�H�H�<�9�G�<�C�F�H�9�G�H�D�5�H�<�:�F�C�A�G�H�5�F�H�H�C�:�=�B�=�G�<�6�M
�K�9�9�8�=�B�;�C�I�H�5�@�@�C�:�H�<�9�8�9�5�8�9�B�8�G���)�B�9�C�D�H�=�C�B�=�G�H�C�D�9�F�:�C�F�A�H�<�=�G�D�F�I�B�=�B�;�K�<�9�B�K�9�:�=�B�=�G�<�H�<�9�A�5�N�9�	�6�I�H�H�<�9�6�9�H�H�9�F�5�D�D�F�C�5�7�<
�=�G�H�C�D�9�F�:�C�F�A�H�<�9�D�F�I�B�=�B�;�5�G�K�9�;�C�H�C�?�9�9�D�C�I�F�@�=�G�H�:�F�C�A�;�F�C�K�=�B�;�9�L�7�9�G�G�=�J�9�@�M�@�5�F�;�9�5�B�8�H�5�?�=�B�;�I�D�A�C�F�9�A�9�A�C�F�M�H�<�5�B�K�9
�<�5�J�9���5�J�5�=�@�5�6�@�9��

Prune out the first dead end as we identify it.
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�1�<�9�B�K�9�9�B�7�C�I�B�H�9�F�H�<�9�:�=�F�G�H�=�B�H�9�F�G�9�7�H�=�C�B�5�:�H�9�F�C�I�F�:�=�F�G�H�T�6�5�7�?�U�5�7�H�=�C�B�	�K�9�?�B�C�K�K�9�<�5�J�9�F�9�5�7�<�9�8�5�8�9�5�8�9�B�8�H�<�5�H�7�5�B�6�9
�F�9�A�C�J�9�8�:�F�C�A�C�I�F�@�=�G�H�C�:�5�7�H�=�C�B�G���#�B�H�<�=�G�7�5�G�9�	�H�<�9�A�C�G�H�F�9�7�9�B�H�5�7�H�=�C�B�G�=�B�C�I�F�@�=�G�H�=�G�H�<�9�G�9�E�I�9�B�7�9�V�-���&�W�	�5�B�8�H�<�9�8�=�5�;�F�5�A
�G�<�C�K�G���H�<�5�H���H�<�=�G���G�9�E�I�9�B�7�9���7�5�B���6�9���G�=�A�D�@�=�:�=�9�8���=�B�H�C���5���G�=�B�;�@�9���F�=�;�<�H���H�I�F�B���V�,�W��

Prune out the rest of this dead-end branch as we back-track.
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�1�9�B�9�L�H�9�B�8�I�D�K�=�H�<�H�<�9�G�9�E�I�9�B�7�9�V�,���&�W�	�K�<�=�7�<�F�9�8�I�7�9�G�H�C�5�G�=�B�;�@�9�6�5�7�?�V���W�	�5�B�8�H�<�=�G�7�C�A�6�=�B�9�G�K�=�H�<�H�<�9�B�9�L�H�5�7�H�=�C�B�H�C
�D�F�C�8�I�7�9���H�<�9���G�9�E�I�9�B�7�9���V�&���&�W�	���K�<�=�7�<���F�9�8�I�7�9�G���H�C���5���G�=�B�;�@�9���G�H�F�5�=�;�<�H���V�-�W��

Prune out the final dead-end branch to leave us with the shortest path from start to finish.
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�.�<�9�@�5�G�H�8�9�5�8�9�B�8�;�=�J�9�G�I�G�H�<�9�G�9�E�I�9�B�7�9�V�-���&�W�	�K�<�=�7�<�F�9�8�I�7�9�G�H�C�5�G�=�;�@�9�F�=�;�<�H�H�I�F�B�V�,�W���)�I�F�5�7�H�=�C�B�@�=�G�H�=�G�B�C�K�>�I�G�H�V�,�W�5�B�8
�F�9�D�F�9�G�9�B�H�G���H�<�9���G�<�C�F�H�9�G�H���D�5�H�<���:�F�C�A���G�H�5�F�H���H�C���:�=�B�=�G�<��

���G���K�9���8�F�C�J�9���H�<�9���A�5�N�9�	���C�I�F���5�7�H�=�C�B���@�=�G�H���K�C�I�@�8���<�5�J�9���@�C�C�?�9�8���@�=�?�9���H�<�9���:�C�@�@�C�K�=�B�;��

���� �&

���� �&�-

���� �&�-��

���� �&�-���&���������&�,(pruning occurs here)

���� �&�,��

���� �&�,���&���������&��(pruning occurs here)

���� �&���&���������-(pruning occurs here)

���� �-��

���� �-���&���������,(pruning occurs here)

8.f. Impr oving the Maze-Solving Code

�1�9�<�5�J�9�;�C�B�9�C�J�9�F�H�<�9�A�C�G�H�=�A�D�C�F�H�5�B�H�D�5�F�H�G�C�:�H�<�9�7�C�8�9���H�<�9�C�H�<�9�F�6�=�H�G�5�B�8�D�=�9�7�9�G���@�=�?�9�H�<�9�:�I�B�7�H�=�C�Bdisplay_path()�	
�H�<�9�G�H�5�F�H�
�I�D�G�9�E�I�9�B�7�9�5�B�8�7�5�@�=�6�F�5�H�=�C�B�	�9�H�7�����7�5�B�6�9�:�C�I�B�8�K�=�H�<�9�J�9�F�M�H�<�=�B�;�9�@�G�9�=�B�H�<�9�:�C�@�8�9�Fexamples\atmegaxx8\3pi-

mazesolver �����:�H�9�F�M�C�I�<�5�J�9�H�<�9�7�C�8�9�K�C�F�?�=�B�;�5�B�8�M�C�I�I�B�8�9�F�G�H�5�B�8�=�H�K�9�@�@�	�M�C�I�G�<�C�I�@�8�H�F�M�H�C�=�A�D�F�C�J�9�M�C�I�F�F�C�6�C�H�H�C�6�9�5�G
�:�5�G�H���5�G���D�C�G�G�=�6�@�9�����.�<�9�F�9���5�F�9���A�5�B�M���H�<�=�B�;�G���M�C�I���7�5�B���8�C���H�C���H�F�M���H�C���A�5�?�9���=�H���6�9�H�H�9�F��
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�P �#�B�7�F�9�5�G�=�B�;���H�<�9���@�=�B�9�
�:�C�@�@�C�K�=�B�;���G�D�9�9�8��

�P �#�A�D�F�C�J�=�B�;���H�<�9���@�=�B�9�
�:�C�@�@�C�K�=�B�;���*�#�����7�C�B�G�H�5�B�H�G��

�P �#�B�7�F�9�5�G�=�B�;���H�I�F�B�=�B�;���G�D�9�9�8��

�P �#�8�9�B�H�=�:�M�=�B�;���G�=�H�I�5�H�=�C�B�G���K�<�9�F�9���H�<�9���F�C�6�C�H���<�5�G���;�C�H�H�9�B���@�C�G�H��

�P ���8�>�I�G�H�=�B�;���H�<�9���G�D�9�9�8���6�5�G�9�8���C�B���K�<�5�H���=�G���7�C�A�=�B�;���I�D�����9���;�����8�F�=�J�=�B�;���G�H�F�5�=�;�<�H���H�<�F�C�I�;�<���5�B���V�-�W���5�H���:�I�@�@���G�D�9�9�8��

�.�<�9�:�C�@�@�C�K�=�B�;�J�=�8�9�C�G�<�C�K�G�5���D�=�D�F�C�H�C�H�M�D�9�S�=�H�C�B�@�M�<�5�G�C�B�9�6�@�I�9�D�C�K�9�F�&�����	 �6�I�H�=�H�=�G�C�H�<�9�F�K�=�G�9�:�I�B�7�H�=�C�B�5�@�@�M�=�8�9�B�H�=�7�5�@
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9. Pin Assignment Tables

General features of the Pololu 3pi robot, top view.
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Labeled bottom view of the Pololu 3pi robot.
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Specific features of the Pololu 3pi robot, top view.

Pololu 3pi Robot User's Guide © 2001Ð2011 Pololu Corporation

9. Pin Assignment Tables Page 50 of 68



Pin Assignment Table Sorted by Function

Function ATmegaxx8 Pin Arduino Pin

�:�F�9�9���8�=�;�=�H�5�@���#���)�G�����L����
���F�9�A�C�J�9���*�������>�I�A�D�9�F���H�C���:�F�9�9���8�=�;�=�H�5�@���D�=�B��������

�*���
�	���*�����	���*���� �8�=�;�=�H�5�@���D�=�B�G���
�	�����	������

�:�F�9�9���5�B�5�@�C�;���=�B�D�I�H�G�����=�:���M�C�I���F�9�A�C�J�9���>�I�A�D�9�F�G�	���L�����*�����	�����������	���������� �5�B�5�@�C�;���=�B�D�I�H�G�������R����

�A�C�H�C�F���������@�9�:�H���A�C�H�C�F�����7�C�B�H�F�C�@���������5�B�8�������*�������5�B�8���*���� �8�=�;�=�H�5�@���D�=�B�G�������5�B�8����

�A�C�H�C�F���������F�=�;�<�H���A�C�H�C�F�����7�C�B�H�F�C�@���������5�B�8�������*�������5�B�8���*���� �8�=�;�=�H�5�@���D�=�B�G�������5�B�8������

�+�.�,�
�,�����F�9�:�@�9�7�H�5�B�7�9���G�9�B�G�C�F�G�����@�9�:�H���H�C���F�=�;�<�H�	���L�����*���
���R���*���� �8�=�;�=�H�5�@���D�=�B�G���������R������

�F�9�8�����@�9�:�H�����I�G�9�F���&���� �*���� �8�=�;�=�H�5�@���D�=�B����

�;�F�9�9�B�����F�=�;�<�H�����I�G�9�F���&���� �*���� �8�=�;�=�H�5�@���D�=�B����

�I�G�9�F���D�I�G�<�6�I�H�H�C�B�G�����@�9�:�H���H�C���F�=�;�<�H�	���L�����*�����	���*�����	���5�B�8���*���� �8�=�;�=�H�5�@���=�B�D�I�H�G�����	�������	���5�B�8������

�6�I�N�N�9�F �*���� �8�=�;�=�H�5�@���D�=�B�����


�&�������7�C�B�H�F�C�@�����,�-�	���,���1�	������ �*�����	���*���
�	���5�B�8���*���� �8�=�;�=�H�5�@���D�=�B�G�����	�����	���5�B�8����

�&�������8�5�H�5�������
�6�=�H�������������R���������� �*�����	���*�����	���*�����	���5�B�8���*�����8�=�;�=�H�5�@���D�=�B�G�����	�������	�������	���5�B�8����

�F�9�:�@�9�7�H�5�B�7�9���G�9�B�G�C�F���#�,���&�������7�C�B�H�F�C�@�����8�F�=�J�9���@�C�K���H�C���H�I�F�B���#�,���&�����G���C�:�:�� �*���������H�<�F�C�I�;�<���>�I�A�D�9�F���8�=�;�=�H�5�@���D�=�B������

�I�G�9�F���H�F�=�A�A�9�F���D�C�H�9�B�H�=�C�A�9�H�9�F �������������H�<�F�C�I�;�<���>�I�A�D�9�F���5�B�5�@�C�;���=�B�D�I�H����

�������F�8�G���C�:���6�5�H�H�9�F�M���J�C�@�H�5�;�9 �������������H�<�F�C�I�;�<���>�I�A�D�9�F���5�B�5�@�C�;���=�B�D�I�H����

�#���-�*���D�F�C�;�F�5�A�A�=�B�;���@�=�B�9�G�����L���� �*�����	���*�����	���*���� �8�=�;�=�H�5�@���D�=�B�G�������	�������	���5�B�8������

�F�9�G�9�H���D�I�G�<�6�I�H�H�C�B �*���� �F�9�G�9�H

�/���, �.�����,�2���5�B�8���.�2�� �*���
���5�B�8���*���� �8�=�;�=�H�5�@���D�=�B�G���
���5�B�8����

�#�������.�1�# �=�B�5�7�7�9�G�G�5�6�@�9���H�C���I�G�9�F

�-�*�# �=�B�5�7�7�9�G�G�5�6�@�9���H�C���I�G�9�F
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Pin Assignment Table Sorted by Pin

ATmegaxx8
Pin

3pi Function Notes/Alternate Functions

�*���
 �:�F�9�9���8�=�;�=�H�5�@���#���)�/�-���, �.���=�B�D�I�H���D�=�B�����,�2����

�*���� �:�F�9�9���8�=�;�=�H�5�@���#���)
connected to red user LED���<�=�;�<���H�I�F�B�G���&�������C�B��
�/�-���, �.���C�I�H�D�I�H���D�=�B�����.�2����

�*���� LCD control line RS �9�L�H�9�F�B�5�@���=�B�H�9�F�F�I�D�H���
�����#�(�.�
��

�*���� M2 control line �.�=�A�9�F�����*�1�'���C�I�H�D�I�H���������)��������

�*���� LCD control line E
�/�-���, �.���9�L�H�9�F�B�5�@���7�@�C�7�?���=�B�D�I�H���C�I�H�D�I�H�����2���%��
�.�=�A�9�F�
���9�L�H�9�F�B�5�@���7�C�I�B�H�9�F�����.�
��

�*���� M1 control line �.�=�A�9�F�
���*�1�'���C�I�H�D�I�H���������)���
����

�*���� M1 control line �.�=�A�9�F�
���*�1�'���C�I�H�D�I�H���������)���
����

�*���� LCD data line DB7 connected to green user LED���<�=�;�<���H�I�F�B�G���&�������C�B��

�*���
 LCD control line R/W
�.�=�A�9�F�����=�B�D�I�H���7�5�D�H�I�F�9�����#���*����
�8�=�J�=�8�9�8���G�M�G�H�9�A���7�@�C�7�?���C�I�H�D�I�H�������&�%�
��

�*���� LCD data line DB4
user pushbutton���D�F�9�G�G�=�B�;���D�I�@�@�G���D�=�B���@�C�K��
�.�=�A�9�F�����*�1�'���C�I�H�D�I�H���������)��������

�*���� buzzer �.�=�A�9�F�����*�1�'���C�I�H�D�I�H���������)��������

�*���� M2 control line
�.�=�A�9�F�����*�1�'���C�I�H�D�I�H���������)��������
�#�-�*���D�F�C�;�F�5�A�A�=�B�;���@�=�B�9

�*���� LCD data line DB5
user pushbutton���D�F�9�G�G�=�B�;���D�I�@�@�G���D�=�B���@�C�K��
Caution: also an ISP programming line

�*���� LCD data line DB6
user pushbutton���D�F�9�G�G�=�B�;���D�I�@�@�G���D�=�B���@�C�K��
Caution: also an ISP programming line

�*���

QTR-RC reflectance
sensor

���8�F�=�J�9���<�=�;�<���:�C�F�����
���I�G�	���H�<�9�B���K�5�=�H���:�C�F���@�=�B�9���=�B�D�I�H���H�C���;�C���@�C�K�����G�9�B�G�C�F���@�5�6�9�@�9�8���*���
�����@�9�:�H�A�C�G�H
�G�9�B�G�C�F��

�*����
QTR-RC reflectance
sensor

���8�F�=�J�9���<�=�;�<���:�C�F�����
���I�G�	���H�<�9�B���K�5�=�H���:�C�F���@�=�B�9���=�B�D�I�H���H�C���;�C���@�C�K�����G�9�B�G�C�F���@�5�6�9�@�9�8���*����

�*����
QTR-RC reflectance
sensor

���8�F�=�J�9���<�=�;�<���:�C�F�����
���I�G�	���H�<�9�B���K�5�=�H���:�C�F���@�=�B�9���=�B�D�I�H���H�C���;�C���@�C�K�����G�9�B�G�C�F���@�5�6�9�@�9�8���*���������7�9�B�H�9�F
�G�9�B�G�C�F��

�*����
QTR-RC reflectance
sensor

���8�F�=�J�9���<�=�;�<���:�C�F�����
���I�G�	���H�<�9�B���K�5�=�H���:�C�F���@�=�B�9���=�B�D�I�H���H�C���;�C���@�C�K�����G�9�B�G�C�F���@�5�6�9�@�9�8���*����

�*����
QTR-RC reflectance
sensor

���8�F�=�J�9���<�=�;�<���:�C�F�����
���I�G�	���H�<�9�B���K�5�=�H���:�C�F���@�=�B�9���=�B�D�I�H���H�C���;�C���@�C�K�����G�9�B�G�C�F���@�5�6�9�@�9�8���*����
���F�=�;�<�H�A�C�G�H���G�9�B�G�C�F��

�*����
�5�B�5�@�C�;���=�B�D�I�H���5�B�8���8�=�;�=�H�5�@
�#���)

jumpered to sensorsÕ IR LEDs���8�F�=�J�=�B�;���@�C�K���H�I�F�B�G���C�:�:���9�A�=�H�H�9�F�G��
���������=�B�D�I�H���7�<�5�B�B�9�@������������������

�������� �8�9�8�=�7�5�H�9�8���5�B�5�@�C�;���=�B�D�I�Hjumpered to 2/3rds of battery voltage���������=�B�D�I�H���7�<�5�B�B�9�@������������������

�������� �8�9�8�=�7�5�H�9�8���5�B�5�@�C�;���=�B�D�I�Hjumpered to user trimmer potentiometer���������=�B�D�I�H���7�<�5�B�B�9�@������������������

�F�9�G�9�H �F�9�G�9�H���D�I�G�<�6�I�H�H�C�B�=�B�H�9�F�B�5�@�@�M���D�I�@�@�9�8���<�=�;�<�����5�7�H�=�J�9���@�C�K���8�=�;�=�H�5�@���#���)���8�=�G�5�6�@�9�8���6�M���8�9�:�5�I�@�H

Pololu 3pi Robot User's Guide © 2001Ð2011 Pololu Corporation

9. Pin Assignment Tables Page 52 of 68



10.Expansion Information
10.a.Serial slave program

�.�<�9�*�C�@�C�@�I�� �0�, �@�=�6�F�5�F�M���G�9�9Section 6.a�� �7�C�A�9�G�K�=�H�<�5�B�9�L�5�A�D�@�9�G�9�F�=�5�@�G�@�5�J�9�D�F�C�;�F�5�A�:�C�F�H�<�9���D�=�=�Blibpololu-

avr\examples\atmegaxx8\3pi-serial-slave �	 �5�B�8�5 �7�C�F�F�9�G�D�C�B�8�=�B�;�G�9�F�=�5�@�A�5�G�H�9�F�D�F�C�;�F�5�A�=�Blibpololu-

avr\examples\atmegaxx8\3pi-serial-master ���.�<�=�G�9�L�5�A�D�@�9�G�<�C�K�G�<�C�K�H�C�I�G�9�5�F�=�B�;�6�I�:�:�9�F�=�B�-���,�#���&�4���"�����%�A�C�8�9
�H�C�7�C�B�H�=�B�I�C�I�G�@�M�F�9�7�9�=�J�9�5�B�8�=�B�H�9�F�D�F�9�H�5�G�=�A�D�@�9�G�9�H�C�:�7�C�A�A�5�B�8�G���.�<�9�7�C�A�A�5�B�8�G�7�C�B�H�F�C�@�J�5�F�=�C�I�G�:�9�5�H�I�F�9�G�C�:�H�<�9���D�=�	
�A�5�?�=�B�;�=�H�D�C�G�G�=�6�@�9�H�C�I�G�9�H�<�9���D�=�5�G�5�T�G�A�5�F�H�6�5�G�9�U�7�C�B�H�F�C�@�@�9�8�6�M�5�B�C�H�<�9�F�D�F�C�7�9�G�G�C�F���#�H�=�G�9�5�G�M�H�C�5�8�8�A�C�F�9�7�C�A�A�5�B�8�G
�M�C�I�F�G�9�@�:���C�F���5�8�5�D�H���H�<�9���@�=�6�F�5�F�M���H�C���K�C�F�?���C�B���5���8�=�:�:�9�F�9�B�H���6�C�5�F�8��

�(�C�H�9�H�<�5�H�K�9�C�:�:�9�F�G�9�J�9�F�5�@�6�5�G�=�7�9�L�D�5�B�G�=�C�B�?�=�H�G�C�B�K�<�=�7�<�M�C�I�7�5�B�A�C�I�B�H�G�I�7�<�5�G�9�7�C�B�8�5�F�M�A�=�7�F�C�7�C�B�H�F�C�@�@�9�F�5�B�8�5�8�8�=�H�=�C�B�5�@
�9�@�9�7�H�F�C�B�=�7�G��black with cutouts [http://www .pololu.com/catalog/product/979] �H�<�5�H�@�9�H�M�C�I�J�=�9�K�H�<�9�&���� �I�B�8�9�F�B�9�5�H�<�	black
without cutouts [http://www .pololu.com/catalog/product/978] �H�<�5�H�F�9�D�@�5�7�9�G�H�<�9�&���� �5�B�8�A�5�L�=�A�=�N�9�G�D�F�C�H�C�H�M�D�=�B�;�G�D�5�7�9�	red
with cutouts [http://www .pololu.com/catalog/product/977]�	���5�B�8red without cutouts[http://www .pololu.com/catalog/product/976]��

�.�<�9���:�C�@�@�C�K�=�B�;���H�K�C���D�=�7�H�I�F�9�G���G�<�C�K���H�<�9���6�@�5�7�?���J�9�F�G�=�C�B���K�=�H�<���7�I�H�C�I�H�G���A�C�I�B�H�9�8���C�B���5�����D�=���F�C�6�C�H��

�1�9�5�@�G�C�C�:�:�9�F�5more advancedexpansionkit [http://www .pololu.com/catalog/product/2152] �H�<�5�H�@�9�H�G�M�C�I�H�I�F�B�M�C�I�F���D�=�F�C�6�C�H
�=�B�H�C�5�B�A���D�=�F�C�6�C�H���.�<�9�A���D�=�9�L�D�5�B�G�=�C�B�?�=�H�<�5�G�G�C�7�?�9�H�G�:�C�F�5�8�8�=�H�=�C�B�5�@�9�@�9�7�H�F�C�B�=�7�G�	�A�5�?�=�B�;�=�H�G�=�A�D�@�9�H�C�G�=�;�B�=�:�=�7�5�B�H�@�M
�=�B�7�F�9�5�G�9�H�<�9�7�5�D�5�6�=�@�=�H�=�9�G�C�: �M�C�I�F���D�=���)�B�9 �G�C�7�?�9�H�@�9�H�W�G �M�C�I�I�G�9�5 �D�C�K�9�F�:�I�@mbed development board
[http://www .pololu.com/catalog/product/2150] �5�G�5�<�=�;�<�
�@�9�J�9�@�F�C�6�C�H�7�C�B�H�F�C�@�@�9�F���6�M�=�G�G�I�=�B�;�G�9�F�=�5�@�7�C�A�A�5�B�8�G�H�C�H�<�9���D�=�6�5�G�9�K�<�=�@�9
�=�H�=�G�F�I�B�B�=�B�;�=�H�G�G�9�F�=�5�@�G�@�5�J�9�D�F�C�;�F�5�A���	�5�B�8�5�B�C�H�<�9�F�G�C�7�?�9�H�7�5�B�6�9�I�G�9�8�:�C�F�5�H�<�9�9�5�G�M�5�8�8�=�H�=�C�B�C�:�5�K�=�F�9�@�9�G�G�G�9�F�=�5�@�A�C�8�I�@�9
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���2���9�9�	Wixel [http://www .pololu.com/catalog/product/1337]�	���@�I�9�H�C�C�H�<�	�9�H�7�����*�@�9�5�G�9�B�C�H�9�H�<�5�H�H�<�9�A���D�=�F�C�6�C�H�=�G�5�@�G�C�5�J�5�=�@�5�6�@�9
�:�I�@�@�M���5�G�G�9�A�6�@�9�8�����*�@�9�5�G�9���G�9�9���H�<�9m3pi robot product page[http://www .pololu.com/catalog/product/2151]�:�C�F���A�C�F�9���=�B�:�C�F�A�5�H�=�C�B��

Pololu m3pi expansion kit.
Pololu m3pi robot controlled by an ARM

mbed development board.

���C�A�D�@�9�H�9�8�C�7�I�A�9�B�H�5�H�=�C�B�C�:�H�<�9�G�9�F�=�5�@�:�I�B�7�H�=�C�B�G�I�G�9�8�<�9�F�9�7�5�B�6�9�:�C�I�B�8�=�BSection 10 �C�:�H�<�9Pololu AVR Library
Command Reference[http://www .pololu.com/docs/0J18]��

�.�<�=�G�G�@�5�J�9�D�F�C�;�F�5�A�F�9�7�9�=�J�9�G�G�9�F�=�5�@�8�5�H�5�C�B�D�C�F�H�*���
 ���,�2���C�:�H�<�9���D�=�5�B�8�H�F�5�B�G�A�=�H�G�F�9�G�D�C�B�G�9�G���K�<�9�B�B�9�7�9�G�G�5�F�M���C�B�D�C�F�H
�*���� ���.�2���	�I�G�=�B�;�5�����������?�6�5�I�8�	�.�.�&�
�@�9�J�9�@�G�9�F�=�5�@�D�F�C�H�C�7�C�@���#�B�H�<�=�G�9�L�5�A�D�@�9�	�H�<�9�F�9�5�F�9�B�C�D�5�F�=�H�M�6�=�H�G�	�� �8�5�H�5�6�=�H�G�	�5�B�8�C�B�9
�G�H�C�D�6�=�H���(���������.�<�9�7�C�A�A�5�B�8�G�=�A�D�@�9�A�9�B�H�9�8�<�9�F�9�9�5�7�<�7�C�B�G�=�G�H�C�:�5�G�=�B�;�@�9�7�C�A�A�5�B�8�6�M�H�9�:�C�@�@�C�K�9�8�6�M�N�9�F�C�C�F�A�C�F�9�8�5�H�5
�6�M�H�9�G���.�C�A�5�?�9�=�H�9�5�G�M�H�C�8�=�:�:�9�F�9�B�H�=�5�H�9�H�<�9�7�C�A�A�5�B�8�6�M�H�9�G�:�F�C�A�H�<�9�8�5�H�5�6�M�H�9�G�	�H�<�9�7�C�A�A�5�B�8�6�M�H�9�G�5�F�9�5�@�@�=�B�H�<�9�F�5�B�;�9
�
�L���
�
�
�L�:�:�	�K�<�=�@�9�H�<�9�8�5�H�5�6�M�H�9�G�5�F�9�=�B�H�<�9�F�5�B�;�9�
�L�
�
�
�
�L���:���.�<�5�H�=�G�	�H�<�9�7�C�A�A�5�B�8�6�M�H�9�G�<�5�J�9�H�<�9�=�F�A�C�G�H�G�=�;�B�=�:�=�7�5�B�H�6�=�H�G
�G�9�H�	���K�<�=�@�9���H�<�9���8�5�H�5���6�M�H�9�G���<�5�J�9���H�<�5�H���6�=�H���I�B�G�9�H��

�-�C�A�9�7�C�A�A�5�B�8�G�F�9�G�I�@�H�=�B�H�<�9���D�=�G�9�B�8�=�B�;�8�5�H�5�6�5�7�?�C�I�H�H�C�H�<�9�7�C�B�H�F�C�@�@�=�B�;�8�9�J�=�7�9��� �C�F�7�C�A�A�5�B�8�G�K�<�9�F�9�=�B�H�9�;�9�F�G�5�F�9�G�9�B�H
�6�5�7�?�	���H�<�9���@�9�5�G�H���G�=�;�B�=�:�=�7�5�B�H���6�M�H�9���=�G���G�9�B�H���:�=�F�G�H�����@�=�H�H�@�9���9�B�8�=�5�B����

�#�:�6�5�8�7�C�A�A�5�B�8�G�C�F�8�5�H�5�6�M�H�9�G�5�F�9�8�9�H�9�7�H�9�8�	�H�<�9�G�@�5�J�9�D�F�C�;�F�5�A�6�9�9�D�G�5�B�8�8�=�G�D�@�5�M�G�5�B�9�F�F�C�F�A�9�G�G�5�;�9�C�B�H�<�9�&������
�.�<�=�G�A�9�5�B�G�H�<�5�H�=�:�M�C�I�5�F�9�I�G�=�B�;�H�<�9expansionkit without cutouts [http://www .pololu.com/catalog/product/978]�	�M�C�I�G�<�C�I�@�8
�D�F�C�6�5�6�@�M���F�9�A�C�J�9���H�<�9���&�����
�F�9�@�5�H�9�8���7�C�A�A�5�B�8�G���6�9�:�C�F�9���@�C�5�8�=�B�;���H�<�9���D�F�C�;�F�5�A���C�B�H�C���M�C�I�F�����D�=��

�.�<�9���:�C�@�@�C�K�=�B�;���7�C�A�A�5�B�8�G���5�F�9���F�9�7�C�;�B�=�N�9�8���6�M���H�<�9���G�@�5�J�9���D�F�C�;�F�5�A��
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Command
byte

Command
Data
bytes

Response
bytes

Description

�
�L���� signature �
 ��
�-�9�B�8�G�H�<�9�G�@�5�J�9�B�5�A�9�5�B�8�7�C�8�9�J�9�F�G�=�C�B�	�9���;���T���D�=�����
�U���.�<�=�G
�7�C�A�A�5�B�8�5�@�G�C�G�9�H�G�A�C�H�C�F�G�D�9�9�8�G�H�C�
 �5�B�8�G�H�C�D�G�*�#�� �@�=�B�9
�:�C�@�@�C�K�=�B�;�	���=�:���5�7�H�=�J�9�	���G�C���=�H���=�G���I�G�9�:�I�@���5�G���5�B���=�B�=�H�=�5�@�=�N�5�H�=�C�B���7�C�A�A�5�B�8��

�
�L���� raw sensors �
 ���

�,�9�5�8�G�5�@�@�:�=�J�9�#�,�G�9�B�G�C�F�G�5�B�8�G�9�B�8�G�H�<�9�F�5�K�J�5�@�I�9�G�5�G�5�G�9�E�I�9�B�7�9
�C�:���H�K�C�
�6�M�H�9���=�B�H�G�	���=�B���H�<�9���F�5�B�;�9���
�
���
�
�


�
�L���� calibratedsensors �
 ���

�,�9�5�8�G�5�@�@�:�=�J�9�#�, �G�9�B�G�C�F�G�5�B�8�G�9�B�8�G�7�5�@�=�6�F�5�H�9�8�J�5�@�I�9�G�5�G�5
�G�9�E�I�9�B�7�9���C�:���H�K�C�
�6�M�H�9���=�B�H�G�	���=�B���H�<�9���F�5�B�;�9���
�
���
�
�


�
�L���
 trimpot �
 ��
�-�9�B�8�G�H�<�9�J�C�@�H�5�;�9�C�I�H�D�I�H�C�:�H�<�9�H�F�=�A�D�C�H�5�G�5�H�K�C�
�6�M�H�9�=�B�H�	�=�B�H�<�9
�F�5�B�;�9���
�
���
����

�
�L���� batterymillivolts �
 �� �-�9�B�8�G���H�<�9���6�5�H�H�9�F�M���J�C�@�H�5�;�9���C�:���H�<�9�����D�=���=�B���A�0�	���5�G���5���H�K�C�
�6�M�H�9���=�B�H

�
�L���� playmusic ���
���
�� �


�*�@�5�M�G�5�H�I�B�9�G�D�9�7�=�:�=�9�8�6�M�5�G�H�F�=�B�;�C�:�A�I�G�=�7�5�@�7�C�A�A�5�B�8�G���.�<�9
�:�=�F�G�H�8�5�H�5�6�M�H�9�G�D�9�7�=�:�=�9�G�H�<�9�@�9�B�;�H�<�C�:�H�<�9�:�C�@�@�C�K�=�B�;�G�H�F�=�B�;���A�5�L
�@�9�B�;�H�<���
�
���	�G�C�H�<�5�H�H�<�9�G�@�5�J�9�D�F�C�;�F�5�A�?�B�C�K�G�<�C�K�A�5�B�M�A�C�F�9
�8�5�H�5�6�M�H�9�G�H�C�F�9�5�8���-�9�9�H�<�9play() �7�C�A�A�5�B�8�=�BSection3 �C�:�H�<�9
Pololu AVR Library CommandReference�:�C�F�5�8�9�G�7�F�=�D�H�=�C�B�C�:
�H�<�9���A�I�G�=�7�5�@���7�C�A�A�5�B�8���:�C�F�A�5�H��

�
�L���� calibrate �
 ���


�*�9�F�:�C�F�A�G�C�B�9�F�C�I�B�8�C�:�7�5�@�=�6�F�5�H�=�C�B�C�B�H�<�9�G�9�B�G�C�F�G�	�F�9�5�8�G�5�@�@�:�=�J�9
�#�,�G�9�B�G�C�F�G�	�5�B�8�G�9�B�8�G�7�5�@�=�6�F�5�H�9�8�J�5�@�I�9�G�5�G�5�G�9�E�I�9�B�7�9�C�:�H�K�C�

�6�M�H�9�=�B�H�G�	�=�B�H�<�9�F�5�B�;�9�
�
���
�
�
���.�<�=�G�G�<�C�I�@�8�6�9�7�5�@�@�9�8�A�I�@�H�=�D�@�9
�H�=�A�9�G�	���5�G���H�<�9���F�C�6�C�H���A�C�J�9�G���C�J�9�F���5���F�5�B�;�9���:�F�C�A���K�<�=�H�9���H�C���6�@�5�7�?��

�
�L���� resetcalibration �
 �

�,�9�G�9�H�G�H�<�9�7�5�@�=�6�F�5�H�=�C�B���.�<�=�G�G�<�C�I�@�8�5�@�K�5�M�G�6�9�I�G�9�8�K�<�9�B
�7�C�B�B�9�7�H�=�B�;�H�C�5�G�@�5�J�9�	�=�B�7�5�G�9�H�<�9�A�5�G�H�9�F�F�9�G�9�H�K�=�H�<�C�I�H�5�G�@�5�J�9
�F�9�G�9�H�	���:�C�F���9�L�5�A�D�@�9���=�B���7�5�G�9���C�:���5���D�C�K�9�F���;�@�=�H�7�<��

�
�L���� line position �
 ��

�,�9�5�8�G�5�@�@�:�=�J�9�#�,�G�9�B�G�C�F�G�I�G�=�B�;�7�5�@�=�6�F�5�H�9�8�J�5�@�I�9�G�5�B�8�9�G�H�=�A�5�H�9�G
�H�<�9�D�C�G�=�H�=�C�B�C�:�5�6�@�5�7�?�@�=�B�9�I�B�8�9�F�H�<�9�F�C�6�C�H���.�<�9�J�5�@�I�9�	�K�<�=�7�<�=�G
�G�9�B�H�6�5�7�?�5�G�5�H�K�C�
�6�M�H�9�=�B�H�9�;�9�F�	�=�G�
 �K�<�9�B�H�<�9�@�=�B�9�=�G�I�B�8�9�F�G�9�B�G�C�F
�*���
 �C�F�:�5�F�H�<�9�F�H�C�H�<�9�@�9�:�H�	���
�
�
 �K�<�9�B�H�<�9�@�=�B�9�=�G�8�=�F�9�7�H�@�M�I�B�8�9�F
�G�9�B�G�C�F�*�����	 �I�D�H�C���
�
�
 �K�<�9�B�=�H�=�G�I�B�8�9�F�G�9�B�G�C�F�*���� �C�F�:�5�F�H�<�9�F
�H�C�H�<�9�F�=�;�<�H���-�9�9Section 19 �C�:�C�:�H�<�9Pololu AVR Library
CommandReference�:�C�F�H�<�9�:�C�F�A�I�@�5�I�G�9�8�H�C�9�G�H�=�A�5�H�9�D�C�G�=�H�=�C�B��

�
�L���� clearLCD �
 �
 ���@�9�5�F�G���H�<�9���&�������G�7�F�9�9�B���C�B���H�<�9�����D�=��

�
�L���� print ���
�� �

�*�F�=�B�H�G���
�� �7�<�5�F�5�7�H�9�F�G�H�C�H�<�9�&������ �.�<�9�:�=�F�G�H�6�M�H�9�=�G�H�<�9�@�9�B�;�H�<
�C�:�H�<�9�:�C�@�@�C�K�=�B�;�G�H�F�=�B�;�C�:�7�<�5�F�5�7�H�9�F�G�	�5�G�K�=�H�<�H�<�9play �7�C�A�A�5�B�8
�5�6�C�J�9��

�
�L���� LCD gotoxy �� �

�'�C�J�9�G�H�<�9�&���� �7�I�F�G�C�F�H�C�L�
�M�7�C�C�F�8�=�B�5�H�9�G�;�=�J�9�B�6�M�H�<�9�B�9�L�H�H�K�C
�6�M�H�9�G��

�
�L���� autocalibrate �
 ��
�.�I�F�B�G�H�<�9�F�C�6�C�H�@�9�:�H�5�B�8�F�=�;�<�H�K�<�=�@�9�7�5�@�=�6�F�5�H�=�B�;��� �C�F�I�G�9�K�<�9�B�H�<�9
�F�C�6�C�H�=�H�D�C�G�=�H�=�C�B�9�8�C�J�9�F�5�@�=�B�9���,�9�H�I�F�B�G�H�<�9�7�<�5�F�5�7�H�9�F�V�7�W�K�<�9�B
�7�C�A�D�@�9�H�9��
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�
�L���� startPID �� �


�-�9�H�G�I�D�*�#���D�5�F�5�A�9�H�9�F�G�5�B�8�6�9�;�=�B�G�@�=�B�9�:�C�@�@�C�K�=�B�;���.�<�9�:�=�F�G�H�8�5�H�5
�6�M�H�9�G�9�H�G�H�<�9�A�5�L�=�A�I�A�A�C�H�C�F�G�D�9�9�8���.�<�9�B�9�L�H�:�C�I�F�6�M�H�9�G�	�5�	�6�	�7�	
�5�B�8�8�	�F�9�D�F�9�G�9�B�H�H�<�9�*�#���D�5�F�5�A�9�H�9�F�G���-�D�9�7�=�:�=�7�5�@�@�M�	�H�<�9�8�=�:�:�9�F�9�B�7�9
�=�B�H�<�9�A�C�H�C�F�G�D�9�9�8�G�K�=�@�@�6�9�G�9�H�H�C���&�
���
�
�
���X�5���6�� ���X�7���8�	�K�<�9�F�9
�&�=�G�H�<�9�D�C�G�=�H�=�C�B�C�:�H�<�9�@�=�B�9�5�G�8�9�G�7�F�=�6�9�8�5�6�C�J�9�	�5�B�8�� �=�G�H�<�9
�8�9�F�=�J�5�H�=�J�9�C�:�&���.�<�9�=�B�H�9�;�F�5�@�H�9�F�A�=�G�B�C�H�=�A�D�@�9�A�9�B�H�9�8�=�B�H�<�=�G
�D�F�C�;�F�5�A���-�9�9Section 7.c �:�C�F�A�C�F�9�=�B�:�C�F�A�5�H�=�C�B�C�B�*�#�� �@�=�B�9
�:�C�@�@�C�K�=�B�;��

�
�L���� stopPID �
 �
 �-�H�C�D�G���*�#�����@�=�B�9���:�C�@�@�C�K�=�B�;�	���G�9�H�H�=�B�;���A�C�H�C�F���G�D�9�9�8�G���H�C���
��

�
�L���� M1 forward �� �

�-�9�H�G�A�C�H�C�F�'�� �H�I�F�B�=�B�;�:�C�F�K�5�F�8�K�=�H�<�5�G�D�9�9�8�C�:�
 ���C�:�:���I�D�H�C������
���:�I�@�@���G�D�9�9�8����

�
�L���� M1 backward �� �

�-�9�H�G�A�C�H�C�F�'�� �H�I�F�B�=�B�;�6�5�7�?�K�5�F�8�K�=�H�<�5�G�D�9�9�8�C�:�
 ���C�:�:���I�D�H�C
�����������:�I�@�@���F�9�J�9�F�G�9����

�
�L���� M2 forward �� �

�-�9�H�G�A�C�H�C�F�'�� �H�I�F�B�=�B�;�:�C�F�K�5�F�8�K�=�H�<�5�G�D�9�9�8�C�:�
 ���C�:�:���I�D�H�C������
���:�I�@�@���G�D�9�9�8����

�
�L���� M2 backward �� �

�-�9�H�G�A�C�H�C�F�'�� �H�I�F�B�=�B�;�6�5�7�?�K�5�F�8�K�=�H�<�5�G�D�9�9�8�C�:�
 ���C�:�:���I�D�H�C
�����������:�I�@�@���F�9�J�9�F�G�9����

Source code

#include <pololu/3pi.h>

/*
* 3pi-serial-slave - An example serial slave program for the Pololu
* 3pi Robot.  See the following pages for more information:
*
* http://www.pololu.com/docs/0J21
* http://www.pololu.com/docs/0J20
* http://www.poolu.com/
*
*/

// PID constants
unsigned int pid_enabled = 0;
unsigned char max_speed = 255;
unsigned char p_num = 0;
unsigned char p_den = 0;
unsigned char d_num = 0;
unsigned char d_den = 0;
unsigned int last_proportional = 0;
unsigned int sensors[5];

// This routine will be called repeatedly to keep the PID algorithm running
void pid_check()
{

if(!pid_enabled)
return;

// Do nothing if the denominator of any constant is zero.
if(p_den == 0 || d_den == 0)
{

set_motors(0,0);
return;

}

// Read the line position, with serial interrupts running in the background.
serial_set_mode(SERIAL_AUTOMATIC);
unsigned int position = read_line(sensors, IR_EMITTERS_ON);
serial_set_mode(SERIAL_CHECK);

// The "proportional" term should be 0 when we are on the line.
int proportional = ((int)position) - 2000;
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// Compute the derivative (change) of the position.
int derivative = proportional - last_proportional;

// Remember the last position.
last_proportional = proportional;

// Compute the difference between the two motor power settings,
// m1 - m2.  If this is a positive number the robot will turn
// to the right.  If it is a negative number, the robot will
// turn to the left, and the magnitude of the number determines
// the sharpness of the turn.
int power_difference = proportional*p_num/p_den + derivative*p_num/p_den;

// Compute the actual motor settings.  We never set either motor
// to a negative value.
if(power_difference > max_speed)

power_difference = max_speed;
if(power_difference < -max_speed)

power_difference = -max_speed;

if(power_difference < 0)
set_motors(max_speed+power_difference, max_speed);

else
set_motors(max_speed, max_speed-power_difference);

}

// A global ring buffer for data coming in.  This is used by the
// read_next_byte() and previous_byte() functions, below.
char buffer[100];

// A pointer to where we are reading from.
unsigned char read_index = 0;

// Waits for the next byte and returns it.  Runs play_check to keep
// the music playing and serial_check to keep receiving bytes.
// Calls pid_check() to keep following the line.
char read_next_byte()
{

while(serial_get_received_bytes() == read_index)
{

serial_check();
play_check();

// pid_check takes some time; only run it if we don't have more bytes to process
if(serial_get_received_bytes() == read_index)

pid_check();

}
char ret = buffer[read_index];
read_index ++;
if(read_index >= 100)

read_index = 0;
return ret;

}

// Backs up by one byte in the ring buffer.
void previous_byte()
{

read_index --;
if(read_index == 255)

read_index = 99;
}

// Returns true if and only if the byte is a command byte (>= 0x80).
char is_command(char byte)
{

if (byte < 0)
return 1;

return 0;
}

// Returns true if and only if the byte is a data byte (< 0x80).
char is_data(char byte)
{

if (byte < 0)
return 0;
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return 1;
}

// If it's not a data byte, beeps, backs up one, and returns true.
char check_data_byte(char byte)
{

if(is_data(byte))
return 0;

play("o3c");

clear();
print("Bad data");
lcd_goto_xy(0,1);
print_hex_byte(byte);

previous_byte();
return 1;

}

/////////////////////////////////////////////////////////////////////
// COMMAND FUNCTIONS
//
// Each function in this section corresponds to a single serial
// command.  The functions are expected to do their own argument
// handling using read_next_byte() and check_data_byte().

// Sends the version of the slave code that is running.
// This function also shuts down the motors and disables PID, so it is
// useful as an initial command.
void send_signature()
{

serial_send_blocking("3pi1.0", 6);
set_motors(0,0);
pid_enabled = 0;

}

// Reads the line sensors and sends their values.  This function can
// do either calibrated or uncalibrated readings.  When doing calibrated readings,
// it only performs a new reading if we are not in PID mode.  Otherwise, it sends
// the most recent result immediately.
void send_sensor_values(char calibrated)
{

if(calibrated)
{

if(!pid_enabled)
read_line_sensors_calibrated(sensors, IR_EMITTERS_ON);

}
else

read_line_sensors(sensors, IR_EMITTERS_ON);
serial_send_blocking((char *)sensors, 10);

}

// Sends the raw (uncalibrated) sensor values.
void send_raw_sensor_values()
{

send_sensor_values(0);
}

// Sends the calibated sensor values.
void send_calibrated_sensor_values()
{

send_sensor_values(1);
}

// Computes the position of a black line using the read_line()
// function, and sends the value.
// Returns the last value computed if PID is running.
void send_line_position()
{

int message[1];
unsigned int tmp_sensors[5];
int line_position;

if(pid_enabled)
line_position = last_proportional+2000;

else line_position = read_line(tmp_sensors, IR_EMITTERS_ON);
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message[0] = line_position;

serial_send_blocking((char *)message, 2);
}

// Sends the trimpot value, 0-1023.
void send_trimpot()
{

int message[1];
message[0] = read_trimpot();
serial_send_blocking((char *)message, 2);

}

// Sends the batter voltage in millivolts
void send_battery_millivolts()
{

int message[1];
message[0] = read_battery_millivolts();
serial_send_blocking((char *)message, 2);

}

// Drives m1 forward.
void m1_forward()
{

char byte = read_next_byte();

if(check_data_byte(byte))
return;

set_m1_speed(byte == 127 ? 255 : byte*2);
}

// Drives m2 forward.
void m2_forward()
{

char byte = read_next_byte();

if(check_data_byte(byte))
return;

set_m2_speed(byte == 127 ? 255 : byte*2);
}

// Drives m1 backward.
void m1_backward()
{

char byte = read_next_byte();

if(check_data_byte(byte))
return;

set_m1_speed(byte == 127 ? -255 : -byte*2);
}

// Drives m2 backward.
void m2_backward()
{

char byte = read_next_byte();

if(check_data_byte(byte))
return;

set_m2_speed(byte == 127 ? -255 : -byte*2);
}

// A buffer to store the music that will play in the background.
char music_buffer[100];

// Plays a musical sequence.
void do_play()
{

unsigned char tune_length = read_next_byte();

if(check_data_byte(tune_length))
return;
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unsigned char i;
for(i=0;i<tune_length;i++)
{

if(i > sizeof(music_buffer)) // avoid overflow
return;

music_buffer[i] = read_next_byte();

if(check_data_byte(music_buffer[i]))
return;

}

// add the end of string character 0
music_buffer[i] = 0;

play(music_buffer);
}

// Clears the LCD
void do_clear()
{

clear();
}

// Displays data to the screen
void do_print()
{

unsigned char string_length = read_next_byte();

if(check_data_byte(string_length))
return;

unsigned char i;
for(i=0;i<string_length;i++)
{

unsigned char character;
character = read_next_byte();

if(check_data_byte(character))
return;

// Before printing to the LCD we need to go to AUTOMATIC mode.
// Otherwise, we might miss characters during the lengthy LCD routines.
serial_set_mode(SERIAL_AUTOMATIC);

print_character(character);
serial_set_mode(SERIAL_CHECK);

}
}

// Goes to the x,y coordinates on the lcd specified by the two data bytes
void do_lcd_goto_xy()
{

unsigned char x = read_next_byte();
if(check_data_byte(x))

return;

unsigned char y = read_next_byte();
if(check_data_byte(y))

return;

lcd_goto_xy(x,y);
}

// Runs through an automatic calibration sequence
void auto_calibrate()
{

time_reset();
set_motors(60, -60);
while(get_ms() < 250)

calibrate_line_sensors(IR_EMITTERS_ON);
set_motors(-60, 60);
while(get_ms() < 750)

calibrate_line_sensors(IR_EMITTERS_ON);
set_motors(60, -60);
while(get_ms() < 1000)

calibrate_line_sensors(IR_EMITTERS_ON);
set_motors(0, 0);
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serial_send_blocking("c",1);
}

// Turns on PID according to the supplied PID constants
void set_pid()
{

unsigned char constants[5];
unsigned char i;
for(i=0;i<5;i++)
{

constants[i] = read_next_byte();
if(check_data_byte(constants[i]))

return;
}

// make the max speed 2x of the first one, so that it can reach 255
max_speed = (constants[0] == 127 ? 255 : constants[0]*2);

// set the other parameters directly
p_num = constants[1];
p_den = constants[2];
d_num = constants[3];
d_den = constants[4];

// enable pid
pid_enabled = 1;

}

// Turns off PID
void stop_pid()
{

set_motors(0,0);
pid_enabled = 0;

}

/////////////////////////////////////////////////////////////////////

int main()
{

pololu_3pi_init(2000);
play_mode(PLAY_CHECK);

clear();
print("Slave");

// start receiving data at 115.2 kbaud
serial_set_baud_rate(115200);
serial_set_mode(SERIAL_CHECK);
serial_receive_ring(buffer, 100);

while(1)
{

// wait for a command
char command = read_next_byte();

// The list of commands is below: add your own simply by
// choosing a command byte and introducing another case
// statement.
switch(command)
{
case (char)0x00:

// slient error - probable master resetting
break;

case (char)0x81:
send_signature();
break;

case (char)0x86:
send_raw_sensor_values();
break;

case (char)0x87:
send_calibrated_sensor_values(1);
break;

case (char)0xB0:
send_trimpot();
break;
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case (char)0xB1:
send_battery_millivolts();
break;

case (char)0xB3:
do_play();
break;

case (char)0xB4:
calibrate_line_sensors(IR_EMITTERS_ON);
send_calibrated_sensor_values(1);
break;

case (char)0xB5:
line_sensors_reset_calibration();
break;

case (char)0xB6:
send_line_position();
break;

case (char)0xB7:
do_clear();
break;

case (char)0xB8:
do_print();
break;

case (char)0xB9:
do_lcd_goto_xy();
break;

case (char)0xBA:
auto_calibrate();
break;

case (char)0xBB:
set_pid();
break;

case (char)0xBC:
stop_pid();
break;

case (char)0xC1:
m1_forward();
break;

case (char)0xC2:
m1_backward();
break;

case (char)0xC5:
m2_forward();
break;

case (char)0xC6:
m2_backward();
break;

default:
clear();
print("Bad cmd");
lcd_goto_xy(0,1);
print_hex_byte(command);

play("o7l16crc");
continue; // bad command

}
}

}

10.b.Serial master program
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Source code

#include <pololu/orangutan.h>
#include <string.h>

/*
* 3pi-serial-master - An example serial master program for the Pololu
* 3pi Robot.  This can run on any board supported by the library;
* it is intended as an example of how to use the master/slave
* routines.
*
* http://www.pololu.com/docs/0J21
* http://www.pololu.com/docs/0J20
* http://www.poolu.com/
*/

// Data for generating the characters used in load_custom_characters
// and display_readings.  By reading levels[] starting at various
// offsets, we can generate all of the 7 extra characters needed for a
// bargraph.  This is also stored in program space.
const char levels[] PROGMEM = {

0b00000,
0b00000,
0b00000,
0b00000,
0b00000,
0b00000,
0b00000,
0b11111,
0b11111,
0b11111,
0b11111,
0b11111,
0b11111,
0b11111

};

// This function loads custom characters into the LCD.  Up to 8
// characters can be loaded; we use them for 6 levels of a bar graph
// plus a back arrow and a musical note character.
void load_custom_characters()
{

lcd_load_custom_character(levels+0,0); // no offset, e.g. one bar
lcd_load_custom_character(levels+1,1); // two bars
lcd_load_custom_character(levels+2,2); // etc...
lcd_load_custom_character(levels+4,3); // skip level 3
lcd_load_custom_character(levels+5,4);
lcd_load_custom_character(levels+6,5);
clear(); // the LCD must be cleared for the characters to take effect

}

// 10 levels of bar graph characters
const char bar_graph_characters[10] = {' ',0,0,1,2,3,3,4,5,255};

void display_levels(unsigned int *sensors)
{

clear();
int i;
for(i=0;i<5;i++) {

// Initialize the array of characters that we will use for the
// graph.  Using the space, an extra copy of the one-bar
// character, and character 255 (a full black box), we get 10
// characters in the array.

// The variable c will have values from 0 to 9, since
// values are in the range of 0 to 1000, and 1000/101 is 9
// with integer math.
char c = bar_graph_characters[sensors[i]/101];
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// Display the bar graph characters.
print_character(c);

}
}

// set the motor speeds
void slave_set_motors(int speed1, int speed2)
{

char message[4] = {0xC1, speed1, 0xC5, speed2};
if(speed1 < 0)
{

message[0] = 0xC2; // m1 backward
message[1] = -speed1;

}
if(speed2 < 0)
{

message[2] = 0xC6; // m2 backward
message[3] = -speed2;

}
serial_send_blocking(message,4);

}

// do calibration
void slave_calibrate()
{

serial_send("\xB4",1);
int tmp_buffer[5];

// read 10 characters (but we won't use them)
serial_receive_blocking((char *)tmp_buffer, 10, 100);

}

// reset calibration
void slave_reset_calibration()
{

serial_send_blocking("\xB5",1);
}

// calibrate (waits for a 1-byte response to indicate completion)
void slave_auto_calibrate()
{

int tmp_buffer[1];
serial_send_blocking("\xBA",1);
serial_receive_blocking((char *)tmp_buffer, 1, 10000);

}

// sets up the pid constants on the 3pi for line following
void slave_set_pid(char max_speed, char p_num, char p_den, char d_num, char d_den)
{

char string[6] = "\xBB";
string[1] = max_speed;
string[2] = p_num;
string[3] = p_den;
string[4] = d_num;
string[5] = d_den;
serial_send_blocking(string,6);

}

// stops the pid line following
void slave_stop_pid()
{

serial_send_blocking("\xBC", 1);
}

// clear the slave LCD
void slave_clear()
{

serial_send_blocking("\xB7",1);
}

// print to the slave LCD
void slave_print(char *string)
{

serial_send_blocking("\xB8", 1);
char length = strlen(string);
serial_send_blocking(&length, 1); // send the string length
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serial_send_blocking(string, length);
}

// go to coordinates x,y on the slave LCD
void slave_lcd_goto_xy(char x, char y)
{

serial_send_blocking("\xB9",1);
serial_send_blocking(&x,1);
serial_send_blocking(&y,1);

}

int main()
{

char buffer[20];

// load the bar graph
load_custom_characters();

// configure serial clock for 115.2 kbaud
serial_set_baud_rate(115200);

// wait for the device to show up
while(1)
{

clear();
print("Master");
delay_ms(100);
serial_send("\x81",1);

if(serial_receive_blocking(buffer, 6, 50))
continue;

clear();
print("Connect");
lcd_goto_xy(0,1);
buffer[6] = 0;
print(buffer);

// clear the slave's LCD and display "Connect" and "OK" on two lines
// Put OK in the center to test x-y positioning
slave_clear();
slave_print("Connect");
slave_lcd_goto_xy(3,1);
slave_print("OK");

// play a tune
char tune[] = "\xB3 l16o6gab>c";
tune[1] = sizeof(tune)-3;
serial_send_blocking(tune,sizeof(tune)-1);

// wait
wait_for_button(ALL_BUTTONS);

// reset calibration
slave_reset_calibration();

time_reset();

slave_auto_calibrate();

unsigned char speed1 = 0, speed2 = 0;

// read sensors in a loop
while(1)
{

serial_send("\x87",1); // returns calibrated sensor values

// read 10 characters
if(serial_receive_blocking(buffer, 10, 100))

break;

// get the line position
serial_send("\xB6", 1);

int line_position[1];
if(serial_receive_blocking((char *)line_position, 2, 100))

break;
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// get the battery voltage
serial_send("\xB1",1);

// read 2 bytes
int battery_millivolts[1];
if(serial_receive_blocking((char *)battery_millivolts, 2, 100))

break;

// display readings
display_levels((unsigned int*)buffer);

lcd_goto_xy(5,0);
line_position[0] /= 4; // to get it into the range of 0-1000
if(line_position[0] == 1000)

line_position[0] = 999; // to keep it to a maximum of 3 characters
print_long(line_position[0]);
print("   ");

lcd_goto_xy(0,1);
print_long(battery_millivolts[0]);
print(" mV  ");

delay_ms(10);

// if button A is pressed, increase motor1 speed
if(button_is_pressed(BUTTON_A) && speed1 < 127)

speed1 ++;
else if(speed1 > 1)

speed1 -= 2;
else if(speed1 > 0)

speed1 = 0;

// if button C is pressed, control motor2
if(button_is_pressed(BUTTON_C) && speed2 < 127)

speed2 ++;
else if(speed2 > 1)

speed2 -= 2;
else if(speed2 > 0)

speed2 = 0;

// if button B is pressed, do PID control
if(button_is_pressed(BUTTON_B))

slave_set_pid(40, 1, 20, 3, 2);
else
{

slave_stop_pid();
slave_set_motors(speed1, speed2);

}
}

}

while(1);
}

10.c.Available I/O on the 3pi's ATmegaxx8
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�#�B�5�8�8�=�H�=�C�B�H�C�*���
 �5�B�8�*�����	 �H�<�9���D�=�F�C�6�C�H�<�5�G�5�@�=�A�=�H�9�8�B�I�A�6�9�F�C�:�#���)�@�=�B�9�G�H�<�5�H�7�5�B�6�9�I�G�9�8�5�G�=�B�D�I�H�G�:�C�F�5�8�8�=�H�=�C�B�5�@
�G�9�B�G�C�F�G�C�F�H�C�7�C�B�H�F�C�@�5�8�8�=�H�=�C�B�5�@�9�@�9�7�H�F�C�B�=�7�G�G�I�7�<�5�G�&�����G�C�F�G�9�F�J�C�G���.�<�9�G�9�#���)�@�=�B�9�G�7�5�B�6�9�5�7�7�9�G�G�9�8�H�<�F�C�I�;�<�H�<�9�D�5�8�G�5�H
�H�<�9�7�9�B�H�9�F�C�:�H�<�9���D�=�	�6�9�H�K�9�9�B�H�<�9�H�K�C�A�C�H�C�F�G�	�@�5�6�9�@�9�8�*���
�	 �*�����	 ���������	 ���������	 �5�B�8�*������ �#�:�M�C�I�5�F�9�I�G�=�B�;�5�B�9�L�D�5�B�G�=�C�B
�?�=�H�	���H�<�9�G�9���@�=�B�9�G���5�F�9���6�F�C�I�;�<�H���I�D���H�C���H�<�9���9�L�D�5�B�G�=�C�B���*������
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�*�=�B�G�*�����	 ���������	 �5�B�8�������� �5�F�9�5�@�@�7�C�B�B�9�7�H�9�8�H�C���D�=�<�5�F�8�K�5�F�9�J�=�5�F�9�A�C�J�5�6�@�9�G�<�C�F�H�=�B�;�6�@�C�7�?�G�����M�F�9�A�C�J�=�B�;�H�<�9�G�<�C�F�H�=�B�;
�6�@�C�7�?�	�M�C�I�7�5�B�I�G�9�H�<�9�G�9�D�=�B�G�:�C�F�M�C�I�F�C�K�B�9�@�9�7�H�F�C�B�=�7�G���*�=�B�*���� �7�5�B�6�9�I�G�9�8�5�G�9�=�H�<�9�F�5�8�=�;�=�H�5�@�#���)�C�F�5�B�5�B�5�@�C�;�=�B�D�I�H��
�1�<�9�B�=�H�G�G�<�C�F�H�=�B�;�6�@�C�7�?�=�G�=�B�D�@�5�7�9�	�=�H�7�C�B�H�F�C�@�G�H�<�9�9�A�=�H�H�9�F�G�:�C�F�H�<�9�#�,�G�9�B�G�C�F�G���K�<�9�B�=�H�G�G�<�C�F�H�=�B�;�6�@�C�7�?�=�G�F�9�A�C�J�9�8�	�H�<�9
�9�A�=�H�H�9�F�G�5�F�9�5�@�K�5�M�G�C�B���*�=�B�������� �=�G�5�8�9�8�=�7�5�H�9�8�5�B�5�@�C�;�=�B�D�I�H�H�<�5�H�7�C�B�B�9�7�H�G�H�C�5�J�C�@�H�5�;�9�8�=�J�=�8�9�F�7�=�F�7�I�=�H�H�<�5�H�A�C�B�=�H�C�F�G�H�<�9
�6�5�H�H�9�F�M�J�C�@�H�5�;�9�K�<�9�B�=�H�G�G�<�C�F�H�=�B�;�6�@�C�7�?�=�G�=�B�D�@�5�7�9�	�5�B�8�D�=�B�������� �=�G�5�8�9�8�=�7�5�H�9�8�5�B�5�@�C�;�=�B�D�I�H�H�<�5�H�7�C�B�B�9�7�H�G�H�C�H�<�9�I�G�9�F
�H�F�=�A�A�9�F���D�C�H�9�B�H�=�C�A�9�H�9�F���K�<�9�B���=�H�G���G�<�C�F�H�=�B�;���6�@�C�7�?���=�G���=�B���D�@�5�7�9��

Note: �#�:�M�C�I�7�5�@�@�H�<�9�*�C�@�C�@�I�� �0�, �@�=�6�F�5�F�M�W�G�G�9�B�G�C�F�F�9�5�8�=�B�;�:�I�B�7�H�=�C�B�G�	�H�<�9���D�=�K�=�@�@�8�F�=�J�9�D�=�B�*���� �<�=�;�<�:�C�F
�H�<�9�8�I�F�5�H�=�C�B�C�:�H�<�9�G�9�B�G�C�F�F�9�5�8�	�5�B�8�=�H�K�=�@�@�H�<�9�B�8�F�=�J�9�D�=�B�*���� �@�C�K���#�H�8�C�9�G�H�<�=�G�9�J�9�B�=�:�H�<�9�*���� �G�<�C�F�H�=�B�;
�6�@�C�7�?�=�G�F�9�A�C�J�9�8���#�:�H�<�=�G�6�9�<�5�J�=�C�F�K�=�@�@�=�B�H�9�F�:�9�F�9�K�=�H�<�K�<�5�H�M�C�I�K�5�B�H�H�C�7�C�B�B�9�7�H�H�C�*�����	 �M�C�I�7�5�B�A�C�8�=�:�M
�H�<�9���@�=�6�F�5�F�M���7�C�8�9���H�C���=�B�=�H�=�5�@�=�N�9���H�<�9���G�9�B�G�C�F�G���K�=�H�<���5���6�C�;�I�G���9�A�=�H�H�9�F���D�=�B�����9���;�������
���=�B�G�H�9�5�8���C�:����������

�#�:�M�C�I�5�F�9�K�=�@�@�=�B�;�H�C�;�=�J�9�I�D �H�<�9�&�����	 �5�G�=�G�F�9�E�I�=�F�9�8�K�<�9�B�M�C�I�I�G�9�H�<�9expansion kit without cutouts
[http://www .pololu.com/catalog/product/978]�	�M�C�I�;�5�=�B�5�7�7�9�G�G�H�C�G�9�J�9�F�5�@�A�C�F�9�#���)�@�=�B�9�G���,�9�A�C�J�=�B�;�H�<�9�&���� �7�C�A�D�@�9�H�9�@�M�:�F�9�9�G
�H�<�9�H�<�F�9�9�&���� �7�C�B�H�F�C�@�D�=�B�G���*���
�	�*�����	 �5�B�8�*�������	 �5�B�8�=�H�A�5�?�9�G�H�<�9�:�C�I�F�&���� �8�5�H�5�D�=�B�G���*�����	�*�����	 �*�����	 �5�B�8�*������
�5�J�5�=�@�5�6�@�9�:�C�F�@�=�A�=�H�9�8�I�G�9���#�:�M�C�I�8�C�I�G�9�H�<�9�&���� �8�5�H�5�D�=�B�G�	�M�C�I�A�I�G�H�A�5�?�9�G�I�F�9�H�<�5�H�H�<�9�=�F�5�@�H�9�F�B�5�H�9�:�I�B�7�H�=�C�B�G�8�C�B�C�H�7�C�B�:�@�=�7�H
�K�=�H�<�K�<�5�H�9�J�9�F�M�C�I�7�C�B�B�9�7�H�H�C�H�<�9�A���*�=�B�G�*�����	 �*�����	 �5�B�8�*���� �7�C�B�B�9�7�H�H�C�H�<�9�I�G�9�F�D�I�G�<�6�I�H�H�C�B�G�	�5�B�8�*���� �7�C�B�B�9�7�H�G�H�C�H�<�9
�;�F�9�9�B�I�G�9�F�&�������#�H�=�G�=�A�D�C�F�H�5�B�H�H�C�B�C�H�9�H�<�5�H�*���� �5�B�8�*���� �5�F�9�5�@�G�C�D�F�C�;�F�5�A�A�=�B�;�@�=�B�9�G�	�G�C�M�C�I�A�I�G�H�B�C�H�7�C�B�B�9�7�H�5�B�M�H�<�=�B�;
�<�9�F�9���H�<�5�H���K�C�I�@�8���=�B�H�9�F�:�9�F�9���K�=�H�<���D�F�C�;�F�5�A�A�=�B�;��

�-�C�=�B�G�I�A�A�5�F�M�	�D�=�B�G�*���
 �5�B�8�*���� �5�F�9�7�C�A�D�@�9�H�9�@�M�:�F�9�9�8�=�;�=�H�5�@�#���)�@�=�B�9�G�H�<�5�H�7�5�B�6�9�I�G�9�8�:�C�F�;�9�B�9�F�5�@�
�D�I�F�D�C�G�9�#���)�C�F�:�C�F
�.�.�& �G�9�F�=�5�@�7�C�A�A�I�B�7�=�5�H�=�C�B���*�=�B�G�*�����	 ���������	 �5�B�8�������� �7�5�B�6�9�:�F�9�9�8�:�F�C�A���D�=�<�5�F�8�K�5�F�9�6�M�F�9�A�C�J�=�B�;�H�<�9�=�F�F�9�G�D�9�7�H�=�J�9
�G�<�C�F�H�=�B�;�6�@�C�7�?�G���*���� �7�5�B�6�9�I�G�9�8�5�G�5�B�5�B�5�@�C�;�=�B�D�I�H�C�F�5�8�=�;�=�H�5�@�#���)�	�5�B�8�������� �5�B�8�������� �5�F�9�8�9�8�=�7�5�H�9�8�5�B�5�@�C�;�=�B�D�I�H�G��
�*�=�B�G�*���
�	 �*�����	 �5�B�8�*���� �6�9�7�C�A�9�7�C�A�D�@�9�H�9�@�M�:�F�9�9�8�=�;�=�H�5�@�#���)�@�=�B�9�G�C�B�7�9�M�C�I�F�9�A�C�J�9�H�<�9�&�����	 �5�B�8�D�=�B�G�*�����	 �*�����	 �*�����	
�5�B�8�*���� �5�F�9�8�=�;�=�H�5�@�#���)�@�=�B�9�G�H�<�5�H�M�C�I�7�5�B�I�G�9�:�C�F�7�9�F�H�5�=�B�5�D�D�@�=�7�5�H�=�C�B�G�=�:�M�C�I�5�F�9�7�5�F�9�:�I�@�B�C�H�H�C�7�5�I�G�9�7�C�B�:�@�=�7�H�G�6�9�H�K�9�9�B
�H�<�9�A���5�B�8���H�<�9�=�F���5�@�H�9�F�B�5�H�9���:�I�B�7�H�=�C�B�5�@�=�H�M��

� �C�F�A�C�F�9�=�B�:�C�F�A�5�H�=�C�B�	�D�@�9�5�G�9�G�9�9Section 9 �:�C�F�H�<�9���D�=�D�=�B�5�G�G�=�;�B�A�9�B�H�H�5�6�@�9�G�5�B�8Section 5.e �:�C�F�H�<�9���D�=�G�7�<�9�A�5�H�=�7
�8�=�5�;�F�5�A��
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11. Related Resources
�.�C���@�9�5�F�B���A�C�F�9���5�6�C�I�H���I�G�=�B�;���H�<�9���*�C�@�C�@�I�����D�=���,�C�6�C�H�	���G�9�9���H�<�9���:�C�@�@�C�K�=�B�;���@�=�G�H���C�:���F�9�G�C�I�F�7�9�G��

�P WinAVR [http://winavr .sourceforge.net/]

�P AVR Studio [http://www .atmel.com/forms/

software_download.asp?category_id=163&family_id=607&subfamily_id=760&fn=dl_AvrStudio4Setup.exe]

�P Pololu AVR Library Command Reference[http://www .pololu.com/docs/0J18]�� �8�9�H�5�=�@�9�8�=�B�:�C�F�A�5�H�=�C�B�5�6�C�I�H�9�J�9�F�M
�:�I�B�7�H�=�C�B���=�B���H�<�9���@�=�6�F�5�F�M��

�P Programming the 3pi Robot fr om the Arduino Envir onment [http://www .pololu.com/docs/0J17]�� �5 �;�I�=�8�9�H�C
�D�F�C�;�F�5�A�A�=�B�;���H�<�9�����D�=���I�G�=�B�;���H�<�9�����F�8�I�=�B�C���#�������=�B���D�@�5�7�9���C�:�����0�,���-�H�I�8�=�C��

�P AVR Libc Home Page[http://www .nongnu.org/avr-libc/]

�P ATmega328P documentation[http://www .atmel.com/dyn/products/product_card.asp?PN=ATmega328P]

�P ATmega168 documentation[http://www .atmel.com/dyn/products/product_card.asp?PN=ATmega168]

�P Tutorial: AVR Programming on the Mac[http://bot-thoughts.blogspot.com/2008/02/avr-programming-on-mac.html]

� �=�B�5�@�@�M�	 �K�9�K�C�I�@�8�@�=�?�9�H�C�<�9�5�F�M�C�I�F�7�C�A�A�9�B�H�G�5�B�8�E�I�9�G�H�=�C�B�G�C�J�9�F�5�H�H�<�93pi Robot Group [http://forum.pololu.com/

viewforum.php?f=29] �C�B���H�<�9Pololu Robotics Forum[http://forum.pololu.com/] ��
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