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XAPKIBCHKHUI HAIIIOHAJIbHUI YHIBEPCUTET PAJIIOEJIEKTPOHIKA

KA®EJIPA ETEKTPOHHHX OBYHC/ITIOBAJIBHAX MAIITHH

KBAJII®IKAIIIMHA POBOTA

«udpoBuii piabTp HA FPGA 3 BHUKOpHCTAHHAM
VHDL»

Cryment rp. KIVKI-21-2 baokos B.O.

KepiBHIK ac. /Isaenko J1.O.
Xapkie 2025

Mema ma 3ae0anna xeanighikayiiinoi pobomu

Merta wBagidikaniiinol poboTm: po3poOKa, MOJIETIOBaAaHHSI Ta
peanizainisa mudpoBoro GUIBTPY 13 3aJJaHUMHU XapaKTepHUCTHKaAMU Ha
FPGA 3a gonnomororw moBu onucy anaparypu VHDL.

3aBranns:

>TIPOBECTH aHaI13 MUPpoBHX QUIFTPIB Ta iX peam3arii Ha FPGA;
»BH3HAYNTH ONITHMAIBHY CTPYKTYPY PLIBTpa;

>PpO3poONTH MaTeMaTHIHY MOJIelIb 0OpaHoro (PLIBTpa;
>peanizyBaTn apxitekTypy ¢ursrpa Ha VHDL 1a B MATLAB;

>TIPOBECTH MOJlelIfoBaHHA y cepemoBumil Active HDL.
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Hiazpama npoyecy pospaxynxy xoedijicnmie FIR-
Qinempa
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Apximexmypa pospodienozo yugposoeo @insmpa
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Bucnoexu

B pesymerari BHKOHAHHA KBamiikariiiHoi poOoTuH OyI0 JOCTIIKeHO TeOpeTHUHI Ta
TIpakTHUHI acmekTH IH(poBoi (iTbTpamii CHTHATIR 3 BHKOPHCTAHHAM (ITBTIPIiB 3 KiHIEBOIO
IMIYIBCHOIO XapaKTepHCTHKOI, a TaKoX 3/ifICHEeHO po3poOKy, MOJISTIOBAHHA Ta TeCTyBaHHA
Takoro (imeTpa B cepemoBumi MoBoro VHDL. OcobmuBy yBary Oyno TpHIiNeHO Hpolecy
TlepeHeceHHA MaTeMaTHuHoi Mofeni FIR-¢imsTpa, peamizoBaHoi B cepemoBmmli MATLAB, mo
(hopMaTy, IpHIATHOTO JUIA CHHTe3y Ha IPOTpaMOBaHiil JOTIUHII iHTerpambHiil cxeMi. BubpaHi
xoedinieHTH OinsTpa Oyno MacmTaboBaHO y (opMmaT (ikcoBaHOI TOYHOCTI, MIO JO3BOIILIO
e(peKTHBHO pealli3yBaTH olepalil 3TOPTKH Oe3 3aCTOCYBaHHS YHCe 3 IIaBaF0U0k0 KOMOIO.

MogentoBaHHA apXiTeKTypu (inkIpa B cepemoBumi VHDL miTBepIino KOpeKTHICTH
aITOpHIMY OOpOOKH CHTHANy, 30KpeMa 3aBISKH BHKOPHCTAHHIO 3CYBHOTO peTicTpy I
30epeikeHHA icTOpil BXOAIB 1 3MIHHOI aKyMYyIANii pe3yiabTaTiB 3TOPTKH 3 (iIETPYBaIbHIMII
xoedinieHTaMu. JInd mepeBipKH Ipale3aTHOCTI OyJI0 CTBOpPEHO TeCTOBe CepeloBHINE, SKe
3a0e3MedIio TeHepallild TAaKTOBOTO CHTHANY, iHiMiami3amif0o Ta IoJady KOHTPOITbOBAaHOTO
BXIHOTO CHTHATy Y BHIVLAII KBAaHTH30BaHOI CHHycOinun. OTpHMaHi pe3ylbTaTH CHMYIIAIIi

CBi[UaTh MpO MpPaBHIBHY poOOTy CXeMH Ta BIANOBIOHICTE i aMILTITYIHO-U4acTOTHOI

XapaKTepHCTHKHU ToTepeTHRO po3paxoBaHiil y MATLAB. 11
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JIOJIATOK B

[Iporpamuuit Koz

b.1 Jlictunr kony MATLAB

% FIR-dimeTp Ha 21 koedbiuient mnsg FPGA (uacToTa 3piszy 8 kI'u mnpm
Fs = 48 xIw)

clc;
clear;

% lapameTpn

Fs = 48000; % Yacrora muckpermsauii, I'n
Fc = 8000; % YacroTra 3pisy, I'u
N = 21; % KimbxicTe koedpinientir (nopsmox + 1)

% HopmaniszorBaHa dYacToTa
Wn = Fc / (Fs/2);

o

PospaxyHoOK koed@inieHTiB MeTOmoM BikHa I'emMMiHTa
h = firl(N-1, Wn, 'low', hamming(N));

% Bisyanizauisg yacToTHOL XapaKTepUCTUKU
fvtool (h, 'Fs', Fs);
title('AUX FIR-dbimbTpa');

% MacmrabyBaHHS no (ikcoBaHOl TouHoCcTli (16 OimT)
scale factor = 2715; % 32768

o)

h fixed = round(h * scale factor); % uinli 3HaAKOBl 3HAUEHHHA

% BuBegneHHsa koediuientir y MATLAB

disp ('KoebiuienTn dbinbrTpa y dikcoBaHi¥M TouHOCTi (16 ©BiT):');
disp(h fixed.');

% T'enepauis VHDL-mMacuBy

fprintf ('\n-- VHDL array of FIR coefficients (16-bit signed
integers)\n');

fprintf ('constant COEFF : array (0 to %d) of signed (15 downto O0)

:= (\n', N-1);
for i = 1:N
if i < N
fprintf (' to_signed(%d, 16),\n"', h fixed(i));
else
fprintf (' to signed(%d, 16)\n', h fixed(i));
end

end
fprintf (');\n");
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b.2 Jlictunr kony VHDL

-— fir filter.vhd

library ieee;

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

entity fir filter 1is

port (
clk : in std logic;
rst : in  std logic;
X in : in signed (15 downto 0);
y out : out signed (15 downto 0)

) ;
end entity;

architecture rtl of fir filter is

constant N : integer := 21;

-— Oeié

type coeff array t is array (0 to N-1) of signed(1l5 downto
0);

type sample array t is array (0 to N-1) of signed(1l5 downto
0);

-- Eids63®63%°i0e 6%eioda (62éfildai® intlé ¢ MATLAB)
constant COEFF : coeff array t := (
to signed(-207, 16), to signed(-615, 16), to signed(-
1277, 16), to_signed(-1952, 16),
to signed(-2226, 16), to signed(-1436, 16),
to signed (911, 16), to signed(56l6, 16),
to signed (12233, 16), to signed(19691, 16),
to signed (24810, 16), to signed(19691, 16),
to signed (12233, 16), to signed(56l6, 16),
to signed (911, 16), to signed(-1436, 16),
to signed(-2226, 16), to signed(-1952, 16), to signed(-
1277, 16), to_signed(-615, 16),
to signed(-207, 16)
) ;

signal x reg : sample array t := (others => (others =>
'0')) s

begin

process (clk)
variable acc var : signed(31 downto 0);
begin
if rising edge(clk) then
if rst = '1l' then
x reg <= (others => (others => '0"));



y out <= (others => '0"');

else
for i in N-1 downto 1 loop
X reg(i) <= x reg(i - 1);
end loop;

x reg(0) <= x in;

acc_var := (others => '0");
for i in 0 to N-1 loop
acc_var := acc_var + resize(x reg(i) *
COEFF (i), 32);
end loop;

y _out <= resize(acc var (30 downto 15), 16);
end if;
end if;
end process;

end architecture;

-—- fir filter tb.vhd
library ieee;

use ieee.std logic 1164.all;

use leee.numeric std.all;

entity fir filter tb is
end entity;

architecture sim of fir filter tb is

signal clk : std logic := '0";
signal rst : std logic := '1';
signal x in : signed(1l5 downto 0) := (others => '0");

signal y out : signed(1l5 downto 0);
-- 0&fdoideé reaiaé: feiofizaa ¢ +anoioip ~1/20 146331434
type test array t is array(0 to 99) of signed (15 downto 0);
constant test input : test array t := (
0 => to _signed(0, 16),
=> to signed(2052, 16)
=> to signed (4030, 16)
=> to signed (5845, 16)
=> to signed(7431, 16)
to signed (8726, 16)
=> to signed (9682, 16)
=> to signed(10267, 16
=> to signed 16
9 => to signed(10559, 1
10 => to_signed(10267,
11 => to signed(9682, 1
1
1
1

O ~Jo Ul WwWN
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~ e~~~ o~~~ —~

)
)
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10559,

6),
le),
6),
12 => to signed(8726, o),
13 => to signed(7431, o)
6)

14 => to signed(5845,

14

Py
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15 => to signed (4030, 16),
16 => to signed (2052, 16),
17 => to signed(0, 16),

18 => to signed(-2052, 16),
19 => to signed(-4030, 16),
20 => to _signed(-5845, 16),
21 => to signed(-7431, 16),
22 => to_signed(-8726, 16),
23 => to_signed(-9682, 16),
24 => to signed(-10267, 16),
25 => to_signed(-10559, 16),
26 => to_signed(-10559, 16),
27 => to signed(-10267, 16),
28 => to_signed(-9682, 16),
29 => to signed(-8726, 16),
30 => to signed(-7431, 16),
31 => to _signed(-5845, 16),
32 => to signed(-4030, 16),
33 => to signed(-2052, 16),
others => to signed(0, 16)

) ;

begin

2 o~ NN 7 e AN 7 oz e

-- 21ifidaio*paaiiy 6°&uoda
DUT: entity work.fir filter

port map (
clk => clk,
rst => rst,
x in => x in,

y out => y out
) ;

~ N A~ 7 N se o2

\\\\\\\\

-— 0anoiaeé idisan

stimulus: process

begin
wait for 100 ns; -- o0delade reset
rst <= '0"';

for 1 in 0 to 99 loop
X _1in <= test input(i);
wait for 100 ns;

end loop;

wait;
end process;

end architecture;



