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źƫźŤƴƧ�ƾůřźƏ��
ę��ƾƯ�ƁƹŹ�Żř�źƫźŤƴƧ�ƽŚƷźŤƯřŹŚě�ƮǀƔƴţ�ƽřźŝ�Ʊřƺţ��ƽŚƷ~żƫƺƨǀƳ�ƹ�źƬĮƿŻ�nŵƺưƳ�ƵŵŚƠŤſř��žƨƗ�řŶŤŝř��Ʃƹř�ƁƹŹ�ƽřźŝ����ƮŤºƀǀſ�ƪºưƘƫř

ŶǀƴƧ�ƮſŹ�Ŷůřƹ�ƶƬě�ƽŵƹŹƹ�ƶŝ�ŢŞƀƳ�řŹ�ŻŚŝ�ŹřŶƯ���ŹřŶƤƯ�ƹŵ�ƪƨƃ�ƢŝŚƐƯ�žĜſR��ƹL�ř�řŹƵŻřŶƳ�ŶǀƿŚưƳ�ƽźǀĭ���ŢǀưƧR���Ţºſř�šŹŚŞƗ
�ƹ�ƾƴŰƴƯ�źŝ�ŽŚưƯ�Ǝų�Ŝǀƃ�ƮưƿżƧŚƯ�ŻřL�ƾƯ�ƖƐƣ�řŹ�ƱŚƯŻ�ŹƺŰƯ�ƾƴŰƴƯ�źŝ�ŽŚưƯ�Ǝų�ƶƧ�Ţſř�ƾƳŚƯŻ�Żř�šŹŚŞƗ�ŶƴƧ���
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�ƲŤƃřŵ�Ţſŵ�Źŵ�ŚŝR��ƹL�Żř�ŶƴţŹŚŞƗ�źƫźŤƴƧ�ƽŚƷźŤƯřŹŚě�ƽřźŝ�żƫƺƨǀƳ�ƹ�źƬĮƿŻ�Ǝſƺţ�ƵŶƃ�ƶǀƇƺţ�ƶƴǀƸŝ�źƿŵŚƤƯ���
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 ck  iT  dT  

P-action 
RL

1
 0 0 

PI-action 
RL

9.0
 L3.3  0 

PID-action 
RL

2.1
 L2  L5.0  
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


01 .)( dtteIAEI  

ŶǀƴƧ�ƶŞſŚŰƯ�řŹ��ƵźƸŝ�źƿŵŚƤƯ���źƫźŤƴƧiTƹdT�Ɯţ�ƾŤſŵ�šŹƺƇ�ƶŝ�řŵŶŬƯŹřŶƤƯ�Śţ�Ƶŵřŵ�źǀǀ1I�ŵƺƃ�ŭǈƇř����ŢŞºƀƳ�řŹ�ƮŤƀǀſ�ŲſŚě
ŶǀƿŚưƳ�ƶƀƿŚƤƯ�ƪŞƣ�ŢƫŚů�ŲſŚě�Śŝ�ƹ�ƮſŹ�ŶƿŶū�ŢƫŚů�Źŵ�Ŷůřƹ�ƶƬě�ƽŵƹŹƹ�ƶŝ���

��
ť��ŶƿŹƹō�ŢſŶŝ�ƾƿŚƸƳ�ŹřŶƤƯ�ŢǀſŚƀů�ƁƹŹ�Żř�ƵŵŚƠŤſř�Śŝ�řŹ�ƵŶƃ�ƶŤſřƺų�ƽŚƷźƫźŤƴƧ�ŹŚŝ�Ʋƿř�������ƾºƫźŤƴƧ�ƵźºƸŝ�ŹƺºƔƴƯ�Ʋºƿř�ƽřźŝP-

action��ƾºƯ�ƂƿřżƟř�ƽŹřŶƿŚě�ŻźƯ�ƶŝ�ƮŤƀǀſ�ƱŶǀſŹ�Śţ��ŶºŝŚƿ����ŢºǀưƧ�ƹŵ�ŹřŶºƤƯuk�ƹup�������Źřźºƣ�źºƫźŤƴƧ�ƽŚºƷźŤƯřŹŚě�ƲǀºǀƘţ�ŽŚºſř
ƾƯ�ŶƳźǀĭ��źŤƯřŹŚěuk�īŹżŝ�ŹřŶƤƯ�Żř�Ţſř�šŹŚŞƗ��ƶŝ�ƍƺŝźƯ�ƾƿŚưƳP-action��ºƀŝ�ŹřŶƯ�ƮŤƀǀſ�ƶƧ�Ţſř����Źřźºƣ�ƽŹřŶºƿŚě�ŻźºƯ�Źŵ�řŹ�ƶŤ
ƾƯ�ƹ�ŶƷŵup�žƨƗ�šŚƃŚƘţŹř�ŵƺƿźě�Żř�šŹŚŞƗ�żǀƳ�Ţſř�ƽŹřŶƿŚě�ŻźƯ�Źŵ�ƶŤƀŝ�ŹřŶƯ�ƮŤƀǀſ�ƪưƘƫř���
���

 ck  iT  dT  

P-action uk5.0  0 0 

PI-action uk45.0  up83.0  0 

PID-action uk6.0  up5.0  up25.1  
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ũ��ƶŞſŚŰƯ�Śŝ�ƶŝŚƄƯ�šŹƺƇ�ƶŝ��





01 .)( dtteIAEI  

ŶǀƿŚưƳ�ƮǀƔƴţ�ƾŤſŵ�řŹ�ƾƫźŤƴƧ�ŜƿřźƋ��Ƭě�ƽŵƹŹƹ�ƶŝ�ŢŞƀƳ�řŹ�ƮŤƀǀſ�ŲſŚě��������ƪºŞƣ�ŢºƫŚů�ŲºſŚě�Śºŝ�ƹ�ƮºſŹ�ŶºƿŶū�ŢºƫŚů�Źŵ�Ŷůřƹ�ƶ
ŶǀƿŚưƳ�ƶƀƿŚƤƯ���

��
ġ��ƵŻřŶƳř�żƿƺƳ�źŧř�ŢŰţ�ƮŤƀǀſ�ƶƧ�ƾţŹƺƇ�Źŵ��źĮƬưƗ�ƹ�ƾūƹźų�ƁŚƄŤƛř�ƲŤƟźĭ�źƔƳ�Źŵ�ƱƹŶŝ��ƽźǀĭn���ƲǀƿŚºě�ƦǀƯŚƴƿŵ�źǀŧŚţ��ŶƃŚŝ

ŹŸĭ)(sP�ŶǀƴƧ�ƱŚǀŝ�ƮŤƀǀſ�ŵźƨƬưƗ�ƽƹŹ�źŝ�řŹ�����ƵŻřŶºƳř�żƿƺºƳ�źºŧř�ŢŰţ�ƶƧ�ƾƳŚƯŻ�řŹ�ƮŤƀǀſ�Ʋƿř�ŹŚŤƟŹ��ŹƺƔƴƯ�Ʋƿř�ƽřźŝ����ƶºƬě�ƽźºǀĭ
ŶƿŹƹō�ŢſŶŝ�ŵŹřŵ�Źřźƣ�Ŷůřƹ���

101.0

1
)(




s
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�ŜǀƤƘţ�ŵƺŞƸŝ�ƽřźŝ(Tracking)�ŶƿŹřŵ�ƽŵŚƸƴƄǀě�ƶģ�ƮŤƀǀſ�Ʋƿř�Źŵ����
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��
��

ŶǀƃŚŝ�ƢƟƺƯ� 


