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Abstract: This paper presents a design of Finite Impulse Response (FIR) Digital Filter, these impulse
responses can be designed and simulation results can be shown by Matlab program. The hardware
implementation can be realized using linear phase structure, symmetrical property of impulse
responses will be considered to reduce number of multipliers. Finally an implementation can be used
VHDL (Very high speed integrated circuits Hardware Description Language) to describe the

hardware of FIR digital filter and synthesis for mapping on FPGA (Field Programmable Gate Array)
for testing all results compared with theoretical results.

Methodology: For FIR digital filter can be used impulse responses %(n) for hardware realization.
The operation of digital filter is convolution between 4(n) with input signal x(») as shown in figure 1.

x(n—N-+1)

Figure 1. Direct Form FIR Structure

Convolution between 4(n) with x(n) defined by

N—1

Y0 = x(m)*h(n) = D h(i)x(n—1i) (1)

i=0
Normally the number of multipliers will decrease the speed of digital filter since the multiplying stage
consume process and use large area in design. Therefore, using symmetrical property of impulse
responses. Also the difference equation for 16 orders can be rewritten from equation (1) to equation
(2) and result in multipliers reduction by half when compared with direct form.



() =h0)[x(n) +x(n—15)]+ D) [x(n—1) +x(n—14)]+ A(2)[x(n—2) + x(n—13)]

+413)[x(n—3)+x(n—12)]+W4d)[x(n—4) +x(n—1 D]+ A(5)[x(n—5) +h(n—10)]
+h(6)[x(n—6)+x(n—9) ]+ W7 [x(n—7)+x(n—8)]

From equation (2) can be shown linear phase structure in figure (2)
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Figure 2. Linear Phase FIR Structure

In experiment will be used FIR lowpass filter 16 orders for testing. The impulse responses of designed
filter can be obtained from Matlab which have specifications as follows, sampling frequency 100 kHz,
cutoff frequency 5 kHz, number of bits for representation in binary format 12 bits. Since using VHDL for
describe the behavior of hardware and synthesis to circuits for implement on EPF10K20RC240-4 Altera
FPGA.
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Figure 3. Synthesis Result of Circuits in RTL (Register Tranfer Level)

Experimental test set can be shown in figure 4.
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Figure 4. Experimental Test Set
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Figure 5. Result from frequency sweeping Figure 6. Frequency Response
Tek HGJH 200ks/s 818 Acqs
H I T ]
H T E d
—~2| ({RY
e ch1 Pk-Pk
X ; 2.88 v
< T L
S ! 4
2] i p
<1 : Ch1 Freq
2, | 36.2kHz
= Low res
_:1— Ch2 Freq
< 2kHz
o
2
n
5
gl
5
(o)
1 1 L L i
0 05 1 15 2 25 Ch 1 R ) Vv M250ps Chi £ 60mV
Time (msec) Em H 9 Mar 2003
13:50:27
Figure 7. Simulation Result Figure 8. Experimental Result

Results, Discussion and Conclusion: In experiment, can see that the operation performs as lowpass
filter by sweeping the input frequency as shown in figure 5. Figure 6. shows the frequency response of
designed filter which can see that same as theoretical result. Finally, adding high frequency
component to baseband frequency for real world testing compared with simulation result as shown in
figure 7. and figure 8. Consequently, from all results FPGA become FIR digital filter and can be
developed to mass production integrated circuits because the method for FPGA design similar to
digital integrated circuits design.
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