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� |-©ª~��x�t��z�wvwv~ >�« ��¬ «->�«N s�z�®�� � �tw�y�svu{z

¯ @B°XI�RU^UCFp R

§Qz�w¡±ªux~��L�tux~�wv~�s � sv��~�u¦yQuxw�yQ�tux~ � |�y<��ux�!���x�t|t�J~�ux|t~�w¡¨¡}U±8² � |t|t~�|t�,~�s��z��twv�!r6²�³6ux�F�t�{z�y � svw
� ��ts � �!r�y�®�~�u¦y���~Hy�svux~��£� �t�´�tux~Jux|µ�t~�s � �-y � � � �tux�xux|t�t�tw�y�svux~b��t�t�xux�!rt~�| � z�� � s�²��F�� s�¥,~�s�²
wv�t�!rt~Qsv~�z��xu¦y��z�y�wv|\�z�rt~�s`�t|t��~H¶N®�ux~�|�y�~�s·�t�tsv�!r � ��trtsv~�|�®��S�ª�� |t|t~�|£� � wuxw�y·��z�®��S~�s �¢� sv�t~�s�²
�xux�!r£�0®H��uxwv�!rt~�|¸�t~�|  ~�s��z��twv�!rtwvux�,|�z��x~�|¹¥,~�svwv�!rtux~��t~�|t~�sbº~Hy�svux~��twv®��tw�y��z�|t�t~»®��¼ux|�y�~�s�²
� � �xux~�sv~�|£�4}���ts �tux~ �J� �t~��x�xux~�sv�t|t�F��uxsv�J��z�w  ~�s��z��twv�!rtwvux�,|�z��\ux|
~�ux|t~¡�t~Hy�~�sv�Nux|tuxw�y�uxwv�!rt~
�t|t�l~�ux|t~�w�y � �!r�z�w�y�uxwv�!rt~2¨ � �N� � |t~�|�y�~�®�~�sv�x~���y��F§Qz�®��X���tsv�t~�|l¥,~�svwv�!rtux~��t~�|t~ � ~Hy�r � ²
�t~�|£����ux~4®�º��,³ � ³S½ >�¾ � �t~�s]¿ ¤�� ³ �o� ½ À ¾ �t|�y�~�svwv�t�!r�y��4§Qz���~�u6¨¡}U±8² � |t|t~�|t�,~�s��z��twv�!rt~�|
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uxw�yÃwvux~2r�z�sv� � |tuxwv�!rb�t|t�Äw � �Nu¦y0�x~�ux�!r�yF�Nu¦yÃ��~Hy�~�s � �-Å6|t~9²�}Lux�¦y�~�sv|b®��Æ~9Ç6y�s�z�rtux~�sv~�|Æ�t|t�
uxw � �xux~�s�yF®��Èsv~�w�Å6|�y�rt~Hy�uxwvux~�sv~�|£�È§oux~�w�y � �!r�z�w�y�uxwv�!rt~&¨ � �N� � |t~�|�y�~���uxsv�µz��xw � ~�wvux�t�t�t�
�t�tsv�!r¸~�ux|t~µ³6�t�-y�s�z���y�u � |¹ux�É±ª~�u¦y���~�sv~�ux�!r¹�,~��tux�x�t~HyX�t|t�¸�Nu¦yvy�~��xw �\Ê q � �t~�sË}]}LÂ²
��z�wvux~�s�y�~�| � ~Hy�r � �t~�|Ì� � �t~��x�xux~�s�y�� � ux|t~ � |�y�~�sv� � �{z�y�u � |Í®H��uxwv�!rt~�|Î³6ux�,|�z��x~�|Í��~�u��t|6²
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� �xw � �twv��z�|t�,wv�2z�y�~�svu{z�� � ��ts0�tux~�wv~�|µ³6ux�F�t�{z�y � s¡�tux~�|t~�| � � � |�z�rt�N~�|b¥ � |»º~�wv�!rt�x~��t|tuÔ²
�,�t|t�,w�²U�t|t�2Õ`~�sv®��� �,~�sv�t|t�,w�¥ � sv�8�z�|t�,~�|���~�u8¥,~�svwv�!rtux~��t~�|t~�|£��Öv~H�~�ux�xw� � |tw�y!z�|�y�~�|  z�wv��~9²
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� � |tw�y!z�|�y�~�³�y�s�z Á ~�|�¥,~�svr\�z��¦y�|tuxwvwv~�����ux~ ®�� º���³�y�~�ux�,�t|t�o¥ � s�z��tw�� � | � �t�tux�x�t�t|t� > ��uxsv��~�ux|
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� �t�£� > � §Qz�w � z�w�y�®��tw�y!z�|t�twv� � �t~��x�
~�ux| � z��!rt~�w � z�w�y�®��tw�y!z�|t�twv� � �t~��x���,~�®�~�ux��y�� � ~��tux�,�xux�!r �J� y � sv�tsv~�rt®�z�rt� ��Ê4� �t®H�¡���������	�
�t|t�  z�wv��~���z��xw�y�~��x�x�t|t��
b��~�w�y�ux�N�N~�|Ë�t~�| � z�w�y�®��tw�y!z�|t�£� � |l�tux~�wv~�s � ��~�|t~N�<�z Á y¡wvux�!r
�tux~�w � �,~�|�z�|t|�y�~¡³�y!z�y�u � |\�z�sv�xux|tux~��� ���� ��
��U~�ux|t®�~�ux�!rt|t~�|£�t�tux~]Öv~��t~�s  z�wv��~���z��xw�y�~��x�x�t|t�0~�ux|t~��~�w�y�ux�N�Ãy�~�³�y!z�y�u � |\�z�sv�tsv~�rt®�z�rt�t�t®H�¡�4³�y!z�y�u � |\�z�sv�,~�wv�!r���ux|t�tux�,��~�u¦yU®�� � sv�t|t~Hy����o��~�svr�z��x�
�tux~�wv~�s � ux|tux~X�xux~��,~�| º~�wv�!rt�x~��t|tux�,�t|t�,wv®��tw�y��z�|t�t~��Ã�t|�y�~�svr�z��x�ÌÕ`~�sv®��� �,~�sv�t|t�,wv®��tw�y��z�|t�t~��
� � � |�z�rt�N~�|Ë¥ � |Æ±ª�t��²��t®H�¡�S³6�!r��t�t�,~�s��z��twv�!rt~�|»��~�uU�,�x~�ux�!r��t�x~�ux��~�|t�t~�s  z�wv��~���z��xw�y�~��Ô²
�x�t|t�Ä�ª�� |t|t~�|Îz��xwSr � svux® � |�y!z��x~ � ux|tux~�|Í��z�sv�,~�w�y�~��x�¦yS�~�sv�t~�|£�o�tux~D�N~�uxw�y���~�uo�t~�s&³�y!z�²
y�u � |\�z�sv�xux|tux~¡~�|t�t~�|£�F§Qz�w0±ªux~���uxw�yQ|��t|£�  ~�s��z��twv�!rt~ � ��tso��~��xux~��tux�,~  z�wv��~���z��xw�y�~��x�x�t|t�,~�|
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� �t�£��À � §oux~ � z�w�y�®��tw�y!z�|t�twvux|�y�~�sv� � �{z�y�u � |

®��Ë��~�sv~��!rt|t~�|£�\��ux~�~�wQux| � �t�tux�x�t�t|t�JÀ2ux�x�x�tw�y�svux~�s�y���uxsv�£���Ìuxs�¥,~�s��~�|t�t~�|brtux~�sv®�� � ��ts
z��x�x~�³6ux�,|�z��x��z�s�z��N~Hy�~�s0~�ux|t~��xux|t~�z�sv~ � |�y�~�sv� � �{z�y�u � |Æ®H��uxwv�!rt~�|Í}�s�z��N~�wÃ�,�x~�ux�!rt~�s�§osv~�r6²
®�z�rt�¦�~�s�y�~��¢wvux~�rt~  �x~�ux�!r��t|t��� > �9�·� ��� � ��tsN~�ux|t~�|Í��~��xux~��tux�,~�| Ê z�s�z��N~Hy�~�s2�t~�w�³6ux��²
|�z��x� � �t~��x�xww�y�~�r�y��9�
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�2z�y�~�svu{z��£�tux~�|t~�|£�8~�|�y�wv�tsv~��!rt~�|t�Ë~�ux|t~�� ~�ux| � z��!rt~�|X³6ux�,|�z��x� � �t~��x��®��&��z�s�z��N~Hy�svuxwvux~�sv~�|£�
� ~�rts���z�®��Juxw�y�ux| � �twv�!rt|tu¦yvy76#®��98�|t�t~�|£�
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¤ � �tux~F}�s�z��N~�w��Nu¦y��t~�|Xsvux�!r�y�ux�,~�|X§osv~�rt®�z�rt�¦�~�s�y�~�|28�|t�t~�|X®��D�ª�� |t|t~�|£�£wvux|t� � ��ts
�tux~2¥ � sv�xux~��,~�|t�t~�|È³ � �t|t�tw#�tux~ ¤ �N��~�rts � �t|t��y�u � |t~�|»�t~�s�®�~�u¦y��xux�!rt~�|»§osv~�rt®�z�rt�¦¥,~�sv�<�z�� � ~
~�s �¢� sv�t~�sv�xux�!r � "$� � " ��! � ���.��t|t� "+* � " �)( � ���	�9�
§oux~o�2z�sv��ux~�s�y�~Q}L�<�z��!rt~Qux| � �t�tux�x�t�t|t�NÀFrt~��-y]Öv~�|t~�|&º~�sv~�ux�!rJrt~�s�¥ � s��8ux|��t~�� �tux~�wv~

� |�y�~�sv� � �{z�y�u � |J|tux�!r�yoz�|t�,~H�~�|t�t~Hyo�~�sv�t~�|X��z�|t|£����z2|��ts��N~�rts�~�ux|X³ � �t|t� 8��x~F}�s�z��N~�w
��~�uU�tux~�wv~�|b§osv~�rt®�z�rt�¦�~�s�y�~�|b��~�sv~�u¦y¡w�y�~��x�¦y�� � � � ��~�ux|t~�|b}8z��x�]��z�s � ~�ux|t~ � |�y�~�sv� � �{z�y�u � |
®H��uxwv�!rt~�|l~�ux|t~�� ±ª�t��²��t|t�Ë~�ux|t~�� ³6�!r��t�t�,~�s��z��twv�!rb�t�tsv�!rt�,~ � ��trts�yQ�~�sv�t~�|£� � ux|t~�~�ux|6²
� z��!rt~ � �� wv�t|t���tux~�wv~�w Ê s � �t�x~��Nw�uxw�y\�tux~]Õ`~�s��~�|t�t�t|t��¥ � |Ã}�s�z��N~�w��t~�w]³�y!z�y�u � |\�z�sv�t�t|t��y�w
��~�ux���,�\��tsv®�~�sv~�|��  ~�s��z��twv�!r£�

� � c�Ò VXE�C0R]aN^

� | � �t�tux�x�t�t|t� � ��uxsv� �t~�s � �x� � svu¦y�rt�F�twS�t~�w � �!r�y�®�~�u¦y�²�³6ux�F�t�{z�y � svw�ux�x�x�tw�y�svux~�s�y��W±ª�

 

ermittle aktuelle Gaspedalposition (p) 

bestimme entprechende sounds (p1   p2) 

finde die richtigen frames (m1   m2) 

Lastzustandsinterpolation 

Resynthese 

berechne RPM für folgenden frame (f1) 

 
    initialisiere 

     f1 

 � �t�£� � � §Qz�w�³�y�sv�t��y � �,s�z��N�?�t~�w � �!r�y�®�~�u¦y�²�³6ux�F�t�{z�y � svw

º~��,ux|t|Ë�F� Á ~�ux|l§osv~�rt®�z�rt�¦�~�s�y¡�,~H�Ã�z�rt�¦yQ�~�sv�t~�|£�L��z�|�z��!rË��uxsv�Ë~�ux|t~ � |t�t� � wvwv�!rt�x~�u � ~
�t�tsv�!rt�{z�� � ~�|£�4§oux~�§Qz��t~�s·~�ux|t~�w�§o�tsv�!rt�{z�� � w~�|�y�wv�tsvux�!r�y��t~�s }�s�z��N~���z��t~�s��
	]�-�tux~o®H��uÔ²
wv�!rt~�|ÈÀ « �t|t��� « �NwÃ�xux~���y�� � |JÖv~��t~�� ±�Å6���x�twF�F� Á �tux~2z���y��t~��x�x~  z�wv��~���z��x� � wvu¦y�u � |

 z��t�,~�sv� � ~�|µ�~�sv�t~�|£����z��Nu¦y#ux� |\�z��!rtw�y�~�| ³6�!rtsvu¦yvy2�tux~
~�|�y�wv�tsv~��!rt~�|t�t~�| �,~��,~���~�|t~�|
 ~�s��z��twv�!rt~��6�tux~�®��ts � z�w�y�®��tw�y!z�|t�twvux|�y�~�sv� � �{z�y�u � |#rt~�s�z�|t�,~�® � �,~�|N�~�sv�t~�|2w � �x�x~�|£��~�sv�Nu¦y�²
y�~��¦y`�~�sv�t~�|��ª�� |t|t~�|£� � u¦y·��ux� � ~ �t~�s ¤ �N��~�rts � �t|t��y�u � |t~�|S�t~�s®�~�u¦y��xux�!rt~�|2§osv~�rt®�z�rt�¦¥,~�s�²
�<�z�� � ~·�ª�� |t|t~�|#�tux~ svux�!r�y�ux�,~�|#}�s�z��N~�w]�,~ � �t|t�t~�|��~�sv�t~�|£��� � �Nu¦y]|��t|N�tux~ � z�w�y�®��tw�y!z�|t�tw�²
ux|�y�~�sv� � �{z�y�u � |�|�z��!r  �x~�ux�!r��t|t� � > �·�t�tsv�!rt�,~ � ��trts�y��~�sv�t~�|X��z�|t|£� � |twv�!rt�xux~ Á ~�|t�D��z�|t|
�tux~ � ~�w�Å6|�y�rt~�wv~�~�s �¢� �x�,~�|£�Lz�� � �tux~Nux| � �twv�!rt|tu¦yvy�J�,~�|�z��t~�sÃ~�ux|t�,~���z�|t�,~�|l��uxsv�£� � �xw
�x~Hy�®Hy�~�sJ³6�!rtsvu¦yvy
�F� Á �tux~Ë§osv~�rt®�z�rt� � ��tsS�t~�| �¢� �x�,~�|t�t~�|Î±�Å6���x�tw���~�sv~��!rt|t~HyJ�~�sv�t~�|£�
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� �t�!r&rtux~�sv®�����uxsv�J~�ux|t~Q�xux|t~�z�sv~ � |�y�~�sv� � �{z�y�u � |S¥,~�s��~�|t�t~Hy �

��� � � ��!� �#"$� % > � % & � �)(� �#"+* % > �-,�� ��!� �#"$� % > � / 
1,2
3�
4*�,2
3� �*À��

� � c�mNADCFE�ÒÉa
YDKQE�E

�Ìuxs���~Hy�s�z��!r�y�~�|Ë~�ux|Dsv~�~��x�¦�~�s�y�ux�,~�w  ~�s��z��twv�!rtwvux�,|�z����-������z��xwQ³6�t�N�N~Ãz��two�t~Hy�~�sv�Nux|tuÔ²
w�y�uxwv�!rt~�s���� � ������t|t�Jw�y � �!r�z�w�y�uxwv�!rt~�sQ³6ux�,|�z��x� � �N� � |t~�|�y�~
	��� ����� �

�-����� � ��� � ������%�	��� ����� � � �
§Qz��tux~��t~Hy�~�sv�Nux|tuxw�y�uxwv�!rt~�¨ � �N� � |t~�|�y�~#®��t� �,s���,Á y�~�|ËÂ�~�ux�Uz��tw¡�t~�� �J� y � sv�,~�s��z��twv�!r
��~�w�y�~�r�y���wv~�rt~�|Í��uxs#�tux~�wv~Dz��xwNr�z�sv� � |tuxwv�!rt~�w�³6ux�,|�z���z�|£�Î±ª�ts2º~�wv�!rtsv~�ux�t�t|t�Äsv~�ux�!r�y
�t~�wvr�z��x� �t~�s  sv�t|t� � sv~����t~�|t®H¥,~�sv�{z�� � ���������N�t|t� �tux~ �J� �N~�|�y!z�|�z��N�t�xu¦y��t�t~�|È�t~�s��
Â�~�ux�¦y��� |t~����������9�

��� � ����� ��������� ��� �����-� � w���À��� � 
��! �#" ��� ��$3� � %&%��(' �#6 �

�juxw�y���z�w � �-y!z�w�y�ux|�y�~�s�¥�z��x�£�t|t�)%��Q�tux~ Ê r�z�wv~�|�¥,~�svwv�!rtux~��t�t|t�
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Dezimierung 

Heterodyne-Filter 

Additive Synthese (kompl.) 

Interpolation 

  – 

LPC 

Parameter der stochastischen 
Komponente  

2 . abs() 

Resampling 

Parameter der deterministischen 
Komponente 

x(n) @48k 

xdec(n) @6k 

Ak(n) 

detdec(n)  @6k 

det(n)  @48k 

res(n) 

Schätzung des Grundfrequenzverlaufs 

Drehzahlreferenz 

 

Resampling 
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 Parameter der deterministischen 

Komponente  
Parameter der stochastischen 

Komponente  
 

lineare Interpolation von 
Momentanfrequenz und  

Momentanamplitude 

Additive Synthese 

lineare Interpolation von 
Filterkoeffizienten 

durch Lattice-Filter gefiltertes 
weißes Rauschen 

x'(n) 

res'(n) det'(n) 

 

A'k(n) f1'(n) G'(n) k'i(n) 
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