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A method of resources saving to realize FIR filter based on FPGA
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Abstract: The structure of FIR filter determines that it will consume a great deal of the resources of
flip-flop or memory to design the FIR(Finite Impulse Response) filter by using the FPGA(Field
Programmable Gate Array). Taking the n-order filters for example, a method of read and write operations to
save the resources of flip-flop and dual-port RAM was presented. Comparing with a conventional FIR filter,
the application simulation in a communication system showed that the method was not only good for
filtering, but also in reducing a number of adders and multipliers, saving flip-flop and dual-port RAM
effectively. The higher orders of filter, the more resources were saved.
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Fig.1 Diagram of FIR filter
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Fig.2 Process of writing dual-port RAM
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data_in | dl [ d2 |
counter_mux | 0 | 1 | 2 | | | | N-2 | N-1 | 0 | 1 | 2 | | | | N-2 | N-1 |
waddr | waddr | waddr+1 |
raddr_1_base waddr-N waddr-N+1
raddr 1 offset 0 | 1 | 2 | | | | N-2 | N-1 0 | 1 | 2 | | | | N-2 | N-1
raddr_2_base waddr-2N waddr-2N+1
raddr 2 offset 0 | 1 | 2 | | | | N-2 | N-1 0 | 1 | 2 | | | | N-2 | N-1
raddr_k-1_base waddr-(k-1)N waddr-(k-1)N+1
raddr k-1 offset 0 | 1 | 2 | | | | N-2 | N-1 0 | 1 | 2 | | | | N-2 | N-1
raddr_k_base waddr-(k-1)N-M waddr-(k-1)N-M+1
raddr koffset | O [ U] 2 [~ [MafMiJofJoJofJv]af~]ma[mi]JolT]eo

Fig.3 Dual-port RAM read address generation timing of the first half filter
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data_in | di | a2 |
counter_mux | 0 | 1 | 2 | | | | N-2 | N-1 | 0 | ! | 2 | | | | N-2 | N-1 |
waddr | waddr | waddr+1 |
raddr k+1 base waddr-(k-1)N-2M waddr-(k-1)N-2M+1
radde ki oftsee (M [M2] [ | J2frfomifma] [-] J2J]1]o
raddr_k+2_base waddr-kN-2M waddr-kN-2M+1
rddr ki2 oftser (NI[N2[ [ ] o] o fofntfna] [] J2Ji]o
raddr 2k-1 base waddr-(2k-3)N-2M waddr-(2k-3)N-2M+1
raddr 2k-1 offset | N-1 [ N-2 | [ ] [2 [t [o [Nr]N2] [ | [2]1]o
raddr2k base waddr-(2k-2)N-2M waddr-(2k-2)N-2M+1
vdd ok oftser [Nt[N2] -] Jo2fv]ofnrfn2] [f [2fr1]o

Note: filter order is an even number
Fig.4 Dual-port RAM read address generation timing of the second half filter
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data_in | dl | d2 |
counter_mux | 0 | 1 | 2 | | | | N-2 | N-1 | 0 | 1 | 2 | | | | N-2 | N-1 |
waddr | waddr | waddr+1 |
raddr k+1_base waddr-(k-1)N-2M+1 waddr-(k-1)N-2M-+2
raddr_k+1_offset M-1 | M-2 | | 2 | 1 | 0 M-1 | M-2 | | | | 2 | 1 | 0
raddr k+2 base waddr-kN-2M+1 waddr-kN-2M+2
raddr k+2 offset N-1 | N-2 | | o | | 2 | 1 | 0 N-1 | N-2 | | o | | 2 | ! | 0
raddr 2k-1_base waddr-(2k-3)N-2M+1 waddr-(2k-3)N-2M+2
raddr 2k-1 offset | N-1 | N-2 | - | | 2 | 1 | 0 N-1 | N-2 | | | | 2 | 1 | 0
raddr2k_base waddr-(2k-2)N-2M+1 waddr-(2k-2)N-2M+2
raddr 2k offset N-1 | N-2 | | | | 2 | 1 | 0 N-1 | N-2 | | | | 2 | 1 | 0

Note: filter order is an odd number
Fig.5 Dual-port RAM read address generation timing of the second half filter
5 URIEAE A BT RAM Ry = A it
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