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ДОДАТОК А 

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б 

Програмний код 

 

 

library ieee; 

use ieee.std_logic_1164.all; 

use ieee.numeric_std.all; 

 

entity audio_equalizer is 

  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) 

  ); 

 

  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(-

2,16), 

    to_signed(-1,16),others => to_signed(0,16) 

  ); 

 

  constant treble_coeff : sample_array := ( 

    to_signed(10,16),to_signed(-5,16),to_signed(-
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4,16),to_signed(0,16), 

    to_signed(4,16),to_signed(-5,16),to_signed(10,16), 

    others => to_signed(0,16) 

  ); 

 

  signal bass_sum, mid_sum, treble_sum : signed(31 downto 0); 

  signal bass_scaled, mid_scaled, treble_scaled : signed(31 

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 0); 

  begin 

    if reset = '1' then 

      shift_reg <= (others => (others => '0')); 

      audio_out <= (others => '0'); 

    elsif rising_edge(clk) then 

      shift_reg(0) <= audio_in; 

      for i 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 i in 0 to FIR_TAPS-1 loop 

        bass_accum   := bass_accum   + (shift_reg(i) * 

bass_coeff(i)); 

        mid_accum    := mid_accum    + (shift_reg(i) * 

mid_coeff(i)); 

        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; 


