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9ROOVWlQGLJHU�$EGUXFN�GHU�YRQ�GHU�)DNXOWlW�I�U�(OHNWURWHFKQLN�XQG�,QIRUPDWLRQVWHFKQLN��

GHU�7HFKQLVFKHQ�8QLYHUVLWlW�0�QFKHQ�]XU�(UODQJXQJ�GHV�DNDGHPLVFKHQ�*UDGHV�HLQHV�

� � � � 'RNWRUV�GHU�,QJHQLHXUZLVVHQVFKDIWHQ��'U��,QJ���

JHQHKPLJWH�'LVVHUWDWLRQ��
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�

9RUVLW]HQGHU��� � � 8QLY��3URI��'U��,QJ��$��:��.RFK�

3U�IHU�GHU�'LVVHUWDWLRQ��

� � � � ���� 8QLY��3URI��'U��,QJ��*��)lUEHU�

� � � � ���� 8QLY��3URI��'U��,QJ��*��5HLQKDUW�

�
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�

'LH�'LVVHUWDWLRQ�ZXUGH�DP����������EHL�GHU�7HFKQLVFKHQ�8QLYHUVLWlW�0�QFKHQ�HLQJH�
UHLFKW�XQG�GXUFK�GLH�)DNXOWlW�I�U�(OHNWURWHFKQLN�XQG�,QIRUPDWLRQVWHFKQLN�DP����������
DQJHQRPPHQ��

�

�

�



� ,,�

�

�

�

�

�

�



�

� ,,,�

�

�

9RUZRUW�
�

'LH�YRUOLHJHQGH�'LVVHUWDWLRQ�HQWVWDQG�ZlKUHQG�PHLQHU�7lWLJNHLW�DOV�ZLVVHQVFKDIWOLFKHU�
0LWDUEHLWHU� DP� /HKUVWXKO� I�U� 5HDO]HLW�&RPSXWHUV\VWHPH� GHU� 7HFKQLVFKHQ� 8QLYHUVLWlW�
0�QFKHQ�LP�7HLOSURMHNW���Å0LNURSRVLWLRQLHUHLQULFKWXQJ�I�U�GLH�3Ul]LVLRQVPRQWDJH´�GHV�
)RUVFKXQJVYHUEXQGHV� 0LNURV\VWHPWHFKQLN� )250,.526<6� GHU� %D\HULVFKHQ� )RU�
VFKXQJVVWLIWXQJ��

(LQ�EHVRQGHUHU�'DQN�JLOW�PHLQHP�'RNWRUYDWHU��+HUUQ�3URI��'U��,QJ��*��)lUEHU��I�U�GDV�
LQ�PLFK�JHVHW]WH�9HUWUDXHQ�XQG�GLH�PLU�JHZlKUWHQ�)UHLKHLWHQ��'LH�PLW� LKP�JHI�KUWHQ�
IDFKOLFKHQ�'LVNXVVLRQHQ� WUXJHQ�ZHVHQWOLFK�]XP�*HOLQJHQ�GLHVHU�$UEHLW�EHL��%HGDQNHQ�
P|FKWH�LFK�PLFK�DXFK�EHL�3URI��'U��,QJ�*��5HLQKDUW�I�U�GLH�JXWH�3URMHNWOHLWXQJ�LP�7HLO�
SURMHNW���VRZLH�I�U�GDV�,QWHUHVVH�DQ�PHLQHU�$UEHLW��

,FK�P|FKWH�PLFK�EHL�PHLQHP�.ROOHJHQ�'DULXV�%XUVFKND�EHGDQNHQ��GHU�PLU�LQ�]DKOUHL�
FKHQ�'LVNXVVLRQHQ�ZHUWYROOH�+LQZHLVH�XQG�7LSSV�JHEHQ�NRQQWH�� ,P�ZHLWHUHQ�JLOW�PHLQ�
'DQN�5REHUW�+XEHU�XQG�0DUWLQ�2UHKHN� I�U�GLH� IDFKOLFKH�8QWHUVW�W]XQJ� LQ�UHJHOXQJV�
WHFKQLVFKHQ� )UDJHQ�� %HGDQNHQ� P|FKWH� LFK� PLFK� HEHQIDOOV� EHL� $OH[D� +DXFN� I�U� GLH�
.RUUHNWXU� PHLQHU� $UEHLW� VRZLH� EHL� 7RP� +RSIQHU� I�U� GLH� JXWH� 81,;�%HWUHXXQJ�� ,FK�
P|FKWH�PLFK� EHL� DOOHQ�0LWDUEHLWHUQ� GHV� /HKUVWXKOV� I�U� 5HDO]HLW�&RPSXWHUV\VWHPH� I�U�
GLH�JXWH�$UEHLWVDWPRVSKlUH�EHGDQNHQ��

(LQ�ZHLWHUHU�'DQN� JHKW� DQ�0LFKDHO�+|KQ� YRP� LZE� I�U� GLH� JXWH�=XVDPPHQDUEHLW� LP�
7HLOSURMHNW���VRZLH�I�U�GLH�%HUHLWVWHOOXQJ�YRQ�0HVVHTXLSPHQW�XQG�9HUVXFKVDXIEDXWHQ��

'DQN� ELQ� LFK� DXFK� PHLQHQ� 'LSORPDQGHQ� VFKXOGLJ�� ,P� EHVRQGHUHQ� P|FKWH� LFK� KLHU�
7KRPDV� $QGUHDV� XQG�*HUKDUG� (QJOEHUJHU� QHQQHQ�� GLH� ZLFKWLJH� %HLWUlJH� ]XU� YRUOLH�
JHQGHQ�$UEHLW�JHOHLVWHW�KDEHQ��

0HLQ�JDQ]�EHVRQGHUHU�'DQN�JLOW�PHLQHQ�(OWHUQ�XQG�PHLQHU�)UDX�(YL��GLH�PLFK�ZlKUHQG�
GHU�JDQ]HQ�=HLW�XQHLQJHVFKUlQNW�XQWHUVW�W]W�KDEHQ��

�

�

�

�

�

�

�

�

�

�

�



� ,9�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



�

� 9�

�

�

,QKDOWVYHU]HLFKQLV�
�

,QKDOWVYHU]HLFKQLV ����������������������������������������������������������������������������������������������������9 

=XVDPPHQIDVVXQJ������������������������������������������������������������������������������������������������9,, 

� (LQOHLWXQJ���������������������������������������������������������������������������������������������������������� 

��� 3UREOHPVWHOOXQJ������������������������������������������������������������������������������������������ 

��� 6HQVRUIXVLRQVDUWHQ�LP�9HUJOHLFK������������������������������������������������������������������ 

��� $XIJDEHQVWHOOXQJ ��������������������������������������������������������������������������������������� 

� 6WDQG�GHU�7HFKQLN ��������������������������������������������������������������������������������������������� 

��� %HVFKUHLEXQJ�XQG�6LPXODWLRQ�YRQ�]HLWGLVNUHWHQ�6\VWHPHQ����������������������������� 

��� $UFKLWHNWXU�YRQ�0XOWLVHQVRUV\VWHPHQ ����������������������������������������������������������� 

��� .DOPDQ�)LOWHU ����������������������������������������������������������������������������������������� �� 

��� 6HQVRUPRGHOOH ��������������������������������������������������������������������������������������� �� 

��� 6\QFKURQLVDWLRQ�������������������������������������������������������������������������������������� �� 

��� 6HQVRUGDWHQ�9RUYHUDUEHLWXQJ������������������������������������������������������������������ �� 

��� )XVLRQ�DXI�6LJQDO�/HYHO�(EHQH ���������������������������������������������������������������� �� 

� 0RGHOOLHUXQJ��6\QFKURQLVDWLRQ�XQG�)XVLRQ�GHU�6HQVRUGDWHQ���������������������������� �� 

��� .ODVVLILNDWLRQ�YRQ�6HQVRUHQ��������������������������������������������������������������������� �� 

����� .RQWLQXLHUOLFKHU�]\NOLVFKHU�6HQVRU ����������������������������������������������������� �� 

����� 'LVNUHWHU�]\NOLVFKHU�6HQVRU ��������������������������������������������������������������� �� 

����� 'LVNUHWHU�DV\QFKURQHU�6HQVRU����������������������������������������������������������� �� 

����� .RQWLQXLHUOLFKHU�DV\QFKURQHU�6HQVRU������������������������������������������������� �� 

����� 0RGHOOLGHQWLILNDWLRQ ������������������������������������������������������������������������� �� 

��� 9RUYHUDUEHLWXQJ ������������������������������������������������������������������������������������� �� 

����� 2IIVHWXQWHUGU�FNXQJ������������������������������������������������������������������������ �� 

����� 'LIIHUHQWLDWLRQ ��������������������������������������������������������������������������������� �� 

����� ,QWHJUDWLRQ �������������������������������������������������������������������������������������� �� 

��� 6\QFKURQLVDWLRQ�������������������������������������������������������������������������������������� �� 

����� 'DWHQEDVLHUWH�9HUIDKUHQ ������������������������������������������������������������������ �� 

����� 0RGHOOEDVLHUWH�9HUIDKUHQ����������������������������������������������������������������� �� 

����� 9HUJOHLFK�GHU�9HUIDKUHQ� ������������������������������������������������������������������ �� 

��� 6HQVRUIXVLRQ ������������������������������������������������������������������������������������������ �� 
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����� *HZLFKWHWHU�0LWWHOZHUW ��������������������������������������������������������������������� �� 

����� .DOPDQ�)LOWHU ���������������������������������������������������������������������������������� �� 

��� 6LPXODWLRQ���������������������������������������������������������������������������������������������� �� 

��� +,/�6LPXODWLRQ ��������������������������������������������������������������������������������������� �� 

����� $XWRPDWLVFKH�&�&RGHJHQHULHUXQJ ��������������������������������������������������� �� 

����� +DUGZDUH�,QWHUIDFHV ������������������������������������������������������������������������ �� 

����� +DUGZDUH�6LPXODWLRQVEHLVSLHO���������������������������������������������������������� �� 

� $QZHQGXQJVEHLVSLHO�03( ������������������������������������������������������������������������������ �� 

��� 0RWLYDWLRQ���������������������������������������������������������������������������������������������� �� 

��� 6\VWHPEHVFKUHLEXQJ ������������������������������������������������������������������������������� �� 

����� 3RVLWLRQLHUVWUDWHJLH��������������������������������������������������������������������������� �� 

����� $XIEDX�GHU�$NWRULN �������������������������������������������������������������������������� �� 

��� 6\VWHPLGHQWLILNDWLRQ�������������������������������������������������������������������������������� �� 

����� 6HQVRUPRGHOOH��������������������������������������������������������������������������������� �� 

����� 6WUHFNHQPRGHOOH ������������������������������������������������������������������������������ �� 

��� 6HQVRUNRSSOXQJ ������������������������������������������������������������������������������������� �� 

����� 5HJHOXQJVHQWZXUI�$ ������������������������������������������������������������������������� �� 

����� 5HJHOXQJVHQWZXUI�% ������������������������������������������������������������������������� �� 

��� 5HJOHUVWUXNWXU ����������������������������������������������������������������������������������������� �� 

����� 'lPSIXQJV��XQG�/LQHDULVLHUXQJVUHJOHU��������������������������������������������� �� 

����� 6FKZLQJXQJVNRPSHQVDWLRQ������������������������������������������������������������ ��� 

����� )�KUXQJVUHJOHU������������������������������������������������������������������������������ ��� 

��� 6LPXODWLRQ�������������������������������������������������������������������������������������������� ��� 

��� (UJHEQLVVH ������������������������������������������������������������������������������������������� ��� 

� $XVEOLFN ������������������������������������������������������������������������������������������������������ ��� 

� /LWHUDWXU ������������������������������������������������������������������������������������������������������ ��� 

$QKDQJ�$��%ORFNEHVFKUHLEXQJ ���������������������������������������������������������������������������� ��� 

$QKDQJ�&��*HUlWHWUHLEHU�6�)XQFWLRQ ������������������������������������������������������������������� ��� 

$QKDQJ�'��*HUlWHWUHLEHU�DOV�7/&�)LOH ����������������������������������������������������������������� ��� 

�
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=XVDPPHQIDVVXQJ�
�

,Q� GHU� YRUOLHJHQGHQ� $UEHLW� ZHUGHQ� 9HUIDKUHQ� ]XU� 6HQVRUNRSSOXQJ� DXI� 6LJQDO�/HYHO�
(EHQH�I�U�5HJHOXQJV]ZHFNH�HUDUEHLWHW�XQG�LQ�HLQHU�0DW/DE�EDVLHUWHQ�7RROER[�UHDOLVLHUW�
XQG�YHUZDOWHW��'LH�]XJUXQGH�OLHJHQGH�6\VWHPDUFKLWHNWXU�XQWHUWHLOW�GLH�6HQVRUNRSSOXQJ�
LQ�GUHL� IXQNWLRQHOOH�%O|FNH��6\QFKURQLVDWLRQ��6HQVRUGDWHQYRUYHUDUEHLWXQJ�XQG�6HQVRU�
GDWHQIXVLRQ��'HU�0XOWLVHQVRU�5HJHONUHLV�YHUKlOW�VLFK�GXUFK�GLH�6HQVRUNRSSOXQJ�PLW�GHU�
YRUJHVWHOOWHQ�$UFKLWHNWXU�ZLH�GHU�NODVVLVFKH���6HQVRUUHJHONUHLV���

)�U�GLH�]HLWOLFK�NRUUHNWH�.RSSOXQJ�YHUVFKLHGHQHU�6HQVRUHQ��YRU�DOOHP�EHL�XQWHUVFKLHGOL�
FKHQ�$EWDVWUDWHQ�� LVW�GLH�HQWVFKHLGHQGH�(LJHQVFKDIW�GHU�6HQVRUHQ��ZLH�XQG�YRU�DOOHP�
ZDQQ� QHXH� 'DWHQ� ]XU� 9HUI�JXQJ� JHVWHOOW� ZHUGHQ�� (V� ZHUGHQ� DQKDQG� GLHVHU� (LJHQ�
VFKDIWHQ� YLHU� YHUVFKLHGHQH� 6HQVRUW\SHQ� NODVVLIL]LHUW�� =HLWNRQWLQXLHUOLFKHU� ]\NOLVFKHU��
]HLWGLVNUHWHU� ]\NOLVFKHU�� ]HLWGLVNUHWHU� DV\QFKURQHU� XQG� ]HLWNRQWLQXLHUOLFK� DV\QFKURQHU�
6HQVRU��)�U�MHGHQ�GLHVHU�6HQVRUW\SHQ�ZLUG�HLQ�6HQVRUPRGHOO�HQWZLFNHOW��GDV�QHEHQ�GHP�
hEHUWUDJXQJVYHUKDOWHQ�DXFK�)HKOHUPRGHOOH�HQWKlOW��

)�U�GLH�GUHL�IXQNWLRQHOOHQ�%O|FNH�ZHUGHQ�9HUIDKUHQ�DOV�6LPX/LQN�%O|FNH�LPSOHPHQWLHUW��
ZREHL�NODVVLVFKH�XQG�QHXHQWZLFNHOWH�9HUIDKUHQ�]XP�=XJH�NRPPHQ��(LQ�9HUJOHLFK�GHU�
9HUIDKUHQ�VWHOOW�GHUHQ�/HLVWXQJVIlKLJNHLW�XQWHU�%HZHLV��%HL�GHU�6HQVRUGDWHQYRUYHUDUEHL�
WXQJ�ZLUG�GDV�+DXSWDXJHQPHUN�DXI�9HUIDKUHQ�GHU�]ZHLIDFKHQ�,QWHJUDWLRQ�JHOHJW��

'DV�]XU�6SH]LILNDWLRQ�XQG�6LPXODWLRQ�YHUZHQGHWH�:HUN]HXJ�LVW�6LPX/LQN��GLH�6LPXODWL�
RQVXPJHEXQJ� YRQ� 0DW/DE�� (LQH� (UZHLWHUXQJ� YRQ� 6LPX/LQN� HUP|JOLFKW� GLH� 9HUZHQ�
GXQJ�GHV�JOHLFKHQ�%ORFNGLDJUDPPV�]XU�6RIWZDUHVLPXODWLRQ�XQG�]XU�DXWRPDWLVFKHQ�&�
&RGHJHQHULHUXQJ� I�U� GLH� +DUGZDUH�LQ�WKH�/RRS��+,/��6LPXODWLRQ�� 1RUPDOHUZHLVH�
ZHUGHQ�KLHU]X� ]ZHL� XQWHUVFKLHGOLFKH�%ORFNGLDJUDPPH�EHQ|WLJW��ZDV� OHLFKW� ]X�.RQVLV�
WHQ]SUREOHPHQ�I�KUW��

'LH�=XRUGQXQJ�GHU�+DUGZDUH�(LQ��XQG�$XVJDEHNRPSRQHQWHQ�]X�GHQ�6HQVRUHQ�E]Z��
$NWRUHQ� HUIROJW� LP� %ORFNGLDJUDPP� �EHU� +DUGZDUH�,QWHUIDFHV�� GLH� VLFK� EHL� GHU� 6RIW�
ZDUH�6LPXODWLRQ�QHXWUDO� YHUKDOWHQ��%HL�GHU�8PVFKDOWXQJ�GHU�6LPXODWLRQVDUW� YRQ�6RIW�
ZDUHVLPXODWLRQ� ]X� &RGHJHQHULHUXQJ� ZLUG� GDV� %ORFNGLDJUDPP� DXWRPDWLVFK� LQ� GLH�
DQGHUH� 'DUVWHOOXQJ� NRQYHUWLHUW�� ZREHL� DOOH� %O|FNH� GHU� 6WUHFNH� HQWIHUQW� ZHUGHQ�� 'LH�
+DUGZDUH�,QWHUIDFHV�� HLQH� $UW� *HUlWHWUHLEHU�� ZHUGHQ� DOV� 0DW/DE�6�)XQFWLRQV� LQ� &�
UHDOLVLHUW��PDQ� NDQQ� GDEHL� ZHJHQ� GHU� RIIHQHQ�0DW/DE�6WUXNWXU� EHHLQIOXVVHQ�� RE� GLH�
*HUlWHWUHLEHU� DOV� )XQNWLRQVDXIUXI� RGHU� ÅLQOLQH´� LQ� GHQ�JHQHULHUWHQ�&�&RGH� HLQJHI�JW�
ZHUGHQ�� (V� ZHUGHQ� +DUGZDUH�,QWHUIDFHV� I�U� 6WDQGDUG�,�2�.RPSRQHQWHQ� VRZLH� I�U�
,QWHUUXSW�JHWULJJHUWH�(LQJDEHNRPSRQHQWHQ�HQWZLFNHOW��

'LH�0HWKRGLN� ]XU� 6HQVRUNRSSOXQJ�ZLUG�PLW�+LOIH� GHU� HUDUEHLWHWHQ�9HUIDKUHQ�XQG�GHU�
HQWVWDQGHQHQ� 7RROER[� DP� 5HJOHUHQWZXUI� I�U� HLQH� 0XOWLVHQVRU�0LNURSRVLWLRQLHU�
HLQULFKWXQJ� HYDOXLHUW�� (V� ZHUGHQ� GUHL� YHUVFKLHGHQH� 6HQVRUHQ� PLW� XQWHUVFKLHGOLFKHU�
'\QDPLN�XQG�XQWHUVFKLHGOLFKHP�$EWDVWYHUKDOWHQ��/DVHUVHQVRUHQ��%HVFKOHXQLJXQJVVHQ�
VRUHQ�XQG�HLQ�%LOGYHUDUEHLWXQJVV\VWHP��]XU�.RUUHNWXU�YRQ�G\QDPLVFKHQ�XQG�VWDWLVFKHQ�
6W|UJU|�HQ�HLQJHVHW]W��'DV�PLW�GHQ�0HWKRGHQ�GLHVHU�$UEHLW�QHXHQWZLFNHOWH�5HJHOXQJV�
V\VWHP� ZLUG� PLW� GHP� PLW� NODVVLVFKHQ� 0HWKRGHQ� HQWZRUIHQHQ� XUVSU�QJOLFKHQ� 5HJH�
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OXQJVV\VWHP� YHUJOLFKHQ�� (V� ]HLJW� VLFK�� GDVV� VLFK� GHU� (QWZXUI� GHV� 0XOWLVHQVRU�
5HJHOXQJVV\VWHPV�EHL�EHVVHUHU�/HLVWXQJVIlKLJNHLW�ZHVHQWOLFK�YHUHLQIDFKW��'LH�HQWZLFNHO�
WHQ�6HQVRUPRGHOOH�EHZLUNHQ��GDVV�GLH�6RIWZDUHVLPXODWLRQVHUJHEQLVVH�QDKH]X�����DXI�
GDV�UHDOH�6\VWHP��EHUWUDJHQ�ZHUGHQ�N|QQHQ��ZDV�HLQH�9HUHLQIDFKXQJ�GHV�5HJOHUHQW�
ZXUIV� GDUVWHOOW�� 'LH� PHLVW� EHJUHQ]WH� 5HVVRXUFH� Å+DUGZDUH´� �]�%�� ,QGXVWULHURERWHU�� LVW�
EHLP�(QWZXUI�XQG�EHLP�7XQHQ�GHV�5HJHOXQJVV\VWHPV�QLFKW�PHKU�XQEHGLQJW�QRWZHQGLJ��
'LH�*UXQGODJH� KLHUI�U� ELOGHW� GLH� JHZLVVHQKDIWH� 6\VWHPLGHQWLILNDWLRQ� GHU� 6WUHFNH�� ZLH�
GDV�%HLVSLHO�GHU�0LNURSRVLWLRQLHUHLQULFKWXQJ��03(��]HLJW��

�
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����3UREOHPVWHOOXQJ�

)RUWVFKULWWH�LQ�GHU�6HQVRU��XQG�0LNURV\VWHPWHFKQLN�KDEHQ�EHZLUNW��GDVV�QHXH�6HQVRUHQ��
GLH� NOHLQHU�� ELOOLJHU� XQG� JHQDXHU� VLQG�� YHUI�JEDU� ZHUGHQ� XQG� GDPLW� QHXH� $QZHQ�
GXQJVEHUHLFKH�JHVFKDIIHQ�ZHUGHQ�NRQQWHQ��%HLVSLHOKDIW�VLQG�KLHU�%HVFKOHXQLJXQJVVHQ�
VRUHQ� ]X� QHQQHQ�� GLH� QXQ� LQ� JUR�HQ� 6W�FN]DKOHQ� LQ� GHU� $XWRPRELOLQGXVWULH� I�U� GLH�
&UDVK�(UNHQQXQJ�GHU�$LUEDJV��PHKUHUH�6W�FN�SUR�$LUEDJ��HLQJHVHW]W�ZHUGHQ��0DQ�LVW�
GDGXUFK�KHXWH�LQ�GHU�/DJH��LQ�YLHOHQ�%HUHLFKHQ�GHU�$XWRPDWLVLHUXQJVWHFKQLN��GHU�DXWR�
QRPHQ�PRELOHQ�5RERWHUV\VWHPH�XQG�GHU�$XWRPRELOLQGXVWULH�NRVWHQJ�QVWLJH�0XOWLVHQ�
VRU�6\VWHPH�DXI]XEDXHQ��'LHV� EHGHXWHW� QDW�UOLFK�DXFK��GDVV� VLFK�GLH�$QIRUGHUXQJHQ�
DQ�GHQ�5HJHOXQJVHQWZXUI�XQG�GHU�GD]XJHK|ULJHQ�6LJQDOYHUDUEHLWXQJ�HUK|KHQ��ZREHL�
DEHU�HLQH�EHVVHUH�5HJHOEDUNHLW�XQG�RGHU�K|KHUH�*HQDXLJNHLW�HU]LHOW�ZHUGHQ�NDQQ��(V�
N|QQHQ�GDGXUFK� 6\VWHPH� UHDOLVLHUW�ZHUGHQ�� GLH�PLW� HLQHP�NRQYHQWLRQHOOHQ���6HQVRU�
6\VWHP�QLFKW�UHJHO��E]Z��VWHXHUEDU�JHZHVHQ�ZlUHQ��

'HU�NODVVLVFKH�5HJHOXQJVHQWZXUI�VLHKW�]��%��QDFK�>��@�IROJHQGH�6FKULWWH�YRU��

1. 0RGHOOLHUXQJ�RGHU�,GHQWLILNDWLRQ�GHU�5HJHOVWUHFNH 

2. $XVZDKO�XQG�$QRUGQXQJ�GHU�6WHOOJOLHGHU�XQG�6HQVRUHQ��Å&RQWURO�FRQILJXUDWLRQ´� 

3. $XIVWHOOHQ�GHV�5HJHOJHVHW]HV��5HJOHUHQWZXUI�XQG�6RIWZDUH�6LPXODWLRQ 

4. ,PSOHPHQWLHUXQJ�GHV�5HJOHUV�DXI�GHP�=LHOV\VWHP 

5. 7HVW�GHV�*HVDPWV\VWHPV 

,Q�GHU�)RUVFKXQJ�OLHJHQ�GLH�6FKZHUSXQNWH�HLQGHXWLJ�EHL����XQG�����ZLH�PDQ�DXFK�GHXW�
OLFK� DQ� GHU�9LHO]DKO� GHU� YRUKDQGHQHQ�0HWKRGHQ� ]XP�5HJHOXQJVHQWZXUI� �3,'��� /45���
+∞��� )X]]\���1HXUR�5HJOHU�� XQG� ]XU� 6\VWHPLGHQWLILNDWLRQ� �.RUUHODWLRQV�� XQG� 6SHNWUDO�
9HUIDKUHQ�� $5;��� $50$;��� Å2XWSXW�(UURU´� XQG� %R[�-HQNLQV�0RGHOOH�� HUNHQQHQ� NDQQ��
(V� LVW� PLWWOHUZHLOH� VRJDU� ]X� HLQHP� )RUVFKXQJVVFKZHUSXQNW� JHZRUGHQ� ]X� EHVWLPPHQ��
ZHOFKH� 0HWKRGH� I�U� ZHOFKH� 3UREOHPVWHOOXQJ� DP� JHHLJQHWVWHQ� LVW� >��@�� 'HQ� JU|�WHQ�
(LQIOXVV�DXI�GLH�5HJHOEDUNHLW�XQG�/HLVWXQJ�GHV�5HJHOXQJVV\VWHPV�MHGRFK�KDW�GLH�:DKO�
XQG�$QRUGQXQJ�GHU�$NWRUHQ�XQG�6HQVRUHQ�������

(V�HUJLEW�VLFK�VRPLW�IROJHQGH�3UREOHPVWHOOXQJ��
)�U�HLQ�JHJHEHQHV�6\VWHP��EHL�GHP�GLH�5HJHOVWUHFNH�VRZLH�GDV�]HLWGLVNUHWH�5HJHOXQJV�
NRQ]HSW�XQG�GLH�6WHOOJOLHGHU�YRUJHJHEHQ�VLQG��VROO�HLQ�RSWLPDOHV�6HQVRUNRQ]HSW�JHIXQ�
GHQ�ZHUGHQ��PLW�GHP�HLQH�5HJHOXQJ�GHV�*HVDPWV\VWHPV�XQWHU�GHQ�JHJHEHQHQ�6SH]LIL�
NDWLRQHQ� P|JOLFK� ZLUG� RGHU� HV� VROO� GLH� $XVVDJH� JHWURIIHQ� ZHUGHQ� N|QQHQ�� ZHOFKH�
6SH]LILNDWLRQHQ� HLQJHVFKUlQNW� E]Z�� YHUlQGHUW� ZHUGHQ�P�VVHQ�� XP� HLQH� 5HJHOXQJ� ]X�
HUP|JOLFKHQ��

�

�
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=XU�/|VXQJ�GHV�3UREOHPV�JLOW�HV�IROJHQGH�3XQNWH�]X�NOlUHQ��

• :HOFKH�$UWHQ�YRQ�6HQVRUHQ�KDW�PDQ�]XU�9HUI�JXQJ"�

• :LH�PXVV�PDQ�GLH�6HQVRUHQ�FKDUDNWHULVLHUHQ�XQG�PRGHOOLHUHQ��GDPLW�PDQ�VLH�XQ�
WHUHLQDQGHU�YHUJOHLFKHQ�NDQQ"�

• ,Q�ZHOFKH�IXQNWLRQDOHQ�%O|FNH�N|QQHQ�GLH�HLQ]HOQHQ�6FKULWWH�]XU�.RSSOXQJ�YRQ�6HQ�
VRUHQ�XQWHUWHLOW�ZHUGHQ��]��%��6\QFKURQLVDWLRQ��$GDSWLRQ�XQG�)XVLRQ�"�

• :HOFKH�$UFKLWHNWXU�HUJLEW�VLFK�GDUDXV�EHL�5HJHOXQJVV\VWHPHQ"�

• :LH�EHVFKUHLEW�PDQ�GDV�*HVDPWV\VWHP��XP�HLQH�6WDELOLWlWV��XQG�)XQNWLRQVSU�IXQJ�
PLWWHOV�6LPXODWLRQ�]X�HUP|JOLFKHQ"�:HOFKH�(IIHNWH�WUHWHQ�GDEHL�DXI"�

• :LH�NDQQ�PDQ�XQWHU�9HUZHQGXQJ�GHU�6LPXODWLRQVHUJHEQLVVH�DXWRPDWLVFK�GDV�5HJH�
OXQJVV\VWHP�DXI�GHP�=LHOV\VWHP�LPSOHPHQWLHUHQ"�

����6HQVRUIXVLRQVDUWHQ�LP�9HUJOHLFK�

%HL�GHU�.RSSOXQJ�YRQ�6HQVRUHQ�LQ�0XOWLVHQVRU�6\VWHPHQ�XQWHUVFKHLGHW�PDQ�JUXQGVlW]�
OLFK� ]ZLVFKHQ� 6HQVRU�,QWHJUDWLRQ� XQG� 6HQVRU�)XVLRQ�� :HUGHQ� EHL� GHU� 6HQVRU�
,QWHJUDWLRQ� YHUVFKLHGHQH� 6HQVRUHQ� I�U� YHUVFKLHGHQH� $XIJDEHQ� HLQJHVHW]W�� VR� ZHUGHQ�
EHL�GHU�6HQVRUIXVLRQ�'DWHQ�YRQ�YHUVFKLHGHQHQ�6HQVRUHQ�]X�HLQHU�JHPHLQVDPHQ�'DU�
VWHOOXQJ�NRPELQLHUW� �]��%��(UVWHOOHQ�HLQHU�.DUWH�PLW�&&'�.DPHUD��XQG�/DVHU�6FDQQHU�
'DWHQ���

'LH�]X�IXVLRQLHUHQGHQ�6HQVRUGDWHQ�N|QQHQ�UHGXQGDQWH��]XVlW]OLFKH�DEHU�DXFK�ZLGHU�
VSU�FKOLFKH�,QIRUPDWLRQHQ�HQWKDOWHQ��'XUFK�GLH�)XVLRQ�YRQ�6HQVRUHQ�XQWHUVFKLHGOLFKHU�
%HDUEHLWXQJV]HLW�HUJHEHQ�VLFK�GXUFK�GHUHQ�XQWHUVFKLHGOLFKH�0HVV]HLWSXQNWH�]HLWJHQDX�
HUH�,QIRUPDWLRQHQ��'D�QDFK�>��@�GLH�6HQVRUGDWHQIXVLRQ�LPPHU�HLQH�9HUEHVVHUXQJ�GHU�
6HQVRUGDWHQ�XQG�HLQH�(UK|KXQJ�GHU�9HUI�JEDUNHLW�GDUVWHOOW��N|QQHQ�XQJHQDXHUH�XQG�
ELOOLJHUH��GDI�U�DEHU�PHKUHUH�6HQVRUHQ�YHUZHQGHW�ZHUGHQ��,Q�>��@�ZLUG�VFKOLH�OLFK�GHU�
%HZHLV� HUEUDFKW�� GDVV� EHL� RSWLPDOHU� 6HQVRUGDWHQIXVLRQ� GLH�4XDOLWlW� GHU� IXVLRQLHUWHQ�
6HQVRUGDWHQ�QLH�VFKOHFKWHU�LVW�DOV�GLH�GHU�QLFKW�IXVLRQLHUWHQ��

(V�JLEW���YHUVFKLHGHQH�$UWHQ�GHU�6HQVRU�)XVLRQ��

1.  Å=HLWOLFKH� )XVLRQ´�� =XVDPPHQIDVVXQJ� YRQ� ]HLWOLFK� DXIHLQDQGHUIROJHQGHQ�'DWHQ�
HLQHV�6HQVRUV�]X�HLQHP�HLQ]LJHQ�'DWXP��]�%��7UDFNLQJ�RGHU�0RWLRQ�6WHUHR��

2.  Å5HGXQGDQWH�)XVLRQ´��=XVDPPHQIDVVXQJ�YRQ�'DWHQ�YRQ�6HQVRUHQ�JOHLFKHQ�7\SV��
XP�HLQH�9HUEHVVHUXQJ�GHU�'DWHQTXDOLWlW�VRZLH�HLQH�K|KHUH�9HUI�JEDUNHLW�]X�HU�
UHLFKHQ��

3.  Å0XOWLPRGDOH�E]Z��0XOWLVHQVRU�)XVLRQ´��=XVDPPHQIDVVXQJ�YRQ�'DWHQ�YHUVFKLH�
GHQHU�6HQVRUHQ�PLW�YHUVFKLHGHQHQ�0HVVSULQ]LSLHQ��

,Q� >��@�HUIROJW�HLQH�.ODVVLILNDWLRQ�GHU�6HQVRUIXVLRQ� LQ���$EVWUDNWLRQVVWXIHQ��ZREHL�EHL�
VWHLJHQGHP� $EVWUDNWLRQVQLYHDX� ������ GHU� 8PIDQJ� GHU� ]X� IXVLRQLHUHQGHQ� 'DWHQ� DE�
QLPPW��

1.  %HL�GHU�)XVLRQ�DXI�6LJQDO�/HYHO�(EHQH�ZHUGHQ�HLQ��RGHU�PHKUGLPHQVLRQDOH�6LJ�
QDOH�PLW�JHULQJHU� ,QIRUPDWLRQVGLFKWH�DEHU�GDI�U�PLW�KRKHU�'DWHQUDWH� IXVLRQLHUW��
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(LQH�]HLWOLFKH�6\QFKURQLVDWLRQ�GHU�6HQVRUHQ�LVW�HUIRUGHUOLFK��'XUFK�GLH�)XVLRQ�ZLUG�
HLQH�5HGXNWLRQ�GHU�9DULDQ]�GHU�6HQVRUGDWHQ��a

Q
1 �EHL�XQDEKlQJLJHQ�6HQVR�

UHQ��HUUHLFKW��$OV�0HWKRGHQ�]XU�)XVLRQ�NDQQ��EOLFKHUZHLVH�EHL�JOHLFKDUWLJHQ�6HQ�
VRUHQ�GHU�JHZLFKWHWH�0LWWHOZHUW�RGHU�EHL�G\QDPLVFKHQ�6HQVRUGDWHQ��GLH�QLFKW�XQ�
EHGLQJW� YRQ� JOHLFKDUWLJHQ� 6HQVRUHQ� VWDPPHQ�P�VVHQ�� GHU� .DOPDQ�)LOWHU� DQJH�
ZHQGHW�ZHUGHQ��(LQH�ZHLWHUH�$OWHUQDWLYH�VWHOOW�GLH�0HWKRGH�GHU�´%D\HVLDQ�(VWLPD�
WLRQ� 8VLQJ� &RQVHQVXV� 6HQVRUV´� >��@� GDU�� GLH� KDXSWVlFKOLFK� ]XU� )XVLRQ� YRQ� UH�
GXQGDQWHQ�6HQVRUHQ�HQWZLFNHOW�ZXUGH��

2.  %HL�GHU�)XVLRQ�DXI�3L[HO�/HYHO�(EHQH�ZHUGHQ�PHKUHUH�%LOGHU�NRPELQLHUW��XP�HLQH�
K|KHUH� /HLVWXQJVIlKLJNHLW� EHL� %LOGYHUDUEHLWXQJVDXIJDEHQ� ]X� HUUHLFKHQ�� $OV� 0H�
WKRGHQ�]XU�)XVLRQ�ZHUGHQ�ORJLVFKH�)LOWHU��]��%��$1'�)LOWHU���PDWKHPDWLVFKH�0RU�
SKRORJLH��%LOG�$OJHEUD�RGHU�Å6LPXODWHG�$QQHDOLQJ´�YHUZHQGHW��

3.  %HL� GHU� )HDWXUH�/HYHO�)XVLRQ� ZHUGHQ� DXV� %LOG�� RGHU� 6LJQDOGDWHQ� H[WUDKLHUWH�
0HUNPDOH�]HLWOLFK�RGHU�UlXPOLFK�IXVLRQLHUW��'LH�0HUNPDOH��]��%��.DQWHQ��)OlFKHQ�
XQG�(FNSXQNWH��ZHUGHQ�GDEHL�GXUFK�LKUH�JHRPHWULVFKHQ�(LJHQVFKDIWHQ�ZLH�)RUP��
/DJH�XQG�3RVLWLRQ�EHVFKULHEHQ��'DGXUFK�ZLUG�HLQH� UHGX]LHUWH�9HUDUEHLWXQJV]HLW��
HLQH�K|KHUH�*HQDXLJNHLW�XQG�HLQH�(UZHLWHUXQJ�EHL�GHQ�(LJHQVFKDIWHQ�GHU�H[WUD�
KLHUWHQ�0HUNPDOH� HUUHLFKW��9HUZHQGHWH�0HWKRGHQ� VLQG�XQWHU�DQGHUHP�´7LH�6WD�
WLVWLFµ��´*DXVV�0DUNRY�(VWLPDWLRQ´�XQG�GHU�HUZHLWHUWH�.DOPDQ�)LOWHU��

4.  'LH�6\PERO�/HYHO�)XVLRQ�HUODXEW�GLH�.RPELQDWLRQ�YRQ�6HQVRUGDWHQ�DXI�HLQHU�KR�
KHQ�$EVWUDNWLRQVHEHQH��(V�ZHUGHQ�6\PEROH�E]Z��2EMHNWH�PLW�GHQ�GD]XJHK|UHQ�
GHQ�'HWHNWLRQV�8QVLFKHUKHLWHQ�IXVLRQLHUW�XP�HLQH�(UK|KXQJ�GHU�:DKUVFKHLQOLFK�
NHLW� I�U� GDV� MHZHLOLJH�2EMHNW� ]X� HUUHLFKHQ�� )XVLRQV�0HWKRGHQ� VLQG� ]XP�%HLVSLHO�
´%D\HVLDQ�(VWLPDWLRQµ�� ´'HPSVWHU�6KDIHU�(YLGHQWDO�5HDVRQLQJµ��´3URGXFWLRQ�5X�
OHVµ�PLW�.RQILGHQ]PD��XQG�)X]]\�/RJLF�>��@��

5.  0LW�GHU�%HKDYLRXU�/HYHO�)XVLRQ�ZLUG�YHUVXFKW��GLH�5HDNWLRQ�HLQHV�6\VWHPV�DXI�HLQH�
$QUHJXQJ� ]X� YHUEHVVHUQ�� LQGHP�YHUVFKLHGHQH�5HDNWLRQVPXVWHU� ]XP�%HLVSLHO�PLW�
)X]]\�5HJOHUQ�NRPELQLHUW�ZHUGHQ��

(V� NDQQ� ]ZLVFKHQ� GUHL� $UWHQ� GHU� 'DUVWHOOXQJ� GHU� IXVLRQLHUWHQ� 'DWHQ� XQWHUVFKLHGHQ�
ZHUGHQ��

���UlXPOLFK���'��RGHU��'�.DUWHQHUVWHOOXQJ��

���]HLWOLFK��D��VHTXHQWLHOO��'DWHQ�GHV�JHQDXHUHQ�6HQVRUV�QXU�ZHQQ�Q|WLJ��Å6HQVRU�
� ��������������6HOHFWLRQ´��
� � E��SDUDOOHO��(UJHEQLV�GHU�0XOWLVHQVRU��RGHU�UHGXQGDQWHQ�)XVLRQ�

���UlXPOLFK�XQG�]HLWOLFK��(UJHEQLV�GHU�PXOWLPRGDOHQ�)XVLRQ�ZLH�]XP�%HLVSLHO�LP��'�
$QVDW]�YRQ�'LFNPDQQV�>���@��>��@��

'LH�KDXSWVlFKOLFKHQ�$QZHQGXQJVJHELHWH�GHU�6HQVRUGDWHQIXVLRQ�VLQG��

• 2EMHNWHUNHQQXQJ�

• $XWRQRPH�PRELOH�0XOWLVHQVRU�5RERWHUV\VWHPH�

• ,QGXVWULHOOH�$QZHQGXQJHQ�

o 0DWHULDOYHUDUEHLWXQJ�
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o 7HLOHKHUVWHOOXQJ�

o 4XDOLWlWVNRQWUROOH�

o 0RQWDJH�

• 0LOLWlULVFKH�$QZHQGXQJHQ�

o =LHOHUNHQQXQJ�XQG�²YHUIROJXQJ�

o 5DXPIDKUW�

o ,QHUWLDOH�1DYLJDWLRQ�

����$XIJDEHQVWHOOXQJ�

'HU� (QWZXUI� YRQ� 5HJHOXQJVV\VWHPHQ� VRZLH� GHUHQ� 6LPXODWLRQ� XQG� ,PSOHPHQWLHUXQJ�
HUIROJW� KHXWH� �EOLFKHUZHLVH�PLW� VRJHQDQQWHQ�&RPSXWHU�$LGHG�&RQWURO�6\VWHP�'HVLJQ�
�&$&6'��7RROV��'DV�]XU�=HLW�DP�ZHLWHVWHQ�YHUEUHLWHWH�:HUN]HXJ�GLHVHU�$UW�LVW�0DW/DE���
6LPX/LQN�PLW�GHQ�GD]XJHK|ULJHQ�7RROER[HQ��

=LHO�GLHVHU�$UEHLW�LVW�GLH�(QWZLFNOXQJ�YRQ�9HUIDKUHQ�]XU�6HQVRUNRSSOXQJ��GLH�GXUFK�LKUH�
,PSOHPHQWLHUXQJ� LQ� HLQHU� 0DW/DE� EDVLHUWHQ� 7RROER[� GHQ� (QWZXUI� YRQ�PXOWLPRGDOHQ�
0XOWLVHQVRU�5HJHOV\VWHPHQ�YHUHLQIDFKHQ��(V�ZLUG�GDEHL�QXU�GLH�.RSSOXQJ�GHU�6HQVRUHQ�
DXI�6LJQDO�/HYHO�(EHQH�EHWUDFKWHW��ZLH�HV�EHL�GHQ�PHLVWHQ� LQQHUHQ�5HJHONUHLVHQ�DXFK�
GHU�)DOO�LVW��(V�ZLUG�GDYRQ�DXVJHJDQJHQ��GDVV�GLH�QRWZHQGLJHQ�6\VWHPEHVFKUHLEXQJHQ�
GHU�6WUHFNH�XQG�GHU�6WHOOJOLHGHU�VRZLH�GDV�5HJHONRQ]HSW�YRUJHJHEHQ�LVW��'D�KHXWH�GLH�
PHLVWHQ� 5HJHOV\VWHPH� DXI� 0LNURFRQWUROOHUQ� RGHU� HLQJHEHWWHWHQ� 6\VWHPHQ� UHDOLVLHUW�
ZHUGHQ��VROOHQ�LQ�GLHVHU�$UEHLW�QXU�]HLWGLVNUHWH�5HJHOXQJVV\VWHPH�EHWUDFKWHW�ZHUGHQ��

0LW�GHU�3UREOHPVWHOOXQJ�YRQ����� OHLWHQ�VLFK� IROJHQGH�$UEHLWVSXQNWH�DE��GLH� LQQHUKDOE�
GHU�YRUOLHJHQGHQ�$UEHLW�JHO|VW�ZHUGHQ��

• (QWZLFNOXQJ� HLQHU� JHHLJQHWHQ� PRGXODUHQ� 6\VWHPDUFKLWHNWXU�� GLH� HV� HUP|JOLFKW��
YHUVFKLHGHQH� 6HQVRUNRQVWHOODWLRQHQ� XQG� 6LJQDOYHUDUEHLWXQJVDOJRULWKPHQ� RKQH�
JUR�HQ�$XIZDQG� ]X� UHDOLVLHUHQ�XQG�GLH� DOV� 6WUXNWXU� I�U� GLH� ,PSOHPHQWLHUXQJ� LQ�
HLQHU�7RROER[�YHUZHQGHW�ZHUGHQ�NDQQ��.DSLWHO�����

• .ODVVLILNDWLRQ�GHU�YHUVFKLHGHQHQ�6HQVRUHQ�DQKDQG�GHU�I�U�GHQ�]HLWGLVNUHWHQ�5HJH�
OXQJVHQWZXUI�QRWZHQGLJHQ�(LJHQVFKDIWHQ�XQG�$XIVWHOOHQ�YRQ�6LPXODWLRQVPRGHOOHQ�
I�U�GLH�HLQ]HOQHQ�6HQVRUNODVVHQ��.DSLWHO�������

• %HUHLWVWHOOXQJ�XQG�(QWZLFNOXQJ�YRQ�$OJRULWKPHQ�]XU�6HQVRUYRUYHUDUEHLWXQJ��YRU�
QHKPOLFK� ]XU� 2IIVHWNRUUHNWXU�� 'LIIHUHQWLDWLRQ� XQG� �'RSSHO��,QWHJUDWLRQ� �.DSLWHO�
������

• (QWZLFNOXQJ��9HUJOHLFK�XQG�,PSOHPHQWLHUXQJ�YRQ�$OJRULWKPHQ�]XU�6\QFKURQLVDWL�
RQ��.DSLWHO������XQG�)XVLRQ��.DSLWHO������YRQ�6HQVRUGDWHQ��

• 6LPXODWLRQ�YRQ�EHLVSLHOKDIWHQ�0XOWLVHQVRUV\VWHPHQ��.DSLWHO�������

• (UP|JOLFKHQ�GHU�DXWRPDWLVFKHQ�,PSOHPHQWLHUXQJ�DXI�GHP�=LHOV\VWHP�GHV�VSH]LIL�
]LHUWHQ�5HJHOXQJVV\VWHPV�DQKDQG�GHV�6RIWZDUH�6LPXODWLRQV�%ORFNGLDJUDPPV�XQG�
(QWZLFNOXQJ�YRQ�+DUGZDUH�,QWHUIDFH�7HPSODWHV� I�U�GLH�$QELQGXQJ�GHU�YHUVFKLH�
GHQHQ�6HQVRUNODVVHQ��.DSLWHO�������
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• %HLVSLHOKDIWH� ,PSOHPHQWLHUXQJ� HLQHV�0XOWLVHQVRUV\VWHPV�� 5HJHOXQJ� HLQHU�0LNUR�
SRVLWLRQLHUHLQULFKWXQJ��GLH��EHU�GUHL�YHUVFKLHGHQH�6HQVRUHQ�YHUI�JW��.DSLWHO�����
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��6WDQG�GHU�7HFKQLN�

����%HVFKUHLEXQJ�XQG�6LPXODWLRQ�YRQ�]HLWGLVNUHWHQ�6\V�
WHPHQ�

'LH�YRQ�.DOPDQ������DXIJHVWHOOWH�7KHRULH�YRQ�$EWDVWV\VWHPHQ� >��@�VWHOOW�DXFK�KHXWH�
QRFK� GLH� *UXQGODJH� I�U� GLH� %HVFKUHLEXQJ� YRQ� DEJHWDVWHWHQ� ]HLWGLVNUHWHQ�
5HJHOXQJVV\VWHPHQ�GDU��(V�ZLUG�GDULQ�GHU�5HJHONUHLV�LQ�]HLWNRQWLQXLHUOLFKH�G\QDPLVFKH�
(OHPHQWH��]��%��6WUHFNH��XQG�]HLWGLVNUHWH�G\QDPLVFKH�(OHPHQWH��]��%��5HJOHU��XQWHUWHLOW��
'LH� ]HLWGLVNUHWH� $EWDVWXQJ� ZLUG�PLW� $EWDVW²� XQG�+DOWHJOLHGHUQ� GDUJHVWHOOW�� ZREHL� GLH�
IROJHQGHQ�$UWHQ�GHU�$EWDVWXQJ�P|JOLFK�VLQG�XQG�GXUFK�GLH�(LJHQVFKDIWHQ�GHV�$EWDVW��
XQG�+DOWHJOLHGV�EHVWLPPW�ZHUGHQ��

• .RQYHQWLRQHOOH� $EWDVWXQJ�� 'LH� $EWDVWXQJ� HUIROJW� LQ� lTXLGLVWDQWHQ� 6FKULWWHQ� XQG�
DOOH�$EWDVWJOLHGHU�DUEHLWHQ�V\QFKURQ�PLW�GHU�JOHLFKHQ�$EWDVWUDWH��

• $V\QFKURQH�$EWDVWXQJ��'LH�$EWDVWXQJ�HUIROJW� LQ�lTXLGLVWDQWHQ�6FKULWWHQ�XQG�DOOH�
$EWDVWJOLHGHU�KDEHQ�GLH�JOHLFKH�$EWDVWUDWH��ZREHL�HLQ�]HLWOLFKHU�9HUVDW]�GHU�$E�
WDVW]HLWHQ�YRUOLHJW��

• 0XOWLRUGHU�$EWDVWXQJ��'LH�$EWDVWXQJ�HUIROJW�LQ�QLFKW�NRQVWDQWHQ��DEHU�SHULRGLVFK�
VLFK�ZLHGHUKROHQGHQ�$EWDVWVFKULWWHQ��$OOH�$EWDVWJOLHGHU�DUEHLWHQ�V\QFKURQ��

• 0XOWLUDWH�$EWDVWXQJ��-HGHV�$EWDVWJOLHG�KDW�VHLQH�HLJHQH�NRQVWDQWH�$EWDVWUDWH��

• 7RW]HLWEHKDIWHWH� $EWDVWXQJ�� 'LH� $EWDVWJOLHGHU� VWHOOHQ� GHQ� PLW� HLQHU� NRQVWDQWHQ�
$EWDVWUDWH�EHVWLPPWHQ�:HUW�HUVW�QDFK�HLQHU�NRQVWDQWHQ�7RW]HLW�]XU�9HUI�JXQJ���

• =XIlOOLJH�$EWDVWXQJ��'LH�$EWDVW]HLW�LVW�HLQH�=XIDOOVYDULDEOH��

)�U� DOOH� GLHVH� $EWDVWV\VWHPH� �XQG� DXFK� I�U�0LVFKIRUPHQ� GDUDXV�� N|QQHQ�PLW� GLHVHU�
7KHRULH�GLH�6\VWHPJOHLFKXQJHQ�LQ�=XVWDQGVIRUP�DXIJHVWHOOW�ZHUGHQ�XQG�GDPLW�NDQQ�GLH�
6WDELOLWlW� GHV� 5HJHOV\VWHPV� EHVWLPPW� ZHUGHQ�� ,Q� >�@� ZLUG� GLHVH� 7KHRULH� DXIJHJULIIHQ��
XP� ZHLWHUH� 6WDELOLWlWVNULWHULHQ� VRZLH� GDV� 1\TXLVW� .ULWHULXP� XQG� GDV� hEHUWUD�
JXQJVYHUKDOWHQ� I�U� 5HJHOVFKOHLIHQ�PLW� YHUVFKLHGHQHQ�$EWDVWUDWHQ� DE]XOHLWHQ��'LH�$E�
WDVWUDWHQ�G�UIHQ�DOOHUGLQJV�QXU�GDV�9LHOIDFKH�HLQHU�%DVLVDEWDVWUDWH�VHLQ�XQG�GLH�$EWDV�
WXQJ�PXVV�V\QFKURQ�HUIROJHQ��

'LH�7KHRULH�GHU�$EWDVWUHJHOXQJHQ�I�U�NRQYHQWLRQHOOH�XQG�DV\QFKURQH�$EWDVWV\VWHPH�LVW�
LQ�6WDQGDUGZHUNHQ�ZLH�]��%��>�@�GDUJHOHJW��0XOWLUDWH�$EWDVWV\VWHPH�N|QQHQ�JHVFKORVVHQ�
QXU�GDQQ�EHKDQGHOW�ZHUGHQ��ZHQQ�GDV�9HUKlOWQLV�GHU�$EWDVWUDWHQ�UDWLRQDO�LVW��(LQ�LUUD�
WLRQDOHV� 9HUKlOWQLV� OlVVW� VLFK� QDFK� >�@� PLW� GHU� YRUKDQGHQHQ� 7KHRULH� SUDNWLVFK� QLFKW�
UHDOLVLHUHQ��VR�GDVV�I�U�GLHVH�6\VWHPH�QXU�GLH�6LPXODWLRQ�EOHLEW��%R\G�>��@�YHUVXFKW�PLW�
GHP�$QVDW]�GHU�NRQYH[HQ�2SWLPLHUXQJ�IHVW]XVWHOOHQ��RE�HV�I�U�HLQ�JHJHEHQHV�6\VWHP�
XQG�EHL�JHJHEHQHU�.RQILJXUDWLRQ�HLQ�5HJHOJHVHW]�JLEW��GDV�GLH�JHIRUGHUWH�6SH]LILNDWLRQ�
HLQKlOW� E]Z�� ZLH� GLH� 6SH]LILNDWLRQHQ� RGHU� DXFK� GLH� .RQILJXUDWLRQ� JHlQGHUW� ZHUGHQ�
P�VVHQ��XP�QRFK�HLQ�5HJHOJHVHW]�HUKDOWHQ�]X�N|QQHQ��/HW]WHQGOLFK�NRPPW�HU�]X�GHP�
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6FKOXVV�� GDVV� HLQH� DQDO\WLVFKH� %HVFKUHLEXQJ� HLQHV� 5HJHOV\VWHPV� QXU� LP� 6SH]LDOIDOO�
�OLQHDU�XQG�]HLWLQYDULDQW�RGHU�NRQYH[��P|JOLFK�LVW��

'HU�]HLWGLVNUHWH�5HJHOXQJVHQWZXUI�NDQQ�QDFK�>��@�HQWZHGHU�DOV�(PXODWLRQ�GHV�NRQWLQX�
LHUOLFKHQ�6\VWHPV�RGHU���EHL�DXVUHLFKHQG�KRKHU�$EWDVWUDWH��!�����IDFKH�GHU�K|FKVWHQ�
6LJQDOIUHTXHQ]�� ��GLUHNW� LP�=HLWGLVNUHWHQ�HUIROJHQ��%HLGH�9DULDQWHQ� VWHOOHQ� MHZHLOV�QXU�
1lKHUXQJHQ�GHV�UHDOHQ�6\VWHPV�PLW�GHQ�GDUDXV�UHVXOWLHUHQGHQ�(IIHNWHQ��]��%��$OLDVLQJ��
GDU��,Q�>���@�XQG�GHQ�GRUW�ZHLWHUI�KUHQGHQ�5HIHUHQ]HQ�ZHUGHQ�GHVKDOE�GLUHNWH�5HJH�
OXQJVHQWZ�UIH�I�U�JHPLVFKWH�GLVNUHWH�XQG�NRQWLQXLHUOLFKH�� K\EULGH��$EWDVWV\VWHPH�PLW�
NRQVWDQWHQ�$EWDVWUDWHQ�YRUJHVWHOOW�XQG�LQ�HLQH�0DW/DE�EDVLHUWH�7RROER[�]XVDPPHQJH�
IDVVW�>��@��

$OOJHPHLQ�NDQQ�JHVDJW�ZHUGHQ��GDVV�K\EULGH�$EWDVWV\VWHPH�PLW�EHOLHELJHP�$EWDVWYHU�
KDOWHQ�HLQH�ZDFKVHQGH�%HGHXWXQJ�HUKDOWHQ��DEHU�HV�H[LVWLHUHQ�]X�LKUHU�IRUPDOHQ��PD�
WKHPDWLVFKHQ�%HVFKUHLEXQJ�XQG�$QDO\VH�QXU�HUVWH�$QVlW]H��0HWKRGLNHQ�]XP�JH]LHOWHQ�
(QWZXUI�VROFKHU�6\VWHPH�OLHJHQ�QXU�I�U�6SH]LDOIlOOH�YRU��*HJHQVWDQG�GHV�6FKZHUSXQNW�
SURJUDPPV�.21',6.�GHU�')*�>��@� LVW�VHLW������GLH�*UXQGODJHQIRUVFKXQJ�DXI�GHP�
*HELHW� GHU� NRQWLQXLHUOLFK�GLVNUHWHQ� WHFKQLVFKHQ� 6\VWHPH� LP�+LQEOLFN� DXI� GLH� $QDO\VH�
LKUHV� *HVDPWYHUKDOWHQV� XQG� GHQ� V\VWHPDWLVFKHQ�� LQWHJULHUWHQ� (QWZXUI� LKUHU� 6\VWHP�
NRPSRQHQWHQ��

$XFK�EHL�02'(/,&$�>��@��HLQH�6SUDFKH�]XU�6SH]LILNDWLRQ�XQG�6LPXODWLRQ�YRQ�SK\VLND�
OLVFKHQ� 6\VWHPHQ�� IHKOW� QRFK� GLH� ]HLWGLVNUHWH� .RPSRQHQWH�� +LHU� LVW� PDQ� JHUDGH� EH�
P�KW��GLH�,QWHUDNWLRQ�YRQ�GLVNUHWHQ�XQG�NRQWLQXLHUOLFKHQ�6\VWHPHQ�]X�LQWHJULHUHQ��

0DW/DE� NDQQ� EHLP� (QWZXUI� HLQHV� 5HJHOXQJVV\VWHPV�PLW� GHU�&RQWURO� 6\VWHP� 7RROER[�
>��@�RGHU�PLW�GHU�5REXVW�&RQWURO�7RROER[�>��@�HQWZHGHU��NRPSOHWW�NRQWLQXLHUOLFKH�RGHU�
NRPSOHWW� ]HLWGLVNUHWH� 6\VWHPH� KDQGKDEHQ�� $EKLOIH� VFKDIIW� KLHU� GLH� 9HUZHQGXQJ� GHV�
GD]XJHK|ULJHQ� 6LPXODWLRQVZHUN]HXJV� 6LPX/LQN� >��@�� GDV� ]XPLQGHVW� K\EULGH� 6\VWHPH�
VLPXOLHUHQ� NDQQ�� 1HEHQ� 6LPX/LQN� JLEW� HV� ZHLWHUH� :HUN]HXJH� GLHVHU� $UW�� ]�� %�� /DE�
9LHZ�57� >��@��0DWUL[;� >��@�XQG�$VNHW�6'� >���@��'D�0DW/DE���6LPX/LQN�DP�ZHLWHVWHQ�
YHUEUHLWHW� LVW� XQG� DXFK� LQ� GHU� ,QGXVWULH� HLQH� VWDUNH� 5ROOH� VSLHOW� >���@�� ZLUG� LQ� GLHVHU�
$UEHLW� DXI�0DW/DE� �� 6LPX/LQN�DXIJHEDXW�� (V� LVW� DXFK�EHVWHQV�JHHLJQHW��GLH�6LPXODWL�
RQVHUJHEQLVVH� I�U�GLH�DXWRPDWLVFKH� ,PSOHPHQWLHUXQJ�DXI�GHP�=LHOV\VWHP�]X�YHUZHQ�
GHQ��(V�NDQQ�KLHUI�U� I�U�JHZLVVH�=LHOV\VWHPH� �]�%��9[:RUNV��'26�RGHU�:LQGRZV��GHU�
HLJHQH�&�&RGHJHQHUDWRU� �5HDOWLPH�:RUNVKRS�� RGHU� I�U� ]XVlW]OLFKH� =LHOV\VWHPH� DXFK�
(QWZLFNOXQJVV\VWHPH� DQGHUHU� $QELHWHU� ZLH� ]�%�� G63$&(� >��@� RGHU�2SDO�57� >��@� YHU�
ZHQGHW�ZHUGHQ��(V�LVW�HLQH��EOLFKH�0HWKRGH��0DW/DE�GXUFK�+LQ]XI�JHQ�YRQ�DQZHQGHU�
VSH]LILVFKHQ� 7RROER[HQ� DQ� VHLQH�*HJHEHQKHLWHQ� DQ]XSDVVHQ�� ZLH� ]�%�� GLH� VFKRQ� HU�
ZlKQWH� 6DPSOHG� 'DWD� &RQWURO� 7RROER[� >��@� RGHU� GLH� Q'�&RQWURO� 6\VWHP� 7RROER[�
>���@��'LHV�ZLUG�GXUFK�GLH�RIIHQH�XQG�SODWWIRUPXQDEKlQJLJH��DX�HU�0H[�)LOHV��$UFKL�
WHNWXU�YRQ�0DW/DE���6LPX/LQN�XQWHUVW�W]W��(V�IHKOW�DEHU�QRFK�HLQH�SDVVHQGH�6HQVRUIXVL�
RQ� 7RROER[�� EHL� GHU� GLH� DXWRPDWLVFKH� 8PZDQGOXQJ� GHU� VLPXOLHUWHQ� +DUGZDUH� ]X�
+DUGZDUH�,QWHUIDFHV�EHL�GHU�DXWRPDWLVFKHQ�&�&RGHJHQHUDWLRQ�P|JOLFK�LVW��

����$UFKLWHNWXU�YRQ�0XOWLVHQVRUV\VWHPHQ�

'LH�LQ�>��@�YRUJHVWHOOWH�DOOJHPHLQH�$UFKLWHNWXU�]XU�0XOWLVHQVRU�)XVLRQ�EHVWHKW�DXV�YLHU�
6WXIHQ��
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��� ,QWHUSUHWDWLRQ��'LH�0HVVZHUWH�ZHUGHQ�DQKDQG�YRQ�SK\VLNDOLVFKHQ�0RGHOOHQ�XQG�
)HKOHUPRGHOOHQ�LQWHUSUHWLHUW��(LQ�)HHGEDFN�GHU����6WXIH�ZlKOW�GLH�]X�YHUZHQGHQ�
GHQ�6HQVRUHQ�DXV��

��� )XVLRQ��+LHU�ZHUGHQ�GLH�0HVVZHUWH�PLW�YHUVFKLHGHQHQ�9HUIDKUHQ�IXVLRQLHUW��8P�
NRQVLVWHQWH�,QIRUPDWLRQHQ�]X�HUKDOWHQ��JLEW�HV�HLQHQ�)HHGEDFN�YRQ�GHU����6WXIH��
GLH�GLH�]X�IXVLRQLHUHQGHQ�6HQVRUGDWHQ�DXVZlKOW��

��� 6FKlW]XQJ�� $QKDQG� GHU� IXVLRQLHUWHQ� 'DWHQ� ZHUGHQ� GLH� 6\VWHP]XVWlQGH� JH�
VFKlW]W��

��� 6HQVRU�0DQDJHPHQW�	�3ODQXQJ��$QKDQG�YRQ�D�SULRUL�:LVVHQ�XQG�GHQ�DNWXHOOHQ�
=XVWlQGHQ� ZHUGHQ� GLH� 6HQVRUHQ� XQG� )XVLRQVYHUIDKUHQ� DXVJHZlKOW�� 9RQ� KLHU�
DXV�JHKHQ�GLH�'DWHQ�]XU�QlFKVWHQ�6WXIH�GHU�9HUDUEHLWXQJ��]��%��5HJHOXQJ���

'LHVH�(LQKHLW�NDQQ�LQ�HLQHU�]HQWUDOLVLHUWHQ�$QRUGQXQJ��EHL�GHU�DOOH�6HQVRUHQ�DQ�GLHVHU�
HLQHQ� )XVLRQVHLQKHLW� KlQJHQ�� EHWULHEHQ� ZHUGHQ�� (V� LVW� DEHU� DXFK� HLQH� KLHUDUFKLVFKH�
$QRUGQXQJ� GHQNEDU�� EHL� GHU� HLQH� 8QWHUPHQJH� YRQ� 6HQVRUHQ� DQ� ORNDOHQ�
)XVLRQVHLQKHLWHQ� KlQJHQ� XQG� GHUHQ� 'DWHQ� GRUW� YHUDUEHLWHW� ZHUGHQ�� 'LH� ORNDOHQ�
(LQKHLWHQ� VFKLFNHQ� LKUH� 'DWHQ� DQ� GLH� �EHUJHRUGQHWH� JOREDOH� )XVLRQVHLQKHLW�� GLH�
LKUHUVHLWV�GLH�'DWHQ�GHU� ORNDOHQ�(LQKHLWHQ� IXVLRQLHUW��(LQH�GULWWH�0|JOLFKNHLW� VWHOOW�HLQH�
GH]HQWUDOH� $QRUGQXQJ� GDU�� EHL� GHU� MHGHU� 6HQVRU� DQ� HLQHU� HLJHQHQ� )XVLRQVHLQKHLW�
KlQJW�� GLH� GLH� YHUDUEHLWHWHQ�'DWHQ� DOOHU� DQGHUHQ� RGHU� HLQHP� DXVJHZlKOWHQ� 7HLO� GHU�
)XVLRQVHLQKHLWHQ�EHNRPPW��'LHVH�(LQKHLW�VFKLFNW�GDQQ�LKUHUVHLWV�GLH�IXVLRQLHUWHQ�'DWHQ�
DQ�GLH�EHWUHIIHQGHQ�DQGHUHQ�(LQKHLWHQ��
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/XR�XQG�.D\�VWHOOHQ�LQ�>��@�HLQH�$UFKLWHNWXU�]XU�0XOWLVHQVRU�)XVLRQ�XQG�,QWHJUDWLRQ�YRU�
�VLHKH� %LOG� �������� %DVLHUHQG� DXI� 6HQVRU�� XQG� )HKOHUPRGHOOHQ� ZLUG� GLH�4XDOLWlW� GHU�
HLQ]HOQHQ�6HQVRUGDWHQ�EHZHUWHW��,P�6HQVRU�5HJLVWUDWLRQ�%ORFN�ZHUGHQ�GLH�6HQVRUGDWHQ�
UlXPOLFK� XQG� ]HLWOLFK� DQHLQDQGHU� DQJHSDVVW�� EHYRU� GLH� 'DWHQ� IXVLRQLHUW� ZHUGHQ�� ,P�
:HOWPRGHOO�ZHUGHQ�GLH�6\VWHP]XVWlQGH�XQG�D�SULRUL�:LVVHQ�DEJHOHJW��'LHVH�$UFKLWHN�
WXU� OlVVW� LP� 5DKPHQ� HLQHU� 6HQVRULQWHJUDWLRQ� XQDEKlQJLJH� 6HQVRUHQ� ]X�� 'HU� 6HQVRU�
6HOHFWLRQ� %ORFN� GLHQW� GHU� $XVZDKO� GHU� LP�0RPHQW� ]X� YHUZHQGHQGHQ� 6HQVRUHQ��'LHV�
VWHOOW�GLH�YHUDOOJHPHLQHUWH�9HUVLRQ�GHU�$UFKLWHNWXU�YRQ�/XR�HW�DO��>��@��VLHKH�%LOG��������
GDU��

Data Acqusition Unit

Data Pre-Processing Unit

Compensation Unit

Data Processing Unit

Decision Making / Task Execution

Knowledge Base

Sensor Selection

Sensor Templates

Sensor Signal
Processing

Processed
Sensor Data

Algorithm
Selector

Phases
Information

Sensor Info.
Data Base

Information
Extraction
Algorithm

for Sensors

Error
Detection and
Compensation

Data Base

Task Environment
Data Base

Robot
Data Base

Temp Sensor
Data Storage Buffer

Sensor 1
Sensor n

Error Recovery

Sensor Templates Fusion

Updating of Templates, Object Info, Task Env.

Robot Manipulator Task Execution

�

%LOG���������6\VWHPDUFKLWHNWXU�QDFK�/XR�HW�DO��

'XUUDQW�:K\WH�SUlVHQWLHUW�LQ�>��@�HLQHQ�KLHUDUFKLVFKHQ�$QVDW]�]XU�UlXPOLFKHQ�6HQVRU�
IXVLRQ�� EHL� GHP� HLQ]HOQH� 6HQVRUHQ� ]X� VRJHQDQQWHQ� 6HQVRUWHDPV� ]XVDPPHQJHIDVVW�
ZHUGHQ�� ,QQHUKDOE� HLQHV� 7HDPV� NRPPXQL]LHUHQ� GLH� 6HQVRUHQ� XQWHUHLQDQGHU�� XP�GLH�
,QIRUPDWLRQHQ�IHVW]XOHJHQ��ZHOFKH�DQ�DQGHUH�7HDPV�ZHLWHUJHJHEHQ�ZHUGHQ��(LQ�6HQ�
VRUWHDP�NDQQ�DXFK�DOV�ORJLVFKHU�6HQVRU�EH]HLFKQHW�ZHUGHQ���

,Q�>��@�LVW�HLQ�$QVDW]�]X�VHKHQ��GHU�VLFK�VSH]LHOO�PLW�GHU�)XVLRQ�EHL�YHUVFKLHGHQHQ�7DNW�
UDWHQ� EHVFKlIWLJW�� (V�ZLUG� MHGRFK� IHVWJHOHJW�� GDVV� GLH� $EWDVWUDWHQ� HLQ� UDWLRQDOHV� 9HU�
KlOWQLV� DXIZHLVHQ� P�VVHQ�� )�U� GLHVHQ� 6SH]LDOIDOO� NDQQ� ]XGHP� GLH� 6WDELOLWlW� XQG� GLH�
3HUIRUPDQFH� GHV� 6\VWHPV� DQJHJHEHQ� ZHUGHQ�� (LQH� REMHNWRULHQWLHUWH� $UFKLWHNWXU�� ,Q�
VWUXPHQWHG�/RJLFDO�6HQVRU��,/6��6\VWHP�JHQDQQW��ZLUG�LQ�>��@�SUlVHQWLHUW��'LH�HLQ]HOQHQ�
2EMHNWH��HLQ� ,/6�0RGXO��EHVFKUHLEHQ�$OJRULWKPHQ�XQG�GHILQLHUHQ�(LQ��XQG�$XVJlQJH��
$Q� ,/6�0RGXOHQ� N|QQHQ� HQWZHGHU� 6HQVRUHQ� RGHU� ZLHGHU� ,/6�0RGXOH� KlQJHQ�� =XU�
.RPPXQLNDWLRQ�]ZLVFKHQ�GHQ�0RGXOHQ�VLQG�IHVWH�6WUXNWXUHQ�GHILQLHUW��
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=XU� VHTXHQWLHOOHQ�6HQVRUIXVLRQ�JLEW�HV�HLQH�9LHO]DKO� YRQ�$UFKLWHNWXUHQ��GLH� VLFK�PHLVW�
DXI�GHQ�$QZHQGXQJVEHUHLFK�DXWRQRPH�PRELOH�6\VWHPH�EHVFKUlQNHQ��,Q�>��@�XQG�>��@�
QLPPW�HLQ�VRJHQDQQWHU�3HUFHSWLRQ�&RQWUROOHU�DOOH�'DWHQ�DXI�XQG�HQWVFKHLGHW�DQKDQG�
GHV�6HQVRUV��GHU�GDV�EHVWH�(UJHEQLV�OLHIHUW��ZHOFKH�'DWHQ�DQ�GLH�QlFKVWH�6FKLFKW�ZHL�
WHUJHJHEHQ�ZHUGHQ��,Q�>��@�ZLUG�HLQ�QHXURQDOHV�1HW]�I�U�GLHVH�$XIJDEH�YHUZHQGHW��

'LH� -XVW�LQ�WLPH�$UFKLWHNWXU� DXV� >��@� YHUZHQGHW� LP� 1RUPDOIDOO� GHQ� XQJHQDXHUHQ�
VFKQHOOHUHQ�6HQVRU�XQG�VFKDOWHW�QXU�EHL�%HGDUI�DXI�GHQ�ODQJVDPHUHQ�DEHU�JHQDXHUHQ�
6HQVRU�XP��ZREHL�DEHU�GDV�6\VWHP�YHUODQJVDPW�ZLUG��

$OOH� GLHVH�$UFKLWHNWXUHQ�ZXUGHQ�KDXSWVlFKOLFK� ]XU� UlXPOLFKHQ�'DWHQIXVLRQ�EHL� DXWR�
QRPHQ�PRELOHQ� 6\VWHPHQ� HQWZLFNHOW� XQG� VLQG� GHVKDOE� ]XU� ]HLWOLFKHQ� )XVLRQ� QXU� EH�
GLQJW�JHHLJQHW��6LH�VLQG�]XP�7HLO�LP�$EVWUDNWLRQVQLYHDX�]X�KRFK��XP�]XU�6HQVRUIXVLRQ�
DXI�6LJQDO�/HYHO�(EHQH�YHUZHQGHW�ZHUGHQ�]X�N|QQHQ��

������=HLWEHUHLFK�

5lXP��
OLFKHU�%HUHLFK�

DNWXHOOHU�
=HLWSXQNW�

]HLWOLFK�ORNDOH�
GLIIHUHQWLHOOH�
8PJHEXQJ�

ORNDOH�=HLWLQ�
WHJUDOH�

HUZHLWHUWH�ORNDOH�
=HLWLQWHJUDOH�

� JOREDOH�
=HLWLQWHJUDOH�

DNWXHOOH�3RVLWL�
RQ�

ÅKLHU�XQG�
MHW]W´�

ORNDOH�0HV�
VXQJHQ�

]HLWOLFKH�9HUlQGH�
UXQJ�

�DXIJUXQG�GHU�
5DXVFKYHUVWlU�
NXQJ�YHUPLHGHQ��

��6FKULWW��
hEHUJDQJV�
PDWUL[�

���� � ����

UlXPOLFK�ORNDOH�
GLIIHUHQWLHOOH�
8PJHEXQJ�

.DQWHQ�XQG�

.U�PPXQJHQ�
´´� 7UDQVLWLRQ�YRQ�

0HUNPDOSD�
UDPHWHUQ�

0HUNPDOVKLVWR�
ULH�

� ����

ORNDOH�UlXPOL�
FKH�,QWHJUDOH�

2EMHNW]XVWDQG�

0HUNPDOVYHU�
WHLOXQJ�

)RUP�

%HZHJXQJ�

ÅG\QDPLVFKH�
0RGHOOH´�

=XVWDQGVWUDQ�
VLWLRQ�

9RUKHUVDJHQ�LP�
1DKEHUHLFK�

2EMHNW]XVWDQGV�
KLVWRULH�

� VSDUVH�9RU�
KHUVDJHQ�

0DQ|YHUUDXP�
YRQ�2EMHNWHQ�

ORNDOH�6LWXDWL�
RQ�

)�KUXQJVJU|�H�
I�U�HIIL]LHQWHQ�
5HJOHU�

���6FKULWW�
3UlGLNWLRQ�GHU�
6LWXDWLRQ��

0HKUVFKULWWSUl�
GLNWLRQ�GHU�
6LWXDWLRQ�

0DQ|YHU�EHU�
ZDFKXQJ�

� ����

� � � � � � �

$XIWUDJVUDXP�
YRQ�2EMHNWHQ�

DNWXHOOH�JOR�
EDOH�6LWXDWLRQ�

���� ���� hEHUZDFKXQJ� � $XIWUDJV�
�EHUZDFKXQJ�

7DEHOOH���������6WUXNWXU��'�$QVDW]�

'LH�.RPELQDWLRQ� YRQ� UlXPOLFKHU� XQG� ]HLWOLFKHU�'DWHQIXVLRQ� VWHOOW� GHU��'�$QVDW]� YRQ�
'LFNPDQQV�>��@�GDU��'HU��'�=XVWDQGVUDXP�ZLUG�GXUFK�GLH�GUHL�UlXPOLFKHQ�.RRUGLQD�
WHQ�XQG�GLH�=HLW�DXIJHVSDQQW��'HU��'�$QVDW]�VLHKW�GLH�LQWHJUDOH�9HUZHQGXQJ�YRQ�

• G\QDPLVFKHQ� %HZHJXQJVPRGHOOHQ� XQWHU� %HDFKWXQJ� YRQ� 7RW]HLWHQ� XQG� GHP�
5HJOHUDXVJDQJ�

• �'�0RGHOOHQ�I�U�YLVXHOO�PHVVEDUH�0HUNPDOH�

• SHUVSHNWLYLVFK�SURML]LHUWHQ�0RGHOOHQ�
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• SUlGL]LHUWH�)HKOHUU�FNNRSSOXQJ�LP��'�=XVWDQGVUDXP�

YRU��

,Q� 7DEHOOH� ������ LVW� GLH� GHP��'�$QVDW]� ]XJUXQGHOLHJHQGH� 6WUXNWXU� GDUJHVWHOOW�� GDEHL�
ZLUG�]ZLVFKHQ�YHUVFKLHGHQHQ�LQWHJUDOHQ�XQG�GLIIHUHQWLHOOHQ�'DUVWHOOXQJHQ�DXI�YHUVFKLH�
GHQHQ� 6WXIHQ� XQWHUVFKLHGHQ�� $XVJHKHQG� YRQ� GHU� 3RVLWLRQ� ]XP� DNWXHOOHQ� =HLWSXQNW�
�OLQNV� REHQ�� ZLUG� QDFK� UHFKWV� GLH� ]HLWOLFKH� 'DUVWHOOXQJ� YDULLHUW� �'LIIHUHQWLDWLRQ�� (LQ�
VFKULWWLQWHJUDWLRQ�� 3UlGLNWLRQ�� XQG� QDFK� XQWHQ� GLH� $EVWUDNWLRQVHEHQH� GHU� UlXPOLFKHQ�
'DUVWHOOXQJ�HUK|KW��

����.DOPDQ�)LOWHU�

'HU� .DOPDQ�)LOWHU� LVW� LQ� GHU� 5HJHOXQJVWHFKQLN� ]X� HLQHU� 6WDQGDUGPHWKRGH�� VHL� HV� ]XU�
=XVWDQGVVFKlW]XQJ�� 6\QFKURQLVDWLRQ� RGHU� )XVLRQ�� DYDQFLHUW�� (V� VROOHQ� KLHU� NXU]� GLH�
YHUVFKLHGHQHQ� 9DULDQWHQ� GHV� .DOPDQ�)LOWHUV� YRUJHVWHOOW� ZHUGHQ�� GLH� PDWKHPDWLVFKH�
%HWUDFKWXQJ�HUIROJW�LQ����������

'HU�NRQWLQXLHUOLFKH�]HLWYDULDQWH�.DOPDQ�)LOWHU�>��@�LVW�I�U�OLQHDUH�6\VWHPJOHLFKXQJHQ�GLH�
*UXQGODJH�GHU�ZHLWHUHQ�9DULDQWHQ��(V�ZHUGHQ�PHLVW�GLH�*OHLFKXQJHQ�I�U�QLFKW�NRUUH�
OLHUWH�6W|UJU|�HQ� �ZHL�HV�5DXVFKHQ��YHUZHQGHW�� LP�DOOJHPHLQHQ�)DOO�NDQQ�GXUFK�+LQ�
]XQDKPH�HLQHU�ZHLWHUHQ�.RYDULDQ]PDWUL[�DXFK�NRUUHOLHUWHV�ZHL�HV�5DXVFKHQ�JHKDQG�
KDEW�ZHUGHQ��)�U�]HLWLQYDULDQWH�6\VWHPJOHLFKXQJHQ�HUJLEW�VLFK�GHU�NRQWLQXLHUOLFKH�]HLW�
LQYDULDQWH� .DOPDQ�)LOWHU� >��@�� >��@� XQG� I�U� ]HLWGLVNUHWH� 5HDOLVLHUXQJHQ� JLEW� HV� MHZHLOV�
GDV� GLVNUHWH� 3HQGDQW�� GHQ� GLVNUHWHQ� ]HLWYDULDQWHQ� .DOPDQ�)LOWHU� >��@�� >��@�� >��@� XQG�
GHQ�GLVNUHWHQ�]HLWLQYDULDQWHQ�.DOPDQ�)LOWHU�>��@��>��@��(V�JLEW�QDFK�>��@�]ZHL�YHUVFKLH�
GHQH�0|JOLFKNHLWHQ��GLH�0HVVZHUWJOHLFKXQJHQ�GHV�.DOPDQ�)LOWHUV�]X�DNWXDOLVLHUHQ��GLH�
PDWKHPDWLVFK� NRUUHNWH� XQG� GLH� QXPHULVFK� VWDELOHUH��1LFKWOLQHDUH� 6\VWHPJOHLFKXQJHQ�
N|QQHQ�PLW�GHP�QLFKWOLQHDUHQ�HUZHLWHUWHQ�.DOPDQ�)LOWHU�LQ�]HLWGLVNUHWHU�>��@�RGHU�]HLW�
NRQWLQXLHUOLFKHU�9HUVLRQ�>���@�EHKDQGHOW�ZHUGHQ��(UZHLWHUWHU�.DOPDQ�)LOWHU�NDQQ�DXFK�
EHGHXWHQ�� GDVV� XQEHNDQQWH� 6\VWHPSDUDPHWHU� GXUFK� +LQ]XQDKPH� YRQ� 3VHXGR�
6\VWHP]XVWlQGHQ�>���@�PRGHOOLHUW�ZHUGHQ��

6LQG�GLH�$QIDQJVSDUDPHWHU�GHV�.DOPDQ�)LOWHUV�QLFKW�EHNDQQW�RGHU�YHUlQGHUW�VLFK�GDV�
6\VWHP�XQEHNDQQW� LP� /DXIH�GHU� =HLW�� VR� NDQQ�QDFK� >��@� HLQ�DGDSWLYHU�.DOPDQ�)LOWHU�
YHUZHQGHW� ZHUGHQ�� 'LH� )LOWHUSDUDPHWHU� ZHUGHQ� GDEHL� PLW� 6WDQGDUGYHUIDKUHQ� �HLQH�
hEHUVLFKW�ILQGHW�VLFK�LQ�>���@��RGHU�PLW�)X]]\�0HWKRGHQ�>��@�DQJHSDVVW��

(LQH�ZHLWHUH�'DUVWHOOXQJ� LVW� GLH�8�'�.RYDULDQ]�)DNWRULVDWLRQV�)RUP� >��@�� EHL� GHU� GLH�
6\VWHPPDWUL]HQ� ]XU� HLQIDFKHUHQ�PDWKHPDWLVFKHQ� XQG� VWDELOHUHQ� QXPHULVFKHQ�+DQG�
KDEXQJ�LQ�HLQH�REHUH�'UHLHFNVPDWUL[�XQG�HLQH�'LDJRQDOPDWUL[�]HUOHJW�ZHUGHQ�>��@��

,Q� >��@� ZLUG� HLQ� NRPSOH[HU� .DOPDQ�)LOWHU� YRUJHVWHOOW�� EHL� GHP��'�9DULDEOHQ� LQ� HLQHU�
NRPSOH[HQ� %HVFKUHLEXQJ� � \L[] ⋅+= �� ]XVDPPHQJHIDVVW� ZHUGHQ�� ,Q� GLHVHU� 9DULDQWH�
GHV�.DOPDQ�)LOWHUV�ZHUGHQ�GDGXUFK�]ZHL�VHSDUDWH�.DOPDQ�)LOWHU�PLWWHOV�GHU�NRPSOH[HQ�
%HVFKUHLEXQJ�]XVDPPHQJHIDVVW��

'XUFK� $XIWUHQQHQ� GHU� 6\VWHPJOHLFKXQJHQ� EHL� GHU� 6HQVRUGDWHQIXVLRQ� NDQQ� GHU� .DO�
PDQ�)LOWHU� LQ�XQDEKlQJLJH�� I�U� MHGHQ�6HQVRU� VHSDUDW�EHVWLPPEDUH�7HLOH� ]HUOHJW�ZHU�
GHQ�� 'LH� $NWXDOLVLHUXQJ� GHU� 6\VWHP]XVWlQGH� HUIROJW� GDQQ� ZLHGHU� ]XVDPPHQJHIDVVW��
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'LHVH���VWXILJH�9DULDQWH�ZLUG�SDUDOOHOHU�.DOPDQ�)LOWHU�>��@�JHQDQQW�XQG�LVW�EHVRQGHUV�
JXW�I�U�0XOWLSUR]HVVRU�6\VWHPH�JHHLJQHW��

'HU�.DOPDQ�)LOWHU�NDQQ�DXFK�LQ�GHU�LQYHUVHQ�.RYDULDQ]IRUP�GDUJHVWHOOW�ZHUGHQ��'LHVH�
5HDOLVLHUXQJ�ZLUG� ,QIRUPDWLRQVILOWHU� >��@�� >��@�� >��@�JHQDQQW�XQG� LVW� I�U�DOOH�9DULDQWHQ�
GHV�.DOPDQ�)LOWHUV�P|JOLFK��

'HU�.DOPDQ�)LOWHU�NDQQ�QXU�VWRFKDVWLVFKH�6W|UJU|�HQ�EHU�FNVLFKWLJHQ��,Q�>��@�ZLUG�HLQH�
(UZHLWHUXQJ�YRUJHVWHOOW��EHL�GHU�DXFK�EHVFKUlQNWH�8QVLFKHUKHLWHQ�PLW�HLQHP�Å6HW�WKHR�
UHWLF�HVWLPDWLRQ´�$QVDW]�EHKDQGHOW�ZHUGHQ�N|QQHQ��

����6HQVRUPRGHOOH��

'XUUDQW�:K\WH�EHVFKUHLEW�LQ�>��@�HLQH�7HFKQLN��XP�6HQVRUHQ�XQG�GLH�,QIRUPDWLRQHQ�]X�
PRGHOOLHUHQ��GLH�VLH�OLHIHUQ��'DV�UHVXOWLHUHQGH�0RGHOO�EHVWHKW�DXV�GUHL�7HLOPRGHOOHQ��

��� 2EVHUYDWLRQ�0RGHO�DXFK�0HDVXUHPHQW�0RGHO��EHVFKUHLEW�GLH�(LJHQVFKDIWHQ�GHU�
0HVVZHUWH�

��� 'HSHQGHQF\�0RGHO�� EHVFKUHLEW� GLH� $EKlQJLJNHLW� GHV� 6HQVRUV� YRQ� ,QIRUPDWLR�
QHQ�DQGHUHU�6HQVRUHQ�

��� 6WDWH�0RGHO��EHVFKUHLEW�ZLH�GLH�0HVVZHUWH�GXUFK�GLH�6HQVRUDQRUGQXQJ�XQG�LQ�
WHUQH�=XVWlQGH�EHHLQIOXVVW�ZHUGHQ��.DOLEULHUXQJ��

,Q� >��@�ZLUG�GDV�0HDVXUHPHQW�0RGHO� I�U�GHQ�PLW��0+]�JHWDNWHWHQ�%HVFKOHXQLJXQJV�
VHQVRU� $';/��� YRQ� $QDORJ� 'HYLFHV� DXV� GHQ� SK\VLNDOLVFKHQ� 'LIIHUHQWLDOJOHLFKXQJHQ�
DEJHOHLWHW� XQG�DOV� 6LPX/LQN�%ORFNGLDJUDPP�UHDOLVLHUW��(V�ZLUG�QXU�GDV� LGHDOH�0RGHOO�
RKQH�6W|UXQJHQ�XQG�5DXVFKHLQIO�VVH�DEJHOHLWHW��

0LW� )HKOHUPRGHOOHQ� XQG� )RUPILOWHUQ� NDQQ� GLHV�� ZLH� LQ� >��@� GDUJHOHJW�� EHU�FNVLFKWLJW�
ZHUGHQ��0DQ�HUZHLWHUW�GLH�=XVWlQGH�GHV� LGHDOHQ�0HDVXUHPHQW�0RGHOV�VR��GDVV�PDQ�
QXU�QRFK�GHWHUPLQLVWLVFKH�6LJQDOH�XQG�ZHL�HV�5DXVFKHQ�DOV�(LQJDQJVJU|�HQ�KDW�XQG�
I�JW�HLQ�VRJHQDQQWHV�)HKOHUPRGHOO�KLQ]X��'DV�VR�HUZHLWHUWH�0RGHOO��6WDWH�DXJPHQWDWL�
RQ�� VWHOOW�GDQQ�GDV� UHDOH�6HQVRUPRGHOO�GDU��.DQQ�PDQ�6W|UJU|�HQ�QLFKW�PLW�ZHL�HP�
5DXVFKHQ� EHVFKUHLEHQ�� VR� PXVV� PDQ� VLH� VLFK� �EHU� PLW� ZHL�HP� 5DXVFKHQ� JHVSHLVWH�
)RUPILOWHU�JHQHULHUHQ��'LHVH�)RUPILOWHU�VLQG�%HVWDQGWHLO�GHV�)HKOHUPRGHOOV��%HLVSLHOKDIW�
ZHUGHQ�)RUPILOWHU�I�U�

• ZHL�HV�5DXVFKHQ�

• %LDV�

• %UDXQ·VFKH�%HZHJXQJ�

• %UDXQ·VFKH�%HZHJXQJ�PLW�=XIDOOVNRQVWDQWHQ�

• 0DUNRYSUR]H�����2UGQXQJ�

• 0DUNRYSUR]H�����2UGQXQJ�

KHUJHOHLWHW��

,Q�>�@�ZLUG�GDUDXI�DXIEDXHQG�GDV�'ULIW�2IIVHW�)HKOHUPRGHOO�I�U�HLQ�*\URVNRS�DEJHOHLWHW�
XQG� LQ� >��@� GDV� )HKOHUPRGHOO� I�U� HLQHQ� 6RQDUVHQVRU�� 3K\VLNDOLVFKH� 6HQVRUPRGHOOH�
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GLHVHU�6WUXNWXU�I�U�HLQHQ�DNXVWLVFKHQ�6HQVRU�XQG�HLQH�.DPHUD�ZHUGHQ�]XP�%HLVSLHO�LQ�
>��@�KHUJHOHLWHW�XQG�I�U�6HQVRUIXVLRQVDOJRULWKPHQ�YHUZHQGHW��

����6\QFKURQLVDWLRQ��

,P�'63�%ORFNVDW]�>��@�XQG�GHU�6LJQDO�3URFHVVLQJ�7RROER[�>��@�YRQ�0DW/DE�VLQG�EHUHLWV�
HLQLJH�9HUIDKUHQ�HQWKDOWHQ��GLH� ]XU� 6\QFKURQLVDWLRQ� YRQ�6HQVRUGDWHQ� YHUZHQGHW�ZHU�
GHQ� N|QQHQ�� 'DV� +DOWHJOLHG� ���2UGQXQJ� �VLHKH� ��������� LVW� GDYRQ� GDV� HLQ]LJH�� GDV�
NHLQH�]XVlW]OLFKH�9HU]|JHUXQJ�YHUXUVDFKW��'HU�),5�5DWH�&RQYHUWHU�%ORFN�>��@�NDQQ�GLH�

$EWDVWUDWH�LP�9HUKlOWQLV�
O
N
�ZDQGHOQ��HU]HXJW�KLHUEHL�HLQHQ�'HOD\�YRQ�N�:HUWHQ��bKQ�

OLFK� DUEHLWHW� GHU� 5HVDPSOH�%ORFN�� GHU� MHGRFK� DQ� GHQ� 5DQGEHUHLFKHQ� XQJHQDX� XQG�
VRPLW� I�U� VFKULWWKDOWHQGHV� 5HVDPSOLQJ� XQJHHLJQHW� LVW��0LW� GHP� ,QWILOW�%ORFN� >��@� RGHU�
GHP�,QWHUS�%ORFN�>��@�NDQQ�GLH�$EWDVWUDWH�QXU�XP�HLQHQ�,QWHJHUZHUW�HUK|KW�ZHUGHQ��(V�
HQWVWHKW�GDEHL�HLQH�7RW]HLW�YRQ�Q�:HUWHQ�EHL�HLQHP�)LOWHU�Q�WHU�2UGQXQJ��'HIDXOWZHUW��
Q ����

,Q� >�@�ZHUGHQ�EHL�GHU�$EWDVWXQJ�PLW�XQWHUVFKLHGOLFKHQ�$EWDVWUDWHQ�GLH�$EWDVWZHUWH�LP�

9HUKlOWQLV�
O
N
�GHU�$EWDVWUDWHQ�]XVDPPHQJHIDVVW��'LH�MHZHLOV�]XVDPPHQJHIDVVWHQ�:HUWH�

VWHOOHQ�GLH�V\QFKURQLVLHUWHQ�:HUWH�GDU��'LHVHV�9HUIDKUHQ�NDQQ�DOOHUGLQJV�QXU�HLQJHVHW]W�
ZHUGHQ��ZHQQ�GLH�UHVXOWLHUHQGH�XP�N�E]Z�� O�QLHGULJHUH�$EWDVWUDWH�QRFK�]XU�5HJHOXQJ�
DXVUHLFKW��

'HU�.DOPDQ�)LOWHU�XQG�VHLQH�9DULDQWHQ�VLQG�HEHQIDOOV�]XU�6\QFKURQLVDWLRQ�JHHLJQHW��,Q�
>��@�ZLUG�GLH�ODQJVDPVWH�$EWDVWUDWH�PLW�HLQHP�HLQIDFKHQ�.DOPDQ�)LOWHU�V\QFKURQLVLHUW��
'LH�UHNXUVLYH�=XVWDQGVVFKlW]XQJ�PLW�GHP�.DOPDQ�)LOWHU�LQ�>�@�OlVVW�QXU�NRQVWDQWH��DEHU�
XQWHUVFKLHGOLFKH� $EWDVWUDWHQ� ]X�� 'LH� 6\QFKURQLVDWLRQ� YRQ� DV\QFKURQHQ� 0HVVXQJHQ�
PLWWHOV� Å)RUZDUG� 3URSDJDWLRQ´� ZLUG� LQ� >��@�PLW� HLQHP� ,QIRUPDWLRQVILOWHU� �OLQHDU� RGHU�
QLFKW� OLQHDU�� GXUFKJHI�KUW�� 8P� MHGRFK� GLH� 3UlGLNWLRQ� DXFK� I�U� =HLWHQ� ]ZLVFKHQ� GHQ�
$EWDVWUDWHQ� EHUHFKQHQ� ]X� N|QQHQ� LVW� HLQH� NRQWLQXLHUOLFKH� 9DULDQWH� QRWZHQGLJ�� (LQH�
��6FKULWW� Å)RUZDUG�3URSDJDWLRQ´�YRQ�9LGHRGDWHQ�ZLUG� LQ� >���@�PLW�HLQHP�HUZHLWHUWHQ�
.DOPDQ�)LOWHU�UHDOLVLHUW��8QWHUVW�W]HQGH�0HVVXQJHQ��]��%��YRQ�HLQHP�%HVFKOHXQLJXQJV�
VHQVRU��VLQG�QRWZHQGLJ��

,Q� >��@� HUIROJW� GLH� 6\QFKURQLVDWLRQ� ]ZLVFKHQ� ]ZHL�$EWDVWUDWHQ�GXUFK�GLH� ,QWHUSRODWLRQ�
PLW�HLQHP�OLQHDULVLHUWHQ�%HREDFKWHU��DQ�GHVVHQ�6WHOOH�DXFK�HLQ�/�QEHUJHU�%HREDFKWHU�
RGHU�.DOPDQ�)LOWHU�WUHWHQ�N|QQWH��$FNHUPDQQ�VWHOOWH�LQ�>�@�*OHLFKXQJHQ�DXI��PLW�GHQHQ�
GLH�:HUWH�]ZLVFKHQ�GHQ�$EWDVWVFKULWWHQ�EHL�GLVNUHWHQ�6\VWHPHQ�EHUHFKQHW�ZHUGHQ�N|Q�
QHQ�� (V� HUIRUGHUW� MHGRFK� GLH� .HQQWQLV� GHU� ]HLWNRQWLQXLHUOLFKHQ� =XVWDQGVGDUVWHOOXQJ��
0DQ�HUKlOW�GDPLW�GLH�V\QFKURQLVLHUWHQ�:HUWH�PLW�HLQHU�7RW]HLW�YRQ�HLQHP�$EWDVWVFKULWW��
%HL� HLQHP� GLUHNWHQ� GLVNUHWHQ� 5HJHOXQJVHQWZXUI�� EHL� GHP�GLH� 6WUHFNH� QXU� LQ� GLVNUHWHU�
'DUVWHOOXQJ�EHNDQQW�LVW��NDQQ�GLHVHV�9HUIDKUHQ�QLFKW�DQJHZDQGW�ZHUGHQ��+LHU�JUHLIW�GLH�
Å/LIWLQJ´�0HWKRGH� YRQ� >���@� XQG� GHU� GDULQ� HQWKDOWHQHQ�ZHLWHUI�KUHQGHQ� 5HIHUHQ]HQ��
EHL�GHU�HLQ�GLUHNWHU�(QWZXUI�YRQ�JHPLVFKW�NRQWLQXLHUOLFK�GLVNUHWHQ�6\VWHPHQ�GXUFK�%H�
VWLPPXQJ�GHU�:HUWH�]ZLVFKHQ�GHQ�$EWDVWVWHOOHQ�YRUJHVWHOOW�ZLUG��

,Q�'LFNPDQQV��'�$QVDW]�>��@�ZHUGHQ�GLH�7RW]HLWHQ�LQ�GHQ�G\QDPLVFKHQ�0RGHOOHQ�GHV�
HUZHLWHUWHQ� .DOPDQ�)LOWHUV� EHU�FNVLFKWLJW�� 6RPLW� N|QQHQ�PHKUHUH� 5�FNI�KUXQJVVFKOHL�
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IHQ� PLW� XQWHUVFKLHGOLFKHQ� $EWDVWUDWHQ� �LQHUWLDOH� 6HQVRUHQ�� ���+]�� 9LVLRQ�� ��+]� XQG�
*36���+]��YHUZHQGHW�ZHUGHQ��

%HL� GHU� 5HDOLVLHUXQJ� YRQ� GLVNUHWHQ� 5HJHOXQJVV\VWHPHQ� HUKlOW�PDQ� DXIJUXQG� GHU� $Q�
ELQGXQJ�GHU�UHDOHQ�$NWRUHQ�XQG�6HQVRUHQ�7RW]HLWHQ��'HU�GLVNUHWH�5HJOHU�DQ�VLFK�YHUXU�
VDFKW� GXUFK� GDV�+DOWHJOLHG� ��WHU�2UGQXQJ� HLQH� 7RW]HLW� YRQ� HLQHP�$EWDVWVFKULWW� >��@��
'DV�3UREOHP�GHV�$OLDVLQJ�EHL�$EWDVWV\VWHPHQ�HUIRUGHUW�PHLVW�YRU�GHU�$EWDVWXQJ�HLQHQ�
$QWL�$OLDVLQJ�)LOWHU���GHVVHQ�3KDVHQODJH�HLQH�ZHLWHUH�7RW]HLW�EHZLUNW��(V�HQWVWHKW�GDUDXV�
GLH� 1RWZHQGLJNHLW�� GLH� 7RW]HLWHQ� ]X� NRPSHQVLHUHQ� RGHU� PLW� ]X� PRGHOOLHUHQ�� 1XU� LQ�
6RQGHUIlOOHQ��]��%��>��@��EHL�GHQHQ�GDV�5HJHOV\VWHP�UREXVW�JHQXJ�LVW��N|QQHQ�GLH�7RW�
]HLWHQ�YHUQDFKOlVVLJW�ZHUGHQ��

,Q� >�@�ZHUGHQ�WRW]HLWEHKDIWHWH�0HVVGDWHQ�PLW�HLQHP�.DOPDQ�)LOWHU�V\QFKURQLVLHUW��'LHV�
IXQNWLRQLHUW� MHGRFK�QXU��ZHQQ�GLH�(LJHQZHUWH�GHU�6\VWHPPDWUL[�$�HFKW�VWDELO�VLQG��DQ�
VRQVWHQ� PXVV� GHU� )HKOHU�� GHU� GXUFK� GLH� 7RW]HLW� HQWVWHKW�� NRPSHQVLHUW� ZHUGHQ� �VLHKH�
����������'LH�7RW]HLW�NDQQ�QDFK�>��@�GXUFK�(LQI�JHQ�YRQ�3VHXGR]XVWlQGHQ�LQV�6\VWHP�
PRGHOO� LP� .DOPDQ�)LOWHU� EHU�FNVLFKWLJW� ZHUGHQ�� 'LHVH� 0HWKRGH� HUIRUGHUW� DEHU� HLQH�
JHQDXH�.HQQWQLV�GHU�7RW]HLW��]XGHP�PXVV�GLHVH�XQEHGLQJW�NRQVWDQW�VHLQ��%HL�UREXVWHQ�
HLQIDFKHQ� 6\VWHPHQ�ZLH� ]�� %�� >�@� I�KUW� VRJDU� GLH� XQJHIlKUH� .HQQWQLV� GHU� 7RW]HLW�PLW�
GLHVHU�0HWKRGH�]XP�=LHO��

,Q� >��@� ZLUG� GLH� 7RW]HLW� PLW� HLQHP� DGDSWLYHQ� .RPSHQVDWRU�� GHP� 6PLWK� 'HDG�WLPH�
FRPSHQVDWRU��YRU�GHP�HLJHQWOLFKHQ�5HJOHU�HOLPLQLHUW��'HU�.RPSHQVDWRU�DUEHLWHW�QDFK�
GHU�0HWKRGH� GHU� NOHLQVWHQ�4XDGUDWH� XQG� HUIRUGHUW� GDV� 5HJHOJHVHW]� DQDO\WLVFK� VRZLH�
HLQ�5HIHUHQ]VLJQDO��'LHVHV�9HUIDKUHQ�LVW�DOVR�QXU�LQ�6RQGHUIlOOHQ��]��%��7UDFNLQJDQZHQ�
GXQJHQ��HLQVHW]EDU��(LQ�ZHLWHUHU�.RPSHQVDWRU�ZLUG� LQ� >��@� YRUJHVWHOOW��+LHU�ZLUG�YHU�
VXFKW��GLH�7RW]HLW��GLH�VLFK�GXUFK�HLQ�+DOWHJOLHG���WHU�2UGQXQJ�HUJLEW��]X�NRPSHQVLH�
UHQ�� 'D� GLHVHU� =HUR�2UGHU�+ROG�.RPSHQVDWRU� GLIIHUHQWLHOOH� (LJHQVFKDIWHQ� KDW� XQG�
VRPLW� GDV� YRUKDQGHQH� 5DXVFKHQ� YHUVWlUNW�� EULQJW� GLHVHV� 9HUIDKUHQ� WURW]� GHU� 7RW]HLW�
NRPSHQVDWLRQ�NHLQH�9HUEHVVHUXQJ�GHU�*HQDXLJNHLW��

%HL�EHNDQQWHU�XQG�NRQVWDQWHU�7RW]HLW�NDQQ�GLHVH�DXFK�LP�5HJOHU�NRPSHQVLHUW�ZHUGHQ��
ZLH�HV�LQ�>���@�YRUJHVFKODJHQ�ZLUG��(LQH�ZHLWHUH�(LQVFKUlQNXQJ�LVW��GDVV�EHL�PHKUHUHQ�
6HQVRUHQ�PLW�GLHVHU�0HWKRGH�DOOH�GLH�JOHLFKH�7RW]HLW�EHVLW]HQ�P�VVWHQ��

:LH�VFKRQ�ZHLWHU�REHQ�DQJHPHUNW��LVW�GDV�+DOWHJOLHG����2UGQXQJ�GDV�HLQ]LJH�9HUIDK�
UHQ�PLW�GHP�HLQH�7RW]HLWNRPSHQVDWLRQ�P|JOLFK�LVW�XQG�GDV�DXFK�LQ�0DW/DE�VWDQGDUG�
Pl�LJ�YRUKDQGHQ�LVW���

����6HQVRUGDWHQ�9RUYHUDUEHLWXQJ�

$X�HU� GHQ� HLQIDFKHQ� 6WDQGDUGYHUIDKUHQ�� ZLH� /RRNXS�7DEHOOHQ�� $QWL�$OLDVLQJ�)LOWHU��
6NDOLHUXQJ�RGHU�.RRUGLQDWHQWUDQVIRUPDWLRQ�JLEW�HV�ZHLWHUH�9HUIDKUHQ��GLH�VLFK�VSH]LHOO�
GHU�3UREOHPDWLN�GHU�6HQVRUYRUYHUDUEHLWXQJ�ZLGPHQ��+LHU�LVW�KDXSWVlFKOLFK�GLH�$QSDV�
VXQJ�GHU�SK\VLNDOLVFKHQ�(LQKHLWHQ�GXUFK�'LIIHUHQWLDWLRQ�XQG�,QWHJUDWLRQ�VRZLH�GLH�.D�
OLEULHUXQJ�XQG�2IIVHWNRUUHNWXU�JHPHLQW��

8P�GLH�5DXVFKHLQIO�VVH�GHU�QXPHULVFKHQ�'LIIHUHQWLDWLRQ�]X�YHUPLQGHUQ��ZLUG�LQ�>�@�HLQ�
7LHISDVV� QDFKJHVFKDOWHW� XQG� ]XU�8QWHUGU�FNXQJ� YRQ� 6W|UIUHTXHQ]HQ�1RWFK�)LOWHU� HLQ�
JHVHW]W��$QVWHOOH�GHU�QXPHULVFKHQ�'LIIHUHQWLDWLRQ�YHUZHQGHW�PDQ�ZHQLJHU�UDXVFKHPS�
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ILQGOLFKH� ,,5�� XQG� ),5�)LOWHU� >��@�� >��@� XQG� DGDSWLYH� ),5�)LOWHU� >���@�� %HL� GHU� QXPHUL�
VFKHQ�,QWHJUDWLRQ�YHUZHQGHW�PDQ�VWDWW�GHQ�EHNDQQWHQ�6WDQGDUGYHUIDKUHQ�5HFKWHFNUH�
JHO�� 7UDSH]UHJHO� XQG� .HSSOHU·VFKH� )DVVUHJHO� >���@� LQ� >��@� HEHQIDOOV� HLQHQ� ),5�)LOWHU��
$OOH� GLHVH� 9HUIDKUHQ� KDEHQ� GDV� 3UREOHP�� GDVV� HLQ�2IIVHW� DP� ,QWHJUDWRUHLQJDQJ� ]XU�
,QVWDELOLWlW� I�KUW��E]Z��GDVV�GLH�XQEHNDQQWHQ�$QIDQJV]XVWlQGH�GHU� ,QWHJUDWRUHQ�QHXH�
2IIVHWV�EHZLUNHQ��,Q�>�@�EHKLOIW�PDQ�VLFK�LQ�GHU�$UW��GDVV�GLH�$QIDQJVEHGLQJXQJHQ�PLW�
DQGHUHQ�0HVVXQJHQ�EHVWLPPW�ZHUGHQ��'LH�9HUVFKLHEXQJ�GHV�,QWHJUDWRUSROHV�YRQ�GHU�
6WDELOLWlWVJUHQ]H�LQ�5LFKWXQJ�GHV�VWDELOHQ�%HUHLFKHV�ZLUG�LQ�>��@�YRUJHVFKODJHQ��'XUFK�
9HUZHQGXQJ�HLQHU�)HHGIRUZDUG�.DOPDQ�)LOWHU�lKQOLFKHQ�6WUXNWXU�ZHUGHQ� LQ� >���@�GLH�
:HUWH�HLQHV�%HVFKOHXQLJXQJVVHQVRUV���IDFK�LQWHJULHUW��,Q�>��@�ZLUG�]XU�'RSSHOLQWHJUD�
WLRQ� HLQH� )HKOHU�)HHGEDFN�.DOPDQ�)LOWHUVWUXNWXU�� GLH� DXV� GHQ� )HKOHUGLIIHUHQWLDOJOHL�
FKXQJHQ�GHV�6\VWHPV�DEJHOHLWHW�ZXUGH��YHUZHQGHW��

'LH� 6WDQGDUG�,QWHJUDWRUHQ� N|QQHQ� EHL� HLQHP� RIIVHWIUHLHQ� (LQJDQJVVLJQDO� ZLHGHUYHU�
ZHQGHW�ZHUGHQ��,Q�>��@��>�@�XQG�>��@�YHUVXFKW�PDQ�PLW�Pl�LJHP�(UIROJ��GHQ�2IIVHW�PLW�
+RFKSlVVHQ� ILOWHUQ� ]X� N|QQHQ�� 3UREOHPH� VLQG� ]XP� HLQHQ� GLH� 3KDVHQODJH� XQG� ]XP�
DQGHUHQ� GHU� ODQJH� (LQVFKZLQJYRUJDQJ�� (LQH� ZHLWHUH� $OWHUQDWLYH� ELHWHW� GHU� %LDV�
%HREDFKWHU�DXV� >��@��EHL�GHP�PDQ�DEHU�DXFK�PLW� ODQJHQ�(LQVFKZLQJ]HLWHQ�NlPSIHQ�
PXVV�� 'DGXUFK�� GDVV� GHU� .DOPDQ�)LOWHU� PLWWHOZHUWVIUHL� VFKlW]W�� NDQQ� QDFK� >��@� GLH�
2IIVHWXQWHUGU�FNXQJ� PLW� HLQHP� )HHGIRUZDUG�.DOPDQ�)LOWHU� LP� 5HJOHU� HUIROJHQ�� 'LHV�
IXQNWLRQLHUW�MHGRFK�QXU��ZHQQ�PDQ�]XVlW]OLFKH�(LQVFKUlQNXQJHQ�WULIIW��ZLH�]��%��LQ�>��@��
+LHU�ZLUG�EHL�GHU�1DYLJDWLRQ�HLQHV�)DKU]HXJHV�PLW�%HVFKOHXQLJXQJVVHQVRUGDWHQ�GDYRQ�
DXVJHJDQJHQ�� GDVV� GLH� *HVFKZLQGLJNHLWHQ� RUWKRJRQDO� ]XU� %HZHJXQJVULFKWXQJ� 1XOO�
VHLQ�P�VVHQ��

'XUFK�HLQH�JXWH�.DOLEULHUXQJ�NDQQ�GHU�2IIVHW�YHUPLQGHUW�ZHUGHQ��JDQ]�NDQQ�PDQ�LKQ�
VR�QLH�XQWHUGU�FNHQ��GD�GHU�2IIVHW�LQ�GHU�5HJHO�VLFK��EHU�GLH�=HLW�YHUlQGHUW��'HQ�9HU�
IDKUHQ� ]XU� 2IIVHWXQWHUGU�FNXQJ� ZLUG� DEHU� GDPLW� LQVRIHUQ� JHKROIHQ�� GDVV� LKUH� (LQ�
VFKZLQJ]HLWHQ�DXIJUXQG�GHV�NOHLQHUHQ�6SUXQJV��HV�ZLUG�LQLWLDO�HLQ�2IIVHW�YRQ�1XOO�DQ�
JHQRPPHQ��N�U]HU�ZHUGHQ��%HL�%HVFKOHXQLJXQJVHQVRUHQ�LVW�GLH�.DOLEULHUXQJ�DXIJUXQG�
GHU� UHODWLY�KRKHQ�(UGEHVFKOHXQLJXQJ�EHVRQGHUV�ZLFKWLJ��ZLH� >��@�]HLJW�� ,Q� >���@�ZLUG�
HLQ�9HUIDKUHQ�]XU�KRFKJHQDXHQ�.DOLEULHUXQJ�YRQ��'�%HVFKOHXQLJXQJVVHQVRUHQ�YRUJH�
VWHOOW�� LQ�GHP�YHUVXFKW�ZLUG��GLH�0RQWDJHIHKOHU�]X�EHVWLPPHQ��(LQ�DQGHUH�0HWKRGH�LVW�
GLH� LQ� >��@�YRUJHVFKODJHQH�3DUDPHWHUVFKlW]XQJ�DQKDQG�GHV�JHPHVVHQHQ�2IIVHWV�PLW�
HLQHP�]HLWYDULDQWHQ�.DOPDQ�)LOWHU��

%LOGYHUDUEHLWXQJVYHUIDKUHQ��GLH�DOV�(UJHEQLV�HLQHQ�:HUW�DXI�6LJQDO�/HYHO�OLHIHUQ���ZHU�
GHQ� LQ� GLHVHU� $UEHLW� ]X� GHQ� �NRPSOH[HQ�� 6HQVRUHQ� JHUHFKQHW�� %HLVSLHOKDIW� VHLHQ� KLHU�
QXU�HLQLJH�$OJRULWKPHQ�JHQDQQW��

• 7HPSODWH�0DWFKLQJ�]XU�%HVWLPPXQJ�GHV�9HUVDW]HV�]ZHLHU�2EMHNWH�>��@�

• .RQWXUIROJHU�>��@��>��@�]XU�([SORUDWLRQ�XQG�1DYLJDWLRQ�LQ�,QQHQUlXPHQ�PLW�GHP�
$QVDW]�LQ�>��@�

:HLWHUH�%LOGYHUDUEHLWXQJVDOJRULWKPHQ� ILQGHQ�VLFK� LQ�GHQ� LQ� >��@�HQWKDOWHQHQ�5HIHUHQ�
]HQ�

�������������������������������������������
��'LH�%HUHFKQXQJ�GLHVHU�:HUWH�HUIROJW�PHLVW�DXI�3L[HO��RGHU�)HDWXUH�/HYHO�
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����)XVLRQ�DXI�6LJQDO�/HYHO�(EHQH�

0HWKRGHQ��

'LH�)XVLRQ�YRQ�6HQVRUGDWHQ�PLW�GHU�0HWKRGH�GHV�JHZLFKWHWHQ�0LWWHOZHUWV�>��@� LVW�QXU�
I�U�6HQVRUHQ�JOHLFKHU�$UW�JHHLJQHW��'LH�PDWKHPDWLVFKH�%HWUDFKWXQJ�HUIROJW�LQ��������

'LH�PHLVWH�$QZHQGXQJ�ILQGHW�GLH�%HREDFKWHUVWUXNWXU��KLHU�YRU�DOOHP�GHU�.DOPDQ�)LOWHU�
�VLHKH����������PLW�DOO� VHLQHQ�9DULDQWHQ�XQG�$EDUWHQ�� ,Q� >��@�ZHUGHQ���YHUVFKLHGHQH�
6WUXNWXUHQ�YRUJHVWHOOW��LQ�GHU�GHU�.DOPDQ�)LOWHU�]XU�)XVLRQ�YHUZHQGHW�ZHUGHQ�NDQQ��%HL�
GHU� )HHGIRUZDUG�6WUXNWXU� EHILQGHW� VLFK� GHU� .DOPDQ�)LOWHU� LP� 9RUZlUWV]ZHLJ�� G�K�� HV�
ZHUGHQ�QXU�JHILOWHUWH�:HUWH�DXVJHJHEHQ��%HL�GHU�)HHGEDFN�6WUXNWXU�ZLUG�GHU�.DOPDQ�
)LOWHU�GDJHJHQ�LP�5�FNI�KU]ZHLJ�SODW]LHUW��'HU�9RUWHLO�LVW�KLHU��GDVV�EHL�GLHVHU�0HWKRGH�
GDV�6\VWHP�ZHLWHU� IXQNWLRQLHUW��ZHQQ�DXFK�PHLVW�VFKOHFKWHU��ZHQQ�GLH�(LQKHLW�DXVIlOOW��
GLH� GHQ� .DOPDQ�)LOWHU� EHUHFKQHW��'HVZHLWHUHQ�ZLUG� ]ZLVFKHQ�GHU� )HKOHU]XVWDQGVIRUP�
XQG� GHU� 9ROO]XVWDQGVIRUP� XQWHUVFKLHGHQ�� 'LH� OHW]WHUH� HQWVSULFKW� GHP� JHZ|KQOLFKHQ�
.DOPDQ�)LOWHU� PLW� GHQ� 6\VWHP]XVWlQGHQ�� DEHU� GLH� HUVWH� )RUP�ZLUG�PLW� GHU� 'LIIHUHQ]�
]ZLVFKHQ� UHDOHQ�XQG� LGHDOHQ�=XVWlQGHQ��GHQ�VRJHQDQQWHQ�)HKOHU]XVWlQGHQ�GHILQLHUW��
'HU�.DOPDQ�)LOWHU�HUJLEW�VLFK�GDQQ�DXV�GHQ�)HKOHU]XVWDQGVJOHLFKXQJHQ�XQG�GLHQW�]XU�
.RUUHNWXU�GHU�UHDOHQ�6\VWHP]XVWlQGH��VLHKH�%LOG����������

(LQ� ��VWXILJHV� DXI� 6WDWLVWLN� EDVLHUHQGHV� 9HUIDKUHQ�ZLUG� LQ� >��@� YRUJHVWHOOW�� GLH�9RUJH�
KHQVZHLVH�LVW�GDEHL�IROJHQGH��

��� 7HVW�� RE� GLH� 'DWHQ� GHU� HLQ]HOQHQ� 6HQVRUHQ� ]XVDPPHQSDVVHQ�� 'D]X� ZLUG� GLH�
Å3LWPDQ·V�&ORVHQHVV´�7HFKQLN�YHUZHQGHW��

��� =XVDPPHQIDVVHQ� GHU� 'DWHQ� YRQ� 6HQVRUHQ�� GLH� DP� EHVWHQ� ]XVDPPHQSDVVHQ�
PLW�GHP�Å&RPSOHWH�/LQNDJH´�$OJRULWKPXV��'LH�DQGHUHQ�'DWHQ�ZHUGHQ�YHUZRU�
IHQ��

��� 2SWLPLHUXQJ� GHU� QRFK� YHUEOHLEHQGHQ� 6HQVRUGDWHQ� PLW� GHU� Å0D[LPXP�
/LNHO\KRRG�(VWLPDWLRQ´��

'LHVHV�9HUIDKUHQ� NDQQ�QXU� I�U� JOHLFKZHUWLJH� 6HQVRUHQ� YHUZHQGHW�ZHUGHQ�XQG�HLJQHW�
VLFK�JXW�]XP�(UNHQQHQ�YRQ�$XVUHLVVHUQ�XQG�GHIHNWHQ�6HQVRUHQ��

,Q� >��@�ZLUG�PLW�GHP�Å%D\HVLDQ�(VWLPDWLRQ�8VLQJ�&RQVHQVXV�6HQVRUV´�9HUIDKUHQ�HLQH�
lKQOLFKH�0HWKRGH�YRUJHVWHOOW��GLH�DXFK�ZLHGHU�QXU� I�U�UHGXQGDQWH�6HQVRUHQ� LQ�)UDJH�
NRPPW��

=H\WLQRJOX� XQG� 0LQW]� >���@� KDEHQ� HLQ� 9HUIDKUHQ� HQWZLFNHOW�� GDV� DXI� GHU� Å6WDWLVWLFDO�
'HFLVLRQ�7KHRU\´�EDVLHUW�XQG�I�U�UHGXQGDQWH�6HQVRUHQ�JHHLJQHW�LVW���

$QZHQGXQJHQ��

(LQH�ZLFKWLJH�$QZHQGXQJ�GHU�6HQVRUIXVLRQ�LVW�GLH�(UVWHOOXQJ�YRQ��'��E]Z���'�.DUWHQ�
]XU� 8PJHEXQJVPRGHOOLHUXQJ�� %HL� GLHVHQ� $QZHQGXQJHQ� LVW� GLH� ]HLWOLFK� ULFKWLJH� 6\Q�
FKURQLVDWLRQ�QLFKW�ZLFKWLJ��HV�KDQGHOW�VLFK�XP�HLQH�JHRPHWULVFKH�6HQVRUIXVLRQ��,Q�>��@�
ZHUGHQ�&&'�.DPHUDGDWHQ�XQG�/DVHU�5DQJH�'DWHQ�IXVLRQLHUW��XP�HLQH�.DUWH�]X�HUVWHO�
OHQ��DQKDQG�GHU�VLFK�GHU�DXWRQRPH�PRELOH�5RERWHU�ORNDOLVLHUHQ�NDQQ��=XU�/RNDOLVDWLRQ�
XQG� ([SORUDWLRQ� ZHUGHQ� LQ� >��@� GLH� 'DWHQ� ]ZHLHU� &&'�.DPHUDV� I�U� HLQ� �'�
8PJHEXQJVPRGHOO� IXVLRQLHUW�� ,Q� >��@�� >��@� JHKW� PDQ� QRFK� HLQHQ� 6FKULWW� ZHLWHU� XQG�
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IXVLRQLHUW�6WHUHRELOGGDWHQ�PLW�/DVHU�5DQJH�'DWHQ��XP�PLW�GHQ�ZHLW�YHUEHVVHUWHQ�'DWHQ�
HLQH�2EMHNWHUNHQQXQJ�GXUFKI�KUHQ�]X�N|QQHQ��(LQH�DQGHUH�$OWHUQDWLYH��HLQ��'�0RGHOO�
]X�JHQHULHUHQ��ZlUH�GLH�)XVLRQ�YRQ�6RQDU��XQG�&&'�.DPHUDGDWHQ�>�@��,Q�>��@�ZHUGHQ�
]XU� EHVVHUHQ� 0HQVFK�0DVFKLQH�,QWHUDNWLRQ� 6SUDFKGDWHQ� PLW� &&'�'DWHQ� DXI� 3L[HO�
/HYHO�(EHQH� IXVLRQLHUW�XP� LQ�HLQHU��'�.DUWH�GLH�3RVLWLRQ�GHV�PHQVFKOLFKHQ�%HGLHQHUV�
]X�EHVWLPPHQ��

(LQ�ZHLWHUHV�JUR�HV�$QZHQGXQJVJHELHW� VWHOOW�GLH�1DYLJDWLRQ�YRQ�DXWRQRPHQ�PRELOHQ�
6\VWHPHQ��]��%��PRELOH�5RERWHU��)DKU]HXJH�XQG�)OXJ]HXJH��GDU��'LH�)XVLRQ�ZLUG�KLHU�
DXI�6LJQDO�/HYHO�(EHQH�GXUFKJHI�KUW��ZREHL�HLQH�]HLWOLFKH�6\QFKURQLVDWLRQ�GHU�6HQVR�
UHQ�QRWZHQGLJ�ZLUG��,Q�>���@�ZHUGHQ�2GRPHWULH�'DWHQ�PLW��'�3RVLWLRQVGDWHQ��GLH�PLW�
0RWLRQ�6WHUHR�HUPLWWHOW�ZXUGHQ��PLW�HLQHP�.DOPDQ�)LOWHU�IXVLRQLHUW��=XU�1DYLJDWLRQ�YRQ�
)DKU]HXJHQ�DXI�XQHEHQHP�*UXQG�ZHUGHQ� LQ� >�@�*36���*\URVNRS���2GRPHWULH���5ROO�
ZLQNHO�� XQG�1HLJHZLQNHOGDWHQ� HEHQIDOOV�PLW� HLQHP�.DOPDQ�)LOWHU� IXVLRQLHUW��'DV� EH�
VRQGHUH�DQ�GLHVHP�6\VWHP�LVW��GDVV�PDQ�YLHU�YHUVFKLHGHQH�SK\VLNDOLVFKH�(LQKHLWHQ�KDW��
)�U� GHQVHOEHQ� =ZHFN� ZHUGHQ� LQ� >��@� *36��� 5DGDU�� XQG�2GRPHWULHGDWHQ�PLW� HLQHP�
OLQHDUHQ�E]Z��QLFKW� OLQHDUHQ� ,QIRUPDWLRQVILOWHU� IXVLRQLHUW��(EHQIDOOV�]XU�JHQDXHQ�1DYL�
JDWLRQ�ZHUGHQ�LQ�>��@�'*36���*\URVNRS��XQG�*HVFKZLQGLJNHLWVGDWHQ�PLW�HLQHP�NRP�
SOH[HQ�.DOPDQ�)LOWHU�IXVLRQLHUW��8P�PLW�GHP�%HVFKOHXQLJXQJVVHQVRU�EDVLHUWHQ�LQLWLDOHQ�
1DYLJDWLRQVV\VWHP�HLQHV�0LQHQIDKU]HXJV�RKQH�5HIHUHQ]LHUXQJ�EHL�GHU�'RSSHOLQWHJUD�
WLRQ� �]�� %�� PLW� /DQGPDUNHQ�� GD� *36� XQWHULUGLVFK� QLFKW� IXQNWLRQLHUW�� DXV]XNRPPHQ��
ZHUGHQ� LQ� >��@� YHUVFKLHGHQH� 6HQVRUNRPELQDWLRQHQ� XQWHUVXFKW�� 'LH� )XVLRQ� ZLUG� PLW�
HLQHP�.DOPDQ�)LOWHU�GXUFKJHI�KUW��0DQ�NRPPW�]X�GHP�(UJHEQLV��GDVV�PDQ�GXUFK�GLH�
)XVLRQ�]ZDU�GHQ�5HIHUHQ]LHUXQJVWDNW�HUQLHGULJHQ��MHGRFK�QLH�JDQ]�DXI�HLQH�5HIHUHQ]LH�
UXQJ�YHU]LFKWHQ�NDQQ��

,P� 5DKPHQ� GHV� HXURSDZHLWHQ� 3URMHNWV� 3520(7+(86� ������� ZXUGH� YRQ�'LFNPDQQV�
>��@�HLQ�DXWRQRPHU�3NZ��9D03�XQG�VHLQ�9RUOlXIHU��GHU�/LHIHUZDJHQ�9D0R5V��UHDOLVLHUW��
EHL�GHP�GHU��'�$QVDW]�HLQJHVHW]W�ZLUG�XQG�'DWHQ�YRQ�NRQYHQWLRQHOOHQ�LQHUWLDOHQ�6HQ�
VRUHQ� �7DFKR�� %HVFKOHXQLJXQJVVHQVRUHQ��*\URVNRSH� XQG�:LQNHOJHEHU��PLW� %LOGGDWHQ�
�ELIRNDOH� RGHU� WULIRNDOH� $QRUGQXQJ�� XQG� *36�'DWHQ� IXVLRQLHUW�� 'HU� KLHU� YHUZHQGHWH�
$QVDW]�NDQQ�DXFK�DXI�/XIWIDKU]HXJH��EHL�GHQHQ�PDQ���UlXPOLFKH�)UHLKHLWVJUDGH�KDW��
DQJHZHQGHW�ZHUGHQ��=XP�ERUGDXWRQRPHQ�DXWRPDWLVFKHQ�/DQGHDQIOXJ�ZLUG�GDV�,QHU�
WLDOV\VWHP�GHV�)OXJ]HXJV�XQG�%LOGGDWHQ�PLW�HLQHP�.DOPDQ�)LOWHU�NRPELQLHUW�>��@��

=XU�%HVWLPPXQJ�GHU�2ULHQWLHUXQJ�HLQHV�DXWRQRPHQ�PRELOHQ�5RERWHUV�IXVLRQLHUW�PDQ�
LQ� >���@� 1HLJXQJVVHQVRUHQ� XQG� .RPSDVV� PLW� HLQHP� HUZHLWHUWHQ� .DOPDQ�)LOWHU�� 'LH�
1HLJXQJ�HLQHV�)DKU]HXJV�ZLUG� LQ� >���@�GXUFK�GLH�)XVLRQ�YRQ�%HVFKOHXQLJXQJVVHQVR�
UHQ��*\URVNRS�XQG�2GRPHWULH�HUPLWWHOW��'LH�)XVLRQ�GLHQW�]XU�6FKlW]XQJ�GHU�G\QDPL�
VFKHQ� %HVFKOHXQLJXQJ�� GLH� EHL� %HZHJXQJHQ� YRQ� GHU� (UGEHVFKOHXQLJXQJ� DEJH]RJHQ�
ZHUGHQ�PXVV��

,P�%HUHLFK�GHU�$XWRPDWLVLHUXQJ�PLW� ,QGXVWULHURERWHUQ�ZLUG�KHXW]XWDJH�HKHU�QRFK�GLH�
0XOWLVHQVRULQWHJUDWLRQ�HLQJHVHW]W��ZLH�]��%�� LQ� >���@��+LHU�ZHUGHQ�]XU�$QQlKHUXQJ�DQ�
GDV�2EMHNW�&&'�'DWHQ�YHUZHQGHW��GRFK�]XP�*UHLIHQ�ZLUG�DXI�.UDIWU�FNNRSSOXQJ�PLW�
HLQHP�.UDIWVHQVRU�XPJHVFKDOWHW��(V�JLEW� MHGRFK�DXFK�DXI�GLHVHP�*HELHW�6\VWHPH�PLW�
0XOWLVHQVRUIXVLRQ��ZLH� LQ� >��@��EHL�GHP�HLQH�0LNURSRVLWLRQLHUHLQULFKWXQJ�PLW�GUHL�YHU�
VFKLHGHQHQ�6HQVRUHQ�JHUHJHOW�ZLUG��VLHKH�.DSLWHO����RGHU�HLQ�6\VWHP�]XP�6FKZHLVVHQ�
YRQ� XQWHUVFKLHGOLFK� GLFNHQ� 6FKZHLVVQlKWHQ� PLWWHOV� )XVLRQ� YRQ� 9LVLRQ�� XQG� /DVHU�
5DQJH�6HQVRUGDWHQ�>��@��



�����)XVLRQ�DXI�6LJQDO�/HYHO�(EHQH�

� ���

=XU��'�2EHUIOlFKHQHUNHQQXQJ�ZHUGHQ�LQ�>���@�(QWIHUQXQJV��XQG�,QWHQVLWlWVELOGGDWHQ�
IXVLRQLHUW� XQG� LQ� >��@� ZHUGHQ� ]XU� *HVWHQHUNHQQXQJ� ]ZHL� �'�%HVFKOHX�
QLJXQJVVHQVRUV\VWHPH� YHUZHQGHW�� ZREHL� GXUFK� GHUHQ� JHRPHWULVFKH� )XVLRQ� GLH�
*UDYLWDWLRQ�]XYHUOlVVLJ�H[WUDKLHUW�ZHUGHQ�NDQQ��

,P� HXURSlLVFKHQ� (635,7�3URMHNW� $,0%851� ZHUGHQ� 'DWHQ� YRQ� SK\VLNDOLVFKHQ� �]�� %��
7HPSHUDWXU��� RSWLVFKHQ� �]�� %�� 9LVLRQ�� XQG� FKHPLVFKHQ� 6HQVRUHQ� �]�� %�� 6DXHUVWRIINRQ�
]HQWUDWLRQ�� IXVLRQLHUW�� XP� HLQH� HIIL]LHQWH� VFKDGVWRIIDUPH� 9HUEUHQQXQJ� EHL� *URVVIHX�
UXQJVDQODJHQ�]X�HUUHLFKHQ��

,Q�GHU�0LOLWlUWHFKQLN�JLEW�HV�ZLH�LQ�>��@�EHVFKULHEHQ�HEHQIDOOV�$QVlW]H�]XU�6HQVRUGDWHQ�
IXVLRQ��6R�VROO�GXUFK�HLQH�)XVLRQ�DXI�6\PERO�/HYHO�(EHQH�YRQ�5DGDU���)XQN��XQG�9L�
GHRGDWHQ�HLQ�7UDFNHQ�GHU�7UXSSHQEHZHJXQJHQ�DXI�HLQHP�.DPSIVFKDXSODW]�P|JOLFK�
ZHUGHQ��

,Q� >��@� ZHUGHQ� ]XP� *UHLIHQ� YRQ� 2EMHNWHQ� PLW� HLQHP� ��$FKV�0DQLSXODWRU� &&'�
.DPHUD�'DWHQ�PLW�0RGHOOGDWHQ� E]Z��PLW� *HOHQNZLQNHO�'DWHQ� IXVLRQLHUW�� 'DEHL� ZLUG�
HLQH� %HREDFKWHU� lKQOLFKH� 6WUXNWXU� YHUZHQGHW�� (LQH� 6\QFKURQLVDWLRQ� GHU� 6HQVRUGDWHQ�
ZLUG�QRFK�QLFKW�GXUFKJHI�KUW��
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��0RGHOOLHUXQJ��6\QFKURQLVDWLRQ�XQG�)XVLRQ�GHU�
6HQVRUGDWHQ�

,Q�%LOG�������LVW�GDV�%ORFNVFKDOWELOG�GHU�6WUXNWXU�]X�VHKHQ��DXI�GHU�GLH�HQWZLFNHOWH�7RRO�
ER[� EDVLHUW�� (V� KDQGHOW� VLFK� KLHUEHL� XP� GLH� (UZHLWHUXQJ� GHV� NODVVLVFKHQ� ��6HQVRU�
5HJHONUHLV�PLW�5HJOHU�XQG�6WUHFNHQPRGHOO�LP�9RUZlUWV]ZHLJ�XQG�GHQ�6HQVRU�LP�5�FN�
I�KUXQJV]ZHLJ��=X�GHQ�6HQVRUHQ�EHILQGHQ�VLFK� MHW]W�GLH� IXQNWLRQHOOHQ�%O|FNH�]XU�6\Q�
FKURQLVDWLRQ� �$EVFKQLWW� ������ 6LJQDOYRUYHUDUEHLWXQJ� �$EVFKQLWW� ����� XQG� )XVLRQ� �$E�
VFKQLWW������GHU�6HQVRUHQ�LP�5�FNZlUWV]ZHLJ��:�UGH�PDQ�GLH�6HQVRUHQ�XQG�GLH�IXQNWL�
RQDOHQ�%O|FNH�]X�HLQHP�6XSHUEORFN�JUXSSLHUHQ��KlWWH�PDQ�ZLHGHU�GHQ�NODVVLVFKHQ���
6HQVRU�5HJHONUHLV�� MHGRFK� MHW]W�PLW�HLQHP�NRPSOH[HUHQ�6HQVRU��'LHV� LVW�DXFK�GDV�=LHO�
GHU�6HQVRUIXVLRQ�DXI�6LJQDO�/HYHO��PHKUHUH�6HQVRUHQ�VR�]X� IXVLRQLHUHQ��GDVV�VLH�VLFK�
ZLH�HLQ�6HQVRU�PLW�YHUEHVVHUWHQ�'DWHQ�YHUKDOWHQ��

'HU� 5HJOHU� NDQQ� LQ� ]HLWGLVNUHWHU� =XVWDQGVGDUVWHOOXQJ�� ]HLWGLVNUHWHU� 3RO�1XOO�
VWHOOHQGDUVWHOOXQJ� RGHU�PLW� VHLQHU�hEHUWUDJXQJVIXQNWLRQ� DQJHJHEHQ�ZHUGHQ��:LFKWLJ�
LVW��GDVV�GLH�$EWDVWUDWH� ID�GHV�5HJOHUV�DQJHJHEHQ�ZLUG��GD�VLH�GLH�$EWDVWUDWH�GHV�JH�
VDPWHQ�5HJHOV\VWHPV�GDUVWHOOW�XQG�VR�GLH� IXQNWLRQDOHQ�%O|FNH�EHHLQIOXVVW��'LH�6WUHFNH�
NDQQ�DOV�EHOLHELJHV�/7,�2EMHNW��OLQHDU�WLPH�LQYDULDQW��DQJHJHEHQ�ZHUGHQ��GDEHL�LVW�HV�
XQHUKHEOLFK��RE�HV�VLFK�XP�HLQH�]HLWNRQWLQXLHUOLFKH�RGHU�XP�HLQH�lTXLYDOHQWH�]HLWGLV�
NUHWH� 'DUVWHOOXQJVIRUP� KDQGHOW�� =XGHP� PXVV� GLH� .RYDULDQ]� GHV� 3UR]HVVUDXVFKHQV�
DQJHJHEHQ�ZHUGHQ��

Regler

A
us

ga
ng

Strecke

Sensor i

Sensor n

Sensor i+1

Hardware

E
in

ga
ng

E
in

ga
ng

E
in

ga
ng

Sensor-
Vorver-

arbeitung
SynchronisationFusion

u

\
]

]
 ]
Yu* Sensor-

Vorver-
arbeitung

]v


�

%LOG���������6\VWHPDUFKLWHNWXU�

)�U�HLQH�6RIWZDUH�6LPXODWLRQ��$EVFKQLWW������ZLUG�HLQ�0RGHOO�GHU�5HJHOVWUHFNH�YHUZHQ�
GHW�� ZREHL� GLH� (LJHQVFKDIWHQ� GHU� 6HQVRUHQ�PLWPRGHOOLHUW� ZHUGHQ�� (V� ZHUGHQ� LQ� GHQ�
6HQVRUPRGHOOHQ� �$EVFKQLWW� ����� QLFKW� QXU� GLH� G\QDPLVFKHQ� (LJHQVFKDIWHQ�� VRQGHUQ�
DXFK� GDV�$EWDVWYHUKDOWHQ�� GLH� HLQJHVFKUlQNWH�*HQDXLJNHLW� GXUFK� 5DXVFKHQ�XQG� 6W|�
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UXQJHQ��GLH�$XIO|VXQJ�XQG�HYWO�� V\VWHPDWLVFKH�)HKOHU�EHU�FNVLFKWLJW��=XU�6WUHFNH�ZLUG�
HEHQIDOOV� GLH� $XVJDEHHLQKHLW� GHV� 5HJOHUV� JH]lKOW�� 'LHV� LVW� �EOLFKHUZHLVH� HLQ� '$�
:DQGOHU��GHVVHQ�4XDQWLVLHUXQJ�XQG�=HLWYHU]|JHUXQJ�PLWPRGHOOLHUW�ZHUGHQ��

0LW� GLHVHU� $UFKLWHNWXU� LVW� DXFK� HLQH�+DUGZDUH�LQ�WKH�/RRS��+,/��6LPXODWLRQ� �$EVFKQLWW�
������EHL�GHU�GLH� UHDOH�6WUHFNH�XQG�RGHU�GLH� UHDOHQ�6HQVRUHQ� YHUZHQGHW�ZHUGHQ��PLW�
GHP�JOHLFKHQ�6\VWHPPRGHOO�P|JOLFK��+LHU�YHUEHUJHQ�VLFK�GDQQ�KLQWHU�GHQ�EHWUHIIHQ�
GHQ� %O|FNHQ� QXU� QRFK� GLH� +DUGZDUH�,QWHUIDFHV� GHU� HLQ]HOQHQ� .RPSRQHQWHQ�� 'HU�
:HFKVHO�]ZLVFKHQ�+,/��XQG�6RIWZDUH�6LPXODWLRQ�NDQQ�VRPLW�DXWRPDWLVFK�HUIROJHQ��

'LH�5HDOLVLHUXQJ�GLHVHU�$UFKLWHNWXU�HUIROJW�DXI�GHU�%DVLV�YRQ�0DW/DE�6LPX/LQN�XQG�VWHOOW�
VRPLW� HLQH� 7RROER[� E]Z�� HLQHQ� %ORFNVDW]� ]XU� 6HQVRUIXVLRQ� DXI� 6LJQDO�/HYHO� GDU�� ,Q�
6LPX/LQN�%LEOLRWKHNHQ� N|QQHQ� GLH� YHUVFKLHGHQHQ� 9HUIDKUHQ� GHU� IXQNWLRQDOHQ� %O|FNH�
DXV�%LOG�������DEJHOHJW�ZHUGHQ��'LH�7RROER[�NDQQ� VRPLW� OHLFKW�PLW�QHXHQ�9HUIDKUHQ�
HUZHLWHUW� ZHUGHQ�� 'HU� KLHUDUFKLVFKH� $XIEDX� GHU� 7RROER[� LVW� LQ� %LOG� ������ ]X� VHKHQ��
ZREHL�GLH�HLQ]HOQHQ�IXQNWLRQDOHQ�%O|FNH�GHXWOLFK�VLFKWEDU�ZHUGHQ��

Signal-Level-Sensorfusion-Toolbox

Strecke/Sensor Synchronisation Signalvorverarbeitung Fusion

Hardware Software Offset-
korrektur

Differen-
tiation

Inte-
gration

�

%LOG���������KLHUDUFKLVFKHU�$XIEDX�GHU�7RROER[�

'XUFK�GLH�5HDOLVLHUXQJ�DXI�%DVLV�YRQ�0DW/DE�6LPX/LQN�N|QQHQ�GLH�GDPLW�HQWZLFNHOWHQ�
6\VWHPH� DXI� YHUVFKLHGHQH� =LHOV\VWHPH� LPSOHPHQWLHUW� ZHUGHQ�� (V� NDQQ� GDEHL� GHU� &�
&RGH�*HQHUDWRU�YRQ�0DW/DE��5HDO�7LPH�:RUNVKRS��YHUZHQGHW�ZHUGHQ��

=XVDPPHQIDVVHQG�NDQQ�PDQ�PLW�GHU�7RROER[��GLH�DXI�GLHVHU�$UFKLWHNWXU�EDVLHUW��HLQ�
0XOWLVHQVRU�5HJHOV\VWHP�NRPSOHWW��]XHUVW�LQ�6RIWZDUH��GDQQ�PLW�UHDOHU�+DUGZDUH�VLPX�
OLHUHQ� XQG� DEVFKOLH�HQG� GLH� HQGJ�OWLJH� ,PSOHPHQWLHUXQJ� DXI� GHP� JHZ�QVFKWHQ�
=LHOV\VWHP�GXUFKI�KUHQ���

,Q�GLHVHP�.DSLWHO�JHOWHQ�IROJHQGH�%H]HLFKQXQJHQ��

WD� $EWDVWSHULRGH�GHV�5HJHOV\VWHPV�

WD�� $EWDVWSHULRGH�GHV�]\NOLVFKHQ�6HQVRUV\VWHPV�

WV�Q�� Q�WHU�=HLWVWHPSHO�GHV�6HQVRUV\VWHPV�

WN� N�WHU�$EWDVWVFKULWW� W N W
N D

= ⋅ ; �

σ� 5DXVFKDPSOLWXGH�

A� V\QFKURQLVLHUWHU�6FKlW]ZHUW�

∼� QLFKW�V\QFKURQLVLHUWHU�6FKlW]ZHUW�



�����.ODVVLILNDWLRQ�YRQ�6HQVRUHQ�
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����.ODVVLILNDWLRQ�YRQ�6HQVRUHQ�

'LH�.ODVVLILNDWLRQ�GHU�6HQVRUHQ�HUIROJW�LQ�GLHVHU�$UEHLW�DQ�+DQG�GHV�YRQ�GHQ�6HQVRUHQ�
YHUZHQGHWHQ�$EWDVWYHUKDOWHQV��'LHV� LVW�GLH�ZLFKWLJVWH�(LJHQVFKDIW�KLQVLFKWOLFK�GHU�]HLW�
OLFK�ULFKWLJHQ�.RSSOXQJ�YRQ�6HQVRUHQ��

'DV�$EWDVWYHUKDOWHQ�ZLUG�]XP�HLQHQ�FKDUDNWHULVLHUW�GXUFK�GHQ�$EVWDQG�GHU�HLQ]HOQHQ�
0HVVZHUWH�XQG�]XP�DQGHUHQ�GXUFK�GLH�+lXILJNHLW�GHU�0HVVZHUWH��/LHJW�HLQ�lTXLGLVWDQ�
WHU�$EVWDQG�YRU�� VR�VSULFKW�PDQ�YRQ�HLQHP�]\NOLVFKHQ�6HQVRU��DQGHUQIDOOV�YRQ�HLQHP�
DV\QFKURQHQ��6LQG�GLH�0HVVZHUWH�QXU�LQ�HLQHP�EHVWLPPWHQ�=HLWUDVWHU�YHUI�JEDU��VSULFKW�
PDQ� YRQ� HLQHP� GLVNUHWHQ� 6HQVRU�� N|QQHQ� GDJHJHQ�0HVVZHUWH� ]X� MHGHP� EHOLHELJHQ�
=HLWSXQNW�DXIJH]HLFKQHW�ZHUGHQ��KDW�PDQ�HLQHQ�NRQWLQXLHUOLFKHQ�6HQVRU��,Q�%LOG�������
LVW�GLHVHU�6DFKYHUKDOW�YHUDQVFKDXOLFKW��

a )

d )

c )

b )

ta

t a 1

ta 1 ,m in

�

%LOG���������6HQVRUDUWHQ��D��NRQWLQXLHUOLFK�]\NOLVFK�E��GLVNUHW�]\NOLVFK�F��
GLVNUHW�DV\QFKURQ�G��NRQWLQXLHUOLFK�DV\QFKURQ�

.RPELQLHUW�PDQ�GLH�0|JOLFKNHLWHQ�GHU�EHLGHQ�(LJHQVFKDIWHQ��VR�NDQQ�PDQ���6HQVRU�
JUXSSHQ� XQWHUVFKHLGHQ�� 7DEHOOH� ������ JLEW� HLQHQ� hEHUEOLFN� �EHU� GLH� (LQWHLOXQJ� XQG�
TXDOLWDWLYH� .ODVVLILNDWLRQ� GLHVHU� 6HQVRUDUWHQ�� ,Q� GHQ� IROJHQGHQ�8QWHUSXQNWHQ� ZHUGHQ�
6LPXODWLRQVPRGHOOH�XQG�6\VWHPEHVFKUHLEXQJHQ�I�U�GLH�HLQ]HOQHQ�6HQVRUNODVVHQ�HQWZL�
FNHOW��(V�ZLUG�GDEHL�EHVRQGHUV�GDUDXI�JHDFKWHW��GDVV�HLQH�DQVFKOLH�HQGH�6\QFKURQLVD�
WLRQ�XQG�)XVLRQ�GHU�0HVVZHUWH�HLQIDFK�P|JOLFK�ZLUG��(V�ZLUG�GHVKDOE�YRQ�MHGHP�6HQ�
VRU�JHIRUGHUW��GDVV�GHU�=HLWSXQNW�GHU�0HVVZHUWDXIQDKPH�PLW�HLQHP�=HLWVWHPSHO� IHVW�
JHKDOWHQ�ZLUG��6ROOWH�GLHV�EHLP�UHDOHQ�6HQVRU�QLFKW�P|JOLFK�VHLQ��VR�PXVV�]XPLQGHVW�
JHVLFKHUW� VHLQ�� GDVV�PDQ� DXI� GHQ� =HLWSXQNW� GHU�0HVVZHUWDXIQDKPH� ]XU�FNVFKOLH�HQ�
NDQQ��=XP�%HLVSLHO�NDQQ�PDQ�DXFK�GHQ�=HLWSXQNW�GHV�(LQWUHIIHQV�GHU�0HVVZHUWH�IHVW�
KDOWHQ�� ZHQQ� PDQ� GLH� NRQVWDQWH� 9HU]|JHUXQJ� JHJHQ�EHU� GHU� 0HVVZHUWDXIQDKPH�
�:DQGOXQJV]HLW�GHV�$�'�:DQGOHU��8PVFKDOW]HLW�GHV�0XOWLSOH[HUV�������YRUDE�EHVWLPPHQ�
NDQQ��VLHKH���������,Q�GHQ�IROJHQGHQ�YRUJHVWHOOWHQ�6LPXODWLRQVPRGHOOHQ�ZLUG�MHGHQIDOOV�
LPPHU�HLQ�=HLWVWHPSHO�PLW�DXVJHJHEHQ��

�

�
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6HQVRUDUW� 4XDOLWlW�GHU�'D�
WHQ�

$EWDVWIUH�
TXHQ]�

7RW]HLW� 'DWHQPHQ�
JH�

NRQWLQXLHUOLFK�
]\NOLVFK�

5RKGDWHQ� KRFK�� JHULQJ�������V�� KRFK�

GLVNUHW�]\N�
OLVFK��

DXIEHUHLWHWH�5RKGD�
WHQ�

PLWWHO�ELV�KRFK� PLWWHO������PV�� PLWWHO�ELV�KRFK�

GLVNUHW�DV\Q�
FKURQ�

LQWHOOLJHQW�YRUYHUDU�
EHLWHWH�'DWHQ�

QLHGULJ� JUR�����V� QLHGULJ�

NRQWLQXLHUOLFK�
DV\QFKURQ�

ELQlUH�6LJQDOH� �� ,QWHUUXSW�
/DWHQ]]HLW�

��

7DEHOOH���������6HQVRUNODVVLILNDWLRQ�

������ .RQWLQXLHUOLFKHU�]\NOLVFKHU�6HQVRU�
'LHVHU�6HQVRUW\S�VSLHJHOW�GLH�*UXSSH�YRQ�DQDORJHQ�6HQVRUHQ�ZLHGHU��6LH�EHVLW]HQ�QXU�
ZHQLJ�,QWHOOLJHQ]�XQG�OLHIHUQ��EOLFKHUZHLVH�UHLQH�5RKGDWHQ��'LHVH�6HQVRUHQ�VLQG�SK\VL�
NDOLVFK�GLUHNW�PLW�GHP�$�'�:DQGOHU�GHV�5HJHOV\VWHPV�YHUEXQGHQ�XQG�ZHUGHQ�GHVKDOE�
PLW� GHU� K|FKVWHQ� $EWDVWUDWH�� GHU� $EWDVWUDWH� GHV� 5HJHOV\VWHPV�� ]\NOLVFK� DEJHWDVWHW��
7\SLVFKH� 9HUWUHWHU� GLHVHV� 6HQVRUW\SV� VLQG� ]�� %�� SRVLWLRQVHPSILQGOLFKH� 'LRGHQ� �36'���
7KHUPRHOHPHQWH��%HVFKOHXQLJXQJVVHQVRUHQ�XVZ���

2

time stamp

1

Out
Zero-Order

Hold

12:34

Zeitstempel

Transport
Delay

x’ = Ax+Bu
 d = Cx+Du

State-Space

Saturation

Random Drift

Random Bias

Quantisierungs
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Messrauschen

sys
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s

1

Integrator1

s

1

Integrator
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td

Delay

1
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u
d

o

v

q

m

�

%LOG���������NRQWLQXLHUOLFKHU�]\NOLVFKHU�6HQVRU�

,Q�%LOG������� LVW�GDV�6LPXODWLRQVPRGHOO� I�U�GLHVHQ�6HQVRUW\S�]X�VHKHQ��(V�EHVWHKW�DXV�
HLQHP�/7,�6\VWHP��OLQHDUHV�]HLWLQYDULDQWHV�6\VWHP���GDV�GLH�LGHDOH�hEHUWUDJXQJVIXQNWL�



�����.ODVVLILNDWLRQ�YRQ�6HQVRUHQ�
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RQ�GHV�6HQVRUV� LQ�]HLWNRQWLQXLHUOLFKHU�=XVWDQGVGDUVWHOOXQJ�EHVFKUHLEW��+LQ]X�NRPPHQ�
%O|FNH��GLH�GLH�6W|UXQJHQ�XQG�0HVVIHKOHU�VLPXOLHUHQ��'D�ZlUH�]XP�HLQHQ�GDV�0HVV�
UDXVFKHQ��GDV�DOV�HLQ�QRUPDOYHUWHLOWHV�5DXVFKHQ�PLW�0LWWHOZHUW�P = 0 �XQG�9DULDQ]�σ

P
�

DQJHQRPPHQ� ZLUG�� 'DV� 4XDQWLVLHUXQJVUDXVFKHQ�� KHUYRUJHUXIHQ� GXUFK� GLH� %LW�
$XIO|VXQJ�GHV�$�'�:DQGOHUV��ZLUG�PLW�IROJHQGHU�*OHLFKXQJ�QDFK�>��@�VSH]LIL]LHUW��

σ T
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%LOG���������6HQVRUDXVJDQJ�EHL�NRQVWDQWHP�(LQJDQJ�

6HQVRURIIVHWV� ZHUGHQ� PLW� RIIHQHQ� ,QWHJUDWRUHQ� XQG� QRUPDOYHUWHLOWHQ� $QIDQJVEHGLQ�
JXQJHQ��R

R
, σ ��DQJHJHEHQ�XP�HLQH�%HVFKUHLEXQJ�LQ�=XVWDQGVGDUVWHOOXQJ�]X�HUP|JOL�

FKHQ� >��@��6HQVRURIIVHWV�EHL�GLHVHU�.ODVVH�YRQ�6HQVRUHQ�VSLHJHOQ�HQWZHGHU�V\VWHPDWL�
VFKH�0HVVIHKOHU�ZLH�]��%��(UGEHVFKOHXQLJXQJ�EHL�%HVFKOHXQLJXQJVVHQVRUHQ�RGHU�V\VWH�
PDWLVFKH� 6HQVRUIHKOHU� ZLH� ]�� %�� 6SDQQXQJVRIIVHW� GHV� $XVJDQJVRSHUDWLRQVYHUVWlUNHUV�
ZLHGHU�� 'LH� 6HQVRUGULIW� ZLUG� QDFK� >��@�� >�@� PLW� IROJHQGHU� 'LIIHUHQWLDOJOHLFKXQJ�
��2UGQXQJ�EHVFKULHEHQ��

;
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ZREHL�KLHU�DOV�(UZHLWHUXQJ�GHU�NRQVWDQWH�'ULIWHQGZHUW� X
&
7

=
1
�PLW� X

X
, σ �QRUPDOYHUWHLOW�

LVW��'LH�'ULIW��GLH�PLW������������EHVFKULHEHQ�ZLUG��LVW�LQ�HUVWHU�/LQLH�GLH�:DUP�8S�3KDVH�
GHV� 6HQVRUV�� GLH� VLFK� �EHU� PHKUHUH� 6WXQGHQ� KLQ]LHKHQ� NDQQ�� 'HU� 7UDQVSRUW�'HOD\�
%ORFN�VSLHJHOW�GLH�9HU]|JHUXQJV]HLW�GXUFK�GLH�$�'�:DQGOXQJ�XQG�GHQ�'DWHQWUDQVSRUW�
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ZLHGHU�� 'HU� =HUR�2UGHU�+ROG�%ORFN� VLPXOLHUW� GDV� $EWDVWHQ� GXUFK� GHQ� $�'�:DQGOHU�
PLW� GHU� $EWDVWIUHTXHQ]� GHV� 5HJHOV\VWHPV�� 'HU� 6lWWLJXQJVEORFN� VLPXOLHUW� GHQ� EH�
VFKUlQNWHQ�0HVVEHUHLFK�GHV�6HQVRUV��GHU�HQWZHGHU�GXUFK�GLH�6HQVRUEDXDUW�RGHU�GXUFK�
GHQ� :HUWHEHUHLFK� GHV� $�'�:DQGOHUV� EHVWLPPW� ZLUG�� 0LW� GHP� =HLWVWHPSHO� ZLUG� GHU�
=HLWSXQNW�GHU�0HVVZHUWDXIQDKPH�IHVWJHKDOWHQ��GLHV� LVW�I�U�HLQH�]HLWJHQDXH�6\QFKURQL�
VDWLRQ�PLW�DQGHUHQ�6HQVRUHQ�QRWZHQGLJ��

'LH�JHVDPWH�6\VWHPEHVFKUHLEXQJ�HUJLEW�VLFK�PLW�GHQ�%H]HLFKQHUQ�DXV�%LOG�������XQG�
������]X��
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ZREHL�LQ�$
V\V
�EHUHLWV�GHU�'HOD\�EHU�FNVLFKWLJW�ZLUG��

,Q�%LOG�������LVW�GDV�VLPXOLHUWH�$XVJDQJVVLJQDO�HLQHV�6HQVRUV�EHL�NRQVWDQWHU�$QUHJXQJ�
]X�VHKHQ��'LH�=HLWNRQVWDQWH�GHU�6HQVRUGULIW�LVW����6HNXQGHQ��

������ 'LVNUHWHU�]\NOLVFKHU�6HQVRU�
'LHVH� $UW� YRQ� 6HQVRUHQ� ]HLFKQHW� VLFK� GDGXUFK� DXV�� GDVV� VLH� HLQH� HLJHQH� $EWDVWUDWH�
YRUJHEHQ�XQG�PLW�GLHVHU� ]\NOLVFK�0HVVZHUWH� ]XU�9HUI�JXQJ�VWHOOHQ��'LHVH�(LJHQVFKDIW�
KDEHQ� HQWZHGHU� 6HQVRUHQ� PLW� GLJLWDOHP� ,QWHUIDFH� ZLH� ]�� %�� 6LJPD�'HOWD�:DQGOHU�
DXVJlQJH�RGHU�6HQVRUHQ��GLH�HLQHQ�0LNURFRQWUROOHU�ÅRQ�ERDUG´�KDEHQ��'LH�0HVVZHUWH�
N|QQHQ�ZLHGHU�5RKGDWHQ��DEHU�DXFK�EHUHLWV�PLW�HLQIDFKHQ�$OJRULWKPHQ�YRUYHUDUEHLWHWH�
'DWHQ�VHLQ��]��%��6NDOLHUXQJ��.DOLEULHUXQJ���$OV�%HLVSLHO�I�U�HLQHQ�VROFKHQ�6HQVRU�NDQQ�
GHU� WULD[LDOH�%HVFKOHXQLJXQJVVHQVRU�GHV�)RUVFKXQJV]HQWUXPV�.DUOVUXKH� >���@�PLW�VHL�
QHQ���RQ�ERDUG�6LJPD�'HOWD�:DQGOHUQ�JHQDQQW�ZHUGHQ��=XU�'H]LPLHUXQJ�GHU�KRKHQ�
$EWDVWUDWH� �����IDFKH�hEHUDEWDVWXQJ��XQG�]XU�(UK|KXQJ�GHU�*HQDXLJNHLW�ZLUG�HLQ�LQ�
HLQHP�)3*$� LPSOHPHQWLHUWHV� GLJLWDOHV� )LOWHU� HLQJHVHW]W��GDV�GDQQ�GLH�HQGJ�OWLJH�$E�
WDVWUDWH� YRUJLEW�� (LQH� (UZHLWHUXQJ� GLHVHV� GLJLWDOHQ� )LOWHUV� PLW� 9RUYHUDUEHLWXQJV�
$OJRULWKPHQ�ZLH�(LFKXQJ�XQG�2IIVHW�5HGXNWLRQ�ZlUHQ�P|JOLFK��

%LOG� ������ VWHOOW� DXFK� I�U� GLHVHQ� 6HQVRUW\S� GDV� 6LPXODWLRQVPRGHOO� GDU�� 'HU� HLQ]LJH�
8QWHUVFKLHG�]XP�DQDORJHQ�6HQVRU� LVW��GDVV�GDV�/7,�6\VWHP� MHW]W� LQ�HLQHU�]HLWGLVNUHWHQ�
=XVWDQGVGDUVWHOOXQJ�YRUOLHJHQ�PXVV�XQG�GDV�+DOWHJOLHG�PLW�GHU�$EWDVWUDWH�GHV�6HQVRUV�
XQG� QLFKW� PLW� GHU� GHV� 5HJHOV\VWHPV� EHWULHEHQ� ZLUG�� -H� QDFK� *UDG� GHU� 0HVVZHUW�
9RUYHUDUEHLWXQJ�N|QQHQ�6W|UTXHOOHQ�ZLH�'ULIW�RGHU�2IIVHW�ZHJJHODVVHQ�ZHUGHQ��

'LH� JHVDPWH� 6\VWHPEHVFKUHLEXQJ� HUJLEW� VLFK� GDQQ� HEHQIDOOV� ]X� �������ZREHL� GLH� JH�
QDQQWHQ�8QWHUVFKLHGH�]XP�DQDORJHQ�6HQVRU�]X�EHDFKWHQ�VLQG��
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������ 'LVNUHWHU�DV\QFKURQHU�6HQVRU�
'LHVH� $UW� YRQ� 6HQVRUHQ� LVW� GDGXUFK� FKDUDNWHULVLHUW�� GDVV� GHU� ]HLWOLFKH� $EVWDQG� GHU�
0HVVZHUWH� QLFKW� NRQVWDQW� LVW�� MHGRFK� HLQ�PLQLPDOHU� $EVWDQG� H[LVWLHUW�� (V� KDQGHOW� VLFK�
KLHUEHL�XP�NRPSOH[H�6HQVRUHQ�PLW�HLQHU�LQWHOOLJHQWHQ�6HQVRUGDWHQYRUYHUDUEHLWXQJ��ZLH�
]�� %�� &&'�.DPHUD� PLW� %LOGYHUDUEHLWXQJ�� $XIJUXQG� GHU� DXIZHQGLJHQ� 'DWHQYRUYHU�
DUEHLWXQJ�� GLH� DXI� HLQHP� HLJHQHQ� 0LNURSUR]HVVRUV\VWHP� GXUFKJHI�KUW� ZLUG�� WUHWHQ�
JUR�H� 7RW]HLWHQ� DXI�� MHGRFK� ZHUGHQ� 6W|UXQJHQ� ZLH� 'ULIW�� XQG�2IIVHWIHKOHU� DXVJHJOL�
FKHQ��'LH�$V\QFKURQL]LWlW�GHU�0HVVGDWHQ�HUJLEW�VLFK�GXUFK�GLH�$EKlQJLJNHLW�GHU�9HUDU�
EHLWXQJV]HLW�GHU�9RUYHUDUEHLWXQJ�YRQ�GHQ�6HQVRUZHUWHQ��=XGHP�LVW�GDGXUFK�GDQQ�GDV�
0HVVUDXVFKHQ�DEKlQJLJ�YRQ�GHU�9HUDUEHLWXQJV]HLW��

1LPPW� PDQ� GDV� %HLVSLHO� &&'�.DPHUD� XQG� %LOGYHUDUEHLWXQJ�� ZHUGHQ� GLHVH� (LJHQ�
VFKDIWHQ�GHXWOLFKHU��'LH�%LOGYHUDUEHLWXQJ��ZLH�GLH�.DQWHQH[WUDNWLRQ�QDFK�>��@�E]Z��GDV�
7HPSODWH�0DWFKLQJ�QDFK� >��@�� LVW� VHKU�VWDUN�DEKlQJLJ�YRP�%LOGLQKDOW�XQG�HV�H[LVWLHUW�
HLQH�0LQGHVWYHUDUEHLWXQJV]HLW� �]�%��%LOGHLQ]XJ��2SHUDWRUHQ�DQJHZDQGW�DXI�GDV�JDQ]H�
%LOG���'HU�YDULDEOH�%HLWUDJ�HUJLEW�VLFK�GXUFK�GLH�6HJPHQWLHUXQJ�XQG�=XVDPPHQIDVVXQJ�
GHU�.DQWHQ�>��@��
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time stamp 
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%LOG���������DV\QFKURQHU�GLVNUHWHU�6HQVRU�

(UKlOW� PDQ� GLH� (UJHEQLVVH� VFKRQ� NXU]� QDFK� GHU�0LQGHVWYHUDUEHLWXQJV]HLW�� VR� LVW� GHU�
%LOGLQKDOW� QLFKW� VHKU� DXVVDJHNUlIWLJ� XQG� GLH� EHUHFKQHWHQ� (UJHEQLVVH� VLQG� XQJHQDX��
:LUG�GLH�EHQ|WLJWH�9HUDUEHLWXQJV]HLW�JU|�HU��VR�VWHLJW�DXFK�GLH�4XDOLWlW�GHU�(UJHEQLV�
VH�� )�KUW� PDQ� DEHU� ZLH� LQ� >��@� ZHJHQ� (FKW]HLWHLJHQVFKDIWHQ� HLQH� 2EHUJUHQ]H� GHU�
9HUDUEHLWXQJV]HLW� HLQ�� EHL� GHUHQ� hEHUVFKUHLWXQJ� GDV� 9HUIDKUHQ� DEJHEURFKHQ� ZLUG��
VLQNW�GLH�4XDOLWlW�GHU�(UJHEQLVVH�ZLHGHU��
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1

scale

ling

lin gain

expt

exp trans

-K-

exp gain

>=

Relational
Operator

Product

max

MinMax1

eu

Math
Function

Tdmin

Tdmax

1

1

delay

�

%LOG���������9HUDUEHLWXQJV]HLW�DEKlQJLJH�5DXVFKJHZLFKWXQJ�

,P� 6LPXODWLRQVPRGHOO� GLHVHV� 6HQVRUW\SV� �%LOG� ������� ZHUGHQ� GLHVH� 8QJHQDXLJNHLWHQ�
GXUFK� 6NDOLHUXQJ� GHV� 0HVVUDXVFKHQV� LQ� $EKlQJLJNHLW� YRQ� GHU� EHQ|WLJWHQ� 9HUDUEHL�
WXQJV]HLW�EHU�FNVLFKWLJW��'LH�6NDOLHUXQJ�GHV�0HVVUDXVFKHQV��EHUQLPPW�GDEHL�GHU�Å9HU�
DUEHLWXQJV]HLW�DEKlQJLJH�5DXVFKJHZLFKWXQJV´�%ORFN��GHVVHQ�6WUXNWXU� LQ�%LOG�������]X�
VHKHQ�LVW��(LQH�P|JOLFKH�5DXVFKJHZLFKWXQJ��GLH�PLW�GLHVHP�%ORFN�JHQHULHUW�ZLUG��LVW�LQ�
%LOG�������GDUJHVWHOOW��
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%LOG���������9HUDUEHLWXQJV]HLW�DEKlQJLJH�5DXVFKJHZLFKWXQJ��%HLVSLHO��

'LH� 6HQVRU�EHUWUDJXQJVIXQNWLRQ� NDQQ� ZLHGHU� PLW� HLQHP� ]HLWGLVNUHWHQ� /7,�6\VWHP� LQ�
=XVWDQGVEHVFKUHLEXQJ�DQJHJHEHQ�ZHUGHQ��DEHU� LP�+LQEOLFN�DXI�GLH� LQWHOOLJHQWH�6HQ�
VRUYRUYHUDUEHLWXQJ�NDQQ�GLHVH�PHLVW�JOHLFK�Å1´�]X�VHW]HQ�VHLQ��'LH�NRQVWDQWH�0LQGHVW�
YHUDUEHLWXQJV]HLW� ZLUG� GXUFK� GHQ� 'HOD\�%ORFN� QDFKJHELOGHW�� 'LH� DGGLWLYH�� YDULDEOH�
QRUPDOYHUWHLOWH� 9HUDUEHLWXQJV]HLW� �I�U� %LOGYHUDUEHLWXQJ� VLHKH� ]�%�� >��@�� ZLUG�PLW� GHP�
Å5DQGRP�'HOD\´�%ORFN� HU]HXJW� XQG� GLH�0HVVZHUWH� �]�%�� %LOGYHUDUEHLWXQJVHUJHEQLVVH��
GHPHQWVSUHFKHQG� LP� Å+DOWHJOLHG� ��2UGQXQJ� PLW� YDULDEOHU� $EWDVW]HLW´�%ORFN� �%LOG�
�������YHU]|JHUW�DEJHWDVWHW�XQG�JHKDOWHQ��'LHVHU�%ORFN�JHQHULHUW�DXFK�GHQ�QDFK�DX�HQ�
JHI�KUWHQ� =HLWVWHPSHO� XQG� HUODXEW� GLH� $QJDEH� HLQHU� 9HUDUEHLWXQJV]HLW�2EHUJUHQ]H��
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:LUG� HLQH� 9HUDUEHLWXQJV]HLW� JU|�HU� GHP� PD[LPDOHQ� :HUW� HLQJHVSHLVW�� VR� ZLUG� GHU�
0HVVZHUW� PLW� GHU� PD[LPDOHQ� 9HUDUEHLWXQJV]HLW� DEJHWDVWHW�� MHGRFK� GHU� HLQJHVSHLVWH�
:HUW�I�U�GLH�6NDOLHUXQJ�GHV�0HVVUDXVFKHQV�YHUZHQGHW��8QJHQDXLJNHLWHQ��GLH�GXUFK�GLH�
=DKOHQGDUVWHOOXQJ�YHUXUVDFKW�ZHUGHQ��N|QQHQ�ZLHGHU�PLW�������EHU�FNVLFKWLJW�ZHUGHQ��

3

time stamp
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virt. delay
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Clock

2

Delay

1

In

�

%LOG���������+DOWHJOLHG���2UGQXQJ�PLW�YDULDEOHU�$EWDVW]HLW�

,Q� %LOG� ������ LVW� EHLVSLHOKDIW� GDV� 6LPXODWLRQVHUJHEQLV� I�U� GLH� DV\QFKURQH� $EWDVWXQJ�
HLQHV� ����+]� 6LJQDOV�PLW� ���V�PLQLPDOHU� XQG����V�PD[LPDOHU� 9HUDUEHLWXQJV]HLW� XQG�
HLQHP�0LWWHOZHUW�YRQ����V�GDUJHVWHOOW��

1 2 3 4 5 6 7 8 9
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1

t in sec �

%LOG���������DV\QFKURQH�$EWDVWXQJ�PLW�YDULDEOHU�7RW]HLW�

'LH�=XVWDQGVEHVFKUHLEXQJ�GHV�JHVDPWHQ�6HQVRUPRGHOOV� HUJLEW� VLFK�PLW�GHQ�%H]HLFK�
QHUQ�DXV�%LOG�������XQG�HLJHQHQ�6\VWHPPRGHOOHQ� I�U�GLH�7RW]HLW� �GHOD\��XQG�GHU�*H�
ZLFKWXQJ�GHV�0HVVUDXVFKHQV��QRLVH��]X�
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������ .RQWLQXLHUOLFKHU�DV\QFKURQHU�6HQVRU�
%HL� GLHVHP� 7\S� YRQ� 6HQVRUHQ�KDQGHOW� HV� VLFK�QLFKW� XP�6HQVRUHQ� LP�KHUN|PPOLFKHQ�
6LQQH�� VRQGHUQ�XP�ELQlUH� 6LJQDOH�� GLH� DV\QFKURQ� YRP�5HJHOV\VWHP�ZDKUJHQRPPHQ�
ZHUGHQ� N|QQHQ� XQG� VRIRUW� HLQH� bQGHUXQJ� LP� .RQWUROOIOXVV� EHZLUNHQ�� 'LHVH� 6LJQDOH�
P�VVHQ� VRPLW� QLFKW� V\QFKURQLVLHUW� ZHUGHQ� XQG� HUIRUGHUQ� GHVKDOE� DXFK� NHLQHQ� =HLW�
VWHPSHO��

(V�ZHUGHQ�LP�IROJHQGHQ�]ZHL�YHUVFKLHGHQH�$UWHQ�GLHVHU�6LJQDOH�XQWHUVFKLHGHQ��

�������� 7ULJJHULPSXOV�
7ULJJHUVLJQDOH� ZHUGHQ� YHUZHQGHW�� XP�0RGL� LP� 5HJHOXQJVV\VWHP� XP]XVFKDOWHQ�� 'HU�
=HLWSXQNW� GLHVHU� 6LJQDOH� LVW� VSH]LIL]LHUW�� NDQQ� DEHU� DXIJUXQG� YRQ� lX�HUHQ� (LQIO�VVHQ�
VWUHXHQ��'HU�7ULJJHU]HLWSXQNW�WW�ZLUG�PLW� W WW= �XQG�PLW�σ

W
�QRUPDOYHUWHLOW�VSH]LIL]LHUW�XQG�

GHU�7ULJJHULPSXOV�PLW�GHP�0RGHOO�YRQ�%LOG�������VLPXOLHUW��

simout 

 

>= 

Relational 
Operator 

Normalverteilter 
Triggerzeitpunkt 
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1 

Integrator 

Ground 
1 

Gain 

Clock 

�

%LOG���������6HQVRUPRGHOO�7ULJJHULPSXOV�

�������� (YHQWV�
(YHQWV�VLQG�(UHLJQLVVH��GLH�]X�]XIlOOLJHQ�QLFKW�YRUKHUVHKEDUHQ�=HLWHQ�VWDWWILQGHQ�XQG�]X�
HLQHU�$XVQDKPHEHKDQGOXQJ� I�KUHQ��$OV�%HLVSLHO�ZlUHQ�KLHU�*UHQ]ZHUW�EHUVFKUHLWXQJ�
RGHU�.RPSRQHQWHQDXVIlOOH�]X�QHQQHQ��

(UHLJQLVVH�� GLH� ]X� ]XIlOOLJHQ� =HLWHQ� HLQWUHWHQ� N|QQHQ�� XQWHUOLHJHQ� GHU� 3RLVVRQ�
9HUWHLOXQJ�� 'LH� :DKUVFKHLQOLFKNHLWVGLFKWH�)XQNWLRQ� GHU� 3RLVVRQ�9HUWHLOXQJ� LVW� LQ� >��@�
GHILQLHUW�DOV�

\ I [
[
H

[

= = −( | )
!

;λ
λ λ �� � � � � � � � � ������

ZREHL�λ�GLH�$Q]DKO�GHU�(YHQWV�SUR�=HLWHLQKHLW�EH]RJHQ�DXI�GLH�$EWDVWUDWH�]X�
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λ =
⋅HYHQWV 7D

7
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DQJLEW��

,P� 6LPXODWLRQPRGHOO� �%LOG� �������� ZLUG� LQ� MHGHP�$EWDVWVFKULWW� GHV� 5HJHOV\VWHPV� HLQH�
=XIDOOV]DKO��GLH�GHU�3RLVVRQ�9HUWHLOXQJ�XQWHUOLHJW��PLW�GHP�JHJHEHQHQ�/DPEGD�JHQH�
ULHUW��,VW�GLHVH�=DKO�JU|�HU�DOV�1XOO��VR�WULWW�LQ�GLHVHP�$EWDVWVFKULWW�HLQ�(UHLJQLV�HLQ���

1

Event

>

Relational
Operator

MATLAB
Function

Poisson-Verteilung gain

Gain

evt

Events pro Abtastrate

0

Constant

�

%LOG����������6HQVRUPRGHOO�(YHQW�

,Q� %LOG� ������� LVW� HLQH� )ROJH� YRQ� VLPXOLHUWHQ� ]XIlOOLJHQ� 3RLVVRQ� YHUWHLOWHQ� (UHLJQLVVHQ�
PLW�VSH]LIL]LHUWHQ�]ZHL�(UHLJQLVVHQ�SUR�6HNXQGH�]X�VHKHQ��

0 1 2 3 4 5 6 7 8 9 10
0

1

t in sec

E
ve

nt
s

�

%LOG����������]XIlOOLJH�(YHQWV�

������0RGHOOLGHQWLILNDWLRQ�
'LH�%HVWLPPXQJ�GHU�0RGHOOSDUDPHWHU�NDQQ�HQWZHGHU�DXV�GHU�6HQVRUVSH]LILNDWLRQ�]�%��
>���@�RGHU�DXV�H[SHULPHQWHOOHQ�0HVVGDWHQ�JHVFKHKHQ��$P�VFKZLHULJVWHQ�JHVWDOWHW�VLFK�
EHL� OHW]WHUHU� 0HWKRGH� GLH� ,GHQWLILNDWLRQ� GHU� hEHUWUDJXQJVIXQNWLRQ� GHV� 6HQVRUV�� +LHU�
P�VVHQ�GDQQ�6\VWHP�,GHQWLILNDWLRQVYHUIDKUHQ�]�%��QDFK�>��@�XQG�7RROV�ZLH�GLH�6\VWHP�
,GHQWLILFDWLRQ� 7RROER[� YRQ�0DW/DE� >��@� HLQJHVHW]W� ZHUGHQ��'LH�'ULIW� NDQQ� QDFK� >��@�
HLQIDFK� �DXFK�JUDILVFK��DXV�GHQ�H[SHULPHQWHOOHQ�'DWHQ�HUPLWWHOW�ZHUGHQ�� LQGHP�PDQ�
GLH�6HQVRUZHUWH�EHL�QLFKW�DQJHUHJWHP�6HQVRU��EHU�HLQHQ�OlQJHUHQ�=HLWUDXP�DXI]HLFK�
QHW��'HU�2IIVHW�NDQQ��QDFKGHP�GLH�'ULIW�DEJHNOXQJHQ� LVW� �PHLVW�QDFK�GHP�(UUHLFKHQ�
GHU�%HWULHEVWHPSHUDWXU���HEHQVR�EHVWLPPW�ZHUGHQ��'DV�0HVVUDXVFKHQ�HUJLEW�VLFK�GDQQ�
DXV�GHQ�$EZHLFKXQJHQ�]XP�EHVWLPPWHQ�2IIVHW��
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� ���

'LH�7RW]HLW�NDQQ�HQWZHGHU�PLW�GHU�.UHX]NRUUHODWLRQ�]ZLVFKHQ�5HIHUHQ]GDWHQ�XQG�0HVV�
GDWHQ�RGHU�PLWWHOV�HLQHU� VHSDUDWHQ�KRFKJHQDXHQ�.DOLEULHUPHVVXQJ�PLW� /RJLFDQDO\]HU�
XQG�2V]LOORVNRS�EHVWLPPW�ZHUGHQ��

����9RUYHUDUEHLWXQJ�

,Q�GLHVHP�$EVFKQLWW�ZLUG�QlKHU�DXI�GLH�9HUDUEHLWXQJ�GHU�6HQVRUGDWHQ�YRU�GHU�)XVLRQ�
HLQJHJDQJHQ��+LHU]X� ]lKOW� MHGRFK� QLFKW� GLH� RQ�FKLS� RGHU� RQ�VHQVRU� 9RUYHUDUEHLWXQJ�
GHU�6HQVRUW\SHQ���XQG����DXFK�ZHQQ�HV�VLFK�KLHUEHL�XP�lKQOLFKH��HYWO��DXFK�DXVJHOD�
JHUWH��$OJRULWKPHQ�KDQGHOW��GD�GLHVH�EHUHLWV�LP�6HQVRUPRGHOO��VLHKH�������XQG��������
EHU�FNVLFKWLJW�ZHUGHQ��'LH�9RUYHUDUEHLWXQJ�DXI�GHU�5HJHOXQJVHLQKHLW�LVW�QRWZHQGLJ�]XU�

- .DOLEULHUXQJ�GHV�'$�:DQGOHUV�PLW�
%LWV'$1XOOSXQNW

FK:HUWHEHUHL
]]] _

*

2
)( ⋅−= �

- .RRUGLQDWHQWUDQVIRUPDWLRQ� GHU� 6HQVRUZHUWH� LQ� GDV� 5HJHOXQJVNRRUGLQDWHQV\V�
WHP�

- .RUUHNWXU�YRQ�QLFKW�G\QDPLVFKHQ�V\VWHPDWLVFKHQ�)HKOHUQ��.DOLEULHUXQJ�GHV�6HQ�
VRUV��� ZLH� ]�� %�� /LQVHQIHKOHUNRUUHNWXU� QDFK� >��@� RGHU� 0RQWDJHIHKOHUNRUUHNWXU�
QDFK�>���@�

- .RUUHNWXU�YRQ�YHUlQGHUOLFKHQ�RGHU�XQEHNDQQWHQ�V\VWHPDWLVFKHQ�)HKOHUQ�ZLH�$O�
WHUXQJVHIIHNWH�XQG�XQEHNDQQWHQ�$QIDQJV]XVWlQGHQ�

- $QSDVVXQJ�GHU�SK\VLNDOLVFKHQ�(LQKHLWHQ�GXUFK�,QWHJUDWLRQ�RGHU�'LIIHUHQWLDWLRQ��
,Q� PDQFKHQ� )lOOHQ� NDQQ� HV� YRUNRPPHQ�� GDVV� GDV� JHZ�QVFKWH� 6LJQDO� RKQH�
JU|�HUHQ� $XIZDQG� QLFKW� GLUHNW� RGHU� QLFKW� PLW� DXVUHLFKHQGHU� *�WH� JHPHVVHQ�
ZHUGHQ� NDQQ�� GDV� LQWHJULHUWH�RGHU�GLIIHUHQ]LHUWH� 6LJQDO� MHGRFK� VFKRQ��$OV�%HL�
VSLHO� NDQQ� GLH�0HVVXQJ� GHU� %HVFKOHXQLJXQJ� DQVWDWW� GHU� 3RVLWLRQ� I�U� HLQ� LQHU�
WLDOHV� 1DYLJDWLRQVV\VWHP� RGHU� GLH�0HVVXQJ� GHU� 5RERWHUJHOHQNSRVLWLRQ� DQVWDWW�
GHU�*HOHQNJHVFKZLQGLJNHLW�DQJHI�KUW�ZHUGHQ��

'LH�HUVWHQ�GUHL�3XQNWH�VWHOOHQ�NHLQH�9HUlQGHUXQJ�GHU�G\QDPLVFKHQ�(LJHQVFKDIWHQ�GHU�
6WUHFNH�GDU��VR�GDVV�HLQH�JHQDXHUH�%HWUDFKWXQJ�LP�5DKPHQ�GLHVHU�$UEHLW�XQWHUEOHLEW��
=XGHP�N|QQHQ�I�U�GLHVH�3XQNWH�6WDQGDUGYHUIDKUHQ�DQJHZDQGW�ZHUGHQ��,P�IROJHQGHQ�
ZHUGHQ�9HUIDKUHQ�YRUJHVWHOOW��GLH�]XU�%HZlOWLJXQJ�GHU�OHW]WHQ�EHLGHQ�3XQNWH�YHUZHQGHW�
ZHUGHQ�N|QQHQ��

������ 2IIVHWXQWHUGU�FNXQJ�
*HJHEHQ� VHL� GHU� 6HQVRUZHUW� ]�� GHU�PLW� HLQHP�DGGLWLYHQ�� QRUPDO� YHUWHLOWHQ� 5DXVFKHQ�
Q�W�� XQG�HLQHP�2IIVHW�RII��EHUODJHUW� LVW��=LHO�GLHVHU�9HUIDKUHQ� LVW�HV��GHQ�XQJHVW|UWHQ�
6HQVRUZHUW� ]̂ �]X�EHVWLPPHQ��,Q�������LVW�GLHVHU�=XVDPPHQKDQJ�GDUJHVWHOOW��

);(ˆ WQRII]] ++= � � � � � � � � � � ������
8P� DXFK� �EHU� ODQJH� =HLW� VLFK� YHUlQGHUQGH� 2IIVHWV� DXVJOHLFKHQ� ]X� N|QQHQ�� ZLUG�

V7PLWWRIIRII 1)( >>= �DQJHQRPPHQ��
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�������� +RFKSDVVILOWHUXQJ�
:LH�EHUHLWV�XQWHU�����HUZlKQW��ZLUG�LQ�>��@�XQG�>�@�]XU�8QWHUGU�FNXQJ�GHV�2IIVHWV�HLQ�
GLJLWDOHU�+RFKSDVV�YRUJHVFKODJHQ��,Q�GHU�5HDOLWlW�VWHOOW�GLH�:DKO�GHV�)LOWHUW\SV�XQG�GHU�
)LOWHUSDUDPHWHU� HLQ� 2SWLPLHUXQJVSUREOHP� PLW� ]ZHL� K\SRWKHWLVFKHQ� JHJHQVlW]OLFKHQ�
)RUGHUXQJHQ�GDU���

��� XQHQGOLFKH�'lPSIXQJ�GHV�2IIVHWV�EHL��+]�

��� NHLQH�'lPSIXQJ�XQG�3KDVHQYHUVFKLHEXQJ�GHV�1XW]VLJQDOV�

'LH�JHIXQGHQHQ�)LOWHUSDUDPHWHU�XQG�)LOWHUW\SHQ�ZHUGHQ�LPPHU�HLQHQ�VFKOHFKWHQ�.RP�
SURPLVV�GHU�EHLGHQ�)RUGHUXQJHQ�GDUVWHOOHQ��GHQQ�NHLQH�GHU�)RUGHUXQJHQ�NDQQ� MH�]X�
�����HUI�OOW�ZHUGHQ���

,Q� >��@�ZLUG� I�U�GDV�$QZHQGXQJVEHLVSLHO�DXV�.DSLWHO���HLQ�%XWWHUZRUWK�)LOWHU����2UG�
QXQJ�DOV�JHHLJQHWVWHU�)LOWHUW\S�YRUJHVFKODJHQ��VR�GDVV�I�U�GHQ�9HUJOHLFK�GHU�9HUIDKUHQ�

GLHVHU�)LOWHUW\S�PLW�HLQHU�(FNIUHTXHQ]�YRQ�
+]

+]
I
I

D
2000

10 = �YHUZHQGHW�ZLUG�� ,Q�%LOG�������

LVW� GDV� %RGH�'LDJUDPP�GLHVHV� )LOWHUV� GDUJHVWHOOW��0DQ� NDQQ�GLH�HQGOLFKH�'lPSIXQJ�
EHL��+]�VRZLH�GLH�HQRUPH�3KDVHQYHUVFKLHEXQJ� LP�1XW]VLJQDOEHUHLFK�VHKU�JXW�HUNHQ�
QHQ��(LQH�3KDVHQNRUUHNWXU�GXUFK�HLQHQ�$OOSDVVILOWHU��ZLH�HEHQIDOOV� LQ� >��@�YRUJHVFKOD�
JHQ��OlVVW�VLFK�LPPHU�QXU�I�U�HLQH�)UHTXHQ]�HUUHLFKHQ���
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%LOG���������%RGH�'LDJUDPP�%XWWHUZRUWK�,,5�+RFKSDVV����2UGQXQJ�

�������� *HIHQVWHUWHU�0LWWHOZHUW�
'LH�2IIVHWNRUUHNWXU� EHL� GLHVHP�9HUIDKUHQ� HUIROJW� GXUFK� 6XEWUDKLHUHQ� GHV�:HUWHV� GHU�
GLVNUHWHQ� )RXULHU�7UDQVIRUPDWLRQ� �')7�� EHL� �+]�� GHU� GHP� 0LWWHOZHUW� �EHU� GDV� ')7�
)HQVWHU� HQWVSULFKW�� 'LH� /lQJH� GHV� ')7�)HQVWHUV�� G�� K�� GLH� $Q]DKO� GHU� YHUJDQJHQHQ�
0HVVZHUWH�1��GLH�]XU�0LWWHOZHUWELOGXQJ�KHUDQJH]RJHQ�ZHUGHQ��EHVWLPPW�GLH�VSHNWUDOH�

$XIO|VXQJ�∆I I
1

D= �GHU�')7���

'HU�2IIVHW�HUJLEW�VLFK�LP�N�WHQ�6FKULWW�GDQQ�]X�
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XQG�NDQQ�QDFK�1�0HVVZHUWHQ�YHUHLQIDFKW�ZLH�IROJW�EHUHFKQHW�ZHUGHQ��

;1 1
]]

RIIRII 1NN

NN

−
−

−+= � � � � � � � � ��������������

)�U�GHQ�9HUJOHLFK�GHU�9HUIDKUHQ�ZXUGH�HLQH�VSHNWUDOH�$XIO|VXQJ�YRQ��+]�YHUZHQGHW��
ZDV� EHL� HLQHU� $EWDVWUDWH� YRQ� I

D
 ����+]� HLQHU� 'DWHQSXIIHUOlQJH� YRQ� �����:HUWHQ�

HQWVSULFKW��

%HL� UHDOHQ� $QZHQGXQJHQ� �VLHKH� .DSLWHO� ��� EHGLQJW� GLH� EHJUHQ]WH� 'DWHQSXIIHUOlQJH�
6FKZDQNXQJHQ�GHV�EHVWLPPWHQ�2IIVHWV��8P�GDQQ�DXFK�JXWH�(UJHEQLVVH�]X�HUKDOWHQ��
NDQQ�GDV�9HUIDKUHQ�LQ�HLQHU�HUZHLWHUWHQ�9DULDQWH�YHUZHQGHW�ZHUGHQ��VLHKH�>��@���'DEHL�
ZLUG�HLQH�0LWWHOXQJ�GHU�PD[LPDOHQ�$EZHLFKXQJHQ�GHU� UHVXOWLHUHQGHQ�6FKZDQNXQJHQ�
GHV�2IIVHWV�ZLH�IROJW�GXUFKJHI�KUW���

;
2

))0(),...,0(max())0(),...,0(min( 11 +]')7+]')7+]')7+]')7
RII NN

N

+= � ���������������

'LH�MHZHLOLJH�$QZHQGXQJ�GHU�2IIVHWXQWHUGU�FNXQJ�NDQQ�HV�HUIRUGHUQ��GDVV�GHU�2IIVHW�

ZlKUHQG� GHU� ,QLWLDOLVLHUXQJVSKDVH� �
D
I
1> �� EHVWLPPW� XQG� GDQQ� IHVWJHKDOWHQ� ZLUG�� GD�

]��%��EHL�)�KUXQJVVSU�QJHQ�GHU�EHVWLPPWH�2IIVHW�GXUFK�GHQ�JHZ�QVFKWHQ�2IIVHW�YHU�
IlOVFKW�Z�UGH��

�������� 6XN]HVVLYHU�0LWWHOZHUW��JOHLWHQGHU�0LWWHOZHUW��
'LH�HLQIDFKVWH�%HVWLPPXQJ�HLQHV�2IIVHWV�NDQQ�GXUFK�GLH�%HUHFKQXQJ�GHV�0LWWHOZHUWV�
�EHU�DOOH�PRPHPWDQ�]XU�9HUI�JXQJ�VWHKHQGHQ�0HVVZHUWH�HUIROJHQ��,Q�'DWHQ�JHWULHEH�
QHQ�$QZHQGXQJHQ�HUIROJW�GLH�%HUHFKQXQJ�GHV�0LWWHOZHUWV�VXN]HVVLYH�PLW�

;)1(1 N]NPP
NNN

⋅+−⋅= − � � � � � � � � ���������������

'LHV�HQWVSULFKW�HLQHP�7LHISDVV���2UGQXQJ��

�������� 2IIVHW�%HREDFKWHU�
'HU�2IIVHW�%HREDFKWHU�VFKlW]W�PLW�GHP�6WUHFNHQPRGHOO�XQG�GHU�6WHXHUJU|�H�GHQ�RII�
VHW��XQG�VW|UXQJVIUHLHQ�6HQVRUZHUW��'HU�LQWHJULHUWH�XQG�PLW�GHU�%HREDFKWHUYHUVWlUNXQJ�
JHZLFKWHWH�6FKlW]IHKOHU�VWHOOW�GHQ�6FKlW]ZHUW�GHV�JHVXFKWHQ�2IIVHWV�GDU��'DV�%ORFN�
VFKDOWELOG�GHV�2IIVHW�%HREDFKWHUV�LVW�LQ�%LOG�������]X�VHKHQ���

*HJHEHQ�VHL�HLQH�6WUHFNH�LQ�=XVWDQGVGDUVWHOOXQJ�]X�

;ˆˆ

;ˆˆ

[&]

X%[$[
7 ⋅=

⋅+⋅=�
� � � � � � � � � ��������������

'LH�%HREDFKWHU�*OHLFKXQJ�HUJLEW�VLFK�PLW�GHU�%HREDFKWHU�9HUVWlUNXQJ�N�]X�
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XQG�KDW� I�U�DOOH� 0>N �HLQHQ�VWDELOHQ�3RO�EHL�±N� LP�]HLWNRQWLQXLHUOLFKHQ�E]Z��
N
N

+
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1

1
� LP�

]HLWGLVNUHWHQ�� 'LH�:DKO� YRQ� N� ZLUNW� VLFK� QXU� DXI� GLH�'DXHU� GHV� (LQVFKZLQJYRUJDQJV�
DXV��)�U�GHQ�9HUJOHLFK�ZXUGH�HLQ�:HUW�YRQ�N ����JHZlKOW��

'HU�EHREDFKWHWH�2IIVHW�HUJLEW�VLFK�]X� ε⋅= NIRIˆ ��0LW��������XQG��������HUJHEHQ�VLFK�GLH�
6\VWHPJOHLFKXQJHQ�]X�
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%LOG���������2IIVHW�%HREDFKWHU�

,P�VWDWLVFKHQ�)DOO�� 0=ε� EHL� ∞→W ��HUJLEW�VLFK�PLW�������]X�

);(ˆˆˆˆ WQRII]]]]IRI ++−=−= � � � � � � � ���������������

�������� (UJHEQLVVH�XQG�9HUJOHLFK��
=XP�9HUJOHLFK�GHU�9HUIDKUHQ�ZXUGH�HLQ� YHUUDXVFKWHV�RIIVHWEHKDIWHWHV�6LQXVVLJQDO�PLW�
YHUVFKLHGHQHQ� )UHTXHQ]HQ� GHQ� HLQ]HOQHQ� %O|FNHQ� ]XJHI�KUW��'DV� YHUDUEHLWHWH� 6LJQDO�
ZLUG�PLW�GHP�XQJHVW|UWHQ�RIIVHWIUHLHQ�5HIHUHQ]VLJQDO�YHUJOLFKHQ��,Q�%LOG�������OLQNV�LVW�
GLH�PD[LPDOH�UHODWLYH�$EZHLFKXQJ�YRP�5HIHUHQ]VLJQDO�LQ�$EKlQJLJNHLW�YRQ�GHU�6LJQDO�
IUHTXHQ]� ]X� VHKHQ��$XI� GHU� UHFKWHQ� 6HLWH� LVW�GHU� LP�$XVJDQJVVLJQDO�QRFK�HQWKDOWHQH�
2IIVHW�LQ�$EKlQJLJNHLW�YRQ�GHU�)UHTXHQ]�]X�VHKHQ��'HU�HLQJHVSHLVWH�2IIVHW�EHWUXJ������
'LH�KRKH�$EZHLFKXQJ�GHU�+RFKSDVVYDULDQWH� LVW��ZLH� VFKRQ�HUZlKQW��GXUFK�GHQ�3KD�
VHQJDQJ�XQG�$PSOLWXGHQYHUODXI�GHV�)LOWHUV�]X�HUNOlUHQ��$P�EHVWHQ�VFKQHLGHQ�GLH�EHL�
GHQ�QHX�YRUJHVWHOOWHQ�9HUIDKUHQ��2IIVHW�%HREDFKWHU�XQG�JHIHQVWHUWHU�0LWWHOZHUW��DE��,Q�
%LOG�������LVW�GLH�(LQVFKZLQJ]HLW�GHU�9HUIDKUHQ�GDUJHVWHOOW�XQG�DXFK�KLHU�VFKQHLGHQ�GLH�
QHXHQ�9HUIDKUHQ�DP�EHVWHQ�DE��'LH�(LQVFKZLQJ]HLW�GHV�2IIVHW�%HREDFKWHUV�NDQQ�GXUFK�
HLQHQ� K|KHUHQ� 9HUVWlUNXQJVIDNWRU� QRFK� YHUN�U]W� ZHUGHQ��'HU� 5HFKHQDXIZDQG� LVW� MH�
GRFK�EHLP�2IIVHW�%HREDFKWHU�DP�JU|�WHQ��EHLP�JHIHQVWHUWHQ�0LWWHOZHUW�LVW�ZHJHQ�GHU�
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6SHLFKHUXQJ� YRQ� 1� ]XU�FNOLHJHQGHQ� :HUWHQ� GHU� 6SHLFKHUEHGDUI� DP� K|FKVWHQ�� 'LH�
(UJHEQLVVH�VLQG�LQ�7DEHOOH�������]XVDPPHQJHIDVVW��
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%LOG���������(LQVFKZLQJ]HLW�GHU�9HUIDKUHQ�

� 5HFKHQDXIZDQG� (LQVFKZLQJ]HLW� 3KDVHQODJH� 2IIVHWXQWHUGU�FNXQJ�

,,5�%XWWHUZRUWK�+3�
Q ��

��0XOWLSOLNDWLRQHQ�
��$GGLWLRQHQ�

!�����6DPSOHV� VWDUN�YRUHLOHQG� PLWWHO��JHULQJ�EHL�
QLHGULJHQ�)UHTXHQ]HQ�

*HIHQVWHUWHU�
0LWWHOZHUW�

��0XOWLSOLNDWLRQ�
��$GGLWLRQHQ�

��6DPSOH� VHKU�JHULQJ�
QDFKHLOHQG�

VHKU�JUR��

6XN]HVVLYHU�0LWWHO�
ZHUW�

��0XOWLSOLNDWLRQHQ�
��$GGLWLRQHQ�

��6DPSOH� JHULQJ�YRUHLOHQG� JUR��

2IIVHW�%HREDFKWHU� Qò��Q���0XOWLSO��
�Q���$GGLWLRQHQ�

FD������6DPSOHV� VHKU�JHULQJ�
YRUHLOHQG�

VHKU�JUR��

7DEHOOH���������9HUJOHLFK�GHU�2IIVHWXQWHUGU�FNXQJV�9HUIDKUHQ�
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������ 'LIIHUHQWLDWLRQ�

'LH�HUVWH�$EOHLWXQJ�HLQHU�)XQNWLRQ� LVW� LP�=HLWEHUHLFK�GHILQLHUW�]X�
GW
WGJ

WJ
)(

)( =� �E]Z�� LP�

)UHTXHQ]EHUHLFK�]X� ).( I*V ⋅ �

+LHU� ZLUG� EHUHLWV� HLQH� (LJHQVFKDIW� GHXWOLFK�� GLH� LQ� GHU� 6LJQDOYHUDUEHLWXQJ� 3UREOHPH�
EHUHLWHW�� GLH� OLQHDUH� $EKlQJLJNHLW� YRQ� GHU� )UHTXHQ]�� 'LHV� KDW� ]XU� )ROJH�� GDVV� QLH�
GHUIUHTXHQWH�1XW]VLJQDOH�QDFK�GHU�'LIIHUHQWLDWLRQ�LQ�GHQ�YHUVWlUNWHQ�K|KHUIUHTXHQWHQ�
6W|UVLJQDOHQ��5DXVFKHQ��XQWHUJHKHQ��$XV�GLHVHP�*UXQG�ZLUG�HV�LQ�GHU�5HJHOXQJVWHFK�
QLN� YHUPLHGHQ�� 6HQVRUGDWHQ� ]X� GLIIHUHQ]LHUHQ�� RGHU� HV�ZLUG� QDFK�$XVZHJHQ� JHVXFKW�
WURW]�'LIIHUHQWLDWLRQ�YHUZHUWEDUH�6HQVRUGDWHQ�]X�EHNRPPHQ��

�������� 'LIIHUHQ]IXQNWLRQ�
,Q� ]HLWGLVNUHWHQ� 6\VWHPHQ� NDQQ� GLH� ��� $EOHLWXQJ� QLFKW� DQDO\WLVFK� EHUHFKQHW� ZHUGHQ��
VRQGHUQ�PXVV�QXPHULVFK�DQJHQlKHUW�ZHUGHQ��'LH�HLQIDFKVWH�)RUP�VWHOOW�GLH�'LIIHUHQ]�
IXQNWLRQ��

;1*

D

LL

7
]]
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GDU��6LH�LVW�HEHQVR�ZLH�GDV�DQDO\WLVFKH�*HJHQVW�FN�VHKU�UDXVFKDQIlOOLJ��

�������� ,,5��XQG�),5�)LOWHU�
,Q� >��@� XQG� >�@�� ZLH� VFKRQ� LQ� ���� HUZlKQW�� ZHUGHQ� HLQLJH� 9HUIDKUHQ� YRUJHVWHOOW�� ZLH�
PDQ� GHQ� LGHDOHQ� 'LIIHUHQWLDWRU� GXUFK� ,,5�� E]Z�� ),5�)LOWHU� DQQlKHUQ� NDQQ�� ,Q� GLHVHU�
$UEHLW� ZLUG� KLHU� QLFKW� ZHLWHU� GDUDXI� HLQJHJDQJHQ�� (V� ZHUGHQ� OHGLJOLFK� ]ZHL� ,,5�
)LOWHUUHDOLVLHUXQJHQ��HLQH���2UGQXQJ�XQG�HLQH���2UGQXQJ� �VLHKH�7DEHOOH���������DXV�
JHZlKOW��GLH�DQKDQG�GHU�LQ�>��@�HU]LHOWHQ�(UJHEQLVVH�HUIROJVYHUVSUHFKHQG�HUVFKLHQHQ��

)LOWHU����2UGQXQJ��GLII���

3ROH� �������� �������� ���������
������L�

���������
������L�

������� � � �

1XOOVW�� �������� ��������
��������L�

���������
�������L�

�������� ������� � � �

)LOWHU����2UGQXQJ��GLII���

3ROH� �������� ����������
������L�

����������
������L�

���������
������L�

���������
������L�

���������
������L�

���������
������L�

�������

1XOOVW�� �������� ����������
�������

��������
��
������L�

��������
��
������L�

����������
������L�

���������
������L�

���������
������L�

�������

7DEHOOH���������3ROH�XQG�1XOOVWHOOHQ�GHU�,,5�'LIIHUHQWLDWRU�$SSUR[LPDWLRQ�

�������� $GDSWLYHU�),5�)LOWHU�
,Q� >���@� ZLUG� HLQH� LQWHUHVVDQWH� ]HLWNRQWLQXLHUOLFKH� 9DULDQWH� YRUJHVWHOOW�� ZLH� PDQ� PLW�
HLQHP�DGDSWLYHQ�),5�)LOWHU�GHQ�LGHDOHQ�'LIIHUHQWLDWRU�QDFKELOGHQ�NDQQ��,Q�%LOG�������LVW�
GDV�%ORFNVFKDOWELOG�YRQ�GLHVHP�9HUIDKUHQ�]X�VHKHQ��
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'DV�(LQJDQJVVLJQDO�ZLUG�]XHUVW�LQWHJULHUW�XQG�VROO�GDQQ�QDFK�GHU�)LOWHUXQJ�ZLHGHU�GHP�
(LQJDQJVVLJQDO�HQWVSUHFKHQ��'HU�)HKOHU�]ZLVFKHQ�(LQJDQJVVLJQDO�XQG�JHILOWHUWHP�6LJ�
QDO� ZLUG� GD]X� YHUZHQGHW� GHQ� )LOWHU� DQ]XSDVVHQ�� HLQ� $OJRULWKPXV� KLHUI�U� ZLUG� QLFKW�
YRUJHVWHOOW��'LH� VR� ]X� MHGHP�$EWDVWVFKULWW� HUPLWWHOWHQ�)LOWHUNRHIIL]LHQWHQ� �7DSV��ZHUGHQ�
GD]X�YHUZHQGHW�GDV�(LQJDQJVVLJQDO�]X�GLIIHUHQ]LHUHQ���
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%LOG���������%ORFNVFKDOWELOG�DGDSWLYHU�),5�)LOWHU�

$OV� ,QWHJUDWRU� ZLUG� LQ� GLHVHU� ]HLWGLVNUHWHQ� 5HDOLVLHUXQJ� HLQ� )RUZDUG�(XOHU�,QWHJUDWRU�
YHUZHQGHW� XQG� DOV� $GDSWLRQVYHUIDKUHQ�ZHUGHQ� GLH� GUHL� 6WDQGDUGYHUIDKUHQ� GHV�'63�
%ORFNVDW]HV�YRQ�0DW/DE�>��@�HLQJHVHW]W��ZHLWHUH�9HUIDKUHQ�ILQGHQ�VLFK�LQ�>���@��
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PLW�(LQJDQJV�.RYDULDQ]PDWUL[�.��.DOPDQNRHIIL]LHQW�J�XQG�0HVV��XQG�3UR]HVV�
UDXVFK�.RYDULDQ]PDWUL]HQ�40�XQG�43��
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PLW�5�FNI�KUXQJVNRHIIL]LHQW�N��LQYHUVHU�.RUUHODWLRQVPDWUL[�3�XQG�$OWHUXQJVIDNWRU�λ��

�������� (UJHEQLVVH�XQG�9HUJOHLFK�
,Q�%LOG�������OLQNV�LVW�GHU�$PSOLWXGHQJDQJ�UHODWLY�]XP�5HIHUHQ]VLJQDO�GHU�YRUJHVWHOOWHQ�
9HUIDKUHQ� I�U� HLQ� RIIVHWIUHLHV�� YHUUDXVFKWHV�� VLQXVI|UPLJHV� (LQJDQJVVLJQDO� XQG� UHFKWV�
I�U� HLQ� RIIVHWEHKDIWHWHV�� YHUUDXVFKWHV�� VLQXVI|UPLJHV� (LQJDQJVVLJQDO� GDUJHVWHOOW�� 'LH�
HUK|KWH�$EZHLFKXQJ�LP�XQWHUHQ�)UHTXHQ]EHUHLFK�LVW�LQ�GHU�9HUVWlUNXQJ�GHV�5DXVFKHQV�
GXUFK�GDV�'LIIHUHQ]LHUHQ�EHJU�QGHW�� GDV�GLH� HLQ]HOQHQ�9HUIDKUHQ�XQWHUVFKLHGOLFK�JXW�
XQWHUGU�FNHQ�N|QQHQ��(V�LVW�DXFK�]X�VHKHQ��GDVV�GHU�2IIVHW�HLQHQ�VWDUNHQ�(LQIOXVV�DXI�
GLH�DGDSWLYHQ�)LOWHU�PLW�.DOPDQ��XQG�/06�$GDSWLRQ�KDW��VR�GDVV�VLH�LQ�GLHVHP�)DOO�QXU�
QRFK� HLQJHVFKUlQNW� YHUZHQGHW� ZHUGHQ� N|QQHQ��'LH� DGDSWLYHQ� )LOWHU� UHDJLHUHQ� GDI�U�
DEHU�� LP�*HJHQVDW]� ]X�GHQ�DQGHUHQ�9HUIDKUHQ��ZHQLJHU� HPSILQGOLFK�DXI�5DXVFKHLQ�
IO�VVH��VLHKH�%LOG���������'DV�5/6�9HUIDKUHQ�VFKQHLGHW�LQVJHVDPW�DP�EHVWHQ�DE��GD�HV�
ZHGHU�YRP�2IIVHW�QRFK�YRP�5DXVFKHQ�EHHLQIOXVVW�ZLUG��
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%LOG���������5DXVFKHLQIOX��

'LH�3KDVHQYHUVFKLHEXQJ�GHU�HLQ]HOQHQ�9HUIDKUHQ�UHVXOWLHUW�DXV�GHU�YHUZHQGHWHQ�)LOWHU�
RUGQXQJ��'LH�/06��XQG�5/6�)LOWHU�VLQG�YRQ�����2UGQXQJ��GHU�.DOPDQ�)LOWHU�LVW�YRQ����
2UGQXQJ��=XVDPPHQIDVVHQG�NDQQ�PDQ�VDJHQ��GDVV�HV�VHKU�VWDUN�YRQ�GHU�$QZHQGXQJ�
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DEKlQJW�� ZHOFKHV� 9HUIDKUHQ� GDV� JHHLJQHWVWH� LVW�� 'LH� DGDSWLYHQ� )LOWHU� N|QQHQ� DXFK�
QRFK�GXUFK�GLH�)UHLKHLWVJUDGH�LQ�GHQ�$GDSWLRQVDOJRULWKPHQ�JHWXQW�ZHUGHQ��HU]HXJHQ�
DEHU� JHJHQ�EHU� GHQ� DQGHUHQ� 9HUIDKUHQ� DXFK� HLQH� K|KHUH� 5HFKHQODVW�� (LQH� =XVDP�
PHQIDVVXQJ�GHU�(UJHEQLVVH�LVW�LQ��7DEHOOH��������GDUJHVWHOOW��

� 3KDVH� 'lPSIXQJ� 5DXVFKHP�
SILQGOLFKNHLW�

5HFKHQDXIZDQG�

'LIIHUHQ]IXQNWLRQ� ��6DPSOH� JHULQJ��DXVVHU�EHL�
QLHGULJHQ�)UHTXHQ]HQ�

KRFK� ��0XOWLSOLNDWLRQ�
��$GGLWLRQ�

,,5�)LOWHU�
��2UGQXQJ�

��6DPSOHV� JHULQJ��DXVVHU�EHL�
QLHGULJHQ�)UHTXHQ]HQ�

KRFK� ���0XOWLSOLNDWLRQHQ�
���$GGLWLRQHQ�

,,5�)LOWHU�
��2UGQXQJ�

��6DPSOHV� JHULQJ��DXVVHU�EHL�
QLHGULJHQ�)UHTXHQ]HQ�

KRFK� ���0XOWLSOLNDWLRQHQ�
���$GGLWLRQHQ�

.DOPDQ�DGDSWLYHU�
),5�)LOWHU�

Q�6DPSOHV��KLHU�
Q ���

KRFK��YRU�DOOHP�EHL�
2IIVHW�

JHULQJ� �Q���0XOWLSOLNDWLRQHQ�
�Q���$GGLWLRQHQ�

5/6�DGDSWLYHU�),5�
)LOWHU�

Q�6DPSOHV��KLHU�
Q ����

VHKU�QLHGULJ� VHKU�JHULQJ� �Q����0XOWLSOLNDWLRQHQ�
�Q���$GGLWLRQHQ�

/06�DGDSWLYHU�),5�
)LOWHU�

Q�6DPSOHV��KLHU�
Q ����

KRFK��YRU�DOOHP�EHL�
2IIVHW�

VHKU�JHULQJ� �Q���0XOWLSOLNDWLRQHQ�
�Q���$GGLWLRQHQ�

7DEHOOH���������9HUJOHLFK�GHU�'LIIHUHQWLDWLRQV�9HUIDKUHQ�

������ ,QWHJUDWLRQ�
'LH� ,QWHJUDWLRQ�ZLUNW� LP�*HJHQVDW]� ]XU�'LIIHUHQWLDWLRQ�GlPSIHQG�DXI�K|KHUIUHTXHQWH�
6W|U��XQG�5DXVFKVLJQDOH��'DV�3UREOHP��GDV�GLH�,QWHJUDWLRQ�DXIZLUIW��LVW�GHU�PHLVW�XQEH�
NDQQWH�$QIDQJV]XVWDQG�XQG�GDV� LQVWDELOH�9HUKDOWHQ�EHL� NRQVWDQWHQ�$QWHLOHQ�GHV�(LQ�
JDQJVLJQDOV��'LH�,QWHJUDWLRQ�HLQHV�RIIVHWEHKDIWHWHQ�6LJQDOV�HUJLEW�

;)()(
0

0

&WRII*GRIIJ
W

W

+⋅+=+∫ τττ � � � � � � ���������������

'HU����7HUP�LVW�GDV�JHZ�QVFKWH�LQWHJULHUWH�6LJQDO��GHU����7HUP�GLH�GXUFK�GHQ�2IIVHW�RII�
KHUYRUJHUXIHQH�OLQHDUH�'ULIW�XQG�&�LVW�GHU�XQEHNDQQWH�$QIDQJV]XVWDQG��,P�=HLWGLVNUH�
WHQ� NDQQ� GLH� ,QWHJUDWLRQ� HEHQIDOOV� ZLHGHU� QXU� QXPHULVFK� DQJHQlKHUW� ZHUGHQ�� 'LH�
6WDQGDUGYHUIDKUHQ��GLH�5HFKWHFN�5HJHO��)RUZDUG�RGHU�%DFNZDUG�(XOHU��MH�QDFKGHP��RE�
GHU�OLQNVVHLWLJH�RGHU�UHFKWVVHLWLJH�:HUW�GHV�5HFKWHFNV�YHUZHQGHW�ZLUG���GLH�7UDSH]UHJHO�
XQG�GLH�.HSSOHU·VFKH�)DVVUHJHO��VRZLH�QDFK�>��@�UHDOLVLHUWH�,,5�)LOWHU��]HLJHQ�GDV�LQVWD�
ELOH� 9HUKDOWHQ� EHL� NRQVWDQWHQ� $QWHLOHQ� LP� (LQJDQJVVLJQDO�� %HL� HQWVSUHFKHQG� DXVUHL�
FKHQG� KRKHU� $EWDVWUDWH� NDQQ� MHGRFK� LPPHU� GLH� HLQIDFKH� 5HFKWHFNUHJHO� YHUZHQGHW�
ZHUGHQ��,KUH�hEHUWUDJXQJVIXQNWLRQ�LQ�GHU�]�(EHQH�LVW�GHILQLHUW�]X�

;
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6LH�KDW�HLQH�VWDELOH�1XOOVWHOOH�EHL�]-1 0�XQG�HLQH�JUHQ]VWDELOH�3ROVWHOOH�EHL�]-1 1��GLH�GDV�
LQVWDELOH�9HUKDOWHQ�EHL�NRQVWDQWHQ�(LQJDQJVZHUWHQ�EHZLUNW��

,P� IROJHQGHQ�ZHUGHQ� ,QWHJUDWLRQVYHUIDKUHQ� YRUJHVWHOOW�� GLH� WURW]�RIIVHWEHKDIWHWHQ�(LQ�
JDQJVVLJQDOHQ�QLFKW�LQVWDELO�ZHUGHQ��'LHVH�9HUIDKUHQ�N|QQHQ�DXFK�]X�GHU�QRFK�HPS�
ILQGOLFKHUHQ�'RSSHOLQWHJUDWLRQ�KHUDQJH]RJHQ�ZHUGHQ��EHL�GHU�GLH�6WDQGDUGYHUIDKUHQ�
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HLQH�TXDGUDWLVFKH�'ULIW�DXIZHLVHQ��(LQ�7HLO�GLHVHU�9HUIDKUHQ�EHQ|WLJW�HLQ�5HIHUHQ]VLJQDO�
HLQHV�DQGHUHQ�6HQVRUV��'LHVH�5HIHUHQ]ZHUWH�G�UIHQ�HLQH�ZHVHQWOLFK�QLHGULJHUH�$EWDVW�
UDWH�DXIZHLVHQ��VROOWHQ�DEHU�H[DNWH�:HUWH�OLHIHUQ��VLHKH�GLVNUHWHU�DV\QFKURQHU�6HQVRU�LQ�
�������� ,QWHJUDWLRQVYHUIDKUHQ�PLW� 5HIHUHQ]LHUXQJ� GXUFK� HLQHQ� DQGHUHQ� 6HQVRU� VWHOOHQ�
VRPLW�HLQHQ�6SH]LDOIDOO�GHU�6HQVRUIXVLRQ�DXI�6LJQDO�/HYHO�(EHQH�GDU��

�������� ,QWHJUDWLRQ�RKQH�5HIHUHQ]�

���������� 3ROYHUVFKLHEXQJ�
%HL�GLHVHP�HLQIDFKHQ�9HUIDKUHQ��GDV�DXFK�LQ�>��@�YRUJHVFKODJHQ�ZLUG��ZLUG�GHU�JUHQ]�
VWDELOH�3RO�YRQ��������HLQIDFK�DXI�GHU�UHHOOHQ�$FKVH�HLQ�ZHQLJ�QDFK�OLQNV�YHUVFKREHQ��
'LH�$XVZLUNXQJHQ��GLH�VLFK�GDUDXV�HUJHEHQ��VLQG� LP�%RGH�'LDJUDPP�YRQ�%LOG�������
I�U� GUHL� YHUVFKLHGHQH� 3ROODJHQ� GDUJHVWHOOW�� -H� QlKHU� PDQ� DQ� GLH� Å�´� KHUDQNRPPW��
GHVWR� ZHLWHU� VFKLHEW� VLFK� GLH�*UHQ]IUHTXHQ]� GHV� Å7LHISDVVHV´� QDFK� XQWHQ�� (V� HUK|KW�
VLFK�GDPLW�MHGRFK�DXFK�GLH�(LQVFKZLQJ]HLW���

0LW�GHP�2SWLPLHUXQJVYHUIDKUHQ�GHU�1RQ�/LQHDU�&RQWURO�'HVLJQ�7RROER[�YRQ�0DW/DE�
>��@� ZXUGH� GLH� RSWLPDOH� 3ROODJH� ]X� N 0.99974997995650� EHVWLPPW��'LH� YHUZHQGHWHQ�
2SWLPLHUXQJVNULWHULHQ�ZDUHQ�GLH�$EZHLFKXQJ�]XP�HQWVSUHFKHQGHQ�LQWHJULHUWHQ�RIIVHW�
IUHLHQ�(LQJDQJVVLJQDO�XQG�GLH�(LQVFKZLQJ]HLW��

 Bode Diagrams 
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%LOG���������9DULDWLRQ�GHV�,QWHJUDWRU�3ROV�

���������� 3,'�)HHGEDFN�
%HL� GLHVHP� 9HUIDKUHQ� ZLUG�� ZLH� LQ� %LOG� ������ ]X� VHKHQ�� GHU� ,QWHJUDWRUDXVJDQJ� �EHU�
HLQHQ�3,'�5HJOHU�ZLHGHU�]XP�,QWHJUDWRUHLQJDQJ�]XU�FNJHNRSSHOW��
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%LOG���������3,'�)HHGEDFN�,QWHJUDWRU�

'HU�3,'�5HJOHU�KDW�IROJHQGH�]HLWGLVNUHWH�hEHUWUDJXQJVIXQNWLRQ��
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PLW�GHQ�9HUVWlUNXQJIDNWRUHQ� I�U�GHQ�SURSRUWLRQDOHQ� �N3��� LQWHJUDOHQ� �N,��XQG�GLIIHUHQ�
WLHOOHQ��N'��$QWHLO��0LW��������HUJLEW�VLFK�GDUDXV�GLH�hEHUWUDJXQJVIXQNWLRQ�GHV�NRPSOHW�
WHQ�,QWHJUDWLRQVYHUIDKUHQ�]X�

;
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'LH� $XVZDKO� GHU� 9HUVWlUNXQJVIDNWRUHQ� JHVWDOWHW� VLFK� VFKZLHULJ�� GD� VLFK� GLH� 3RO�� XQG�
1XOOVWHOOHQ�YRQ��������QLFKW�PHKU�RKQH�JU|�HUHQ�$XIZDQG�DQDO\WLVFK�LQ�$EKlQJLJNHLW�
YRQ� N3�� N,� XQG� N'� DXVGU�FNHQ� ODVVHQ�� 'LH� YHUZHQGHWHQ� 3DUDPHWHUZHUWH�
�N3=1.65948335766823, N,=9.52796879062057, N'=0.01177439075405�� ZXUGHQ� HEHQIDOOV�
PLW�GHP�2SWLPLHUXQJVYHUIDKUHQ�GHU�1RQ�/LQHDU�'HVLJQ�&RQWURO�7RROER[�EHVWLPPW��(V�
ZXUGHQ�GDEHL�GLH�JOHLFKHQ�.ULWHULHQ�ZLH�XQWHU�����������YHUZHQGHW��(LQH�ZHLWHUH�9DUL�
DQWH�]XP�7XQHQ�GHU�3,'�3DUDPHWHU�VWHOOW�LQ�>��@�GHU�8QIDOVLILHG�3,'�5HJOHU�$QVDW]�GDU��

���������� ,�)HHGEDFN�
(LQH� DQDO\WLVFK� HLQIDFKHUH� $OWHUQDWLYH� ]XP� 3,'�)HHGEDFN� ,QWHJUDWRU� VWHOOW� GDV�
,�)HHGEDFN�9HUIDKUHQ�GDU��GHVVHQ�6WUXNWXU�LQ�%LOG��������]X�VHKHQ�LVW��
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%LOG����������,�)HHGEDFN�,QWHJUDWRU�



�����9RUYHUDUEHLWXQJ��

� ���
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21 << VWDELOH�LPDJLQlUH�3ROH��'LH�LPDJLQl�

UHQ�3ROH�NRPPHQ�QLFKW�LQ�)UDJH��GD�HV�VLFK�GDQQ�XP�HLQ�VFKZLQJXQJVIlKLJHV�6\VWHP�
KDQGHOQ�Z�UGH��,Q�%LOG��������DXI�GHU�OLQNHQ�6HLWH�LVW�GLH�:XU]HO�2UWVNXUYH�GHU�EHLGHQ�
3ROH�]X�VHKHQ��$XI�GHU�UHFKWHQ�6HLWH�LVW�GDV�%RGH�'LDJUDPP�I�U�YLHU�YHUVFKLHGHQH�N,�
:HUWH�DEJHELOGHW��

'HU� RSWLPDOH� 5�FNI�KUXQJVNRHIIL]LHQW� ZXUGH� ZLHGHU� PLW� ]XYRU� JHQDQQWHQ� 2SWLPLH�
UXQJVYHUIDKUHQ� PLW� GHQ� JOHLFKHQ� 2SWLPLHUXQJVNULWHULHQ� ]X� N,=6.40877100925282� EH�
VWLPPW��:LH�VFKRQ�EHL�GHU�3ROYHUVFKLHEXQJ�EHZLUNW�HLQ�9HUVFKLHEHQ�GHV�3ROHV�LQ�5LFK�
WXQJ�GHV�XUVSU�QJOLFKHQ�3ROV�EHL�N,=1�HLQH�(UQLHGULJXQJ�GHU�*UHQ]IUHTXHQ]�GHV�Å7LHI�
SDVVHV´��ZREHL�VLFK�DXFK�KLHU�GLH�(LQVFKZLQJ]HLW�ZLHGHU�YHUOlQJHUW��
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%LOG����������(LQIOXVV�GHV�5�FNI�KUXQJVNRHIIL]LHQWHQ�

�������� 'RSSHO�,QWHJUDWLRQ�PLW�5HIHUHQ]�
'LHVH�.DWHJRULH�YRQ�9HUIDKUHQ�YHUVXFKW�PLW�+LOIH� YRQ�5HIHUHQ]ZHUWHQ�HLQH� VWDELOH� ,Q�
WHJUDWLRQ�]X�HUUHLFKHQ��'DV�HLQIDFKVWH�DOOHU�9HUIDKUHQ�KLHU]X�LVW��]\NOLVFK�GHQ�,QWHJUD�
WRU�=XVWDQG� DXI� GHQ� DNWXHOOHQ� 5HIHUHQ]ZHUW� ]X� VHW]HQ��'LHV� I�KUW� DOOHUGLQJV� QXU� ]XP�
(UIROJ��ZHQQ�JHZlKUOHLVWHW�LVW��GDVV�GLH�'ULIW�GHV�,QWHJUDWRUDXVJDQJV�ELV�]XP�(LQWUHIIHQ�
GHV�QlFKVWHQ�5HIHUHQ]ZHUWHV�LQQHUKDOE�GHU�JHZ�QVFKWHQ�7ROHUDQ]�EOHLEW��,Q�%LOG��������
LVW�GDV�SULQ]LSLHOOH�9HUKDOWHQ�I�U�GLH�,QWHJUDWLRQ�HLQHV�RIIVHWEHKDIWHWHQ�6LQXVVLJQDOV��GDV�
DOOH������:HUWH�UHIHUHQ]LHUW�ZLUG��GDUJHVWHOOW��
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'LH�IROJHQGHQ�9HUIDKUHQ�ZHUGHQ�JOHLFK�I�U�GLH�DXIZHQGLJHUH�XQG�HPSILQGOLFKHUH�'RS�
SHOLQWHJUDWLRQ�KHUJHOHLWHW�XQG�N|QQHQ�GDQQ�EHL�%HGDUI�OHLFKW�I�U�GLH�HLQIDFKH�,QWHJUDWL�
RQ�DQJHSDVVW�ZHUGHQ��

���������� .RUUHNWXU�GHU�LQLWLDOHQ�=XVWlQGH�
+LHU�ZLUG�YHUVXFKW��GHQ�)HKOHU�]ZLVFKHQ�5HIHUHQ]ZHUW�XQG� LQWHJULHUWHP�:HUW�GDI�U�]X�
YHUZHQGHQ��GLH�XQEHNDQQWHQ�LQLWLDOHQ�=XVWlQGH�LWHUDWLY�U�FNZlUWV�]X�EHVWLPPHQ��*HKW�
PDQ�YRQ�HLQHP�RIIVHWIUHLHQ�6LJQDO�DXV��GDV�]ZHLPDO� LQWHJULHUW�ZHUGHQ�VROO�� VR�HUKlOW�
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�������I�U�GLH�5HDOLVLHUXQJ�YRQ�%LOG��������]X�VHKHQ�LVW���
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%LOG����������%HVWLPPXQJ�GHU�$QIDQJV]XVWlQGH�

:LUG� GLHVHV� 9HUIDKUHQ� ]ZHLPDO� YHU]DKQW� DQJHZHQGHW�� VR� LVW� GLH� .RUUHNWXU� GHU� $Q�
IDQJVEHGLQJXQJHQ� DXFK� LP� 5HIHUHQ]LHUXQJVWDNW� P|JOLFK�� 'D� I�U� GLHVHV� 9HUIDKUHQ�
YRUDXVJHVHW]W�ZLUG��GDVV�GDV�]X� LQWHJULHUHQGH�6LJQDO�RIIVHWIUHL� LVW��PXVV�HLQ�2IIVHWXQ�
WHUGU�FNXQJVDOJRULWKPXV� YRUJHVFKDOWHW� ZHUGHQ� RGHU� HV� P�VVHQ� ,QWHJUDWRUHQ� QDFK�
�������� YHUZHQGHW� ZHUGHQ�� ,P� 9HUJOHLFK� GHU� YHUVFKLHGHQHQ� 9HUIDKUHQ� ZXUGH� HLQH�
5HDOLVLHUXQJ� PLW� YRUJHVFKDOWHWHP� JHIHQVWHUWHQ� 0LWWHOZHUW� XQG� HLQH� 5HDOLVLHUXQJ� PLW�
,QWHJUDWRUHQ�YHUZHQGHW��GHUHQ�3ROH�QDFK�����������YHUVFKREHQ�ZXUGHQ��

,P�*HJHQVDW]�]X�>��@��EHL�GHP�GLH�$XVZLUNXQJHQ�GHU�$QIDQJVEHGLQJXQJHQ�GXUFK�HLQH�
GULIWHQGH��GDGXUFK�ELV�]XP�=DKOHQ�EHUODXI�]HLWOLFK�EHJUHQ]WH�2IIVHWNRUUHNWXU�NRPSHQ�
VLHUW�ZHUGHQ�� LVW�GLHVHV�9HUIDKUHQ�GD]X�JHHLJQHW��GHQ�:HUW�GHU�$QIDQJVEHGLQJXQJHQ�
U�FNZlUWV�]X�EHVWLPPHQ��'DPLW�N|QQHQ�GLH�$QIDQJVEHGLQJXQJHQ�VWDELO�DXVJHJOLFKHQ�
ZHUGHQ��
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%LOG����������.RUUHNWXU�GHU�$QIDQJVEHGLQJXQJHQ�

���������� )HHGIRUZDUG�.DOPDQ�)LOWHU�
'HU�.DOPDQ�)LOWHU��*OHLFKXQJHQ�VLHKH����������LVW�GDV�$OO]ZHFNYHUIDKUHQ�]XP�IXVLRQLH�
UHQ� YRQ� 6HQVRUGDWHQ� �VLHKH� ������ (U� LVW� GDGXUFK� QDW�UOLFK� DXFK� GD]X� JHHLJQHW�� GDV�
5HIHUHQ]VLJQDO�PLW�GHP�]ZHLIDFK�LQWHJULHUWHQ�6LJQDO�]X�IXVLRQLHUHQ��$OV�6WUHFNHQPRGHOO�
ZLUG�GHU�GLVNUHWH� ]ZHLIDFKH� ,QWHJUDWRU�YHUZHQGHW�� ,Q� ]HLWGLVNUHWHU�=XVWDQGVGDUVWHOOXQJ�
HUJLEW�VLFK�GDI�U��
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'DV�(LQJDQJVVLJQDO�LVW�GDV�]X�LQWHJULHUHQGH�6LJQDO�XQG�DOV�0HVVZHUW�ZLUG�GLH�5HIHUHQ]�
YHUZHQGHW��VLHKH�%LOG����������'LH�0HVVZHUWJOHLFKXQJHQ�P�VVHQ�VRPLW�QXU�DNWXDOLVLHUW�
ZHUGHQ�� ZHQQ� HLQ� QHXHU� 5HIHUHQ]ZHUW� HLQJHWURIIHQ� LVW�� 'HU� JHILOWHUWH� .DOPDQ�)LOWHU�
$XVJDQJ�VWHOOW�GDQQ�HLQH�6FKlW]XQJ�I�U�GDV�]ZHLIDFK�LQWHJULHUWH�6LJQDO�GDU��

'DV�(LQEULQJHQ�HLQHV�]XVlW]OLFKHQ�=XVWDQGV�]XP�0RGHOOLHUHQ�GHV�2IIVHW�PLWWHOV� 0=[� �
E]Z�� )()1( N[N[ =+ �EULQJW�NHLQH�9HUEHVVHUXQJ�PLW�VLFK��GD�VLFK�GHU�5DQJ�GHU�6\VWHP�
PDWUL[�$�GDPLW�QLFKW�HUK|KW��'LHVH�0RGHOOLHUXQJ�VWHOOW�HLQHQ�RIIHQHQ�,QWHJUDWRU�GDU��
GHVVHQ�XQEHNDQQWH�$QIDQJVEHGLQJXQJ�GHQ�2IIVHW�QDFKELOGHW��
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���������� )HKOHU�)HHGEDFN�.DOPDQ�)LOWHU�
,Q� >��@� ZLUG� GHU� )HKOHU�)HHGEDFN� .DOPDQ�)LOWHUVWUXNWXU� DXV� 5REXVWKHLWVJU�QGHQ� GHU�
9RUUDQJ� YRU� GHU� REHQ�EHVFKULHEHQHQ� )HHGIRUZDUG�.DOPDQ�)LOWHUVWUXNWXU� JHJHEHQ�� ,Q�
GLHVHU� 6WUXNWXU� �VLHKH� %LOG� �������� EHILQGHW� VLFK� GHU� .DOPDQ�)LOWHU� LP� 5�FNI�KUXQJV�
]ZHLJ�XQG�NRUULJLHUW�GLH�6\VWHP]XVWlQGH�GHU�6WUHFNH��6RPLW� LVW�GDV�*HVDPWV\VWHP�UR�
EXVWHU� JHJHQ�EHU� 0RGHOOLHUXQJVIHKOHUQ� LP� .DOPDQ�)LOWHU�� $XFK� ZHQQ� GHU� .DOPDQ�
)LOWHU��]��%��DOV�+DUGZDUHHLQKHLW��DXVIlOOW��NDQQ�GDV�YHUEOHLEHQGH�6\VWHP�QRFK�YHUQ�QI�
WLJH��ZHQQ�DXFK�XQJHQDXHUH�(UJHEQLVVH�OLHIHUQ��
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$OV� =XVWDQGVYDULDEOHQ� ZHUGHQ� GLH� )HKOHU� ]ZLVFKHQ� GHQ� UHDOHQ� XQG� JHVFKlW]WHQ� =X�
VWlQGHQ�YHUZHQGHW��DOVR�LQ�GLHVHP�)DOO�GLH�=XVWlQGH�GHV�5HIHUHQ]VLJQDOV�XQG�GLH�=X�
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���������� (UJHEQLVVH�XQG�9HUJOHLFK�
,Q�%LOG��������ZHUGHQ�GLH�,QWHJUDWRUHQ�RKQH�5HIHUHQ]�LQ�'RSSHOLQWHJUDWRU�$QZHQGXQJ�
PLWHLQDQGHU� YHUJOLFKHQ��'LH�3,'�)HHGEDFN�9HUIDKUHQ��HJDO�RE� LQ� V\PPHWULVFKHU�RGHU�
DV\PPHWULVFKHU� .RQILJXUDWLRQ�� KDEHQ� GLH� K|FKVWH� 2IIVHWXQWHUGU�FNXQJ�� MHGRFK� VLQG�
DXIJUXQG�GHU�hEHUK|KXQJ�GHV�$PSOLWXGHQJDQJHV�LP�%HUHLFK�GHU�*UHQ]IUHTXHQ]�VRZLH�
GHV� JUR�HQ� 3KDVHQVSUXQJV� GLH� EHLGHQ� 9HUIDKUHQ� QXU� EHL� RIIVHWEHKDIWHWHQ� K|KHUIUH�
TXHQWHQ�6LJQDOHQ�DQZHQGEDU��'DV�3ROYHUVFKLHEXQJVYHUIDKUHQ�KDW�GLH�QLHGULJVWH�2II�
VHWGlPSIXQJ� XQG� GLH� OlQJVWH� (LQVFKZLQJ]HLW�� YHUI�JW� DEHU� �EHU� GHQ� EHVWHQ� 3KDVHQ�
JDQJ��'DV�,�)HHGEDFN�9HUIDKUHQ�KDW�HLQH�NXU]H�(LQVFKZLQJ]HLW�DEHU�QXU�HLQH�VFKZD�
FKH�2IIVHWGlPSIXQJ�XQG�HLQHQ�VFKOHFKWHUHQ�3KDVHQJDQJ�ZLH�GLH�DQGHUHQ�9HUIDKUHQ��
7URW]GHP�LVW�HV�GLH�EHVWH�$OWHUQDWLYH�I�U�%UHLWEDQGDQZHQGXQJHQ��(V�VHL�GDUDXI�KLQJH�
ZLHVHQ��GDVV�DOOH�9HUIDKUHQ�XQWHUKDOE�LKUHU�*UHQ]IUHTXHQ]�DXIJUXQG�GHU�JHZ�QVFKWHQ�
2IIVHWXQWHUGU�FNXQJ� HLQ� GLIIHUHQ]LHUHQGHV� 9HUKDOWHQ� ]HLJHQ�� ,KU� VLQQYROOHU� (LQVDW]EH�
UHLFK�EHJUHQ]W�VLFK�GDPLW�DXI�1XW]VLJQDOH�GLH��EHUKDOE�GHU�*UHQ]IUHTXHQ]�OLHJHQ��'LHV�
ZLUG� DXFK� DP� %HLVSLHO� LQ� ������ GHXWOLFK�� EHL� GHP� GDV� 3ROYHUVFKLHEXQJYHUIDKUHQ� LP�
%HUHLFK�GHU�*UHQ]IUHTXHQ]�EHWULHEHQ�ZLUG��
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%LOG����������6SUXQJDQWZRUW�XQG�%RGHGLDJUDPP�GHU�'RSSHOLQWHJUDWRUHQ�
RKQH�5HIHUHQ]�

,Q�%LOG��������ZHUGHQ�QXQ�DOOH�YRUJHVWHOOWHQ�,QWHJUDWLRQVYHUIDKUHQ�LQ�'RSSHOLQWHJUDWL�
RQVDQRUGQXQJ� PLWHLQDQGHU� YHUJOLFKHQ�� +LHU]X� ZHUGHQ� GLH� ,QWHJUDWRUHQ� PLW� HLQHP�
RIIVHWEHKDIWHWHQ��YHUUDXVFKWHQ�6LQXVVLJQDO�XQWHUVFKLHGOLFKHU�)UHTXHQ]HQ�EHDXIVFKODJW��
'LH�$EWDVWIUHTXHQ]�EHWUlJW�����+]�XQG�GHU�5HIHUHQ]LHUXQJVWDNW��+]��'DV�9HUIDKUHQ�



�����9RUYHUDUEHLWXQJ��

� ���

]XU� .RUUHNWXU� GHU� $QIDQJV]XVWlQGH� NRPELQLHUW� PLW� GHP� JHIHQVWHUWHQ� 0LWWHOZHUW� ]XU�
2IIVHWXQWHUGU�FNXQJ� LVW� GDV� HLQ]LJH� 9HUIDKUHQ� RKQH� 3KDVHQYHUVFKLHEXQJ� �EHU� GHQ�
JHVDPWHQ� )UHTXHQ]EHUHLFK�� $OOH� DQGHUHQ� ZHLVHQ� HLQHQ� GHXWOLFKHQ� 3KDVHQJDQJ� EHL�
QLHGULJHQ�)UHTXHQ]HQ�DXI��GHU�VLFK�MHGRFK�VFKQHOO�DXI�HLQHQ�QDKH]X�NRQVWDQWHQ�:HUW�
HLQVFKZLQJW��%HL�GHU�'lPSIXQJ�GHU�$PSOLWXGH�YHUKlOW�HV�VLFK�lKQOLFK��QDFK�HLQHU�JU|�
�HUHQ� $EZHLFKXQJ� EHL� QLHGULJHQ� )UHTXHQ]HQ� HUUHLFKHQ� DOOH� 9HUIDKUHQ� EHL� K|KHUHQ�
)UHTXHQ]HQ�PHKU�RGHU�ZHQLJHU�VFKQHOO�HLQHQ�NRQVWDQWHQ�:HUW�GHU�HLQHU�JHULQJHUHQ��

� 3KDVH� *UHQ]�
IUHTXHQ]�

'lPSIXQJ� 5HFKHQDXIZDQG� 5HIH�
UHQ]�

(LQVFKZLQJ]HLW�

3ROYHUVFKLHEXQJ� ��6DPSOHV� a�+]� JHULQJ� ��0XOWLSOLNDWLRQHQ�
��$GGLWLRQHQ�

QHLQ� ODQJ�

,�)HHGEDFN� ���6DPSOH� a�+]� KRFK� ��0XOWLSOLNDWLRQHQ�
��$GGLWLRQHQ�

QHLQ� NXU]�

3,'�)HHGEDFN� ����6DP�
SOHV�

���+]� KRFK� ���0XOWLSOLNDWLRQHQ�
��$GGLWLRQHQ�

QHLQ� PLWWHO�

.DOPDQ�)LOWHU�
)HHGIRUZDUG�

���6DPSOH� a�+]� JHULQJ� ���0XOWLSOLNDWLRQHQ�
��$GGLWLRQHQ�

MD� $EKlQJLJ�YRP�
5HIHUHQ]WDNW�

)HKOHU�IHHGEDFN�
.DOPDQ�)LOWHU�

���6DPSOH� a�+]� JHULQJ� ���0XOWLSOLNDWLRQHQ�
��$GGLWLRQHQ�

MD� $EKlQJLJ�YRP�
5HIHUHQ]WDNW�

.RUUHNWXU�GHU�
LQLWLDOHQ�=X�
VWlQGH�

��6DPSOHV� �� JHULQJ� ��0XOWLSOLNDWLRQHQ�
��$GGLWLRQHQ���
�0XOWLSOLNDWLRQHQ��
��$GGLWLRQHQ��
SUR�5HIHUHQ]�

MD� $EKlQJLJ�YRP�
5HIHUHQ]WDNW�

7DEHOOH���������9HUJOHLFK�GHU�'RSSHOLQWHJUDWLRQV�9HUIDKUHQ�

$EZHLFKXQJ�HQWVSULFKW��%LOG�������� UHFKWV� ]HLJW�DXFK��GDVV�GLH�9HUIDKUHQ�RKQH�5HIH�
UHQ]�PLW�$XVQDKPH�GHU�3ROYHUVFKLHEXQJ�EHL�5DXVFKHQ�XQJHQDXHUH�:HUWH�OLHIHUQ��(LQH�
(UK|KXQJ�GHV�2IIVHWV�EHZLUNW�EHL�DOOHQ�9HUIDKUHQ�HLQH�9HUOlQJHUXQJ�GHU�(LQVFKZLQJ�
]HLW��ZREHL�HLQH�(UK|KXQJ�GHV�5DXVFKHQV�NDXP�HLQHQ�(LQIOXVV�DXI�GLH�*HQDXLJNHLW�GHU�
9HUIDKUHQ�KDW��'LHV�EHJU�QGHW�VLFK�GXUFK�GDV�7LHISDVVYHUKDOWHQ�GHU� ,QWHJUDWLRQ��(LQH�
NOHLQHUH�5HIHUHQ]LHUXQJVIUHTXHQ]�EHZLUNW�EHLP�)HHGIRUZDUG�.DOPDQ�)LOWHU�NDXP�HLQH�
9HUVFKOHFKWHUXQJ�GHU�(UJHEQLVVH��ZlKUHQG�EHL�GHQ�DQGHUHQ�9HUIDKUHQ�GRFK�GLH�*H�
QDXLJNHLW�DEQLPPW��$OOH�9HUIDKUHQ�OLHIHUQ�HLQ�PHKU�RGHU�ZHQLJHU�JXWHV�DEHU�RIIVHWEH�
KDIWHWHV�]ZHLIDFKLQWHJULHUWHV�6LJQDO��GDV�JHJHEHQHQIDOOV�DQVFKOLH�HQG�QRFK�HLQHU�2II�
VHWNRUUHNWXU� XQWHU]RJHQ� ZHUGHQ� PXVV�� $OOHV� LQ� DOOHP� HQWVFKHLGHW� GLH� $QZHQGXQJ��
ZHOFKHV� 9HUIDKUHQ� DP� JHHLJQHWVWHQ� LVW�� +DW� PDQ� HLQ� 5HIHUHQ]VLJQDO� ]XU� 9HUI�JXQJ��
VROOWH�PDQ�HV�XQEHGLQJW�EHQXW]HQ��GD�PDQ�GDQQ�XQHPSILQGOLFKHU�JHJHQ�EHU�6W|UXQ�
JHQ�LVW��'HU�5HFKHQDXIZDQG�LVW�EHL�GHQ�.DOPDQ�)LOWHUYHUIDKUHQ�QDW�UOLFK�K|KHU�DOV�EHL�
GHQ�DQGHUHQ�9HUIDKUHQ�� VR�GDVV�EHL� YRUKDQGHQHP�5HIHUHQ]VLJQDO�PLW�DXVUHLFKHQGHU�
$EWDVWXQJ�DXI� MHGHQ�)DOO�GDV�9HUIDKUHQ�]XU�.RUUHNWXU�GHU�$QIDQJV]XVWlQGH�DXFK�ZH�
JHQ�GHV�JXWHQ�3KDVHQJDQJV�]X�IDYRULVLHUHQ�LVW��,Q�7DEHOOH�������VLQG�GLH�(LJHQVFKDIWHQ�
GHU�KLHU�YRUJHVWHOOWHQ�9HUIDKUHQ�QRFKPDOV�]XVDPPHQJHIDVVW��
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%LOG����������3KDVHQJDQJ�XQG�'lPSIXQJ�EHL�GHU�'RSSHOLQWHJUDWLRQ�PLW�
GHQ�HLQ]HOQHQ�9HUIDKUHQ�

����6\QFKURQLVDWLRQ�

,P�IROJHQGHQ�$EVFKQLWW�ZHUGHQ�YHUVFKLHGHQH�9HUIDKUHQ�]XU�6\QFKURQLVDWLRQ�GHU�0HVV�
GDWHQ�YHUVFKLHGHQHU�6HQVRUHQ�PLW�GHP�5HJHOXQJVV\VWHP�YRUJHVWHOOW��,P�DOOJHPHLQVWHQ�
)DOO�P�VVHQ�KLHUEHL� YHUVFKLHGHQH�$EWDVWIUHTXHQ]HQ�GHU�$EWDVWUDWH�GHV�5HJOHUV�DQJH�
SDVVW�ZHUGHQ�XQG�7RW]HLWHQ�GHU�6HQVRUHQ�RGHU�GHU�6HQVRUGDWHQ�9RUYHUDUEHLWXQJ�DXV�
JHJOLFKHQ�ZHUGHQ��'HU�JHQDXH�=HLWSXQNW�GHU�0HVVXQJ�ZLUG�ZLH�XQWHU�����YRUJHVWHOOW�
PLW�HLQHP�=HLWVWHPSHO�IHVWJHKDOWHQ��

(V� ZLUG� GDYRQ� DXVJHJDQJHQ�� GDVV� GDV� 5HJHOXQJVV\VWHP� GLH� K|FKVWH� $EWDVWIUHTXHQ]�
EHVLW]W��:LH� LQ�%LOG�������]X�VHKHQ��P�VVHQ�EHL�GHU�6\QFKURQLVDWLRQ�GLH�DEJHWDVWHWHQ�
6HQVRUPHVVZHUWH� ]XP� ]HLWOLFK� QlFKVWHQ� $EWDVW]HLWSXQNW� GHV� 6\VWHPV� SURSDJLHUW� ZHU�
GHQ��$OV�6HQVRUHQ�NRPPHQ�GDEHL�GLH�XQWHU�������ELV�������YRUJHVWHOOWHQ�6HQVRUW\SHQ�
LQ�)UDJH��

y(ts(n-2)) y(ts(n))y(ts(n-1))
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t
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%LOG���������0HVVZHUW�9RUZlUWV�3URSDJDWLRQ�

'LH�9HUIDKUHQ�N|QQHQ�LQ�]ZHL�*UXSSHQ�XQWHUWHLOW�ZHUGHQ��'DWHQEDVLHUWH�9HUIDKUHQ��GLH�
]XU�6\QFKURQLVDWLRQ�QXU�DXI�DNWXHOOH�XQG�]XU�FNOLHJHQGH�0HVVZHUWH�]XU�FNJUHLIHQ�XQG�
PRGHOOEDVLHUWH� 9HUIDKUHQ�� EHL� GHQHQ� GDV�0RGHOO� GHU� 5HJHOVWUHFNH� XQG� GHU� 6HQVRUHQ�
VRZLH�GLH�5HJHOJU|�H�LQ�GLH�9HUDUEHLWXQJ�PLW�HLQJHKHQ��
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������ 'DWHQEDVLHUWH�9HUIDKUHQ�

�������� +DOWHJOLHG���2UGQXQJ��=HUR�2UGHU�+ROG�=2+��

y(t)

y(n)

y(k)^

ta1

ta

�

%LOG���������3ULQ]LS�HLQHV�+DOWHJOLHGV���2UGQXQJ�

'LHVHV�Å9HUIDKUHQ´�VWHOOW�GHQ�)DOO�GDU��ZHQQ�QLFKW�V\QFKURQLVLHUW�ZLUG��(V�ZLUG�GHU�]X�
OHW]W� EHNDQQWH� :HUW� GHV� 6HQVRUV� VRODQJH� JHKDOWHQ�� ELV� HLQ� QHXHU� 0HVVZHUW� HLQWULIIW�
�VLHKH�%LOG��������

'HU�GDUDXV�UHVXOWLHUHQGH�6\QFKURQLVDWLRQVIHKOHU�I�U�SHULRGLVFKH�6\VWHPH�PLW�YHUVFKLH�
GHQHQ�$EWDVWIUHTXHQ]HQ� LVW� EHLVSLHOKDIW� I�U� HLQ� 6LQXVVLJQDO�PLW� GHU� $PSOLWXGH� �� XQG�
)UHTXHQ]����+]�LQ�%LOG�������]X�VHKHQ�XQG�NDQQ�PLW�GHP�0RGHOO�LQ�%LOG�������VLPXOLHUW�
ZHUGHQ��'LH�0DW/DE�)XQFWLRQ�EHLQKDOWHW�GDEHL�GLH�0RGXOR�)XQNWLRQ��
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%LOG���������6LPXODWLRQVPRGHOO�]XU�%HVWLPPXQJ�GHV�6\QFKURQLVDWLRQV�
IHKOHUV�

'HU�9HUVDW]�GHU�EHLGHQ�$EWDVWV\VWHPH�HUJLEW�VLFK�]X�

{ }∆ ∆W W W W PRG W
L L D D D

= + −−1 1 1( ) ; � � � � � � � ��������������

PLW�∆W W0 0= ��

'HU�PD[LPDOH�)HKOHU�OlVVW�VLFK�]X�
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EHVWLPPHQ��
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(LQH�.RPSHQVDWLRQ�GHU�7RW]HLW�ILQGHW�EHL�GLHVHU�0HWKRGH�QLFKW�VWDWW��

�������� +DOWHJOLHG���2UGQXQJ��)LUVW�2UGHU�+ROG�)2+��
'HU� JHVFKlW]WH� :HUW� EHL� GLHVHP� 9HUIDKUHQ� HUJLEW� VLFK� GXUFK� OLQHDUH� ([WUDSRODWLRQ�
GXUFK�GLH�OHW]WHQ�EHLGHQ�0HVVZHUWH��VLHKH�%LOG���������(V�LVW�
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%LOG���������3ULQ]LS�HLQHV�+DOWHJOLHGV���2UGQXQJ�

'DV�6LPXODWLRQVPRGHOO� I�U�GLHVHV�9HUIDKUHQ� LVW� LQ�%LOG�������]X� VHKHQ�XQG�HQWVSULFKW�
GHP� Å)LUVW� 2UGHU� +ROG´�%ORFN�� GHU� VWDQGDUGPl�LJ� LP� /LHIHUXPIDQJ� YRQ� 6LPX/LQN�
HQWKDOWHQ�LVW��
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%LOG���������6LPXODWLRQVPRGHOO�+DOWHJOLHG���2UGQXQJ�

'HU� 5HFKHQDXIZDQG�SUR� 5HJHOXQJV]\NOXV� OLHJW� EHL� ��$GGLWLRQHQ� XQG���0XOWLSOLNDWLR�
QHQ��,P�ZRUVW�FDVH�PXVV�GHU�0HVVZHUW�XP�W

D
�LQ�GLH�=XNXQIW�H[WUDSROLHUW�ZHUGHQ��6RPLW�

IROJW�EHL�YHUUDXVFKWHQ�0HVVZHUWHQ��
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:LH� LQ� %LOG�������XQG� LQ�GHQ�*OHLFKXQJHQ� ������� ������� ]X� VHKHQ�� YHUVWlUNW� VLFK�EHL�
GLHVHP�9HUIDKUHQ�GDV�0HVVUDXVFKHQ�PD[LPDO�XP�GHQ�)DNWRU����

(LQH�7RW]HLW� WW�NDQQ�HEHQIDOOV�DXVJHJOLFKHQ�ZHUGHQ��VRODQJH�GHU�UHVXOWLHUHQGH�UHODWLYH�
PD[LPDOH�)HKOHU�HUHO�PD[�XQWHU�GHU�JHZ�QVFKWHQ�6FKUDQNH�EOHLEW��(U�HUJLEW�VLFK�]X��

( ) ( ) ;)cos()sin(1)sin()cos( 22
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%LOG���������5DXVFKHLQIOX��EHL�HLQHP�)2+�*OLHG�

�������� +DOWHJOLHG���2UGQXQJ��7KLUG�2UGHU�+ROG�72+��
%HL� GLHVHP� 9HUIDKUHQ� HUJLEW� VLFK� GHU� JHVFKlW]WH� :HUW� GXUFK� HLQH� ([WUDSRODWLRQ� PLW�
HLQHP�3RO\QRP���2UGQXQJ�GXUFK�GLH�OHW]WHQ���0HVVZHUWH��VLHKH�%LOG���������(LQ�+DOWH�
JOLHG���2UGQXQJ�PDFKW�NHLQHQ�6LQQ��ZHLO�GDPLW�NHLQH�:HQGHSXQNWH�UHDOLVLHUW�ZHUGHQ�
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%LOG���������6LPXODWLRQVPRGHOO�+DOWHJOLHG���2UGQXQJ�

=XU� %HVWLPPXQJ� GHV� H[WUDSROLHUWHQ� 6FKlW]ZHUWHV� PXVV� LP� XQJ�QVWLJVWHQ� )DOO� ZLHGHU�
XP�W

D
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'DV�EHGHXWHW��GDVV�LP�XQJ�QVWLJVWHQ�)DOO�GDV�0HVVUDXVFKHQ�XP�GHQ�)DNWRU������YHU�
VWlUNW�ZLUG��'LHVHU�(IIHNW�ZLUG�LP�%LOG��������DQ�HLQHU�6HULH�NRQVWDQWHU�0HVVZHUWH�YHU�
GHXWOLFKW��6HKU�NOHLQH�7RW]HLWHQ�N|QQHQ�HEHQIDOOV�DXVJHJOLFKHQ�ZHUGHQ��

'LH� UREXVWHUH��DXV�GHU�$XVJOHLFKVUHFKQXQJ�EHNDQQWH�6SOLQH�,QWHUSRODWLRQ� >���@�NDQQ�
KLHU� ]XU� 6\QFKURQLVDWLRQ� QLFKW� YHUZHQGHW� ZHUGHQ�� ZHLO� GD]X� GLH� ��� $EOHLWXQJ� DP�
DNWXHOOHQ�0HVVZHUW�HUIRUGHUOLFK�ZlUH��'LH����$EOHLWXQJ�NDQQ�LP�=HLWGLVNUHWHQ�DEHU�QXU�
XP�HLQHP�$EWDVWVFKULWW�YHU]|JHUW�EHUHFKQHW�ZHUGHQ��
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8P�HLQHQ�.DOPDQ�)LOWHU�DXFK�UHDOLVLHUHQ�]X�N|QQHQ��P�VVHQ�QDFK�>��@��>��@�IROJHQGH�
9RUDXVVHW]XQJHQ�HUI�OOW�VHLQ��
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%LOG����������6\QFKURQLVDWLRQ�PLW�.DOPDQ�)LOWHU�

=XU�6\QFKURQLVDWLRQ�PLW�GHQ�DV\QFKURQHQ�0HVVZHUWHQ�\��ZLUG��ZHQQ�NHLQ�QHXHU�0HVV�
ZHUW� YHUI�JEDU� LVW�� GHU� 6FKlW]ZHUW� & N [ N
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%LOG����������0HVVZHUWV\QFKURQLVDWLRQ�



�����6\QFKURQLVDWLRQ�

� ���

'LH�$EWDVW]HLWSXQNWH�YRQ�6HQVRU�XQG�5HJHOVWUHFNH�VLQG�QRUPDOHUZHLVH�QLFKW�V\QFKURQ��
VR� GDVV� GLH� 6HQVRUZHUWH� ]XP� QlFKVWHQ� $EWDVW]HLWSXQNW� GHV� 5HJHOV\VWHPV� OLQHDU� JH�
VFKlW]W� ZHUGHQ� �VLHKH� %LOG� ��������� (V� ZLUG� GDEHL� DOV� ��$EOHLWXQJ� DQ� GHU� 6WHOOH� GHV�
0HVVZHUWHV�� GLH� LP�GLVNUHWHQ� RKQH� ]XVlW]OLFKH�0HVVZHUWH� QLFKW� ]X�EHUHFKQHQ� LVW�� GLH�
6WHLJXQJ�GHU�9HUELQGXQJVJHUDGHQ�]ZLVFKHQ� ~ ( )\ N

)
�XQG� ~ ( )\ N

3
�YHUZHQGHW��

'HU�V\QFKURQLVLHUWH�0HVVZHUW�HUJLEW�VLFK�]X�

�( ) ( ( ))
~ ( ) ~ ( )

( ( ));\ N \ W Q
\ N \ N

W
N W W Q

V

3 )

D

D V
= +

−
⋅ ⋅ − � � � � � ��������������

,Q�%LOG�������� LVW�GDV�6LPXODWLRQVPRGHOO�GHV�6\QFKURQLVDWLRQVEORFNV� I�U�GHQ�.DOPDQ�
)LOWHU�]X�VHKHQ��
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%LOG����������6LPXODWLRQVPRGHOO�0HVVZHUWV\QFKURQLVDWLRQ�

8P�DXFK� 7RW]HLW� EHKDIWHWH�0HVVZHUWH� YHUDUEHLWHQ� ]X� N|QQHQ��ZLUG�*OHLFKXQJ� �������
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%HL� 7RW]HLW� EHKDIWHWHQ�0HVVZHUWHQ� LVW� GHU�0HVVZHUW� ]XP� HLJHQWOLFKHQ� =HLWSXQNW� QLFKW�
YHUI�JEDU��VR�GDVV�GHU�6FKlW]ZHUW� ~ ( )\ N

3
�VWDWW�GHVVHQ�YHUZHQGHW�ZLUG��'D�GHU�6FKlW]�

ZHUW�LQ�GHU�5HJHO�QLFKW�PLW�GHP�UHDOHQ�0HVVZHUW��EHUHLQVWLPPW�XQG�MH�QDFK�6\VWHP�GHU�
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GDUDXV�UHVXOWLHUHQGH�)HKOHU�QLFKW�]X�YHUQDFKOlVVLJHQ�LVW��P�VVHQ�0HVVZHUW�XQG�6FKlW]�
ZHUW�DEJHJOLFKHQ�ZHUGHQ�VREDOG�GHU�YHU]|JHUWH�0HVVZHUW�YRUOLHJW��

'HU�6FKlW]IHKOHU�HUJLEW�VLFK�]X�

ε( ) ~ ( ) �( );N 1 \ N 1 \ N 1
3

− = − − − � � � � � � � ��������������

'HU� (LQIOXVV� GLHVHU� 'LIIHUHQ]� DXI� GHQ� DNWXHOOHQ� .DOPDQ�)LOWHUDXVJDQJ� � ~ ( )\ N �� NDQQ�
IROJHQGHU�0D�HQ�EHVWLPPW�ZHUGHQ��

∆�( ) ( ) ( ) ( ) ( );\ N & N $ L + N 1 N 1
L

1

= ⋅ ⋅ − ⋅ −
=

∏ ε
1

� � � � � ��������������

'HU�NRPSHQVLHUWH�XQG�V\QFKURQLVLHUWH�0HVVZHUW�HUJLEW�]X�

�( ) ~ ( ) �( );\ N \ N \ N
)

= − ∆ � � � � � � � � ��������������

'DV�GD]XJHK|UHQGH�6LPXODWLRQVPRGHOO�LVW�LQ�%LOG��������]X�VHKHQ��
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%LOG����������6LPXODWLRQVPRGHOO�7RW]HLWNRUUHNWXU�

$XV�������� LVW�]X�HUNHQQHQ��GDVV�GHU�(LQIOXVV�GHV�6FKlW]IHKOHUV�KDXSWVlFKOLFK�YRQ�GHU�
6\VWHPPDWUL[�$�DEKlQJW��-H�ZHLWHU�GLH�(LJHQZHUWH�LP�=HQWUXP�GHV�(LQKHLWVNUHLVHV� OLH�
JHQ��GHVWR�VFKQHOOHU�ZLUG�GHU�(LQIOXVV�GHV�6FKlW]IHKOHUV�JHJHQ���VWUHEHQ��+DW�$�GDJH�
JHQ� HLQHQ� JUHQ]VWDELOHQ� (LJHQZHUW� �OLHJW� JHQDX� DXI� GHP� (LQKHLWVNUHLV��� VR� EOHLEW� GHU�
(LQIOXVV�GHV�6FKlW]IHKOHUV�EHVWHKHQ��



�����6\QFKURQLVDWLRQ�

� ���

'HU�5HFKHQDXIZDQG�KlQJW�YRQ�GHU�2UGQXQJ��GHP�=HLWYHUKDOWHQ�XQG�GHU�6WDELOLWlW�GHU�
5HJHOVWUHFNH� DE�� 'LH� (LJHQVFKDIWHQ� GHU� 5HJHOVWUHFNH�� JHQDXHU� GHU� 6\VWHPPDWUL[� $��
EHVWLPPHQ� DOVR�� ZHOFKHU� GHU� LQ� 7DEHOOH� ������ ]XVDPPHQJHVWHOOWHQ� .DOPDQ�)LOWHU�
6\QFKURQLVDWLRQVYDULDQWHQ�]XP�(LQVDW]�NRPPW��

9HUIDKUHQ� 0XOWLSOLNDWLRQHQ� $GGLWLRQHQ�

.DOPDQ�)LOWHU�]HLWLQYDULDQW� Oð��O� O�O������O����O���

��0HVVZHUWV\QFKURQLVDWLRQ� ��� ���

��7RW]HLWNRUUHNWXU� �Oð��O��� Oð�O���

.DOPDQ�)LOWHU�]HLWYDULDQW� �Oð��O��� �O�O������O�����O���

��0HVVZHUWV\QFKURQLVDWLRQ� ��� ���

��7RW]HLWNRUUHNWXU� 1
Oñ��O��� 1
�Oñ�Oð���O���

7DEHOOH���������5HFKHQDXIZDQG�GHU�.DOPDQ�)LOWHU�9DULDQWHQ�

'HU� (QWZXUISUR]HVV� GHV� .DOPDQ�)LOWHUV� EHU�FNVLFKWLJW� VRZRKO� GDV� 0HVVUDXVFKHQ� DOV�
DXFK�GDV�3UR]HVVUDXVFKHQ��ZLH�DP�6\VWHPPRGHOO�YRQ��������DXFK�]X�HUNHQQHQ�LVW��'HU�
.DOPDQ�)LOWHU� VWHOOW� GLH� /|VXQJ� GHV� 3UREOHPV� GHU� RSWLPDOHQ� )LOWHUXQJ� LP� 6LQQH� VWR�
FKDVWLVFKHU�2SWLPLHUXQJ�GDU��VR�GDVV�GHU�(LQIOXVV�GHV�5DXVFKHQV�PLQLPLHUW�ZLUG��

'DV�5DXVFKHQ�ZLUG�DOV�QRUPDOYHUWHLOW� YRUDXVJHVHW]W��'LHV� LVW� MHGRFK�NHLQH�(LQVFKUlQ�
NXQJ��GD�GXUFK�JHHLJQHWH�)RUPILOWHU�QDKH]X� MHGHV�EHOLHELJH�5DXVFKHQ�JHQHULHUW�ZHU�
GHQ� NDQQ� >��@�� 'HU� )RUPILOWHU� ZLUG� GDQQ� %HVWDQGWHLO� GHU� 6\VWHPEHVFKUHLEXQJ� YRQ�
�������XQG�HUK|KW�VRPLW�GLH�6\VWHPRUGQXQJ��

'LHVHV�YRUJHVWHOOWH�9HUIDKUHQ�]XU�6\QFKURQLVLHUXQJ�XQG�7RW]HLWNRUUHNWXU�YRQ�0HVVZHU�
WHQ�NDQQ�DXFK�PLW�GHP�,QIRUPDWLRQVILOWHU�UHDOLVLHUW�ZHUGHQ��'HU�,QIRUPDWLRQVILOWHU�VWHOOW�
GLH�LQYHUVH�.RYDULDQ]IRUP�GHV�.DOPDQ�)LOWHUV�GDU���

'HU�,QIRUPDWLRQV]XVWDQGVYHNWRU�HUJLEW�VLFK�]X�

L [

L [
3 3 3

) ) )
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Π

1

1

;

;
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'LH�LQYHUVHQ�.RYDULDQ]PDWUL]HQ�Π
)

−1 �XQG�Π
3

−1 �ZHUGHQ�,QIRUPDWLRQVPDWUL]HQ�JHQDQQW��

0LW� ������� NDQQ� GHU� ,QIRUPDWLRQVILOWHU� DXFK� EHUHFKQHW� ZHUGHQ�� ZHQQ� GLH�
.RYDULDQ]PDWUL]HQ� GHV� .DOPDQ�)LOWHU� VLQJXOlU� VLQG�� $X�HUGHP� HUJLEW� VLFK� LP�
]HLWLQYDULDQWHQ�)DOO�QDFK�>��@�HLQ�JHULQJHUHU�5HFKHQDXIZDQG�JHJHQ�EHU�GHP�.DOPDQ�
)LOWHU��'LH�YROOVWlQGLJHQ�,QIRUPDWLRQVILOWHUJOHLFKXQJHQ�ILQGHQ�VLFK�LQ�>��@��

�������� %HREDFKWHU�
,Q�%LOG��������LVW�GDV�6LPXODWLRQVPRGHOO�I�U�HLQHQ�%HREDFKWHU�EDVLHUWHQ�6\QFKURQLVDWL�
RQVEORFN� RKQH� 0HVVZHUWV\QFKURQLVDWLRQ� XQG� 7RW]HLWNRUUHNWXU� ]X� VHKHQ�� :LH� VFKRQ�
EHLP�3DUDOOHO�0RGHOO�XQG�.DOPDQ�)LOWHU�ZLUG�EHL�GHQ�$EWDVW]HLWSXQNWHQ��EHL�GHQHQ�NHLQ�
QHXHU� 0HVVZHUW� ]XU� 9HUI�JXQJ� VWHKW�� GHU� YRP� %HREDFKWHU� JHVFKlW]WH� 0HVVZHUW� YHU�
ZHQGHW��
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%LOG����������6LPXODWLRQVPRGHOO�%HREDFKWHU�

=XU� 3URSDJDWLRQ� GHU� DXFK� DV\QFKURQHQ� 6HQVRU�0HVVZHUWH� ]XP� QlFKVWHQ� $EWDVW]HLW�
SXQNW� GHV� 5HJHOV\VWHPV� NDQQ� GHU� LQ� %LOG� ������� GDUJHVWHOOWH� XQG� LP� YRULJHQ�8QWHU�
SXQNW�YRUJHVWHOOWHQ�6\QFKURQLVDWLRQVEORFN�YHUZHQGHW�ZHUGHQ��

'LH�%HREDFKWHUJOHLFKXQJHQ�HUJHEHQ�VLFK�]X��
[ ]~( ) ( ) ( ) ( ) ~( ) ( ) ( ) ( ) ( );

~( ) ( ) ~( );

[ N $ N / N & N [ N / N \ N % N X N

\ N & N [ N

+ = − ⋅ ⋅ + ⋅ + ⋅
= ⋅
1

� � � ���������������

'LH�%HREDFKWHUYHUVWlUNXQJ�/�NDQQ�PLWWHOV�3ROYRUJDEH�DOV�/XHQEHUJHU�%HREDFKWHU�QDFK�
>�@�RGHU�PLW� / N $ N + N( ) ( ) ( )= ⋅ DOV�.DOPDQ�)LOWHU�EHVWLPPW�ZHUGHQ���

%HL� 7RW]HLW� EHKDIWHWHQ� 6HQVRU�0HVVZHUWHQ� NDQQ� GHU� 6FKlW]IHKOHU� GXUFK� $EJOHLFK� PLW�
GHP�0HVVZHUW��ZLH�LP�YRULJHQ�$EVFKQLWW�EHVFKULHEHQ��YHUNOHLQHUW�ZHUGHQ��

'HU�6FKlW]IHKOHU�HUJLEW�VLFK�]X�

ε( ) ~( ) �( );N 1 \ N 1 \ N 1− = − − − � � � � � � � ��������������

XQG�GHU�(LQIOXVV�DXI�GHQ�DNWXHOOHQ�%HREDFKWHUZHUW�]X�

∆�( ) ( ) ( ) ( ) ( )\ N & N $ L / N 1 N 1
L

1

= ⋅ ⋅ − ⋅ −
=

−

∏ ε
1

1

� � � � � ��������������

'HU�NRPSHQVLHUWH�0HVVZHUW�HUJLEW�VLFK�GDPLW�]X�

�( ) ~( ) �( );\ N \ N \ N= − ∆ �� � � � � � � � ��������������

'HU�%HREDFKWHU�ZLUG�PLW� GHU�$EWDVWUDWH� GHV�5HJHOV\VWHPV�EHWULHEHQ��'HU�5HFKHQDXI�
ZDQG�SUR�5HJHO]\NOXV�EHL�HLQHP�6\VWHP�O�WHU�2UGQXQJ�EHWUlJW��

Oð��O�0XOWLSOLNDWLRQHQ�XQG� Oð�2O�3�$GGLWLRQHQ�RKQH�7RW]HLWNRUUHNWXU�XQG�0HVVZHUWV\Q�
FKURQLVDWLRQ�� %HL� GHU� 7RW]HLWNRUUHNWXU� NRPPHQ� QRFK� �1���Oñ�2O��� 0XOWLSOLNDWLRQHQ�
VRZLH� �1����Oñ�Oð��2O� $GGLWLRQHQ� GD]X�� 'LH� DQJHVSURFKHQH� 0HVVZHUWV\QFKURQLVDWLRQ�
VFKOlJW�GDQQ�PLW�QRFK�HLQPDO���0XOWLSOLNDWLRQHQ�XQG���$GGLWLRQHQ�]X�%XFKH��



�����6\QFKURQLVDWLRQ�
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'HU�(LQIOXVV�YRQ�0HVV��XQG�3UR]HVVUDXVFKHQ�LVW�DEKlQJLJ�YRQ�GHU�:DKO�GHU�%HREDFK�
WHUSROH�� %HL� GHU� .DOPDQ�)LOWHU�9DULDQWH� ZLUG� GHU� 5DXVFKHLQIOXVV�� ZLH� LP� YRULJHQ� $E�
VFKQLWW� EHVFKULHEHQ��PLQLPLHUW� XQG� DXFK� EHL� VWDELOHQ� /XHQEHUJHU�%HREDFKWHUQ� LVW� HLQ�
JXWHV�5DXVFKYHUKDOWHQ�]X�HUUHLFKHQ��

������ 9HUJOHLFK�GHU�9HUIDKUHQ��
=XP� 9HUJOHLFK� XQG� ]XU� $EVFKlW]XQJ� GHU� /HLVWXQJVIlKLJNHLW� GHU� 6\QFKURQLVDWLRQV�
9HUIDKUHQ�ZXUGH�H[HPSODULVFK�HLQH�6WUHFNH�PLW�37��9HUKDOWHQ�PLW�YHUVFKLHGHQ�IUHTXHQ�
WHQ� 6LQXVVLJQDOHQ� EHDXIVFKODJW�� (V� ZXUGH� VRZRKO� GDV� 0HVVUDXVFKHQ� DOV� DXFK� GDV�
3UR]HVVUDXVFKHQ�YDULLHUW��GLH�0HVVZHUWIUHTXHQ]�XQG�GLH�7RW]HLW�YHUlQGHUW���

6RZHLW�QLFKW�DQGHUV�DQJHJHEHQ��ZXUGHQ�IROJHQGH�3DUDPHWHUHLQVWHOOXQJHQ�YHUZHQGHW��

• $EWDVWIUHTXHQ]�GHV�5HJHOV\VWHPV�����+]�

• $EWDVWIUHTXHQ]�GHV�6HQVRUV�����+]��

• 'lPSIXQJ�GHU�37��6WUHFNH�����

• 5HVRQDQ]IUHTXHQ]�GHU�37��6WUHFNH����+]�

• NHLQ�0HVV��RGHU�3UR]HVVUDXVFKHQ�

• NHLQH�7RW]HLW�GHU�0HVVZHUWH�

• 6LJQDOIUHTXHQ]���+]�

• .RYDULDQ]PDWUL]HQ��= ��XQG�: ���

�������� $EKlQJLJNHLW�YRQ�GHU�0HVVZHUWIUHTXHQ]�
%HL�GHQ�0RGHOO�EDVLHUWHQ�0HWKRGHQ�KDW�GDV�9HUKlOWQLV�5HJHOIUHTXHQ]�]X�0HVVZHUWIUH�
TXHQ]�NHLQHQ�(LQIOXVV��GD�GLHVH�9HUIDKUHQ�V\QFKURQ�PLW�GHU�5HJHOV\VWHPIUHTXHQ]�EH�
WULHEHQ�ZHUGHQ�XQG�QXU�PLW�GHQ�PHKU�RGHU�ZHQLJHU�V\QFKURQLVLHUWHQ�0HVVZHUWHQ�DE�
JHJOLFKHQ�ZHUGHQ��

$XV��������IROJW�I�U�HLQ�VLQXVI|UPLJHV�6LJQDO�

ε πmax ;= ⋅2 1I W
V D

�� � � � � � � � � ��������������

GHU� OLQHDUH� =XVDPPHQKDQJ� ]ZLVFKHQ� 6\QFKURQLVDWLRQVIHKOHU� XQG� $EWDVWUDWH� WD�� E]Z��
UH]LSURNHQ� =XVDPPHQKDQJ� PLW� GHU� 0HVVZHUWIUHTXHQ]� ID�� EHL� HLQHP� +DOWHJOLHG�
��2UGQXQJ��

(UZHLWHUW�PDQ��������I�U�GLH�DQGHUHQ�'DWHQ�EDVLHUWHQ�9HUIDKUHQ�VR�HUKlOW�PDQ�

{ }εmax max ( ) ( );= ′ ⋅ −I W W J W
D D1 1 �� � � � � � � ��������������

ZREHL� J�W�� GDV� MHZHLOLJH�9HUIDKUHQ�EHVFKUHLEW�� %HL� GHQ�EHLGHQ�+DOWHJOLHGHUQ����2UG�
QXQJ��)2+�XQG�)72+��HUJLEW�J�W��]X��������E]Z����������'D�GLH�6WHLJXQJ�GHU�([WUDSR�
ODWLRQV�*HUDGHQ�PQ�LQ�EHLGHQ�)lOOHQ�HEHQIDOOV�OLQHDU�YRQ�WD��DEKlQJW�IROJW�GHU�TXDGUD�
WLVFKH� =XVDPPHQKDQJ� ]ZLVFKHQ� 6\QFKURQLVDWLRQVIHKOHU� XQG� WD��� %HLP� +DOWHJOLHG�
��2UGQXQJ�HUJLEW�VLFK�GXUFK�lKQOLFKH�hEHUOHJXQJHQ��GDVV�KLHU�GHU�6\QFKURQLVDWLRQV�
IHKOHU�SURSRUWLRQDO� W

D1
4 �LVW��
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,Q� %LOG� ������� VLQG� GLHVH� $EKlQJLJNHLWHQ� ]XU� 0HVVZHUWIUHTXHQ]� I WD
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1
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%LOG����������$EKlQJLJNHLW�YRQ�GHU�0HVVIUHTXHQ]��OLQNV�I
V
 ��+]���

UHFKWV�I
V
 ��+]�

�������� $EKlQJLJNHLW�YRQ�GHU�6LJQDOIUHTXHQ]�
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]ZLVFKHQ� 6\QFKURQLVDWLRQVIHKOHU� XQG� 6LJQDOIUHTXHQ]��'LHV� OlVVW� VLFK� DXV� GHU� UHVXOWLH�
UHQGHQ�3KDVHQODJH�]ZLVFKHQ�JHVFKlW]WHP�XQG�UHDOHP�0HVVZHUW�HUNOlUHQ��

0 10 20 30 40 50 60 70 80 90

0

2

4

6

8

10

12

14

16

18

Signalfrequenz in Hz

S
yn

ch
ro

ni
sa

tio
ns

fe
hl

er
 in

 %

TOHFTOH 

LPC ZOH 

FOH 

Kalman-Filter 
Beobachter 

0 10 20 30 40 50 60 70 80 90

0

2

4

6

8

10

12

14

16

18

Signalfrequenz in Hz

S
yn

ch
ro

ni
sa

tio
ns

fe
hl

er
 in

 %

TOH

FTOH 

LPC ZOH 

FOH 
Kalman-Filter 

Beobachter 

�

%LOG����������$EKlQJLJNHLW�YRQ�GHU�6LJQDOIUHTXHQ]��OLQNV�I
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 ����+]��

UHFKWV�I
D�
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$XV��������IROJW�I�U�HLQ�+DOWHJOLHG���2UGQXQJ�HEHQIDOOV�HLQ�OLQHDUHU��MHGRFK�PLW�VWlUNH�
UHU� 6WHLJXQJ� YHUVHKHQHU� =XVDPPHQKDQJ��'LH� JOHLFKHQ�hEHUOHJXQJHQ� ]XU�*OHLFKXQJ�
�������ZLH�LP�YRULJHQ�3XQNW�HUJHEHQ�I�U�GLH�+DOWHJOLHGHU���2UGQXQJ�ZLHGHU�HLQH�3UR�
SRUWLRQDOLWlW�]X� I

V

2 �XQG�I�U�GDV�+DOWHJOLHG���2UGQXQJ�]X� I
V

4 ��

,Q�%LOG��������VLQG�GLHVH�=XVDPPHQKlQJH� I�U� ID� ����+]�XQG� ID� ����+]�ZLHGHUJH�
JHEHQ��

�������� 5DXVFKDEKlQJLJNHLWHQ�
'DV�0HVVUDXVFKHQ�I�KUW�EHL�GHQ�'DWHQ�EDVLHUWHQ�9HUIDKUHQ�]X�HLQHP�OLQHDUHQ�$QVWHL�
JHQ� GHV� 6\QFKURQLVDWLRQVIHKOHUV� PLW� GHQ� 6WHLJXQJHQ�� GLH� VLFK� PLW� GHQ� *OHLFKXQJHQ�



�����6\QFKURQLVDWLRQ�

� ���

����������������������XQG��������HUJHEHQ��'LH�'DWHQ�EDVLHUWHQ�9HUIDKUHQ�ZHUGHQ�YRP�
3UR]HVVUDXVFKHQ�QLFKW�EHHLQIOXVVW��GD�QXU�GHU�6HQVRUDXVJDQJ�YHUZHQGHW�ZLUG�XQG�HV�
VR�QLFKW�LQV�9HUIDKUHQ�PLW�HLQJHKW��

'LH� EHLGHQ�0RGHOO� EDVLHUWHQ� 9DULDQWHQ� .DOPDQ�)LOWHU� XQG� %HREDFKWHU�ZHUGHQ�ZHGHU�
YRP�0HVVUDXVFKHQ� QRFK� YRP� 3UR]HVVUDXVFKHQ� EHHLQIOXVVW�� GD� HV� LP� 6WUHFNHQPRGHOO�
PLWVSH]LIL]LHUW�ZLUG��

0 0.5 1 1.5 2 2.5 3 3.5 4
0

2

4

6

8

10

12

14

Messrauschen in %

S
yn

ch
ro

ni
sa

tio
ns

fe
hl

er
 in

 %

TOH FTOH 

ZOH 
FOH 

Kalman-Filter 

Beobachter 

0 0.5 1 1.5 2 2.5 3 3.5
0

1

2

3

4

5

6

7

8

9

10

S
yn

ch
ro

ni
sa

tio
ns

fe
hl

er
 in

 %

Prozessrauschen in %

TOH
FTOH 

ZOH 

FOH 

Kalman-Filter 

Beobachter 

�

%LOG��������5DXVFKDEKlQJLJNHLW��OLQNV�0HVVUDXVFKHQ��UHFKWV��
3UR]HVVUDXVFKHQ�

�������� $EKlQJLJNHLW�YRQ�GHU�7RW]HLW�
'HU�(LQIOXVV�GHU�7RW]HLW�DXI�GHQ�6\QFKURQLVDWLRQVIHKOHU�YHUKlOW� VLFK� LQ�HUVWHU�/LQLH�ZLH�
GHU�(LQIOXVV�GHU�0HVVZHUWIUHTXHQ]��ZHLO�HLQH�7RW]HLW�QXU�GLH�=HLW��GLH�PDQ�LQ�GLH�=XNXQIW�
H[WUDSROLHUHQ�PXVV��YHUJU|�HUW��ZDV�HLQHU�9HUNOHLQHUXQJ�GHU�0HVVZHUWIUHTXHQ]�JOHLFK�
NRPPW��,Q�%LOG��������OLQNV�LVW�GHU�(LQIOXVV�EHL�NOHLQHQ�7RW]HLWHQ�]X�VHKHQ��%HL�JUR�HQ�
7RW]HLWHQ��UHFKWHV�%LOG�� LVW�GHU�)HKOHU�GHU�'DWHQ�EDVLHUWHQ�9HUIDKUHQ�VR�JUR���GDVV�VLH�
QLFKW�PHKU�DQJH]HLJW�ZHUGHQ��%HLP�.DOPDQ�)LOWHU�NDQQ�PDQ�KLHU�]XP�HUVWHQ�0DO�HL�
QHQ�8QWHUVFKLHG�GHU�GUHL�YRUJHVWHOOWHQ�9DULDQWHQ�HUNHQQHQ��:LH�DXFK�QLFKW�DQGHUV�]X�
HUZDUWHQ�ZDU��OLHIHUW�GLH�9DULDQWH�PLW�0HVVZHUWV\QFKURQLVDWLRQ�XQG�7RW]HLWNRUUHNWXU�GDV�
EHVWH�(UJHEQLV��DXFK�ZHQQ�HV�QXU�FD�����DXVPDFKW��
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�������� :HLWHUH�(LQIO�VVH�DXI�GHQ�.DOPDQ�)LOWHU�
'LH�0RGHOO�EDVLHUWHQ�9HUIDKUHQ�LP�DOOJHPHLQHQ��GHU�.DOPDQ�)LOWHU�KLHU� LP�VSH]LHOOHQ��
ZHUGHQ�YRQ�ZHLWHUHQ�3DUDPHWHUQ�EHHLQIOXVVW��'LH�(UJHEQLVVH�KlQJHQ�LQ�HUVWHU�/LQLH�YRQ�
GHU�*HQDXLJNHLW�E]Z��YRP�hEHUHLQVWLPPHQ�GHU�YHUZHQGHWHQ�6WUHFNHQPRGHOOH�DE��'LH�
6WUXNWXU� GHU� 6WUHFNHQPRGHOOH� EHHLQIOXVVW� GLH� *HQDXLJNHLW� GHV� .DOPDQ�)LOWHUV� QLFKW��
VRODQJH� GLH� 9RUDXVVHW]XQJHQ� ]XP� (QWZXUI� HLQHV� .DOPDQ�)LOWHUV� �VLHKH� ��������� HLQ�
JHKDOWHQ� ZHUGHQ�� 'LH�0RGHOOLHUXQJ� GHV� 5DXVFKHQV� JHKW� GDEHL� ZHVHQWOLFK� LQ� GHQ� ]X�
HUZDUWHQGHQ�)HKOHU�PLW�HLQ��'HU�(LQIOXVV�GHV�5DXVFKHQV�ZLUG�PLW�GHQ�EHLGHQ�.RYDUL�
DQ]PDWUL]HQ� EHL� GHU� %HUHFKQXQJ� LP� .DOPDQ�)LOWHU� EHVWLPPW�� :LH� LQ� %LOG� ������� ]X�
VHKHQ��JLEW�HV�I�U�MHGH�.RYDULDQ]PDWUL[�HLQHQ�RSWLPDOHQ�:HUW��GHU�GDQQ�GHQ�6\QFKUR�
QLVDWLRQVIHKOHU�PLQLPLHUW��'XUFK�9HUlQGHUXQJ�GHU�.RYDULDQ]PDWUL]HQ�NDQQ�PDQ�VRPLW�
GHQ�.DOPDQ�)LOWHU�RSWLPDO�DQ�GLH�*HJHEHQKHLWHQ�DQSDVVHQ��'XUFK�GLH�:DKO�GHU�RSWL�
PDOHQ�:HUWH�Z�UGH�VLFK�GHU�)HKOHU�LQ�GHQ�YRULJHQ�*UDSKHQ�XP������UHGX]LHUHQ��
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%LOG����������(LQIO�VVH�GHU�.RYDULDQ]PDWUL]HQ�=�XQG�:�

�������� =XVDPPHQIDVVXQJ�
,Q� 7DEHOOH������� VLQG�GLH�$EKlQJLJNHLWHQ�GHU�HLQ]HOQHQ�0HWKRGHQ�QRFKPDOV� ]XVDP�
PHQJHIDVVW��0DQ� NDQQ� HUNHQQHQ�� GDVV� GLH�'DWHQ�EDVLHUWHQ�9HUIDKUHQ�QXU� I�U� NOHLQH�
RGHU�NHLQH�7RW]HLWHQ�YHUZHQGHW�ZHUGHQ�N|QQHQ��]XGHP�GDUI�GDV�9HUKlOWQLV�0HVVZHUW�
IUHTXHQ]�]X�5HJHOIUHTXHQ]�QLFKW�]X�NOHLQ�ZHUGHQ��(UJHEHQ�VLFK�I�U�GLH�'DWHQ�EDVLHUWHQ�
9HUIDKUHQ�lKQOLFK�JUR�H�)HKOHU�ZLH�I�U�GLH�0RGHOO�EDVLHUWHQ��VR�VLQG�VLH�DXIJUXQG�GHV�
JHULQJHUHQ�5HFKHQDXIZDQGV�YRU]X]LHKHQ��,Q�>��@�ZHUGHQ�.DOPDQ�)LOWHU�XQG�%HREDFK�
WHU�KLQVLFKWOLFK�GHV�5HFKHQ]HLWEHGDUIV�QlKHU�XQWHUVXFKW��'DEHL�VFKQHLGHW��ZLH�]X�HUZDU�
WHQ�ZDU��GHU�HUZHLWHUWH�.DOPDQ�)LOWHU�DP�VFKOHFKWHVWHQ�DE��

)�U�JUR�H�7RW]HLWHQ�XQG�VHKU�QLHGULJH�$EWDVWUDWHQ�KLQJHJHQ�NRPPW�QXU�GHU�.DOPDQ�
)LOWHU� LQ� )UDJH�� HEHQVR� EHL� VHKU� YHUUDXVFKWHQ� RGHU� JHVW|UWHQ� 0HVVZHUWHQ�� )�U� QLFKW�
]\NOLVFK� DQIDOOHQGH�0HVVZHUWH� N|QQHQ� DXFK� QXU� GLH�0RGHOO� EDVLHUWHQ� 9DULDQWHQ� YHU�
ZHQGHW�ZHUGHQ��GLH�'DWHQ�EDVLHUWHQ�9HUIDKUHQ�EHQ|WLJHQ�lTXLGLVWDQWH�$EWDVW]HLWSXQN�
WH��

�

�
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� 6\QFKURQLVDWLRQVIHKOHU�DEKlQJLJ�YRQ�

9HUIDKUHQ� 0HVVZHUWUDWH� 6LJQDO�
IUHTXHQ]�

7RW]HLW� 0HVV�
UDXVFKHQ�

3UR]HVV�
UDXVFKHQ�

'DWHQ�EDVLHUW� �

=2+� /LQHDU� OLQHDU� OLQHDU� NRQVWDQW� .RQVWDQW�

)2+� TXDGUDWLVFK� TXDGUDWLVFK� TXDGUDWLVFK� /LQHDU� .RQVWDQW�

)72+� TXDGUDWLVFK� TXDGUDWLVFK� TXDGUDWLVFK� /LQHDU� .RQVWDQW�

72+� ��2UGQXQJ� ��2UGQXQJ� ��2UGQXQJ� /LQHDU� .RQVWDQW�

0RGHOO�EDVLHUW� �

.DOPDQ�)LOWHU� NRQVWDQW� OLQHDU� NRQVWDQW� NRQVWDQW� .RQVWDQW�

%HREDFKWHU� NRQVWDQW� OLQHDU� OLQHDU� NRQVWDQW� .RQVWDQW�

7DEHOOH���������$EKlQJLJNHLWHQ�GHU�6\QFKURQLVDWLRQVIHKOHU�GHU�9HUIDKUHQ�

����6HQVRUIXVLRQ�

������ *HZLFKWHWHU�0LWWHOZHUW�
(LQ�HLQIDFKHV�9HUIDKUHQ�]XU�6HQVRUIXVLRQ�DXI�6LJQDO�/HYHO�(EHQH��GDV�PHLVW�]XU�)XVLRQ�
YRQ�UHGXQGDQWHQ�6HQVRUHQ�YHUZHQGHW�ZLUG��LVW�GLH�%LOGXQJ�GHV�JHZLFKWHWHQ�0LWWHOZHUWV��
(U�LVW�I�U�Q�6HQVRUHQ�GHILQLHUW�DOV�
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'LH� HLQ]HOQHQ� 6HQVRUZHUWH�P�VVHQ� GDKHU� GLHVHOEH� SK\VLNDOLVFKH�*U|�H�PHVVHQ� XQG�
DXI�GDV�JOHLFKH�5HIHUHQ]V\VWHP�NDOLEULHUW�VHLQ��'LH�NRQVWDQWHQ�*HZLFKWXQJVIDNWRUHQ�JL�
EHVWLPPHQ�GHQ�(LQIOXVV�GHU�HLQ]HOQHQ�6HQVRUHQ�]XP�IXVLRQLHUWHQ�:HUW��'LH�:DKO�GHU�
*HZLFKWXQJVIDNWRUHQ�HUIROJW�DQKDQG�GHU�4XDOLWlW�GHU�6HQVRUGDWHQ��GDEHL�JLOW�
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%HL�9HUZHQGXQJ�HLQHV�LQWHOOLJHQWHQ�6HQVRUDXVZDKOSULQ]LSV�ZLH�GHU�3HUFHSWLRQ�&RQWURO�
OHU� LQ� >��@� ZHUGHQ� GLH�*HZLFKWXQJVIDNWRUHQ� DQKDQG� GHU� YRQ� GHQ� 6HQVRU� JHOLHIHUWHQ�
'DWHQ� DQJHSDVVW�� (LQ�$XVEOHQGHQ� YRQ�$XVUHL�HUQ�RGHU� YRQ�GHIHNWHQ� 6HQVRUHQ� NDQQ�
GDGXUFK�HUUHLFKW�ZHUGHQ��

������ .DOPDQ�)LOWHU�
,P�*HJHQVDW]� ]X� GHU� VWDUUHQ� )XVLRQ�PLW� NRQVWDQWHQ�*HZLFKWXQJVIDNWRUHQ� YRQ� ������
VWHOOW�GLH�6HQVRUIXVLRQ�PLW�GHP�.DOPDQ�)LOWHU�HLQHQ�JHZLFKWHWHQ�0LWWHOZHUW�PLW�DGDSWL�
YHQ�*HZLFKWXQJVIDNWRUHQ� GDU��'LH�*HZLFKWXQJ� HUIROJW� DQKDQG� GHU� I�U� GHQ� .DOPDQ�
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)LOWHU�QRWZHQGLJHQ�.RYDULDQ]PDWUL]HQ�XQG�SDVVW�VLFK�VRPLW�DQ�GLH�DNWXHOOHQ�*HJHEHQ�
KHLWHQ�DQ��%HLP�.DOPDQ�)LOWHU�N|QQHQ�DXFK�GLH�SK\VLNDOLVFKHQ�0HVVJU|�HQ�GHU�HLQ]HO�
QHQ�6HQVRUHQ�XQWHUVFKLHGOLFK�VHLQ��VLH�P�VVHQ�OHGLJOLFK�HLQH�EHOLHELJH��DEHU�EHNDQQWH��
/LQHDUNRPELQDWLRQ�GHU� 6\VWHP]XVWlQGH�GDUVWHOOHQ�� (V� NDQQ� VRZRKO� HLQH�)HHGIRUZDUG�
DOV�DXFK�HLQH�)HHGEDFN�6WUXNWXU�YHUZHQGHW�ZHUGHQ��

:LH�PDQ�DQ�GHQ�YRUKHUJHKHQGHQ�.DSLWHOQ�VLHKW��LVW�GHU�.DOPDQ�)LOWHU�GDV�$OO]ZHFNPLW�
WHO�VFKOHFKWKLQ�XQG�NDQQ�LQ�MHGHP�GHU�GUHL�]XU�6HQVRUIXVLRQ�QRWZHQGLJHQ�IXQNWLRQHOOHQ�
%O|FNH�HLQJHVHW]W�ZHUGHQ��'RFK�GXUFK�GHQ�KRKHQ�5HFKHQDXIZDQG��GHU�PLW�GHP�.DO�
PDQ�)LOWHU� YHUEXQGHQ� LVW��ZlUH� HV�Z�QVFKHQVZHUW��ZHQQ�PDQ�PHKUHUH�.DOPDQ�)LOWHU�
]X�HLQHP�]XVDPPHQI�KUHQ�N|QQWH��ZLH�HV�LQ�%LOG�������]X�VHKHQ�LVW��
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%LOG���������]HQWUDOHU�.DOPDQ�)LOWHU�

'LH� 0HVVZHUWV\QFKURQLVDWLRQ� �VLHKH� %LOG� �������� XQG� GLH� 7RW]HLWNRUUHNWXU� �VLHKH� %LOG�
��������P�VVHQ�EHL�%HGDUI�I�U�MHGHQ�6HQVRU�VHSDUDW�GXUFKJHI�KUW�ZHUGHQ��'LH�6HQVRU�
IXVLRQ� VRZLH� HLQH�P|JOLFKH� 6LJQDOYRUYHUDUEHLWXQJ� N|QQHQ� GDQQ� I�U� DOOH� 6HQVRUHQ� LQ�
HLQHP� .DOPDQ�)LOWHU� �GXQNHO� KLQWHUOHJWHU� %ORFN� LQ� %LOG� ������� ]XVDPPHQJHIDVVW� ZHU�
GHQ��)�U�GDV�6\VWHPPRGHOO�HLQHV���6HQVRU�5HJHONUHLVHV�JLOW�QDFK��������
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,Q�GHU�.RYDULDQ]PDWUL[�:�ZLUG�EHLP�.DOPDQ�)LOWHUHQWZXUI�GDV�0HVVUDXVFKHQ�ZL�N��GHU�
HLQ]HOQHQ� 6HQVRUHQ� EHU�FNVLFKWLJW�� (LQH� 6LJQDOYRUYHUDUEHLWXQJ� NDQQ� DOOJHPHLQ� ZLH�
IROJW�DQJHJHEHQ�ZHUGHQ��
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ZREHL�&
�N�� GXUFK�1XOOVHW]HQ�GHU� =HLOHQ� YRQ� YRUYHUDUEHLWHWHQ�6LJQDOHQ�DXV�&�N�� KHU�
YRUJHKW��'LH�0DWUL[�(
�EHVLW]W�HLQH�Å�´�I�U�DXVJHNRSSHOWH�XQG�HLQH�Å�´�I�U�YRUYHUDUEHL�
WHWH�6HQVRUVLJQDOH�XQG�GLHQW�GD]X�GDV�0HVVUDXVFKHQ�]X�EHU�FNVLFKWLJHQ���������]HLJW��
GDVV�GXUFK�(UZHLWHUXQJ�GHV�6\VWHPPRGHOOV�HLQ�.DOPDQ�)LOWHU�DXVUHLFKW��XP�GLH�$XIJD�
EHQ�GHU�GUHL�IXQNWLRQDOHQ�%O|FNH�6\QFKURQLVDWLRQ��6LJQDOYRUYHUDUEHLWXQJ�XQG�)XVLRQ�]X�
HUI�OOHQ��

����6LPXODWLRQ�

=XU� 6LPXODWLRQ� GHV� G\QDPLVFKHQ� 9HUKDOWHQV� GHV� 5HJHOV\VWHPV�ZLUG� GDV� 6LPXODWLRQV�
ZHUN]HXJ�6LPX/LQN�>��@��GDV�DXI�0DW/DE�EDVLHUW��HLQJHVHW]W��-HGHU�6LPX/LQN�%ORFN�ZLUG�
GXUFK� HLQHQ� (LQJDQJVYHNWRU� X�� HLQHQ� $XVJDQJVYHNWRU� \� XQG� HLQHQ� =XVWDQGVYHNWRU� [�
FKDUDNWHULVLHUW�� 'HU� =XVWDQGVYHNWRU� NDQQ� DXV� NRQWLQXLHUOLFKHQ�� GLVNUHWHQ� RGHU� HLQHU�
.RPELQDWLRQ�DXV�EHLGHQ�EHVWHKHQ��'HU�PDWKHPDWLVFKH�=XVDPPHQKDQJ�HUJLEW�VLFK�]X�
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� � � � � � ��������������

'LH�6LPXODWLRQ�EHVWHKW�DXV�]ZHL�3KDVHQ��,QLWLDOLVLHUXQJ�XQG�6LPXODWLRQ��,Q�GHU�,QLWLDOL�
VLHUXQJVSKDVH�JHVFKLHKW�IROJHQGHV��

��� 'LH� V\PEROLVFKHQ� %ORFNSDUDPHWHU�ZHUGHQ� YRQ�0DW/DE� DXI� LKUH�*�OWLJNHLW� JH�
SU�IW�XQG�GXUFK�GLH�QXPHULVFKHQ�:HUWH�HUVHW]W�

��� 'LH�0RGHOOKLHUDUFKLH�ZLUG� DXIJHO|VW��'HU� ,QKDOW� GHU� 7HLOV\VWHPH�� GLH� QLFKW� EH�
GLQJW�DXVI�KUEDUH�%O|FNH�VLQG��ZLUG�VWDWW�GHU�%O|FNH�HLQJHI�JW��

��� 'LH� UHVXOWLHUHQGHQ� %DVLVEO|FNH�ZHUGHQ� LQ� GHU� 5HLKHQIROJH� VRUWLHUW�� LQ� GHU� LKUH�
=XVWlQGH�DNWXDOLVLHUW�ZHUGHQ�P�VVHQ��%O|FNH�PLW�GLUHNWHP�'XUFKJULII�ZHUGHQ�]X�
GHP�VSHLVHQGHQ�%ORFN�JHUHFKQHW��
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��� 'LH�9HUELQGXQJHQ�]ZLVFKHQ�GHQ�%O|FNHQ�ZLUG�DXI�LKUH�.RQVLVWHQ]�JHSU�IW���

'LH� 6LPXODWLRQ� HLQHV�0RGHOOV� ZLUG�PLW� QXPHULVFKHU� ,QWHJUDWLRQ� ²� HV� JLEW� GDYRQ� YHU�
VFKLHGHQH�9HUIDKUHQ�²�GXUFKJHI�KUW��=XHUVW�ZHUGHQ�GLH�$XVJlQJH�GHU�%O|FNH�DQKDQG�
GHU�]XYRU�JHQDQQWHQ�6RUWLHUXQJ�EHVWLPPW��GDQDFK�LQ�HLQHP�]ZHLWHQ�6FKULWW�ZHUGHQ�I�U�
MHGHQ�%ORFN�GLH�$EOHLWXQJHQ�]XU�PRPHQWDQHQ�6LPXODWLRQV]HLW�EHUHFKQHW��'DV�(UJHEQLV�
ZLUG� GHU� QXPHULVFKHQ� ,QWHJUDWLRQVPHWKRGH� ]XU�FNJHVSHLVW�� XP�GLH� =XVWDQGVYHNWRUHQ�
]XP�QlFKVWHQ�6LPXODWLRQV]HLWSXQNW�]X�EHVWLPPHQ��8P�GLVNRQWLQXLHUOLFKH�6LJQDOH�XQG�
]XVWDQGVYHUlQGHUQGH� (UHLJQLVVH� JHQDXHU� EHKDQGHOQ� ]X� N|QQHQ�� ZLUG� HLQ�1XOOGXUFK�
JDQJV�'HWHNWLRQV�9HUIDKUHQ�YHUZHQGHW�XQG�GLH�6FKULWWZHLWH�GHU�QXPHULVFKHQ�,QWHJUDWL�
RQ��DX�HU�EHL�9HUIDKUHQ�PLW�NRQVWDQWHU�6FKULWWZHLWH��GHPHQWVSUHFKHQG�DQJHSDVVW��

%HLVSLHOKDIW� ZLUG� QXQ� HLQH� GLVNUHWH� 3,'�)ROJHUHJHOXQJ� I�U� HLQ� 37��6WUHFNHQJOLHG� PLW�
HLQHU�5HVRQDQ]IUHTXHQ]�YRQ����+]�VLPXOLHUW��(V�VWHKHQ���YHUVFKLHGHQH�6HQVRUHQ��]ZHL�
%HVFKOHXQLJXQJVVHQVRUHQ� XQG� HLQH�&&'�.DPHUD� ]XU� 9HUI�JXQJ��'LH�'DWHQ� GHU� %H�
VFKOHXQLJXQJVVHQVRUHQ� VLQG� 2IIVHW� EHKDIWHW� �*UDYLWDWLRQ��� YHUUDXVFKW� ��� ���PP�Vò��
XQG�ZHLVHQ�HLQH�'ULIW�DXI��6LH�DUEHLWHQ�PLW�HLQHU�H[WHUQHQ�$EWDVWUDWH�YRQ�����+]�XQG�
KDEHQ�HLQH�7RW]HLW�YRQ�]ZHL�$EWDVWVFKULWWHQ��'LH�&&'�.DPHUD�KDW�HLQH�YDULDEOH�7RW]HLW�
LP�%HUHLFK�YRQ�����XQG�����6HNXQGHQ��'LH�JHOLHIHUWHQ�'DWHQ�VLQG�QXU�OHLFKW�YHUUDXVFKW�
�����P���'LH�)�KUXQJVJU|�H�VHL�HLQ�6LQXVVLJQDO�PLW�HLQHU�$PSOLWXGH�YRQ�����PP�XQG�
HLQHU� )UHTXHQ]� YRQ� ��+]��'DV� 3UR]HVVUDXVFKHQ�ZLUG�PLW��� ��P� DQJHJHEHQ��8QWHU�
9HUZHQGXQJ�GHU�$OJRULWKPHQ�GLHVHV�.DSLWHOV�VROO�GHU�(LQIOXVV�GHU�6HQVRUZDKO�VLPXODWLY�
XQG�GHU�8QWHUVFKLHG�]XP�LGHDOHQ�(QWZXUI�JH]HLJW�ZHUGHQ��,Q�%LOG�������LVW�GDV�6LPX�
/LQN�%ORFNGLDJUDPP� I�U�GLH�HUVWH�5HDOLVLHUXQJ�DXV�7DEHOOH�������DEJHELOGHW��'LH�PLW�
6FKDWWHQ�KLQWHUOHJWHQ�%O|FNH�VLQG�GLH�]XU�6HQVRUIXVLRQ�LPSOHPHQWLHUWHQ�9HUIDKUHQ�XQG�
ZHUGHQ�I�U�GLH�YHUVFKLHGHQHQ�.RQILJXUDWLRQHQ�HLQIDFK�QXU�DXVJHWDXVFKW��
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%LOG���������6LPXODWLRQV�%ORFNGLDJUDPP�

,Q�7DEHOOH�������VLQG�GLH�6LPXODWLRQVHUJHEQLVVH�I�U�YHUVFKLHGHQH�6HQVRUNRPELQDWLRQHQ�
XQG� 9HUDUEHLWXQJVDOJRULWKPHQ� ]XVDPPHQJHIDVVW�� ,Q� %LOG� ������ VLQG� I�U� GLH� 5HDOLVLH�
UXQJ�DXV�%LOG�������GLH�6LPXODWLRQVHUJHEQLVVH�]X�VHKHQ��$XI�GHU�OLQNHQ�6HLWH�VLQG�H[�
HPSODULVFK�GLH�6HQVRUGDWHQ��REHQ�&&'�6HQVRU��XQWHQ�%HVFKOHXQLJXQJVVHQVRU��DEJH�
ELOGHW��5HFKWV�XQWHQ�VLQG�GLH�)�KUXQJVJU|�HQ�]XVDPPHQ�PLW�GHP�VLPXOLHUWHQ�(UJHEQLV�
GHU� 3,'�5HJHOXQJ�PLW� GHQ�'DWHQ� GHU� EHLGHQ� 6HQVRUHQ� GDUJHVWHOOW�� (V� HUJLEW� VLFK� HLQ�
PD[LPDOHU�5HJHOIHKOHU��GHU�NOHLQHU������LVW��



�����6LPXODWLRQ�
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9HUJOHLFKW�PDQ�GLH�SUR]HQWXDOHQ�5HJHOIHKOHU�GHU�YHUVFKLHGHQHQ�5HDOLVLHUXQJVYDULDQWHQ�
DXV�7DEHOOH��������VR�HUNHQQW�PDQ��GDVV�PDQ�QXU�GXUFK�GLH�:DKO�GHU�6HQVRUHQ�XQG�
)XVLRQVDOJRULWKPHQ�5HJHOV\VWHPH�PLW�)HKOHUQ�]ZLVFKHQ����XQG������HQWZHUIHQ�NDQQ��
(V�HUJLEW�VLFK�VRJDU�HLQH�LQVWDELOH�9DULDQWH��'XUFK�7XQHQ�GHU�(QWZXUIVSDUDPHWHU�N|QQ�
WHQ�GLH�(UJHEQLVVH�QRFK�YHUEHVVHUW�ZHUGHQ��'HU�)HKOHU��GHU�VLFK�PLW�GHU�LGHDOHQ�6LPX�
ODWLRQ��RKQH�6W|UVLJQDOH�XQG�5DXVFKHQ��HUJLEW�� LVW�XP�GHQ�)DNWRU����JHULQJHU�DOV�GHU�
GHU�EHVWHQ�UHDOHQ�9DULDQWH��%HL�GHU�YLHUWHQ�$OWHUQDWLYH�ZLUG�GHU�(LQIOXVV�GHU�6LJQDOYRU�
YHUDUEHLWXQJ�GHXWOLFK��6\QFKURQLVLHUW�PDQ�GLH�6HQVRUHQ�YRU�GHU� ,QWHJUDWLRQ��VR�HUKlOW�
PDQ� HLQHQ� XP�GHQ� )DNWRU� �� JU|�HUHQ� )HKOHU� DOV�ZHQQ�PDQ�GLH�EHLGHQ�%O|FNH� YHU�
WDXVFKW�� 'LHV� OlVVW� VLFK� GXUFK� GLH� 5DXVFKHPSILQGOLFKNHLW� GHU� )2+�6\QFKURQLVDWLRQ�
HUNOlUHQ��GHQQ�QDFK�GHU�,QWHJUDWLRQ�LVW�GDV�*HZLFKW�GHV�3UR]HVV��XQG�0HVVUDXVFKHQV�
JHJHQ�EHU�GHP�1XW]VLJQDO�ZHVHQWOLFK�JHULQJHU���

6HQVRUHQ� 6\QFKURQLVDWLRQ� 6HQVRUYRUYHUDUEHLWXQJ� )XVLRQ� )HKOHU�>�@�

&&'� .DOPDQ�)LOWHU� �� �� ������

%�6HQVRU� )2+� 'RSSHOLQWHJUDWLRQ�PLW�
5HIHUHQ]�

�� �

&&'� .DOPDQ�)LOWHU� �� JHZLFKWHWHU� LQVWDELO�

%�6HQVRU� )72+� 'RSSHOLQWHJUDWLRQ�PLW�
3,'�)HHGEDFN��

0LWWHOZHUW� �

&&'� .DOPDQ�)LOWHU� �� .DOPDQ�� a���

%�6HQVRU� .DOPDQ�)LOWHU� 'RSSHOLQWHJUDWLRQ�PLW�
PLW�.DOPDQ�)LOWHU�

)LOWHU� �

%�6HQVRU� )2+� 'RSSHOLQWHJUDWLRQ�PLW�
,��)HHGEDFN�

�� a����E]Z��
a���

%�6HQVRU� )2+� 'RSSHOLQWHJUDWLRQ�PLW�
,��)HHGEDFN�

�
JHZLFKWHWHU�

a����

%�6HQVRU� )2+� 'RSSHOLQWHJUDWLRQ�PLW�
,��)HHGEDFN�

0LWWHOZHUW� �

%�6HQVRU� )2+� 'RSSHOLQWHJUDWLRQ�PLW�
,��)HHGEDFN�

�
JHZLFKWHWHU�

a���

%�6HQVRU� )2+� 'RSSHOLQWHJUDWLRQ�PLW�
3,'�)HHGEDFN�

0LWWHOZHUW� �

&&'� .DOPDQ�)LOWHU� �� �� a����3KDVH��

,GHDO� �� �� �� �������

7DEHOOH���������YHUVFKLHGHQH�6HQVRUNRPELQDWLRQHQ�
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%LOG���������6LPXODWLRQ�UHDOHU�5HJHOV\VWHPH�

�

 

v 
T 

Bereich 

v/T-Kennlinien 
Switch1 Switch 

In Out 
time stamp 

Sensor Typ3 
variable delayed 

In Out 
time stamp 

Sensor Typ2 

In Out 
time stamp 

Sensor Typ1 

Event 
Sensor Typ 4b 

Trigger 
Sensor Typ 4a1 

Trigger 
Sensor Typ 4a 

Scope 

Repeating 
Sequence1 

Repeating 
Sequence 

>= 

>= 

< 

Memory 
Manual Switch 

OR 
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�

%LOG���������%ORFNGLDJUDPP�GHU�%HLVSLHO�6WHXHUXQJ�

'LH�6WDELOLWlW�GHU� VLPXOLHUWHQ�6\VWHPH�NDQQ�PLW�6LPX/LQN�GXUFK�%HVWLPPXQJ�GHU�3RO�
VWHOOHQ�GHV�DP�$UEHLWVSXQNW�OLQLHDULVLHUWHQ�6LPXODWLRQVPRGHOOV�HUPLWWHOW�ZHUGHQ��(EHQVR�
NDQQ�GDV�)UHTXHQ]��XQG�6SUXQJYHUKDOWHQ�EHUHFKQHW�ZHUGHQ��
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Main/ 1 

Aus/ 
entry:hva=0 Ruhe/ 

Ein/ 
entry:hva=1 

auto_aus/ 

[einaus==0|in(stoerung)]/t01=t 
[zuendung==1] 

[einaus==1&!in(stoerung)] 
[bereich>=2]/t0=t 

[zuendung==0] [einaus==0|... 
in(stoerung)] 

[zuendung==0] 
[(einaus==1)&... 
(bereich>=4)]/t0=t [bereich==0]/t01=t 

[bereich<2]/hva=1 

KSP 2 

KSPaus/ 
entry:ksp=0 

KSPdelay1/ KSPdelay/ 

KSPein/ 
entry:ksp=1 

[t-t01>tx1]... 
/send(kspaus,UW) [in(Ein)] 

[in(Aus)|... 
in(auto_aus)] 

[t-t0>tx]... 
/send(kspein,UW) 

UW 3 

OK/ 
entry:stoer=0 

druckOK/ 
entry:t02=t druckOK1/ 

entry:t02=t 

stoerung/ 
entry:stoer=1 

[aderror==1] 
[druck<=0.1] [druck>=1] kspein kspaus 

[t-t02>2|... 
aderror==1] [t-t02>5|... 

aderror==1] 

ZP3 4 

ZP3aus/ 
entry:zp3=0 

ZP3delay1/ ZP3delay/ 

ZP3ein/ 
entry:zp3=1 

/q=1 

[((t-t0>tw)&(q<0))|... 
((t-t01>tw1)&(q>0))] [(in(Ein)&q>0)... 

|((in(Aus)|in(auto_aus))... 
&q<0)]/q=q*-1 

[((t-t0>tv)&(q<0))|... 
((t-t01>tv1)&(q>0))] 

ZP2 5 

ZP2aus/ 
entry:zp2=0 

ZP2delay/ ZP2delay1/ 

ZP2ein/ 
entry:zp2=1 

[t-t01>tu1] [in(Ein)] 

[t-t0>tu] [in(Aus)|... 
in(auto_aus)] 

ZP1 6 

ZP1aus/ 
entry:zp1=0 

ZP1delay/ ZP1delay1/ 

ZP1ein/ 
entry:zp1=1 

[t-t01>tz1] [in(Ein)] 

[t-t0>tz] 
[in(Aus)|... 
in(auto_aus)] 

KHP 7 

KHPaus/ 
entry:khp=0 

KHPdelay/ KHPdelay1/ 

KHPein/ 
entry:khp=1 

[t-t01>ty1] [in(Ein)] 

[t-t0>ty] [in(Aus)|... 
in(auto_aus)] 

�

%LOG���������=XVWDQGVDXWRPDW�GHU�%HLVSLHO�6WHXHUXQJ�

(LQ�ZHLWHUHU�$QZHQGXQJVEHUHLFK�GHU�HQWZLFNHOWHQ�7RROER[�VLQG�GLVNUHWH�6WHXHUXQJHQ��
ZLH�LQ�%LOG�������]X�VHKHQ��7ULJJHUVLJQDOH��GLH�=XVWDQGV�EHUJlQJH�GHV�=XVWDQGVDXWR�
PDWHQ�DXV�%LOG�������EHZLUNHQ��N|QQHQ�PLW�GHP�6HQVRUW\S��D��VLHKH����������VLPXOLHUW�
ZHUGHQ��1LFKW�YRUKHUVHKEDUH�(UHLJQLVVH��ZLH�$XVIlOOH�YRQ�%DXWHLOHQ��N|QQHQ�PLW�GHP�
6HQVRUW\S��E��VLHKH����������PRGHOOLHUW�ZHUGHQ��

'LH� %HLVSLHO�6WHXHUXQJ�DXV�%LOG�������XQG�%LOG������� VROO� HV� HUP|JOLFKHQ��EHL� HLQHP�
1XW]IDKU]HXJ� EHL� 6WLOOVWDQG� XQG� DXFK�ZlKUHQG� GHU� )DKUW� HLQHQ� K\GURVWDWLVFKHQ� 9RU�
GHUDFKVDQWULHE�HLQ��XQG�DXV]XVFKDOWHQ��=XP�(LQ��XQG�$XVVFKDOWHQ�PXVV�GLH�6WHXHUXQJ�
PHKUHUH�0DJQHWVFKDOWYHQWLOH� �=3��=3���XQG�GLH�.XSSOXQJHQ�GHU�+DXSW��XQG�6SHLVH�
SXPSH� LQ� HLQHP� ]HLWOLFK� IHVWHQ�$EODXI� DQVWHXHUQ�� $QKDQG� HLQHV� .HQQOLQLHQIHOGV� ]ZL�
VFKHQ�*HVFKZLQGLJNHLW�XQG�gOWHPSHUDWXU�ZLUG�HQWVFKLHGHQ��RE�GHU�$QWULHE�HLQ���DXV���
DXWRPDWLVFK�HLQ��RGHU�DXWRPDWLVFK�DXVJHVFKDOWHW�ZLUG��'LH�6WHXHUXQJ�PXVV�DXFK�)HK�
OHU� �$'�:DQGOHUDXVIDOO� RGHU� %UXFK� GHU� +\GUDXOLNOHLWXQJ�� HUNHQQHQ� XQG� GHQ� $QWULHE�
GDUDXIKLQ�DEVFKDOWHQ��'LH�6HQVRUHQ� I�U�*HVFKZLQGLJNHLW��gOWHPSHUDWXU�XQG�+\GUDX�
OLNGUXFN�ZHUGHQ�PLW�GHQ�VFKRQ�EHNDQQWHQ�6HQVRUPRGHOOHQ�GHV�7\SV�����PRGHOOLHUW���

,Q�%LOG�������VLHKW�PDQ�LP�REHUHQ�'LDJUDPP�GLH�(UJHEQLVVH��GLH�VLFK�EHL�GHU�6LPXODWL�
RQ� GHV� *HVFKZLQGLJNHLWVSURILOV�� GDV� LP� XQWHUHQ� 'LDJUDPP� GDUJHVWHOOW� LVW�� HUJHEHQ��
1DFK�GHP�(LQVFKDOWHQ�GHU�=�QGXQJ�XQG�GHV�6FKDOWHUV�I�U�GHQ�$QWULHE�ZLUG�GHU�$QWULHE�
DNWLYLHUW�� %HLP�hEHUVFKUHLWHQ� GHU�*UHQ]JHVFKZLQGLJNHLW� QDFK� FD�� �� 6HNXQGHQ� HUIROJW�
GDV� DXWRPDWLVFKH� $EVFKDOWHQ� GHV� $QWULHEV�� GHU� GDQQ� QDFK� DEEUHPVHQ� XQWHU� GLH�
*UHQ]JHVFKZLQGLJNHLW�ZLHGHU�DXWRPDWLVFK�HLQJHVFKDOWHW�ZLUG��1DFK�FD�����6HNXQGHQ�
WULWW�HLQH�6W|UXQJ��GHU�$XVIDOO�GHV�*HVFKZLQGLJNHLWVVHQVRUV��HLQ�XQG�HV�HUIROJW�GLH�HQG�
J�OWLJH�$EVFKDOWXQJ�GHV�$QWULHEV���

%HL�GHU�6LPXODWLRQ�YRQ�6\VWHPHQ�PLW�YHUVFKLHGHQHQ�$EWDVWUDWHQ�LQ�6LPX/LQN�PXVV�PDQ�
GDUDXI�DFKWHQ��GDVV�GLH�HLQJHVHW]WHQ�%O|FNH�PLW�GHU�ULFKWLJHQ�$EWDVWUDWH�VLPXOLHUW�ZHU�
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GHQ��6WDQGDUGPl�LJ��ZHQQ�QLFKW�H[SOL]LW�DQGHUV�DQJHJHEHQ��ZLUG�GLH�$EWDVWUDWH�YRP�
VSHLVHQGHQ�%ORFN�JHHUEW��0DQ� NDQQ�GLHV� HLQIDFK�GXUFK�$NWLYLHUXQJ�GHU� YHUVFKLHGHQ�
IDUELJHQ� 'DUVWHOOXQJ� GHU� $EWDVWUDWHQ� LP� 6LPX/LQN�%ORFNGLDJUDPP� �EHUSU�IHQ�� $Q�
VRQVWHQ� LVW�GLH�6LPXODWLRQ� LQ�6LPX/LQN�DXFK�YRQ�K\EULGHQ�6\VWHPHQ�XQSUREOHPDWLVFK��
YRU�DOOHP�ZHQQ�PDQ�VLFK�DQ�GLH�LQ�>��@�DQJHJHEHQ�9RUVFKOlJH�]XU�:DKO�GHV�,QWHJUDWL�
RQVYHUIDKUHQ�KlOW��
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����+,/�6LPXODWLRQ�

������ $XWRPDWLVFKH�&�&RGHJHQHULHUXQJ�
$XV�HLQHP�6LPX/LQN�%ORFNGLDJUDPP�NDQQ�DXWRPDWLVFK�PLW�GHP�5HDO�7LPH�:RUNVKRS�
>��@�GHU�$16,�&�&RGH�I�U�HLQH�5HLKH�YRQ�=LHOV\VWHPHQ�JHQHULHUW�ZHUGHQ��0DQ�XQWHU�
VFKHLGHW�KLHUEHL�]ZLVFKHQ�(FKW]HLWDQZHQGXQJHQ� �9[:RUNV��G63$&(��'26��XQG�1LFKW�
(FKW]HLWDQZHQGXQJHQ��81,;��:LQGRZV���

MatLab SimuLink

RTW-Build

Target
Language
Compiler

make

modell.mdl

modell.rtw

modell.c
modell.h

modell.exe

system.tmf

system.tlc
tlc-Block-Library

System C-Dateien
z. B. rt_main.c

modell.mk

C-MEX-S-functions

z.B. sfun_user.c

Download auf Zielsystem

Ausführung auf dem Zielsystem
externer Modus

5HDO�7LPH
:RUNVKRS

�

%LOG���������DXWRPDWLVFKH�&�&RGHJHQHULHUXQJ�PLW�5HDO�7LPH�:RUNVKRS�

'LH� RIIHQH�$UFKLWHNWXU� GHV� 5HDO�7LPH�:RUNVKRSV� LVW� LQ� %LOG�������GDUJHVWHOOW� XQG� HU�
P|JOLFKW�� HLQIDFK� GLH� $XWR�&RGHJHQHUDWLRQ� ]X� PRGLIL]LHUHQ� RGHU� ]X� HUZHLWHUQ�� 'DV�
6LPX/LQN�0RGHOO� ZLUG� PLW� ]LHOVSH]LILVFKHQ� 5HJHOQ� DXIEHUHLWHW� �]�� %�� )HVWOHJXQJ� GHU�
$XVI�KUXQJVUHLKHQIROJH�GHU�%O|FNH��hEHUSU�IXQJ�GHV�,QWHJUDWLRQVYHUIDKUHQV�XQG�9HU�
JDEH� YRQ� 7DVNSULRULWlWHQ� EHL� 0XOWLWDVNLQJ�� EHYRU� HV� GHP� &RGHJHQHUDWRU� ]XJHI�KUW�
ZLUG��'HU�7DUJHW� /DQJXDJH�&RPSLOHU� HU]HXJW�DQKDQG�GHU� I�U� MHGHQ�%ORFN� LQ�7DUJHW�
/DQJXDJH�&RPSLOHU��7/&��'DWHLHQ� DEJHOHJWHQ� $QZHLVXQJHQ� GHQ� &�&RGH� I�U� GDV�
HQWVSUHFKHQGH�%ORFNGLDJUDPP��'LH�5HJHOQ�LQ�GHQ�7/&�'DWHLHQ�VLQG�LQ�YRQ�HLQHU�3UR�
JUDPPLHUVSUDFKH� XQDEKlQJLJHQ�0HWDVSUDFKH� YHUIDVVW�� 6RPLW� NDQQ� GXUFK� bQGHUXQJ�
GHU�7/&�'DWHLHQ�GHU�HU]HXJWH�&�&RGH�EHHLQIOXVVW�ZHUGHQ��E]Z��NDQQ�DXFK�GHU�&RGH�
LQ�HLQHU�DQGHUHQ�3URJUDPPLHUVSUDFKH�HU]HXJW�ZHUGHQ��]��%��9+'/���$XV�GHP�=LHOV\V�
WHP� VSH]LILVFKHQ� 7HPSODWH�0DNHILOH� ZLUG� GDV� 0DNHILOH� I�U� GHQ� JHQHULHUWHQ� &�&RGH�
JHQHULHUW��GDV�GLH�QRWZHQGLJHQ�$EKlQJLJNHLWHQ�XQG�9RUJHKHQVZHLVHQ�I�U�GLH�&RPSL�
OLHUXQJ�EHLQKDOWHW��(V�ZHUGHQ�QHEHQ�PRGHOOXQDEKlQJLJHQ�6\VWHP�&�'DWHLHQ�DXFK�&�
'DWHLHQ�I�U�DXVJHZlKOWH�HUZHLWHUWH�)XQNWLRQDOLWlWHQ�ZLH�'DWHQ�/RJJLQJ�XQG�ÅH[WHUQHU�
0RGXV´�DQJHJHEHQ��$X�HUGHP�VWHOOW�HV�GLH�0|JOLFKNHLW�GDU��QDFK�HUIROJUHLFKHU�&RP�
SLOLHUXQJ�GDV�([HFXWDEOH�DXI�GHP�=LHOV\VWHP�]X�ODGHQ�XQG�]X�VWDUWHQ��
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Timer ISRUser ISRs

rt_main

tBaseRate

tExtern

tRate1

tRateQ

tRate2

Stop Semaphor
Clock

Semaphor
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Sem

ap
ho

re
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%LOG���������7DVN�6WUXNWXU�

%HQXW]HUHLJHQH�&�'DWHLHQ�N|QQHQ� LQ�6LPX/LQN� LQ�)RUP�HLQHU�Å6�)XQFWLRQ´�HLQJHEXQ�
GHQ�ZHUGHQ��=XU�6RIWZDUH�6LPXODWLRQ�ZHUGHQ�GHU�GDULQ�HQWKDOWHQH�&�&RGH�]X� VRJH�
QDQQWHQ�SODWWIRUPDEKlQJLJHQ�0(;�'DWHLHQ��0DW/DE�([HFXWDEOH���EHUVHW]W�XQG�EHL�GHU�
&RGHJHQHULHUXQJ� HQWZHGHU� GHU� &�&RGH� GD]XJHOLQNW� RGHU� GLH� $QZHLVXQJHQ� LQ� HLQHU�
7/&�'DWHL�� IDOOV� YRUKDQGHQ�� HLQJHEXQGHQ�� 'XUFK� 'HILQLWLRQ� GHU� &RPSLOHUNRQVWDQWHQ�
Å0$7/$%�0(;),/(´�EHL�GHU�0(;�'DWHL�&RPSLOLHUXQJ�NDQQ��EHU�GLH�&RPSLOHUGLUHNWLYH�
Å�LIGHI´� I�U� GLH� 6RIWZDUH�6LPXODWLRQ� HLQ� DQGHUHV� 9HUKDOWHQ� DOV� I�U� GLH� +DUGZDUH�
6LPXODWLRQ�I�U�GHQ�EHWUHIIHQGHQ�%ORFN�VSH]LIL]LHUW�ZHUGHQ��$OOH�I�U�GLH�6LPXODWLRQ�QRW�
ZHQGLJHQ� ,QIRUPDWLRQHQ� ZHUGHQ� LQ� HLQHU� Å6LP6WUXFW´�9DULDEOHQ� DEJHOHJW�� 'LH� 6�
)XQFWLRQV�GHV�/HYHO���EHVLW]HQ�IROJHQGH�IHVWJHOHJWH�6WUXNWXU��

• +HDGHU��GHU�GHQ�6�)XQFWLRQ�1DPHQ�GHILQLHUW�

• mdlInitializeSizes�)XQNWLRQ�� LQLWLDOLVLHUW� GLH� 6LP6WUXFW�9DULDEOH� �]�� %�� $Q]DKO� GHU�
(LQ��XQG�$XVJlQJH��$Q]DKO�GHU�NRQWLQXLHUOLFKHQ�XQG�GLVNUHWHQ�=XVWlQGH��

• mdlInitializeSampleTimes�)XQNWLRQ�� OHJW�GLH�$Q]DKO�XQG�2IIVHWV�GHU�$EWDVWUDWHQ�
LQ�GHU�6LP6WUXFW�9DULDEOH�IHVW�

• mdlInitializeConditions�)XQNWLRQ��GHILQLHUW�GLH�$QIDQJV]XVWlQGH�

• mdlOutputs�)XQNWLRQ�� EHUHFKQHW� DQKDQG� GHV� (LQJDQJV�� XQG� =XVWDQGVYHNWRUV�
GHQ�$XVJDQJVYHNWRU�

• mdlUpdate�)XQNWLRQ��DNWXDOLVLHUW�GLH�=XVWlQGH�QDFK�MHGHP�6LPXODWLRQVVFKULWW�

• mdlDerivative�)XQNWLRQ��EHUHFKQHW�EHL�YDULDEOHU�6FKULWWZHLWH�GLH����$EOHLWXQJ�

• mdlTerminate�)XQNWLRQ��EHVWLPPW�GDV�9HUKDOWHQ�EHL�6LPXODWLRQVHQGH�

• IHVWJHOHJWHU�7UDLOHU�

0LW� GLHVHQ� 6�)XQFWLRQV� NDQQ� DXFK� GLH� +DUGZDUHDQELQGXQJ� �'$�� E]Z�� $'�:DQGOHU��
UHDOLVLHUW�ZHUGHQ��:HLWHUH�'HWDLOV�XQG�GLH�HUZHLWHUWH�6�)XQFWLRQ�6WUXNWXU��/HYHO����ILQGHQ�
VLFK�LQ�>��@��
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(LQ� EHVRQGHUHU� 6LPXODWLRQVPRGXV� VWHOOW� GHU� $XIUXI� YRQ� 6LPX/LQN� LP� H[WHUQHQ�0RGXV�
GDU��+LHU�ZLUG�QDFK�HUIROJUHLFKHU�&RPSLOLHUXQJ�GDV�0RGHOO�DXI�GHP�=LHOV\VWHP�JHVWDU�
WHW�XQG�PLWWHOV�Å5HPRWH�3URFHGXUH�&DOOV´�N|QQHQ�YRQ�6LPX/LQN�DXI�GHP�(QWZLFNOXQJV�
KRVW��EHU�(WKHUQHW�%ORFNSDUDPHWHU�YHUlQGHUW�ZHUGHQ��

'DV�EHL� (FKW]HLWDQZHQGXQJHQ�DXI� GHQ�=LHOV\VWHPHQ�DEODXIHQGH�0RGHOO� HUKlOW�GLH� LQ�
%LOG�������GDUJHVWHOOWH�7DVN�6WUXNWXU��'LH�,QLWLDOLVLHUXQJVWDVN��rt_main��HUVWHOOW�DOOH�DQGH�
UHQ� 7DVNV�� 6\QFKURQLVDWLRQVHOHPHQWH� �6HPDSKRUH�� XQG� JLEW� GLH� HUIRUGHUOLFKHQ� ,QWHU�
UXSWV�IUHL��$QVFKOLH�HQG�OHJW�VLH�VLFK�ELV�]XP�6LPXODWLRQVHQGH�DQ�HLQHP�6\QFKURQLVDWL�
RQVHOHPHQW�VFKODIHQ��'LH�7DVN�PLW�GHU�K|FKVWHQ�� %DVLV���$EWDVWUDWH��tBaseRate��HUKlOW�
GLH�K|FKVWH�3ULRULWlW�XQG�NRRUGLQLHUW�GLH�7DVNV�GHU�DQGHUHQ�$EWDVWUDWHQ��tRate1�²� tRa-
teQ���EHU�6\QFKURQLVDWLRQVHOHPHQWH��=XVlW]OLFK�JLEW�HV�QRFK�GLH�7DVN��tExtern���GLH�]XP�
'DWHQHPSIDQJ� EHLP� H[WHUQHQ� 0RGXV� GLHQW�� 'LH� tBaseRate�7DVN� ZLUG� ]\NOLVFK� LKUHU�
$EWDVWUDWH�HQWVSUHFKHQG�YRP�,QWHUUXSW�GHV�7LPHUV��EHU�HLQ�6HPDSKRU�DQJHVWR�HQ��'LH�
GD]XJHK|ULJH�,QWHUUXSW�6HUYLFH�5RXWLQH��EHUSU�IW�]XYRU��RE�GDV�6HPDSKRU�VFKRQ�ZLH�
GHU�]XU�FNJHJHEHQ�ZXUGH��,VW�GDV�QLFKW�GHU�)DOO��ZXUGH�GLH�(FKW]HLWEHGLQJXQJ�YHUOHW]W�
XQG� GLH� 6LPXODWLRQ�ZLUG� DEJHEURFKHQ�� %HL� 9HUZHQGXQJ�HLQHV� 3&·V� DOV� =LHOV\VWHP� LVW�
GDUDXI�]X�DFKWHQ��GDVV�GDV�%HWULHEVV\VWHP�PLW�GHU�(FKW]HLWXKU��QXU���HLQVWHOOEDUH�)UH�
TXHQ]HQ��XQG�GHU�7LPHU�PLW�GHP�3URJUDPPDEOH�,QWHUUXSW�7LPHU������(LQVWHOOXQJVP|J�
OLFKNHLWHQ��EHWULHEHQ�ZHUGHQ��VWDQGDUGPl�LJ�LVW�HV�JHQDX�XPJHNHKUW��

������ +DUGZDUH�,QWHUIDFHV�
)�U� GLH� KLHU� YRUJHVWHOOWH� 7RROER[� ZXUGHQ� PLWWHOV� 6�)XQFWLRQV� IROJHQGH� +DUGZDUH�
,QWHUIDFHV�UHDOLVLHUW��

• ,6$�%XV�'$��XQG�$'�:DQGOHU�

• 3&,�%XV�'$��XQG�$'�:DQGOHU�

• ,QWHUUXSW� JHWULHEHQH� $QELQGXQJ� GHV� %HVFKOHXQLJXQJVVHQVRUV\VWHPV� DXV�
>���@��EHU�HLQH�'63�(UZHLWHUXQJVNDUWH�>�@�

• JHQHULVFKH�,QWHUUXSW�JHWULHEHQH�56����$QELQGXQJ�

• JHQHULVFKH�3&,�,QWHUUXSW�$QELQGXQJ�

8P�GHQ�=LHOV\VWHP�VSH]LILVFKHQ�&�&RGH�I�U�GLH�,QWHUUXSWEHKDQGOXQJ�HLQIDFKHU�KDQG�
KDEHQ�]X�N|QQHQ��ZHUGHQ�I�U�GLH�,QWHUUXSW�JHWULHEHQHQ�,QWHUIDFHV�7/&�'DWHLHQ�HQWZRU�
IHQ��'LH�$EDUEHLWXQJ�GHU� ,QWHUUXSWV� HUIROJW� LQ� 7HLOV\VWHPHQ��GLH�PLW�HLQHP�)XQNWLRQV�
DXIUXI� � IXQFWLRQ�FDOO�� JHWULJJHUW�ZHUGHQ�� 3UR� ,QWHUUXSW� LVW�HLQ� VROFKHV�7HLOV\VWHP�QRW�
ZHQGLJ��'HU�&�&RGH�DOOHU�%O|FNH��GLH� VLFK� LQ�GLHVHP�7HLOV\VWHP�EHILQGHQ��ZHUGHQ� LQ�
GLH� ,QWHUUXSW�6HUYLFH�5RXWLQH� GLHVHV� ,QWHUUXSWV� JHSDFNW�� (V� G�UIHQ� VLFK� MHGRFK� NHLQH�
%O|FNH�PLW�NRQWLQXLHUOLFKHQ�=XVWlQGHQ�RGHU�IHVWHQ�$EWDVWUDWHQ�GDUXQWHU�EHILQGHQ��'LH�
7UHQQXQJ�YRQ�,QWHUUXSW�6HUYLFH�5RXWLQH�XQG�]\NOLVFKHP�6\VWHPPRGHOO�HUIROJW�PLW�HLQHP�
VRJHQDQQWHQ�ÅDV\QFKURQRXV�UDWH�WUDQVLWLRQ´�%ORFNV��'LH�XQWHU�������YRUJHVWHOOWHQ�6\Q�
FKURQLVDWLRQV�%O|FNH� N|QQHQ� VRPLW�GLUHNW�QLFKW� I�U� ,QWHUUXSW�JHWULHEHQH�(LQJlQJH�EH�
QXW]W�ZHUGHQ��VRQGHUQ�P�VVHQ�LQ�]ZHL�7HLOH�DXIJHVSDOWHQ�ZHUGHQ��LQ�GHQ�7HLO��GHU�PLW�
GHU�Å$EWDVWUDWH´�GHV�,QWHUUXSWV�EHWULHEHQ�XQG�LQV�,QWHUUXSW�6HUYLFH�5RXWLQHQ�7HLOV\VWHP�
YHUVFKREHQ�ZLUG�XQG� LQ�GHQ�7HLO��GHU�PLW�GHU�%DVLVDEWDVWUDWH�EHWULHEHQ�ZHUGHQ�PXVV��
'LH�EHLGHQ�7HLOH�VLQG�GDQQ�PLW�HLQHP�ÅDV\QFKURQRXV�UDWH�WUDQVLVWLRQ´�%ORFN�]X�YHUELQ�
GHQ��(LQ�%HLVSLHO�KLHUI�U�VWHOOW�GDV�%LOG�������GDU��
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'LH�,QWHUIDFHV�ZXUGHQ�VR�UHDOLVLHUW��GDVV�VLH�EHL�GHU�6RIWZDUH�6LPXODWLRQ�HLQ�QHXWUDOHV�
9HUKDOWHQ� DXIZHLVHQ�� G�� K�� VLH�ZHUGHQ�PLW� GLUHNWHP�'XUFKJULII� VSH]LIL]LHUW�� HUEHQ� GLH�
$EWDVWUDWH� GHV� VSHLVHQGHQ� %ORFNV� XQG� JHEHQ� LKUHQ� (LQJDQJVYHNWRU� XQYHUlQGHUW� DP�
$XVJDQJ� ZHLWHU�� (UVW� EHL� GHU� &RGHJHQHULHUXQJ� ZHUGHQ� GLH� QRWZHQGLJHQ� +DUGZDUH�
]XJULIIH�YHUZHQGHW��

 

In Out 

discrete PID-controller 

z 
1 

Unit Delay 

Terminator 

Sine Wave 
In Out 

time stamp 
Sensor Typ1 

delayed 

Quancom 12-Bit DAC 
with 4 channels 

 SL 2.0 
Quancom-DAC 12-Bit 

Quancom 12-Bit ADC 
with 4 channels 

 SL 2.0 
Quancom-ADC 12-Bit 

Simulation 
Modus 

1 
z+0.5 

Discrete 
Transfer Fcn 

�

%LOG���������6LPXODWLRQ�HLQHV�5HJHONUHLVHV�PLW�+DUGZDUH�,QWHUIDFHV�

 

In Out 

discrete PID-controller 

z 
1 

Unit Delay 

Terminator 

Sine Wave 

Quancom 12-Bit DAC 
with 4 channels 

 SL 2.0 
Quancom-DAC 12-Bit 

Quancom 12-Bit ADC 
with 4 channels 

 SL 2.0 
Quancom-ADC 12-Bit 

RTW 
Modus 

�

%LOG���������5HJHONUHLV�PLW�+DUGZDUH�,QWHUIDFH�]XU�&RGHJHQHULHUXQJ�

'LH� =XRUGQXQJ� GHU� KLHU� HQWZRUIHQHQ� +DUGZDUH�,QWHUIDFHV� ]X� GHP� 6LPXODWLRQVEORFN�
HUIROJW�GXUFK�$QKlQJHQ�GHV� MHZHLOLJHQ�+DUGZDUHEORFNV��:LH� LQ�%LOG������� ]X� VHKHQ��
IROJW�DXI�GHQ�%ORFN�GHV�6HQVRUPRGHOOV�GLUHNW�GHU�,QWHUIDFHEORFN�]X�HLQHP�$'�:DQGOHU�
XQG�DXI�GHQ�%ORFN�GHV�5HJOHUV�IROJW�GHU�'$�:DQGOHU�,QWHUIDFH�%ORFN��'XUFK�GDV�QHX�
WUDOH�����9HUKDOWHQ�GHU� ,QWHUIDFHV� NDQQ� VR�RKQH�ZHLWHUHV�GLH�6RIWZDUH�6LPXODWLRQ� I�U�
GHQ�5HJHONUHLV�GXUFKJHI�KUW�ZHUGHQ��8P�XQQ|WLJ�JHQHULHUWHQ�&RGH�EHL�GHU�+DUGZDUH�
LQ�WKH�/RRS�6LPXODWLRQ� ]X� YHUPHLGHQ�� ZXUGH� HLQ� %ORFN� ]XP� 8PVFKDOWHQ� ]ZLVFKHQ�
6RIWZDUH�6LPXODWLRQ�XQG�&RGHJHQHULHUXQJ�HQWZLFNHOW��'LH�%O|FNH�]ZLVFKHQ�GHU�+DUG�
ZDUHDXVJDEH� �]�� %��'$�:DQGOHU�� XQG�+DUGZDUHHLQJDQJ� �]�� %�� $'�:DQGOHU��ZHUGHQ�
EHL�GHU�+DUGZDUH�6LPXODWLRQ�QLFKW�EHQ|WLJW��(V�KDQGHOW�VLFK�GDEHL�XP�GLH�6SH]LILNDWLRQ�
GHU� 5HJHOVWUHFNH� XQG� GHU� 6HQVRUHQ�� 'XUFK� GDV� 8PVFKDOWHQ� GHV� 6LPXODWLRQVPRGXV�
ZHUGHQ� DXWRPDWLVFK� GLHVH� XQQ|WLJHQ� %O|FNH� VRZLH� GLH� 3VHXGRDXVJlQJH� GHU� +DUG�
ZDUHDXVJlQJH� XQG� GLH� 3VHXGRHLQJlQJH� GHU�+DUGZDUHHLQJlQJH� HQWIHUQW�� $X�HUGHP�
ZLUG�GDV� ,QWHJUDWLRQVYHUIDKUHQ� YRQ� HLQHU� YDULDEOHQ� 6FKULWWZHLWH� DXI� HLQH� IHVWH�6FKULWW�
ZHLWH�PLW�GHU�%DVLVDEWDVWUDWH�DXWRPDWLVFK�PLWXPJHVWHOOW��'LH�HQWIHUQWHQ�%O|FNH�ZHUGHQ�
LQ�HLQHP� WHPSRUlUHQ�%ORFNGLDJUDPP�JHVSHLFKHUW�� XP�GHQ�:HFKVHO� ]XU�FN�HEHQIDOOV�
]X�HUP|JOLFKHQ�� ,Q�%LOG������� LVW�GDV� UHVXOWLHUHQGH�%ORFNGLDJUDPP�]XU�&RGHJHQHULH�
UXQJ�GHV�XUVSU�QJOLFKHQ�6LPXODWLRQV�%ORFNGLDJUDPPV�DXV�%LOG�������]X�VHKHQ���
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������ +DUGZDUH�6LPXODWLRQVEHLVSLHO�
$OV�HLQIDFKHV�%HLVSLHO�VROOHQ�GLH�YRQ�HLQHP��'�%HVFKOHXQLJXQJVVHQVRU�>���@��>�@�JHOLH�
IHUWHQ� 'DWHQ� ]XU� 3RVLWLRQVEHVWLPPXQJ� YHUZHQGHW� ZHUGHQ� N|QQHQ�� 'DV� UHVXOWLHUHQGH�
]XU�&RGHJHQHULHUXQJ�YHUZHQGHWH�%ORFNGLDJUDPP� LVW� LQ�%LOG�������]X� VHKHQ��'HU�%H�
VFKOHXQLJXQJVVHQVRU�ZXUGH�PLW�GHP�6HQVRUPRGHOO�7\S��PRGHOOLHUW��GLH� ,GHQWLILNDWLRQ�
GHU��GD]X�QRWZHQGLJHQ�*U|�HQ�ZLUG�LQ���������QlKHU�EHVFKULHEHQ��'HU�&�&RGH�ZXUGH�
I�U� HLQ� 3&�EDVLHUWHV� 9[:RUNV�6\VWHP� PLW� GHP� REHQ� EHVFKULHEHQHQ� DXWRPDWLVFKHQ�
9HUIDKUHQ� JHQHULHUW�� GLH� 7DVN� W%DVHUDWH� ZLUG� PLW� ����+]� ]\NOLVFK� DQJHVWR�HQ�� GHU�

%HVFKOHXQLJXQJVVHQVRU�O|VW�]\NOLVFK�PLW�HLQHU�)UHTXHQ]�YRQ� N+]
256

500000
�HLQHQ�,QWHUUXSW�

DXV���
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%LOG���������%ORFNGLDJUDPP�]XU�&RGHJHQHULHUXQJ�I�U�GDV�%HLVSLHO�

'LH� ��IDFK� LQWHJULHUWHQ� 'DWHQ�� GLH� VLFK� EHL� HLQHU� GHILQLHUWHQ� %HZHJXQJ� HQWODQJ� GHQ�
6HLWHQ�HLQHV�4XDGUDWV�GHV� UHDOHQ�%HVFKOHXQLJXQJVVHQVRUV� LQ�GHU� [�\�(EHQH�HUJHEHQ��
VLQG�LQ�%LOG�������OLQNV�XQG�GLH�YRUDE�VLPXOLHUWHQ�'DWHQ�UHFKWV�GDUJHVWHOOW���

10 20 30 40 50 60 70 80
60

70

80

90

100

110

120

130

140

150

x in mm

y 
in

 m
m

-100 -50 0 50
-60

-40

-20

0

20

40

60

80

x in mm

y 
in

 m
m

�

%LOG���������+,/�6LPXODWLRQ��OLQNV��XQG�6RIWZDUH�6LPXODWLRQ��UHFKWV��

'LH� JHNU�PPWH� %DKQ� EHL� GHQ� UHHOOHQ� 'DWHQ� NRPPW� DXIJUXQG� GHU� QLFKW� ZLH� LQ� >��@�
NRPSHQVLHUWHQ� 4XHUHPSILQGOLFKNHLWHQ� GHU� %HVFKOHXQLJXQJVVHQVRUHOHPHQWH� ]XVWDQGH��
0DQ� NDQQ� EHUHLWV� LQ� GHU� 6LPXODWLRQ� HUNHQQHQ�� GDVV� GDV� YHUZHQGHWH� 9HUIDKUHQ� DXI�
JUXQG�GHU�IHKOHQGHQ�5HIHUHQ]�XQG�QLHGULJHU�6LJQDOIUHTXHQ]�]XU�JHQDXHQ�3RVLWLRQVEH�
VWLPPXQJ� XQJHHLJQHW� LVW��'LH�+,/�6LPXODWLRQ�PLW� GHP� UHDOHQ� 6HQVRU�EHVWlWLJW� GLHVHV�
9HUKDOWHQ��ZDV�DQ�GHU�JXWHQ�hEHUHLQVWLPPXQJ�GHU�EHLGHQ�.XUYHQ�JXW�]X�HUNHQQHQ�LVW��
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��$QZHQGXQJVEHLVSLHO�03(�

9RQ� 6HSWHPEHU� ��� ELV� $XJXVW� ��� ZXUGH� YRQ� �� /HKUVW�KOHQ� LP� 5DKPHQ� GHV� )RU�
VFKXQJVYHUEXQGV�0LNURV\VWHPWHFKQLN��)250,.526<6��GHU�%D\HULVFKHQ�)RUVFKXQJVVWLI�
WXQJ�LP�7HLOSURMHNW���HLQH�0LNURSRVLWLRQLHUHLQULFKWXQJ��03(��I�U�GLH�3Ul]LVLRQVPRQWDJH�
HQWZLFNHOW�>��@��'LH�5HJHOXQJ�GLHVHV�0XOWLVHQVRU�:HUN]HXJV�ZXUGH�LP�3URMHNW]HLWUDXP�
NRQYHQWLRQHOO� HQWZRUIHQ� �5HJHOXQJVHQWZXUI� $��� 'DV� 5HGHVLJQ� GHU� 5HJHOXQJ� PLW� GHQ�
0HWKRGHQ�GLHVHU�$UEHLW�I�KUW�]X�HLQHU�9HUHLQIDFKXQJ�GHU�5HJHOVWUXNWXU��5HJHOXQJVHQW�
ZXUI�%���,P�IROJHQGHQ�ZLUG�GLH�03(�VDPW�5HJHOXQJ�YRUJHVWHOOW�XQG�HV�ZHUGHQ�GLH�EHL�
GHQ�YHUZHQGHWHQ�5HJHOXQJVDQVlW]H�PLWHLQDQGHU�YHUJOLFKHQ��

����0RWLYDWLRQ�

'LH� $QZHQGXQJ� YRQ� 0LNURWHFKQLNHQ� HUP|JOLFKW� QLFKW� QXU� GLH� 0LQLDWXULVLHUXQJ� YRQ�
6HQVRUHOHPHQWHQ��VRQGHUQ�]XQHKPHQG�DXFK�QHXH�3URGXNWH�PLW�ELVKHU�QLFKW�HUUHLFKWHU�
/HLVWXQJVIlKLJNHLW� LQ�DQGHUHQ�%HUHLFKHQ��ZLH�]��%�� LQ�GHU�.RPPXQLNDWLRQVWHFKQLN��(LQ�
6SHNWUXP� VROFKHU� 3URGXNWH� ]HLJW� %LOG� ������� HLQ� PLNURRSWLVFKHV� hEHUWUDJXQJVPRGXO�
�REHQ��� HLQ� /,*$�3ODQHWHQJHWULHEH� I�U� 0LNURPRWRUHQ� �UHFKWV��� HLQH� )XQNDUPEDQGXKU�
PLW� PLNUR�PHFKDQLVFKHQ� )XQNWLRQVHLQKHLWHQ� �OLQNV�� XQG� HLQ� �'�%HVFKOHXQLJXQJV�
VHQVRUV\VWHP� PLW� PLNURPHFKDQLVFKHQ� 6HQVRUHOHPHQWHQ� XQG� PLNURHOHNWURQLVFKHQ�
.RPSRQHQWHQ��XQWHQ�>���@���

4XHOOH�

50%���LZE

4XHOOH��)=.���LZE���/35

4XHOOH�

$OFDWHO�6(/

4XHOOH��LZE���-XQJKDQV

�

%LOG���������%HLVSLHOH�I�U�3URGXNWPLQLDWXULVLHUXQJ�

'DPLW�GLHVH�QHXHQ�3URGXNWH�DXFK�LP�%HUHLFK�GHU�.RQVXPJ�WHU��]�%��)XQNDUPEDQGXKU��
DQ�%HGHXWXQJ�JHZLQQHQ�XQG�VLFK�JHJHQ�EHU�GHQ�DOWHQ�3URGXNWHQ�EHKDXSWHQ�N|QQHQ��
LVW� HLQH�DXWRPDWLVLHUWH�3URGXNWLRQ�QRWZHQGLJ��'LH�JHIRUGHUWHQ�0RQWDJHJHQDXLJNHLWHQ�
LQ� GHU� 3Ul]LVLRQV�� XQG� 0LNURPRQWDJH� OLHJHQ� KHXWH� EHL� ���P� �LQ� QDKHU� =XNXQIW� EHL�
��P���,Q�HLQHP�0RQWDJHV\VWHP�DGGLHUHQ�VLFK�GLH�(LQ]HOWROHUDQ]HQ�GHU�3HULSKHULHNRP�
SRQHQWHQ�XQG�%DXWHLOH� ]X�HLQHP�UHVXOWLHUHQGHQ�3RVLWLRQVIHKOHU� �VLHKH�%LOG���������'LH�
JHIRUGHUWH�KRKH�0RQWDJHJHQDXLJNHLW� OlVVW�VLFK�GDKHU�QXU�GXUFK�(UIDVVXQJ�XQG�.RP�
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SHQVDWLRQ� GHU� DXIWUHWHQGHQ� +DQGKDEXQJV�� XQG� %DXWHLOWROHUDQ]HQ� HUUHLFKHQ�� 'LHVH�
$XIJDEH�HUIRUGHUW�KHXWH�GHQ�(LQVDW]�YRQ� WHXHUHQ��]XP�7HLO�VWDWLVFKHQ�3Ul]LVLRQVURER�
WHUQ� XQG� ²ZHUN]HXJHQ� LQ�.RPELQDWLRQ�PLW� DXIZHQGLJHQ�0HVVV\VWHPHQ�RGHU�GLH�(QW�
ZLFNOXQJ� VSH]LDOLVLHUWHU��QXU� I�U� HLQ�3URGXNW�DQZHQGEDUHU�0RQWDJHV\VWHPH��$XFK�GLH�
PDQXHOOH�0RQWDJH�YRQ�0LNURV\VWHPHQ�PLW�0LNURVNRSHQ�ILQGHW�KHXWH�QRFK�LQ�GHU�3UR�
GXNWLRQ�LKUH�$QZHQGXQJ��'LHVH�7DWVDFKHQ�VWHKHQ�GHU�JHZ�QVFKWHQ�SUHLVZHUWHQ�0LNUR�
PRQWDJH�LP�:HJ��(LQH�/|VXQJ�GLHVHV�3UREOHPV�VWHOOW�GLH�03(�DOV�SUHLVZHUWHV��XQLYHU�
VHOOHV�� VHQVRUJHI�KUWHV� 0RQWDJHZHUN]HXJ� I�U� DXWRPDWLVLHUWH� +DQGKDEXQJVV\VWHPH�
GDU��

Ungenauigkeiten im Fügeprozess

Bereitstellungs-
toleranz

Greifungenau-
igkeiten

Maßtoleranzen
der Fügepartner 

Ungenauigkeiten bei der 
Positionierung

Positionierfehler Strukturschwingungen
des Handhabungsgerätes �

%LOG���������)HKOHUHLQIO�VVH�EHL�GHU�3Ul]LVLRQVPRQWDJH�

����6\VWHPEHVFKUHLEXQJ�

������ 3RVLWLRQLHUVWUDWHJLH�
'LH�03(�EDVLHUW�DXI�HLQHP�VRJHQDQQWHQ�0LNUR�0DNUR�.RQ]HSW��EHL�GHP�HLQ�6WDQGDUG�
LQGXVWULHURERWHU� �PLW���RGHU���)UHLKHLWVJUDGHQ��GLH�*UREI�JHEHZHJXQJHQ��EHUQLPPW�
XQG�GLH�03(�GLH�8QJHQDXLJNHLWHQ�GHV�)�JHSUR]HVVHV�XQG�GHV�+DQGKDEXQJVJHUlWHV�
PLW�LKUHU�3Ul]LVLRQVDNWRULN�NRPSHQVLHUW��(V�ZHUGHQ�VRPLW�GLH�9RUWHLOH�GHV�,QGXVWULHURER�
WHUV�²�JHULQJHU�3UHLV��KRKH�)OH[LELOLWlW�XQG�JUR�HU�$UEHLWVUDXP�²�PLW�GHQ�9RUWHLOHQ�GHU�
03(�²�KRKH�'\QDPLN�XQG�KRKH�*HQDXLJNHLW�²�NRPELQLHUW��'LH�1DFKWHLOH�EHLGHU�6\V�
WHPH�� JHULQJH� '\QDPLN� XQG� XQ]XUHLFKHQGH� *HQDXLJNHLW� �:LHGHUKROJHQDXLJNHLW� FD��
���P��EHLP�,QGXVWULHURERWHU�VRZLH�JHULQJHU�6WHOOZHJ�EHL�GHU�03(��NRPPHQ�QLFKW�]XP�
WUDJHQ��

%HL� NRQYHQWLRQHOOHQ� 3RVLWLRQLHUV\VWHPHQ� ZHUGHQ� GLH� DXIWUHWHQGHQ� 8QJHQDXLJNHLWHQ�
PLWWHOV� %LOGYHUDUEHLWXQJ� LQ�PHKUHUHQ�0HVVVFKULWWHQ�HUIDVVW� XQG�EHL�GHU� 3RVLWLRQLHUXQJ�
GXUFK�HLQH�.RUUHNWXU�GHU�$EODJHNRRUGLQDWHQ�EHU�FNVLFKWLJW��'LHVHV�9HUIDKUHQ�EHQ|WLJW�
HLQHQ� KRKHQ� =HLWEHGDUI� ]XU� 'XUFKI�KUXQJ� DOOHU� QRWZHQGLJHQ�0HVVVFKULWWH�� $XIJUXQG�
GHU� ODQJHQ� 9HUIDKUZHJH�� ZLH� VLH� ]XU� VHSDUDWHQ� 3RVLWLRQVPHVVXQJ� DQ� YHUVFKLHGHQHQ�
2UWHQ� HUIRUGHUOLFK� VLQG�� LVW� HLQH� KRKH�0RQWDJHJHQDXLJNHLW� QXU� GXUFK� HLQH� VHKU� DXI�
ZHQGLJH� XQG� WHXUH� 3Ul]LVLRQVPHFKDQLN� PLW� KRKHU� 3RVLWLRQLHUJHQDXLJNHLW� LQ� HLQHP�
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YHUKlOWQLVPl�LJ�JUR�HQ�$UEHLWVUDXP�HUUHLFKEDU��'LH�0RQWDJHJHQDXLJNHLW�ZLUG�KLHUEHL�
QDFK� >��@� GXUFK� GLH� 3RVLWLRQLHUJHQDXLJNHLW� GHV� +DQGKDEXQJVJHUlWV�� .DOLEULHUIHKOHU�
XQG� GLH� $XIO|VXQJ� GHU� 6HQVRULN� EHJUHQ]W�� =XGHP� I�KUW� GDV� $XIWUHWHQ� VHOEVW� HUUHJWHU�
6FKZLQJXQJHQ�DXIJUXQG�YRQ�7UlJKHLWVNUlIWHQ�GD]X��GDVV�VLFK�GHU�3RVLWLRQLHUEHZHJXQJ�
HLQH�)HKOEHZHJXQJ��EHUODJHUW��GLH�GLH�0RQWDJHSUl]LVLRQ�HLQVFKUlQNW��=XU�9HUPHLGXQJ�
VFKZLQJXQJVLQGX]LHUWHU�UHODWLYHU�%HZHJXQJHQ�]ZLVFKHQ�GHP�*UHLIHU�XQG�GHP�=LHORE�
MHNW�VLQG�GDKHU�PHLVW�DXIZHQGLJH�NRQVWUXNWLYH�0D�QDKPHQ�XQG�HLQH�%HJUHQ]XQJ�GHU�
PD[LPDOHQ�9HUIDKUJHVFKZLQGLJNHLW�Q|WLJ��

'DV�3ULQ]LS�GHU�IHKOHUNRPSHQVLHUHQGHQ�0RQWDJH�KLQJHJHQ�HUODXEW�HLQH�5HGXNWLRQ�GHU�
$QIRUGHUXQJHQ� KLQVLFKWOLFK� *HQDXLJNHLW� VRZLH� VWDWLVFKHU� XQG� G\QDPLVFKHU� 6WHLILJNHLW�
GHV�+DQGKDEXQJVJHUlWHV��0LWWHOV�HLQHU�RSWLVFKHQ�6HQVRULN�ZLUG�GLUHNW�GHU�3RVLWLRQVYHU�
VDW]�]ZLVFKHQ�GHP�JHJULIIHQHQ�%DXWHLO�XQG�GHP�)�JHRUW�I�U�HLQH�QDFKIROJHQGH�/DJH�
NRUUHNWXU�JHPHVVHQ��'LHVH�6WUDWHJLH�GHU�UHODWLYHQ�3RVLWLRQVPHVVXQJ�EHZLUNW��GDVV�QDFK�
>��@�GHU�3RVLWLRQVYHUVDW]�WURW]�.DOLEULHUIHKOHU�NRPSHQVLHUW�ZHUGHQ�NDQQ��'LH�0RQWDJH�
JHQDXLJNHLW�ZLUG�QXU�GXUFK�GLH�6HQVRUDXIO|VXQJ�EHJUHQ]W��'XUFK�DNWLYH�6FKZLQJXQJV�
EHHLQIOXVVXQJ� ZHUGHQ� 6WUXNWXUVFKZLQJXQJHQ� GHV� +DQGKDEXQJVJHUlWHV� XQG� 9LEUDWLR�
QHQ�DXV�GHU�8PJHEXQJ�XQWHUGU�FNW��'LH�6W|UVFKZLQJXQJHQ�ZHUGHQ�GLUHNW�DP�(QGHI�
IHNWRU�GXUFK�HLQ�LQ�GDV�:HUN]HXJ�LQWHJULHUWHV�%HVFKOHXQLJXQJVVHQVRUV\VWHP�HUIDVVW�XQG�
GXUFK�HLQH�G\QDPLVFKH�$XVJOHLFKVEHZHJXQJ�ELV�DXI�HLQH�5HVWDPSOLWXGH�NRPSHQVLHUW��
'LH�6HQVRUVLJQDOH�GHU�3RVLWLRQV��XQG�6FKZLQJXQJVPHVVXQJ�ZHUGHQ�LQ�HLQHU�5HJOHUHLQ�
KHLW� ]X� 6WHOOJU|�HQ� I�U� GLH� )HLQSRVLWLRQLHUXQJ� XQG� 6FKZLQJXQJVNRPSHQVDWLRQ� GXUFK�
HLQH�LQWHJULHUWH�3LH]R�EDVLHUWH�$NWRULN�YHUDUEHLWHW��

$XV�GHQ�DXVI�KUOLFKHQ�*HQDXLJNHLWVPHVVXQJHQ�DQ�,QGXVWULHURERWHUQ�LQ�>��@��>��@�XQG�
DXV�PRQWDJHWHFKQLVFKHQ�*HVLFKWVSXQNWHQ�>��@�ZXUGHQ�GLH�$QIRUGHUXQJHQ�DQ�GLH�03(�
DEJHOHLWHW��

• =XU�.RPSHQVDWLRQ� VWDWLVFKHU�� G\QDPLVFKHU�XQG� WHPSHUDWXUDEKlQJLJHU�3RVLWLR�
QLHUIHKOHU�GHV�+DQGKDEXQJVJHUlWHV� LVW�HLQ�0LQGHVWVWHOOEHUHLFK�GHU�$NWRULN� YRQ�
±����P�HUIRUGHUOLFK��7ROHUDQ]HQ�YRQ�0RQWDJHSHULSKHULHHLQULFKWXQJHQ��GLH�DX�
�HUKDOE�GLHVHV�6WHOOEHUHLFKHV� OLHJHQ��N|QQHQ�GXUFK�HLQH�1DFKI�KUXQJ�GHV�5R�
ERWHUV�NRPSHQVLHUW�ZHUGHQ��

• 'XUFK� HLQH� G\QDPLVFKH� $XVJOHLFKVEHZHJXQJ� GHU� $NWRULN� VROOHQ� GLH� DXI� HWZD�
��+]� EDQGEHJUHQ]WHQ� 6WUXNWXUVFKZLQJXQJHQ� GHV� +DQGKDEXQJVJHUlWHV� XQG�
9LEUDWLRQHQ�GHU�8PJHEXQJ�NRPSHQVLHUW�ZHUGHQ��

• 'LH�EHL�3Ul]LVLRQV��XQG�0LNURPRQWDJHDXIJDEHQ�HUIRUGHUOLFKH�3RVLWLRQLHUJHQDX�
LJNHLW� OLHJW� XQWHUKDOE� ��� �P�� 'LH� 6XPPH� GHU� EHL� GHU� 3RVLWLRQVPHVVXQJ� XQG�
)HLQSRVLWLRQLHUXQJ�DXIWUHWHQGHQ�)HKOHU�GDUI�GLHVHQ�:HUW�QLFKW��EHUVFKUHLWHQ��%HL�
YHUJOHLFKEDUHU�*HQDXLJNHLW� VROO� HLQ�.RVWHQYRUWHLO� JHJHQ�EHU�HLQHP�3Ul]LVLRQV�
KDQGKDEXQJVV\VWHP�HU]LHOW�ZHUGHQ��

• 'LH�0LNURSRVLWLRQLHUHLQULFKWXQJ�VROO�KLQVLFKWOLFK�0DVVH�XQG�%DXJU|�H�PLQLPLHUW�
ZHUGHQ��GD�VLH�YRP�+DQGKDEXQJVJHUlW�PLWJHI�KUW�ZLUG��(LQH�JUR�H�%DXZHLVH�
XQG�GDV�]XVlW]OLFKH�+DQGKDEXQJVJHZLFKW�VFKUlQNHQ�GHQ�(LQVDW]�GHV�:HUN]HX�
JHV�EHL�HLQHU�EHHQJWHQ�=XJlQJOLFKNHLW�GHV�)�JHRUWHV�XQG�GLH�*HQDXLJNHLW�GHU�
)HLQSRVLWLRQLHUXQJ�HLQ�XQG�UHGX]LHUHQ�GLH�I�U�GLH�6FKZLQJXQJVNRPSHQVDWLRQ�HU�
UHLFKEDUH�'\QDPLN��
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• 'XUFK�GLH�9HUZHQGXQJ�YHUVFKLHGHQHU�*UHLIHU� VROO� HLQH� IOH[LEOH�$QSDVVXQJ�GHU�
0LNURSRVLWLRQLHUHLQULFKWXQJ� DQ� XQWHUVFKLHGOLFKH� +DQGKDEXQJV�� XQG�0RQWDJH�
DXIJDEHQ�P|JOLFK�VHLQ��

• 'XUFK�HLQH�DXWRQRPH�6WHXHUXQJ�VROO�HLQ� IOH[LEOHU�(LQVDW]�GHU�0LNURSRVLWLRQLHU�
HLQULFKWXQJ� LQ� DXWRPDWLVLHUWHQ�+DQGKDEXQJVV\VWHPHQ� �]�� %�� 5RERWHU�� $FKVV\V�
WHP���XQDEKlQJLJ� YRQ�GHU�$EODXI��0DVFKLQHQVWHXHUXQJ�GHV�+DQGKDEXQJVJH�
UlWHV��HUP|JOLFKW�ZHUGHQ��

������ $XIEDX�GHU�$NWRULN�

Kabel-
führung

Roboterfeste
Platte

Piezo-
aktoren

Kamera-
justage

Einbauraum
für Beschleuni-
gungssensor

Gehäuse

Bewegte
Platte

Laser-Meßsystem
zur Lageregelung
der Aktorik

Laserdiode

PSD

Kamera

Greifer

x

y

ϕz

�

%LOG���������$XIEDX�GHV�$NWRUV�

'DV�LP�7HLOSURMHNW���UHDOLVLHUWH�0RQWDJHZHUN]HXJ�LVW� LQ�%LOG�������]X�VHKHQ��'LH�.RU�
UHNWXUEHZHJXQJ�ZLUG�PLW���3LH]RDNWRUHQ��GLH�VR�DQJHRUGQHW�VLQG��GDVV�HLQH�7UDQVODWL�
RQ� GHU� XQWHUHQ� 3ODWWIRUP� LQ� [�� XQG� \�5LFKWXQJ� VRZLH� HLQH� 5RWDWLRQ� XP� GLH� ]�$FKVH�
P|JOLFK� LVW�� GXUFKJHI�KUW��:HLWHUH�'HWDLOV� ]XU� (QWZLFNOXQJ� GHU� $NWRULN� ILQGHQ� VLFK� LQ�
>��@��>��@�XQG�>��@��=XU�/DJHUHJHOXQJ�GHU�K\VWHUHVHEHKDIWHWHQ��QLFKWOLQHDUHQ�3LH]RDN�
WRUHQ� LVW� HLQ� /DVHUPHVVV\VWHP�� EHVWHKHQG�DXV� /DVHUGLRGH�XQG�SRVLWLRQVHPSILQGOLFKHU�
'LRGH��36'��� LQWHJULHUW��'LH�&&'�.DPHUD�PLW�2EMHNWLY�]XU�0HVVXQJ�GHV�3RVLWLRQVYHU�
VDW]HV�LVW�PLWWLJ�LQ�GDV�:HUN]HXJ�HLQJHEDXW�XQG�KDW�GXUFK�HLQH�gIIQXQJ�LQ�GHU�XQWHUHQ�
3ODWWIRUP� HLQHQ� %OLFN� DXI� GHQ� *UHLIHU� XQG� GDV� )�JHWHLO�� 0LW� GHU� -XVWDJHYRUULFKWXQJ�
NDQQ� GLH� .DPHUD� DXFK� DX�HUPLWWLJ� �EHL� JU|�HUHQ� )�JHWHLOHQ�� EHIHVWLJW� ZHUGHQ�� 'LH�
XQWHUH�3ODWWIRUP�QLPPW�GDV��'�%HVFKOHXQLJXQJVVHQVRUV\VWHP�]XU�0HVVXQJ�GHU�VWUXNWX�
UHOOHQ�6FKZLQJXQJHQ�GHV�+DQGKDEXQJVJHUlWHV�XQG�6W|UVFKZLQJXQJHQ�GHU�8PJHEXQJ�
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DXI��DXFK�ZLUG�GHU�DQZHQGXQJVVSH]LILVFKH�*UHLIHU�GDUDQ�EHIHVWLJW��'LH�REHUH�3ODWWIRUP�
ZLUG�DQ�GDV�+DQGKDEXQJVJHUlW�DQJHIODQVFKW���

����6\VWHPLGHQWLILNDWLRQ�

������ 6HQVRUPRGHOOH�

�������� /DVHUVHQVRU�
'DV�LQWHJULHUWH�0HVVV\VWHP�]XU�/DJHUHJHOXQJ�NDQQ�DXIJUXQG�YRQ�(09�3UREOHPHQ�ELV�
MHW]W�QLFKW�HLQJHVHW]W�ZHUGHQ��(V�ZLUG�]XP�(QWZXUI�GHU�5HJHOXQJ�GHVKDOE�GXUFK�H[WHUQH�
/DVHUWULDQJXODWLRQVVHQVRUHQ�YHUJOHLFKEDUHU�$XIO|VXQJ�XQG�'\QDPLN�HUVHW]W��

'LH�/DVHUWULDQJXODWLRQVVHQVRUHQ�VLQG�DQDORJH�6HQVRUHQ�PLW�HLQHU�(PSILQGOLFKNHLW�YRQ�

PP
910 XQG�HLQHP�0HVVEHUHLFK�YRQ�±1mm�EHL�HLQHU�$XIO|VXQJ�YRQ�2µm��'D�GLH�6HQ�

VRUHQ�DQ�GHQ�5HJHOXQJVUHFKQHU�PLW�HLQHP����%LW�$�'�:DQGOHU�DQJHEXQGHQ�ZHUGHQ��
GHU�PLW�GHU�%DVLVDEWDVWUDWH�EHWULHEHQ�ZLUG��HLJQHW�VLFK�]XU�6LPXODWLRQ�GDV�NRQWLQXLHUOLFK�
]\NOLVFKH�6HQVRUPRGHOO����������6LH�N|QQHQ�6LJQDOH�ELV�]X�10kHz�YHUDUEHLWHQ��GDGXUFK�
LVW� HLQH� %HU�FNVLFKWLJXQJ� GHV� G\QDPLVFKHQ�hEHUWUDJXQJVYHUKDOWHQV� LP� 6HQVRUPRGHOO�
QLFKW�QRWZHQGLJ�XQG�GLH�hEHUWUDJXQJVIXQNWLRQ�NDQQ�]X�Å�´�JHVHW]W�ZHUGHQ���
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%LOG���������'ULIW�GHV�/DVHUVHQVRUV�

'LH�'ULIW�GHV�6HQVRUV�NDQQ�PLW�HLQHU�/DQJ]HLWPHVVXQJ��]��%����6WXQGH��EHL�QLFKW�DQJH�
UHJWHP�6HQVRU� HUPLWWHOW�ZHUGHQ��'LH� 3DUDPHWHU� GHU�*OHLFKXQJ� ������ N|QQHQ�PLW�GHQ�
0HVVHUJHEQLVVHQ�JUDILVFK�HUPLWWHOW�ZHUGHQ��)�U�GHQ�6HQVRU�GHU�[�$FKVH�HUJLEW�VLFK�DXV�
%LOG� ������ GLH� =HLWNRQVWDQWH�T� ]X�1500s� �6FKQLWWSXQNW� GHU� 7DQJHQWH� EHL� t=0s�PLW� GHU�
=HLWDFKVH��XQG�GLH�'ULIWDPSOLWXGH�C1�]X�0.281mm-0.2717mm=0.0093mm��'HQ�0LWWHOZHUW�
R �EHVWLPPW�PDQ�QDFK�DEJHNOXQJHQHU�'ULIW�PLW�HLQHU�0HVVXQJ�EHL�QLFKW�DQJHUHJWHP�
6HQVRU�]X�0.266mm��'LH�9DULDQ]�GHV�RIIVHWIUHLHQ�0HVVUDXVFKHQV�NDQQ�DXV�GHU�JOHLFKHQ�
0HVVXQJ�PLW� GHP�0DW/DE�%HIHKO�var� ]X�σ=6.8473e-08mm²� EHVWLPPW�ZHUGHQ��=XU�%H�
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VWLPPXQJ� GHU� 7RW]HLW� ZLUG� GHU� $NWRU� YRQ� GHU� 5HJHOXQJVHLQKHLW�PLW� HLQHP� )�KUXQJV�
VSUXQJ�DQJHUHJW��'LH�=HLWGLIIHUHQ]�]ZLVFKHQ�GHU�$QUHJXQJ�XQG�GHU�HUVWHQ�PHVVEDUHQ�
$QWZRUW� GHV� $NWRUV� HUJLEW� GLH� 7RW]HLW�� LQ� GHU� GLH� NRPSOHWWH� 9HU]|JHUXQJ� GHU� 6WUHFNH�
�'�$�:DQGOXQJV]HLW��9HUVWlUNHUWRW]HLW�XQG�$�'�:DQGOXQJV]HLW��PLWEHU�FNVLFKWLJW�ZLUG��
6LH� OlVVW� VLFK�EHL� HLQHU�$EWDVWIUHTXHQ]� YRQ�2000Hz� ]X� ]ZHL�$EWDVWVFKULWWH�EHVWLPPHQ��
'LH� ,GHQWLILNDWLRQ� GHV� /DVHUVHQVRUV� I�U� GLH� \�$FKVH� HUIROJW� DQDORJ�� HV� HUJHEHQ� VLFK�
GDEHL� IROJHQGH�:HUWH��T=800s, C1=0.009mm�� R =0.0967mm,�σ=1.8660e-08mm², 7RW]HLW�
YRQ�HLQHP�$EWDVWVFKULWW��

�������� %HVFKOHXQLJXQJVVHQVRU�
'DV� YHUZHQGHWH� �'�%HVFKOHXQLJXQJVVHQVRUV\VWHP� KDW� ÅRQ�ERDUG´� SUR� )UHLKHLWVJUDG�
HLQHQ� ��%LW�6LJPD�'HOWD�:DQGOHU� ]XU� 'LJLWDOLVLHUXQJ� GHU� DQDORJHQ� 6LJQDOH�� 'LH� SUR�
6HQVRUHOHPHQW� VHULHOO� PLW� HLQHU� )UHTXHQ]� YRQ� ���N+]� DQIDOOHQGHQ� GLJLWDOHQ� 6LJQDOH�
ZHUGHQ�]X�HLQHP�'63�3UR]HVVLQWHUIDFH�%RDUG�>�@��EHUWUDJHQ��$XIJUXQG�GHU�GLJLWDOLVLHU�
WHQ�6LJQDOH�LVW�KLHUEHL�GLH�6W|UDQIlOOLJNHLW�EH]�JOLFK�(09�JHJHQ�EHU�DQDORJHQ�6LJQDOHQ�
GHXWOLFK�UHGX]LHUW��$XI�GHP�%RDUG�HUIROJW�GLH�Q|WLJH�'H]LPLHUXQJ�GHU�6HQVRUGDWHQ�XP�
GHQ� )DNWRU������ZREHL� VLFK�GLH� %LWEUHLWH� DXI� ���%LW� HUK|KW� XQG� HLQHU�$XIO|VXQJ� YRQ�

+]

�J
2 HQWVSULFKW�� 'LH� 6HQVRUGDWHQ� OLHJHQ� VRPLW� PLW� HLQHU� $EWDVWUDWH� YRQ�

+]+]
N+]

2000125.1953
256

500 ≠= EHUHLW��'DGXUFK�PXVV�GLHVHU�6HQVRU�PLW�GHP�GLVNUHWHQ�

]\NOLVFKHQ� 6HQVRUPRGHOO� �������� VLPXOLHUW� ZHUGHQ�� 'DV� hEHUWUDJXQJVYHUKDOWHQ� GHU�
6HQVRUHOHPHQWH�ZLUG�LQ�>���@�PLW�HLQHP�37��6\VWHP�PLW�GHU�(LJHQIUHTXHQ]�YRQ����+]�
XQG� GHU�'lPSIXQJ� YRQ����� VSH]LIL]LHUW��'LH� ]HLWGLVNUHWH�hEHUWUDJXQJVIXQNWLRQ� HUJLEW�
VLFK�]X�

1799.01393.0

398.06596.03298.0
)(

2
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]]

]7I �� � � � � � � ������

$XIJUXQG� GHV� WHPSHUDWXUNRPSHQVLHUWHQ� 'HVLJQV� GHU� 6HQVRUHOHPHQWH� NRQQWH� NHLQH�
'ULIW�EHREDFKWHW�ZHUGHQ��'HU�0HVVEHUHLFK�EHWUlJW�±�J��'LH�(PSILQGOLFKNHLW�NDQQ�EHL�
NDSD]LWLYHQ� %HVFKOHXQLJXQJVVHQVRUHQ� GXUFK� $XVQXW]XQJ� GHU� (UGEHVFKOHXQLJXQJ� EH�
VWLPPW�ZHUGHQ��'DEHL�ZHUGHQ�SUR�6HQVRUHOHPHQW���0HVVXQJHQ�GXUFKJHI�KUW��%HL�GHU�
HUVWHQ�0HVVXQJ�ZLUG�GDV�6HQVRUHOHPHQW�PLW�GHU�VHQVLWLYHQ�$FKVH�LQ�5LFKWXQJ�GHU�(UG�
EHVFKOHXQLJXQJ�XQG�EHL�GHU�]ZHLWHQ�0HVVXQJ�HQWJHJHQJHVHW]W�GHU�(UGEHVFKOHXQLJXQJ�
DXVJHULFKWHW��'LH�(PSILQGOLFKNHLW�HUJLEW�VLFK�GDPLW�]X�
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]
=σ ��'LH� 7RW]HLW� ZLUG� DQDORJ� ]XP� /DVHUVHQVRU� EHVWLPPW�� HV� HUJLEW� VLFK�

HLQH�7RW]HLW�YRQ���$EWDVWVFKULWWHQ��GLH�KDXSWVlFKOLFK��ZLH�GLH�$EVFKlW]XQJ�LQ�>�@�]HLJW��
GXUFK�GLH�%HUHLWVWHOOXQJ�GHU�6HQVRUZHUWH�LP�'63�]XVWDQGH�NRPPW��

*UDYLWDWLRQ� �[� �[� �\� �\� �]� �]� HPSI�

[�(OHPHQW� ������(�� ������(�� ������(�� ������(�� ������(�� ������(�� �������

\�(OHPHQW� ������(�� ������(�� ������(�� ������(�� ������(�� ������(�� �������

]�(OHPHQW� ������(�� ������(�� ������(�� ������(�� ������(�� ������(�� �������

7DEHOOH���������.DOLEULHUPHVVXQJ�GHV�%HVFKOHXQLJXQJVVHQVRUV\VWHPV�

�������� &&'�.DPHUD�
'LH� &&'�.DPHUD� ]XU� %HVWLPPXQJ� GHV� 3RVLWLRQVYHUVDW]HV� N|QQWH� PLW� GHP� GLVNUHWHQ�
DV\QFKURQHQ� 6HQVRUPRGHOO� �������� VLPXOLHUW� ZHUGHQ�� 'D� DEHU� GXUFK� GLH� JHIRUGHUWH�
KRKH�0HVVDXIO|VXQJ�LP�%HUHLFK�YRQ�HLQLJHQ�0LNURPHWHUQ�XQG�HLQHP�0HVVEHUHLFK�YRQ�
FD������P�[�����P�PLW�HLQHU�HLQIDFKHQ�2SWLN�QXU�HLQH�JHULQJH�7LHIHQVFKlUIH�HUUHLFKW�
ZHUGHQ� NDQQ�� VWHKHQ� DXIJUXQG� GHU� 9HUDUEHLWXQJV]HLW� GHU� %LOGYHUDUEHLWXQJ� QXU�
����%LOGHU� ]XU� 9HUI�JXQJ�� ,Q� GHU� 5HJOHUVWUXNWXU� �VLHKH� ����� ZHUGHQ� GLHVH� 0HVVZHUWH�
GHVKDOE�QXU�DOV�)�KUXQJVJU|�HQ�YHUZHQGHW��'DPLW�VSLHOW� I�U�GHQ�5HJHONUHLV�GDV�=HLW�
YHUKDOWHQ�GLHVHV�6HQVRUV�NHLQH�5ROOH��VR�GDVV�GLHVHV�6HQVRUPRGHOO�ZHJJHODVVHQ�ZHUGHQ�
NDQQ��:LOO�PDQ� GHU� 9ROOVWlQGLJNHLW� KDOEHU� GDV� =HLWYHUKDOWHQ� WURW]GHP� VLPXOLHUHQ�� VR�
PXVV�GLH�DQZHQGXQJVDEKlQJLJH�%LOGYHUDUEHLWXQJ�EH]�JOLFK�GHU�$XVI�KUXQJV]HLW�XQG�
GHU� GDYRQ� DEKlQJLJHQ�*HQDXLJNHLW� VWDWLVWLVFK� QlKHU� XQWHUVXFKW� ZHUGHQ�� )�U� GLH� LP�
7HLOSURMHNW� �� DQJHVWUHEWH� $QZHQGXQJ� GHU� 0RQWDJH� HLQHV� =DKQUDGV� LQ� GDV� 8KUZHUN�
HLQHU� )XQNDUPEDQGXKU� ZXUGH� HLQH� DXI� 7HPSODWH�0DWFKLQJ� EDVLHUHQGH� %LOGYHUDUEHL�
WXQJ� >��@� HQWZLFNHOW��'DV�=HLWYHUKDOWHQ�GLHVHV�9HUIDKUHQV� NDQQ�PLW�GHP�GLVNUHWHQ�D�
V\QFKURQHQ�6HQVRUPRGHOO�JXW�QDFKJHELOGHW�ZHUGHQ��GD�EHL�GLHVHP�9HUIDKUHQ�GLH�$XV�
I�KUXQJV]HLW�YRP�%LOGLQKDOW�XQG�GLH�*HQDXLJNHLW�YRQ�GHU�$XVI�KUXQJV]HLW�DEKlQJW��

������ 6WUHFNHQPRGHOOH�
,P�)ROJHQGHQ�ZHUGHQ�GLH�HLQ]HOQHQ�.RPSRQHQWHQ�GHU�5HJHOVWUHFNH�VRZLH�GHUHQ�9HU�
NRSSOXQJ� YRUJHVWHOOW�� 'D� GLH� 3RVLWLRQVNRUUHNWXU� LQ� ]ZHL� NDUWHVLVFKHQ� )UHLKHLWVJUDGHQ�
HUIROJW��ZHUGHQ�GLH�HLQ]HOQHQ�6WUHFNHQJOLHGHU�HEHQIDOOV�LQ�GLHVHQ�]ZHL�)UHLKHLWVJUDGHQ�
EHVFKULHEHQ��'XUFK�HLQH�DXVUHLFKHQG�JHQDXH�KDUG��E]Z��VRIWZDUHPl�LJH�.DOLEULHUXQJ�
>��@�NDQQ�QDKH]X�HLQH�(QWNRSSOXQJ�GHU�EHLGHQ�)UHLKHLWVJUDGH��LP�IROJHQGHQ�[��E]Z��\�
$FKVH�JHQDQQW�� HUUHLFKW�ZHUGHQ�� VR�GDVV� LQ� GHQ� IROJHQGHQ�8QWHUSXQNWHQ� LPPHU�QXU�
HLQ�)UHLKHLWVJUDG�EHWUDFKWHW�ZLUG��'LH�%HVFKUHLEXQJ�GHV�]ZHLWHQ�)UHLKHLWVJUDGHV�HUIROJW�
GDQQ�DQDORJ��(LQH�9HUGUHKXQJ�GHU�XQWHUHQ�3ODWWIRUP��GLH�%DXDUW�EHGLQJW� LP�%HUHLFK�
YRQ�������P|JOLFK�ZlUH��ZLUG�QLFKW�EHWUDFKWHW��GD�HV�PLW�GHQ�YHUZHQGHWHQ�6HQVRUHQ�
QLFKW�P|JOLFK�LVW��VROFK�NOHLQH�5RWDWLRQHQ�]X�PHVVHQ��

�������� 3LH]RDNWRULN�
'LH�%HVFKUHLEXQJ�HLQHV�QLFKWOLQHDUHQ��K\VWHUHVHEHKDIWHWHQ�6\VWHPV�JHVWDOWHW�VLFK�]LHP�
OLFK�DXIZHQGLJ�XQG�ZlUH�QDFK�>��@�XQG�>��@�SULQ]LSLHOO�P|JOLFK��OlVVW�VLFK�DEHU�LQ�GHU�
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JHIRUGHUWHQ�*HQDXLJNHLW� QLFKW� UHDOLVLHUHQ��'D� MHGHV�PHFKDQLVFKH�6\VWHP�QlKHUXQJV�
ZHLVH�DOV�37��6\VWHP�DQJHVHKHQ�ZHUGHQ�NDQQ��GLHQW�GLHV�DOV�*UXQGODJH�GHU�,GHQWLILND�
WLRQ�GHU�$NWRULN��'DPLW�HLQH�OLQHDUH�%HVFKUHLEXQJ�GLHVHV�QLFKWOLQHDUHQ�K\VWHUHVHEHKDI�
WHWHQ�6\VWHPV�JHUHFKWIHUWLJW� LVW��EHGDUI�HV�HLQHV�JHVRQGHUWHQ�5HJHONUHLVHV��GHU�GLH�JH�
IRUGHUWH� /LQHDULWlW� XQG�=HLWLQYDULDQ]� �/7,�PRGHOO�� OLQHDU� WLPHLQYDULDQW�PRGHO�� KHUVWHOOW�
�VLHKH����������

(V�VROO�QXQ�GHU�$NWRU�LQ�HLQHP�(UVDW]PRGHOO��EHVWHKHQG�DXV�]ZHL�3ODWWIRUPHQ��GLH�PLW�
WHOV�HLQHU�)HGHU�XQG�HLQHV�'lPSIHUV�PLWHLQDQGHU�YHUEXQGHQ�VLQG��EHWUDFKWHW�ZHUGHQ��
'LH� XQWHUH� 3ODWWIRUP� NDQQ� JH]LHOW�PLW� GHQ� 3LH]RDNWRUHQ� SURSRUWLRQDO� GHU� DQJHOHJWHQ�
6SDQQXQJ� DQJHUHJW� ZHUGHQ�� 'LH� PHFKDQLVFKHQ� (LJHQVFKDIWHQ� GHU� YRUJHVSDQQWHQ�
3LH]RVWDFNV�� GHU� 3DUDOOHOI�KUXQJ� XQG� GHU� )HVWN|USHUJHOHQNH� N|QQHQ� QlKHUXQJVZHLVH�
HLQHU�)HGHU�XQG�HLQHP�'lPSIHU�JOHLFKJHVHW]W�ZHUGHQ��

$XV�GLHVHP�(UVDW]VFKDOWELOG�GHU�$NWRULN� NDQQ� VRPLW�GLH� IROJHQGH� OLQHDUH�'LIIHUHQWLDO�
JOHLFKXQJ����2UGQXQJ�DEJHOHLWHW�ZHUGHQ��

XE[F[N[P ⋅=⋅+⋅+⋅ ��� �� � � � � � � � � ������

KLHUEHL�HQWVSUHFKHQ� P�� HIIHNWLYH�0DVVH�GHV�$NWRUV�

� N�� HIIHNWLYH�'lPSIXQJVNRQVWDQWH�GHV�$NWRUV�

� F�� HIIHNWLYH�)HGHUNRQVWDQWH�GHV�$NWRUV�

� E�� (LQNRSSHOIDNWRU�GHU�6WHOOJU|�H�

� [�� %HZHJXQJ�GHU�EHZHJOLFKHQ�$NWRUSODWWIRUP�

� X�� 6WHOOJU|�H�

'LH�hEHUWUDJXQJVIXQNWLRQ�GHU�6WHOOJU|�H�X�EH]RJHQ�DXI�GLH�3RVLWLRQ�GHU�XQWHUHQ�3ODWW�
IRUP�[�LVW�GHPHQWVSUHFKHQG�HLQ�37��*OLHG�

[
X V V

E
P

N
P

F
P

=
+ ⋅ +2 ��� � � � � � � � � � ������

(LQ� 37��6\VWHP� NDQQ� DXFK� GXUFK� VHLQH� (LJHQIUHTXHQ]�ω��XQG�'lPSIXQJ�'�ZLH� IROJW�
EHVFKULHEHQ�ZHUGHQ��
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0 0
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RGHU� LQ� =XVWDQGVGDUVWHOOXQJ�PLW� GHU� 3RVLWLRQ� GHU� XQWHUHQ� 3ODWWIRUP� EH]RJHQ� DXI� GLH�
REHUH�3ODWWIRUP�yx,Aktor�XQG�GHU�GDUDXV�UHVXOWLHUHQGHQ�%HVFKOHXQLJXQJ�ya,Aktor�GHU�XQWH�
UHQ�3ODWWIRUP�DOV�0HVVJU|�HQ�
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=XU� ,GHQWLILNDWLRQ�GHV� OLQHDUHQ�$QWHLOV�GHV�$NWRUV� LVW�VRPLW�QXU�GLH�%HVWLPPXQJ�GLHVHU�
EHLGHQ� .HQQJU|�HQ� XQG� GHU� .RQVWDQWHQ� S� QRWZHQGLJ�� 'LHVH� N|QQHQ� H[SHULPHQWHOO�
OHLFKW�GXUFK�GLH�$QUHJXQJ�GHV�$NWRUV�PLW�HLQHP�6SUXQJ�EHVWLPPW�ZHUGHQ��,Q�%LOG�������
OLQNV� LVW� GLH� JHPHVVHQH� 6SUXQJDQWZRUW� XQG� GLH� $QWZRUW� GHV� 37��0RGHOOV� I�U� HLQHQ�
)�KUXQJVVSUXQJ�YRQ�����P�]X�VHKHQ��

)�U�GHQ�YRUOLHJHQGHQ�$NWRU�HUJHEHQ�VLFK�GDUDXV�IROJHQGH�:HUWH��

I�[ ������+]��'[ ������I�\ �����+]��'\ ������

0LW�GHU�JOHLFKHQ�9RUJHKHQVZHLVH�ZHUGHQ�GLH�3DUDPHWHU� I�U�GDV�$NWRUPRGHOO�GHU�PLW�
GHP�'lPSIXQJVUHJOHU��VLHKH��������OLQHDULVLHUWHQ�XQG�JHGlPSIWHQ�3LH]RDNWRULN�HUPLW�
WHOW��,Q�%LOG�������UHFKWV�LVW�GLH�UHDOH�XQG�GLH�VLPXOLHUWH�6SUXQJDQWZRUW�GHU�JHGlPSIWHQ�
[�$FKVH� GDUJHVWHOOW�� (V� HUJHEHQ� VLFK� I�U� GHQ� JHGlPSIWHQ� $NWRU� IROJHQGH�
3DUDPHWHUZHUWH��

I�[G I�[��'[G �����I�\G I�\��'\G �����
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%LOG���������6SUXQJDQWZRUW�GHV�$NWRUV��OLQNV�XQJHGlPSIW��UHFKWV�JHGlPSIW��

�������� 6W|UHLQNRSSOXQJ�
'LH� VWUXNWXUHOOHQ� 6FKZLQJXQJHQ� GHV�+DQGKDEXQJVJHUlWHV� VRZLH� GLH� 9LEUDWLRQHQ� DXV�
GHU�8PJHEXQJ�ZHUGHQ��EHU�GDV�+DQGKDEXQJVJHUlW� HLQJHNRSSHOW�� (V�PXVV�GHVKDOE�
HEHQIDOOV� PRGHOOLHUW� ZHUGHQ�� 'D� MHGHV� PHFKDQLVFKH� 6\VWHP� LQ� HUVWHU� 1lKHUXQJ� PLW�
HLQHP�37��*OLHG�DQJHQlKHUW�ZHUGHQ�NDQQ�XQG�GLH�H[DNWH�0RGHOOLHUXQJ�GHV�+DQGKD�
EXQJVJHUlWHV�QXU�PLW�JUR�HP�$XIZDQG�]X�UHDOLVLHUHQ�LVW��ZLUG�HLQ�37��6\VWHP�I�U�GDV�
0RGHOO�GHV�+DQGKDEXQJVJHUlWHV�DQJHQRPPHQ��(V�JHOWHQ�GDEHL�GLH�VHOEHQ�*OHLFKXQ�
JHQ�ZLH�EHL�GHU�0RGHOOLHUXQJ�GHU�3LH]RDNWRULN��'LH�EHLGHQ�3DUDPHWHU��(LJHQIUHTXHQ]�
XQG�'lPSIXQJ�� N|QQHQ� �EHU�0HVVXQJHQ� GHU� ,PSXOV�� RGHU� 6SUXQJDQWZRUW� EHVWLPPW�
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ZHUGHQ��%HL�GHP�EHWUDFKWHWHQ���$FKV�6FDUD�5RERWHU�HUJDE�VLFK�GLH�(LJHQIUHTXHQ]�]X�
��+]�XQG�GLH�'lPSIXQJ�]X������

%HL� GHU� (QWZLFNOXQJ� GHV� 5HJHOV\VWHPV� XQG� EHL� GHU�+DUGZDUH�LQ�WKH�/RRS�6LPXODWLRQ�
ZLUG� GLH�03(� DXI� HLQHP� 7LVFK�PRQWLHUW��'LH� 6W|UJU|�HQ�ZHUGHQ� LQ� GLHVHP�)DOO� �EHU�
GHP� 7LVFK� HLQJHNRSSHOW�� VR� GDVV� GDV� 5RERWHUPRGHOO� GXUFK� GDV� GHV� 7LVFKHV� HUVHW]W�
ZHUGHQ�PXVV��'HU�7LVFK�ZLUG�ZLHGHU�DOV�37��6\VWHP�DQJHVHKHQ�XQG�GXUFK�0HVVXQJ�GHU�
,PSXOVDQWZRUW�HUJHEHQ�VLFK�I�U�GLH�3DUDPHWHU�IROJHQGH�:HUWH��

I�[ ���+]��'[ ������I�\ ����+]��'\ �����

'LH� =XVWDQGVJOHLFKXQJHQ� ]ZHLWHU�2UGQXQJ� HUJHEHQ� VLFK� DQDORJ� ]X� *OHLFKXQJ� ������
PLW�GHU�6W|UJU|�H�Z�DOV�(LQJDQJVJU|�H�]X�
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$OV�0HVVJU|�HQ�ZHUGHQ�ZLHGHU�GLH�3RVLWLRQ�yx,Rob�XQG�GLH�%HVFKOHXQLJXQJ�ya,Rob�DQJH�
QRPPHQ��

�������� 3LH]RYHUVWlUNHU�
'D�3LH]R�6WDFNV�VLFK� LQ�HUVWHU�1lKHUXQJ�ZLH�.DSD]LWlWHQ�YHUKDOWHQ��NDQQ�GDV�HOHNWUL�
VFKH� (UVDW]VFKDOWELOG� LQ� %LOG� ������ DQJHJHEHQ� ZHUGHQ�� 'DUDXV� OlVVW� VLFK� IROJHQGH�
'LIIHUHQWLDOJOHLFKXQJ�HUVWHU�2UGQXQJ�DEOHLWHQ��
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)�U�GHQ�YHUZHQGHWHQ�3LH]R�9HUVWlUNHU�3&6���$��YRQ�0DUFR�6	(�*PE+�HUJLEW�VLFK�5&�
]X� �Ω
���)��'HU� 3LH]R�9HUVWlUNHU�PLW� GHP�9HUVWlUNXQJVIDNWRU� N ���ZLUG�GLUHNW�PLW�
GHQ�'�$�:DQGOHUVLJQDOHQ�EHDXIVFKODJW��ZDV�HLQHU�)ROJH�YRQ�6SUXQJDQUHJXQJHQ�PLW�
GHU�$EWDVWIUHTXHQ]�JOHLFKNRPPW��'DV�37

�
�6\VWHP�WUlJW�VRPLW�PLW�VHLQHP�7LHISDVVFKD�

UDNWHU�HLQHQ�7HLO������V��]XU�7RW]HLW�EHL��%HLP�5HJHOXQJVHQWZXUI�$�PXVV�GHU�9HUVWlUNHU�
PLWPRGHOOLHUW�ZHUGHQ��EHLP�5HJHOXQJVHQWZXUI�%�NDQQ� MHGRFK�GHU�9HUVWlUNHU�YHUQDFK�
OlVVLJW�ZHUGHQ��GD�GLH�7RW]HLW� LQ�GLHVHP�)DOO�HLQIDFK�GHQ�6HQVRUHQ�DQJHUHFKQHW�ZLUG�
XQG� VRPLW� NRPSHQVLHUW� ZHUGHQ� NDQQ�� 'D� GLH� *UHQ]IUHTXHQ]� GHV� 7LHISDVVHV� EHL� FD��



�����6\VWHPLGHQWLILNDWLRQ��
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���N+]� OLHJW��NDQQ� LP�+LQEOLFN�DXI�GLH�6\VWHPRUGQXQJ�GLH�hEHUWUDJXQJVIXQNWLRQ�YHU�
QDFKOlVVLJW�ZHUGHQ��

Innenwiderstand
R

Leerlaufspannung
U0

Kapazität der 
Piezo-Stacks

C

Piezo-Verstärker

�

%LOG���������(UVDW]VFKDOWELOG�GHV�3LH]RYHUVWlUNHUV�

�������� *HVDPWH�6WUHFNH�
)�U�GHQ�+��5HJOHUHQWZXUI��5HJHOXQJVHQWZXUI�$��ZXUGH�LQ�>��@�GLH�5HJHOVWUHFNH��ZLH�LQ�
%LOG� ������ ]X� VHKHQ�� PRGHOOLHUW�� 'LH� hEHUWUDJXQJVIXQNWLRQHQ� GHU� 6HQVRUHQ� ZXUGHQ�
GDEHL�DXIJUXQG�GHV�EDQGEHJUHQ]WHQ�6W|UVSHNWUXPV�QLFKW�EHU�FNVLFKWLJW��'LH�6WHOOJU|�H�
ZLUG��EHU�GHQ�9HUVWlUNHU�XQG�GLH�6W|UJU|�H��EHU�GDV�+DQGKDEXQJVJHUlW� LQ�GLH�03(�
HLQJHNRSSHOW��$OV�0HVVJU|�HQ�VWHKHQ�GLH�3RVLWLRQ�GHU�XQWHUHQ�3ODWWIRUP�EH]RJHQ�DXI�
GLH� REHUH� XQG� GLH� DEVROXWH� %HVFKOHXQLJXQJ� ²� GLH� 6XPPH� DXV� GHQ� HLQJHNRSSHOWHQ�
6W|UEHVFKOHXQLJXQJHQ�XQG�GHU�%HVFKOHXQLJXQJ�GHU�REHUHQ�3ODWWIRUP�²�]XU�9HUI�JXQJ��

�

%LOG���������5HJHOVWUHFNH�GHV�XUVSU�QJOLFKHQ�5HJOHUHQWZXUIV�

'LH�=XVWDQGVJOHLFKXQJHQ�I�QIWHU�2UGQXQJ�ODVVHQ�VLFK�PLW�������������XQG�������]X�
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'DV� 6WUHFNHQPRGHOO�� GDV� GHP� 5HJHOXQJVHQWZXUI� %� ]XJUXQGH� OLHJW�� EHU�FNVLFKWLJW� LP�
*HJHQVDW]�]XP�YRUKHUJHKHQGHQ�0RGHOO�GLH�IHVWH�.RSSOXQJ�]ZLVFKHQ�03(�XQG�+DQG�
KDEXQJVJHUlW��'LH�6HQVRUHQ�ZHUGHQ�HEHQIDOOV�QLFKW�PLW�LQ�GDV�6WUHFNHQPRGHOO�DXIJH�
QRPPHQ��:LH�LQ���������EHVFKULHEHQ�NDQQ�EHL�GLHVHU�(QWZXUIVPHWKRGH�GHU�3LH]RYHU�
VWlUNHU� ZHJJHODVVHQ� ZHUGHQ�� 'LH� 0HVVJU|�HQ� VLQG� ZLHGHU� GLH� 3RVLWLRQ� GHU� XQWHUHQ�
3ODWWIRUP�EH]RJHQ�DXI�GLH�REHUH�XQG�GLH�DEVROXWH�%HVFKOHXQLJXQJ��'LH�=XVWDQGVJOHL�
FKXQJHQ�YLHUWHU�2UGQXQJ�HUJHEHQ�VLFK�DXV�GHQ�*OHLFKXQJHQ�������XQG�������]X�
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����6HQVRUNRSSOXQJ�

������ 5HJHOXQJVHQWZXUI�$�
%HL�GHP�LQ�>��@�YRUJHVWHOOWHQ�5HJHOXQJVHQWZXUI�ZLUG�NHLQH�6HQVRUNRSSOXQJ�LP�HQJHUHQ�
6LQQH� GXUFKJHI�KUW�� 'LH�'DWHQ� GHV� %HVFKOHXQLJXQJVVHQVRUV\VWHPV�ZHUGHQ� QLFKW� V\Q�
FKURQLVLHUW��G�K��GLH�PLW�HLQHU�$EWDVWUDWH�YRQ���������+]�HLQWUHIIHQGHQ�'DWHQ�ZHUGHQ�
LP� 5HJHONUHLV�PLW� GHU� %DVLVDEWDVWUDWH� YRQ� ����+]�ZHLWHUYHUDUEHLWHW��'LHV� EHZLUNW� LP�
ZRUVW�FDVH�QDFK�*OHLFKXQJ� �������HLQH�]XVlW]OLFKH�7RW]HLW�YRQ�����V�XQG�QDFK�*OHL�
FKXQJ� ������� HLQHQ�PD[LPDOHQ� )HKOHU� YRQ� FD�� ���� 2V

PP ��ZHQQ�PDQ�GDV�$PSOLWX�

GHQ�6W|UVSHNWUXP� DXV� >��@� ]X� ]50,0],2sin
1

)( +]IWI
I

WZ ∈⋅⋅⋅= π DQQlKHUW��'LH� 7RW]HL�

WHQ�GHU�6HQVRUHQ�ZHUGHQ�QLFKW�NRPSHQVLHUW��'LH�%HVFKOHXQLJXQJVGDWHQ�ZHUGHQ�HLQHU�
2IIVHWNRUUHNWXU�PLW�GHP�JHIHQVWHUWHQ�0LWWHOZHUW�QDFK���������XQWHU]RJHQ��=XU�%HVWLP�
PXQJ�GHU�6WHOOJU|�H�ZHUGHQ�DXIJUXQG�GHU� IHKOHQGHQ�6HQVRUNRSSOXQJ�QXU�GLH�'DWHQ�
GHV�%HVFKOHXQLJXQJVVHQVRUV\VWHPV�KHUDQJH]RJHQ��'LH�GDGXUFK�QRWZHQGLJH�]ZHLIDFKH�
,QWHJUDWLRQ� ZLUG� LPSOL]LW� LP� +��5HJOHU� GXUFKJHI�KUW�� ZDV� GD]X� I�KUW�� GDVV� GDV� $XV�
JDQJVVLJQDO� HLQHU� GUHLIDFKHQ�2IIVHWNRUUHNWXU�PLW�GULIWHQGHP�2IIVHW�XQWHUZRUIHQ�ZHU�
GHQ�PXVV��'HU�5HJOHU�NDQQ�VRPLW�QXU�ELV�]XP�=DKOHQ�EHUODXI�GHU�2IIVHWNRUUHNWXU�DXI�
GHP�5HJHOXQJVUHFKQHU�EHWULHEHQ�ZHUGHQ�XQG�PXVV�GDQQ�ZLHGHU�QHX� LQLWLDOLVLHUW�ZHU�
GHQ��

������ 5HJHOXQJVHQWZXUI�%�
%HL�GLHVHP�(QWZXUI�ZLUG�HLQH�6HQVRUNRSSOXQJ�PLW�GHQ�0HWKRGHQ�GHV�.DSLWHOV���GXUFK�
JHI�KUW�� 'LH� /DVHUVHQVRUHQ�P�VVHQ� QLFKW� V\QFKURQLVLHUW� ZHUGHQ�� GD� VLH� V\QFKURQ�PLW�
GHU�%DVLVDEWDVWUDWH�EHWULHEHQ�ZHUGHQ��(V� LVW�DEHU�HLQH�.RPSHQVDWLRQ�GHU�7RW]HLW��KLHU�
ZLUG�DXFK�GLH�7RW]HLW�GHU�$�'�:DQGOHU��'�$�:DQGOHU�XQG�GHV�3LH]RYHUVWlUNHUV�PLWHLQ�
JHUHFKQHW��QRWZHQGLJ��'LH�ZLUG�DXIJUXQG�GHV�5DXVFKYHUKDOWHQV�PLW�HLQHP�)2+�*OLHG�
GXUFKJHI�KUW�� 'LH� KRKH� 9DULDQ]� GHV� 0HVVUDXVFKHQV� GHU� %HVFKOHXQLJXQJVVHQVRUHQ��
GDUXQWHU� IDOOHQ�DXFK�UHHOOH�KRFKIUHTXHQWH�6W|UVFKZLQJXQJHQ�PLW�QLHGULJHU�$PSOLWXGH��
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EHGLQJW�]XU�6\QFKURQLVDWLRQ�XQG�7RW]HLWNRPSHQVDWLRQ�HLQ�UDXVFKXQHPSILQGOLFKHV�9HU�
IDKUHQ��1DFK�%LOG��������NRPPHQ�GDV�)2+�*OLHG�EHL�GHQ�'DWHQ�EDVLHUWHQ�9HUIDKUHQ�
RGHU�GHU�.DOPDQ�)LOWHU�EHL�GHQ�0RGHOO�EDVLHUWHQ�9HUIDKUHQ�LQ�%HWUDFKW��,P�+LQEOLFN�DXI�
GLH�+DUGZDUHDQELQGXQJ� GHU� %HVFKOHXQLJXQJVVHQVRULN�PLWWHOV� ,QWHUUXSW� IlOOW� GLH�:DKO�
DXI� GDV� )2+�*OLHG�� GD� HV� ZHQLJHU� 5HFKHQDXIZDQG�� ZLH� LQ� HLQHU� ,QWHUUXSWVHUYLFH�
5RXWLQH�DXFK�JHIRUGHUW�ZLUG��EHQ|WLJW��

'LH� 6HQVRUIXVLRQ� HUIROJW�PLW� HLQHP� ]HLWLQYDULDQWHQ� .DOPDQ�)LOWHU�� GHP�GDV� 6WUHFNHQ�
PRGHOO�YRQ�*OHLFKXQJ��������]XJUXQGH�OLHJW��$OV�(LQJDQJVJU|�HQ�ZHUGHQ�GLH�6WHOOJU|�
�H�X��GLH�DEVROXWH�%HVFKOHXQLJXQJ�\D�XQG�GLH�3RVLWLRQ�GHU�XQWHUHQ�3ODWWIRUP�EH]RJHQ�
DXI� GLH� REHUH� \[�$NWRU� YHUZHQGHW�� 'XUFK� GLH� (LJHQVFKDIW� GHV� .DOPDQ�)LOWHUV� DOV� =X�
VWDQGVEHREDFKWHU�� HUKlOW� PDQ� 6FKlW]ZHUWH� I�U� GLH� YLHU� 6\VWHP]XVWlQGH� GHV�0RGHOOV��
GLH� PLW� GHQ� (LQJDQJVJU|�HQ� GHV� .DOPDQ�)LOWHUV� DEJHJOLFKHQ� ZHUGHQ�� 0LW� GHQ� JH�
VFKlW]WHQ�=XVWlQGHQ�GHV�+DQGKDEXQJVJHUlWHV�E]Z��GHV�7LVFKHV�

5RE
[̂ �NDQQ�HLQ�6FKlW]�

ZHUW�GHU�XQEHNDQQWHQ�6W|UJU|�H� Ẑ �EHUHFKQHW�ZHUGHQ��'LH�=XVWDQGVJOHLFKXQJHQ�GHU�
6W|UJU|�HQVFKlW]XQJ�PLW�.DOPDQ�)LOWHU�LQ�]HLWGLVNUHWHU�'DUVWHOOXQJ�HUJHEHQ�VLFK�]X�
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'HU� .DOPDQ�)LOWHU� 5�FNI�KUXQJVNRHIIL]LHQW� +� ZLUG� PLW� *OHLFKXQJ� ������� EHVWLPPW��
8QWHU�$QJDEH�GHV�6\VWHPPRGHOOV�XQG�GHU�.RYDULDQ]PDWUL]HQ��GLH�VLFK�EHL�0HVVXQJHQ�
GHV�6\VWHPV� LQ�5XKH�PLW�GHU�0DW/DE�)XQNWLRQ�FRY�EHVWLPPHQ� ODVVHQ��NDQQ�PDQ�VLFK�
GHQ�.DOPDQ�)LOWHU�HLQIDFK�PLW�GHU�0DW/DE�)XQNWLRQ�NDOPDQ�EHUHFKQHQ�ODVVHQ��)�U�GLH�
03(�HUJHEHQ�VLFK�I�U�GHQ�.DOPDQ�)LOWHU�IROJHQGH�VWDELOH�3ROVWHOOHQ��

� [�$FKVH��� -0.0076����������� � \�$FKVH�� 0.0571 

       0.9153               0.9252 

       0.9982 + 0.0180i    0.9982 + 0.0180i 

       0.9982 - 0.0180i    0.9982 - 0.0180i�
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0DQ�VLHKW�DQ�GHU�/DJH�GHU�3ROH��GDVV�NHLQH�LPSOL]LWH�GRSSHOWH�,QWHJUDWLRQ�GXUFKJHI�KUW�
ZLUG��GDGXUFK�LVW�GHU�.DOPDQ�)LOWHU�DXFK�EHL�2IIVHW�EHKDIWHWHQ�(LQJDQJVVLJQDOHQ�VWDELO�
XQG�VFKlW]W�GLH�=XVWlQGH�PLWWHOZHUWVIUHL��(LQH�2IIVHWNRUUHNWXU�GHU�%HVFKOHXQLJXQJVGD�
WHQ�PLW�GHQ�0HWKRGHQ�YRQ�������LVW�QLFKW�QRWZHQGLJ��HV�HUIROJW�QXU�HLQH�HLQIDFKH�.DOLE�
ULHUXQJ��6XEWUDNWLRQ�HLQHU�.RQVWDQWHQ��XP�GHQ�(LQVFKZLQJYRUJDQJ�GHV�.DOPDQ�)LOWHUV�
]X�YHUN�U]HQ��:HLWHUH�9RUYHUDUEHLWXQJVVFKULWWH�GHU�6HQVRUGDWHQ�VLQG�QLFKW�QRWZHQGLJ��

����5HJOHUVWUXNWXU�

Piezo-Verstärker

Roboter

Aktorik

Lasermess-
system

3D-Beschleunigungs-
sensorik

relative
Position

absolute
Beschleu-

nigung

2

1

Stell-
größe

Stör-
größe

2

1

-68 -34 0 34 68

-26

0

26

Auslenkung der Aktorik [µm]

S
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g 
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o
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]

2

1 ungeregelt

geregelt

2

0,2 0,6 1,0 1,4

0

-20

-40

-60

20

40
Stör-
schwingung

Ausgleichs-
bewegung
der Aktorik

Zeit [sec.]

A
m

p
lit

u
de

 [µ
m

]

Schwingungskompensation

Linearisierungs- und Dämpfungsregler

Störschwingung
Regelstrecke

Bildverarbeitung

Führungsregler

1

statischer
Offset

1

�

%LOG���������5HJOHUVWUXNWXU�

,Q� %LOG� ������ LVW� GLH� DOOJHPHLQH� 5HJOHUVWUXNWXU� GHU� 03(� RKQH� GLH� .RPSRQHQWHQ� ]XU�
6HQVRUNRSSOXQJ�GDUJHVWHOOW��'LH�3LH]RDNWRULN�ZHLVW�HLQ�QLFKWOLQHDUHV��+\VWHUHVH�EHKDIWH�
WHV�9HUKDOWHQ�DXI�XQG�]XGHP��ZLH�GLH�6\VWHPLGHQWLILNDWLRQ�XQWHU���������]HLJW��VWHOOW�VLH�
QlKHUXQJVZHLVH�HLQ�VHKU�VFKZDFK�JHGlPSIWHV�37��6\VWHP�GDU��0LW�+LOIH�GHV�/LQHDULVLH�
UXQJV��XQG�'lPSIXQJVUHJOHUV� LP�LQQHUHQ�5HJHONUHLV�NDQQ�PDQ�HLQH�OLQHDUH�$NWRUEH�
ZHJXQJ�PLW�HLQVWHOOEDUHP�'lPSIXQJVYHUKDOWHQ�HUUHLFKHQ�>��@��'LHV�LVW�GLH�9RUDXVVHW�
]XQJ�I�U�DOOH�ZHLWHUHQ�5HJOHUHQWZ�UIH��GD�QXU�OLQHDUH�0RGHOOH� LQ�GLH�%HUHFKQXQJ�HLQ�
JHKHQ�XQG�GLH�3UREOHPDWLN�GHU�QLFKWOLQHDUHQ�5HJHOXQJ�GDGXUFK�HQWIlOOW��

'LH�$XIJDEH�GHV�5HJOHUV�]XU�6FKZLQJXQJVNRPSHQVDWLRQ�LVW�GLH�'lPSIXQJ�GHU�VWUXNWX�
UHOOHQ�6FKZLQJXQJHQ�GHV�+DQGKDEXQJVJHUlWHV�VRZLH�GHU�9LEUDWLRQHQ��GLH�GHQ�(QGHI�
IHNWRU� EHHLQIOXVVHQ��'LHV� JHVFKLHKW� GXUFK� HLQH�GHU� 6W|UXQJ� HQWJHJHQJHVHW]WH�.RUUHN�
WXUEHZHJXQJ�GHU�REHUHQ�3ODWWIRUP�GHU�03(��

'XUFK�GLH�EHLGHQ�HUVWHQ�5HJHONUHLVH�ZLUG�HUUHLFKW��GDVV�GLH�5HODWLYEHZHJXQJ�GHV�(Q�
GHIIHNWRUV� GHU� 03(� PLW� GHP� )�JHWHLO� JHJHQ�EHU� GHP� %DVLVWHLO� PLQLPLHUW� ZLUG�� 'HU�
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VWDWLVFKH�9HUVDW]�]ZLVFKHQ�)�JHRUW�XQG�)�JHSDUWQHU��GHU�PLW�GHU�%LOGYHUDUEHLWXQJ�DXV�
GHQ�%LOGHUQ�GHU�&&'�.DPHUD�HUPLWWHOW�ZLUG��PXVV�GXUFK�GHQ�)�KUXQJVUHJOHU�DOV�QHXH�
)�KUXQJVJU|�H�EHUHLWJHVWHOOW�ZHUGHQ��$XIJUXQG�GHU�JHULQJHQ�7LHIHQVFKlUIH�GHU�&&'�
.DPHUD�XQG�GHU�JUR�HQ�9HUDUEHLWXQJV]HLW�GHU�%LOGYHUDUEHLWXQJ�LP���6HNXQGHQEHUHLFK�
ZHUGHQ�ZlKUHQG�GHV�)�JHYRUJDQJV�QXU�����%LOGHU�YHUDUEHLWHW�ZHUGHQ�N|QQHQ��6R�ZLUG�
GLH�(LQVSHLVXQJ�GHU�(UJHEQLVVH�GHU�%LOGYHUDUEHLWXQJ�HKHU�DOV�6WHXHUXQJ�EHWUDFKWHW��

������ 'lPSIXQJV��XQG�/LQHDULVLHUXQJVUHJOHU�
)�U�GLHVHQ�5HJOHU�VWHKW�DOV�HLQ]LJ�P|JOLFKH�(LQJDQJVJU|�H�GLH�$XVOHQNXQJ�GHU�XQWHUHQ�
3ODWWIRUP�EH]RJHQ�DXI�GLH�REHUH��GLH�PLW�GHU�*HVFKZLQGLJNHLW�GLH�=XVWDQGVYDULDEOHQ�
ELOGHQ��]XU�9HUI�JXQJ��'LH�$XVJDQJVJU|�H�LVW��ZLH�EHL�DOOHQ�DQGHUHQ�5HJOHUQ�DXFK��GLH�
6ROO�$XVOHQNXQJ�GHU�XQWHUHQ�3ODWWIRUP���

*HJHEHQ�LVW�GLH�6WUHFNH�*��V��PLW�GHU�hEHUWUDJXQJVIXQNWLRQ�

2
01011

2
1

1
2

)(
ωω +⋅⋅⋅+

=
VGV

N
V* � � � � � � � ��������������

ZREHL�G�� GHU�'lPSIXQJ��ω��� GHU� 5HVRQDQ]IUHTXHQ]�XQG�N�� GHP�3URSRUWLRQDOEHLZHUW�
HQWVSUHFKHQ��=LHO�LVW�HV��PLW�+LOIH�HLQHU�HLQIDFKHQ�5HJHONUHLVVWUXNWXU�HLQH�hEHUWUDJXQJV�
IXQNWLRQ�*��V��]X�UHDOLVLHUHQ��GLH�GDV�JHZ�QVFKWH�37��9HUKDOWHQ�KDW��(V�JLOW�VRPLW�

* V
N

V G V2
2

2
2 02 02

22
( ) =

+ ⋅ ⋅ ⋅ +ω ω
� � � � � � � ��������������

ZREHL�G�� GHU�'lPSIXQJ��ω��� GHU� 5HVRQDQ]IUHTXHQ]�XQG�N�� GHP�3URSRUWLRQDOEHLZHUW�
GHV�JHZ�QVFKWHQ�37��6\VWHPV�HQWVSUHFKHQ��

'LH�)�KUXQJV�EHUWUDJXQJVIXQNWLRQ�)Z�V��GHV�HLQIDFKHQ�5HJHONUHLVHV�HUJLEW�VLFK�]X�

) V
\ V
Z V

5 V * V

5 V * VZ
( )

( )

( )

( ) ( )

( ) ( )
= =

⋅
+ ⋅

1

11
�� � � � � � � ��������������

6HW]W�PDQ�I�U�GLH�6WUHFNH�*��V��XQG�GHQ�5HJOHU�5�V��JHEURFKHQ�UDWLRQDOH�)XQNWLRQHQ�DQ�

* V
$ V

% V1
1

1

( )
( )

( )
= �� � � � � � � � � ��������������

5 V
3 V
4 V

( )
( )

( )
= � � � � � � � � � � ��������������

VR�IROJW�PLW�*O���������XQG��������HLQJHVHW]W�LQ�*O��������

) V

3 V
4 V

$ V
% V

3 V
4 V

$ V
% V

Z
( )

( )

( )

( )

( )
( )

( )

( )

( )

=
⋅

+ ⋅

1

1

1

1

1
�� � � � � � � � ��������������

%HVLW]W�%��V��QXU�:XU]HOQ��GLH�OLQNV�GHU�LPDJLQlUHQ�$FKVH�OLHJHQ��G�K��GLH�6WUHFNH�*��V��
EHVLW]W�QXU�VWDELOH�3ROH��VR�G�UIHQ�GLHVH�NRPSHQVLHUW�ZHUGHQ��GD�GLHV�HLQHU�HUODXEWHQ�
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6HULHQNRPSHQVDWLRQ�HQWVSULFKW� >��@��6HW]W�PDQ�GDKHU�I�U�GDV�=lKOHUSRO\QRP�3�V��GHV�
5HJOHUV�5�V��

3 V 9 % V( ) ( )= ⋅ � � � � � � � � � ��������������

PLW�HLQHP�NRQVWDQWHQ�)DNWRU�9��VR�IROJW�PLW�*O��������HLQJHVHW]W�LQ�*O��������

) V

9 % V

4 V

$ V

% V
9 % V

4 V

$ V

% V

9 $ V

4 V
9 $ V

4 V

9 $ V

4 V 9 $ V

Z
( )

( )

( )

( )

( )
( )

( )

( )

( )

( )

( )
( )

( )

( )

( ) ( )

=

⋅
⋅
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⋅

⋅

=

⋅

+
⋅

= ⋅
+ ⋅

1 1

1

1 1

1

1

1

1

1

1

1

� � � � � � ��������������

XQG�PLW�GHQ�*O��������XQG��������HLQJHVHW]W�LQ�*O���������

) V
9 N

4 V 9 NZ
( )

( )
=

⋅
+ ⋅

1

1

�� � � � � � � � ��������������

'D�)Z�V��JOHLFK�*��V��VHLQ�VROO��PXVV�PLW�GHQ�*O��������XQG��������JHOWHQ�

* V
N

V G V
) V

9 N
4 V 9 NZ2

2
2

2 02 02
2
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( )
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=
+ ⋅ ⋅ ⋅ +
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+ ⋅ω ω
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'XUFK�GHQ�9HUJOHLFK�GHU�=lKOHUSRO\QRPH�YRQ�*O��������NDQQ�9�GXUFK�

9
N

N
= 2

1

� � � � � � � � � � ��������������

EHUHFKQHW�ZHUGHQ��VRPLW�ZLUG�*O��������PLW�*O��������]X�

) V
N

4 V NZ
( )

( )
=

+
2

2

�� � � � � � � � � ��������������

'D�HLQ�37��9HUKDOWHQ�JHIRUGHUW�ZLUG��PXVV�4�V��HLQ�3RO\QRP����2UGQXQJ�VHLQ��

4 V T V T V T( ) = ⋅ + ⋅ +2
2

1 0�� � � � � � � � ��������������

'DV�1HQQHUSRO\QRP�YRQ�)Z�V���*O���������ZLUG�GDKHU�PLW�*O���������]X�

T V T V T N2
2

1 0 2⋅ + ⋅ + +( ) �� � � � � � � � ��������������

'XUFK� HLQHQ� .RHIIL]LHQWHQYHUJOHLFK� GHV� 1HQQHUSRO\QRPV� YRQ�*��V��� *O�� ������� XQG�
)Z�V���*O���������N|QQHQ�GLH�3DUDPHWHU�YRQ�4�V���*O���������EHVWLPPW�ZHUGHQ��

.RHIIL]LHQWHQYHUJOHLFK��
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V G V T V T V T N
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2
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2
0 2 0 02

2
2
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+ ⋅ ⋅ ⋅ + = ⋅ + ⋅ + +

= + ⇔ = −
⋅ ⋅ =

=

ω ω
ω ω
ω

( )

daraus folgt:  02 �� � � � ��������������

'LH� 5HJOHU�EHUWUDJXQJVIXQNWLRQ�5�V�� QLPPW�PLW� GHQ�*O��������� �������� �������� ��������
���������������XQG��������IROJHQGH�)RUP�DQ�

( )
5 V

3 V
4 V

9 % V
4 V

N
N

V G V

V G V N
( )

( )

( )

( )

( )
= =

⋅
=

⋅ + ⋅ ⋅ ⋅ +

+ ⋅ ⋅ ⋅ + −
1

2

1

2
1 01 01

2

2
2 02 02

2
2

2

2

ω ω

ω ω
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'LH� GLVNUHWH� 5HDOLVLHUXQJ� HUKlOW� PDQ� GXUFK� $QZHQGXQJ� GHU� ELOLQHDUHQ� 7XVWLQ�

7UDQVIRUPDWLRQ� V
7

]
]

D

= ⋅
−
+

2 1

1
��ZREHL�]XU�:DKUXQJ�GHU�.DXVDOLWlW�LQ�GHU�5�FNI�KUVFKOHLIH�

GHV� 5HJOHUV� HLQ� 9HU]|JHUXQJVJOLHG� �8QLW�'HOD\�� HLQJHVHW]W� ZHUGHQ� PXVV�� 'DGXUFK�
HUK|KW�VLFK�GLH�2UGQXQJ�GHV�5HJOHUV�YRQ�]ZHL�DXI�GUHL���

:lKOW� PDQ� DOV� :XQVFKGlPSIXQJ� ���� �DSHULRGLVFKHU� *UHQ]IDOO�� XQG� OlVVW� GLH� 5HVR�
QDQ]IUHTXHQ]�XQYHUlQGHUW��VR�HUKlOW�PDQ�HLQHQ�GLVNUHWHQ�5HJOHU��GHU�IROJHQGH�3ROVWHO�
OHQ�DXIZHLVW��

� [�$FKVH�� 1.0000�� � \�$FKVH��� 1.0000 

   0.3658     0.4459 

   0.0915     0.0622 

'LH�JUHQ]VWDELOHQ�3ROH�HUJHEHQ�VLFK�GXUFK�GDV�9HU]|JHUXQJVJOLHG��DOOH�ZHLWHUHQ�3ROH�
VLQG�VWDELO���

������ 6FKZLQJXQJVNRPSHQVDWLRQ�

�������� +��5HJOHU��5HJHOXQJVHQWZXUI�$��
+��5HJOHU�JHK|UHQ�]X�GHU�*UXSSH�GHU�UREXVWHQ�5HJOHU�XQG�ZHUGHQ�]XP�%HLVSLHO�LQ�GHU�
%HGlPSIXQJ� YRQ� *HElXGHVFKZLQJXQJHQ� EHL� (UGEHEHQ� HLQJHVHW]W� >���@�� 'LHVH� $Q�
ZHQGXQJ�KDW�HLQH�JUR�H�bKQOLFKNHLW�PLW�GHU�0LNURSRVLWLRQLHUHLQULFKWXQJ��GD�KLHU�HEHQ�
IDOOV� YHUVXFKW� ZLUG�� �EHU� HLQH� %HVFKOHXQLJXQJVU�FNI�KUXQJ� HLQH� ZHJSURSRUWLRQDOH�
6WHOOJU|�H�]X�HU]HXJHQ��%HWUDFKWHW�PDQ�GLH�0LNURSRVLWLRQLHUHLQULFKWXQJ�DOV�HLQ�HLQVW|�
FNLJHV� *HElXGH�� GLH� 5RERWHUVFKZLQJXQJ� DOV� (UGEHEHQ� VRZLH� GLH� 3LH]R�6WDFNV� DOV�
DNWLYHV�'lPSIXQJVJOLHG��NDQQ�PDQ�GDV�5HJHOXQJV]LHO�GLUHNW��EHUWUDJHQ��(LQH�NRQYHQ�
WLRQHOOH�=XVWDQGVUHJHOXQJ�PLW�=XVWDQGVEHREDFKWHU� LVW� LQ�GLHVHP�)DOO�QLFKW� VR�HLQIDFK�
]X� HQWZHUIHQ�� GD� GLH� 0HVVJU|�H�� GLH� %HVFKOHXQLJXQJ�� NHLQ� =XVWDQG� LQ� HLQHP� 37��
6\VWHP�GDUVWHOOW��

'LH�(LQ��XQG�$XVJDQJVJU|�HQ�HLQHU�MHGHQ�5HJHOVWUHFNH�3�V��N|QQHQ�LQ�EHHLQIOXVVEDUH�
XQG� QLFKW� EHHLQIOXVVEDUH� (LQJDQJVJU|�HQ� VRZLH�PHVVEDUH� XQG� QLFKW�PHVVEDUH� $XV�
JDQJVJU|�HQ� XQWHUWHLOW� ZHUGHQ�� 'LH� QLFKW� EHHLQIOXVVEDUHQ� (LQJDQJVJU|�HQ�� ZLH� ]�%��
$QUHJXQJ� XQG� 6W|UXQJHQ�� ZHUGHQ� PLW� ]�� GLH� EHHLQIOXVVEDUHQ� (LQJDQJVJU|�HQ� E]Z��
6WHOOJU|�HQ� GHU� 6WUHFNH� PLW� X�� GLH� QLFKW� PHVVEDUHQ� $XVJDQJVJU|�HQ� PLW� Y� XQG� GLH�
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PHVVEDUHQ�$XVJDQJVJU|�HQ�GHU�6WUHFNH�PLW�\� EH]HLFKQHW��'LH�QLFKW�PHVVEDUHQ�$XV�
JDQJVJU|�HQ� N|QQHQ� EHQXW]HUGHILQLHUW� VHLQ�� G�K�� MHGH� EHOLHELJH� .RPELQDWLRQ� GHU�
6\VWHP]XVWlQGH�XQG� MHGH�.RPSRQHQWH�GHV�6WHOOJU|�HQYHNWRUV� NDQQ�HLQH� VROFKH�$XV�
JDQJVJU|�H�GHILQLHUHQ��

'LH�(QWZXUIVDXIJDEH�EHVWHKW�QXQ�GDULQ��HLQHQ�5HJOHU�.�V��]X�HQWZHUIHQ��GHU�GLH�PHVV�
EDUHQ�$XVJDQJVJU|�HQ�DOV�(LQJDQJVJU|�HQ�XQG�GLH�EHHLQIOXVVEDUHQ�(LQJDQJVJU|�HQ�
DOV�$XVJDQJVJU|�HQ�EHVLW]W��'LH�hEHUWUDJXQJVIXQNWLRQ�+Y]�V��EHVFKUHLEW�QXQ�GLH�$XV�
ZLUNXQJHQ�GHU�(LQJDQJVJU|�HQ�]�DXI�GLH�$XVJDQJVJU|�HQ�Y��*HVXFKW�ZLUG�GHU�5HJOHU�
.�V���GHU�GDV�6\VWHP�VWDELOLVLHUW�XQG�GLH�hEHUWUDJXQJVIXQNWLRQ�+Y]�V��EH]�JOLFK�GHU�+��
1RUP�PLQLPLHUW��G�K��GLH�$XVZLUNXQJHQ�YRQ�]�DXI�Y�ZHUGHQ�PLQLPLHUW��VRPLW�VWHOOW�VLFK�
GDV�3UREOHP�PDWKHPDWLVFK�IROJHQGHUPD�HQ�GDU�

. V .V
Y]+

( )
min

∈ 2
�� � � � � � � � � ��������������

8P�GLH�hEHUWUDJXQJVIXQNWLRQ�+
Y]
�V�� ]X�HUKDOWHQ��PXVV�3�V�� LQ�GLH�HLQ]HOQHQ�hEHUWUD�

JXQJVIXQNWLRQHQ�3
\]
�V���3

YX
�V���3

Y]
�V��XQG�3

\X
�V��XQWHUWHLOW�ZHUGHQ��VRPLW�NDQQ�3�V��DXI�GLH�

IROJHQGH�)RUP�JHEUDFKW�ZHUGHQ�

3 V
3 V 3 V

3 V 3 V
Y] YX

\] \X

( )
( ) ( )

( ) ( )
=











def

� � � � � � � � ��������������

ZDV�HLQHU�NRPSDNWHQ�)RUP�GHU�'DUVWHOOXQJ�

)()()()()(

)()()()()(

VXV3V]V3V\

VXV3V]V3VY

\X\]

YXY]

⋅+⋅=
⋅+⋅=

� � � � � � � ��������������

HQWVSULFKW��$XV�3�V��NDQQ�+
Y]
�V��IROJHQGHUPD�HQ�EHUHFKQHW�ZHUGHQ�

( ) )()()()()()()( 1 V3V.V3,V.V3V3V+
\]\XYXY]Y]

⋅⋅−⋅⋅+= − ��� � � ��������������

'LH�+��1RUP�HLQHU�VWDELOHQ�hEHUWUDJXQJVPDWUL[�*�V��LVW�GHILQLHUW�]X�

[ ]* V * M * M G( ) ( ) *( )
2

1

2
=

⋅
⋅

−∞

∞

∫π
ω ω ωSpur � � � � � ��������������

,P�)DOO�GHU�03(�ZLUG�DOV�0HVVJU|�H�GLH�DEVROXWH�%HVFKOHXQLJXQJ�XQG�DOV�6WHOOJU|�H�
GLH�GHU�$XVOHQNXQJ�SURSRUWLRQDOH�3LH]RVSDQQXQJ�YHUZHQGHW��'LH�QLFKW�EHHLQIOXVVEDUHQ�
(LQJDQJVJU|�HQ�VLQG�5DXVFKHQ�XQG�6W|UVFKZLQJXQJHQ��GLH�QLFKW�PHVVEDUH�$XVJDQJV�
JU|�H�LVW�GLH�$XVOHQNXQJ�GHU�XQWHUHQ�3ODWWIRUP�LQ�DEVROXWHQ�.RRUGLQDWHQ��

0LW� *HZLFKWVIXQNWLRQHQ� �DL��� YHUJOHLFKEDU� ]X� .RVWHQ�� RGHU� 6WUDIIXQNWLRQHQ�� NDQQ� GDV�
5HJHOXQJV]LHO� EH]�JOLFK� HLQHU� JXWHQ�0HVVUDXVFKXQWHUGU�FNXQJ�XQG� HLQHU� JXWHQ� 6W|U�
JU|�HQXQWHUGU�FNXQJ�IHVWJHOHJW�ZHUGHQ��$XV� >��@�HUJLEW�VLFK� MHGRFK��GDVV�EHLGH�)RU�
GHUXQJHQ� �EHU� GDV� NRPSOHWWH� )UHTXHQ]EDQG� QLFKW� HUI�OOW� ZHUGHQ� N|QQHQ�� VR� ZLUG�
YRUJHVFKODJHQ��JXWH�6W|UJU|�HQXQWHUGU�FNXQJ�I�U�QLHGULJH�)UHTXHQ]HQ��EDQGEHJUHQ]�
WH�6W|UVFKZLQJXQJHQ��XQG�JXWH�0HVVUDXVFKXQWHUGU�FNXQJ� I�U�KRKH�)UHTXHQ]HQ��VWDU�
NHU�(LQIOXVV�LP�%HVFKOHXQLJXQJVVLJQDO��]X�IRUGHUQ��'LHV�NDQQ�PLW�IUHTXHQ]DEKlQJLJHQ�
*HZLFKWXQJVIXQNWLRQHQ��:�V���HUUHLFKW�ZHUGHQ��
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%HL� GHU�+��0LQLPLHUXQJ�ZLUG� I�U� GLH� QLFKW� EHHLQIOXVVEDUHQ� (LQJDQJVJU|�HQ� YRQ�ZHL�
�HP�5DXVFKHQ�DXVJHJDQJHQ��'D�GLHV�I�U�UHDOH�6\VWHPH�PHLVW�QLFKW�]XWULIIW��NDQQ�PDQ�
GXUFK�JHHLJQHWH�)RUPILOWHU�)�V��GDV�(LQJDQJVVSHNWUXP�GHP�UHDOHQ�DQQlKHUQ��'D�GLH�
$PSOLWXGHQ�GHU�6W|UVFKZLQJXQJHQ�GHV�+DQGKDEXQJVJHUlWHV�EDQGEHJUHQ]W� VLQG�� IlOOW�
LQ�GLHVHP�)DOO�GLH�:DKO�DXI�HLQHQ�7LHISDVV��,Q�GHU�JOHLFKHQ�:HLVH�NDQQ�GDV�0HVVUDX�
VFKHQ�PLW�HLQHP�)RUPILOWHU��Q�V���PRGHOOLHUW�ZHUGHQ��,Q�%LOG�������LVW�GLH�UHVXOWLHUHQGH��
]XP�+��5HJHOHUHQWZXUI�QRWZHQGLJH�HUZHLWHUWH�6WUHFNH��ÅDXJPHQWHG�SODQW´��GDUJHVWHOOW��

4

gewichtete absolute
Aktorposition

z1:

3

gewichtete Stellgröße
z2:

2

verrauschte meßbare 
Ausgangsgrößen

a:

1

nicht meßbare Ausgangsgrößen
v:

lineare Strecke

n(s)

Rauschgewichtung

W2(s)

Gewichtsfunktion2

W1(s)

Gewichtsfunktion1

a2

a1

n

kF F(s)

Formfilter

3

Meßrauschen
v:

2

beeinflußbare Eingangsgrößen
u:

1

nicht beeinflußbare Eingangsgrößen
z:

�
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8P�HLQH�+��0LQLPLHUXQJ� YRQ� �������GXUFKI�KUHQ� ]X�N|QQHQ��P�VVHQ�GLH�9RUDXVVHW�
]XQJHQ� YRQ� >��@� HUI�OOW� VHLQ�� HKH� GLH�PDWKHPDWLVFKH� /|VXQJ�PLW� GHQ�0HWKRGHQ� DXV�
>��@� E]Z��PLW� GHP� GK�OTJ�%HIHKO� GHU� 5REXVW� &RQWURO� 7RROER[� YRQ�0DW/DE� EHVWLPPW�
ZHUGHQ�NDQQ���
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,P�)DOO�GHU�03(�HUJLEW�VLFK�QDFK�(QWIHUQHQ�DOOHU�QLFKW�PLQLPDOHU�=XVWlQGH�HLQ�5HJOHU�
��2UGQXQJ�� GHVVHQ� 3RO�� XQG�1XOOVWHOOHQ� LQ� GHU� ]�(EHQH� LQ� %LOG������� ]X� VHKHQ� VLQG��
'DEHL� IlOOW� GLH� GRSSHOWH�� JUHQ]VWDELOH� 1XOOVWHOOH� EHL� �� DXI�� GLH� HLQHQ� ]ZHLIDFKHQ� ,Q�
WHJUDWRU�GDUVWHOOW��'LHV�LVW�QLFKW�YHUZXQGHUOLFK��GD�DXV�HLQHP�%HVFKOHXQLJXQJVPHVVZHUW�
PLW�GHP�+��5HJOHU�HLQH�ZHJSURSRUWLRQDOH�6WHOOJU|�H�HU]HXJW�ZHUGHQ�PXVV��0DQ�NDQQ�
GHQ�+��5HJOHU� VRPLW� LQ� ]ZHL� 5HJOHU� DXIVSDOWHQ��'HU� HLQH� 5HJOHU� YRQ� GHU�2UGQXQJ���
HUKlOW� DOOH� VWDELOHQ� 3ROH�� GLH� EHLGHQ� JUHQ]VWDELOHQ� 3ROH� ZHUGHQ� GHP� ]ZHLWHQ� 5HJOHU�
]XJHZLHVHQ��'DV�GRSSHOW�LQWHJULHUHQGH�9HUKDOWHQ�GHV� ]ZHLWHQ� 5HJOHUV� EHGDUI�EHL�GHU�
5HJOHUDXIVFKDOWXQJ��ZLH�XQWHU�������EHVFKULHEHQ��HLQ�EHVRQGHUHV�$XJHQPHUN��GD�GLH�
EHLGHQ�$QIDQJVEHGLQJXQJHQ�GHU� ,QWHJUDWRUHQ��$QIDQJVJHVFKZLQGLJNHLW�XQG�$QIDQJV�
ZHJ��QLFKW�EHNDQQW�VLQG�XQG�GLHV�]X�HLQHP�LQVWDELOHQ�9HUKDOWHQ�I�KUHQ�Z�UGH��
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%LOG���������3RO��XQG�1XOOVWHOOHQ�GHV�+��5HJOHUV�

�������� 3�5HJOHU��5HJHOXQJVHQWZXUI�%��
'DV�5HJHOXQJV]LHO�GHU�6W|UJU|�HQXQWHUGU�FNXQJ�LVW�GHILQLHUW�]X�

5RE[$NWRU[
\\ ,, −=

� � � � � � � � � ���������������

'D�GXUFK�GLH�6HQVRUIXVLRQ�XQG�=XVWDQGVVFKlW]XQJ�PLW�GHP�.DOPDQ�)LOWHU�RKQH�GRS�
SHOWH�,QWHJUDWLRQ�HLQH�RSWLPDOH�6FKlW]XQJ�I�U�GLH�6W|UJU|�H�\[�5RE�YRUOLHJW��NDQQ��������
QlKHUXQJVZHLVH�DXFK�DOV�

5RE[$NWRU[
\\ ,, ˆ−= � � � � � � � � � ��������������

JHVFKULHEHQ� ZHUGHQ�� 'HU� 5HJHOXQJVHQWZXUI� YHUHLQIDFKW� VLFK� GDGXUFK� ZHVHQWOLFK�� GD�
5RE[

\ ,ˆ � DOV� )�KUXQJVJU|�H� I�U� GHQ� 'lPSIXQJV�� XQG� /LQHDULVLHUXQJVUHJOHU� YHUZHQGHW�

ZHUGHQ� NDQQ�� 0DQ� N|QQWH� MHW]W� YHUPXWHQ�� GDVV� GDGXUFK� GLHVHU� 5HJHONUHLV� ]X� HLQHU�
6WHXHUXQJ�YHUNRPPW��GD�GLH�=XVWlQGH�GHU�3LH]RDNWRULN�XQG�GHV�+DQGKDEXQJVJHUlWHV�
E]Z��7LVFKHV� LQ�GHP�LQ�GLHVHP�5HJOHUHQWZXUI�YHUZHQGHWHQ�0RGHOO�NHLQH�9HUNRSSOXQJ�
DXIZHLVHQ�� ,P� .DOPDQ�)LOWHU� ZHUGHQ� ]XU� 6FKlW]XQJ� GHU� 6W|UJU|�H� MHGRFK� DXFK� GLH�
=XVWlQGH� GHU� 3LH]RDNWRULN� KHUDQJH]RJHQ��ZLH�DXV�*O�� ������� GHXWOLFK�ZLUG��'DGXUFK�
H[LVWLHUW� HLQH� 9HUNRSSOXQJ� GHU� =XVWlQGH�� VR� GDVV� HV� VLFK� VFKRQ� XP� HLQHQ�5HJHONUHLV�
KDQGHOW��'XUFK�GHQ� (LQVDW]� HLQHV� HLQIDFKHQ� 3�5HJOHUV�ZLUG�GLH� 5HJHONUHLVYHUVWlUNXQJ�



�����5HJOHUVWUXNWXU��

� ����

IHVWJHOHJW� XQG� GXUFK� 9RUVFKDOWHQ� HLQHV� %XWWHUZRUWK�)LOWHUV� ��2UGQXQJ� ZLUG� HUUHLFKW��
GDVV��lKQOLFK�ZLH�EHL�GHU�*HZLFKWXQJ�GHU�0HVVUDXVFKXQWHUGU�FNXQJ�LP�+��5HJOHU��GDV�
GXUFK� GHQ� %HVFKOHXQLJXQJVVHQVRU� HLQJHEUDFKWH� KRFKIUHTXHQWH� 0HVVUDXVFKHQ� JH�
GlPSIW�ZLUG�RKQH�GDV�1XW]VLJQDO�]X�PDQLSXOLHUHQ��

������ )�KUXQJVUHJOHU�

�������� 5HJHOXQJVHQWZXUI�$�
'DV�(UJHEQLV�GHU�%LOGYHUDUEHLWXQJ�ZLUG�GHP�5HJHONUHLV�DV\QFKURQ�DOV�)�KUXQJVJU|�H�
]XJHI�KUW�� 'D� DEHU� GHU� +��5HJOHU� VR� DXVJHOHJW� LVW�� GDVV� HU� 6W|UVFKZLQJXQJHQ� EH�
GlPSIW��Z�UGH�HU�HLQHQ�VROFKHQ�)�KUXQJVVSUXQJ�HEHQIDOOV�EHGlPSIHQ�XQG�NRPSHQ�
VLHUHQ��0LW�+LOIH�GHV�)�KUXQJVUHJOHUV�NDQQ�GLHVHV�9HUKDOWHQ�GHV�+��5HJOHUV�XPJDQJHQ�
ZHUGHQ��

'HU�)�KUXQJVUHJOHU�EHVWHKW�LP�ZHVHQWOLFKHQ�DXV�HLQHP�0RGHOO�GHU�5HJHOVWUHFNH��HLQHP�
VRJHQDQQWHQ�3DUDOOHOPRGHOO��%HL�HLQHU�QHXHQ�)�KUXQJVJU|�H�YRQ�GHU�%LOGYHUDUEHLWXQJ�
ZLUG�GLHVH�]XU�5HJHOJU|�H�DGGLHUW�XQG�GLH�HQWVSUHFKHQGH�6SUXQJDQWZRUW�GHV�3DUDOOHO�
PRGHOOV�DP�+��5HJOHUHLQJDQJ�VXEWUDKLHUW��'LH�GXUFK�GHQ�)�KUXQJVVSUXQJ�DXVJHO|VWH�
%HVFKOHXQLJXQJ� ZLUG� VR� EHLP� +��5HJOHU� QLFKW� VLFKWEDU� XQG� ZLUG� GDGXUFK� QLFKW� EH�
GlPSIW��'LHVH�.RPSHQVDWLRQ�JHOLQJW�DOOHUGLQJV�QXU�VR�JXW��ZLH�GDV�3DUDOOHOPRGHOO�PLW�
GHU�5HDOLWlW��EHUHLQVWLPPW��

�������� 5HJHOXQJVHQWZXUI�%�
'LH� UHDOLVLHUWH� 6FKZLQJXQJVNRPSHQVDWLRQ�� GLH� LP� ZHVHQWOLFKHQ� DXV� HLQHP� 3�5HJOHU�
EHVWHKW��EHZLUNW�HLQ�JXWHV�)�KUXQJVYHUKDOWHQ�GHV�]ZHLWHQ�5HJHONUHLVHV��0LW�GHP�)�K�
UXQJVUHJOHU�PXVV� VRPLW� QXU� QRFK�GHU�$PSOLWXGHQJDQJ�GHV� 6FKZLQJXQJVNRPSHQVDWL�
RQVUHJOHUV� DXVJHJOLFKHQ� ZHUGHQ�� 'D� HV� VLFK� EHL� GHQ� )�KUXQJVJU|�HQ� XP� VWDWLVFKH�
*U|�HQ�KDQGHOW��ZHUGHQ�GLHVH�GXUFK�GHQ�7LHISDVV��GHU�GHP�3�5HJOHU�IROJW��QLFKW�EHHLQ�
IOXVVW��VR�GDVV�DOV�)�KUXQJVUHJOHU�DXFK�HLQ�3�5HJOHU�HLQJHVHW]W�ZHUGHQ�NDQQ��'LH�9HU�
VWlUNXQJ� GLHVHV� 3�5HJOHUV� HUJLEW� VLFK� ]XU� UH]LSURNHQ� 9HUVWlUNXQJ� GHV� 6FKZLQJXQJV�
NRPSHQVDWLRQVUHJOHUV�� 'DV� )�KUXQJVYHUKDOWHQ� GHU� JHVDPWHQ� 5HJHOXQJ� LVW� VRPLW� LP�
*HJHQVDW]�]XP�XUVSU�QJOLFKHQ�5HJHOXQJVHQWZXUI�XQDEKlQJLJ�YRP�YHUZHQGHWHQ�6WUH�
FNHQPRGHOO���

����6LPXODWLRQ�

%HLP�5HJHOXQJVHQWZXUI�$�ZXUGHQ�EHL�GHU�6LPXODWLRQ�GHU�03(�GLH�6HQVRUHQ�VRZLH�GLH�
+DUGZDUHDQELQGXQJ�QLFKW�EHU�FNVLFKWLJW��(V�NRQQWH�GDKHU�PLW�GHU�6LPXODWLRQ�QXU�GLH�
$XVVDJH�JHWURIIHQ�ZHUGHQ��RE�GDV�5HJOHUSULQ]LS�YHUZHQGHW�ZHUGHQ�NDQQ�RGHU�QLFKW��(V�
NRQQWHQ� NHLQH� $XVVDJHQ� �EHU� GHQ� UHHOOHQ� 5HJHOIHKOHU� JHWURIIHQ� ZHUGHQ�� $X�HUGHP�
PXVVWHQ� ]XU� 6LPXODWLRQ� XQG� ]XU� &RGHJHQHULHUXQJ� MH� HLQ� HLJHQHV� 6LPX/LQN�
%ORFNGLDJUDPP�HUVWHOOW�ZHUGHQ��ZDV�LPPHU�ZLHGHU�]X�.RQVLVWHQ]SUREOHPHQ�I�KUWH��
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0LW�GHQ�LQ�GLHVHU�$UEHLW�HQWZLFNHOWHQ�6LPX/LQN�(UZHLWHUXQJHQ�LVW�HV�P|JOLFK��]XU�&RGH�
JHQHULHUXQJ� XQG� ]XU� 6LPXODWLRQ� GDV� JOHLFKH� %ORFNGLDJUDPP� ]X� YHUZHQGHQ�� ,Q� %LOG�
������LVW�GDV�I�U�GHQ�QHXHQ�5HJOHUHQWZXUI�YHUZHQGHWH�%ORFNGLDJUDPP�I�U�GHQ�)DOO�]X�
VHKHQ��GDVV�HV�]XU�6LPXODWLRQ�YHUZHQGHW�ZLUG��%LOG�������]HLJW�GDV�DXV�%LOG�������DX�
WRPDWLVFK� ]XU� &RGHJHQHULHUXQJ� NRQYHUWLHUWH� %ORFNGLDJUDPP��:LH� KLHU� ]X� VHKHQ� LVW��
ZXUGHQ�GLH�%O|FNH�HQWIHUQW��GLH�GLH�5HJHOVWUHFNH�VSH]LIL]LHUW�KDEHQ��'HV�ZHLWHUHQ�ZXU�
GHQ�GLH�0RGLILNDWLRQHQ�GXUFKJHI�KUW��GLH�XQWHU�������EHVFKULHEHQ�ZHUGHQ��(V�LVW�GD]X�
QRWZHQGLJ�� GDVV� GHQ� YHUZHQGHWHQ� 6HQVRUHQ� XQG�$NWRUHQ�+DUGZDUH�,QWHUIDFHV� ]XJH�
RUGQHW�ZHUGHQ���

(V�ZHUGHQ�IROJHQGH�=XRUGQXQJHQ�JHWURIIHQ��

- 'LH�/DVHUVHQVRUGDWHQ�ZHUGHQ��EHU�HLQHQ���IDFK�$�'�:DQGOHU�HLQJHOHVHQ��

- 'LH� DV\QFKURQ� ]XU� %DVLVDEWDVWUDWH� HLQWUHIIHQGHQ� %HVFKOHXQLJXQJVGDWHQ� ZHUGHQ�
,QWHUUXSW�JHVWHXHUW�HLQJHOHVHQ��-HGHVPDO��ZHQQ�HLQ�NRPSOHWWHU�'DWHQVDW]�QDFK�GHU�
'H]LPLHUXQJ�XQG�hEHUWUDJXQJ�LP�'63�]XU�9HUI�JXQJ�VWHKW��ZLUG�HLQ�3&,�,QWHUUXSW�
�,54�����DXVJHO|VW���

- 'LH�$QVWHXHUGDWHQ�ZHUGHQ��EHU�HLQHQ���IDFK�'$�:DQGOHU�GLUHNW�DQ�GHQ�3LH]RYHU�
VWlUNHU�DXVJHJHEHQ��
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%LOG���������%ORFNGLDJUDPP�]XU�&RGHJHQHULHUXQJ�

1DFK� +LQ]XI�JHQ� YRQ� GHILQLHUWHQ� 6W|UXQJHQ� XQG� JHHLJQHWHQ� )�KUXQJVJU|�HQ� NDQQ�
GDV�*HVDPWV\VWHP�VLPXOLHUW�ZHUGHQ�� ,P�)DOO�GHU�03(�ZHUGHQ� ,PSXOVDQUHJXQJHQ�GHV�
+DQGKDEXQJVJHUlWHV� E]Z�� GHV� 7LVFKHV� VLPXOLHUW�� 'LH� )�KUXQJVJU|�H� ZLUG� PLW� HLQHU�
6SUXQJIXQNWLRQ�� GLH� GDV� (LQWUHIIHQ� HLQHV� %LOGYHUDUEHLWXQJVHUJHEQLVVHV� GDUVWHOOHQ� VROO��
GHILQLHUW���

1DFK�HUIROJUHLFKHQ�6RIWZDUH�6LPXODWLRQVHUJHEQLVVHQ�HUIROJW�DQKDQG�GHV�DXWRPDWLVFK�
NRQYHUWLHUWHQ� %ORFNGLDJUDPPV� GLH� DXWRPDWLVFKH� &�&RGHJHQHULHUXQJ�� $OV� =LHOV\VWHP�
I�U�GLH�03(�ZXUGH�HLQ�3&�PLW�HLQHP�3HQWLXP�,,�����3UR]HVVRU�XQG�PLW�GHP�(FKW]HLWEH�
WULHEVV\VWHP� 9[:RUNV�� ZHJHQ� GHU� GLUHNWHQ� 0DW/DE�8QWHUVW�W]XQJ�� HLQJHVHW]W�� =XU�
+DUGZDUH�6LPXODWLRQ�ZLUG�GHU�9HUVXFKVDXIEDX�YRQ�%LOG�������YHUZHQGHW��EHL�GHP�GLH�
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03(�DXI�GHP�.RSI�VWHKHQG�DXI�HLQHQ�7LVFK�PRQWLHUW�LVW�XQG�GDV�LQWHUQH�/DVHUPHVVV\V�
WHP�ZHJHQ�GHU�VFKRQ�HUZlKQWHQ�3UREOHPH�GXUFK�GLH�H[WHUQHQ�/DVHUWULDQJXODWLRQVVHQ�
VRUHQ� HUVHW]W� ZLUG�� 'LH� 6W|UJU|�H� ZLUG� GXUFK�PDQXHOOH� ,PSXOVDQUHJXQJ� GHV� 7LVFKHV�
HU]HXJW��GLH�)�KUXQJVJU|�H�ZLUG�ZLH�EHL�GHU� 6RIWZDUH�6LPXODWLRQ�DOV� 6SUXQJIXQNWLRQ�
GHILQLHUW�� 7HVWV� DP� ,QGXVWULHURERWHU�� EHL� GHQHQ� GDQQ� DXFK� GLH� %LOGYHUDUEHLWXQJ�� GLH�
�EHU�GLH�VHULHOOH�6FKQLWWVWHOOH�DQ�GHQ�5HJHOXQJV�3&�DQJHEXQGHQ�ZlUH��HLQJHVHW]W�KlWWH�
ZHUGHQ� N|QQHQ�� NRQQWHQ� HEHQIDOOV� DXIJUXQG� GHU� 3UREOHPH�PLW� GHP� LQWHUQHQ� /DVHU�
PHVVV\VWHP�QLFKW�GXUFKJHI�KUW�ZHUGHQ��'LH� WUDQVODWRULVFKH�[�\�%HZHJXQJ�GHV�7LVFKHV�
ZLUG�PLW� ]XVlW]OLFKHQ�/DVHUWULDQJXODWLRQVVHQVRUHQ�JHPHVVHQ��'LH�.RRUGLQDWHQV\VWHPH�
GHU�6HQVRUHQ�XQG�$NWRUHQ�ZHUGHQ�QXU�PDQXHOO�NDOLEULHUW��HLQH�VRIWZDUHPl�LJH�)HLQND�
OLEULHUXQJ��ZLH� VLH� LQ� >��@�YRUJHVFKODJHQ�ZLUG��ZLUG�DXIJUXQG�GHU�]XIULHGHQVWHOOHQGHQ�
(UJHEQLVVH�QLFKW�GXUFKJHI�KUW��

�

%LOG���������9HUVXFKVDXIEDX�
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%LOG���������[�\�%HZHJXQJ�RKQH��OLQNV��XQG�PLW��UHFKWV��/LQHDULVLHUXQJV��
XQG�'lPSIXQJVUHJOHU�

'LH� :LUNXQJVZHLVH� GHV� /LQHDULVLHUXQJV�� XQG� 'lPSIXQJVUHJOHUV� ZLUG� LQ� %LOG� ������
GHXWOLFK�� /LQNV� LVW�GLH�%HZHJXQJ�GHU�EHZHJOLFKHQ�3ODWWIRUP� LQ�GHU� [�\�(EHQH� I�U�HLQH�
)�KUXQJVJU|�H�YRQ�����P�LQ�[�5LFKWXQJ�JHIROJW�YRQ�HLQHU�)�KUXQJVJU|�H�YRQ�����P�
LQ� \�5LFKWXQJ� DEJHELOGHW�� (V� LVW� GDV� XQJHGlPSIWH� +\VWHUHVH� EHKDIWHWH� 9HUKDOWHQ� GHU�
3LH]RDNWRULN�VLFKWEDU��]X�GLHVHU�%HZHJXQJ�SDVVW�DXFK�GLH�6SUXQJDQWZRUW�DXV�%LOG�������
OLQNV��$XI�GHU�UHFKWHQ�6HLWH�YRQ�%LOG�������LVW�GLH�%HZHJXQJ�GHU�3ODWWIRUP�I�U�GLH�JOHL�
FKH� )�KUXQJVJU|�H�� MHGRFK� PLW� DNWLYHP� /LQHDULVLHUXQJV�� XQG� 'lPSIXQJVUHJOHU�� ]X�
VHKHQ��'LH�+\VWHUHVHHIIHNWH� WUHWHQ�QLFKW�PHKU�DXI�²�GLH�3ODWWIRUP�EHZHJW�VLFK�GLH�JH�
IRUGHUWHQ�����P�²�XQG�HV�ZLUG�HLQH�K|KHUH�'lPSIXQJ�GHV�$NWRUV�HUUHLFKW��ZLH�DXFK�
GLH� 6SUXQJDQWZRUW� LQ� %LOG� ������ UHFKWV� ]HLJW�� 'LH� 'lPSIXQJ� ZLUG� YRQ� ����� DXI� ����
HUK|KW��GLH�)XQNWLRQ�GHV�LQQHUHQ�5HJHONUHLVHV�LVW�GDGXUFK�EHVWlWLJW�ZRUGHQ��

17.6 17.8 18 18.2 18.4 18.6 18.8 19 19.2 19.4 19.6

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

t in sec.

m
m

Störung 

Korrektur-
bewegung  

17.6 17.8 18 18.2 18.4 18.6 18.8 19 19.2 19.4

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

t in sec.

m
m

�

%LOG���������6W|UXQJ�XQG�.RUUHNWXUEHZHJXQJ�GHU�6FKZLQJXQJVNRPSHQVD�
WLRQ��OLQNV���UHVXOWLHUHQGHU�5HJHOIHKOHU��UHFKWV��

,Q�%LOG�������OLQNV�LVW�GLH�GXUFK�GLH�6FKZLQJXQJVNRPSHQVDWLRQ�GHV�5HJHOXQJVHQWZXUIV�
%�KHUYRUJHUXIHQH�.RUUHNWXUEHZHJXQJ�VRZLH�GLH�6W|UJU|�H�DEJHELOGHW��$XI�GHU�UHFKWHQ�
6HLWH� LVW� GHU� UHVXOWLHUHQGH�5HJHOIHKOHU�� GHU� LP�%HUHLFK� YRQ�����P�EHL� HLQHU� 6W|UXQJ�
YRQ����P�OLHJW��]X�VHKHQ��%LOG�������OLQNV�]HLJW�HLQH�$XVVFKQLWWVYHUJU|�HUXQJ�EHL�HLQHU�
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6W|UXQJ�YRQ�FD������P��0DQ�VLHKW��GDVV�GLH�6W|UXQJ�HIIHNWLY� LP�JHIRUGHUWHQ�%HUHLFK�
EHGlPSIW�ZHUGHQ�NDQQ��GLH�)XQNWLRQ�GHU�DXI�6HQVRUIXVLRQ�XQG�HLQHP�3�5HJOHU�EDVLH�
UHQGHQ�6FKZLQJXQJVNRPSHQVDWLRQ�ZLUG�GDPLW�EHVWlWLJW��

(LQHP�)�KUXQJVVSUXQJ�NDQQ�GXUFK�GHQ�)�KUXQJVUHJOHU�PLW�3�9HUKDOWHQ�QDKH]X�LGHDO�
JHIROJW� ZHUGHQ�� ZLH� %LOG� ������ DXI� GHU� UHFKWHQ� 6HLWH� I�U� HLQHQ� ����P� 6SUXQJ� LQ� [�
5LFKWXQJ�XQG�HLQHQ����P�6SUXQJ�LQ�\�5LFKWXQJ�]HLJW��

14.75 14.8 14.85 14.9 14.95 15 15.05 15.1 15.15 15.2 15.25
-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

t in sec.

m
m

Störung 

Korrektur-
bewegung  

8 10 12 14 16 18 20 22

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

t in sec.

m
m

�

%LOG���������$XVVFKQLWWVYHUJU|�HUXQJ�GHU�6FKZLQJXQJVNRPSHQVDWLRQ��OLQNV��
XQG�)�KUXQJVJU|�HQVSUXQJ��UHFKWV��

'LH�*UHQ]HQ�GHU�6FKZLQJXQJVNRPSHQVDWLRQ�ZHUGHQ�LQ�%LOG�������GHXWOLFK��OLQNV��6W|�
UXQJ�XQG�.RUUHNWXUEHZHJXQJ��UHFKWV��UHVXOWLHUHQGHU�5HJHOIHKOHU���%HL�HLQHU�]X�JUR�HQ�
,PSXOVDQUHJXQJ�NDQQ�GHU�5HJOHU�GHU�6W|UXQJ�]XHUVW�QLFKW�IROJHQ��'DV�OLHJW�GDUDQ��GDVV�
LP�.DOPDQ�)LOWHU�GLH�XQEHNDQQWH�6W|UJU|�H�DOV�ZHL�HV�5DXVFKHQ�EHKDQGHOW�ZLUG�XQG�
HLQH�$QSDVVXQJ�GHV�6W|UVSHNWUXPV�PLWWHOV�HLQHV�)RUPILOWHUV�QLFKW�GXUFKJHI�KUW�ZHUGHQ�
NDQQ�²�GDV�6W|UVSHNWUXP�GHU�PDQXHOO� HLQJHVSHLVWHQ�6W|UXQJ� LVW� VFKZLHULJ�]X�EHVWLP�
PHQ��

4.2 4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6 6.2
-0.2

-0.1

0

0.1

0.2

0.3

t in sec.

m
m

Störung 

Gegenbewegung 

4.2 4.4 4.6 4.8 5 5.2 5.4 5.6 5.8 6 6.2

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

t in sec.

m
m

�

%LOG���������*UHQ]HQ�GHU�6FKZLQJXQJVNRPSHQVDWLRQ�

%LOG� ������ ]HLJW� GLH� $XVZLUNXQJ� HLQHV� IDOVFKHQ�0RGHOOV� GHU� 6W|UHLQNRSSOXQJ� DXI� GLH�
.RUUHNWXUEHZHJXQJ�� ,Q� GLHVHP� )DOO� ZXUGH� GLH� 5HVRQDQ]IUHTXHQ]� GHV� 37��6\VWHPV�
Å7LVFK´� IDOVFK� VSH]LIL]LHUW�� 0DQ� VLHKW�� GDVV� GHVKDOE� GLH� 6FKlW]XQJ� GHU� 6W|UJU|�H� LP�
PRGHOOEDVLHUWHQ�.DOPDQ�)LOWHU�DXFK�HLQH�IDOVFKH�5HVRQDQ]IUHTXHQ]�HQWKlOW��



�����(UJHEQLVVH�
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25.8 25.9 26 26.1 26.2 26.3 26.4 26.5 26.6

-0.08

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

t in sec.

m
m

Störung 
Korrektur-
bewegung  

�

%LOG���������$XVZLUNXQJHQ�HLQHV�IDOVFKHQ�0RGHOOV�GHU�6W|UHLQNRSSOXQJ�EHL�
GHU�6FKZLQJXQJVNRPSHQVDWLRQ�

9HUJOHLFKW�PDQ�GLH�(UJHEQLVVH�GHU�6FKZLQJXQJVNRPSHQVDWLRQ�GHV�5HJHOXQJVHQWZXUI�%�
�6HQVRUIXVLRQ�XQG�3�5HJOHU��YRQ�%LOG�������PLW�GHQ�(UJHEQLVVHQ�GHU�+��5HJOHU�EDVLHU�
WHQ�6FKZLQJXQJVNRPSHQVDWLRQ��5HJHOXQJVHQWZXUI�$��YRQ�%LOG�������OLQNV��VR�VLHKW�PDQ�
HLQH�YHUJOHLFKEDUH�/HLVWXQJVIlKLJNHLW�EHLGHU�5HJHOXQJVV\VWHPH��'HU�(QWZXUI�HLQHV�+��
5HJOHUV� LVW��ZLH�$EVFKQLWW��������� ]HLJW��ZHVHQWOLFK�DXIZHQGLJHU�DOV�GHU�(QWZXUI� HLQHV�
.DOPDQ�)LOWHUV�XQG�HLQHV�3�5HJOHUV��=XGHP�JHVWDOWHW�VLFK�EHLP�+��5HJOHU�DXIJUXQG�GHU�
LPSOL]LWHQ�GRSSHOWHQ�,QWHJUDWLRQ�GLH�5HJOHUDXIVFKDOWXQJ�VRZLH�GLH�GULIWHQGH�2IIVHWNRU�
UHNWXU� SUREOHPDWLVFK�� 'LHVH� (IIHNWH� WUHWHQ� EHLP� 5HJHOXQJVHQWZXUI� %� QLFKW� DXI�� 'DV�
)�KUXQJVYHUKDOWHQ�EHLGHU�5HJOHU��%LOG�������UHFKWV�E]Z��%LOG�������UHFKWV��XQWHUVFKHLGHW�
VLFK�MHGRFK�GHXWOLFK��6R�LVW�GDV�)�KUXQJVYHUKDOWHQ�GHV�5HJOHUV�DXV�5HJHOXQJVHQWZXUI�%�
QDKH]X�LGHDO��ZlKUHQG�EHLP�5HJHOXQJVHQWZXUI�$�GXUFK�9HUZHQGXQJ�HLQHV�QLFKW�U�FN�
JHI�KUWHQ� 3DUDOOHOPRGHOOV� GHXWOLFKH�hEHUVFKZLQJHU� XQG�9HUNRSSOXQJHQ� ]ZLVFKHQ�GHU�
[��XQG�\�$FKVH�DXIWUHWHQ�� LP�HLQJHVFKZXQJHQHQ�=XVWDQG�]HLJHQ�EHLGH�5HJHOXQJVV\V�
WHPH�GDQQ�ZLHGHU�GDV�JOHLFKH�9HUKDOWHQ��

2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4

-0.05

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

m
m

t in sec.
0 1 2 3 4 5 6 7 8 9 10

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

t in sec.

m
m

�

%LOG���������6FKZLQJXQJVNRPSHQVDWLRQ��OLQNV��XQG�)�KUXQJVJU|�HQVSUXQJ�
�UHFKWV��GHV�5HJHOXQJVHQWZXUIV�$�

)DVVW�PDQ�GLH�(UJHEQLVVH�]XVDPPHQ��VLHKH�7DEHOOH���������HUJLEW�VLFK��GDVV�PLW�HLQHP�
ZHVHQWOLFK�HLQIDFKHUHQ�5HJHOXQJVHQWZXUI�GXUFK�GLH�6HQVRUIXVLRQ�XQG�6\QFKURQLVDWLRQ�
PLW� GHQ� 0HWKRGHQ� GLHVHU� $UEHLW� EHVVHUH� (UJHEQLVVH� HU]LHOW� ZHUGHQ� DOV� PLW� GHP� XU�
VSU�QJOLFKHQ� RKQH� 6HQVRUIXVLRQ� XQG� 6\QFKURQLVDWLRQ� HQWZRUIHQHQ� 5HJHOXQJVV\VWHP��
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=XGHP� ZLUG� GXUFK� GLH� HQWZLFNHOWH� 7RROER[� GLH� 6LPXODWLRQ� XQG� &�&RGHJHQHULHUXQJ�
HUOHLFKWHUW��9HUJOHLFKW�PDQ�GLH�VLPXOLHUWHQ�(UJHEQLVVH�PLW�GHQ�UHHOOHQ�(UJHEQLVVHQ�]�%��
I�U�GLH�$XVOHQNXQJ�GHU�EHZHJOLFKHQ�3ODWWIRUP�LQ�%LOG��������OLQNV��.RUUHNWXUEHZHJXQJ��
UHFKWV�� )�KUXQJVJU|�HQVSUXQJ��� VR� VLHKW� PDQ�� GDVV� MHZHLOV� EHLGH� .XUYHQ� IDVW� GH�
FNXQJVJOHLFK�VLQG��'XUFK�GLH�(LQELQGXQJ�GHU�6HQVRUPRGHOOH�XQG�GHU�+DUGZDUHHLJHQ�
VFKDIWHQ� LQ�GDV�6WUHFNHQPRGHOO�ZLUG�DOVR�HUUHLFKW��GDVV�GHU�5HJOHUHQWZXUI� ]XHUVW� UHLQ�
VLPXODWLY� RKQH�+DUGZDUH�GXUFKJHI�KUW�ZHUGHQ�NDQQ�XQG�GDQQ�GLH�GRUW� HU]LHOWHQ�(U�
JHEQLVVH� IDVW�����DXI�GDV�UHDOH�6\VWHP��EHUWUDJHQ�ZHUGHQ�NDQQ��*UXQGODJH�GD]X�LVW�
GLH�JHZLVVHQKDIWH�0RGHOOLHUXQJ�GHU�6HQVRUHQ�XQG�GHU�6WUHFNH��%HLP�5HJHOXQJVHQWZXUI�
$� ODJ�HLQ�)DNWRU�YRQ�XQJHIlKU�����]ZLVFKHQ�VLPXOLHUWHQ�XQG�UHDOHP�5HJHOXQJVIHKOHU�
�VLHKH�>��@���GD�EHL�GHU�6LPXODWLRQHQ�RKQH�GHQ�6HQVRUHLJHQVFKDIWHQ�GHU�LGHDOH�5HJHO�
NUHLV�YRUOLHJW�XQG�GLH�6W|UXQJHQ�QDKH]X�JDQ]�NRPSHQVLHUW�ZHUGHQ�N|QQHQ��5HVWIHKOHU�
�����P���

5 5.5 6 6.5

0.05

0.06

0.07

0.08

0.09

0.1

0.11

0.12

0.13

0.14

0.15

t in sec.

m
m

simuliert 

real 

20 20.05 20.1 20.15 20.2 20.25 20.3
0.26

0.28

0.3

0.32

0.34

0.36

t in sec.

m
m

real simuliert 

�

%LOG���������9HUJOHLFK�6LPXODWLRQ�XQG�5HDOLWlW��OLQNV�6FKZLQJXQJVNRPSHQ�
VDWLRQ��UHFKWV�)�KUXQJVJU|�HQVSUXQJ�

�

5HJHOXQJVHQWZXUI�$� 5HJHOXQJVHQWZXUI�%��

0HWKRGH� (UJHEQLV� � (UJHEQLV�

/LQHDULVLHUXQJVUHJOHU� 3ROYHUVFKLHEXQJ� ���P� 3ROYHUVFKLHEXQJ� ���P�

6FKZLQJXQJVNRPSHQVDWLRQ� +��5HJOHU� ����P� 3��E]Z��/4*�5HJOHU� ����P�

)�KUXQJVUHJOHU� 3DUDOOHOPRGHOO�EDVLHUW� 7 ���PV� 3�5HJOHU� 7 �PV�

6HQVRUV\QFKURQLVDWLRQ� �� )2+�

6HQVRUIXVLRQ� �� .DOPDQ�)LOWHU�

5HJHOXQJVIHKOHU��6LPXODWLRQ�� RKQH�6HQVRUHQ� �����P� PLW�6HQVRUHQ� ����P�

7DEHOOH���������9HUJOHLFK�GHU�EHLGHQ�5HJHOXQJVHQWZ�UIH



�
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��$XVEOLFN�

'LH�LQ�GLHVHU�$UEHLW�HQWZLFNHOWHQ�0HWKRGHQ�XQG�$OJRULWKPHQ�ZXUGHQ�LQ�HLQHU�7RROER[�
]XVDPPHQJHIDVVW��GLH� MHGRFK�QXU�GLH�%DVLVVWUXNWXUHQ�HLQHU�6WDQGDUG�0DW/DE�7RROER[�
HQWKlOW��+LOIHWH[WH�XQG�$QZHQGXQJVEHLVSLHOH�]X�GHQ�HLQ]HOQHQ�6LPX/LQN�%O|FNHQ��VLHKH�
$QKDQJ� $�� %ORFNEHVFKUHLEXQJ�� ZXUGHQ� ELVKHU� QLFKW� HUVWHOOW�� (LQH� .XU]EHVFKUHLEXQJ�
ZLUG�GDEHL�LP�Å+HOS´�7HLO�GHU�%ORFNPDVNH�HLQJHWUDJHQ��ZlKUHQG�GHU�DXVI�KUOLFKH�7HLO�
PLW� ZHLWHUI�KUHQGHQ� /LQNV�� DXFK� ]X� EHUHLWV� EHVWHKHQGHQ�0DW/DE�+LOIHWH[WHQ�� LQ� HLQHU�
KWPO�'DWHL� UHDOLVLHUW� ZHUGHQ�PXVV�� 'LHV� +LOIH�'DWHL� NDQQ� GDQQ� GXUFK� $QNOLFNHQ� GHV�
Å+HOS´�%XWWRQV�LQ�GHU�(LQJDEHPDVNH�GHV�MHZHLOLJHQ�%ORFNV�JH|IIQHW�ZHUGHQ��'XUFK�GLH�
,QWHJUDWLRQ� YRQ� KWPO�+LOIH�'DWHLHQ� PLW� /LQNV� KDW� PDQ� GDV� NRPSOHWWH� 0DW/DE�
+LOIHV\VWHP�]XU�9HUI�JXQJ��

'HV�ZHLWHUHQ� LVW�GLH�JUDILVFKH�hEHUDUEHLWXQJ�GHU�7RROER[�YRQ�1|WHQ��0LW� ,FRQV�ZLUG��
ZLH� ]�%�� GDV� $NWRU�,FRQ� LQ� %LOG� ������� GLH� hEHUVLFKWOLFKNHLW� YRQ� 6LPX/LQN�
%ORFNGLDJUDPPHQ� HUK|KW�� (V� HUVFKHLQW� VR� VLQQYROO� I�U� GLH� HUVWHOOWHQ� %O|FNH� DXVVDJH�
NUlIWLJH� ,FRQV�]X�HQWZLFNHOQ��'LH�(LQELQGXQJ�GHU� ,FRQV�HUIROJW�GDQQ� LP�Å'LVSOD\´�7HLO�
GHU�%ORFNPDVNH��

'LH�7RROER[�NDQQ�MHGHU]HLW�PLW�QHXHQ�9HUIDKUHQ��VHL�HV�]XU�6HQVRUIXVLRQ��6\QFKURQLVD�
WLRQ�RGHU�6HQVRUYRUYHUDUEHLWXQJ�HUZHLWHUW�ZHUGHQ��(V�ZXUGHQ�LQ�GLH�EHVWHKHQGH�7RRO�
ER[� LQ�HUVWHU�/LQLH�DOOJHPHLQH�6WDQGDUGYHUIDKUHQ�LPSOHPHQWLHUW��VR�GDVV�LQ�ZHLWHUI�K�
UHQGHQ�$UEHLWHQ�QHXH�VSH]LHOOHUH�9HUIDKUHQ�HLQJHEXQGHQ�ZHUGHQ�N|QQHQ��ZLH�]�%��HLQ�
GLVNUHWHU�DGDSWLYHU�%HREDFKWHU�]XU�2IIVHWVFKlW]XQJ�>���@�RGHU�ÅXQIDOVLILHG�3,'�5HJOHU´�
>��@��

'LH� LPSOHPHQWLHUWHQ� +DUGZDUH�,QWHUIDFHV� EH]LHKHQ� VLFK� DXI� GLH� +DUGZDUH�� GLH� ]XU�
5HDOLVLHUXQJ�GHU�03(�EHQ|WLJW�ZXUGH��%HL�GHU�$QELQGXQJ�QHXHU�+DUGZDUH�VWHKHQ�GLH�
EHUHLWV�LPSOHPHQWLHUWHQ�,QWHUIDFHV�DOV�7HPSODWHV�]XU�9HUI�JXQJ��GD�GLH�LP�ZHVHQWOLFKHQ�
YRUNRPPHQGHQ�+DUGZDUH�.DWHJRULHQ�²�SDVVLYH� ,�2�.RPSRQHQWHQ�RGHU�DNWLYH� ,QWHU�
UXSW�JHWULJJHUWH�(LQJDEH�.RPSRQHQWHQ�²�DEJHGHFNW�ZXUGHQ��

)�U�,�2�.RPSRQHQWHQ��GLH�HLQH�HLJHQH�&38�EHVLW]HQ��]�%��GDV�'63�3UR]HVV�,QWHUIDFH�
%RDUG�]XU�$QELQGXQJ�GHV�%HVFKOHXQLJXQJVVHQVRUV\VWHPV�>�@��ZlUH�HV�Z�QVFKHQVZHUW��
ZHQQ�PDQ�GLH�$OJRULWKPHQ��ZHOFKH�GRUW�DEODXIHQ��DXFK�LP�6LPXODWLRQVGLDJUDPP�GHV�
5HJHOV\VWHPV� VSH]LIL]LHUHQ� XQG� GDUDXV� &�&RGH� JHQHULHUHQ� N|QQWH�� 'LHV� KlWWH� GHQ�
9RUWHLO�� GDVV�PDQ�� ]XU� $XVQXW]XQJ� GHU� DXI� GLHVHQ� .RPSRQHQWHQ� ]XU� 9HUI�JXQJ� VWH�
KHQGHQ� 5HFKHQOHLVWXQJ�� %O|FNH� DXI� GLHVH� (LQKHLWHQ� DXVODJHUQ� N|QQWH�� 'HU� '63� GHV�
3UR]HVV�,QWHUIDFH�%RDUGV�GLHQW�LP�0RPHQW�QXU�]XU�%\WH�ZHLVHQ�6RUWLHUXQJ�GHU�6HQVRU�
ZHUWH��N|QQWH�DEHU�SUREOHPORV�QRFK�7HLOH�GHU�6HQVRUYRUYHUDUEHLWXQJ�XQG�GHU�6\QFKUR�
QLVDWLRQ� �EHUQHKPHQ�� (V� P�VVWH� GD]X� GHQ� HLQ]HOQHQ� %O|FNHQ� GLH� JHZ�QVFKWH� &38�
E]Z�� $XVI�KUXQJVHLQKHLW� LP� (LJHQVFKDIWVIHOG� HLQJHWUDJHQ�ZHUGHQ��'XUFK� 3DUVHQ� XQG�
7HLOHQ�GHV�6LPXODWLRQVEORFNGLDJUDPPV��lKQOLFK�GHP�8PVFKDOWHQ�]ZLVFKHQ�6LPXODWLRQ�
XQG� &RGHJHQHULHUXQJ�� Z�UGH� I�U� MHGH� $XVI�KUXQJVHLQKHLW� DXWRPDWLVFK� HLQ� HLJHQHV�
%ORFNGLDJUDPP�JHQHULHUW�ZHUGHQ�XQG�GLH�.RPPXQLNDWLRQVEO|FNH�]ZLVFKHQ�GHQ�$XV�
I�KUXQJVHLQKHLWHQ� HLQJHI�JW� ZHUGHQ� N|QQHQ�� 'XUFK� 9HUZHQGXQJ� XQWHUVFKLHGOLFKHU�
0DNHILOH�7HPSODWHV� NDQQ� GDQQ� PLW� GHP� 5HDO�7LPH� :RUNVKRS� &�&RGH� I�U� GLH� YHU�
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VFKLHGHQHQ� $XVI�KUXQJVHLQKHLWHQ� JHQHULHUW� ZHUGHQ�� 'LHVH� $UW� GHV� %ORFNGLDJUDPP�
6SOLWWLQJV�N|QQWH�ZHLWHUI�KUHQG�DXFK�LQ�5DSLG�3URWRW\SLQJ�6\VWHPHQ�YHUZHQGHW�ZHUGHQ��

'HU�.RPPXQLNDWLRQVIOXVV�LP�H[WHUQHQ�6LPXODWLRQVPRGXV�LVW�VWDQGDUGPl�LJ�QXU�XQLGL�
UHNWLRQDO�� YRP� (QWZLFNOXQJVKRVW� ]XP� =LHOV\VWHP�� P|JOLFK�� 'XUFK� (UZHLWHUXQJ� GHU�
.RPPXQLNDWLRQVVWUXNWXUHQ� LVW�DXFK�HLQH�ELGLUHNWLRQDOH�.RPPXQLNDWLRQ�GHQNEDU��ZDV�
EHL�GHQ�HUVWHQ�6FKULWWHQ�GHU�+DUGZDUH�LQ�WKH�/RRS�6LPXODWLRQ�VHKU�KLOIUHLFK�ZlUH��

'DV�HQWZLFNHOWH�5HJHOV\VWHP�I�U�GLH�03(�NDQQ�GXUFK�ZHLWHUJHKHQGH�0D�QDKPHQ�QRFK�
YHUEHVVHUW� XQG� UREXVWHU� JHVWDOWHW�ZHUGHQ��'LH�'HILQLWLRQ� YRQ� )RUPILOWHUQ�� GLH� GDV�DOV�
ZHL�HV� 5DXVFKHQ� DQJHQRPPHQH� XQEHNDQQWH� 6W|UVLJQDO� GHP� UHHOOHQ� 6W|UVSHNWUXP�
EHVVHU� DQSDVVHQ�� Z�UGHQ� EHVVHUH� 6FKlW]XQJHQ� LP� HLQJHVHW]WHQ� .DOPDQ�)LOWHU� EHZLU�
NHQ��'HV�ZHLWHUHQ�N|QQWH�]XU�6FKZLQJXQJVNRPSHQVDWLRQ�GHU�YHUZHQGHWH�3�5HJOHU��GHU�
QXU� ]ZHL� GHU� YLHU� JHVFKlW]WHQ� =XVWlQGH� YHUZHQGHW�� GXUFK� HLQHQ� YROOVWlQGLJHQ� =X�
VWDQGVUHJOHU�� GHU� LQ� .RPELQDWLRQ�PLW� GHP� .DOPDQ�)LOWHU� DOV� /4*�5HJOHU� EH]HLFKQHW�
ZLUG�� HUVHW]W� ZHUGHQ�� XP� GLH� '\QDPLN� GHU� .RUUHNWXUEHZHJXQJHQ� ]X� YHUEHVVHUQ�� ,Q�
6LPXODWLRQHQ�NRQQWHQ�GDPLW�5HJHOXQJVIHKOHU�NOHLQHU����P�VRZLH�HLQH�EHVVHUH�'\QD�
PLN� �HUVWHU� 3HHN�� HU]LHOW� ZHUGHQ�� 'LH� .RUUHNWXU� GHU� 4XHUHPSILQGOLFKNHLWHQ� GHU� %H�
VFKOHXQLJXQJVVHQVRUHQ� QDFK� >��@� VRZLH� GLH� $XVZHUWXQJ� GHV� 7HPSHUDWXUVHQVRUV� GHV�
%HVFKOHXQLJXQJVVHQVRUV\VWHPV� XQG� $QSDVVHQ� GHU� WHPSHUDWXUDEKlQJLJHQ� 3DUDPHWHU�
GHU� 6HQVRUHQ� XQG� $NWRUHQ� Z�UGH� GDV� 5HJHOV\VWHP� UREXVWHU� JHJHQ�EHU� 3DUDPHWHU�
VFKZDQNXQJHQ�PDFKHQ��0HVVXQJHQ�KDEHQ�JH]HLJW��GDVV�GLH�(LJHQIUHTXHQ]�VRZLH�GLH�
6WHLILJNHLW�GHU�3LH]RDNWRULN�YRQ�GHU�7HPSHUDWXU�DEKlQJHQ��(LQH�.DOLEULHUXQJ�GHV�6WUH�
FNHQPRGHOOV��(LJHQIUHTXHQ]��'lPSIXQJ��YRU�MHGHP�(LQVDW]�Z�UGH�GDGXUFK��EHUIO�VVLJ�
ZHUGHQ� XQG� 7HPSHUDWXUYHUlQGHUXQJHQ� ZlKUHQG� GHV� %HWULHEV� KlWWHQ� GDQQ� NHLQHQ�
(LQIOXVV�DXI�GLH�/HLVWXQJVIlKLJNHLW�GHV�5HJHOXQJV\VWHPV���

'HU� 7HVW� GHU� 03(� DP� ,QGXVWULHURERWHU� PLW� DQJHVFKORVVHQHU� %LOGYHUDUEHLWXQJ� Z�UGH�
OHW]WHQGOLFK� GHQ� %HZHLV� HUEULQJHQ�� RE� GDV� .RPSOHWWV\VWHP�� EHVWHKHQG� DXV� $NWRULN��
5HJOHU�XQG�%LOGYHUDUEHLWXQJ�I�U�GLH�0LNURPRQWDJH�JHHLJQHW�LVW��(V�VFKHLWHUWH�ELVKHU�DQ�
GHQ� VFKRQ� JHVFKLOGHUWHQ� 3UREOHPHQ�PLW� GHP� LQWHUQHQ� /DVHUPHVVV\VWHP�� GDV� ]XVDP�
PHQ�PLW� GHU� $NWRULN� YRQ� HLQHP� 3URMHNWSDUWQHU� HQWZLFNHOW� ZXUGH�� 'XUFK� GHQ� (LQVDW]�
HLQHU� VFKQHOOHUHQ�%LOGYHUDUEHLWXQJ�RGHU� HLQHU� EHVVHUHQ�2SWLN�� GLH� HV� HUP|JOLFKW��SUR�
)�JHYRUJDQJ�PHKUHUH� %LOGHU� ]X� EHDUEHLWHQ�� N|QQWHQ� GLHVH�0HVVGDWHQ� ]XU� 9HUEHVVH�
UXQJ�GHU�6FKlW]XQJHQ�LP�.DOPDQ�)LOWHU�KHUDQJH]RJHQ�ZHUGHQ��$OOHV�LQ�DOOHP�HUVFKHLQW�
PLW�GLHVHP�2SWLPLHUXQJHQ�HLQ�HU]LHOEDUHU�5HJHOXQJVIHKOHU�YRQ����P�UHDOLVWLVFK���
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��/LWHUDWXU�

>�@� -��$FNHUPDQQ��Å$EWDVWUHJHOXQJ´��,6%1����������������Å6DPSOHG�GDWD�FRQWURO�
V\VWHPV´��,6%1����������������6SULQJHU�9HUODJ��������

>�@� +��$NEDUDOO\� DQG� /�� .OHHPDQ�� Å�'�5RERW� 6HQVLQJ� IURP�6RQDU�DQG�9LVLRQ´�� LQ�
3URFHHGLQJ�RI� WKH� ,(((� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�DQG�$XWRPDWLRQ��
0LQQHDSORLV��0LQQHVRWD��$SULO�������

>�@� 7��$QGUHDV��´(UZHLWHUXQJ�HLQHU�'63�3&,�.DUWH�]XU�$QELQGXQJ�H[WHUQHU�3UR]HVVH�
XQG� ,QWHJUDWLRQ� LQ� HLQH� 6WDQGDUG�3&�8PJHEXQJµ�� 'LSORPDUEHLW� DP� /HKUVWXKO�
I�U�3UR]HVVUHFKQHU��78�0�QFKHQ��0DL�������

>�@� 7��$RQR��.��)XMLL��6��+DWVXPRWR��7��.DPL\D��Å3RVLWLRQLQJ�RI�YHKLFOH�RQ�XQGXODWLQJ�
JURXQG�XVLQJ�*36�DQG�GHDG�UHFNRQLQJ´��3URFHHGLQJV�RI� WKH�,(((�,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�5RERWLFV�	�$XWRPDWLRQ�,&5$·����/HXYHQ��%HOJLXP��������

>�@� 0�� $UDNL� DQG� .�� <DPDPRWR�� Å0XOWLYDULDEOH� 0XOWLUDWH� 6DPSOHG�'DWD� 6\VWHPV��
6WDWH�6SDFH� 'HVFULSWLRQ�� 7UDQVIHU� &KDUDFWHULVWLFV�� DQG� 1\TXLVW� &ULWHULRQ´�� LQ�
,(((�7UDQVDFWLRQ�RQ�$XWRPDWLF�&RQWURO��9RO��$&�����1R�����)HE�������

>�@� 8��%DKU��Å0HVVIHKOHU�EHL�GHU�:HJPHVVXQJ�PLW�%HVFKOHXQLJXQJVVHQVRUHQ´��LQ�WP�
7HFKQLVFKHV�0HVVHQ�������2OGHQERXUJ�9HUODJ��������

>�@� %��%DUVKDQ��+��)��'XUUDQW�:K\WH�� Å$Q� ,QHUWLDO�1DYLJDWLRQ�6\VWHP�IRU�D�0RELOH�
5RERW´��LQ�,)$&�,QWHOOLJHQW�$XWRQRPRXV�9HKLFOHV��6RXWKDPSWRQ��8.��������

>�@� 5��%HKULQJHU��9��Y��+ROW��'��'LFNPDQQV��Å5RDG�DQG�5HODWLYH�(JR�6WDWH�5HFRJQL�
WLRQ´��LQ�3URFHHGLQJV�RI�WKH�&RQIHUHQFH�RQ�,QWHOOLJHQW�9HKLFOHV��'HWURLW��������

>�@� *�� 6�� %HOO�� :�� -�� :LOVRQ�� Å&RRUGLQDWHG� &RQWUROOHU� 'HVLJQ� IRU� 3RVLWLRQ� %DVHG�
5RERW�9LVXDO�6HUYRLQJ�LQ�&DUWHVLDQ�&RRUGLQDWHV´��LQ�WKH�3URFHHGLQJV�RI�WKH�,(((�
,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5RERWLFV� DQG� $XWRPDWLRQ�� 0LQQHDSROLV�� 86$��
������

>��@� 6WHIDQ� %OXP�� &KULVWLDQ� 5REO�� Å6HQVRU� GDWD� SURFHVVLQJ� DQG� FRQWURO� RI� D�PLFUR�
SRVLWLRQLQJ�V\VWHP´��LQ�3URF��RI�WKH�:RUNVKRS�RQ�(XURSHDQ�6FLHQWLILF�DQG�,QGXV�
WULDO� &ROODERUDWLRQ� RQ� 3URPRWLQJ� 
$GYDQFHG� 7HFKQRORJLHV� LQ� 0DQXIDFWXULQJ
�
�:(6,&
�����*LURQD��6SDLQ��-XQH�������

>��@� 6�� %R\G��&�� %DUUDWW� DQG� 6��1RUPDQ�� Å/LQHDU�&RQWUROOHU�'HVLJQ�� /LPLWV� RI� 3HU�
IRUPDQFH�9LD�&RQYH[�2SWLPL]DWLRQ´��LQ�3URFHHGLQJV�RI�WKH�,(((��9RO������1R�����
0DUFK�������

>��@� 6�� %R\G�� ´&RQYH[�0DWUL[�2SWLPL]DWLRQ� 3UREOHPV��ZLWK�$SSOLFDWLRQV� LQ�&RQWURO��
6LJQDO�3URFHVVLQJ�DQG�&LUFXLW�'HVLJQµ��,Q�3URFHHGLQJV�RI������,(((�6\PSRVLXP�
RQ�&RPSXWHU�$LGHG�&RQWURO�6\VWHP�'HVLJQ��+DZDL·L��86$��$XJXVW�������

>��@� 0��%R]RUJ��(��0��1HERW�DQG�+��)��'XUUDQW�:K\WH��Å$�'HFHQWUDOLVHG�1DYLJDWLRQ�
$UFKLWHFWXUH´�� 3URFHHGLQJV�RI� WKH� ,(((� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�	�
$XWRPDWLRQ�,&5$·����/HXYHQ��%HOJLXP��������
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>��@� /��-��%URZQ��6��3��0H\Q��5��$��:HEHU��Å$GDSWLYH�'HDG�7LPH�&RPSHQVDWLRQ�ZLWK�
$SSOLFDWLRQ�WR�D�5RERWLF�:HOGLQJ�6\VWHP´��LQ�,(((�7UDQVDFWLRQV�RQ�&RQWURO�6\V�
WHPV�7HFKQRORJ\��9RO�����1R�����0D\�������

>��@� 5��%UXQQEDXHU��´(LQVDW]�HLQHV�/,*$�%HVFKOHXQLJXQJVVHQVRUV\VWHPV�DOV�LQHUWLDOHV�
0HVVV\VWHP� I�U� GLH� 3RVLWLRQLHUNRQWUROOH� HLQHV� ,QGXVWULHURERWHUVµ�� 'LSORPDUEHLW�
DP�/HKUVWXKO�I�U�3UR]HVVUHFKQHU��78�0�QFKHQ��������

>��@� -��-��%XFKKRO]��Å6HQVRUIHKOHUHUNHQQXQJ�LQ�)OXJ]HXJHQ�PLW�%HREDFKWHU�XQG�3OR\�
QRPNODVVLILNDWRU´�� ,QVWLWXW� I�U� )OXJPHFKDQLN�� %UDXQVFKZHLJ�� '/5�
)RUVFKXQJVEHULFKW��'/5�)%��������������

>��@� '�� %XUVFKND�� &�� (EHUVW�� &�� 5REO�� Å9LVLRQ� %DVHG�0RGHO�*HQHUDWLRQ� IRU� ,QGRRU�
(QYLURQPHQWV´�� LQ�3URF�� ,(((�,QW��&RQI��RQ�5RERWLFV�DQG�$XWRPDWLRQ��,&5$
�����
SDJHV������������$OEXTXHUTXH��86$�������

>��@� 'DULXV�%XUVFKND��&KULVWRI�(EHUVW��&KULVWLDQ�5REO��*HRUJ�)lUEHU��Å,QWHUDFWLRQ�RI�
3HUFHSWLRQ� DQG� &RQWURO� IRU� ,QGRRU� ([SORUDWLRQ´�� LQ� Å5REXVW� 9LVLRQ� IRU� 9LVLRQ�
%DVHG�&RQWURO� RI�0RWLRQ´��:RUNVKRS� DW� WKH� ,&5$� 
���� /HXYHQ�� %HOJLXP��0D\�
������

>��@� '��%XUVFKND��Å9LGHREDVLHUWH�8PJHEXQJVH[SORUDWLRQ�DP�%HLVSLHO�HLQHV�ELQRNX�
ODUHQ�6WHUHR�.DPHUDV\VWHPV´��'LVVHUWDWLRQ�DP�/HKUVWXKO�I�U�3UR]HVVUHFKQHU��78�
0�QFKHQ��������LQ�)RUWVFKULWW�%HULFKWH�9',��5HLKH�����1U�������

>��@� 7��&HOLQVNL��%��0F&DUUDJKHU��Å$FKLHYLQJ�(IILFLHQW�'DWD�)XVLRQ�7KURXJK�,QWHJUD�
WLRQ�RI�6HQVRU\�3HUFHSWLRQ�&RQWURO�DQG�6HQVRU�)XVLRQ´��3URFHHGLQJV�RI�WKH�,(((�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�	�$XWRPDWLRQ�,&5$�¶����'HWURLW��86$��0DL�
������

>��@� 5��<��&KLDQJ��0��*��6DIRQRY�� ´5REXVW�&RQWURO� 7RROER[µ�� 7KH�0DWKZRUNV� ,QF���
���3ULPH�3DUN�:D\��1DWLFN��0$�������������������

>��@� 0��'HNKLO�DQG�7��&��+HQGHUVRQ��Å,QVWUXPHQWHG�/RJLFDO�6HQVRU�6\VWHPV���3UDF�
WLFH´��3URFHHGLQJV�RI�WKH�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�	�$XWRPD�
WLRQ�,&5$·����/HXYHQ��%HOJLXP��������

>��@� (��'��'LFNPDQQV�� Å9HKLFOHV�&DSDEOH�RI�'\QDPLF�9LVLRQ´�� ,Q���WK� ,QWHUQDWLRQDO�
-RLQW�&RQIHUHQFH�RQ�$UWLILFLDO�,QWHOOLJHQFH�,-&$,·����1DJR\D��-DSDQ��������

>��@� *��'LVVDQD\DNH��6��6XNNDULHK��(��1HERW��+��'XUUDQW�:K\WH��Å$�1HZ�$OJRULWKP�
IRU� WKH� $OLJQPHQW� RI� ,QHUWLDO�0HDVXUHPHQW�8QLWV�ZLWKRXW� ([WHUQDO�2EVHUYDWLRQ�
IRU� /DQG� 9HKLFOH� $SSOLFDWLRQV´�� 3URFHHGLQJV� RI� WKH� ,(((� ,QWHUQDWLRQDO� &RQIHU�
HQFH�RQ�5RERWLFV�	�$XWRPDWLRQ�,&5$�¶����'HWURLW��86$��0DL�������

>��@� -��&��'R\OH��.��*ORYHU��3��3��.KDUJRQHNDU��%��$��)UDQFLV��Å6WDWH�6SDFH�6ROXWLRQV�
WR�6WDQGDUG� +2 �DQG� +∞ �&RQWURO�3UREOHPV´��LQ�,(((�7UDQVDFWLRQV�RQ�$XWRPDWLF�
&RQWURO��9RO������1R�����$XJ��������

>��@� *��'XGHN��3��)UHHGPDQ��,��0��5HNOHLWLV��Å-XVW�LQ�WLPH�VHQVLQJ��HIILFLHQWO\�FRPELQ�
LQJ�VRQDU�DQG� ODVHU�UDQJH�GDWD�IRU�H[SORULQJ�XQNQRZQ�ZRUOGV´�� LQ�3URFHHGLQJ�
RI�WKH�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�DQG�$XWRPDWLRQ��0LQQHDSORLV��
0LQQHVRWD��$SULO�������

>��@� +�� )��'XUUDQW�:K\WH�� Å6HQVRU�0RGHOV�DQG�0XOWLVHQVRU� ,QWHJUDWLRQ´�� LQ�7KH� ,Q�
WHUQDWLRQDO�-RXUQDO�RI�5RERWLFV�5HVHDUFK�9RO�����1R�����'HF��������
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>��@� +�� (OPTYLVW�� 6�� (�� 0DWWVVRQ�� 0�� 2WWHU�� ´0RGHOLFD� ²� $� /DQJXDJH� IRU� 3K\VLFDO�
6\VWHP�0RGHOLQJ��9LVXDOL]DWLRQ��DQG�,QWHUDFWLRQµ��´�� LQ�3URFHHGLQJ�RI� WKH������
,(((�,QWHUQDWLRQDO�6\PSRVLXP�RQ�&RPSXWHU�$LGHG�&RQWURO�6\VWHP�'HVLJQ��+D�
ZDL·L��86$��$XJXVW�������

>��@� 6��(PXUD��6��7DFKL��Å2Q�'HVLJQ�RI�6HTXHQWLDO�6HQVRU�)XVLRQ�6\VWHP´��3URFHHG�
LQJV�RI� WKH� ,(((� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�	�$XWRPDWLRQ� ,&5$·����
/HXYHQ��%HOJLXP��������

>��@� *��(QJOEHUJHU��´6\VWHPPRGHOORULHQWLHUWHU�(QWZXUI�HLQHU�5HJHOXQJ� I�U�HLQH�0LN�
URSRVLWLRQLHUHLQULFKWXQJµ�� 'LSORPDUEHLW� DP� /HKUVWXKO� I�U� 3UR]HVVUHFKQHU�� 78�
0�QFKHQ��-XOL�������

>��@� :��(QWHQPDQQ��Å'LJLWDOH�)LOWHU´��9RUOHVXQJVVNULSW�:6����/HKUVWXKO�I�U�1HW]ZHUN�
WKHRULH�XQG�6FKDOWXQJVWHFKQLN��78�0�QFKHQ��������

>��@� 1��-��)OLHJH��´0XOWLUDWH�'LJLWDO�6LJQDO�3URFHVVLQJ��0XOWLUDWH�6\VWHPV��)LOWHU�%DQNV��
:DYHOHWVµ��:HVW�6XVVH[��(QJODQG��-RKQ�:LOH\�	�6RQV��������

>��@� +��)XMLRND��<�<DPDPRWR��6��+DUD��Å6DPSOHG�'DWD�&RQWURO�7RROER[��$�6RIWZDUH�
3DFNDJH� YLD�2EMHFW�2ULHQWHG� 3URJUDPPLQJ´�� LQ� 3URFHHGLQJ� RI� WKH� ����� ,(((�
,QWHUQDWLRQDO�6\PSRVLXP�RQ�&RPSXWHU�$LGHG�&RQWURO�6\VWHP�'HVLJQ��+DZDL·L��
86$��$XJXVW�������

>��@� 5��(��*LEVRQ��'��/��+DOO��-��$��6WRYHU�´$Q�$XWRQRPRXV�)X]]\�/RJLF�$UFKLWHFWXUH�
IRU�0XOWLVHQVRU�'DWD�)XVLRQ´�� LQ�3URFHHGLQJV�RI� WKH� ,(((� ,QWHUQDWLRQDO�&RQIHU�
HQFH�RQ�0XOWLVHQVRU�)XVLRQ�DQG�,QWHJUDWLRQ�IRU� ,QWHOOLJHQW�6\VWHPV�0),·����/DV�
9HJDV��86$�������

>��@� 0��*ROGIDUE��1��&HODQRYLF�� Å%HKDYLRUDO� ,PSOLFDWLRQV�RI�3LH]RHOHFWULF�6WDFN�$F�
WXDWRUV� IRU� &RQWURO� RI� 0LFURPDQLSXODWLRQ´�� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
5RERWLFV�DQG�$XWRPDWLRQ�,&5$·����0LQQHDSROLV��86$��������

>��@� *��+��*ROXE��&�� )�� YDQ� /RDQ�� ´0DWUL[�&RPSXWDWLRQVµ���UG� HG��%DOWLPRUH��0'��
-RKQV�+RSNLQV�8QLYHUVLW\�3UHVV��������

>��@� 6��6��*RRGULGJH��Å0XOWLPHGLD�6HQVRU�)XVLRQ�IRU�,QWHOOLJHQW�&DPHUD�&RQWURO�DQG�
+XPDQ�&RPSXWHU�,QWHUDFWLRQ´��3K'�7KHVLV��������

>��@� 8��+DQHEHFN��-��+RUQ��Å$�1HZ�(VWLPDWRU�IRU�0L[HG�6WRFKDVWLF�DQG�6HW�7KHRUHWLF�
8QFHUWDLQW\�0RGHOV� $SSOLHG� WR�0RELOH� 5RERW� /RFDOL]DWLRQ��� 3URFHHGLQJV�RI� WKH�
,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5RERWLFV� 	� $XWRPDWLRQ� ,&5$� ¶���� 'HWURLW��
86$��0DL�������

>��@� +�� +DQVHOPDQQ� HW� DO�� ´3URGXFWLRQ� 4XDOLW\� &RGH� *HQHUDWLRQ� IURP� 6LPX/LQN�
%ORFN�'LDJUDPVµ�G63$&(�*PE+�� ZZZ�GVSDFH�GH�� LQ� 3URFHHGLQJ� RI� WKH� �����
,(((�,QWHUQDWLRQDO�6\PSRVLXP�RQ�&RPSXWHU�$LGHG�&RQWURO�6\VWHP�'HVLJQ��+D�
ZDL·L��86$��$XJXVW�������

>��@� +�� 5�� +DVKHPLSRXU�� 6�� 5R\�� $�� -�� /DXE�� Å'HFHQWUDOL]HG� 6WUXFWXUHV� IRU� 3DUDOOHO�
.DOPDQ�)LOWHULQJ´�� LQ� ,(((�7UDQVDFWLRQV�RQ�$XWRPDWLF�&RQWURO��9RO������1R�����
-DQ�������

>��@� .�� +DVKLPRWR�� 7�� 1RULWVXJX�� ´9LVXDO� 6HUYRLQJ� ZLWK� /LQHDUL]HG� 2EVHUYHUµ�� LQ�
3URFHHGLQJV�RI� WKH� ,(((� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�DQG�$XWRPDWLRQ�
,&5$·����'HWURLW��0DL�������
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>��@� $��+DXFN��0��6RUJ��*��)lUEHU��7��6FKHQN��´:KDW�&DQ�%H�/HDUQHG�IURP�+XPDQ�
5HDFK�7R�*UDVS�0RYHPHQWV�IRU�WKH�'HVLJQ�RI�5RERWLF�+DQG�(\H�6\VWHPV"µ��LQ�
3URFHHGLQJV�RI� WKH� ,(((� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�DQG�$XWRPDWLRQ�
,&5$·����'HWURLW��0DL�������

>��@� 6��+D\NLQ��´$GDSWLYH�)LOWHU�7KHRU\µ���UG�HG��(QJOHZRRG�&OLIIV��1-��3UHQWLFH�+DOO��
������

>��@� -�� +HLQ]O�� 8�� 5HLOlQGHU�� Å0LNURSRVLWLRQLHUHLQULFKWXQJ´�� 2IIHQOHJXQJVVFKULIW� '(�
�����������$��GHV�'HXWVFKHQ�3DWHQWDPWHV��������

>��@� 0��+|KQ��&��5REO��8��5HLOlQGHU��6��%OXP��%��6FKlIHU��´0LNURSRVLWLRQLHUHLQULFK�
WXQJ� I�U� GLH� 3Ul]LVLRQVPRQWDJHµ�� $EVFKOX�EHULFKW� GHV� 7HLOSURMHNWV� ��
)250,.526<6��%D\HULVFKH�)RUVFKXQJVVWLIWXQJ��������

>��@� 0�� +|KQ� DQG� &KULVWLDQ� 5REO�� Å4XDOLILFDWLRQ� RI� VWDQGDUG� LQGXVWULDO� URERWV� IRU�
PLFUR�DVVHPEO\´��LQ�3URF��RI�WKH�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�DQG�
$XWRPDWLRQ��,&5$
�����'HWURLW��86$��0D\�������

>��@� *��(��+RYODQG�DQG�%�� -��0F&DUUDJKHU��Å'\QDPLF�6HQVRU�6HOHFWLRQ� IRU�5RERWLF�
6\VWHPV´�� 3URFHHGLQJV� RI� WKH� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5RERWLFV� 	�
$XWRPDWLRQ�,&5$·����$OEXTXHUTXH��1HZ�0H[LFR��������

>��@� -�� +X�� 0��4XHLUR]�� 7�� %XUJ�� '�� 'DZVRQ�� Å$GDSWLYH� 3RVLWLRQ�)RUFH� &RQWURO� RI�
5RERW�0DQLSXODWRUV�:LWKRXW�9HORFLW\�0HDVXUHPHQWV´��LQ�3URFHHGLQJV�RI�WK�,(((�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�DQG�$XWRPDWLRQ��������

>��@� ,(((�� ´3URJUDPV� IRU� 'LJLWDO� 6LJQDO� 3URFHVVLQJµ�� ,(((�3UHVV�� 1HZ� <RUN�� -RKQ�
:LOH\�	�6RQV��������$OJRULWKP������

>��@� 5��9��-DWHJDRQNDU��(��3ODHWVFKNH��Å$OJRULWKPV�IRU�$LUFUDIW�3DUDPHWHU�(VWLPDWLRQ�
$FFRXQWLQJ� 3URFHVV� DQG�0HDVXUHPHQW�1RLVH´�� LQ� -RXUQDO� RI� $LUFUDIW�� 9RO�� ����
1R�����-DQ�������

>��@� 5�� -DPDO��+�� ,OOLJ�� Å'LH� /HLFKWLJNHLW� GHV� (FKW]HLWSURJUDPPLHUHQV´�� LQ�'HVLJQ�	�
(OHNWURQLN�+HIW�������)HEUXDU��������

>��@� 0�� -XQ��0��*�� 6DIRQRY�� ´$XWRPDWLF� 3,'�7XQLQJ��$Q�$SSOLFDWLRQ�RI�8QIDOVLILHG�
&RQWUROµ�� LQ� 3URFHHGLQJ� RI� WKH� ����� ,(((� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ�&RP�
SXWHU�$LGHG�&RQWURO�6\VWHP�'HVLJQ��+DZDL·L��86$��$XJXVW�������

>��@� 5�(��.DOPDQ�DQG�-��(��%HUWUDP��Å$�XQLILHG�DSSURDFK�WR�WKH�WKHRU\�RI�VDPSOLQJ�
V\VWHPV´��LQ�-��)UDQNOLQ�,QVW���YRO�������SS�����������������

>��@� )��.RED\DVKL��)��$UDL��7��)XNXGD��Å6HQVRU�6HOHFWLRQ�E\�5HOLDELOLW\�%DVHG�RQ�3RV�
VLELOLW\�0HDVXUH´��3URFHHGLQJV�RI�WKH�,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�
	�$XWRPDWLRQ�,&5$�¶����'HWURLW��86$��0DL�������

>��@� .��.RED\DVKL��)��0XQHNDWD��.��:DWDQDEH��Å$FFXUDWH�1DYLJDWLRQ�YLD�'LIIHUHQWLDO�
*36�DQG�9HKLFOH�/RFDO�6HQVRUV´��LQ�3URFHHGLQJV�RI�WKH�,(((�,QWHUQDWLRQDO�&RQ�
IHUHQFH� RQ�0XOWLVHQVRU� )XVLRQ� DQG� ,QWHJUDWLRQ� IRU� ,QWHOOLJHQW� 6\VWHPV�0),·����
/DV�9HJDV��86$�������

>��@� 6FKZHUSXQNW�3URJUDPP� .21',6.� GHU� 'HXWVFKHQ�)RUVFKXQJV�*HPHLQVFKDIW�
�')*���ZZZ�LIUD�LQJ�WX�EV�GH�NRQGLVN�EHZOLVWH�KWPO�
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>��@� -��/HH��,��+D��Å6HQVRU�)XVLRQ�DQG�&DOLEUDWLRQ�IRU�0RWLRQ�&DSWXUHV�XVLQJ�$FFHO�
HURPHWHUV´�� 3URFHHGLQJV� RI� WKH� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5RERWLFV� 	�
$XWRPDWLRQ�,&5$�¶����'HWURLW��86$��0DL�������

>��@� 5�� /HQ]�� ´/LQVHQIHKOHUNRUULJLHUWH� (LFKXQJ� YRQ�+DOEOHLWHUNDPHUDV�PLW� 6WDQGDUG�
REMHNWLYHQ�I�U�KRFKJHQDXH��'�0HVVXQJHQ�LQ�(FKW]HLWµ��/HKUVWXKO�I�U�1DFKULFK�
WHQWHFKQLN��78�0�QFKHQ��0XVWHUHUNHQQXQJ�������,QIRUPDWLN�)DFKEHULFKWH������
6SULQJHU�9HUODJ��

>��@� /�� /MXQJ�� 7��*ODG�� ´0RGHOLQJ� RI�'\QDPLF� 6\VWHPVµ�� 3UHQWLFH�+DOO�� (QJOHZRRG�
&OLIIV��1�-���������

>��@� /�/MXQJ�� ´6\VWHP� ,GHQWLILFDWLRQ� 7RROER[µ�� ��� 3ULPH� 3DUN� :D\�� 1DWLFN�� 0$�
������������������

>��@� 5��&��/XR��0��/LQ��5��6��6FKHUS��´'\QDPLF�0XOWL�6HQVRU�'DWD�)XVLRQ�6\VWHP�IRU�
,QWHOOLJHQW�5RERWVµ�LQ�,(((�-RXUQDO�RI�5RERWLFV�	�$XWRPDWLRQ�5$����������������
������

>��@� 5�� &�� /XR�� 0�� *�� .D\�� Å'DWD� )XVLRQ� DQG� 6HQVRU� ,QWHJUDWLRQ�� 6WDWH�RI�WKH�$UW�
����V´��LQ�'DWD�)XVLRQ�LQ�5RERWLF�DQG�0DFKLQH�,QWHOOLJHQFH��0��$��$ELGL�DQG�5��
&��*RQ]DOH]��HGV���$FDGHPLF�3UHVV�,QF���,6%1����������������������

>��@� 5��0DGKDYDQ��(��1HWWOHWRQ��(��1HERW��*��'LVVDQD\DNH��-��&XQQLQJKDP��+��'XU�
UDQW�:K\WH�� 3�� &RUNH�� -�� 5REHUWV�� Å(YDOXDWLRQ� RI� ,QWHUQDO� 1DYLJDWLRQ� 6HQVRU�
6XLWHV�IRU�8QGHUJURXQG�0LQLQJ�9HKLFOH�1DYLJDWLRQ´��3URFHHGLQJV�RI�WKH�,(((�,Q�
WHUQDWLRQDO�&RQIHUHQFH�RQ�5RERWLFV�	�$XWRPDWLRQ�,&5$�¶����'HWURLW��86$��0DL�
������

>��@� *��0DJLQ��&��5REO��Å$�6LQJOH�3URFHVVRU�5HDO�7LPH�(GJH�/LQH�([WUDFWLRQ�6\VWHP�
IRU�)HDWXUH�7UDFNLQJ´��,Q�,$35�:RUNVKRS�RQ�0DFKLQH�9LVLRQ�$SSOLFDWLRQV��,$35�
09$
�����7RN\R��-DSDQ��������

>��@� -�� 0DQLJHO�� Å$XWRQRPH� )DKU]HXJI�KUXQJ� GXUFK� 5HFKQHUVHKHQ´�� 'LVVHUWDWLRQ��
)DNXOWlW� I�U� 0DVFKLQHQEDX� XQG� (OHNWURWHFKQLN�� 7HFKQLVFKH� 8QLYHUVLWlW� %UDXQ�
VFKZHLJ��-DQ��������

>��@� -��0DQ\LND��+��'XUUDQW�:K\WH�� Å'DWD�)XVLRQ�DQG�6HQVRU�0DQJDHPHQW��$�'H�
FHQWUDOL]HG� ,QIRUPDWLRQ�7KHRUHWLF�$SSURDFK´�� (OOLV�+RUZRRG�6HULHV� LQ�(OHFWULFDO�
DQG�(OHFWURQLF�(QJLQHHULQJ��,6%1����������������������

>��@� 7��$��0DUWLQ��´6RIWZDUH�$UFKLWHFWXUHV�IRU�26(.�9';�$SSOLFDWLRQV�8VLQJ�0$75,;[�
70�DQG�$XWR&RGH�70µ��,QWHJUDWHG�6\VWHPV�,QF���LQ�3URFHHGLQJ�RI�WKH������,(((�
,QWHUQDWLRQDO�6\PSRVLXP�RQ�&RPSXWHU�$LGHG�&RQWURO�6\VWHP�'HVLJQ��+DZDL·L��
86$��$XJXVW�������

>��@� 7KH� 0DWKZRUNV� ,QF��� ´&RQWURO� 6\VWHP� 7RROER[� 8VHU·V� *XLGHµ�� ��� 3ULPH� 3DUN�
:D\��1DWLFN��0$�������������������

>��@� 7KH�0DWKZRUNV�,QF���´'63�%ORFNVHW�8VHU·V�*XLGHµ�����3ULPH�3DUN�:D\��1DWLFN��
0$�������������������

>��@� 7KH� 0DWKZRUNV� ,QF��µ1RQOLQHDU� &RQWURO� 'HVLJQ� %ORFN� 6HW� 8VHU·V� *XLGHµ�� ���
3ULPH�3DUN�:D\��1DWLFN��0$�������������������
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>��@� 7KH�0DWKZRUNV� ,QF���´6LJQDO�3URFHVVLQJ�7RROER[�8VHU·V�*XLGHµ�����3ULPH�3DUN�
:D\��1DWLFN��0$�������������������

>��@� 7KH�0DWKZRUNV� ,QF��� ´6LPX/LQN�� '\QDPLF� 6\VWHP� 6LPXODWLRQ� IRU� 0DW/DEµ�� ���
3ULPH�3DUN�:D\��1DWLFN��0$�������������������

>��@� 7KH�0DWKZRUNV� ,QF��µ6LPX/LQN�� 5HDO�7LPH�:RUNVKRS�8VHU·V�*XLGHµ�� ��� 3ULPH�
3DUN�:D\��1DWLFN��0$�������������������

>��@� 7KH�0DWKZRUNV�,QF��µ6LPX/LQN��:ULWLQJ�6�)XQFWLRQVµ��9HUVLRQ���µ�����3ULPH�3DUN�
:D\��1DWLFN��0$�������������������

>��@� 3��6��0D\EHFN��Å6WRFKDVWLF�0RGHOV��(VWLPDWLRQ��DQG�&RQWURO�9ROXPH��´��0DWKH�
PDWLFV� LQ� 6FLHQFH� DQG� (QJLQHHULQJ�� 9ROXPH� ����� ,6%1� ��������������� $FD�
GHPLF�3UHVV��������

>��@� ,��0D\HUJR\]�� ´1HZ�3UHLVDFK�W\SH�PRGHOV�RI�K\VWHUHVLV�DQG� WKHLU� H[SHULPHQWDO�
WHVWLQJµ��-RXUQDO�RI�$SSOLHG�3K\VLFV��9RO���������������

>��@� .��0�OOHU��Å(QWZXUI�UREXVWHU�5HJHOXQJHQ´��%��*��7HXEQHU�6WXWWJDUW��,6%1�������
���������������

>��@� -��1HLUD��-��+RUQ��-��'��7DUGRV��*��6FKPLGW��Å0XOWLVHQVRU�0RELOH�5RERW�/RFDOL]D�
WLRQ´�� LQ� 3URFHHGLQJ� RI� WKH� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� 5RERWLFV� DQG�
$XWRPDWLRQ��0LQQHDSORLV��0LQQHVRWD��$SULO�������

>��@� 2HWNHQ�� 3DUNV�� 6FK��OHU�� ´1HZ�5HVXOWV� LQ� WKH�'HVLJQ�RI�'LJLWDO� ,QWHUSRODWRUVµ��
,(((�7UDQV��$FRXVW���6SHHFK��6LJQDO�3URFHVVLQJ��9RO��$663�����������

>��@� 23$/�57�7HFKQRORJLHV��ZZZ�RSDO�UW�FD�

>��@� $��9��2SSHQKHLP��5��:��6FKDIHU��´'LVFUHWH�7LPH�6LJQDO�3URFHVVLQJµ��(QJOHZRRG�
&OLIIV��1-��3UHQWLFH�+DOO��������

>��@� 0��3DSDJHRUJLRX��Å2SWLPLHUXQJ´��2OGHQERXUJ�9HUODJ�0�QFKHQ�:LHQ��,6%1���
�������������������

>��@� 5��3LQWHORQ��-��6FKRXNHQV��Å5HDO�7LPH�,QWHJUDWLRQ�DQG�'LIIHUHQWLDWLRQ�RI�$QDORJ�
6LJQDOV�E\�0HDQV�RI�'LJLWDO�)LOWHULQJ´��,(((�7UDQVDFWLRQV�RQ�,QVWUXPHQWDWLRQ�DQG�
0HDVXUHPHQW��9RO������1R�����'HF�������

>��@� 3��4XDVW��0��.��6DLQ��%��)��6SHQFHU�DQG�6��-��'\NH��Å0LFURFRPSXWHU�,PSOHPHQ�
WDWLRQ�RI�'LJLWDO�&RQWURO�6WUDWHJLHV�IRU�6WUXFWXUDO�5HVSRQVH�5HGXFWLRQ´��LQ�0LFUR�
FRPSXWHUV�LQ�&LYLO�(QJLQHHULQJ��9RO������SS��������������

>��@� *�� 5DMX��+��:DQJ�� Å6HQVRU�'DWD� )XVLRQ�8VLQJ� 3LWPDQ·V�&ORVHQHVV� 7HFKQLTXH�
DQG� &RPSOHWH� /LQNDJH� $OJRULWKP´�� LQ� 3URFHHGLQJV� RI� WKH� ,(((� ,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� 0XOWLVHQVRU� )XVLRQ� DQG� ,QWHJUDWLRQ� IRU� ,QWHOOLJHQW� 6\VWHPV�
0),·����/DV�9HJDV��86$�������

>��@� '��5DYLY��(��:��'MDMD��Å7HFKQLTXH�IRU�(QKDQFLQJ�WKH�3HUIRUPDQFH�RI�'LVFUHWL]HG�
&RQWUROOHUV´��LQ�,(((�&RQWURO�6\VWHPV��9RO������1R�����-XQL�������

>��@� 8��5HLOlQGHU��´$�1HZ�'HVLJQ�2I�$�7KUHH�$[LV�0DQLSXODWRUµ��$FWXDWRU�·�����

>��@� -��0�� 5LFKDUGVRQ�� .�� $��0DUVK�� Å)XVLRQ� RI�0XOWLVHQVRU�'DWD´�� LQ� 7KH� ,QWHUQD�
WLRQDO�-RXUQDO�RI�5RERWLFV�5HVHDUFK��9RO�����1R�����'HF��������
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>��@� &�� 5REO�� ´(FKW]HLWIlKLJH� 0HUNPDOVH[WUDNWLRQ� DXV� 9LGHRELOGIROJHQ� I�U� 2QOLQH�
([SHULPHQWH�PLW� HLQHP�DXWRQRPHQ�PRELOHQ� 5RERWHUµ��'LSORPDUEHLW� DP� /HKU�
VWXKO�I�U�3UR]HVVUHFKQHU��78�0�QFKHQ��-XQL�������

>��@� &��5REO��6��3HWWHUV��%��6FKlIHU��8��5HLOlQGHU��$��:LGO��Å0LFUR�3RVLWLRQLQJ�6\VWHP�
ZLWK��GRI�IRU�D�'\QDPLF�&RPSHQVDWLRQ�RI�6WDQGDUG�5RERWV´��LQ�3URF��,(((�56-�
,QW�� &RQI�� RQ� ,QWHOOLJHQW� 5RERWV� DQG� 6\VWHPV� �,526
����� SDJHV� �����������
*UHQREOH��)UDQFH��6HSWHPEHU�������

>��@� &KULVWLDQ�5REO��Å&RQWRXU� WUDFHU� IRU�D� IDVW�DQG�SUHFLVH�HGJH�OLQH�H[WUDFWLRQ´�� ,Q�
3URF��RI�WKH�,$35�:RUNVKRS�RQ�0DFKLQH�9LVLRQ�$SSOLFDWLRQV��,$35�09$
�����0D�
NXKDUL��&KLED��-DSDQ��1RYHPEHU�������

>��@� &��5REO��*��(QJOEHUJHU��*��)lUEHU��Å+��&RQWURO�ZLWK�DFFHOHUDWLRQ�IHHGEDFN�IRU�D�
PLFUR� SRVLWLRQLQJ� V\VWHP´�� ,Q� 3URF�� RI� WKH� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
&RQWURO�$SSOLFDWLRQV��&&$·�����+DZDL·L��86$��$XJXVW��������

>��@� &��5REO��*��)lUEHU��´6\VWHP�$UFKLWHFWXUH�IRU�6\QFKURQL]LQJ��6LJQDO�/HYHO�)XVLQJ��
6LPXODWLQJ�DQG�,PSOHPHQWLQJ�6HQVRUVµ�� ,Q�3URF��RI� WKH�,(((�,QWHUQDWLRQDO�&RQ�
IHUHQFH� RQ� 5RERWLFV� $QG� $XWRPDWLRQ� ,&5$������ 6DQ� )UDQFLVFR�� 86$�� $SULO��
������

>��@� )��6DODP��1��;L��Å,QWHJUDWHG�3KRWR�DQG�$FFHOHUDWLRQ�6HQVLQJ�0RGXOH�IRU�5RERW�
3ODQQLQJ� DQG� &RQWURO´�� 3URFHHGLQJV� RI� WKH� ,(((� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
5RERWLFV�	�$XWRPDWLRQ�,&5$�¶����'HWURLW��86$��0DL�������

>��@� -��=��6DVLDGHN��4��:DQJ��Å6HQVRU�)XVLRQ�%DVHG�RQ�)X]]\�.DOPDQ�)LOWHULQJ�IRU�
$XWRQRPRXV�5RERW�9HKLFOH´��3URFHHGLQJV�RI� WKH� ,(((� ,QWHUQDWLRQDO�&RQIHUHQFH�
RQ�5RERWLFV�	�$XWRPDWLRQ�,&5$�¶����'HWURLW��86$��0DL�������

>��@� )�� 5�� 6FKHOO�� Å%RUGDXWRQRPHU� DXWRPDWLVFKHU� /DQGHDQIOXJ� DXIJUXQG� ELOGKDIWHU�
XQG�LQHUWLDOHU�0HVVGDWHQDXVZHUWXQJ´��'LVVHUWDWLRQ��8QLYHUVLWlW�GHU�%XQGHVZHKU�
0�QFKHQ�� )DNXOWlW� I�U� /XIW�� XQG� 5DXQIDKUWWHFKQLN�� ,QVWLWXW� I�U� 6\VWHPG\QDPLN�
XQG�)OXJPHFKDQLN��������

>��@� *��6FKPLGW��Å*UXQGODJHQ�GHU�5HJHOXQJVWHFKQLN´��6SULQJHU�9HUODJ��������

>��@� 7�� 6FKPLGW�� Å8QWHUVXFKXQJ� GHU� (LQVDW]P|JOLFKNHLWHQ� HLQHV� PLNURVWUXNWXULHUWHQ�
%HVFKOHXQLJXQJVVHQVRUV\VWHPV� ]XU� 6FKZLQJXQJVNRPSHQVDWLRQ� HLQHV� ,QGXVWULH�
URERWHUV´��'LSORPDUEHLW�DP�/HKUVWXKO�I�U�3UR]HVVUHFKQHU��78�0�QFKHQ��������

>��@� (�� 6FKU�IHU�� ´=XYHUOlVVLJNHLW� YRQ� 0HVV�� XQG� $XWRPDWLVLHUXQJVHLQULFKWXQJHQµ��
&DUO�+DQVHU�9HUODJ�0�QFKHQ�:LHQ��,6%1����������������������

>���@� (�� 6FKU�IHU�� Å6LJQDOYHUDUEHLWXQJ´�� ,6%1� ��������������� &DUO� +DQVHU� 9HUODJ�
0�QFKHQ�:LHQ��������

>���@� 8��6KDNHG��&��(��GH�6RX]D��´+∞�&RQWURO�RI�/LQHDU�6\VWHPV�ZLWK�'HOD\HG�0HDV�
XUHPHQWVµ�� LQ�3URFHHGLQJ�RI� WKH������ ,(((� ,QWHUQDWLRQDO�6\PSRVLXP�RQ�&RP�
SXWHU�$LGHG�&RQWURO�6\VWHP�'HVLJQ��+DZDL·L��86$��$XJXVW�������

>���@� 9��3��6L]RY��Å'HFRPSRVLWLRQ�RI�DQ�H[WHQGHG�.DOPDQ�)LOWHU´��LQ�5DGLRHOHFWURQLFV�
DQG�&RPPXQLFDWLRQ�6\VWHPV��%G������+������������

>���@� 0��+��6PLWK��0��(OEV��´7RZDUGV�D�0RUH�(IILFLHQW�$SSURDFK� WR�$XWRPRWLYH�(P�
EHGGHG�&RQWURO�6\VWHP�'HYHORSPHQWµ��LQ�3URFHHGLQJ�RI�WKH������,(((�,QWHUQD�
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WLRQDO� 6\PSRVLXP� RQ�&RPSXWHU� $LGHG�&RQWURO� 6\VWHP�'HVLJQ�� +DZDL·L�� 86$��
$XJXVW�������

>���@� 5��6PLWK��$��)URVW��3��3UREHUW��Å$VSHFWV�RI�+HDGLQJ�'HWHUPLQDWLRQ�YLD�)XVLRQ�RI�
,QFOLQRPHWHU�DQG�0DJQHWRPHWHU�'DWD´��3URFHHGLQJV�RI�WKH�,&$5·����0RQWHUH\��
&DQDGD��������

>���@� -��6XKDUGMR��%��)��6SHQFHU�-U���$��.DUHHP��Å)UHTXHQF\�'RPDLQ�2SWLPDO�&RQWURO�
RI�:LQG�([FLWHG�%XLOGLQJV´��LQ�-RXUQDO�RI�(QJLQHHULQJ�0HFKDQLFV��9RO�������1R��
���6HSW��������

>���@� 0��:��/��7KHLQ��7��5HQGRQ��(��$��0LVDZD��´$�*HQHWLF�$OJRULWKP�IRU�WKH�7XQLQJ�
RI�D�'LVFUHWH�$GDSWLYH�2EVHUYHU�,PSOHPHQWHG�RQ�DQ�,%0�+HDG�'LVN�$VVHPEO\µ�
LQ�3URFHHGLQJV�RI� WKH������,(((�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�&RQWURO�$SSOLFD�
WLRQV��+DZDL·L��86$��$XJXVW�������

>���@� 6��7KHRGRULGLV��0��*��%HOODQJHU��´$GDSWLYH�)LOWHUV�DQG�$FRXVWLF�&RQWUROµ��LQ�,(((�
6LJQDO�3URFHVVLQJ�0DJD]LQH��9RO������1R�����-XOL�������

>���@� 6�� 7RHSSH�� '�� %RVWLF�� 6�� 5DQYLOOH�� .�� 5]HPLHQ�� ´$XWRPDWLF� &RGH� *HQHUDWLRQ�
5HTXLUHPHQWV� IRU� 3URGXFWLRQ�$XWRPRWLYH�3RZHUWUDLQ�$SSOLFDWLRQVµ�� LQ� 3URFHHG�
LQJ�RI�WKH������,(((�,QWHUQDWLRQDO�6\PSRVLXP�RQ�&RPSXWHU�$LGHG�&RQWURO�6\V�
WHP�'HVLJQ��+DZDL·L��86$��$XJXVW�������

>���@� .��8PHGD��.��,NXVKLPD��7��$UDL��Å)XVLRQ�RI�UDQJH�LPDJH�DQG�LQWHQVLW\�LPDJH�IRU�
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$QKDQJ�$��%ORFNEHVFKUHLEXQJ�
�

'HULYDWLYHV�/LEUDU\�%ORFNV��

%ORFNQDPH� 3DUDPHWHU� %HVFKUHLEXQJ�

Discrete time derivative  

Sample time 

Diskrete 1.Ableitung 

Abtastrate 

Adaptive Derivative 
Estimation with Kalman 

 

 

FIR filter Length 

Measurement noise variance 

Process noise variance 

Initial value of filter taps 

Initial error correlation matrix 

Sample time 

Adaptive Schätzung der 1. Ableitung mit einem 
adaptiven Kalman-Filter 

 FIR-Filterordnung 

 Varianz des Messrauschens 

 Varianz des Prozessrauschens 

 Initiale Filterkoeffizienten 

 Initiale Fehlerkorrelationsmatrix 

 Abtastrate 

Adaptive Derivative 
Estimation with nLMS 

 

 

FIR filter length 

Step size 

Initial value of filter taps 

Sample time 

Adaptive Schätzung der 1. Ableitung mittels der 
Methode der kleinsten Fehlerquadrate. 

 FIR-Filterordnung 

 Schrittweite 

 Initiale Filterkoeffizienten 

 Abtastrate 

Adaptive Derivative 
Estimation with RLS 

 

 

 

 

FIR filter length 

Memory weighting factor 

Initial value of filter taps 

Initial input variance estimate 

Sample time 

Adaptive Schätzung der 1. Ableitung mittels 
einer exponentiell gewichteten rekursiven 
Schätzung mit der Methode der kleinsten Feh-
lerquadrate 

 FIR-Filterordnung 

 Alterungsfaktor (zwischen 0 und 1) 

 Initiale Filterkoeffizienten 

 Initiale Schätzung der Varianz des Eingangs 

 Abtastrate 

�

+DUGZDUH�/LEUDU\�%ORFN�

%ORFNQDPH� 3DUDPHWHU� %HVFKUHLEXQJ�

Quancom-DAC 12-Bit  

Base I/O Address 

Number of channels 

Gain 

Gerätetreiber für Quancom PCI DAC 

 I/O Adresse der PCI-Karte 

 Anzahl der DAC-Kanäle 

 Verstärkungsfaktor 
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Sample time  Abtastrate 

Quancom-ADC 16-Bit  

Base I/O Address 

Bipolar 

Number of channels 

Gain 

Sample time 

Gerätetreiber für Quancom PCI ADC 

 I/O Adresse der PCI-Karte 

 Bipolarer Betrieb (0=nein, 1=ja) 

 Anzahl der ADC-Kanäle 

 Vertärkungsfaktor 

 Abtastrate 

DSP-DAC 12-Bit  

Base I/O Address 

Number of channels 

Gain 

Sample time 

Gerätetreiber für Sheldon DSP-PCI-DAC 

 I/O Adresse der DSP-Karte 

 Anzahl der DAC-Kanäle 

 Verstärkungsfaktor 

 Abtatsrate 

DSP-ADC 12-Bit  

Base Address M 

Base Address B 

Number of channels 

Gain 

Sample time 

Gerätetreiber für Sheldon DSP-PCI-ADC 

 I/O Adresse der Mailboxregister 

 I/O Adresse der DSP-Karte 

 Anzahl der ADC-Kanäle 

 Verstärkungsfaktor 

 Abtastrate 

DSP Sigma Delta 
Beschleunigungs-Sensor 

 

 

Base Address M 

Base Address B 

Offset 

Gain 

Sample time 

Gerätetreiber zum Host initiierten Einlesen der 
Beschleunigungssensordaten 

 I/O Adresse der Mailboxregister 

 I/O Adresse der DSP-Karte 

 Offset 

 Verstärkungsfaktor 

 Abtastrate 

Modus  

 

Modus 

Block zum Umschalten zwischen Simulation 
und Codegenerierung (RTW) 

 Simulation bzw. RTW 

Interrupt Control  

PCI-Interrupt number 

PCI-Interrupt vector offset 

Preemption flag 

Zuordung der PCI-Interrupts 

 PCI-Interrupt 

 Vektoroffset 

 0=nicht preemptiv, 1=preemptiv 

FZK-Sensor Interrupt  

 

Base Address M 

Base Address B 

Offset 

Gain 

Sample time 

Interrupt getriggertes Einlesen der Beschleu-
nigungssensordaten  

 I/O Adresse der Mailboxregister 

 I/O Adresse der DSP-Karte 

 Offset 

 Verstärkungsfaktor 

 Abtastrate muss –1 (Vererbung) sein 
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FZK-Sensor Interrupt 

Interner time stamp 

 

 

Base Address M 

Base Address B 

Offset 

Gain 

Sample time 

Interrupt getriggertes Einlesen der Beschleu-
nigungssensordaten, mit internem Zeitstempel 

 I/O Adresse der Mailboxregister 

 I/O Adresse der DSP-Karte 

 Offset 

 Verstärkungsfaktor 

 Abtastrate muss –1 (Vererbung) sein 

RS232 Interrupt  

Baudrate 

Sample time 

RS232-Gerätetreiber (per Interrupt) 

 Baudrate 

 Abtastrate muss –1 (Vererbung) sein 

�

,QWHJUDWRUV�/LEUDU\�%ORFNV�

%ORFNQDPH� 3DUDPHWHU� %HVFKUHLEXQJ�

Integrator mit Polverschie-
bung 

 

 

Inegrator pole 

Sample time 

Integratornäherung mit Polverschiebungs-
verfahren 

 Integratorpol (<1) 

 Abtastrate 

PID feedback integrator  

Proportional 

Integral 

Derivative 

Sample time 

Integrationsnäherung mit PID-Feedback 

 Proportionaler Anteil 

 Integraler Anteil 

 Ableitungsanteil 

 Abtastrate 

Integral feedback integra-
tor 

 

 

Integral gain 

Sample time 

Integrationsnäherung mit I+ Feedback 

 

 Rückführungskoeffizient 

 Abtastrate 

Discrete time integrator  

Initial condition 

Sample time 

Zeitdiskrete Interation mit Rechteckregel 

 Anfangsbedingung 

 Abtastrate 

Integrator mit harter 
Referenz 

 

 

Sample time 

Integration mit direkter Referenzierung 

 

Abtastrate 

Doppelintegration mit 
Referenz 

 

 

Sample time 

Zweifache Integration mit Korrektur der unbe-
kannten Anfangszustände 

 Abtastrate 

Doppelintegration mit 
Referenz und error forward 
Kalman-Filter 

 

 

 

Zweifache Integration mit einer niedriger 
abgetasteten Referenz in einer Fehler-
Feedforward Kalman-Filterstruktur 

 Kovarianz der Referenz 
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Kovarianz der Referenz 

Kovarianz der Sensordaten 

Sample time 

 Kovarianz der Sensordaten 

 Abtastrate 

Doppelintegration mit 
Referenz und error feed-
back Kalman-Filter 

 

 

 

Fehlerkovarianz 

Sample time 

Zweifache Integration mit einer niedriger 
abgetasteten Referenz in einer Fehler-Feedback 
Kalman-Filterstruktur 

 Kovarianz der Fehlerzustände 

 Abtastrate 

Doppelintegration mit 
Referenz und Polverschie-
bung 

 

 

 

Integrator pole 

Sample time 

Zweifache Integration mit polverschobenen 
Integratoren und mit Korrektur der unbekannten 
Anfangszustände 

 Integratorpol 

 Abtastrate 

�

0LVF�/LEUDU\�%ORFNV�

%ORFNQDPH� 3DUDPHWHU� %HVFKUHLEXQJ�

Time invariant Kalman 
filter 

 

 

System matrix A 

Control matrix B 

Process noise matrix D 

Measurement matrix C 

Measurement noise covariance Z 

Process noise covariance W 

Sample time 

Zeitinvarianter zeitdiskreter Kalman-Filter 

 

 Systemmatrix A 

 Steuermatrix B 

 Störeinkopplungsmatrix D 

 Messwertmatrix C 

 Kovarianz des Messrauschens Z 

 Kovarianz des Prozessrauschens W 

 Abtastrate 

Time variant Kalman filter  

Sample time 

Zeitvarianter zeitdiskreter Kalman-Filter 

 Abtastrate 

KF measurement synchro-
nization 

 

 

Sample time 

Zusatzblock zum Kalman-Filter zur Synchroni-
sation der Messwerte 

 Abtastrate 

Deadtime compensator for 
time invariant KF 

 

 

System matrix A 

Measurement matrix C 

Process noise covariance W 

Sample time 

Korrektur des Kalman-Filter Schätzfehlers 
aufgrund der Totzeit der Messwerte 

 Systemmatrix A 

 Messwertmatrix C 

 Kovarianz des Prozessrauschens W 

 Abtastrate 

Discrete PID-controller  

Proportional 

Zeitdiskreter PID-Regler 

 Proportionaler Anteil 
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Integral 

Derivative 

Sample time 

 Integraler Anteil 

 Ableitungsanteil 

 Abtastrate 

mm to Piezo-Voltage  Umwandlung der mm-Auslenkung in die vier 
Piezospannungen der MPE-Aktorik 

Aktoransteuerung  Aktoransteuerung der MPE mit mm/U Wand-
lung und Stopp bei Überspannung (|U|>5V) 

Anfangswertaufschaltung  Bestimmung der Anfangsposition der MPE als 
Anfangsbedingung 

Kalman-Filter  

 

Kalman-Filter 

Ausgangsmatrix C 

Speziell auf die MPE-Reglung zugeschnittener 
Beobachter auf Kalman-Filter Basis 

 Kalman-Filter-LTI-Objekt 

 Ausgangsmatrix C 

�

2IIVHW�/LEUDU\�%ORFNV�

%ORFNQDPH� 3DUDPHWHU� %HVFKUHLEXQJ�

Floating offset correction  

Number of elements 

Sample time 

Offsetkorrektur durch die DFT von 0Hz 

 Fenstergröße 

 Abtastrate 

Sukzessive offset correc-
tion 

 

 

Sample time 

Sukzessive Offsetbestimmung und –korrektur 

 

 Abtastrate 

Offsetbeobachter  

Plant 

Oberver gain 

Sample time 

Offsetbeobachter 

 LTI-Objekt der Strecke 

 Beobachterverstärker 

 Abtastrate 

�

6HQVRUV�/LEUDU\�%ORFNV�

%ORFNQDPH� 3DUDPHWHU� %HVFKUHLEXQJ�

Sensor typ1  

Sensor-LTI-system 

Drift value 

Drift value variance 

Drift Time constant 

Measurement noise mean 

Measurement noise variance 

Lower limit 

Upper limit 

Zyklischer zeitkontinuierlicher Sensor 

 Übertragungsverhalten des Sensors 

 Driftamplitude 

 Varianz der Driftamplitude 

 Driftzeitkonstante 

 Mittelwert des Messrauschens 

 Varianz des Messrauschens 

 Untere Messbereichsgrenze 

 Obere Messbereichsgrenze 
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Bit quantization 

Bias 

Bias variance 

Time delay 

Control sample time 

 Bitquantisierung 

 Offset 

 Varianz des Offsets 

 Totzeit 

 Abtastrate des Regelsystems 

Sensor typ2  

Sensor-LTI-system 

Drift value 

Drift value variance 

Drift Time constant 

Measurement noise mean 

Measurement noise variance 

Lower limit 

Upper limit 

Bit quantization 

Bias 

Bias variance 

Time delay 

Sample time 

Zyklischer zeitdiskreter Sensor 

 Übertragungsverhalten des Sensors 

 Driftamplitude 

 Varianz der Driftamplitude 

 Driftzeitkonstante 

 Mittelwert des Messrauschens 

 Varianz des Messrauschens 

 Untere Messbereichsgrenze 

 Obere Messbereichsgrenze 

 Bitquantisierung 

 Offset 

 Varianz des Offsets 

 Totzeit 

 Abtastrate 

Sensor typ3  

LTI-System 

Fixed delay 

Random delay mean 

Random delay variance 

Minimal delay 

Maximal delay 

Measurement noise mean 

Measurement noise variance 

Bit quantization 

Noise exponential translation 

Noise exponential gain 

Noise linear gain 

Control sample time 

Asynchroner zeitdiskreter Sensor 

 Übertragungsverhalten des Sensors 

 Totzeit 

 Mittelwert der zufälligen Totzeit 

 Varianz der zufälligen Totzeit 

 Minimale zufällige Totzeit (>0) 

 Maximale zufällige Totzeit 

 Mittelwert des Messrauschens 

 Varianz des Messrauschens 

 Bitquantisierung 

 Verschiebung der exp. Rauschabhängigkeit 

 Verstärkung der exp. Rauschabhängigkeit 

 Verstärkung der lin. Rauschabhängigkeit 

 Abtastrate des Regelsystems 

Sensor typ4a  

Trigger time 

Trigger time variance 

Control sample rate 

Trigger (Asynchroner kontinuierlicher Sensor) 

 Triggerzeitpunkt 

 Varianz des Triggerzeitpunkts 

 Abtastrate des Regelsystems 

Sensor typ4b  

Events per second 

Event (Asynchroner kontinuierlicher Sensor) 

 Ereignisse pro Sekunde 



%ORFNEHVFKUHLEXQJ�

� ����

Gain 

Control sample rate 

 Verstärkungsfaktor 

 Abtastrate des Regelsystems 

�

6\QFKURQL]DWLRQ�/LEUDU\�%ORFNV�

%ORFNQDPH� 3DUDPHWHU� %HVFKUHLEXQJ�

First order extrapolation  

Sample rate out 

Sample rate in 

Lineare Extrapolation 

 Ausgehende Abtastrate 

 Eingehende Abtastrate 

Third order extrapolation  

Sample rate out 

Sample rate in 

Kubische Extrapolation 

 Ausgehende Abtastrate 

 Eingehende Abtastrate 

Third order linear regres-
sion 

 

Sample rate out 

Sample rate in 

Linear Extrapolation mit Polynom 3. Grades 

 Ausgehende Abtastrate 

 Eingehende Abtastrate 

Linear prediction filter  

Sample rate out 

Sample rate in 

Linearer Prädiktionsfilter 

 Ausgehende Abtastrate 

 Eingehende Abtastrate 

Synchronization time 
invariant KF 

 

 

System matrix A 

Control matrix B 

Process noise matrix D 

Measurement matrix C 

Measurement noise covariance Z 

Process noise covariance W 

Sample time out 

Synchronisation mit zeitinvariantem Kalman-
Filter 

 Systemmatrix A 

 Steuermatrix B 

 Störeinkopplungsmatrix D 

 Messwertmatrix C 

 Kovarianz des Messrauschens Z 

 Kovarianz des Prozessrauschens W 

 Ausgehende Abtastrate 

Synchronization time 
variant KF 

 

 

Sample time out 

Synchronisation mit zeitvariantem Kalman-
Filter 

 Ausgehende Abtastrate 

Synchronization time 
invariant KF measurement 
synch 

 

 

 

System matrix A 

Control matrix B 

Process noise matrix D 

Measurement matrix C 

Measurement noise covariance Z 

Process noise covariance W 

Synchronisation mit zeitinvariantem Kalman-
Filter inclusive Messwerte-Synchronisation 

 

 Systemmatrix A 

 Steuermatrix B 

 Störeinkopplungsmatrix D 

 Messwertmatrix C 

 Kovarianz des Messrauschens Z 

 Kovarianz des Prozessrauschens W 
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Sample time out  Ausgehende Abtastrate 

Synchronization with 
measurement synch and 
dead time compensation 
with Kalman filter 

 

 

 

 

System matrix A 

Control matrix B 

Process noise matrix D 

Measurement matrix C 

Measurement noise covariance Z 

Process noise covariance W 

Sample time out 

Synchronisation mit zeitinvariantem Kalman-
Filter inclusive Messwerte-Synchronisation und 
Korrektur des Schätzfehlers aufgrund der 
Totzeit der Messwerte 

 Systemmatrix A 

 Steuermatrix B 

 Störeinkopplungsmatrix D 

 Messwertmatrix C 

 Kovarianz des Messrauschens Z 

 Kovarianz des Prozessrauschens W 

 Ausgehende Abtastrate 

Observer based synchroni-
zation 

 

 

Plant 

Gain 

Sample time out 

Synchronisation mit einem Beobachter 

 

 

 LTI-Objekt der Strecke 

 Beobachterverstärkung 

 Ausgehende Abtastrate 

First order extrapolation 
Int1 / 2 

 

 

Number of ports 

 

Sample rate out 

Sample rate in 

Lineare Extrapolation, für Interrupt-Service 
Routinen gesplittet 

 Anzahl der Verbindungen zwischen beiden  
 Blöcken 

 Ausgehende Abtastrate 

 Eingehende Abtastrate 

�
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%ORFNGLDJUDPP�
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'LH�,PSOHPHQWLHUXQJ�GHV�0RGXV�%ORFNV�LVW�PLW�GHQ�EHLGHQ�0DW/DE�P�)LOHV�UWPRGLI\�P�
XQG�KDQGOHBEORFN�P�UHDOLVLHUW��

�

UWPRGLI\�P�

�
function rtmodify(mode) 

%function rtmodify(mode) 

 

sys=gcs 

nsys=strcat(sys,’_Temp’); 

cr=sprintf(’\n’); 

 

if mode==1 

 new_system(nsys); 

 open_system(nsys); 

 hw=find_system(sys,’description’,’HWout’); 

 sb=char(get_param(hw,’name’)); 

 add_block(strcat(sys,’/’,sb),strcat(nsys,’/’,sb)); 

 handle_block(sb,sys,nsys,1); 

 save_system(nsys); 

 close_system(nsys); 

 set_param(sys,’Solver’,’FixedStepDiscrete’); 

end 

 

q=find_system(sys,’Description’,’HWin’); 

if ~isempty(q) 

   for qq=1:length(q) 

 qc=char(q(qq)) 

 switch qc 

     case {[sys,’/Quancom-ADC 12-Bit’]} 

  disp(’Quancom-ADC 12-Bit’); 

  rpb(qc,’Inport’,’Ground’,mode); 

     case {[sys,’/DSP-ADC 12-Bit’]} 

      disp(’DSP-ADC 12-Bit’); 

  rpb(qc,’Inport’,’Ground’,mode); 
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     case {[sys,’/DSP-Sigma-Delta’,cr,’Beschleunigungs-Sensor’]} 

      disp([’DSP-Sigma-Delta’,cr,’Beschleunigungs-Sensor’]); 

  rpb(qc,’Inport’,’Ground’,mode); 

     case {[sys,’/FZK-Sensor-Interrupt’]} 

      disp(’FZK-Sensor-Interrupt’); 

  rpb(qc,’Inport’,’Ground’,mode); 

  if mode==1 

   pp=e2t(sys,[’FZK-Sensor-Interrupt’]); 

  end 

  rpb(qc,’EnablePort’,’TriggerPort’,mode); 

  if mode==1 

   set_param([qc,’/Enable’],’TriggerType’,’function-call’); 

   add_line(sys,pp); 

  end 

     case {[sys,’/FZK-Sensor-Interrupt’,cr,’interner time stamp’]} 

      disp(’FZK-Sensor-Interrupt’); 

  rpb(qc,’Inport’,’Ground’,mode); 

  if mode==1 

   pp=e2t(sys,[’FZK-Sensor-Interrupt’,cr,’interner time stamp’]); 

  end 

  rpb(qc,’EnablePort’,’TriggerPort’,mode); 

  if mode==1 

   set_param([qc,’/Enable’],’TriggerType’,’function-call’); 

   add_line(sys,pp); 

  end 

            case {[sys,’/RS232-Interrupt’]} 

                disp(’RS232-Interrupt’); 

                rpb(qc,’Inport’,’Ground’,mode); 

  if mode==1 

   pp=e2t(sys,[’RS232-Interrupt’]); 

  end 

                rpb(qc,’EnablePort’,’TriggerPort’,mode); 

  if mode==1 

   set_param([qc,’/Enable’],’TriggerType’,’function-call’); 

   add_line(sys,pp); 

  end 

     otherwise 

      disp(’Neuer HWin-Block gefunden’); 

 end 

   end; 

end; 
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q=find_system(sys,’Description’,’HWout’); 

if ~isempty(q) 

   for qq=1:length(q) 

        qc=char(q(qq)); 

        switch qc 

            case {[sys,’/Quancom-DAC 12-Bit’]} 

                disp(’Quancom-DAC 12-Bit’); 

  rpb(qc,’Outport’,’Terminator’,mode); 

            case {[sys,’/DSP-DAC 12-Bit’]} 

                disp(’DSP-DAC 12-Bit’); 

   rpb(qc,’Outport’,’Terminator’,mode); 

            otherwise 

                disp(’Neuer HWout-Block gefunden’); 

        end; 

   end; 

end 

 

q=find_system(sys,’MaskType’,’Rate Transition’); 

 if ~isempty(q) 

  for k=1:length(q) 

   if mode==1 

    set_param([char(q(k)),’/In’],’Tag’,’AsyncRateTransition’) 

    set_param([char(q(k)),’/Out’],’Tag’,’AsyncRateTransition’) 

   else 

    set_param([char(q(k)),’/In’],’Tag’,’’) 

    set_param([char(q(k)),’/Out’],’Tag’,’’) 

   end 

  end 

 end 

  

 

q=find_system(sys,’FollowLinks’,’on’,’Name’,[’mm to ’,cr,’Piezo Voltage’]); 

 if ~isempty(q) 

  set_param(char(q),’Parameters’,num2str(mode)); 

 end 

 

if mode==0 

 open_system(nsys); 

 hw=find_system(nsys,’description’,’HWout’); 

 sb=char(get_param(hw,’name’)); 

 handle_block(sb,nsys,sys,0); 

 close_system(nsys,0); 
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 set_param(sys,’Solver’,’ode45’); 

end 

 

save_system(sys) 

------------------------------------------------------- 

 

function rpb(system,src,dst,mode) 

 

if mode==1 

 replace_block(system,src,dst,’noprompt’) 

else 

 replace_block(system,dst,src,’noprompt’) 

end 

------------------------------------------------------- 

 

function points=e2t(system,block) 

 

ll=get_param(system,’Lines’); 

for q=1:length(ll) 

 if strcmp(get_param(ll(q).DstBlock,’Name’),block)==1 

  if strcmp(ll(q).DstPort,’enable’)==1 

   delete_line(system,ll(q).Points(1,:)); 

   points=ll(q).Points; 

   break 

  end 

 end 

end 
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function handle_block(block,sys,systemp,mode) 

%function handle_block(block,sys,systemp,mode) 

 

blockname=strcat(sys,’/’,block); 

ports=get_param(blockname,’ports’); 

for i=1:ports(2) 

    lines=get_param(sys,’Lines’); 

    for j=1:length(lines) 

        if strcmp(get_param(lines(j).SrcBlock,’name’),block) 

            db=get_param(lines(j).DstBlock,’name’); 

            dbport=lines(j).DstPort; 

            blockport=lines(j).SrcPort; 

            ad=0; 

     if isempty(find_system(systemp,’Name’,db)) 

                add_block(strcat(sys,’/’,db),strcat(systemp,’/’,db)); 

  ad=1; 

            end 

             

            if mode==1 

                
add_line(systemp,strcat(block,’/’,num2str(blockport)),strcat(db,’/’,num2str
(dbport))); 

            
 delete_line(sys,strcat(block,’/’,num2str(blockport)),strcat(db,’/’,num2s
tr(dbport))); 

            else 

                tlines=get_param(systemp,’Lines’); 

                qq=0; 

                for k=1:length(tlines) 

                    if strcmp(get_param(tlines(k).SrcBlock,’name’),block) 

                     if tlines(k).SrcPort==blockport 

                      qq=1; 

                        break; 

                     end 

                 end 

                end 

                if qq==0 

                    
add_line(systemp,strcat(block,’/’,num2str(blockport)),strcat(db,’/’,num2str
(dbport))); 
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delete_line(sys,strcat(block,’/’,num2str(blockport)),strcat(db,’/’,num2str(
dbport))); 

                end 

            end 

            if 
strcmp(get_param(strcat(sys,’/’,db),’description’),’HWin’)==0 

                if ad==1 

   handle_block(db,sys,systemp,mode); 

   delete_block(strcat(sys,’/’,db)); 

  end 

            end 

            break 

        end 

    end 

end 

if strcmp(get_param(blockname,’description’),’HWout’)==0 

for i=1:ports(1) 

    lines=get_param(sys,’Lines’); 

    for j=1:length(lines) 

        if strcmp(get_param(lines(j).DstBlock,’name’),block) 

            db=get_param(lines(j).SrcBlock,’name’); 

            dbport=lines(j).SrcPort; 

            blockport=lines(j).DstPort; 

     ad=0; 

            if isempty(find_system(systemp,’Name’,db)) 

                add_block(strcat(sys,’/’,db),strcat(systemp,’/’,db)); 

  ad=1; 

            end 

            if mode==1 

            
 add_line(systemp,strcat(db,’/’,num2str(dbport)),strcat(block,’/’,num2str
(blockport))); 

            
 delete_line(sys,strcat(db,’/’,num2str(dbport)),strcat(block,’/’,num2str(
blockport))); 

            else 

                tlines=get_param(systemp,’Lines’); 

                qq=0; 

                for k=1:length(tlines) 

                    if strcmp(get_param(tlines(k).SrcBlock,’name’),db) 

                     if tlines(k).SrcPort==dbport 

                      qq=1                   

                        break 

                     end 
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                 end 

                end 

                if qq==0 

                    
add_line(systemp,strcat(db,’/’,num2str(dbport)),strcat(block,’/’,num2str(bl
ockport))); 

                    
delete_line(sys,strcat(db,’/’,num2str(dbport)),strcat(block,’/’,num2str(blo
ckport))); 

                end 

   

            end 

            if 
strcmp(get_param(strcat(sys,’/’,db),’description’),’HWout’)==0 

      if ad==1 

                 handle_block(db,sys,systemp,mode); 

                 delete_block(strcat(sys,’/’,db)); 

                end 

            end 

            break 

        end 

    end 

end 

end 
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/* qu_da12 - Device driver for the Quancom 12-Bit analog output card.  

*/ 

 

static char copyright_rti[] =  

"(c) Copyright, C. Robl / LPR-1997.  All rights reserved."; 

 

#define S_FUNCTION_NAME qu_da12  

 

#include <stdio.h> /* so mex.h doesn’t screw up! */ 

#include <stdlib.h> /* for strtoul() */ 

 

#include "simstruc.h" /* Where simulation structure, S, is defined */ 

 

#ifdef MATLAB_MEX_FILE 

#include "mex.h" 

#else 

#include <sysLib.h> 

#include <math.h> 

#endif 

 

/* Input Arguments */ 

#define BASE_ADDRESS_ARG ssGetArg(S,0) 

#define OUTPUT_RANGE_ARG ssGetArg(S,1) 

#define NUMBER_OF_CHANNELS_ARG  ssGetArg(S,2) 

#define SAMPLE_TIME_ARG         ssGetArg(S,3) 

#define NUMBER_OF_ARGS  (4) 

 

#define NSAMPLE_TIMES  (1) 

 

/* Storage Allocation */ 

#define INSTANCE_INFO  (0) 

#define NUMBER_OF_PWORKS (1) 

 

/* hardware registers */ 
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typedef int ByteRegister; 

 

/* This abstract data type encapsulates one instance of this driver. */ 

typedef struct D2ADataTag { 

    ByteRegister dataOutputRegister; 

    int numChannels; 

} D2ADataStorage, *D2AData; 

 

#define DATAREGOFFSET (0x60) 

#define minimum(x, y) ((x) < (y) ? (x) : (y)) 

#define maximum(x, y) ((x) > (y) ? (x) : (y)) 

#define DAC_MIN (0) 

#define DAC_MAX (4095) 

#define OFFSET 2048 

 

static void mdlInitializeSizes(S) 

    SimStruct *S; 

{ 

    int noc; 

    if (ssGetNumArgs(S) == NUMBER_OF_ARGS) { 

 /* Set-up size information */ 

 ssSetNumContStates(S, 0); 

 ssSetNumDiscStates(S, 0); 

 noc=mxGetPr(NUMBER_OF_CHANNELS_ARG)[0]; 

 ssSetNumInputs(S, noc); 

#ifdef MATLAB_MEX_FILE 

 ssSetNumOutputs(S, noc); 

#else 

 ssSetNumOutputs(S, 0); 

#endif 

 ssSetDirectFeedThrough(S, 1);  /* Direct dependency on inputs */ 

 ssSetNumInputArgs(S, NUMBER_OF_ARGS); 

 ssSetNumSampleTimes(S, NSAMPLE_TIMES); 

 ssSetNumPWork(S, NUMBER_OF_PWORKS);  /* A/D board base address */ 

    } else { 

#ifdef MATLAB_MEX_FILE 

 mexErrMsgTxt("Wrong number of input arguments passed.\nFour arguments 
are expected.\n"); 

#endif 

    } 

} 

 

/* Function to initialize sample times */ 
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static void mdlInitializeSampleTimes(S) 

    SimStruct *S; 

{ 

    ssSetSampleTimeEvent(S, 0, mxGetPr(SAMPLE_TIME_ARG)[0]); 

    ssSetOffsetTimeEvent(S, 0, 0); 

} 

 

static void mdlInitializeConditions(x0, S) 

    double *x0; 

    SimStruct *S; 

{ 

    int base_addr_str_len = 128;  

    char base_addr_str[128]; 

    unsigned long base_addr; 

    int output_range; 

    D2AData d2a; 

    int i; 

     

    d2a = (D2AData) malloc(sizeof(D2ADataStorage)); 

    ssSetPWorkValue(S, INSTANCE_INFO, d2a); 

     

    mxGetString(BASE_ADDRESS_ARG, base_addr_str, base_addr_str_len); 

    sscanf(base_addr_str, "%lx", &base_addr); 

     

    d2a->numChannels = minimum(4, 
(int)mxGetPr(NUMBER_OF_CHANNELS_ARG)[0]);; 

     

#ifndef MATLAB_MEX_FILE 

    /* Initialize the board. */ 

    d2a->dataOutputRegister = (ByteRegister) (base_addr + DATAREGOFFSET); 

    for (i = (d2a->numChannels-1); i >= 0 ; i--) { 

 sysOutByte(d2a->dataOutputRegister+(i*0x08),OFFSET&255); 

 sysOutByte(d2a->dataOutputRegister+(i*0x08)+0x04,OFFSET>>8); 

    } 

    sysInByte(d2a->dataOutputRegister); 

#endif 

} 

 

/* Function to compute outputs */ 

static void mdlOutputs(y, x, u, S, tid) 

    double * y; 

    double * x; 

    double * u; 
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    SimStruct * S; 

    int tid; 

{ 

    D2AData d2a = ssGetPWorkValue(S, INSTANCE_INFO); 

    register int i; 

    int data,data1; 

    volatile int *baseadr=d2a->dataOutputRegister; 

 

#ifdef MATLAB_MEX_FILE 

    /* output=input for simulation */ 

    for (i = 0; i < d2a->numChannels; i++) { 

     y[i]=u[i]; 

    } 

#else 

    for (i = 0; i < d2a->numChannels; i++) { 

 /* Clip data before writing it to DAC */ 

  data=round(u[i]*204.8+OFFSET); 

 data1=(minimum(maximum(data,DAC_MIN),DAC_MAX)); 

/* sysOutByte(d2a->dataOutputRegister+(i*0x08),data&255); 

 sysOutByte(d2a->dataOutputRegister+(i*0x08)+0x04,data>>8);*/ 

 *(baseadr+i)=data; 

    } 

    sysInByte(d2a->dataOutputRegister); 

#endif 

} 

 

/* Function to perform model update */ 

static void mdlUpdate(x, u, S, tid) 

    double *x, *u; 

    SimStruct *S; 

    int tid; 

{} 

  

/* Function to compute derivatives */ 

static void mdlDerivatives(dx, x, u, S, tid) 

    double *dx, *x, *u; 

    SimStruct *S; 

    int tid; 

{} 

 

/* Function to perform housekeeping at the end of a simulation run */ 

static void mdlTerminate(S) 
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    SimStruct *S; 

{ 

register int i; 

D2AData d2a = ssGetPWorkValue(S, INSTANCE_INFO); 

#ifndef MATLAB_MEX_FILE 

 

    for (i = (d2a->numChannels-1); i >= 0 ; i--) { 

            sysOutByte(d2a->dataOutputRegister+(i*0x08),OFFSET&255); 

     sysOutByte(d2a->dataOutputRegister+(i*0x08)+0x04,OFFSET>>8); 

  }       

 sysInByte(d2a->dataOutputRegister); 

#endif 

} 

 

#ifdef MATLAB_MEX_FILE /* Is this file being compiled as a MEX-file? */ 

#include "simulink.c" /* MEX-File interface mechanism */ 

#else 

#include "cg_sfun.h" /* Code generation registration function */ 

#endif 
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%% $RCSfile: dsp_int1.tlc,v $ 

%% $Revision: 1.3 $ 

%% $Date: 1999/10/27 13:08:04 $ 

%% 

%% Christian Robl 

%% Copyright (c) 1998 by LPR. All Rights Reserved. 

%% 

%% Abstract: Target file for inlining S-Function device driver dsp_int1.c 

%% 

 

%implements "dsp_int1" "C" 

 

%openfile buffer 

#define minimum(x, y)   ((x) < (y) ? (x) : (y)) 

#define REG_OFFSET      (0x280)    

#define DSP_Filename    "dsp_matl.dsk" 

#define fileident       ">>>> DSK3A C3x DSP Starter Kit Assembler Rev 1." 

%closefile buffer 

%<LibCacheDefine(buffer)> 

 

%openfile buffer 

/* hardware registers */ 

typedef int ByteRegister; 

typedef unsigned int WordRegister; 

 

/* Declaration of additional functions */ 

 

static int  PCI_in(WordRegister, WordRegister); 

static void PCI_out(WordRegister, WordRegister, int); 

static void DSP_loadprg(WordRegister); 

static int  DSP_running(WordRegister); 



$QKDQJ�'�

� ����

static void DSP_omb(WordRegister, int, int); 

static int  DSP_imb(WordRegister, int); 

static int  DSP_mbstat(WordRegister); 

static void DSP_int0(WordRegister); 

static void DSP_startserial(WordRegister, WordRegister); 

static void DSP_stopserial(WordRegister, WordRegister); 

%closefile buffer 

%<LibHeaderFileCustomCode(buffer,"trailer")> 

 

 

 

 

%% Function: BlockInstanceSetup 
=============================================== 

%% 

%% Abstract: 

%%      Setup parameters and error check. 

%% 

%function BlockInstanceSetup(block, system) void 

 

%% Only allow 1 dsp_int1 block 

%if EXISTS ("dsp_int1BlockSeen") 

 %assign errTxt = "Only 1 dsp_int1 block is allowed in " ... 

   "model: %<CopiledModel.Name>." 

 %exit RTW Fatal: %<errTxt> 

%else 

 %assign ::dsp_int1BlockSeen = 1 

%endif 

 

%<LibRenameParameter(block,P1,"base_m")> 

%<LibRenameParameter(block,P2,"base_b")> 

%<LibRenameParameter(block,P3,"offset")> 

%<LibRenameParameter(block,P4,"gain")> 

 

%assign BaseRegisterMB = LibBlockParameterString(base_b) 

 

%openfile buffer 

int data; 

static int *ptr=(int*)%<BaseRegisterMB>; 

static int rcv,tmp; 

%closefile buffer 

%<LibSystemOutputCustomCode(system,buffer,"declaration")> 
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%endfunction %% BlockInstanceSetup 

 

%% Function: 
Start============================================================ 

%% Abstract: 

 

%function Start(block, system) Output 

 

%assign BaseRegisterMEM = LibBlockParameterString(base_m) 

%assign BaseRegisterMB = LibBlockParameterString(base_b) 

 

/* Initialize the board. */ 

fprintf(stdout,"DSP_serial: DSP-Init begins \n"); 

DSP_loadprg(%<BaseRegisterMEM>); /* initialise DSP */ 

DSP_startserial(%<BaseRegisterMB>, %<BaseRegisterMEM>); 

 

PCI_out(%<BaseRegisterMEM>, 0xfe0001, 0xf);   /*LED an*/ 

DSP_omb(%<BaseRegisterMB>,0x0f,0x1c00);       /*enable PCI-IRQ*/ 

fprintf (stdout,"DSP-Init o.k.\n"); 

 

%endfunction %% Start 

 

%% Function: Out-
puts========================================================== 

%% 

%% Abstract: 

%% 

%function Outputs(block, system) Output 

 

%assign BaseRegisterMEM = LibBlockParameterString(base_m) 

%assign BaseRegisterMB = LibBlockParameterString(base_b) 

%assign Offset = CAST("Number",LibBlockParameterValue(offset,0)) 

%assign Gain = CAST("Number",LibBlockParameterValue(gain,0)) 

 

 

/* INTCSR Interrupt control & status register */ 

tmp=*(ptr+0x0e); 

if (tmp & 0x800000) { /* interrupt assert */ 

 rcv=*(ptr+0x0d); /* MBEF*/ 

 rcv=*(ptr+0x07); /* Access Mailbox*/ 

 

 %%data=PCI_in(%<BaseRegisterMEM>,REG_OFFSET); 
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 %%<LibBlockOutputSignal(0,"","",0)> = data; 

 

 %roll Idx=[0:3],lcv=2,block,"Roller",["Y"] 

 data=PCI_in(%<BaseRegisterMEM>,REG_OFFSET+1+%<lcv>); 

 %<LibBlockOutputSignal(0,"",lcv,Idx)> = ... 

        (double)((float)(data-%<Offset>)*%<Gain> /65536.0); 

 %endroll 

 

 %%data=PCI_in(%<BaseRegisterMEM>,REG_OFFSET+5); 

 %%<LibBlockOutputSignal(0,"","",0)> = data; 

 

 DSP_imb(%<BaseRegisterMB>,4); /* empty mailbox 4*/ 

 

        /* this clears the interrupt (write on clear) */ 

        *(ptr+0x0e)=tmp;       /* try to clear it */ 

        } /* else an other device generated the interrupt, do nothing */ 

 

%endfunction %% Outputs 

 

%% Function: Termi-
nate========================================================= 

%% 

%% Abstract: 

 

%function Terminate(block, system) Output 

 

%assign BaseRegisterMEM =LibBlockParameterString(base_m) 

%assign BaseRegisterMB = LibBlockParameterString(base_b) 

 

DSP_stopserial(%<BaseRegisterMB>,%<BaseRegisterMEM>); 

PCI_out(%<BaseRegisterMEM>,0xfe0001, 0x0);   /*LED aus*/ 

 

%endfunction %% Terminate 

 

%openfile buffer 

/* Function to perform the actual hw output of data  */ 

static void PCI_out(WordRegister baseaddr, WordRegister addr, int val) 

{ 

        int *ptr; 

        ptr=(WordRegister *)baseaddr;            

        *(ptr + 1) = addr;              /* DAM write reg */ 

        *(ptr + 2) = val;               /* DAM data reg  */ 

} 
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/* Function to perform the actual hw input of data  */ 

static int PCI_in(WordRegister baseaddr, WordRegister addr) 

{ 

        int *ptr; 

 

        ptr= (WordRegister *)baseaddr;  /* DAM read reg */ 

        *(ptr+0)=addr; 

        return (*(ptr + 2));            /* DAM data reg */ 

 

} 

 

/* Function to output data on Mailbox Registers */ 

static void DSP_omb(WordRegister baseaddr, int num, int val) 

{ 

        int *ptr; 

         

        ptr= (WordRegister *)baseaddr;  /* Mailbox base addr */ 

        *(ptr + (num-1))=val;           /* write val to Mailbox number num 
*/ 

 

} 

 

/* Function to input data from Mailbox Registers */ 

static int  DSP_imb(WordRegister baseaddr, int num) 

{ 

        int *ptr; 

 

        ptr= (WordRegister *)baseaddr;  /* Mailbox base addr */ 

        return (*(ptr + (num+3)));      /* read Mailbox number num */ 

 

} 

 

/* Function to determine Mailbox empty/full status */ 

static int  DSP_mbstat(WordRegister baseaddr) 

{ 

        int *ptr; 

 

        ptr= (WordRegister *)baseaddr;  /* Mailbox base addr */ 

        return (*(ptr + 0x0d));         /* read Mailbox status reg */ 

 

} 
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/* Function to perform DSP interrupt 0 */ 

static void DSP_int0(WordRegister baseaddr) 

{ 

        int *ptr; 

 

        ptr= (WordRegister *)baseaddr;  /* DAM base addr */ 

        *(ptr + 4)= 1;                  /* access int0 reg */ 

} 

 

/* Function to load DSP Programm */ 

static void DSP_loadprg(WordRegister baseaddr) 

{ 

    FILE *fdf;   

    char inp[160]; 

    unsigned long val, addr; 

    int *ptr; 

        ptr=(WordRegister *)baseaddr;                    

 

    if (!DSP_running(baseaddr))  { 

        *(ptr + 3) = 0;                 /* reset line reg  */ 

 

        fprintf(stdout,"Loading DSP-Program... \n"); 

        if ((fdf = fopen(DSP_Filename, "r")) == NULL)   /* Open file to 
upload*/ 

                { 

                fclose (fdf); 

                perror("\n Can’t find file to load "); 

                exit (2);  /* exit with severe error */ 

                } 

        fgets(inp, 160, fdf); 

        inp[47] = 0; 

        if (strcmp(inp, fileident))     /* test if file is valid */ 

                { 

                fclose (fdf); 

                perror("\n Invalid File Format "); 

                exit (2);  /* exit with severe error */ 

                } 

        while (fgets(inp, 160, fdf) != NULL) { 

                if ((inp[0] != ’>’) && (inp[11] == ’0’)) { 

                        addr = strtoul(inp   , NULL, 16); 

                        val  = strtoul(inp+11, NULL, 16); 

                        PCI_out (baseaddr, addr, val); 

                } 
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        } 

        fclose (fdf); 

        *(ptr + 3) = 1;                 /* clear reset line*/ 

   } 

   else fprintf(stdout,"DSP already running  \n"); 

} 

 

/* Test if DSP already working */ 

static int DSP_running(WordRegister baseaddr) 

{ 

        int t, tmp; 

        if (PCI_in(baseaddr, 0x1f) != PCI_in(baseaddr, 0x1f)) 

         /*Heartbeat Reg. */ 

                return (0); 

        else 

                return (0); 

} 

 

/* Initialise serial port of DSP */ 

static void DSP_startserial(WordRegister baseaddrmb, WordRegister ba-
seaddrmem) 

{ 

        int t; 

        DSP_imb(baseaddrmb, 4);         /* empty mailbox 4*/ 

         

        DSP_omb(baseaddrmb, 1, 3);      /* Mailbox 1 (command) */ 

        DSP_int0(baseaddrmem);          /* int0,   init sensor */ 

        for (t=0; t<100; t++) sysDelay();   /* Warten bis Befehl ausgeführt 
*/ 

        DSP_omb(baseaddrmb, 1, 2);      /* Mailbox 1 (command) */ 

        DSP_int0(baseaddrmem);          /* int0,  start serial */ 

} 

 

/* stop serial port */ 

static void DSP_stopserial(WordRegister baseaddrmb, WordRegister ba-
seaddrmem) 

{ 

        DSP_omb(baseaddrmb, 1, 4);      /* Mailbox 1 (command) */ 

        DSP_int0(baseaddrmem);          /* int0,   stop serial */ 

}        

%closefile buffer 

%<LibRegFileCustomCode(buffer,"header")> 

%%END dsp_int1.tlc 


