JIOJATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH
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Peanizayia FIR-inompa y VHDL. Cmpyxmypa
seopmku FIR-gpinompa. @pacmenm Kooy

library icee;

Cxema 06pobxu curnany use iece.std_logic_1164.all;
use ieee.numeric_std.all;

& Bxignwii curnan — Pericrp 3cysy (Shift Register) entity audio_equalizer is

port (

n] x[n-1] 3 x[n-2] & x[n-3] & x[n-4] T

reset : in std_logic;

% wllﬂﬂ" mm audio_in : in signed(15 downto 0);
bass_gain : in signed(3 downto 0);
hi2] h[3] . o
mid_gain : in signed(3 downto 0);
treble_gain : in signed(3 downto 0);
audio_out : out signed(15 downto 0)

%

end audio_equalizer;

hi e Behavioral of audio_
constant FIR_TAPS : integer := 32;
type sample_array is array (0 to FIR_TAPS -1) of signed(15 downto 0);
signal shift_reg : sample_array := (others => (others => '0'));

-- FIR coefficients

constant bass_coeff : sample_array := (

! ,ln] — m.m x M to_signed(-2,16),to_signed(-1,16),to_signed(0,16),to_signed(3,16),
to_signed(5,16),to_signed(8,16),to_signed(10,16),to_signed(12,16),

others => to_signed(0,16)
. 10
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BucHoexu

V xoni BHKOHaHHA poboTn Oyno 3milicHeHO NOBHOIIHHE HPOEKTYBAaHHA MII(QPOBOIO TPHCMYTOBOTO
eKBajafizepa i3 BHKOpHCTAHHAM MOBI ommcy amaparypn VHDL. OcHOBHa MeTa IONATala y CTBOPeHHI
(yHKIiOHaTBHOI Mozeni IpHCTporo mudpoBol 0OpPOOKH ayliOCHTHANIB, AKIII J03BONAE PeryIIOBATI
IiJcHIeHHA B MeKaX TPBOX YACTOTHHX [(ialla30HIB: HII3BKHX, CepelHiX Ta BHCOKHX HacToT. Yei eramm
PO3pOOKI BiJl BI3HAYEHH:A JaCTOTHHX XapaKTepHCTIIK 10 MOIETOBAaHHA JOTIiKH CHCTeMH — OyI0 pealizoBaHO
V BipTyalbHOMY CepeIoBIIII.

Pe3yneTaToM podOTII cTana CTPYKTYpPHO 3aBepimeHa VHDL-Mo/Iens, AKa BKI0YAE MOIYIL dinkTpamii Ha
ocHOBi FIR-(ineIpiB, ONOKHN MiICHIeHHA Ta 3aXICTy BiI IepeBaHTaKeHH: cHTHamTy. OcoOmHBY yBary
MpHiTeHo MoOyHoBi MacHBY 3aTpIMOK, peaiisamii 3TOPIKII, IpaBIIBHOMY BHOODY KoediIli€HTIB, a TaKOXK
iHTerpamii 9acTOTHIX KaHANIB y €IHHY (QYHKIOHAIBHY cXeMy. ByIo IpoBeleHO IMporpaMHe MOIEIIOBAHHA Y
CHMYZIATOPI, 10 J03BOMILIO NMePeBipUTH KOPEKTHICTh JOTIKII, JOCTIIHTH JacoBi XapaKTepHCTHKH CHIHATIB Ta
[IepeKOHATIICA Y BilIIOBITHOCTI pe3yIETaTIiE OUiKyBaHIM.

Ha OCHOBi OTpHMAHIIX pe3yIbTaTiB MOKHA 3pOONTH BHCHOBOK, IO peali3oBaHA CICTeMa 3a0e3ledye
0a30By (YHKLiOHAIBHICTE MIIGPOBOro eKBalail3epa i € MPHIATHOIO JUIA IOJANBINOI amapaTHOI peamisamii Ha
FPGA. Mojenb 1eMOHCTPYe cTabinbHy poboTy v cepeloBHIII CHMYIIAILL, TiTKO pearye Ha 3MiHy KoedilieHTiB
MiACHIeHHA Ta e(peKTIBHO 00MeKy€e CITHAN ¥ Pa3i IepeBIIIleHHA JOMyCTIMOTO Jiana3oHy. IIoIpH BiICYTHICTE

(izrgHOrO MPOTOTIIIY, MIPOEKT JA€ IIOBHE YSBIEHHS PO aNTOPHTIMIYHY CTPYKIYPY HPHCTPON Ta BiIKpIBAE

IIEPCIIEKTIIBH 1A fforo BIIPOBAKEHHA B PEAlIbHOMY allapaTHOMY cepezlomlmi. 13
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JIOJIATOK B

[Iporpamuuit Koz

library ieee;
use ieee.std logic 1164.all;
use leee.numeric std.all;

entity audio equalizer 1is

port (

clk : in  std logic;

reset : in std logic;

audio in : in signed (15 downto 0);
bass gain : in signed (3 downto 0);

mid gain : in signed (3 downto 0);

treble gain : in signed(3 downto 0);

audio out : out signed (15 downto 0)

) ;

end audio equalizer;
architecture Behavioral of audio equalizer is

constant FIR TAPS : integer := 32;
type sample array is array (0 to FIR TAPS-1) of signed(15
downto 0);

signal shift reg : sample array := (others => (others =>
'0"));

-— FIR coefficients
constant bass coeff : sample array := (
to signed(-2,16),to signed(-
1,16),to signed(0,16),to signed(3,16),

to signed(5,16),to signed(8,16),to signed(10,16),to signed (12,16
),
others => to_signed(0,16)
) 7

constant mid coeff : sample array := (
to signed(-1,16),to signed(-
2,16),to signed(4,16),to signed(10,16),

to signed(12,16),to signed(10,16),to signed(4,16),to signed(-
2,106),
to signed(-1,16),others => to signed(0,16)
) 7

constant treble coeff : sample array := (
to signed(10,16),to signed(-5,16),to signed(-



4,16),to signed(0,16),
to signed(4,16),to signed(-5,16),to signed(10,16),
others => to signed(0,16)
)i

signal bass sum, mid sum, treble sum : signed(31 downto 0);

signal bass scaled, mid scaled, treble scaled : signed(31l
downto 0);

signal mixed out : signed(31 downto 0);
begin

FIR Process: process(clk, reset)
variable bass accum, mid accum, treble accum : signed (31
downto 0);
variable gain bass 32, gain mid 32, gain treble 32
signed (31 downto O0);

begin
if reset = '1l' then
shift reg <= (others => (others => '0'"));
audio out <= (others => '0"');

elsif rising edge(clk) then
shift reg(0) <= audio in;
for 1 in 1 to FIR TAPS-1 loop
shift reg(i) <= shift reg(i-1);

end loop;

bass accum := (others => '0");
mid accum := (others => '0");
treble accum := (others => '0");

for 1 in 0 to FIR TAPS-1 loop
bass accum := bass_accum + (shift reg(i) *
bass coeff (1))

mid accum = mid accum + (shift reg(i) *
mid coeff (1));
treble accum := treble accum + (shift reg(i) *
treble coeff (i));
end loop;

bass sum <= bass_accum;
mid sum <= mid accum;
treble sum <= treble accum;

-— Sign-extend gain inputs

gain bass 32 := resize(bass _gain, 32);
gain mid 32 := resize(mid gain, 32);
gain treble 32 resize(treble gain, 32);

-- Scaling without division (for testing output)

bass scaled <= resize(bass accum * gain bass 32, 32);
mid scaled <= resize(mid accum * gain mid 32, 32);
treble scaled <= resize(treble accum * gain treble 32,
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32);

mixed out <= bass scaled + mid scaled + treble scaled;
-—- Clipping
if mixed out > 32767 then

audio out <= to signed(32767,16);
elsif mixed out < -32768 then

audio out <= to signed(-32768,16);
else

audio out <= mixed out (15 downto 0);
end if;

end if;

end process;

end Behavioral;
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