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1. UVOD  
 

�2�Y�D�M���U�D�G���X�V�P�M�H�U�H�Q���M�H���Q�D���S�U�D�N�W�L�þ�Q�X���S�U�L�P�M�H�Q�X���W�H�R�U�L�M�H���S�U�L�J�X�ã�H�Q�L�K���R�V�F�L�O�D�W�R�U�D���S�X�W�H�P���L�]�U�D�G�H���P�D�N�H�W�H��

�S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D���N�R�M�D���N�R�U�L�V�W�L���V�H�Q�]�R�U���]�D���R�þ�L�W�D�Y�D�Q�M�H���D�P�S�O�L�W�X�G�H���N�X�W�D���R�W�N�O�R�Q�D���P�H�W�D�O�Q�H���N�X�J�O�L�F�H����

�3�U�L�J�X�ã�H�Q�L�� �R�V�F�L�O�D�W�R�U�L�� �S�U�H�G�V�W�D�Y�O�M�D�M�X�� �N�O�M�X�þ�Q�X�� �W�H�P�X�� �X�� �P�Q�R�J�L�P�� �J�U�D�Q�D�P�D�� �I�L�]�L�N�H���� �L�Q�å�H�Q�M�H�U�L�Q�J�D�� �L��

�S�U�L�U�R�G�Q�L�K�� �]�Q�D�Q�R�V�W�L���� �2�Y�L�� �V�X�V�W�D�Y�L�� �V�H�� �N�R�U�L�V�W�H�� �]�D�� �G�X�E�O�M�H�� �U�D�]�X�P�L�M�H�Y�D�Q�M�H�� �G�L�Q�D�P�L�þ�N�L�K�� �S�U�R�F�H�V�D�� �L 

�I�H�Q�R�P�H�Q�D���� �þ�H�V�W�R�� �G�D�M�X�ü�L�� �G�X�E�O�M�L�� �X�Y�L�G�� �X�� �S�R�Q�D�ã�D�Q�M�H�� �V�X�V�W�D�Y�D�� �X�� �V�W�Y�D�U�Q�L�P�� �X�Y�M�H�W�L�P�D���� �3�U�L�J�X�ã�H�Q�L��

�R�V�F�L�O�D�W�R�U�L���V�X���G�L�Q�D�P�L�þ�N�L���V�X�V�W�D�Y�L���N�R�M�L���V�H���V�D�V�W�R�M�H���R�G���P�D�V�H���N�R�M�D���M�H���S�R�G���X�W�M�H�F�D�M�H�P���W�D�Q�J�H�Q�F�L�M�D�O�Q�L�K���V�L�O�D��

�L���S�U�L�J�X�ã�X�M�X�ü�H���V�L�O�H���N�R�M�D���M�H���S�R�V�O�M�H�G�L�F�D���W�U�H�Q�M�D���� �]�U�D�þ�Q�R�J���R�W�S�R�U�D���L�O�L���G�U�X�J�L�K faktora koji usporavaju 

�R�V�F�L�O�D�F�L�M�X���� �.�O�M�X�þ�Q�D�� �N�D�U�D�N�W�H�U�L�V�W�L�N�D�� �S�U�L�J�X�ã�H�Q�L�K�� �R�V�F�L�O�D�W�R�U�D�� �M�H�� �G�D�� �J�X�E�H�� �H�Q�H�U�J�L�M�X�� �V�� �Y�U�H�P�H�Q�R�P�� �L�� �G�D��

�X�V�S�R�U�D�Y�D�M�X���V�Y�R�M�H���R�V�F�L�O�D�F�L�M�H�����V�X�S�U�R�W�Q�R���R�G���L�G�H�D�O�Q�R�J���Q�H�S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D���N�R�M�L���E�L���E�H�V�N�R�Q�D�þ�Q�R��

oscilirao bez gubitaka energije. 

U drugom poglavlju nalazi se pregled literature, teorijska pozadina �S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D, on-

line virtualna simulacija�����W�H���R�S�L�V�X���L���V�S�H�F�L�I�L�N�D�F�L�M�D�P�D���P�M�H�U�Q�L�K���X�U�H�ÿ�D�M�D�����7�U�H�ü�H���S�R�J�O�D�Y�O�M�H���S�R�V�Y�H�ü�H�Q�R��

�M�H�� �L�]�U�D�G�L�� �P�D�N�H�W�H�� �S�U�L�J�X�ã�H�Q�R�J�� �R�V�F�L�O�D�W�R�U�D���� �7�H�P�D�� �þ�Htvrtog poglavlja je eksperimentalni dio i 

�U�H�]�X�O�W�D�W�L���P�M�H�U�H�Q�M�D�����.�U�R�]���R�Y�D�M���S�U�R�F�H�V�����E�L�W���ü�H���P�R�J�X�ü�H���E�R�O�M�H���U�D�]�X�P�M�H�W�L���V�O�R�å�H�Q�H���G�L�Q�D�P�L�þ�N�H���V�X�V�W�D�Y�H��

i primijeniti teorijska znanja na konkretnom eksperimentalnom modelu. 

1.1. �=�D�G�D�W�D�N���]�D�Y�U�ã�Q�R�J���U�D�G�D 
 

�=�D�G�D�W�D�N�� �R�Y�R�J�� �]�D�Y�U�ã�Q�R�J�� �U�D�G�D�� �M�H�� �L�]�U�D�G�L�W�L�� �P�D�N�H�W�X�� �S�U�L�J�X�ã�H�Qog oscilatora primjenom Arduino 

�P�L�N�U�R�X�S�U�D�Y�O�M�D�þ�N�R�J���R�N�U�X�å�H�Q�M�D�����0�D�N�H�W�D���S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D���S�U�H�G�V�W�D�Y�O�M�D���M�H�G�Q�R�V�W�D�Y�Q�R���Q�M�L�K�D�O�R����

Koristi se kuglica koja visi na tankoj niti. Potrebno je mjeriti amplitudu kuta otklona koji se 

polako smanjuje tijekom vremena. Mjerne podatke koje treba detektirati je amplituda kuta 

�R�W�N�O�R�Q�D���N�X�J�O�L�F�H���X���R�G�U�H�ÿ�H�Q�R�P���W�U�H�Q�X�W�N�X���W�L�W�U�D�Q�M�D�����0�M�H�U�Q�H���S�R�G�D�W�N�H���X���R�E�O�L�N�X���R�Y�L�V�Q�R�V�W�L���D�P�S�O�L�W�X�G�H��

�N�X�W�D���R�W�N�O�R�Q�D���N�X�J�O�L�F�H���X���Y�U�H�P�H�Q�X���S�R�W�U�H�E�Q�R���S�U�L�N�D�]�D�W�L���X���W�D�E�O�L�þ�Q�R�P���L���J�U�D�I�L�þ�N�R�P���R�E�O�L�N�X. 

  



2 
 

2.  �3�5�(�*�/�(�'���3�2�'�5�8�ý�-�$���7�(�0�( 
 

�8���O�L�W�H�U�D�W�X�U�L���>���@���D�X�W�R�U���D�Q�D�O�L�]�L�U�D���W�L�W�U�D�M�Q�H���V�X�V�W�D�Y�H���L���X�W�M�H�F�D�M���Y�D�Q�M�V�N�L�K���I�D�N�W�R�U�D���Q�D���J�L�E�D�Q�M�H�����L�V�W�U�D�å�X�M�X�ü�L��

�Q�M�L�K�R�Y�H���N�R�P�S�O�H�N�V�Q�H���G�L�Q�D�P�L�þ�N�H���L�Q�W�H�U�D�N�F�L�M�H���L���S�U�X�å�D�M�X�ü�L���G�X�E�O�M�H���X�Y�L�G�H���X���P�H�K�D�Q�L�]�P�H���N�R�M�L���O�H�å�H���X��

osnovi ovih fenomena. 

T�L�W�U�D�M�Q�L���V�X�V�W�D�Y�L���X���S�U�L�U�R�G�L���R�E�L�þ�Q�R���V�H���Q�H�ü�H���J�L�E�D�W�L���E�H�V�N�R�Q�D�þ�Q�R���G�X�J�R�����]�E�R�J���X�W�M�H�F�D�M�D���Y�D�Q�M�V�N�L�K���V�L�O�D������

�Y�H�ü�� �ü�H�� �V�H�� �V�� �Y�U�H�P�H�Q�R�P�� �D�P�S�O�L�W�X�G�D�� �W�L�W�U�D�Q�M�D�� �V�P�D�Q�M�L�Y�D�W�L���� �D�� �S�R�W�R�P�� �ü�H se zaustaviti. U stvarnim 

�W�L�W�U�D�M�Q�L�P�� �V�X�V�W�D�Y�L�P�D�� �G�L�R�� �P�H�K�D�Q�L�þ�N�H�� �H�Q�H�U�J�L�M�H�� �W�L�W�U�D�Q�M�D�� �W�U�R�ã�L�� �V�H�� �Q�D�� �V�D�Y�O�D�G�D�Y�D�Q�M�H�� �Y�D�Q�M�V�N�L�K��

disipativnih sila. �1�D���S�U�L�P�M�H�U�X���N�R�G���Q�M�L�K�D�O�D�����G�L�R���H�Q�H�U�J�L�M�H���W�U�R�ã�L���V�H���Q�D���V�Y�O�D�G�D�Y�D�Q�M�H���R�W�S�R�U�D���]�U�D�N�D�����G�R�N��

�N�R�G���W�L�M�H�O�D���N�R�M�H���M�H���R�E�M�H�ã�H�Q�R���Q�D���R�S�U�X�]�L�����G�L�R���H�Q�H�U�J�L�M�H���W�U�R�ã�L���V�H���Q�D���]�D�J�U�L�M�D�Y�D�Q�M�H���R�S�U�X�J�H�����7�L�W�U�D�Q�M�H���X��

�N�R�M�H�P�� �V�H�� �D�P�S�O�L�W�X�G�D�� �S�R�V�W�X�S�Q�R�� �V�P�D�Q�M�X�M�H�� �W�L�M�H�N�R�P�� �Y�U�H�P�H�Q�D�� �Q�D�]�L�Y�D�� �V�H�� �S�U�L�J�X�ã�H�Q�R�� �W�L�W�U�D�Q�M�H����

�3�U�L�J�X�ã�H�Q�R���W�L�W�U�D�Q�M�H���P�R�å�H���V�H���S�U�H�G�R�þ�L�W�L���D�N�R���W�L�M�H�O�R���N�R�M�H���W�L�W�U�D���Q�D���R�S�U�X�]�L���X�U�R�Q�L�P�R���X���Q�H�N�X���Y�L�V�N�R�]�Q�X��

�W�H�N�X�ü�L�Q�X���� �N�D�R�� �ã�W�R�� �M�H�� �X�O�M�H���� �6�L�O�D�� �N�R�M�D�� �G�M�H�O�X�M�H�� �W�L�M�H�N�R�P�� �R�Y�D�N�Y�R�J�� �W�L�W�U�D�Q�M�D�� �ü�H�� �E�L�W�L�� �U�D�]�P�M�H�U�Q�D�� �E�U�]�L�Q�L��

�J�L�E�D�Q�M�D�� �W�L�M�H�O�D�� �L�� �G�M�H�O�R�Y�D�W�� �ü�H�� �X�� �V�X�S�U�R�W�Q�R�P�� �V�P�M�H�U�X�� �R�G�� �V�P�M�H�U�D�� �E�U�]�L�Q�H���� �J�G�M�H�� �ü�H�� �E�� �N�R�Q�V�W�D�Q�W�D�� �W�U�H�Q�M�D��

���S�U�L�J�X�ã�H�Q�M�D�������3�U�H�G�]�Q�D�N����-�����ü�H���X�N�D�]�L�Y�D�W�L���G�D���V�X���V�L�O�D���W�U�H�Q�M�D���L���E�U�]�L�Q�D���X���V�X�S�U�R�W�Q�R�P���V�P�M�H�U�X�����W�H���ü�H���E�L�Wi 

iskazana formulom: 

 
�(�ç�åL F�>�RL F�>

�@�T
�@�P

 
(1-1) 

�-�H�G�Q�D�G�å�E�D���J�L�E�D�Q�M�D�����,�,�����1�H�Z�W�R�Q�R�Y���]�D�N�R�Q�����]�D���S�U�L�J�X�ã�H�Q�R���W�L�W�U�D�Q�M�H���J�O�D�V�L�� 

 �I�= L �(�â�ã�åE�(�ç�å (1-2) 

 

 
�I

�@�6�T
�@�P�6 L F�G�TF�>

�@�T
�@�P

 
(1-3) 

�3�U�H�X�U�H�ÿ�L�Y�D�Q�M�H�P���M�H�G�Q�D�G�å�E�H������-�������G�R�E�L�Y�D���V�H���M�H�G�Q�D�G�å�E�D���S�U�L�J�X�ã�H�Q�R�J���W�L�W�U�D�Q�M�D�� 

 �@�6�T
�@�P�6

E�t�Ü
�@�T
�@�P

E�ñ�4 L �r 
(1-4) 

�&o  �M�H�� �Y�O�D�V�W�L�W�D�� �N�U�X�å�Q�D�� �I�U�H�N�Y�H�Q�F�L�M�D�� �W�L�W�U�D�Q�M�D�� �Q�H�S�U�L�J�X�ã�H�Q�R�J�� �K�D�U�P�R�Q�L�M�V�N�R�J�� �R�V�F�L�O�D�W�R�U�D���� �D���Ü faktor 

�S�U�L�J�X�ã�H�Q�M�D�� 

�%�H�]�� �G�H�W�D�O�M�Q�L�M�H�J�� �P�D�W�H�P�D�W�L�þ�N�R�J�� �L�]�Y�R�G�D���� �U�M�H�ã�H�Q�M�H�� �K�R�P�R�J�H�Q�H�� �O�L�Q�H�D�U�Q�H�� �G�L�I�H�U�H�Q�F�L�M�D�O�Q�H�� �M�H�G�Q�D�G�å�E�H��  

(1-4), u �V�O�X�þ�D�M�X���Y�U�O�R���V�O�D�E�L�K���S�U�L�J�X�ã�H�Q�M�D�����Ü< �&o), ima oblik: 

 �à�:�P�; L �à�A�?�� �ç�•�‹�•�:�ñ�PE�î �4�; (1-5) 

�&���S�U�H�G�V�W�D�Y�O�M�D���N�U�X�å�Q�X���I�U�H�N�Y�H�Q�F�L�M�X���S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D�� 
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Amplituda titranja: 

 �à�:�P�; L �à�A�?�� �ç (1-6) 

�R�S�D�G�D�� �H�N�V�S�R�Q�H�Q�F�L�M�D�O�Q�R�� �V�� �Y�U�H�P�H�Q�R�P���� �â�W�R�� �M�H�� �I�D�N�W�R�U�� �S�U�L�J�X�ã�H�Q�M�D�� �Y�H�ü�L���� �W�R�� �V�H�� �D�P�S�O�L�W�X�G�D�� �E�U�å�H��

smanjuje (slika 1.1.). 

�2�P�M�H�U�� �G�Y�L�M�X�� �V�X�V�M�H�G�Q�L�K�� �D�P�S�O�L�W�X�G�D�� �N�R�G�� �S�U�L�J�X�ã�H�Q�R�J�� �W�L�W�U�D�Q�M�D���� �W�M���� �D�P�S�O�L�W�X�G�D�� �N�R�M�H�� �V�H�� �U�D�]�O�L�N�X�M�X�� �]�D��

period T uvijek je stalan i iznosi: 

 �à�:�P�;

�à�:�PE�6�;
L �A���ç 

(1-7) 

Logaritamski dekrement titranja glasi: 

 
�ãL �Ž�•�F

�à�:�P�;

�à�:�PE�6�;
�GL �Ü�6 

(1-8) 

 

 

Slika 2.1. Usporedba dvaju titrajnih sustava; ovisnost elongacije x o vremenu t za:  

�D�����S�U�L�J�X�ã�H�Q�R���W�L�W�U�D�Q�M�H 

 �E�����Q�H�S�U�L�J�X�ã�H�Q�R���W�L�W�U�D�Q�M�H 
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Slika 2.1. prikazuje usporedbu dvaju titrajnih sustava i ovisnost elongacije o vremenu za 

�S�U�L�J�X�ã�H�Q�R���L���Q�H�S�U�L�J�X�ã�H�Q�R���W�L�W�U�D�Q�M�H�� 

�/�R�J�D�U�L�W�D�P�V�N�L�� �G�H�N�U�H�P�H�Q�W�� �W�L�W�U�D�Q�M�D�� ���� �L�� �S�H�U�L�R�G��titranja T nekog titrajnog sustava mogu se lako 

�L�]�P�M�H�U�L�W�L�� �S�D�� �V�H���� �S�R�P�R�ü�X�� �U�H�O�D�F�L�M�H�� ����-�������� �P�R�å�H�� �R�G�U�H�G�L�W�L���Ü �I�D�N�W�R�U�D�� �S�U�L�J�X�ã�H�Q�M�D���� �R�G�Q�R�V�Q�R�� �E� ���P�Ü 

�N�R�Q�V�W�D�Q�W�D���W�U�H�Q�M�D�����3�U�L�J�X�ã�H�Q�L���W�L�W�U�D�M�Q�L���V�X�V�W�D�Y���P�R�å�H���V�H�����W�D�N�R�ÿ�H�U�����R�S�L�V�D�W�L���W�]�Y�����4-faktorom, odnosno 

faktorom dobrote ili �N�Y�D�O�L�W�H�W�H���W�L�W�U�D�M�Q�R�J���V�X�V�W�D�Y�D���N�R�M�L���M�H���R�G�U�H�ÿ�H�Q���U�H�O�D�F�L�M�R�P�� 

 �3 L
�è
�ã

L
�è
�Ü�6

L
�ñ�4

�t�Ü
 (1-9) 

�&o �M�H�� �Y�O�D�V�W�L�W�D�� �I�U�H�N�Y�H�Q�F�L�M�D�� �Q�H�S�U�L�J�X�ã�H�Q�R�J�� �W�L�W�U�D�Q�M�D���� �D�� ���� �O�R�J�D�U�L�W�D�P�V�N�L�� �G�H�N�U�H�P�H�Q�W�� �W�L�W�U�D�Q�M�D�� �G�D�Q��

relacijom (1-���������â�W�R���M�H���I�D�N�W�R�U���G�R�E�U�R�W�H���Y�H�ü�L�����S�U�L�J�X�ã�H�Q�M�H���M�H���P�D�Q�M�H���L���P�D�Q�M�L���M�H���J�X�E�L�W�D�N���H�Q�H�U�J�L�M�H���L�]��

�W�L�W�U�D�M�Q�R�J���V�X�V�W�D�Y�D�����8���G�R�E�U�L�P���P�H�K�D�Q�L�þ�N�L�P���W�L�W�U�D�M�Q�L�P���V�X�V�W�D�Y�L�P�D���4-faktor je r�H�G�D���Y�H�O�L�þ�L�Q�H������3 do 

105. 

�=�D�N�R�Q�L���W�L�W�U�D�Q�M�D���K�D�U�P�R�Q�L�M�V�N�R�J���R�V�F�L�O�D�W�R�U�D���S�U�L�P�M�H�Q�M�X�M�X���V�H���Q�D���S�U�R�X�þ�D�Y�D�Q�M�H���W�L�W�U�D�Q�M�D���O�D�E�R�U�D�W�R�U�L�M�V�N�L�K��

�Q�M�L�K�D�O�D���N�D�R���V�W�Y�D�U�Q�L�K���P�H�K�D�Q�L�þ�N�L�K���W�L�W�U�D�M�Q�L�K���V�X�V�W�D�Y�D�����8���V�Y�D�N�R�G�Q�H�Y�Q�R�P���å�L�Y�R�W�X���Q�M�L�K�D�O�R���S�U�H�G�V�W�D�Y�O�M�D��

�W�L�M�H�O�R���R�E�M�H�ã�H�Q�R���R���X�å�H���W�D�N�R���G�D���P�X���V�H�� �F�H�Q�W�D�U���P�D�V�H�� �Q�D�O�D�]�L���L�V�S�R�G���R�Y�M�H�V�L�ã�W�D���� �.�D�G�D���V�H���W�D�N�Y�R���W�L�M�H�O�R��

�R�W�N�O�R�Q�L���L�]���U�D�Y�Q�R�W�H�å�Q�R�J���S�R�O�R�å�D�M�D���S�R�M�D�Y�O�M�X�M�H���V�H���P�R�P�H�Q�W���V�L�O�H���N�R�M�L���J�D���Y�U�D�ü�D���S�U�H�P�D���U�D�Y�Q�R�W�H�å�Q�R�P��

�S�R�O�R�å�D�M�X���� �=�E�R�J�� �G�M�H�O�R�Y�D�Q�M�D�� �R�Y�R�J�� �P�R�P�H�Q�W�D�� �V�L�O�H�� �W�L�M�H�O�R�� �V�H�� �S�R�þ�L�Q�M�H�� �J�L�E�D�W�L�� �S�H�U�L�R�G�L�þ�Q�R�� �R�N�R��

�U�D�Y�Q�R�W�H�å�Q�R�J���S�R�O�R�å�D�M�D���L���R�Y�R���J�L�E�D�Qje ima sve osobine harmonijskog titranja. 

Autor u literaturi [2] izveo je eksperimen�W���S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D���Y�H�O�L�N�L�P���S�O�D�V�W�L�þ�Q�L�P���S�U�H�G�P�H�W�R�P��

�N�R�M�L�� �M�H�� �R�Y�M�H�ã�H�Q�� �R�� �N�U�D�W�N�X���Q�L�W���� �J�G�M�H���V�H�� �V�H�Q�]�R�U���X�G�D�O�M�H�Q�R�V�W�L�� �Q�D�O�D�]�L�� �V�� �M�H�G�Q�H�� �V�W�U�D�Q�H�� �N�D�N�R�� �E�L�� �S�U�D�W�L�R�� �L��

�]�D�E�L�O�M�H�å�L�R�� �H�O�R�Q�J�D�F�L�M�X�� �X�� �V�Y�D�N�R�P�� �W�U�H�Q�X�W�N�X���� �2�Y�D�M�� �N�R�Q�N�U�H�W�Q�L�� �H�N�V�S�H�U�L�P�H�Q�W�� �S�U�X�å�D�� �G�R�E�D�U�� �W�H�P�H�O�M�� �]�D��

�G�D�O�M�Q�M�H���L�V�W�U�D�å�L�Y�D�Q�M�H�����6���R�E�]�L�U�R�P���Q�D���Q�D�J�O�D�V�D�N���Q�D���ã�W�R���P�D�Q�M�L���X�W�M�H�F�D�M���Y�D�Q�M�V�N�L�K���V�L�O�D�����E�L�W���ü�H���S�R�W�U�H�E�Q�R��

�N�R�U�L�V�W�L�W�L���V�O�L�þ�Q�H���S�R�V�W�D�Y�N�H�����N�D�R���ã�W�R���M�H���]�D�P�M�H�Q�D���Y�H�O�L�N�R�J���S�U�H�G�P�H�W�D���P�D�Q�M�R�P���N�X�J�O�L�F�R�P���L���G�X�O�M�R�P���Q�L�Wi.  

Autori u literaturi [3] kreirali su on-�O�L�Q�H���Y�L�U�W�X�D�O�Q�L���O�D�E�R�U�D�W�R�U�L�M���N�R�M�L���S�U�X�å�D���L�]�Y�R�ÿ�H�Q�M�H���H�N�V�S�H�U�L�P�H�Q�W�D��

�L���X�Y�L�G���X���S�U�R�P�M�H�Q�H���N�X�W�D���R�W�N�O�R�Q�D���N�X�J�O�L�F�H���S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D�� 

 

2.1. Simulacija�± Pendulum Lab 
 

Prilikom pristupa virtualnom laboratoriju putem reference [3], prva radnja koju je potrebno 

izvesti jest odabrati opciju "Play", a nakon toga odabrati "Intro". Ovim koracima otvara se 

�P�R�J�X�ü�Q�R�V�W���S�U�L�V�W�X�S�D���V�L�P�X�O�D�F�L�M�L�����ã�W�R���M�H���S�U�L�N�D�]�D�Q�R���Q�D���6�O�L�F�L������2. 
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Slika 2.2. Simulacija Pendulum Lab 

�8�� �Y�L�U�W�X�D�O�Q�R�P�� �O�D�E�R�U�D�W�R�U�L�M�X�� �S�U�X�å�D�� �V�H�� �ã�L�U�R�N�� �V�S�H�N�W�D�U�� �P�R�J�X�ü�Q�R�V�W�L�� �]�D�� �N�R�Q�W�U�R�O�L�U�D�Q�M�H���U�D�]�O�L�þ�L�W�L�K��

�S�D�U�D�P�H�W�D�U�D�� �N�R�M�L�� �]�Q�D�þ�D�M�Q�R�� �X�W�M�H�þ�X�� �Q�D�� �H�O�R�Q�J�D�F�L�M�X�� �W�L�W�U�D�Q�M�D�� �S�U�L�J�X�ã�H�Q�R�J�� �R�V�F�L�O�D�W�R�U�D���� �7�L�� �S�D�U�D�P�H�W�U�L��

�X�N�O�M�X�þ�X�M�X�� 

1. �'�X�O�M�L�Q�X���Q�L�W�L�����R�]�Q�D�þ�H�Q�D���N�D�R��1�������2�Y�D���R�S�F�L�M�D���R�P�R�J�X�ü�D�Y�D���P�L�M�H�Q�M�D�Q�M�H���G�X�O�M�L�Q�H���Q�L�W�L���Q�D���N�R�M�R�M��

�M�H���R�Y�M�H�ã�H�Q���S�U�H�G�P�H�W�� 

2. �0�D�V�X���S�U�H�G�P�H�W�D�����R�]�Q�D�þ�H�Q�D���N�D�R��2): Kontro�O�D���Q�D�G�� �P�D�V�R�P���R�E�M�H�N�W�D���N�R�M�L���W�L�W�U�D���R�P�R�J�X�ü�X�M�H��

�S�U�R�X�þ�D�Y�D�Q�M�H���N�D�N�R���U�D�]�O�L�þ�L�W�H���P�D�V�H���X�W�M�H�þ�X���Q�D���S�R�Q�D�ã�D�Q�M�H���S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D�� 

3. �*�U�D�Y�L�W�D�F�L�M�D�����R�]�Q�D�þ�H�Q�D���N�D�R��3�������3�U�R�P�M�H�Q�R�P���Y�U�L�M�H�G�Q�R�V�W�L���J�U�D�Y�L�W�D�F�L�M�H���P�R�J�X�ü�H���M�H���V�L�P�X�O�L�U�D�W�L��

�N�D�N�R�� �E�L�� �V�H�� �S�U�L�J�X�ã�H�Q�L�� �R�V�F�L�O�D�W�R�U�� �S�R�Q�D�ã�D�R�� �X�� �U�D�]�O�L�þ�L�W�L�P�� �R�N�U�X�å�H�Q�M�L�P�D�� �V�� �U�D�]�O�L�þ�L�W�L�P��

gravitacijskim ubrzanjima. 

4. �������U�D�]�L�Q�D���V�L�O�H���W�U�H�Q�M�D�����R�]�Q�D�þ�H�Q�R���N�D�R��4�������6�L�O�H���W�U�H�Q�M�D���L�J�U�D�M�X���N�O�M�X�þ�Q�X���X�O�R�J�X���X���S�U�L�J�X�ã�L�Y�D�Q�M�X��

�R�V�F�L�O�D�F�L�M�D���� �2�Y�D�� �R�S�F�L�M�D�� �R�P�R�J�X�ü�D�Y�D�� �H�N�V�S�H�U�L�P�H�Q�W�L�U�D�Q�M�H�� �V�� �U�D�]�O�L�þ�L�W�L�P�� �U�D�]�L�Q�D�P�D�� �W�U�H�Q�M�D�� �]�D��

�E�R�O�M�H���U�D�]�X�P�L�M�H�Y�D�Q�M�H���X�W�M�H�F�D�M�D���S�U�L�J�X�ãenja na oscilacije. 

�6�L�P�X�O�D�F�L�M�D���V�H���S�R�N�U�H�ü�H���M�H�G�Q�R�V�W�D�Y�Q�L�P���N�O�L�N�R�P���Q�D���S�U�H�G�P�H�W���R�]�Q�D�þ�H�Q���E�U�R�M�H�P��5 te pomicanjem istog 

�X���V�W�U�D�Q�X���S�R�G���å�H�O�M�H�Q�L�P���N�X�W�H�P���L���S�X�ã�W�D�Q�M�H�P���O�L�M�H�Y�R�J���N�O�L�N�D���V�H���S�R�N�U�H�ü�H���V�L�P�X�O�D�F�L�M�D�� 

 

2.1.1. Rezultati mjerenja 
 

�=�D���H�N�V�S�H�U�L�P�H�Q�W�H���N�R�U�L�ã�W�H�Q�L���V�X���V�O�M�H�G�H�ü�L��podaci: 

�x Duljinu niti = 1m, 

�x Masa tijela = 1kg, 
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�x �8�E�U�]�D�Q�M�H���V�L�O�H���W�H�å�H���M�H�G�Q�D�N�R���M�H���X�E�U�]�D�Q�M�X���V�L�O�H���W�H�å�H���Q�D���=�H�P�O�M�L�����J���§�����������P���V2. 

�6�L�O�D���W�U�H�Q�M�D���V�H���P�L�M�H�Q�M�D���X���H�N�V�S�H�U�L�P�H�Q�W�L�P�D���L���P�M�H�U�H�Q�M�D���V�H���Y�U�ã�H���Q�D���U�D�]�L�Q�D�P�D�����������L�������� 

Tablica 2.1. Rezultati mjerenja na 3. razini trenja: 

vrijeme t[s] �R�W�N�O�R�Q�����>�ƒ�@ 

0 25 

54 20 

145 15 

304 10 

629 5 

 

Slika 2.3. Dijagram amplitude kuta otklona na 3. razini trenja 

U tablici 2.1. prikazani su rezultati mjerenja na 3. razini trenja, dok slika 2.3. prikazuje dijagram 

promjene amplitude kuta otklona.  

�(�N�V�S�R�Q�H�Q�F�L�M�D�O�Q�D���M�H�G�Q�D�G�å�E�D���N�U�L�Y�X�O�M�H���J�O�D�V�L�� 

 �à�:�P�; L �t�t�á�{�u�x�A�?�4�á�4�4�6�ç (2-1) 

Prema relacijama (1-6) i (2-1) vidljivo je da amplituda iznosi ��� �������������ƒ�����G�R�N���I�D�N�W�R�U���S�U�L�J�X�ã�H�Q�M�D��

�L�]�Q�R�V�L���/� �����������V-1. 

Iz relacije (1-�������L�]�U�D�þ�X�Q�D���V�H���I�D�N�W�R�U���G�R�E�U�R�W�H���N�R�M�L���L�]�Q�R�V�L���4� ������������ 

 

 

 



7 
 

Tablica 2.2. Rezultati mjerenja na 4. razini trenja: 

vrijeme t[s] �R�W�N�O�R�Q�����>�ƒ�@ 

0 25 

28 20 

72 15 

145 10 

295 5 

 

Slika 2.4. Dijagram amplitude kuta otklona na 4. razini trenja 

U tablici 2.2. prikazani su rezultati mjerenja na 4. razini trenja, dok slika 2.4. prikazuje dijagram 

promjene amplitude kuta otklona.  

�(�N�V�S�R�Q�H�Q�F�L�M�D�O�Q�D���M�H�G�Q�D�G�å�E�D���N�U�L�Y�X�O�M�H���J�O�D�V�L�� 

 �à�:�P�; L �t�u�á�t�v�t�A�?�4�á�4�4�9�ç (2-2) 

Prema relaciji (2-2),  amplituda iznosi ��� �������������ƒ���� �G�R�N�� �I�D�N�W�R�U�� �S�U�L�J�X�ã�H�Q�M�D�� �L�]�Q�R�V�L�� �/� �����������V-1. 

Faktor dobrote iznosi Q=314,2. 

Tablica 2.3. Rezultati mjerenja na 5. razini trenja: 

vrijeme t[s] �R�W�N�O�R�Q�����>�ƒ�@ 

0 25 

15 20 

33 15 

69 10 

142 5 
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Slika 2.5. Dijagram amplitude kuta otklona na 5. razini trenja 

U tablici 2.3. prikazani su rezultati mjerenja na 5. razini trenja, dok slika 2.5. prikazuje dijagram 

promjene amplitude kuta otklona.  

�(�N�V�S�R�Q�H�Q�F�L�M�D�O�Q�D���M�H�G�Q�D�G�å�E�D���N�U�L�Y�X�O�M�H���J�O�D�V�L�� 

 �à�:�P�; L �t�u�á�t�t�t �A�?�4�á�4�5�5�ç (2-3) 

Prema relaciji (2-3),  amplituda iznosi ��� �������������ƒ���� �G�R�N�� �I�D�N�W�R�U�� �S�U�L�J�X�ã�H�Q�M�D�� �L�]�Q�R�V�L�� �/� �����������V-1. 

Faktor dobrote iznosi Q=142,8. 

�,�]���S�U�L�O�R�å�H�Q�L�K���U�H�]�X�O�W�D�W�D���Y�L�G�O�M�L�Y�R���M�H���N�D�N�R���S�R�U�D�V�W�R�P���I�D�N�W�R�U�D���S�U�L�J�X�ã�H�Q�M�D���V�P�D�Q�M�X�M�H���V�H���I�D�N�W�R�U���G�R�E�U�R�W�H����

odnosno kvalitete titrajnog sustava. 

 

2.2 Mjerni instrumenti  
 

�3�U�L�M�H�� �S�U�L�V�W�X�S�D�� �L�]�U�D�G�L�� �P�D�N�H�W�H�� �S�U�L�J�X�ã�H�Q�R�J�� �R�V�F�L�O�D�W�R�U�D���� �L�V�W�U�D�å�L�Y�D�Q�M�H�� �M�H�� �S�U�R�Y�H�G�H�Q�R�� �N�D�N�R�� �E�L�� �V�H��

�L�G�H�Q�W�L�I�L�F�L�U�D�O�L���S�U�L�N�O�D�G�Q�L���X�U�H�ÿ�D�M�L���]�D���P�M�H�U�H�Q�M�H���X�G�D�O�M�H�Q�R�V�W�L�����6�S�H�F�L�I�L�N�D�F�L�M�H���V�X���S�D�å�O�M�L�Y�R���X�V�S�R�U�H�ÿ�L�Y�D�Q�H��

�N�D�N�R���E�L���V�H���R�V�L�J�X�U�D�O�D���P�D�N�V�L�P�D�O�Q�D���S�U�H�F�L�]�Q�R�V�W���U�H�]�X�O�W�D�W�D�����8���Q�D�V�W�D�Y�N�X�����E�L�W���ü�H���S�U�H�G�V�W�D�Y�O�M�H�Q�L���P�M�H�U�Q�L��

�L�Q�V�W�U�X�P�H�Q�W�L���N�R�M�L���V�X���R�G�D�E�U�D�Q�L���]�D���X�å�L���L�]�E�R�U�� 

 

2.2.1. XM132 
 

Ulazni modul XM132, prema [4], temelji se na Acconeer A111 pulsnom koherentnom radaru 

(PCR) i STMicroelectronics M0+ MCU (STM32G071CBU6). 
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Slika 2.6. �8�U�H�ÿ�D�M���;�0������ 

Na slici 2.6. prikazan je ulazni modul XM132�����þ�L�M�H���V�X���]�Q�D�þ�D�M�N�H: 

�x A111 60 GHz pulsni koherentni radar (PCR) s integriranim osnovnim pojasom, RF 

prednjim dijelom i Antena u paketu (AiP), 

�x 32-�E�L�W�Q�L���$�5�0�Š���&�R�U�W�H�[�7�0���0�������0�&�8�����6�7�0�����*�������&�%�8�������������0�+�]���F�O�N���E�U�]�L�Q�D������������

kB Flash; 36 kB RAM-a, 

�x Dimenzije 25x20 mm s komponentama montiranim na gornjoj strani PCB-a i LGA 

�O�H�P�Q�L�P���M�D�V�W�X�þ�L�ü�L�P�D���Q�D���G�R�Q�M�R�M���V�W�U�D�Q�L���3�&�%-a, 

�x Radni napon: 1,8-3,6V, 

�x Radna temperatura: -�����ƒ���G�R�������ƒ�&�� 

�x �8�N�O�M�X�þ�H�Q�R�� �Q�D�� �S�O�R�þ�X�� �]�D�� �S�U�R�F�M�H�Q�X�� �;�(�������� �V�� �S�R�G�U�ã�N�R�P�� �]�D�� �/�+�������� �N�R�P�S�O�H�W�� �R�E�M�H�N�W�L�Y�D�� �X��

svrhu evaluacije, 

�x �(�N�V�W�H�U�Q�D���S�R�G�U�ã�N�D���]�D���V�X�þ�H�O�M�D��- UART, I2C, GPIO, Reset, 

�x �6�:�'���-�7�$�*���]�D���S�U�R�J�U�D�P�L�U�D�Q�M�H���L���U�M�H�ã�D�Y�D�Q�M�H���S�U�R�E�O�H�P�D�� 

�8�O�D�]�Q�L�� �P�R�G�X�O�� �;�0�������� �P�R�å�H�� �V�H�� �N�R�U�Lstiti za precizno mjerenje udaljenosti, mjerenje razine u 

spremniku, mjerenje razine kante za otpad, detekcija zauzetosti parkirnog mjesta i detekcija 

pametne prisutnosti: 

�x �9�L�V�R�N�R���S�U�H�F�L�]�Q�D���P�M�H�U�H�Q�M�D���X�G�D�O�M�H�Q�R�V�W�L���V���S�R�G�H�V�L�Y�R�P���X�þ�H�V�W�D�O�R�ã�ü�X���D�å�X�U�L�U�D�Q�M�D�� 

�x Mjeri apsol�X�W�Q�L���U�D�V�S�R�Q���G�R�������P���V���D�S�V�R�O�X�W�Q�R�P���W�R�þ�Q�R�ã�ü�X���X���P�P�� 
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�x �0�R�J�X�ü�Q�R�V�W���S�U�H�S�R�]�Q�D�Y�D�Q�M�D���N�U�H�W�D�Q�M�D���Y�L�ã�H���R�E�M�H�N�D�W�D�� 

Jednostavna integracija: 

�x �;�0�������� �X�O�D�]�Q�L���P�R�G�X�O���P�R�å�H���V�H���L�Q�W�H�J�U�L�U�D�W�L���L�]�D���S�O�D�V�W�L�N�H���L�O�L���V�W�D�N�O�D���E�H�]�� �S�R�W�U�H�E�H���]�D���I�L�]�L�þ�N�L��

otvor blende. 

�x �3�R�G�U�ã�N�D���]�D���/�*�$���M�D�V�W�X�þ�L�ü�H���]�D���O�H�P�O�M�H�Q�Me za jednostavnu integraciju 

 

2.2.2. HC-SR04 
 

�2�G�D�ã�L�O�M�D�þ�� �+�&-SR04 (Slika 2.7.)���� �S�U�H�P�D�� �>���@���� �L�Q�L�F�L�U�D�� �H�P�L�V�L�M�X�� �R�V�D�P�� �S�X�O�V�D�� �X�O�W�U�D�]�Y�X�þ�Q�L�K�� �Y�D�O�R�Y�D��

�I�U�H�N�Y�H�Q�F�L�M�H���������.�+�]���L���L�V�W�R�Y�U�H�P�H�Q�R���S�R�N�U�H�ü�H���P�M�H�U�D�þ���Y�U�H�P�H�Q�D�����8�O�W�U�D�]�Y�X�þ�Q�L���L�P�S�X�O�V�L���V�H���ã�L�U�H���S�U�H�P�D��

�Y�D�Q�L�� �V�Y�H�� �G�R�N�� �Q�H�� �Q�D�L�ÿ�X�� �Q�D�� �Q�H�N�L�� �R�E�M�H�N�W���� �N�R�M�L �X�]�U�R�N�X�M�H�� �U�H�I�O�H�N�V�L�M�X�� �Y�D�O�D�� �Q�D�W�U�D�J�� �S�U�H�P�D�� �X�U�H�ÿ�D�M�X����

�3�U�L�M�D�P�Q�L�N�� �]�D�� �X�O�W�U�D�]�Y�X�N�� �U�H�J�L�V�W�U�L�U�D�� �R�Y�X�� �U�H�I�O�H�N�W�L�U�D�Q�X�� �Y�D�O�Q�X�� �S�R�Y�U�D�W�Q�L�F�X�� �L�� �]�D�X�V�W�D�Y�O�M�D�� �P�M�H�U�D�þ��

�Y�U�H�P�H�Q�D���� �8���]�U�D�N�X���� �X�O�W�U�D�]�Y�X�þ�Q�L���Y�D�O�R�Y�L���S�X�W�X�M�X���E�U�]�L�Q�R�P���R�G���������� �P���V���� �1�D���W�H�P�H�O�M�X���E�U�R�M�D���L�P�S�X�O�V�D��

�]�D�E�L�O�M�H�å�H�Q�L�K�� �R�G�� �V�W�U�D�Q�H�� �P�M�H�U�D�þ�D���Y�U�H�P�H�Q�D���� �X�G�D�O�M�H�Q�R�V�W�� �L�]�P�H�ÿ�X�� �R�G�D�ã�L�O�M�D�þ�D�� �L�� �R�E�M�H�N�W�D�� �P�R�å�H�� �V�H��

�L�]�U�D�þ�X�Q�D�W�L�����)�R�U�P�X�O�D���]�D���L�]�U�D�þ�X�Q���R�Y�H���X�G�D�O�M�H�Q�R�V�W�L���V�H���L�]�U�D�å�D�Y�D���N�D�R���� 

 �&L �%�®�6 (2-4) 

Relacija (2-4) poznata je kao formula za mjerenje vremena i brzine, gdje D predstavlja 

�L�]�P�M�H�U�H�Q�X�� �X�G�D�O�M�H�Q�R�V�W���� �&���M�H�� �E�U�]�L�Q�D�� �ã�L�U�H�Q�M�D�����E�U�]�L�Q�D�� �]�Y�X�N�D���� �X�� �]�U�D�N�X���� �D�� �7�� �S�U�H�G�V�W�D�Y�O�M�D�� �Y�U�L�M�H�P�H���� �8��

�R�Y�R�P�� �V�S�H�F�L�I�L�þ�Q�R�P�� �V�O�X�þ�D�M�X���� �7�� �V�H�� �G�L�M�H�O�L�� �V�� ���� �M�H�U�� �R�E�X�K�Y�D�ü�D�� �G�Y�R�V�W�U�X�N�R�� �Y�U�H�P�H�Q�V�N�R�� �S�X�W�R�Y�D�Q�M�H�� �R�G��

�R�G�D�ã�L�O�M�D�þ�D���G�R���R�E�M�H�N�W�D���L���Q�D�W�U�D�J���G�R���S�U�L�M�H�P�Q�L�N�D�� 

 

Slika 2.7. �8�U�H�ÿ�D�M���+�&-SR04 
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Tablica 2.4. �6�S�H�F�L�I�L�N�D�F�L�M�D���X�U�H�ÿ�D�M�D���+�&-SR04   

�(�/�(�.�7�5�,�ý�1�,���3�$�5�$�0�(�7�5�, HC-�6�5�������8�O�W�U�D�]�Y�X�þ�Q�L���P�R�G�X�O 

RADNI NAPON 5V DC 

RADNA STRUJA 15mA 

RADNA FREKVENCIJA 40kHz 

MAX. DOMET 4m 

MIN. DOMET 2cm 

MJERNI KUT �����ƒ 

�8�/�$�=�1�,���6�,�*�1�$�/���2�.�,�'�$�ý�$ 10us min. TTL pulse 

IZLAZNI EHO SIGNAL TTL signal razine proporcionalan 

udaljenosti 

�'�,�0�(�1�=�,�-�(���3�/�2�ý�( 1-13/16" X 13/16" X 5/8" 

�6�3�2�-�(�9�,���1�$���3�/�2�ý�, 4 X 0,1" nagiba pod pravim kutom zaglavlja 

 

2.2.3. TF40 LiDAR 
 

TF40 (Slika 2.8.), prema [6], �M�H�� �/�L�'�$�5�� �W�R�þ�Q�R�V�W�L���Q�D�� �U�D�]�L�Q�L�� �P�P�� �V�D�� �V�Y�R�M�L�P���G�R�P�H�W�R�P�� �G�R�� �����P����

LiDAR (engl. Light Detection and Ranging) je tehnologija za daljinsko mjerenje udaljenosti i 

stvaranje trodimenzionalnih mapa okoline. Ova tehnologija koristi laser za emisiju kratkih 

svjetlosnih impulsa prema cilju, a zatim registrira vrijeme koje je potrebno da se svjetlosni 

�L�P�S�X�O�V�� �R�G�E�L�M�H�� �R�G�� �F�L�O�M�D�� �L�� �Y�U�D�W�L�� �Q�D�� �X�U�H�ÿ�D�M���� �1�D�� �W�H�P�H�O�M�X�� �Y�U�H�P�H�Q�D�� �S�X�W�R�Y�D�Q�M�D�� �V�Y�M�H�W�O�R�V�Q�L�K�� �L�P�S�X�O�V�D����

�/�L�'�$�5���V�X�V�W�D�Y���P�R�å�H���S�U�H�F�L�]�Q�R���L�]�U�D�þ�X�Q�D�W�L���X�G�D�O�M�H�Q�R�V�W���G�R���F�L�O�M�D�����/�L�'�$�5���V�H���þ�H�V�W�R���N�R�U�L�V�W�L���X���U�D�]�O�L�þ�L�W�L�P��

�S�U�L�P�M�H�Q�D�P�D�����X�N�O�M�X�þ�X�M�X�ü�L���N�D�U�W�R�J�U�D�I�L�M�X���L���W�R�S�R�J�U�D�I�L�M�X�����D�X�W�R�Q�R�P�Q�D���Y�R�]�L�O�D�����X�U�E�D�Q�L�V�W�L�þ�N�R���S�O�D�Q�L�U�D�Q�M�H����

�D�U�K�H�R�O�R�J�L�M�D�����L�Q�G�X�V�W�U�L�M�D�����J�U�D�ÿ�H�Y�L�Q�D���L�W�G�����/�L�'�$�5���W�H�K�Q�R�O�R�J�L�M�D���V�H���N�R�Q�W�L�Q�X�L�U�D�Q�R���U�D�]�Y�L�M�D�����ã�W�R���U�H�]�X�O�W�L�U�D��

�V�Y�H���P�D�Q�M�L�P�����M�H�I�W�L�Q�L�M�L�P���L���S�U�H�F�L�]�Q�L�M�L�P���X�U�H�ÿ�D�M�L�P�D�� 

 

Slika 2.8. �8�U�H�ÿ�D�M���7�)�������/�L�'�$�5 
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�=�Q�D�þ�D�M�N�H�� 

�x �9�L�V�R�N�D���W�R�þ�Q�R�V�W 

�x Malih dimenzija 

�x Mala svjetlosna mrlja 

�x �9�L�G�O�M�L�Y���O�D�V�H�U�����O�D�N�ã�L���]�D���F�L�O�M�D�Q�M�H 

Tablica 2.5. �6�S�H�F�L�I�L�N�D�F�L�M�D���X�U�H�ÿ�D�M�D���7�)�������/�L�'�$�5 

PERFORMANSE PROIZVODA  

DOMET 0,04-40m pri 90% refleksivnosti, 

0,04-20m @ 10% refleksivnosti 

�7�2�ý�1�2�6�7 �“���P�P 

�8�'�$�/�-�(�1�2�6�7���5�$�=�/�8�ý�,�9�2�6�7�, 1mm 

FREKVENCIJA UZORKOVANJA 5Hz 

PONOVLJIVOST ���1>8<2mm 

RADNA TEMPERATURA �����a�����•  

�2�3�7�,�ý�.�,���3�$�5�$�0�(�7�5�,  

IZVOR SVJETLOSTI LD 

VALNA DULJINA  635nm 

LASERSKA KLASA CLASS 2 (EN60825) 

KUT DETEKCIJE <1mrad 

�(�/�(�.�7�5�,�ý�1�,���3�$�5�$�0�(�7�5�,  

NAPON NAPAJANJA 3,3V 

�3�5�2�6�-�(�ý�1�$���6�7�5�8�-�$ �”�������P�$ 

�3�2�7�5�2�â�1�-�$���6�1�$�*�( �”�������:  

MAX. STRUJA �”�������P�$ 

KOMUNIKACIJSKA RAZINA NAPONA LVTTL (3,3V) 

KOMUNIKACIJSKI PROTOKOL UART 

OSTALO  

DIMENZIJE 44mm*64,5mm*23mm>&L*W*H >'  

�0�$�7�(�5�,�-�$�/���.�8�û�,�â�7�$ ALUMINIJSKA LEGURA + ABS 

SPREMNIK TEMPERATURE -�����a�����•  

MASA �����J�“���J 
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2.2.4. R-EVO-MINI -I2C 
 

R-EVO-MINI -I2C (Slika 2.9.)���� �S�U�H�P�D�� �>���@���� �M�H�� �Q�D�M�P�D�Q�M�L�� �L�� �Q�D�M�O�D�N�ã�L�� �G�R�G�D�W�D�N�� �7�H�U�D�5�D�Q�J�H�U�� �(�Y�R��

obitelji senzora. Mjerenje �X�G�D�O�M�H�Q�R�V�W�����R�W�N�U�L�Y�D�Q�H���S�R�N�U�H�W�D�����S�U�D�ü�H�Q�M�H���U�D�]�L�Q�D���]�D�O�L�K�D���L���S�U�H�S�R�]�Q�D�Y�D�Q�M�H��

�M�H�G�Q�R�V�W�D�Y�Q�L�K�� �S�R�N�U�H�W�D�� �V�D�P�R�� �V�X�� �Q�H�N�H�� �R�G�� �V�W�Y�D�U�L�� �N�R�M�H�� �P�R�å�H�W�H�� �X�þ�L�Q�L�W�L�� �V�� �7�H�U�D�E�H�H�� �P�L�Q�L�� �V�H�Q�]�R�U�R�P��

udaljenosti. 

 

Slika 2.9. R-EVO-MINI -I2C 

 

�.�O�M�X�þ�Q�H���]�Q�D�þ�D�M�N�H�� 

�x Time-of-Flight tehnologija 

�x �2�G�O�L�þ�D�Q���R�P�M�H�U���F�L�M�H�Q�H���L���X�þ�L�Q�N�D 

�x Optimizirano za unutarnje mjerenje udaljenosti - 0,03 m do 3,3 m 

�x �%�L�U�D�M�W�H���L�]�P�H�ÿ�X���Q�D�þ�L�Q�D���U�D�G�D���V�������������L�O�L�������S�L�N�V�H�O�D 

�x �/�D�J�D�Q���G�L�]�D�M�Q���L���P�D�O�H���Y�H�O�L�þ�L�Q�H��- �V�D�P�R�������J�U�D�P�D�����X�N�O�M�X�þ�X�M�X�ü�L���S�O�R�þ�X�� 

�x �0�D�O�D���S�R�W�U�R�ã�Q�M�D���H�Q�H�U�J�L�Me - prikladno za IoT projekte na baterije 

�x �8�6�%�����8�$�5�7���L���,���&���V�S�R�M�Q�L�F�H�����]�D�P�M�H�Q�M�L�Y�H�����V�X�þ�H�O�M�D 

�x Kompatibilan s Arduinom, Raspberry Pi i ROS-om 
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Tablica 2.6. �6�S�H�F�L�I�L�N�D�F�L�M�D���X�U�H�ÿ�D�M�D���7�5-EVO-MINI -I2C 

PERFORMANSE  VRIJEME 

INICIJALIZACIJE 

<1s 

PRINCIP 

DETEKCIJE 

Infracrveno vrijeme 

leta 

KOMUNIKACIJA   

VALNA DULJINA 

IZVORA 

SVJETLOSTI 

940nm SERIJSKA 

�6�8�ý�(�/�-�$ 

USB 2.0 Micro-B 

UART 

PROSTOR 

NAMJENE 

Zatvoreni prostor VIZUALNA 

OBAVIJEST 

2 x LED diode  

PONOVLJIVOST <5mm �0�(�+�$�1�,�ý�.�,��

PODACI 

 

REZOLUCIJA 

IZLAZNE 

UDALJENOSTI 

1mm DIMENZIJE 42 x 30 x 13 mm 

���X�N�O�M�X�þ�X�M�X�ü�L���S�O�R�þ�X�� 

VIDNO POLJE �����ƒ MASA 9g   

PROJEKTIRANO 

�3�2�'�5�8�ý�-�(���=�$��

PRIJEM 

48cm x 48cm @ 1m RADNA 

TEMPERATURA 

-�����ƒ�&���G�R�������ƒ�& 

�1�$�ý�,�1�,���5�$�'�$��

PIXEL-a 

1px, 2px, 4px (2x2) MATERIJAL 

�.�8�û�,�â�7�$ 

ABS 

ELEKTRONIKA  �1�$�ý�,�1��

POVEZIVANJA 

USB 2.0 Micro-B  

I2C/UART 

NAPON 

NAPAJANJA DC 

���9���'�&���“���� SUKLADNOST  

�3�5�2�6�-�(�ý�1�$��

STRUJA 

50mA REFERENTNI 

STANDARD 

CE, RoHS 

 

Nakon detaljne provjere ranije navedenih mjernih instrumenata vidljivo je da je najbolji izbor 

za ovaj eksperiment R-EVO-MINI -�,���&���� �1�D�M�Y�H�ü�D�� �S�U�H�G�Q�R�V�W�� �R�Y�R�J�� �L�Q�V�W�U�X�P�H�Q�W�D�� �M�H�� �I�U�H�N�Y�H�Q�F�L�M�D��

�X�]�R�U�N�R�Y�D�Q�M�D�� �R�G�� �����+�]�� �N�R�M�D�� �R�P�R�J�X�ü�D�Y�D�� ������ �P�M�H�U�H�Q�M�D�� �X�� ���� �V�H�N�X�Q�G�L���� �3�U�H�G�Q�R�V�W�� �R�Y�R�J�� �X�U�H�ÿ�D�M�D�� �V�X��

�W�D�N�R�ÿ�H�U���G�L�P�H�Q�]�L�M�H�����F�L�M�H�Q�D���L���X�S�X�W�V�W�Y�D���N�R�M�D���N�R�U�L�ã�W�H�Q�M�H���R�Y�R�J���X�U�H�ÿ�D�M�D���þ�L�Q�H���Y�U�O�R���M�H�G�Q�R�V�W�D�Y�Q�L�P�� 
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3. IZRADA MAKETE  
 

�3�U�L�O�L�N�R�P�� �L�]�U�D�G�H�� �P�D�N�H�W�H�� �Q�D�M�Y�L�ã�H�� �S�D�å�Q�M�H�� �S�R�V�Y�H�ü�H�Q�R�� �M�H�� �V�W�D�E�L�O�Q�R�V�W�L�� �L�� �H�O�D�V�W�L�þ�Q�R�V�W�L�� �X�� �V�P�L�V�O�X�� �G�D�� �M�H��

�P�R�J�X�ü�H���]�D�P�L�M�H�Q�L�W�L���P�M�H�U�Q�L���L�Q�V�W�U�X�P�H�Q�W���N�D�R���L���G�X�O�M�L�Q�X���Q�L�W�L���L���P�D�V�X���N�X�J�O�L�F�H�� 

 

Slika 3.1. �0�D�N�H�W�D���S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D 

 

�6�O�L�N�D�������������S�U�L�N�D�]�X�M�H���P�D�N�H�W�X���S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D���V���S�R�Y�H�]�D�Q�L�P���P�M�H�U�Q�L�P���X�U�H�ÿ�D�M�L�P�D�����1�R�V�H�ü�L���G�L�R��

�P�D�N�H�W�H�� ���V�W�D�O�D�N���� �R�]�Q�D�þ�H�Q�� �N�D�R��1���� �L�]�U�D�ÿ�H�Q�� �M�H�� �R�G�� �å�H�O�M�H�]�Q�L�K�� �þ�H�W�Y�U�W�D�V�W�L�K�� �F�L�M�H�Y�L�� �Y�D�Q�M�V�N�R�J�� �S�U�R�P�M�H�U�D��

25mm radi stabilnosti ako umjesto metalne kuglice od 50g (�R�]�Q�D�þ�H�Q�D���N�D�R��2�����E�X�G�H���R�Y�M�H�ã�H�Q�R��

�W�L�M�H�O�R���Y�H�ü�H���P�D�V�H�����1�D���G�H�V�Q�R�M���V�W�U�D�Q�L���V�W�D�O�N�D�����6�O�L�N�D���������������Q�D�O�D�]�L���V�H���Q�R�V�D�þ���]�D���P�M�H�U�Q�L���X�U�H�ÿ�D�M�����V�H�Q�]�R�U������

�1�R�V�D�þ�� �M�H�� �S�R�G�H�V�L�Y�� �S�R�� �Y�L�V�L�Q�L�� �L�� �S�R�� �G�X�E�L�Q�L�� �N�D�N�R�� �E�L�� �E�L�O�R�� �P�R�J�X�ü�H�� �U�H�J�X�O�L�U�D�W�L�� �S�R�O�R�å�D�M�� �P�M�H�U�Q�R�J��

instrumenta ako je potrebno mjeriti s izmi�M�H�Q�M�H�Q�L�P���S�D�U�D�P�H�W�U�L�P�D�����W�M�����G�U�X�J�D�þ�L�M�L���R�E�O�L�N���R�Y�M�H�ã�H�Q�R�J��

�S�U�H�G�P�H�W�D���� �G�X�O�M�L�Q�D�� �Q�L�W�L���� �G�U�X�J�D�þ�L�M�L�� �P�M�H�U�Q�L�� �L�Q�V�W�U�X�P�H�Q�W�� �L�W�G���� �2�Y�M�H�V�L�ã�W�H�� �W�L�M�H�O�D�� �Q�D�S�U�D�Y�O�M�H�Q�R�� �M�H�� �R�G��

�å�H�O�M�H�]�Q�H���ã�L�S�N�H���G�X�O�M�L�Q�H�������F�P���Q�D���N�R�M�R�M���M�H���Q�D�U�H�]�D�Q���Q�D�Y�R�M���0�����W�H���G�Y�L�M�H���P�H�W�D�O�Q�H���S�O�R�þ�L�F�H���N�R�M�L�P�D���V�H��

�V�W�H�å�H���Q�L�W���� �1�D���R�Y�M�H�V�L�ã�W�X���M�H���Q�D�U�H�]�D�Q���Q�D�Y�R�M���N�D�N�R���E�L���E�L�O�R���P�R�J�X�ü�H���U�H�J�X�O�L�U�D�W�L���X�G�D�O�M�H�Q�R�V�W���R�Y�M�H�ã�H�Q�R�J��

tijela u odnosu na mjerni instrument. 

�%�L�W�Q�R���M�H���Q�D�S�R�P�H�Q�X�W�L���G�D���M�H���P�D�N�H�W�X���P�R�J�X�ü�H���U�D�V�W�D�Y�L�W�L���Q�D���W�U�L���G�L�M�H�O�D���U�D�G�L���W�U�D�Q�V�S�R�U�W�D���L���V�N�O�D�G�L�ã�W�H�Q�M�D���W�H��

za rastavljanje i sklapanje iste nije potreban alat. 
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4. EKSPERIMENTI I REZULTATI  
 

�1�D���W�H�P�H�O�M�X���V�S�H�F�L�I�L�N�D�F�L�M�D���X�U�H�ÿ�D�M�D���Q�D�Y�H�G�H�Q�L�K���X���G�U�X�J�R�P���G�L�M�H�O�X���������������0�-�(�5�1�,���,�1�6�7�5�8�0�(�1�7�,������

odabran je R-EVO-MINI -I2C (oznaka 4�����S�U�L�N�D�]�D�Q���Q�D���6�O�L�F�L�������������N�D�R���Q�D�M�N�R�P�S�D�W�L�E�L�O�Q�L�M�L���X�U�H�ÿ�D�M����

�N�R�M�L���M�H���S�R�Y�H�]�D�Q���V���P�L�N�U�R�X�S�U�D�Y�O�M�D�þ�N�R�P �S�O�R�þ�R�P���$�U�G�X�L�Q�R���0�H�J�D���������������R�]�Q�D�N�D��3 na Slici 3.1). Prvi 

�N�R�U�D�N���R�Y�R�J���H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�R�J���S�U�R�F�H�V�D���R�E�X�K�Y�D�ü�D���P�M�H�U�H�Q�M�H���X�G�D�O�M�H�Q�R�V�W�L���N�X�J�O�L�F�H���R�G���V�H�Q�]�R�U�D���S�X�W�H�P��

�S�U�R�J�U�D�P�V�N�R�J���M�H�]�L�N�D���$�U�G�X�L�Q�R���,�'�(�����%�X�G�X�ü�L���G�D���V�H���V���R�Y�D�N�Y�R�P���S�R�V�W�D�Y�N�R�P���P�D�N�H�W�H���P�R�å�H���P�M�H�U�L�W�L��

samo jedna strana elonga�F�L�M�H���� �N�O�M�X�þ�Q�R�� �M�H�� �L�]�G�Y�D�M�D�W�L�� �Q�D�M�P�D�Q�M�H�� �X�G�D�O�M�H�Q�R�V�W�L�� �N�X�J�O�L�F�H�� �R�G�� �V�H�Q�]�R�U�D��

�W�L�M�H�N�R�P���V�Y�D�N�H���R�V�F�L�O�D�F�L�M�H���N�D�N�R���E�L���V�H���S�R�V�W�L�J�O�L���U�H�O�H�Y�D�Q�W�Q�L���S�R�G�D�F�L�����'�U�X�J�L���N�R�U�D�N���R�E�X�K�Y�D�ü�D���S�U�H�O�D�]�D�N��

na programski jezik Python koji kontinuirano prima izmjerene vrijednosti od prethodnog 

programa u stvarnom vremenu. Vrijednosti najmanjih udaljenosti kuglice od senzora 

�S�U�H�U�D�þ�X�Q�D�Y�D�M�X���V�H���X���D�P�S�O�L�W�X�G�H���N�X�W�D���R�W�N�O�R�Q�D�����7�U�H�ü�L���N�R�U�D�N���X�N�O�M�X�þ�X�M�H���L�V�S�L�V�L�Y�D�Q�M�H���U�H�]�X�O�W�D�W�D���P�M�H�U�H�Q�M�D��

�L�� �V�W�Y�D�U�D�Q�M�H�� �J�U�D�I�L�þ�N�R�J�� �S�U�L�N�D�]�D�� �X�� �3�\�W�K�R�Q-u kako bi se vizualizirali rezultati eksperimenta. 

�7�D�N�R�ÿ�H�U�����Y�U�L�M�H�P�H���L���D�P�S�O�L�W�X�G�D���N�X�W�D���R�W�N�O�R�Q�D���V�H���]�D�S�L�V�X�M�X���X���0�6���(�[�F�H�O-�X���N�D�N�R���E�L���V�H���R�P�R�J�X�ü�L�O�D���E�R�O�M�D��

�D�Q�D�O�L�]�D�� �L�� �Y�L�]�X�D�O�L�]�D�F�L�M�D�� �S�R�G�D�W�D�N�D�� �W�H�� �P�R�J�X�ü�Q�R�V�W�� �J�H�Q�H�U�L�U�D�Q�M�D�� �J�U�D�I�R�Y�D�� �V�� �S�U�D�W�H�ü�L�P�� �M�H�G�Q�D�G�å�E�D�P�D��

krivulja za daljnju analizu dinamike oscilacija. Navedeni postupak vr�ã�L�� �V�H�� �S�X�W�H�P�� �U�D�þ�X�Q�D�O�D��

(oznaka 5, prikazan na Slici 3.1). 

Upute za pokretanje ovog programa nalaze se u Prilogu 1. 

 

4.1. Arduino mega 2560 REV3 �± �L�]�Y�R�ÿ�H�Q�M�H���H�N�V�S�H�U�L�P�H�Q�W�D 
 

�0�M�H�U�Q�L���X�U�H�ÿ�D�M���5-EVO-MINI -12C povezan je na Arduino Mega 2560 Rev3 (Slika 4.1.) 
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Slika 4.1. Arduino Mega 2560 Rev3 

 

�3�U�H�P�D�� �>���@���� �$�U�G�X�L�Q�R�� �0�H�J�D�� ���������� �S�U�H�G�V�W�D�Y�O�M�D�� �P�L�N�U�R�N�R�Q�W�U�R�O�H�U�V�N�X�� �S�O�R�þ�X�� �W�H�P�H�O�M�H�Q�X�� �Q�D��

�$�7�P�H�J�D���������� �P�L�N�U�R�N�R�Q�W�U�R�O�H�U�X���� �2�Y�D�� �S�O�R�þ�D (Slika 4.2.) posjeduje 54 digitalna ulazno/izlazna 

�S�U�L�N�O�M�X�þ�N�D�����R�G���N�R�M�L�K���M�H���������P�R�J�X�ü�H���N�R�U�L�V�W�L�W�L���N�D�R���3�:�0���L�]�O�D�]�L�����7�D�N�R�ÿ�H�U�����Q�X�G�L���������D�Q�D�O�R�J�Q�L�K���X�O�D�]�Q�L�K��

�S�U�L�N�O�M�X�þ�D�N�D���������8�$�5�7�����K�D�U�G�Y�H�U�V�N�D���V�H�U�L�M�V�N�D���S�R�U�W�D�������N�U�L�V�W�D�O�Q�L���R�V�F�L�O�D�W�R�U���V���I�U�H�N�Y�H�Q�F�L�M�R�P���R�G���������0�+�]����

�8�6�%���S�U�L�N�O�M�X�þ�D�N�����X�O�D�]���]�D���Q�D�S�D�M�D�Q�M�H�����,�&�6�3���]�D�J�O�D�Y�O�M�H���W�H���J�X�P�E���]�D���U�H�V�H�W�L�U�D�Q�M�H�����2�Y�D���S�O�R�þ�D���V�D�G�U�å�L���V�Y�H��

potre�E�Q�R���]�D���S�R�G�U�ã�N�X���P�L�N�U�R�N�R�Q�W�U�R�O�H�U�X�����-�D�N�R���M�H���M�H�G�Q�R�V�W�D�Y�Q�R���S�R�Y�H�]�D�W�L���M�H���V���U�D�þ�X�Q�D�O�R�P���S�X�W�H�P���8�6�%��

kabela ili ju napajati putem AC-to-�'�&�� �D�G�D�S�W�H�U�D�� �L�O�L�� �E�D�W�H�U�L�M�H�� �N�D�N�R�� �E�L�V�W�H�� �]�D�S�R�þ�H�O�L�� �V�� �U�D�G�R�P����

�7�D�N�R�ÿ�H�U���� �Y�D�å�Q�R�� �M�H�� �Q�D�S�R�P�H�Q�X�W�L�� �G�D�� �0�H�J�D�� ���������� �S�O�R�þ�D�� �R�V�W�D�M�H�� �N�R�P�S�D�W�L�E�L�O�Q�D�� �V�� �Y�H�ü�L�Q�R�P�� �ã�W�Ltova 

�G�L�]�D�M�Q�L�U�D�Q�L�K�� �]�D�� �8�Q�R�� �L�� �S�U�H�W�K�R�G�Q�H���Y�H�U�]�L�M�H�� �S�O�R�þ�D�� �S�R�S�X�W�� �'�X�H�P�L�O�D�Q�R�Y�H�� �L�O�L�� �'�L�H�F�L�P�L�O�D���� �0�H�J�D�� ����������

�S�U�H�G�V�W�D�Y�O�M�D���D�å�X�U�L�U�D�Q�X���Y�H�U�]�L�M�X���$�U�G�X�L�Q�R���0�H�J�D�����]�D�P�M�H�Q�M�X�M�X�ü�L���S�U�H�W�K�R�G�Q�X���Y�H�U�]�L�M�X�� 
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Tablica 4.1. �6�S�H�F�L�I�L�N�D�F�L�M�D���X�U�H�ÿ�D�M�D���$�U�G�X�L�Q�R���0�H�J�D�������������5�H�Y�� 

Radni napon 5V 

�8�O�D�]�Q�L���Q�D�S�R�Q�����S�U�H�S�R�U�X�þ�H�Q�R�� 7-12V 

Ulazni napon (limit) 6-20V 

�'�L�J�L�W�D�O�Q�L���X�O�D�]�Q�R���L�]�O�D�]�Q�L���S�U�L�N�O�M�X�þ�F�L 54 od kojih 15 daje PWM izlaz 

�$�Q�D�O�R�J�Q�L���X�O�D�]�Q�L���S�U�L�N�O�M�X�þ�F�L 16 

�'�&���V�W�U�X�M�D���S�R���X�O�D�]�Q�R���L�]�O�D�]�Q�R�P���S�U�L�N�O�M�X�þ�F�L�P�D 20mA 

�'�&���V�W�U�X�M�D���]�D���S�U�L�N�O�M�X�þ�N�H���R�G���������9 50mA 

Brza memorija �������.�%���R�G���þ�H�J�D�����.�%���N�R�U�L�V�W�L���E�R�R�W�O�R�D�G�H�U 

SRAM 8KB 

EEPROM 4KB 

Brzina sata 16MHz 

LED_BUILTIN 13 

Duljina 101,52mm 

�â�L�U�L�Q�D 53,3mm 

Masa 37g 

 

 

Slika 4.2. Arduino Mega 2560 Rev3 �± �G�L�M�D�J�U�D�P���S�U�L�N�O�M�X�þ�D�N�D 
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Upute za �N�R�U�L�ã�W�H�Q�M�H�� �R�Y�R�J�� �X�U�H�ÿ�D�M�D���� �N�D�R�� �L�� �G�H�W�D�O�M�Q�H�� �W�H�K�Q�L�þ�N�H�� �V�S�H�F�L�I�L�N�D�F�L�M�H���� �G�R�V�W�X�S�Q�H�� �V�X�� �Q�D��

�V�O�X�å�E�H�Q�R�M�� �L�Q�W�H�U�Q�H�W�� �V�W�U�D�Q�L�F�L�� �$�U�G�X�L�Q�R�� �S�O�D�W�I�R�U�P�H���� �1�D�� �W�R�M�� �Z�H�E�� �O�R�N�D�F�L�M�L�� �Q�D�O�D�]�H�� �V�H�� �V�Y�H�� �S�R�W�U�H�E�Q�H��

�L�Q�I�R�U�P�D�F�L�M�H�� �]�D�� �X�V�S�M�H�ã�Q�R�� �X�S�U�D�Y�O�M�D�Q�M�H�� �X�U�H�ÿ�D�M�H�P�� �W�H�� �]�D�� �U�D�]�X�P�L�M�H�Y�D�Q�M�H�� �Q�M�H�J�R�Y�L�K�� �W�H�K�Q�L�þ�N�L�K��

kar�D�N�W�H�U�L�V�W�L�N�D���� �3�U�H�S�R�U�X�þ�X�M�H�� �V�H�� �N�R�Q�]�X�O�W�L�U�D�Q�M�H�� �R�Y�H�� �Z�H�E�� �V�W�U�D�Q�L�F�H�� �N�D�N�R�� �E�L�� �V�H�� �R�V�L�J�X�U�D�O�R�� �S�U�D�Y�L�O�Q�R��

�N�R�U�L�ã�W�H�Q�M�H���X�U�H�ÿ�D�M�D���X���V�N�O�D�G�X���V���Q�D�M�Q�R�Y�L�M�L�P���L�Q�I�R�U�P�D�F�L�M�D�P�D���L���V�P�M�H�U�Q�L�F�D�P�D���G�R�V�W�X�S�Q�L�P�D���Q�D���$�U�G�X�L�Q�R��

platformi. 

4.2. Arduino  
 

U programskom jeziku Arduino IDE razvijen je kod s �F�L�O�M�H�P�� �S�R�Y�H�]�L�Y�D�Q�M�D�� �X�U�H�ÿ�D�M�D�� �5-EVO-

MINI -�����&���V���$�U�G�X�L�Q�R���0�H�J�D�������������5�H�Y�����S�O�R�þ�R�P���U�D�G�L���S�U�H�F�L�]�Q�R�J���P�M�H�U�H�Q�M�D���L���L�V�S�L�V�L�Y�D�Q�M�D���Q�D�M�P�D�Q�M�L�K��

udaljenosti kuglice od senzora tijekom svakog otklona. 

U Prilogu 2 �± Arduino program  nalazi se detaljno analiziran i opisan kod, zajedno s 

�N�R�P�H�Q�W�D�U�L�P�D�� �N�R�M�L�� �S�U�D�W�H�� �V�Y�D�N�X�� �I�X�Q�N�F�L�M�X���� �6�Y�D�N�L�� �N�R�P�H�Q�W�D�U�� �X�� �N�R�G�X�� �R�]�Q�D�þ�D�Y�D�� �V�H�� �V�� ���� �������� �N�D�N�R�� �M�H��

�S�U�R�S�L�V�D�Q�R���X���S�U�R�J�U�D�P�V�N�R�P���M�H�]�L�N�X���$�U�G�X�L�Q�R���,�'�(�����2�Y�D�M���S�U�L�V�W�X�S���R�P�R�J�X�ü�D�Y�D���M�D�V�Q�R���U�D�]�X�P�L�M�H�Y�D�Q�M�H��

�I�X�Q�N�F�L�R�Q�D�O�Q�R�V�W�L���S�U�R�J�U�D�P�D���L���Q�M�H�J�R�Y�H���V�Y�U�K�H�����þ�L�Q�H�ü�L���J�D���G�R�V�W�X�S�Q�L�P���]�D���G�D�O�M�Q�M�H���S�Uilagodbe i razvoj 

�X���E�X�G�X�ü�Q�R�V�W�L�� 

�3�R�N�U�H�W�D�Q�M�H�P�� �R�Y�R�J�� �$�U�G�X�L�Q�R�� �S�U�R�J�U�D�P�D���� �V�X�V�W�D�Y�� �ü�H�� �Q�H�S�U�H�N�L�G�Q�R�� �P�M�H�U�L�W�L�� �X�G�D�O�M�H�Q�R�V�W�� �N�X�J�O�L�F�H�� �R�G��

�V�H�Q�]�R�U�D���X���U�H�å�L�P�X���U�D�G�D���M�H�G�D�Q���S�L�N�V�H�O���V���E�U�]�L�Q�R�P���X�]�R�U�N�R�Y�D�Q�M�D���R�G���������+�]���N�D�N�R���E�L���U�H�]�X�O�W�D�W�L���P�M�H�U�H�Q�M�D��

�E�L�O�L���ã�W�R���S�U�H�F�L�]�Q�L�M�L�����6�Y�D�N�L���U�H�]�X�O�W�D�W���P�M�H�U�H�Q�M�D���ü�H���E�L�W�L���E�L�O�M�H�å�H�Q���X���V�W�Y�D�U�Q�R�P���Y�U�H�P�H�Q�X�����ã�W�R���]�Q�D�þ�L���G�D���ü�H��

�X�]���V�Y�D�N�X���]�D�E�L�O�M�H�å�H�Q�X���X�G�D�O�M�H�Q�R�V�W���E�L�W�L���H�Y�L�G�H�Q�W�L�U�D�Q�R���W�R�þ�Q�R���Y�U�L�M�H�P�H���X���I�R�U�P�D�W�X���V�D�W�L�����P�L�Q�X�W�D���L���V�H�N�X�Q�G�L��

���Q�S�U�����������������������������2�V�L�P���W�R�J�D�����G�R�G�D�Y�D�Q�M�H�P���N�U�X�å�Q�R�J���P�H�ÿ�X�V�S�U�H�P�Q�L�N�D�����H�Q�J�����F�L�U�F�X�O�D�U���E�X�I�I�H�U�����X���N�R�G����

eliminirana su �Q�H�S�R�W�U�H�E�Q�D�� �P�M�H�U�H�Q�M�D�� �L�� �R�V�L�J�X�U�D�Q�R�� �M�H�� �E�L�O�M�H�å�H�Q�M�H�� �V�D�P�R�� �D�P�S�O�L�W�X�G�H�� �R�V�F�L�O�D�F�L�M�D����

�R�G�Q�R�V�Q�D���Q�D�M�P�D�Q�M�H���X�G�D�O�M�H�Q�R�V�W�L���N�X�J�O�L�F�H���R�G���V�H�Q�]�R�U�D�����2�Y�D�M���S�U�L�V�W�X�S���R�P�R�J�X�ü�X�M�H���S�U�H�J�O�H�G�Q�R���S�U�D�ü�H�Q�M�H��

i analizu samo relevantnih podataka koji su potrebni za nastavak projekta. 

�.�O�M�X�þ�Q�R���M�H���Q�D�J�O�D�V�L�W�L���G�D���X�N�R�O�L�N�R���S�U�R�J�U�D�P���J�H�Q�H�U�L�U�D���Q�H�R�þ�H�N�L�Y�D�Q�H���Y�U�L�M�H�G�Q�R�V�W�L�����N�R�M�L���J�U�D�Y�L�W�L�U�D�M�X���R�N�R��

�J�U�D�Q�L�F�H�� �R�G�� �S�U�L�E�O�L�å�Q�R�� �������P�P���� �S�U�H�S�R�U�X�þ�O�M�L�Y�R�� �M�H�� �S�U�L�O�D�J�R�G�L�W�L�� �J�R�U�Q�M�X�� �J�U�D�Q�L�F�X�� �P�M�H�U�H�Q�M�D�� �N�R�M�D�� �V�H�� �X��

�N�R�G�X�� �R�]�Q�D�þ�D�Y�D�� �Y�D�U�L�M�D�E�O�R�P�� �'�,�6�7�$�1�&�(�B�0�$�;���� �*�R�U�Q�M�X�� �J�U�D�Q�L�F�X�� �M�H�� �S�R�W�U�H�E�Q�R�� �V�P�D�Q�M�L�W�L�� �Q�D��

najmanje �������P�P���� �2�Y�D�� �N�R�Q�N�U�H�W�Q�D�� �S�U�L�O�D�J�R�G�E�D�� �E�L�W�� �ü�H�� �N�O�M�X�þ�Q�D�� �X�� �H�O�L�P�L�Q�D�F�L�M�L�� �P�R�J�X�ü�L�K�� �J�U�H�ã�D�N�D�� �L��

�Q�H�V�S�R�U�D�]�X�P�D���X���I�X�Q�N�F�L�R�Q�L�U�D�Q�M�X���$�U�G�X�L�Q�R���S�U�R�J�U�D�P�D�����6�P�D�Q�M�H�Q�M�H���J�R�U�Q�M�H���J�U�D�Q�L�F�H���Q�D�����������P�P���Q�H�ü�H��

�E�L�W�Q�R���Q�D�U�X�ã�L�W�L���S�U�H�F�L�]�Q�R�V�W���P�M�H�U�H�Q�M�D�����E�X�G�X�ü�L���G�D���M�H���R�Y�D���Y�U�L�M�H�G�Q�R�V�W���W�H�N���Q�H�ã�W�R���P�D�Q�M�D���R�G���N�X�W�D���R�G�����ƒ����

�ã�W�R�� �]�Q�D�þ�L�� �G�D�� �Q�H�ü�H�� �]�Q�D�W�Q�R�� �X�W�M�H�F�D�W�L�� �Q�D�� �N�Y�D�O�L�W�H�W�X�� �L�]�U�D�þ�X�Q�D�� �X�G�D�O�M�H�Q�R�V�W�L���� �,�P�S�O�H�P�H�Q�W�D�F�L�M�R�P�� �R�Y�L�K��
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�S�U�L�O�D�J�R�G�E�L�� �E�L�W�� �ü�H�� �R�V�L�J�X�U�D�Q�D�� �V�W�D�E�L�O�Q�R�V�W�� �L�� �W�R�þ�Q�R�V�W�� �$�U�G�X�L�Q�R�� �N�R�G�D���� �þ�L�P�H�� �ü�H�� �V�H�� �S�R�V�W�L�å�X�� �S�U�H�F�L�]�Q�D�� �L��

konzistentna mjerenja udaljenosti kuglice od senzora. 

 

4.3. Python 
 

�6�O�M�H�G�H�ü�L���N�O�M�X�þ�Q�L���N�R�U�D�N���X���S�U�R�F�H�V�X���M�H���S�U�H�W�Y�D�U�D�Q�M�H���X�G�D�O�M�H�Q�R�V�W�L���N�X�J�O�L�F�H���R�G���V�H�Q�]�R�U�D���X���N�X�W���L���V�W�Y�D�U�D�Q�M�H��

�G�L�M�D�J�U�D�P�D�� �N�R�M�L�� �S�U�L�N�D�]�X�M�H�� �R�Y�L�V�Q�R�V�W�� �L�]�P�H�ÿ�X�� �D�P�S�O�L�W�X�G�H�� �N�X�W�D�� �R�W�N�O�R�Q�D�� �R�� �Y�U�H�P�H�Q�X���� �%�X�G�X�ü�L�� �G�D��

�$�U�G�X�L�Q�R�� �,�'�(�� �Q�H�� �S�U�X�å�D�� �X�J�U�D�ÿ�H�Q�H�� �D�O�D�W�H�� �]�D�� �P�D�W�H�P�D�W�L�þ�N�H�� �R�S�H�U�D�F�L�M�H�� �L�� �Y�L�]ualizaciju podataka, 

�U�H�]�X�O�W�D�W�L���P�M�H�U�H�Q�M�D���V�H���S�U�H�Q�R�V�H���X���S�U�R�J�U�D�P�V�N�L���M�H�]�L�N���3�\�W�K�R�Q���N�D�N�R���E�L���]�D�G�D�W�D�N���E�L�R���X�V�S�M�H�ã�Q�R���U�L�M�H�ã�H�Q�� 

U Prilogu 3 �± Python program nalazi se kod s detaljnim komentarima koji opisuju svaku 

�I�X�Q�N�F�L�M�X���� �.�D�N�R�� �E�L�� �U�D�]�O�L�þ�L�W�L�� �D�V�S�H�N�W�L�� �N�R�G�D�� �E�L�O�L�� �S�U�D�Y�L�O�Q�R�� �G�R�N�X�P�H�Q�W�L�U�D�Q�L���� �V�Y�D�N�L�� �N�R�P�H�Q�W�D�U���X�� �N�R�G�X��

�R�]�Q�D�þ�H�Q���M�H���V�L�P�E�R�O�R�P�����������N�D�N�R���M�H���G�H�I�L�Q�L�U�D�Q�R���X���S�U�R�J�U�D�P�V�N�R�P���M�H�]�L�N�X���3�\�W�K�R�Q�����'�R�G�D�W�Q�R�����X���V�N�O�R�S�X��

Priloga 3, nalaz�L�� �V�H�� �V�H�J�P�H�Q�W�� �N�R�G�D�� �N�R�M�L�� �R�P�R�J�X�ü�D�Y�D�� �S�U�H�Q�R�ã�H�Q�M�H�� �S�U�L�N�X�S�O�M�H�Q�L�K�� �S�R�G�D�W�D�N�D�� �X�� �0�6��

�(�[�F�H�O���W�D�E�O�L�F�X�����2�Y�D���W�D�E�O�L�F�D���V�O�X�å�L���N�D�R���D�O�D�W���]�D���R�U�J�D�Q�L�]�D�F�L�M�X���L���S�R�K�U�D�Q�X���U�H�]�X�O�W�D�W�D���H�N�V�S�H�U�L�P�H�Q�W�D���þ�L�P�H��

�S�R�V�W�L�å�H�P�R�� �E�R�O�M�X�� �S�U�H�J�O�H�G�Q�R�V�W�� �U�H�]�X�O�W�D�W�D�� �P�M�H�U�H�Q�M�D���� �%�X�G�X�ü�L�� �G�D�� �V�H�� �U�H�]�X�O�W�D�W�L�� �P�M�H�U�H�Q�M�D�� �]�D�S�L�V�X�M�X��u 

�W�D�E�O�L�F�X���� �S�R�V�W�R�M�L�� �P�R�J�X�ü�Q�R�V�W�� �F�U�W�D�Q�M�D�� �G�L�M�D�J�U�D�P�D�� �W�H�� �L�V�S�L�V�� �M�H�G�Q�D�G�å�E�H�� �N�U�L�Y�X�O�M�H�� �N�R�M�D�� �M�H�� �S�R�W�U�H�E�Q�D�� �]�D��

analizu rezultata. 

�=�D���E�R�O�M�H���U�D�]�X�P�L�M�H�Y�D�Q�M�H���O�L�Q�L�M�H���N�R�G�D�����O�B�P�R�G�L�I�L�H�G��� ���O��������������������X���Q�D�V�W�D�Y�N�X���V�H���Q�D�O�D�]�L���R�E�M�D�ã�Q�M�H�Q�M�H����

�2�Y�D�� �O�L�Q�L�M�D�� �N�R�G�D�� �S�U�H�G�V�W�D�Y�O�M�D�� �N�O�M�X�þ�Q�X�� �N�R�P�S�R�Q�H�Q�W�X�� �X �D�Q�D�O�L�]�L�� �X�G�D�O�M�H�Q�R�V�W�L�� �N�X�J�O�L�F�H�� �R�G�� �V�U�H�G�L�ã�W�D��

�S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D�����D���Q�M�H�]�L�Q�R���U�D�]�X�P�L�M�H�Y�D�Q�M�H���N�O�M�X�þ�Q�R���M�H���]�D���W�X�P�D�þ�H�Q�M�H���U�H�]�X�O�W�D�W�D�����9�D�U�L�M�D�E�O�D�����O����

�S�U�H�G�V�W�D�Y�O�M�D�� �X�G�D�O�M�H�Q�R�V�W�� �N�X�J�O�L�F�H�� �R�G�� �V�U�H�G�L�ã�W�D�� �S�U�L�J�X�ã�H�Q�R�J�� �R�V�F�L�O�D�W�R�U�D���� �R�G�Q�R�V�Q�R�� �W�R�þ�H�� �P�L�U�R�Y�D�Q�M�D����

Udaljenost je definirana mate�P�D�W�L�þ�N�R�P���M�H�G�Q�D�G�å�E�R�P�� 

 �HL �%�'�0�6�'�4�4�&�+�5�6�#�0�%�'F �@�=�P�= (4-1) 

���&�(�1�7�(�5�B�'�,�6�7�$�1�&�(���� �M�H�� �N�R�Q�V�W�D�Q�W�D�� �N�R�M�D�� �S�U�H�G�V�W�D�Y�O�M�D�� �X�G�D�O�M�H�Q�R�V�W�� �V�H�Q�]�R�U�D�� �R�G�� �V�U�H�G�L�ã�W�D��

�S�U�L�J�X�ã�H�Q�R�J���R�V�F�L�O�D�W�R�U�D�����8���R�Y�R�P���V�O�X�þ�D�M�X�����W�D���X�G�D�O�M�H�Q�R�V�W���L�]�Q�R�V�L���������P�P�����6���G�U�X�J�H���V�W�U�D�Q�H�����Y�Drijabla 

���G�D�W�D�����S�U�H�G�V�W�D�Y�O�M�D���X�G�D�O�M�H�Q�R�V�W���N�X�J�O�L�F�H���R�G���V�H�Q�]�R�U�D�����N�R�M�D���V�H���G�L�Q�D�P�L�þ�N�L���P�L�M�H�Q�M�D���W�L�M�H�N�R�P���R�V�F�L�O�D�F�L�M�D������

�5�D�]�O�R�J���]�D���S�U�L�P�M�H�Q�X���R�Y�H���O�L�Q�L�M�H���N�R�G�D���M�H���U�M�H�ã�D�Y�D�Q�M�H���D�Q�R�P�D�O�L�M�D�����1�D���S�U�L�J�X�ã�H�Q�R�P���R�V�F�L�O�D�W�R�U�X���Q�D�O�D�]�L��

�V�H�� �N�X�W�R�P�M�H�U�� �]�D�� �P�M�H�U�H�Q�M�H�� �N�X�W�D�� �L�]�P�H�ÿ�X�� �N�X�J�O�L�F�H�� �L�� �V�U�H�G�L�ã�W�D�� �R�V�F�Llatora. Usporedbom rezultata 

�P�M�H�U�H�Q�M�D�� �X�U�H�ÿ�D�M�D�� �L�� �Y�L�]�X�D�O�Q�R�P�� �R�F�M�H�Q�R�P�� �N�X�W�R�Y�D�� �J�R�O�L�P�� �R�N�R�P�� �]�D�P�L�M�H�ü�H�Q�D�� �V�X�� �R�G�V�W�X�S�D�Q�M�D����

�3�U�R�Y�H�G�H�Q�H���V�X���G�H�W�D�O�M�Q�H���S�U�R�Y�M�H�U�H���N�X�W�R�Y�D���Q�D���X�]�R�U�F�L�P�D���S�R�G���U�D�]�O�L�þ�L�W�L�P���N�X�W�R�Y�L�P�D�������ƒ���������ƒ���������ƒ���������ƒ��

�L�� �����ƒ���� �$�Q�D�O�L�]�R�P�� �U�H�]�X�O�W�D�W�D�� �G�H�W�H�N�W�L�U�D�Q�R�� �M�H�� �O�L�Q�H�D�U�Q�R�� �R�G�V�W�X�S�D�Q�M�H�� �N�R�M�H�� �M�H�� �S�U�L�E�O�L�å�Q�R�� �M�H�G�Q�D�N�R��

koeficijentu 0,75. Linija koda "l_modified = l * 0.75" koristi se za prilagodbu udaljenosti 
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�N�X�J�O�L�F�H�� �R�G�� �V�U�H�G�L�ã�W�D�� �S�U�H�P�D�� �R�W�N�U�L�Y�H�Q�R�P�� �R�G�V�W�X�S�D�Q�M�X���� �2�Y�R�� �M�H�� �N�O�M�X�þ�Q�R�� �]�D�� �N�R�U�H�N�F�L�M�X�� �S�R�G�D�W�D�N�D�� �L��

�G�R�E�L�Y�D�Q�M�H���W�R�þ�Q�L�K���U�H�]�X�O�W�D�W�D�����2�Y�D�M���S�R�V�W�X�S�D�N��analize i korekcije odstupanja temeljito je provjeren 

i dokumentiran radi osiguranja valjanost rezultata mjerenja. 

4.4. Rezultati mjerenja 
 

�8�V�N�O�D�ÿ�H�Q�R���G�M�H�O�R�Y�D�Q�M�H���L�]�P�H�ÿ�X���$�U�G�X�L�Q�R���,�'�(���L���3�\�W�K�R�Q���N�R�G�D���E�L�W�Q�R���M�H���]�D���S�U�H�F�L�]�Q�R���S�U�L�N�D�]�L�Y�D�Q�M�H���L��

analizu mjerenja. Za postizanje ovog cilja potrebno je pravilno konfigurirati Arduino IDE kako 

�E�L���V�H���R�V�L�J�X�U�D�O�R���L�V�S�U�D�Y�Q�R���L�]�Y�U�ã�D�Y�D�Q�M�H���3�\�W�K�R�Q���N�R�G�D���L���S�U�L�N�D�]�L�Y�D�Q�M�H���U�H�]�X�O�W�D�W�D���P�M�H�U�H�Q�M�D�� 

�3�U�Y�L�� �Y�D�å�D�Q�� �N�R�U�D�N�� �M�H�� �S�R�N�U�H�W�D�Q�M�H�� �$�U�G�X�L�Q�R�� �,�'�(-a bez "serial monitora". Ova konfiguracija 

�R�P�R�J�X�ü�X�M�H�� �3�\�W�K�R�Q���N�R�G�X�� �G�D�� �þ�L�W�D�� �S�R�G�D�W�N�H�� �V�� �$�U�G�X�L�Q�D�� �L�� �N�R�U�L�V�W�L�� �L�K�� �]�D�� �L�]�U�D�G�X�� �J�U�D�I�L�þ�N�L�K�� �S�U�L�N�D�]�D�� �L��

�D�Q�D�O�L�]�H���� �%�H�]�� �R�W�Y�R�U�H�Q�R�J�� ���V�H�U�L�D�O�� �P�R�Q�L�W�R�U�D������ �N�R�P�X�Q�L�N�D�F�L�M�D�� �L�]�P�H�ÿ�X�� �$�U�G�X�L�Q�R�� �L�� �3�\�W�K�R�Q�� �N�R�G�D�� �M�H��

�Q�H�R�P�H�W�D�Q�D�����ã�W�R���M�H���R�G���V�X�ã�W�L�Q�V�N�R�J���]�Q�D�þ�D�M�D���]�D���Q�D�ã�X���D�Q�D�O�L�]�X���� 

Python kod ispisuje mjerenja u posebn�R�P�� �I�R�U�P�D�W�X�� �U�D�G�L�� �O�D�N�ã�H�J�� �þ�L�W�D�Q�M�D�� �L�� �D�Q�D�O�L�]�H���� �)�R�U�P�D�W��

�^���6�H�Q�V�R�U�� �P�H�D�V�X�U�H�´�� �³�O�´�� �³�O�B�P�R�G�L�I�L�H�G�´�� �³�D�Q�J�O�H�´�� �³�Y�U�L�M�H�P�H���`�� �M�D�V�Q�R�� �G�H�I�L�Q�L�U�D�� �U�H�G�R�V�O�L�M�H�G�� �L�� �S�U�L�N�D�]��

podataka (Slika 4.3.)���� �9�U�L�M�H�G�Q�R�V�W�L�� �G�X�O�M�L�Q�D�� ���6�H�Q�V�R�U�� �P�H�D�V�X�U�H���� �L�� ���O���� �]�D�R�N�U�X�å�H�Q�H�� �V�X�� �Q�D�� �M�H�G�Q�X��

�G�H�F�L�P�D�O�X�����G�R�N���M�H�����O�B�P�R�G�L�I�L�H�G�����]�D�R�N�U�X�å�H�Q���Q�D dvije decimale kako bi se osigurala preciznost. 

Sensor measure: 68.0  l = 562.0   l_modified = 421.5  angle = 24.929325033155735   vrijeme 

= 12.983996 

Sensor measure: 171.0  l = 459.0   l_modified = 344.25  angle = 20.1360197093923   vrijeme 

= 55.775942 

Sensor measure: 283.0  l = 347.0   l_modified = 260.25  angle = 15.084896772614655   

vrijeme = 110.476076 

Sensor measure: 386.0  l = 244.0   l_modified = 183.0  angle = 10.544550322861383   

vrijeme = 156.979844 

Sensor measure: 512.0  l = 118.0   l_modified = 88.5  angle = 5.077319059793709   vrijeme 

= 251.821799 

Slika 4.3. �,�V�S�L�V���U�H�]�X�O�W�D�W�D���P�M�H�U�H�Q�M�D���N�X�W�R�Y�D���S�U�L�E�O�L�å�Q�L�K�������ƒ���������ƒ���������ƒ���������ƒ���L�����ƒ��- Python 

�.�X�W�R�Y�L���V�X���S�U�L�N�D�]�D�Q�L���V���þ�D�N���þ�H�W�U�Q�D�H�V�W���G�H�F�L�P�D�O�D�����D���Y�U�L�M�H�P�H���V�D���ã�H�V�W���G�H�F�L�P�D�O�D�����2�Y�D�M���G�H�W�D�O�M�D�Q���I�R�U�P�D�W��

�S�U�X�å�D���S�U�H�J�O�H�G�D�Q���L���S�U�H�F�L�]�D�Q���X�Y�L�G���X���G�L�Q�D�P�L�N�X���S�U�R�P�M�H�Q�H���Y�U�L�M�H�G�Q�R�V�W�L���W�L�M�H�N�R�P���H�N�V�S�H�U�L�P�H�Q�W�D���� 
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�.�R�U�L�V�W�H�ü�L���S�U�L�N�X�S�O�M�H�Q�H���S�R�G�D�W�N�H�����3�\�W�K�R�Q���L�]�U�D�ÿ�X�M�H���W�U�H�Q�X�W�D�þ�Q�H���J�U�D�I�L�þ�N�H���S�U�L�N�D�]�H rezultata mjerenja, 

�ã�W�R���M�H���M�D�V�Q�R���Y�L�G�O�M�L�Y�R���Q�D���6�O�L�F�L���������� 

 

Slika 4.4. Dijagram kuta otklona u ovisnosti u vremenu �± Python 

Slika 4.4. prikazuje promjene amplitude kuta otklona kuglice u odnosu na vrijeme. Ova slika 

�S�U�X�å�D���Y�L�]�X�D�O�Q�L���S�U�L�N�D�]���U�H�]�X�O�W�D�W�D���L���R�P�R�J�X�ü�X�M�H���E�U�]�X���L�Q�W�H�U�S�U�H�W�D�F�L�M�X���G�L�Q�D�P�L�N�H���R�V�F�L�O�D�F�L�M�D�����5�H�]�X�O�W�D�W�L��

prikazani na slici jasno ilustriraju kako se kut otklona mijenja tijekom vremena.  

Tablica 4.2. �5�H�]�X�O�W�D�W�L���P�M�H�U�H�Q�M�D���N�X�W�R�Y�D���S�U�L�E�O�L�å�Q�L�K�������ƒ���������ƒ���������ƒ���������ƒ���L�����ƒ��- MS Excel 

vrijeme t[s] �R�W�N�O�R�Q�����>�ƒ�@ 

12,983996 24,929325033155735 

55.775942 20,1360197093923 

110.476076 15,084896772614655 

156.979844 10, 544550322861383 

251.821799 5, 077319059793709 

Rezultati svih mjerenja ispisanih u MS Excel tablici nalaze se u Prilogu 4. 
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Slika 4.5. Dijagram kuta otklona u ovisnosti u vremenu �± rezultati mjerenja 

�6�O�L�N�D�� ���������� �V�D�G�U�å�L�� �V�Y�H���U�H�O�H�Y�D�Q�W�Q�H���S�R�G�D�W�N�H�� �L�]�� �7�D�E�O�L�F�H�� ���������� �3�U�R�X�þ�D�Y�D�M�X�ü�L�� �G�L�M�D�J�U�D�P�� �Q�D�� �6�O�L�F�L�� ������������

�Y�L�G�O�M�L�Y�L���V�X���W�U�H�Q�G�R�Y�L���L���R�E�U�D�V�F�L���N�R�M�L���V�X�J�H�U�L�U�D�M�X���S�R�V�W�R�M�D�Q�M�H���R�G�U�H�ÿ�H�Q�H���N�R�U�H�O�D�F�L�M�H���L�O�L���]�D�Y�L�V�Q�R�V�W�L���L�]�P�H�ÿ�X��

�U�D�]�O�L�þ�L�W�L�K���Y�D�U�L�M�D�E�O�L�����3�R�Y�O�D�þ�H�Q�M�H�P���O�L�Q�L�M�H���N�R�M�D���Q�D�M�E�R�O�M�H���R�G�J�R�Y�D�U�D���U�D�V�S�R�G�M�H�O�L���S�R�G�D�W�D�N�D���P�R�J�X�ü�H���M�H��

�L�]�Y�H�V�W�L���S�U�H�W�S�R�V�W�D�Y�N�H���R���O�L�Q�H�D�U�Q�R�M���]�D�Y�L�V�Q�R�V�W�L���L�]�P�H�ÿ�X���S�U�R�P�D�W�U�D�Q�L�K���Y�D�U�L�M�D�E�O�L�����2�Y�D�M���N�R�U�D�N���M�H���N�O�M�X�þ�D�Q��

�X���S�U�R�F�H�V�X���N�Y�D�Q�W�L�I�L�N�D�F�L�M�H���L���P�R�G�H�O�L�U�D�Q�M�D���R�G�Q�R�V�D���P�H�ÿ�X���Y�D�U�L�M�D�E�O�D�P�D�� 

�(�N�V�S�R�Q�H�Q�F�L�M�D�O�Q�D���M�H�G�Q�D�G�å�E�D���N�U�L�Y�X�O�M�H���J�O�D�V�L�� 

 �à�:�P�; L �t�x�á�u�z�y�A�?�4�á�4�4�;�ç (4-2) 

Prema relacijama (1-6) i (4-2) vidljivo je da amplituda iznosi ��� �������������ƒ�����G�R�N���I�D�N�W�R�U���S�U�L�J�X�ã�H�Q�M�D��

�L�]�Q�R�V�L���/� �����������V-1. 

Prema relaciji (1-9), faktor dobrote koji iznosi Q=224,4. 
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Slika 4.6. �*�U�D�I�L�þ�N�L���S�U�L�N�D�]���R�Y�L�V�Q�R�V�W�L���N�X�W�D���R�W�N�O�R�Q�D���R���Y�U�H�P�H�Q�X 

Rezultati mjerenja prvih 400 sekundi eksperimenta ispisani su u MS Excel tablici i nalaze se u 

Prilogu 4���� �6�O�L�N�D�� ���������� �J�U�D�I�L�þ�N�L�� �S�U�L�N�D�]�X�M�H�� �S�U�R�P�M�H�Q�X�� �D�P�S�O�L�W�X�G�H�� �N�X�W�D�� �R�W�N�O�R�Q�D�� �X�� �Y�U�H�P�H�Q�X����

�(�N�V�S�R�Q�H�Q�F�L�M�D�O�Q�D���M�H�G�Q�D�G�å�E�D���N�U�L�Y�X�O�M�H���J�O�D�V�L�� 

 �à�:�P�; L �t�x�á�z�{�y�A�?�4�á�4�4�:�ç (4-3) 

Prema relaciji (4-�������� �D�P�S�O�L�W�X�G�D�� �L�]�Q�R�V�L�� ��� �������������ƒ���� �G�R�N�� �I�D�N�W�R�U�� �S�U�L�J�X�ã�H�Q�M�D�� �L�]�Q�R�V�L�� �/� �����������V-1 . 

Prema relaciji (1-9), faktor dobrote koji iznosi Q=261,8. 
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5. Z�$�.�/�-�8�ý�$�.  
 

Na �W�H�P�H�O�M�X�� �G�R�E�L�Y�H�Q�L�K�� �U�H�]�X�O�W�D�W�D���� �P�R�å�H�� �V�H�� �]�D�N�O�M�X�þ�L�W�L�� �G�D�� �P�D�N�H�W�D�� �S�U�L�J�X�ã�H�Q�R�J�� �R�V�F�L�O�D�W�R�U�D�� �Q�H��

�]�D�G�R�Y�R�O�M�D�Y�D�� �X�� �S�R�W�S�X�Q�R�V�W�� �I�D�N�W�R�U�� �G�R�E�U�R�W�H���� �,�D�N�R�� �R�Y�D�M�� �H�N�V�S�H�U�L�P�H�Q�W���Q�L�M�H�� �X�� �S�R�W�S�X�Q�R�V�W�L�� �X�V�S�M�H�ã�D�Q���� �L��

�G�D�O�M�H���S�U�X�å�D���G�X�E�O�M�H���U�D�]�X�P�L�M�H�Y�D�Q�M�H���S�U�L�J�X�ã�H�Q�L�K���R�V�F�L�O�D�W�R�U�D���� �1�D�G�D�O�M�H���� �U�H�]�X�O�W�D�W�L���R�Y�R�J��eksperimenta 

�P�R�J�X���E�L�W�L���R�G���Y�H�O�L�N�H���N�R�U�L�V�W�L���]�D���V�W�X�G�H�Q�W�H���N�R�M�L���V�X�G�M�H�O�X�M�X���X���O�D�E�R�U�D�W�R�U�L�M�V�N�L�P���Y�M�H�å�E�D�P�D���L�]���I�L�]�L�N�H�����2�Y�D��

�P�D�N�H�W�D�� �L�� �S�U�D�W�H�ü�L�� �H�N�V�S�H�U�L�P�H�Q�W�D�O�Q�L�� �S�U�L�V�W�X�S�� �P�R�J�X�� �S�U�X�å�L�W�L�� �S�U�D�N�W�L�þ�Q�R�� �L�V�N�X�V�W�Y�R�� �X�� �D�Q�D�O�L�]�L�� �L��

�U�D�]�X�P�L�M�H�Y�D�Q�M�X�� �I�H�Q�R�P�H�Q�D�� �S�U�L�J�X�ã�H�Q�R�J�� �R�V�F�L�O�D�W�R�U�D�� �W�H�� �R�V�W�D�Y�O�M�D�� �S�U�R�V�W�R�U�� �]�D�� �S�R�E�R�O�M�ã�D�Q�M�H�� �L�� �G�D�O�M�Q�M�L��

razvoj. 
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�6�$�ä�(�7�$�. 
 

�8�� �R�N�Y�L�U�X�� �R�Y�R�J�� �]�D�Y�U�ã�Q�R�J�� �U�D�G�D�� �L�]�U�D�ÿ�H�Q�D���M�H�� �P�D�N�H�W�D�� �S�U�L�J�X�ã�H�Q�R�J�� �R�V�F�L�O�D�W�R�U�D�� �N�R�U�L�V�W�H�ü�L�� �$�U�G�X�L�Q�R��

�P�L�N�U�R�X�S�U�D�Y�O�M�D�þ�����0�D�N�H�W�D���V�H���V�D�V�W�R�M�L���R�G���M�H�G�Q�R�V�W�D�Y�Q�R�J���Q�M�L�K�D�O�D���V���N�X�J�O�L�F�R�P���N�R�M�D���Y�L�V�L���Q�D���W�D�Q�N�R�M���Q�L�W�L�� 

�*�O�D�Y�Q�L���F�L�O�M���L�V�W�U�D�å�L�Y�D�Q�M�D���M�H���P�M�H�U�H�Q�M�H���D�P�S�O�L�W�X�G�H���N�X�W�D���R�W�N�O�R�Q�D���N�X�J�O�L�F�H���W�L�M�H�N�R�P���Y�U�H�P�H�Q�D���N�D�N�R���E�L���V�H��

�S�U�R�X�þ�D�Y�D�O�D�� �S�R�V�W�X�S�Q�D�� �S�U�R�P�M�H�Q�D�� �D�P�S�O�L�W�X�G�H�� �R�V�F�L�O�D�F�L�M�D���� �.�U�R�]�� �N�R�U�L�ã�W�H�Q�M�H�� �V�H�Q�]�R�U�D�� �L�� �$�U�G�X�L�Q�R��

�S�O�D�W�I�R�U�P�H�����S�U�L�N�X�S�O�M�H�Q�L���V�X���W�U�D�å�H�Q�L���S�R�G�D�F�L�����2�Y�L���S�R�G�D�F�L���V�X���S�U�L�N�D�]�D�Q�L���L���D�Q�D�O�L�]�L�U�D�Q�L���X���R�E�O�L�N�X���W�D�E�O�L�þ�Q�L�K��

�S�R�G�D�W�D�N�D�� �L�� �J�U�D�I�L�þ�N�R�J�� �S�U�L�N�D�]�D���� �2�Y�D�M�� �U�D�G�� �S�U�X�å�D�� �X�Y�L�G�� �X�� �S�U�L�P�M�H�Q�X�� �$�U�G�X�L�Q�R�� �W�H�K�Q�R�O�R�J�L�M�H�� �]�D 

istr�D�å�L�Y�D�Q�M�H���S�U�L�J�X�ã�H�Q�L�K���R�V�F�L�O�D�F�L�M�D���L���Q�M�L�K�R�Y�X���Y�L�]�X�D�O�L�]�D�F�L�M�X�����þ�L�P�H���G�R�S�U�L�Q�R�V�L���E�R�O�M�H�P���U�D�]�X�P�L�M�H�Y�D�Q�M�X��

ovog fenomena. 

�.�O�M�X�þ�Q�H���U�L�M�H�þ�L�����$�U�G�X�L�Q�R�����P�D�W�H�P�D�W�L�þ�N�R���Q�M�L�K�D�O�R�����S�U�L�J�X�ã�H�Q�L���R�V�F�L�O�D�W�R�U�����3�\�W�K�R�Q 

ABSTRACT 
 

Making a model of a dumped oscillator 

As part of this final work, a model of a damped oscillator was made using an Arduino 

microcontroller. The model consists of a simple pendulum with a ball hanging on a thin thread. 

The main goal of the research is to measure the amplitude of the deflection angle of the ball 

over time in order to study the gradual change in the amplitude of the oscillations. Through the 

use of sensors and the Arduino platform, the required data was collected. These data are 

presented and analyzed in the form of tabular data and graphical representation. This paper 

provides an insight into the application of Arduino technology for the research of damped 

oscillations and their visualization, thereby contributing to a better understanding of this 

phenomenon.  

Keywords: Arduino, damped oscillator, mathematical pendulum, Python 
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�ä�,�9�2�7�2�3�,�6 
�3�D�Y�O�H�� �*�H�J�L�ü�� �U�R�ÿ�H�Q�� �M�H�� �������� �Y�H�O�M�D�þ�H�� ������������ �J�R�G�L�Q�H�� �X�� �9�X�N�R�Y�D�U�X���� ������������ �J�R�G�L�Q�H�� �S�R�þ�L�Q�M�H�� �S�R�K�D�ÿ�D�W�L��

osnovn�X�� �ã�N�R�O�X�� �X�� �3�R�G�U�X�þ�Q�R�M�� �ã�N�R�O�L�� �9�H�U�D���� ������������ �J�R�G�L�Q�H�� �Q�D�V�W�D�Y�O�M�D�� �ã�N�R�O�R�Y�D�Q�M�H�� �X�� �2�V�Q�R�Y�Q�R�M�� �ã�N�R�O�L��

�%�R�E�R�W�D�� �W�H�� ������������ �J�R�G�L�Q�H�� �Q�D�V�W�D�Y�O�M�D�� �V�U�H�G�Q�M�R�ã�N�R�O�V�No obrazovanje u Gimnaziji Vukovar, smjer 

Prirodoslovno-�P�D�W�H�P�D�W�L�þ�N�D���J�L�P�Q�D�]�L�M�D�����1�D�N�R�Q���þ�H�W�Y�H�U�R�J�R�G�L�ã�Q�M�H�J���V�U�H�G�Q�M�R�ã�N�R�O�V�N�R�J���R�E�U�D�]�R�Y�D�Q�M�D��

�L�� �S�R�O�R�å�H�Q�H�� �G�U�å�D�Y�Q�H�� �P�D�W�X�U�H���� ������������ �J�R�G�L�Q�H�� �X�S�L�V�X�M�H��Preddiplomski studij Elektrotehnike na 

�)�D�N�X�O�W�H�W�X�� �H�O�H�N�W�U�R�W�H�K�Q�L�N�H���� �U�D�þ�X�Q�D�U�V�W�Y�D�� �L�� �L�Q�I�R�U�P�D�F�L�M�V�N�L�K tehnologija u Osijeku, smjer 

Elektrotehnika te se na drugoj godini opredjeljuje za Elektroenergetiku kao izborni blok. 
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Prilog 1 �± upute za pokretanje programa 
Da biste pokrenuli Python skriptu na sustavu Windows, slijedite ove korake: 

1. Otvorite naredbeni redak: 

a. Pritisnite tipku Windows + R za otvaranje Run dijaloga. 

b. �8�S�L�ã�L�W�H�����F�P�G�����L���S�U�L�W�L�V�Q�L�W�H���(�Q�W�H�U�����2�W�Y�R�U�L�W���ü�H���V�H���Q�D�U�H�G�E�H�Q�L���U�H�G�D�N�� 

2. Promijenite t�U�H�Q�X�W�Q�L���G�L�U�H�N�W�R�U�L�M���Q�D���G�L�U�H�N�W�R�U�L�M���X���N�R�M�H�P���V�H���Q�D�O�D�]�L���Y�D�ã�D���V�N�U�L�S�W�D�� 

a. �8�S�L�ã�L�W�H���Q�D�U�H�G�E�X���F�G���&��\Putanja\Do\�9�D�ã�H�J\Direktorija i pritisnite Enter 

b. npr. cd C:\Users\PAVLE\OneDrive\Dokumenti\Zavrsni\Python 

3. 3Pokrenite Python skriptu: 

a. �1�D�N�R�Q�� �ã�W�R�� �V�W�H�� �S�U�R�P�L�M�H�Q�L�O�L���G�L�U�H�N�W�R�U�L�M���� �X�S�L�ã�L�W�H�� �V�O�M�H�G�H�ü�X�� �Q�D�U�H�G�E�X�� �]�D�� �S�R�N�U�H�W�D�Q�M�H��

Python skripte "njihalo.py": 

b. python njihalo.py 

4. �������3�U�L�W�L�V�Q�L�W�H���(�Q�W�H�U�����6�N�U�L�S�W�D���ü�H���V�H���L�]�Y�U�ã�L�W�L�����D���U�H�]�X�O�W�D�W�L���ü�H���E�L�W�L���S�U�L�N�D�]�D�Q�L�� 

  

�9�D�å�Q�R���M�H���Q�D�S�R�P�H�Q�X�W�L���G�D���]�D���S�R�N�U�H�W�D�Q�M�H���3�\�W�K�R�Q���V�N�U�L�S�W�H���W�U�H�E�D�W�H���L�P�D�W�L���3�\�W�K�R�Q���L�Q�V�W�D�O�L�U�D�Q���Q�D���Y�D�ã�H�P��

�U�D�þ�X�Q�D�O�X�����3�U�H�S�R�U�X�þ�O�M�L�Y�R���M�H���N�R�U�L�V�W�L�W�L���3�\�W�K�R�Q�������[���Y�H�U�]�L�M�X���M�H�U���V�X���V�W�D�U�L�M�H���Y�H�U�]�L�M�H���3�\�W�K�R�Q�D���G�R�V�W�L�J�O�H���N�U�D�M��

�å�L�Y�R�W�Q�R�J���F�L�N�O�X�V�D���L���Q�H���S�U�L�P�D�M�X���Y�L�ã�H���D�å�X�U�L�U�D�Q�M�D�� 

�$�N�R���3�\�W�K�R�Q���Q�L�M�H���L�Q�V�W�D�O�L�U�D�Q���Q�D���Y�D�ã�H�P���U�D�þ�X�Q�D�O�X�����P�R�å�H�W�H���S�U�H�X�]�H�W�L���L���L�Q�V�W�D�O�L�U�D�W�L���Q�D�M�Q�R�Y�L�M�X���Y�H�U�]�L�M�X���V 

Python web stranice (https://www.python.org/). 
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Prilog 2 �± Arduino program  
// definiranje minimalnog i maksimalnog otklona 

#define DISTANCE_MIN 20u 

#define DISTANCE_MAX 630u 

�������N�U�H�L�U�D�Q�M�H���W�D�E�O�L�F�H���F�L�N�O�L�þ�N�H���S�U�R�Y�M�H�U�H���U�H�G�X�Q�G�D�Q�W�Q�R�V�W�L���N�R�M�D���V�H���N�R�U�L�V�W�L���X���I�X�Q�N�F�L�M�L���³�F�U�F���´ 

static const uint8_t crc_table[] = {  

  0x00, 0x07, 0x0e, 0x09, 0x1c, 0x1b, 0x12, 0x15, 0x38, 0x3f, 0x36, 0x31, 

  0x24, 0x23, 0x2a, 0x2d, 0x70, 0x77, 0x7e, 0x79, 0x6c, 0x6b, 0x62, 0x65, 

  0x48, 0x4f, 0x46, 0x41, 0x54, 0x53, 0x5a, 0x5d, 0xe0, 0xe7, 0xee, 0xe9, 

  0xfc, 0xfb, 0xf2, 0xf5, 0xd8, 0xdf, 0xd6, 0xd1, 0xc4, 0xc3, 0xca, 0xcd, 

  0x90, 0x97, 0x9e, 0x99, 0x8c, 0x8b, 0x82, 0x85, 0xa8, 0xaf, 0xa6, 0xa1, 

  0xb4, 0xb3, 0xba, 0xbd, 0xc7, 0xc0, 0xc9, 0xce, 0xdb, 0xdc, 0xd5, 0xd2, 

  0xff , 0xf8, 0xf1, 0xf6, 0xe3, 0xe4, 0xed, 0xea, 0xb7, 0xb0, 0xb9, 0xbe, 

  0xab, 0xac, 0xa5, 0xa2, 0x8f, 0x88, 0x81, 0x86, 0x93, 0x94, 0x9d, 0x9a, 

  0x27, 0x20, 0x29, 0x2e, 0x3b, 0x3c, 0x35, 0x32, 0x1f, 0x18, 0x11, 0x16, 

  0x03, 0x04, 0x0d, 0x0a, 0x57, 0x50, 0x59, 0x5e, 0x4b, 0x4c, 0x45, 0x42, 

  0x6f, 0x68, 0x61, 0x66, 0x73, 0x74, 0x7d, 0x7a, 0x89, 0x8e, 0x87, 0x80, 

  0x95, 0x92, 0x9b, 0x9c, 0xb1, 0xb6, 0xbf, 0xb8, 0xad, 0xaa, 0xa3, 0xa4, 

  0xf9, 0xfe, 0xf7, 0xf0, 0xe5, 0xe2, 0xeb, 0xec, 0xc1, 0xc6, 0xcf, 0xc8, 

  0xdd, 0xda, 0xd3, 0xd4, 0x69, 0x6e, 0x67, 0x60, 0x75, 0x72, 0x7b, 0x7c, 

  0x51, 0x56, 0x5f, 0x58, 0x4d, 0x4a, 0x43, 0x44, 0x19, 0x1e, 0x17, 0x10, 

  0x05, 0x02, 0x0b, 0x0c, 0x21, 0x26, 0x2f, 0x28, 0x3d, 0x3a, 0x33, 0x34, 

  0x4e, 0x49, 0x40, 0x47, 0x52, 0x55, 0x5c, 0x5b, 0x76, 0x71, 0x78, 0x7f, 

  0x6a, 0x6d, 0x64, 0x63, 0x3e, 0x39, 0x30, 0x37, 0x22, 0x25, 0x2c, 0x2b, 

  0x06, 0x01, 0x08, 0x0f, 0x1a, 0x1d, 0x14, 0x13, 0xae, 0xa9, 0xa0, 0xa7, 
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  0xb2, 0xb5, 0xbc, 0xbb, 0x96, 0x91, 0x98, 0x9f, 0x8a, 0x8d, 0x84, 0x83, 

  0xde, 0xd9, 0xd0, 0xd7, 0xc2, 0xc5, 0xcc, 0xcb, 0xe6, 0xe1, 0xe8, 0xef, 

  0xfa, 0xfd, 0xf4, 0xf3 

} ; 

 

�������I�X�Q�N�F�L�M�D���]�D���L�]�U�D�þ�X�Q�D�Y�D�Q�M�H���&�5�&-8 checksuma 

uint8_t crc8(uint8_t *p, uint8_t len) {  

  uint8_t i; 

  uint8_t crc = 0x0; 

  while (len--) {  

    i = (crc ^ *p++) & 0xFF;  // XOR trenutnog bajta s CRC-om 

    crc = (crc_table[i] ^ (crc << 8)) & 0xFF; 

  }  

  return crc & 0xFF; 

}  

 

// popis komandi 

const byte PRINTOUT_BINARY[4] = {  0x00, 0x11, 0x02, 0x4C } ; 

const byte PRINTOUT_TEXT[4] = {  0x00, 0x11, 0x01, 0x45 } ; 

const byte RUNMODE_SINGLE_PIXEL[4] = {  0x00, 0x21, 0x01, 0xBC } ; 

const byte RUNMODE_TWO_PIXEL[4] = {  0x00, 0x21, 0x03, 0xB2 } ; 

const byte RUNMODE_TWO_BY_TWO_PIXEL[4] = {  0x00, 0x21, 0x02, 0xB5 } ; 

const byte RANGEMODE_SHORT[4] = {  0x00, 0x61, 0x01, 0xE7 } ; 

const byte RANGEMODE_LONG[4] = {  0x00, 0x61, 0x03, 0xE9 } ; 

// inicijalizacija varijabli 
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const int BUFFER_LENGTH = 10; 

uint8_t Framereceived[BUFFER_LENGTH]; 

uint8_t index; 

uint16_t distance; 

uint16_t distance1; 

uint16_t distance2; 

uint16_t distance3; 

�����G�H�I�L�Q�L�U�D�Q�M�H���N�U�X�å�Q�R�J���E�X�I�I�H�U�D 

#define bufferSize (5u) 

uint16_t circularBuffer[bufferSize]; 

uint8_t bufferHead = 0u; 

uint16_t oscilationCount = 0u; 

bool isBallReverseDetected = false; 

uint8_t indexOfMinValue = 0u; 

bool check_is_ball_reversing_direction(void); 

void setup() {  

  pinMode(13, OUTPUT);                     //inicijalizirati digitalni pin 13 kao izlaz (izbrisiv ako 

komunikacija radi) 

  Serial.begin(115200);                    �����R�W�Y�R�U�L���V�H�U�L�M�V�N�L���S�U�L�N�O�M�X�þ�D�N���������N�R�M�L���R�G�J�R�Y�D�U�D���8�6�%���S�U�L�N�O�M�X�þ�N�X��

i pinovima TX0 i RX0), postavi brzinu prijenosa podataka na 115200 bps 

  Serial1.begin(115200);                   �����R�W�Y�R�U�L���V�H�U�L�M�V�N�L���S�U�L�N�O�M�X�þ�D�N���������N�R�M�L���R�G�J�R�Y�D�U�D���S�L�Q�R�Y�L�P�D���7�;����

i RX1), postavi brzinu prijenosa podataka na 115200 bps 

  Serial1.write(RUNMODE_SINGLE_PIXEL, 4);  �����S�R�V�W�D�Y�L���7�H�U�D�5�D�Q�J�H�U���X���Q�D�þ�L�Q���U�D�G�D���V���M�H�G�Q�L�P��

pikselom 

  Serial1.write(RANGEMODE_SHORT, 4);       �����S�R�V�W�D�Y�L�� �7�H�U�D�U�D�Q�J�H�U�� �X�� �Q�D�þ�L�Q�� �U�D�G�D�� �N�U�D�W�N�R�J��

dometa 
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  Serial1.write(PRINTOUT_BINARY, 4);       �����S�R�V�W�D�Y�L���7�H�U�D�5�D�Q�J�H�U���X���E�L�Q�D�U�Q�L���Q�D�þ�L�Q�����W�H�N�V�W�X�D�O�Q�L��

�Q�D�þ�L�Q���Q�L�M�H���S�R�G�U�å�D�Q 

  index = 0; 

}  

 

�����J�O�D�Y�Q�D���S�H�W�O�M�D���S�R�þ�L�Q�M�H���R�Y�G�M�H 

void loop() {  

  if  (Serial1.available() > 0) {  

    �������ã�D�O�M�H���S�R�G�D�W�N�H���V�D�P�R���N�D�G�D���]�D�S�U�L�P�L���S�R�G�D�W�N�H 

    uint8_t inChar = Serial1.read(); 

    if  (index == 0) {  

      if  (inChar == 'T') {  

        �����W�U�D�å�L���S�R�þ�H�W�D�N���R�N�Y�L�U�D���³�7�´ 

        Framereceived[index++] = inChar; 

      }  else return; 

    }  else if  ((index > 0) && (index < 10)) {  

      //prikupljanje podataka 

      Framereceived[index++] = inChar; 

    }  

    //provjera je li okvir od  jednog piksela 

    if  (index == 4) {  

      if  (crc8(Framereceived, 3) == Framereceived[3]) {  

        //pretvaranje bajta u udaljenost 

        distance = (Framereceived[1] << 8) + Framereceived[2]; 

        �����I�L�O�W�U�L�U�D�Q�M�H���Q�H�W�R�þ�Q�R���G�H�W�H�N�W�L�U�D�Q�L�K���S�R�G�D�W�D�N�D 
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        if  (distance >= DISTANCE_MIN && distance <= DISTANCE_MAX) {  

          circularBuffer[bufferHead] = distance; 

          //provjera je li najmanja vrijednost oscilacije detektirana 

          isBallReverseDetected = check_is_ball_reversing_direction(); 

          (++bufferHead) %= bufferSize; 

          if  (true == isBallReverseDetected) {  

            �����N�X�J�O�L�F�D���V�H���R�G�P�L�þ�H���R�G���V�H�Q�]�R�U�D 

            Serial.println(circularBuffer[indexOfMinValue]); 

            //reset radi sigurnosti 

            isBallReverseDetected = false; 

          }  

        }  

        index = 0; 

        Framereceived[0] = 0; 

      }  

    }  

    //provjera je li okvir od  dva piksela 

    else if  (index == 6) {  

      if  (crc8(Framereceived, 5) == Framereceived[5]) {  

        //pretvaranje bajta u udaljenost 

        distance = (Framereceived[1] << 8) + Framereceived[2]; 

        distance1 = (Framereceived[3] << 8) + Framereceived[4]; 

        Serial.print("Distances in mm : "); 

        Serial.print(distance); 
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        Serial.print(" | "); 

        Serial.println(distance1); 

        index = 0; 

        Framereceived[0] = 0; 

      }  

    }  

    //provjera je li okvir od  dva puta dva piksela 

    else if  (index == 10) {  

      if  (crc8(Framereceived, 9) == Framereceived[9]) {  

        //pretvaranje bajta u udaljenost 

        distance = (Framereceived[1] << 8) + Framereceived[2]; 

        distance1 = (Framereceived[3] << 8) + Framereceived[4]; 

        distance2 = (Framereceived[5] << 8) + Framereceived[6]; 

        distance3 = (Framereceived[7] << 8) + Framereceived[8]; 

        Serial.print("Distances in mm : "); 

        Serial.print(distance); 

        Serial.print(" | "); 

        Serial.print(distance1); 

        Serial.print(" | "); 

        Serial.print(distance2); 

        Serial.print(" | "); 

        Serial.println(distance3); 

        index = 0; 

        Framereceived[0] = 0; 
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      }  else {  

        index = 0; 

        Framereceived[0] = 0; 

        Serial.println("CRC checks failed. Couldn't find valid frame in buffer length"); 

      }  

    }  

  }  

}  

 

bool check_is_ball_reversing_direction() {  

  bool retVal = false; 

  uint8_t indexTestMinus2 = (bufferHead + 1u) % bufferSize; 

  uint8_t indexTestMinus1 = (indexTestMinus2 + 1u) % bufferSize; 

  uint8_t indexTest = (indexTestMinus1 + 1u) % bufferSize; 

  uint8_t indexTestPlus1 = (indexTest + 1u) % bufferSize; 

  uint8_t indexTestPlus2 = (indexTestPlus1 + 1u) % bufferSize; 

  �����S�U�R�Y�M�H�U�D���M�H���O�L���Y�U�L�M�H�G�Q�R�V�W���N�R�M�D���V�H���W�U�H�Q�X�W�Q�R���W�H�V�W�L�U�D���Q�D�M�Q�L�å�D���R�G���³�V�X�V�M�H�G�Q�L�K�´ 

  if  ((circularBuffer[indexTestMinus1] > circularBuffer[indexTest]) && 

(circularBuffer[indexTest] < circularBuffer[indexTestPlus1])) {  

    if  ((circularBuffer[indexTestMinus2] > circularBuffer[indexTestMinus1]) && 

(circularBuffer[indexTestPlus1] < circularBuffer[indexTestPlus2])) {  

      �����Y�U�D�ü�D���W�U�X�H���N�D�N�R���E�L���R�]�Q�D�þ�L���G�D���M�H���Y�U�L�M�H�G�Q�R�V�W���S�U�R�Q�D�ÿ�H�Q�D 

      retVal = true; 

      �����S�R�K�U�D�Q�L���L�Q�G�H�N�V���N�R�M�L���ü�H���V�H���N�R�U�L�V�W�L�W�L���]�D���L�V�S�L�V���Y�U�L�M�H�G�Q�R�V�W�L 

      indexOfMinValue = indexTest; 
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    }  

  }  

  return retVal; 

}  
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Prilog 3 �± Python program 
import serial ���E�L�E�O�L�R�W�H�N�D���N�R�M�D���R�P�R�J�X�ü�D�Y�D���N�R�P�X�Q�L�N�D�F�L�M�X���V���$�U�G�X�L�Q�R�P���S�X�W�H�P���V�H�U�L�M�V�N�H���Y�H�]�H�� 

import matplotlib.pyplot as plt ���E�L�E�O�L�R�W�H�N�D���N�R�M�D���R�P�R�J�X�ü�D�Y�D���V�W�Y�D�U�D�Q�M�H���J�U�D�I�R�Y�D���L���G�L�M�D�J�U�D�P�D�� 

from datetime import datetime ���E�L�E�O�L�R�W�H�N�D���N�R�M�D���R�P�R�J�X�ü�D�Y�D���S�U�D�ü�H�Q�M�H���Y�U�H�P�H�Q�V�N�L�K���L�Q�I�R�U�P�D�F�L�M�D 

import numpy as np �����E�L�E�O�L�R�W�H�N�D���N�R�M�D���R�P�R�J�X�ü�D�Y�D���]�Q�D�Q�V�W�Y�H�Q�R���U�D�þ�X�Q�D�Q�M�H�����Q�L�]�R�Y�L���L���P�D�W�U�L�F�H���� 

import math ���E�L�E�O�L�R�W�H�N�D���N�R�M�D���R�P�R�J�X�ü�D�Y�D���L�]�Y�R�ÿ�H�Q�M�H���P�D�W�H�P�D�W�L�þ�N�L�K���R�S�H�U�D�F�L�M�D�� 

import pandas as pd #biblioteka za izvoz u Excel 

 

COM_PORT = 'COM3'  ���Q�D�]�L�Y���8�6�%���S�U�L�N�O�M�X�þ�N�D���Q�D���U�D�þ�X�Q�D�O�X�� 

BAUD_RATE = 115200  #brzina prijenosa podataka u baud-ima  

#pokretanje serijske komunikacije  

ser = serial.Serial(COM_PORT, BAUD_RATE) 

CENTER_DISTANCE = 630 ���X�G�D�O�M�H�Q�R�V�W���V�H�Q�]�R�U�D���R�G���N�X�J�O�L�F�H���X���V�W�D�Q�M�X���P�L�U�R�Y�D�Q�M�D�������ƒ���� 

#pokretanje listi za spremanje podataka  

timestamps = []  

data_values = []  

angle_values = []  

start_time = None  ���Y�U�H�P�H�Q�V�N�D���Y�D�U�L�M�D�E�O�D���V�H���S�R�N�U�H�ü�H���]�D�S�U�L�P�D�Q�M�H�P���S�U�Y�H���L�]�P�M�H�U�H�Q�H���Y�U�L�M�H�G�Q�R�V�W�L�� 

#inicijalizacija za crtanje  

plt.ion()  ���S�R�N�U�H�W�D�Q�M�H���L�Q�W�H�U�D�N�W�L�Y�Q�R�J���Q�D�þ�L�Q�D���U�D�G�D�� 

fig, ax = plt.subplots()  

ax.set_xlabel('vrijeme t[s]')  

ax.set_ylabel(�
�R�W�N�O�R�Q�����>�ƒ�@���
)  

ax.grid(True)   

���R�G�U�H�ÿ�L�Y�D�Q�M�H���V�W�L�O�D���O�L�Q�L�M�H���V���R�]�Q�D�N�D�P�D���]�D���V�Y�H���W�R�þ�N�H�� 
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line, = ax.plot([], [], 'bo-')  # 'bo-�
���]�Q�D�þ�L���S�O�D�Y�L���N�U�X�J�R�Y�L���S�R�Y�H�]�D�Q�L���O�L�Q�L�M�D�P�D�� 

���I�X�Q�N�F�L�M�D���]�D���D�å�X�U�L�U�D�Q�M�H���F�U�W�D�Q�M�D�� 

def update_plot():  

    elapsed_time = (datetime.now() - start_time).total_seconds()  

    line.set_xdata(timestamps)  

    line.set_ydata(angle_values)  

    ax.relim()  

    ax.autoscale_view()  

    ax.set_xlim([0, elapsed_time + 5])  ���S�R�G�H�ã�D�Y�D�Q�M�H���J�U�D�Q�L�F�D���[-osi  

    fig.canvas.flush_events()  

 

try:  

    while True:  

        ���þ�L�W�D�Q�M�H���S�R�G�D�W�D�N�D���V�D���V�H�U�L�M�V�N�R�J���S�R�U�W�D���U�H�G���S�R���U�H�G�� 

        data_line = ser.readline().decode('utf-8').strip()  

        #trenutno vrijeme proteklo u sekundama  

        elapsed_time = (datetime.now() - start_time).total_seconds() if  start_time else 0  

        data = float(data_line) #podatak udaljenosti kuglice od senzora  

        l = CENTER_DISTANCE - data #udaljenost kuglice od centra  

        l_modified = l *  0.75 ���S�R�J�U�H�ã�N�D���V�H�Q�]�R�U�D�� 

        angle_in_radians = math.acos((l_modified/1000)) ���U�D�þ�X�Q�D�Q�M�H���N�X�W�D���X���U�D�G�L�M�D�Q�L�P�D�� 

        angle_in_degrees = math.degrees(angle_in_radians) #pretvaranje radijana u stupnjeve  

        angle_alpha = 90 - angle_in_degrees ���L�]�U�D�þ�X�Q���W�U�H�å�H�Q�R�J���N�X�W�D�� 

        ���S�R�V�W�D�Y�O�M�D�Q�M�H���Y�U�H�P�H�Q�D���S�R�þ�H�W�N�D���D�N�R���Y�H�ü���Q�L�M�H���S�R�V�W�D�Y�O�M�H�Q�R�� 
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        if  start_time is None:  

            start_time = datetime.now()  

        #filtriranje rezultata s prevelikim odstupanjem  

        skip_sample = False  

        if  len(data_values) > 1:  

            if  data_values[-1] > data:  

                if  data_values[-1] - data > 50:  

                    skip_sample = True  

            else:  

                if  data - data_values[-1] > 50:  

                    skip_sample = True  

        if  skip_sample == False:  

            #dodavanje podataka u listu  

            timestamps.append(elapsed_time)  

            data_values.append(data)  

            angle_values.append(angle_alpha)  

            print("Sensor measure: {}   l = {}    l_modified = {}   angle = {}    vrijeme = 

{} ".format(data, l, l_modified, angle_alpha, elapsed_time))  

            #crtanje dijagrama  

            update_plot()  

             

#zaustavljanje crtanja na naredbu s tipkovnice (CTRL+C)  

except KeyboardInterrupt:  

    print("Plotting stopped.")  

    ser.close()  
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    except KeyboardInterrupt: 

    print("Plotting stopped.") 

    ser.close() 

    # Stvaranje DataFrame-a iz dobivenih podataka 

    data_df = pd.DataFrame({ 'vrijeme [s]': timestamps, �
�R�W�N�O�R�Q���>�ƒ�@�
: angle_values})  

    # Ime Excel datoteke za izvoz 

    excel_file_name = 'podaci.xlsx' 

    # Izvoz podataka u Excel 

    data_df.to_excel(excel_file_name, index=False) 

    �����,�V�S�L�V���S�R�U�X�N�H���R���X�V�S�M�H�ã�Q�R�P���L�]�Y�R�]�X 

    print(f"Podaci su izvezeni u '{ excel_file_name} '") 
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Prilog 4 �± MS Excel tablica rezultata 
vrijeme [s] �}�š�l�o�}�v���}�€�£�•�� 

45.079 27.032 

45.173 26.503 

45.175 26.024 

45.177 25.833 

45.179 25.546 

45.181 24.929 

17.0 24.409 

44.945 24.032 

44.947 23.468 

44.982 23.094 

45.014 22.628 

45.016 22.349 

33.4 22.024 

35.4 21.885 

37.4 21.561 

39.5 21.422 

43.5 21.008 

45.6 21.054 

47.6 20.640 

51.7 20.594 

53.7 20.502 

55.7 20.136 

59.8 19.861 

61.8 19.770 

63.8 19.770 

65.8 19.450 

67.9 19.359 

69.9 19.177 

73.9 18.950 

76.0 18.814 

78.0 18.632 
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80.0 18.360 

82.1 18.179 

84.1 18.134 

86.1 17.908 

88.2 17.592 

90.2 17.277 

92.2 17.052 

94.2 16.783 

96.3 16.738 

98.3 16.469 

100.3 16.334 

102.3 16.155 

104.4 15.753 

108.3 15.173 

110.4 15.084 

112.4 14.951 

114.5 14.640 

116.5 14.418 

118.5 14.063 

120.5 13.886 

122.6 13.798 

124.5 13.444 

126.6 13.267 

128.6 12.958 

130.7 12.606 

136.7 12.298 

138.8 11.990 

140.8 11.814 

142.8 11.946 

144.8 11.420 

146.9 11.113 

148.8 11.200 

150.9 10.675 
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155.0 10.238 

156.9 10.544 

158.9 9.889 

160.9 9.584 

163.0 9.671 

165.0 9.235 

167.0 9.366 

169.0 9.192 

171.0 8.800 

173.1 8.757 

175.1 8.409 

179.1 8.192 

181.2 8.062 

183.2 8.062 

185.2 7.975 

187.2 7.671 

191.2 7.585 

195.3 7.281 

197.3 7.195 

199.3 7.065 

201.3 6.935 

203.3 6.935 

205.5 6.718 

207.4 6.675 

209.4 6.675 

211.4 6.545 

213.5 6.416 

215.5 6.286 

217.5 6.156 

219.5 6.027 

221.5 6.113 

223.5 6.027 

225.6 5.897 
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227.6 5.724 

229.6 5.767 

235.6 5.595 

237.7 5.508 

239.7 5.508 

241.7 5.465 

245.7 5.206 

247.7 5.249 

249.8 5.206 

251.8 5.077 

253.8 4.947 

255.8 5.077 

263.9 4.904 

267.9 4.775 

278.0 4.473 

280.0 4.646 

282.0 4.516 

286.1 4.387 

288.1 4.301 

290.0 4.473 

292.1 4.301 

294.1 4.258 

296.2 4.215 

300.2 4.085 

302.2 4.128 

304.3 4.085 

314.2 3.956 

320.3 3.827 

324.3 3.870 

328.3 3.913 

334.4 3.698 

338.4 3.698 

342.5 3.612 
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346.5 3.439 

362.6 3.353 

364.6 3.310 

366.7 3.310 

389.1 3.353 

389.2 3.310 

389.3 3.267 

389.4 3.181 

389.5 3.095 

389.6 3.095 

394.9 3.009 

402.8 2.923 

404.9 2.923 

410.9 2.966 

 

 


