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behavioural ecology and physiology. When preferences for certain resources are investigated, the focus 
is often on simple response variables, such as duration and frequency of visits to choice chambers. Here 
we present an automated motion detector system that use passive infrared sensors to eliminate many 
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subject’s visits to each of the choice chambers are calculated. We validate the detector system by monitor-
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four-way choice apparatus. Manual scoring of the video recordings showed very high consistency with 
data from the detector system both for time and for frequency of visits. Furthermore, the validation 
revealed that if we used micro-switches or light barriers, the most commonly applied automatic detection 
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system. The system provides a low-cost alternative for monitoring animal movements, and we discuss its 
further applicability.
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allow full or restricted access to different stimuli, including live individuals or some 
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One of the most frequently applied methods is manual scoring of the movement of 
the focal individual either real-time or using video-recordings of trials and later scor-
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tion, scoring video recordings does not allow the researcher to get an immediate 
answer about the subject’s preference after the trial (as often needed if further tests 
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errors. For instance, mating preferences by female birds is often detected by micro 
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placed in the chambers of the choice apparatus. The micro switch closes each time 
�����������������
��������	�������������������
��������������	�!��������������������
��������%����������
����������������������
�������!� ��������
�������������
���
���
under the weight of the bird, on the other hand, it has to open when the bird leaves 
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challenging. In addition, mechanical systems tend to be more prone to failure and 
degrade more with time than systems including electronic parts only.

The application of photocells is very similar to micro-switches in that they are 
most frequently applied as light barriers to detect a bird’s presence or absence on a 
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is recorded. Photocells eliminate most of the problems of micro-switches, as being an 
opto-electronic device, they include no mechanical parts. However, care needs to be 
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system cumbersome.

A more robust automated detection method for following the subjects’ movements 
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information on the subjects’ movements, and built-in analysing tools provide the 
opportunity to carry out in-depth analysis of behaviour during test sessions. 
Preference tests, however, often focus on simple response variables, such as duration 
and frequency of visits to the stimulus. The cost of the software license (but see 
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Here we present a new automated detector system to monitor animal movements 
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mechanic parts only, and used a very stable and simple programming environment to 
achieve low computing demands. Besides describing the main elements, here we 
validate the system by monitoring the movements of ten females during eight-hour 
preference tests. We compare data from the new motion detector system with manual 
scoring of video-recordings from the same trials.

MATERIALS AND METHODS

Setup of the infrared motion detector system

The hardware of our system includes three major elements: passive infrared sensors, 
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Fig 1. Not-to-scale schematic view of the four-way mate choice apparatus with the motion detector system. Dashed lines indicate wire mesh between 
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180° view angle that provides wide detection range. The circuit boards of PIR sensors 
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connection between the PIR sensors, the interface and the computer was through 
#������!������"�
�����
���������

We built a custom-designed interface, however, there are also commercially avail-
�����$�<��
���������������������X�������
�����������$���!��
�%���!���!��X��
��	���
���
����
�
���
����������
������
��������
!�����������
���5���������������������������
�$������
�
���
�������$��@�b�*}�!�����
����������
�
��$���!���������!���!��X�\�
b����@5��������
�����
����������
�
���
����������
�����������������������
�������
@�W9� �����
������������ q���!� $���!� �
�
���
� X������!� ��!� �X�5�� b�
�� ���� �$��
����
�
���
���������������
����
�����
�����X���5!���������������������������������
��	��� �
�	������ ��
�� �9B� �
� @*B� �������� ����*Q*� �X"*Q*� ���������!� ������
$������������
�����!�$���!�X���	���!���!��X�\�b����@5��

�������������������
���������
������
�����������������
�����X"*Q*�$��5�������
�-
puter software was compiled in Pascal, using Borland Turbo Pascal 7.0 (Borland 
X
��������
��
����
�!�������!���!��X�5���������������
�������������z�X��
���������
��������
���������
���
������
�����������
���®!����������"��|��z�X�����
������
����� ��������X
�������
�����z�X�
�� �	�<�+W!���	��
������z�X�
������5� �
�
��������z�X�����®}������������
������������������
��������������������������-
native solution that offers wide compatibility is to adapt our software using a Pascal 
�
������� ������ �
�� ���� �������� �����
��!� ����� ��� 	���
��� 	����
��� 
�� b���� ������!�
��	��
������b����������������5

���������������
��
��������
����������
���
��\�����!�������������������������	����
of the choice apparatus on the monitor, and indicated when a certain PIR sensor was 
����	�����������	����� ����"������ ����� ������
�� ���
��� ���� ������������� �
� �
���
��
where the subject is at a given time and more importantly, whether the motion detec-
�
���
�%���������������
�����%��
������������
���������"����!����
�����
������
�-
pared the view on the monitor with that of a small security ccd camera mounted above 
the mate choice apparatus and connected to a digital video recorder and a television 
��������
�5��

The second function of the software was to save the time (using the internal system 
�����
�������
������5����������
������
����������$z5�
��������$������
������	����!�
every time they became activated or deactivated due to the movement of the subject 
�����������	���
��
�������$������
�5��������������������������������������
�������
��
time to time for safety considerations, but since it included many unnecessary data 
�
����!����������
�����������������$������
���%��������	����������������	�������������-
	���
���

%�����*����
��������������&���������
���
	�������5������������
��������������
subject left the chamber or moved within the chamber. Since from our perspective 
only those data points are relevant which indicate switches between chambers, the 
������
�&����	��
��
�����
��������� �
�������
��� ��
� �����
��������
������b����!� ����
�	����������|��
�$z���������������
��!�������������������������	���
��
�������	�
����
����	���$������
���������
���������	���
���

%������������������������������������5��



Lossless automated motion detector system Q�@

Acta Biologica Hungarica 65, 2014

Second, from consecutive events with the same PIR ID as that of the previous event 
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correlated with those of the detector system. During manual scoring, we also moni-
tored the female’s movement between perches and other parts of the given chamber 
to assess the amount of data that would be lost by applying micro-switches or light 
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Fig 2. �����
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��������������������	�������	���������������
����X5������������z�����������!�
four males were presented in the stimulus compartments at the end of each choice chamber, separated by 
wire mesh. Passive infrared sensors were mounted in the centre of the top wall of each of the four choice 
��������������������������������5����������������������������������������������������
�����
	�5!��������
downwards. To prevent sensor activation by the movements of stimulus males, the four sensors in the 
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RESULTS

We found very high correspondence between data provided by manual scoring of 
video recordings and the infrared motion detector system both for time and for fre-
�������������@\������
���
�������
���
���������!������r��X�!������?�<������<�<<*\�
�����������?�<��WQ��<�<*�5�

Manual scoring of positions within chambers (whether the female was on the perch 

��
������������5���	��������������������������������������������������
����**�*��9�W«�
of their test time off the perches during the trials, so this amount of information was 
detected by our system but would have been omitted by applying micro-switches or 
light barriers.

Table 1
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ID Detec tion 
method

��������������������5 Frequency of visits to chamber Off-perch/
test time 

����5U R B L N U R B L N

  4 M � �} @QW � W� @9Q  46  10 � 8 14 � Q� QQ�W}<

D 101 @QQ � 9< @9Q  42  12 @Q 10 18  48

� � 9 M  64  21 � W� � Q* Q<� 108 48 � 9+ WQ *9+ *Q�W+*

D  71  21 � 9* � QQ *�9 177 9+ � �9 9* QQ+

 12 M  77  40  80 � 9@ *Q* � �9 �� 144 9+ Q�9 @Q*�W}<

D  81 � W� � �@ � 9@ 208 � �* 9� @Q� 71 QQ�

 16 M � @9 @Q9 � Q� 177 117  21 9@ � Q< 60 161 Q<�W}<

D  18 @Q+ � Q9 178 112  22 9W � Q� +Q @9}

 17 M 222  21 @Q< � W� � 9+ � Q@ 20 � 9+ 9+ 164 *�W�W}<

D **9 � *Q @Q9 � W�  48 � Q@ @�  70 61 @9<

 20 M @�W  12 @�<   4  80 � Q} 18  74 @9 144 @QQ�W}<

D @�+  12 @�W � � 9 � +Q � *� @�  60 17 116

� *Q M � Q+  62 � }Q 242 � 9�  14 17  21 *9 � +9 9W�W}<

D � Q} � �Q � }Q 241 � 9�  12 18  28 Q< � +�

 28 M � 9W 102 @Q@ 108 � }9 � @Q 16  18 17  62 102/480

D � 9} @<Q @QQ 100  86 � @Q 17 � *Q 20  70

� 9@ M  81 � Q+ � �W � 9+ @�9 � �W 9* � 9� +Q 271 @�@�W�9

D � }� � Q� � �+ � 9� @+�  77 42  60 72 @}Q

112 M � �W  87 � �@ 144 � �Q � Q� *�  42 *� @QW �+�W}<

D � ��  88 � �< 144  61 � QW Q@  48 Q� @*�
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DISCUSSION

We have developed a new automated motion detector system based on infrared 
motion sensors, and successfully applied the system to detect the movements of a 
small songbird species during mate preference tests. By manually scoring mating 
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�������������|�����������������
�������������������������
���
�����������-
tor system, we validated our system and found that it reliably and consistently 
detected the females’ time in and movements between choice chambers, without any 
data loss.

We argue that this system has numerous advantages over others. Its simplicity and 
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switches/photocells seem to be the closest alternative to our system regarding com-
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data due to females landing on other objects than the provided perches. This informa-
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Validation of our custom-built system revealed that the system provided almost 
consistent results to that of manual coding for time, whereas for frequency values, the 
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and sitting in between chamber edges might have been coded differently.

In our system, we used passive infrared sensor modules, therefore sensors only 
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small passerine birds emitted was enough for the sensors to get correctly activated. 
Nevertheless, by using active sensors of various types (e.g. emitting in ultrasound or 
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tially be adapted to detect cold-blooded species. A great potential of our system in 
contrast with micro-switches and photocells is that it is applicable for terrestrial spe-
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alternative to the most frequently used detection methods. Besides providing real-
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ciency and robustness. We suggest, therefore, that the application of this detector 
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sive setup is priority.
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