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Low-pass filter 
sin�&0I�&�           ℱ      �⎯⎯⎯�    J1, |0| K 0I0, 0I D |0| K � 

Parseval Theorem * �%&';∗%&'
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Cross-correlation MNO%ℓ' � �%ℓ' ∗ ;∗%$ℓ' � * �%@' ;∗%@ $ ℓ'
�
A,
�  

 MNO%ℓ'         ℱ      �⎯⎯⎯�  PNO7	�-8 � �7	�-8<∗7	�-8 
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Auto-correlation MN%ℓ' � �%ℓ' ∗ �∗%$ℓ'         ℱ      �⎯⎯⎯�  PN7	�-8 � Q�7	�-8QE
 

 MN%ℓ' � MN∗%$ℓ' |MN%ℓ'| K MN%0' 
Ideal sampling �I���           ℱ      �⎯⎯⎯�    �I�Ω� �%&'           ℱ      �⎯⎯⎯�     �7	�-8 

 �%&' � �I�&T�   ⟶     �7	�-8 � 1T * �I VΩ $ k 2�T X
�
A,
� ,     0 � ΩT 

Ideal reconstruction ;I��� � * ;%&' sinc [�T �� $ &T�\
�
.,
� ,     sinc�>� � sin �>�>  

Z-Transform ��]� � * �%&']
.,   P^_ ≡ _N

�

.,
�
 �%&' � 12�� a ��]�].
b�] 

 �%& $ &9'          c      �⎯⎯⎯�    ]
.:��]�,    P^_ ≡ _N 

 ]9.�%&'          c      �⎯⎯⎯�    ��]/]9�,   P^_ ≡ |]9|_N 

 �∗%&'          c      �⎯⎯⎯�   �∗�]∗�,   P^_ ≡ _N 

 �%$&'          c      �⎯⎯⎯�    ��1/]�,   P^_ ≡ 1/_N 

 &�%&'          c      �⎯⎯⎯�  $] ���]��] ,   P^_ ≡ _N 

 �%&' ∗ ;%&'          c      �⎯⎯⎯�   ��]�<�]�,   P^_ ≡ _N ∩ _O 

(complex convolution) �%&';∗%&'          c      �⎯⎯⎯�  12�� a ��f�<∗�]∗/f∗�f
b�f ,   P^_ ≡ _N_O 

 B.�%&'           c      �⎯⎯⎯�    11 $ B]
b ,   |]| # |B| 
 $B.�%$& $ 1'           c      �⎯⎯⎯�    11 $ B]
b ,   |]| D |B| 
 &B.�%&'           c      �⎯⎯⎯�    B]
b

�1 $ B]
b�E ,   |]| # |B| 
 B. sin�&09� �%&'          c      �⎯⎯⎯�    B sin�09� ]
b

1 $ 2B cos�09� ]
b � BE]
E ,   |]| # |B| 
 B. cos�&09� �%&'          c      �⎯⎯⎯�    1 $ B cos�09� ]
b

1 $ 2B cos�09� ]
b � BE]
E ,   |]| # |B| 
Parseval Theorem * �%&';∗%&'
�

.,
�
�  12�� a ��]�<∗�1/]∗�]
b�] ,   P^_ ≡ _N_O 

Correlation in Z-

domain MN%ℓ' � �%ℓ' ∗ �∗%$ℓ'        h      �⎯⎯⎯� PN�]� � ��]��∗ V 1]∗X ,   P^_ ≡ _N ∩ 1/_N 

 MNO%ℓ' � �%ℓ' ∗ ;∗%$ℓ'     h    �⎯� PNO�]� � ��]�<∗ V 1]∗X , P^_ ≡ _N ∩ 1/_O 

Residues (1st-order 

poles) 
��]� � * iA1 $ �A]
b

j

A,b
 iA � �1 $ �A]
b���]�|h,kl 

Frequency Response 

and Group Delay m�	�-� � Qm�	�-�Q	�∠o�2pq� r�0� � $ ��0 3∠m�	�-4 

All-pass (gain 

normalized) m�]� � ]
b $ �∗
1 $ �]
b m�]� � 1|�|

] $ 1�∗] $ �  

Linear-phase system m7	�-8 � i�0�	��s
�-�;     i�0� is real-valued;    u, � are constants 
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IIR filter (causal) ;%&' � * vA�%& $ @'w
b

A,9
� * Bℓ;%& $ ℓ'j
b

ℓ,b
 

Butterworth filter 
mx���mx�$�� � 1

1 � [ �jΩI\Ej |mx�Ω�|E � 1
1 � [ ΩΩI\Ej 

 �A � ΩI	� /Ej�EA
j
b�,    @ � 0,1, … ,2{ $ 1 

Impulse Invariance ℎ%&' � Tℎ|�&T� m7	�-8 � * mI V0 $ @2�T X
�
A,
�  

 m|��� � * iA� $ �A
j
b

A,9
 m�]� � T * iA1 $ 	�l}]
b

j
b

A,9
 

Bilinear 

Transformation � � 2T 1 $ ]
b
1 � ]
b ] � 2 � �T2 $ �T 

 Ω � 2T tan [02\ ω � 2 tan$1 VΩT2 X 

Rectangular window ��%&' � �%&' $ �%{' � �1, & � 0,1, … , { $ 10, ^�ℎ	M &  

Generalized Hamming 

window �o%&' � V� $ �1 $ �� cos V 2�&{ $ 1XX ��%&' 
 Hamming:  α � 0.54 Hanning:  α � 0.50 

Window method (FIR) mk7	�-8        ℱ     �⎯⎯�  ℎk%&' ℎ%&' � ℎk%&'�%&' 
 m7	�-8 � mk7	�-8 ∗ �7	�-8 �  12� � mk7	�=8�7	��-
=�8�>
/


/  

Parks-McClellan 

(Linear-phase FIR) 
m7	�-8 � i�0�	
���-
s�;     i�0� is real-valued;    u, � are constants 

 i�0� � ��0� * B%&'�cos 0�.�
.,9  

 ��0� � 1 :  (FIR type 1) ��0� � cos [-
E \  :   (FIR type 2) 

 ��0� � sin�0� :  (FIR type 3) ��0� � sin [-
E \  :   (FIR type 4) 

Sampling the Fourier 

Transform 
<%@' � ��]�|h,2pl��� � �7	�-8Q-,AE/j ,    @ � 0,1, … , { $ 1 

 �%&'          c      �⎯⎯⎯�  ��]� ;%&' � * �%& � ℓ{'
�
ℓ,
�  

Transfer function 

reconstruction 
m�]� � 1 $ ]
b

{ * m%@'
1 $ �j
A]
b

j
b

A,9
,      � � 	
�E/ 

DFT V�s� � 	$�2��uX �%@' � * �%&'�jA.
j
b

.,9
 �%&' � 1{ * �%@'�j
A.

j
b

A,9
 

 �%�$&�j'       ��}   �⎯⎯⎯�   �%�$@�j' �∗%&'       ��}   �⎯⎯⎯�  �∗%�$@�j' 
 �2�%&' � �%&' � �∗%�$&�j'2 � �2�∗ %�$&�j'       ��}   �⎯⎯⎯�   ℜ!�%@'" 

 �5�%&' � �%&' $ �∗%�$&�j'2 � $�5�∗ %�$&�j'       ��}   �⎯⎯⎯�   �ℑ!�%@'" 

 ℜ!�%&'"       ��}   �⎯⎯⎯�  �2�7	�-8 
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 �ℑ!�%&'"       ��}   �⎯⎯⎯�  �5�7	�-8 

 �%�& $ &9�j'       ��}   �⎯⎯⎯�   	
�E/j A.:�%@' 
 	�E/j .A:�%&'      ��}   �⎯⎯⎯�    �%�@ $ @9�j' 
 �%&' ⊛ ℎ%&'       ��}   �⎯⎯⎯�    �%@'m%@' �%&'ℎ%&'       ��}   �⎯⎯⎯�   1{ �%@' ⊛ m%@' 
 �%&' ⊛ ℎ%&' � * �%ℓ'ℎ%�& $ ℓ�j'j
b

ℓ,9
 

Decimation �%&' � �%&�' ��]� � 1� � � V�wA] bwX
w
b

A,9
 

Interpolation �%&' � �� �&�� , &  �������	 ^� �
0, ^�ℎ	M &  _�]� � ��]�� 

FFT DIT �%@' �  %@' � �jA  m%@' �%@ � {/2' �  %@' $ �jA m%@' 
FFT DIF ¡%&' � �%&' � �%& � {/2' ℎ%&' � ��%&' $ �%& � {/2'��j. 

   

Optimum Wiener filter * ℎ.%ℓ'MN%ℓ $ @'
�

ℓ,
�
� MkN%@' MkN%@' � �%@' ∗ �∗%$@' MN%@' � �%@' ∗ �∗%$@' 

LMS adaptive filter 

ℎ.
b%@' � ℎ.%@' � ¢�%& $ @'	%&'     ;     0 K ¢ K b
j£¤  

    ¥N � b
w ∑ |�%ℓ'|E�
bℓ,9  

 

Arithmetic/Geometric 

progression 
* @w

A,b
� ��� � 1�2  * �A

w

A,9
� 1 $ �w
b

1 $ �  

Sum of squares * @E
w

A,b
� ��� � 1��2� � 1�6  

Trigonometric 

identities 
cos�� ¨ u� � cos��� cos�u� ∓ sin��� sin�u� 

 sin�� ¨ u� � sin��� cos�u� ¨ sin�u� cos��� 

 sin��� � sin�u� � 2 sin ª12 �� � u�« cos ª12 �� $ u�« 

 cos��� � cos�u� � 2 cos ª12 �� � u�« cos ª12 �� $ u�« 

   

 

> 0 �/6 �/4 �/3 �/2 

sin�>� 0 1/2 √2/2 √3/2 1 

cos�>� 1 √3/2 √2/2 1/2 0 

tan�>� 0 √3/3 1 √3 ∞ 
 

 

 


