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�  Transfer function of the filter is 
 
�  Finite Impulse Response (FIR) Filters: M = 0, no feedback 

�  The function of N-order FIR Filter is  

�  The finite impulse response filter input-output relationship 
as follows  
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The structure of N-order FIR Filter 
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§ Linear-phase FIR filters 

1.  The ability to have an exactly linear phase response 
is the one of the most important of FIR filters  

2.  A general FIR filter does not have a linear phase 
response but this property is satisfied when  h(n)=h
(N-1-n) 

)()()( wjewHwH φ= 0)( wnw −=φwhere 
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�  Symmetric impulse response linear phase FIR transfer function 
can be written as follows: 

       

     When N is odd: 
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�  Symmetric impulse response linear phase FIR transfer function 
can be written as follows: 
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� The input signal is [99，0，0，0， 70，0，0，
0， 99，0，0，0，70，0,   0,   0… ] 

� This project is to use FPGA to design and 
implement a 17-Order Linear Phase FIR Filter 
which has 8-bit input and 8-bit output, 
Fs=44kHz, Fc=10.4kHz.  



Implementation 

•  First we use Matlab Simulink to design and calculate the filter 
coefficients 
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•  Impulse Response 
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•  Magnitude and Phase Response 
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• Make the FIR coefficients to be integers   
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• We get FIR filter parameters are [-12  -18  13  29  -13  -52  
14  162  242  14  -52  -13  29  13  -18  -12] 

•  17 is odd, so we use the diagram (see below) to design. 
 

Implementation 
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Schematic diagram of the FIR filter 

•  Use 4 kinds of modules 
(Registers, Adders, 
Subtractors, Multipliers) 
to design the FIR filter. 

•  According to functions of 
the various modules, I use 
VHDL to make them work 
well. 
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•  The overall circuit diagram  

Implementation 
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Compilation Report –Flow Summary 
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•  We use the input signal X＝[99，0，0，0，70，0，0，
0，99，0，0，0，70，0，0，0，99，0，0，0，70，0，
0，0，99，0，0，0，70，0，0，0] 
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• The simulation report of the FIR filter 

• Use Matlab to calculate the convolution.  

H=[-12,-18,13,29,-13,-52,14,162,242,162,14,-52,-13,29,13,-18,-12]; 
X=[99,0,0,0,70,0,0,0,99,0,0,0,70,0,0,0,99,0,0,0,70,0,0,0,99,0,0,0,70,0,0,0]; 
Y=conv(X,H)/512 
 
Then we will get the theoretical value. 
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y[0] 38.598 37 
y[1] 24.699 24 
y[2] 8.9121 8 
y[3] 15.24 15 
y[4] 24.777 24 
y[5] 15.24 15 
y[6] 8.9121 8 
y[7] 24.699 24 
y[8] 38.598 37 
y[9] 24.699 24 
y[10] 8.9121 8 
y[11] 15.24 15 
y[12] 24.777 24 
y[13] 15.24 15 
y[14] 8.9121 8 
y[15] 24.699 24 
y[16] 38.598 37 
y[17] 24.699 24 

Result and Discussion 

•  By comparison, We see 
that the simulation results 
and the theoretical value of 
the output signal are nearly 
the same. So we get the 
expected outcome! 

theoretical value  Simulation result 
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DEMO  
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