@ninnomganais nazsouina ATzl

n309%899

HEARING AID DEVICE

M

o v
1303 Tarueiiua

/4 d

Iua madum

unsition.. A9 350 a

ITRE) oud. o LS. 200

a

a P , o =
PantnustiiluaiunilavensinmmunangasdSyan

a a a a d
i’l’ﬂlﬂ“ﬂﬂﬂ?ﬂiiﬁ@!ﬁﬂﬂ‘i@uﬂﬁ

AR IAINTINATAS

astiumalulagwszaemnaudigamymsainnsziia

Umsanu 2553

IAINTTHAMAATLUNA




A
n309%284

HEARING AID DEVICE
Tae
weagan Yaeiiua s¥a 50011406
weadud  nadum 5¥a 50011420
WAy Asvdanese SHA 50011422
psenSnmn

a a J
HA.A.Y¥A  UaenIgoul

NS

4000000000002 0C 000G

1 ------ s®svocavesenssen

VY
¢ o LY a v A

PaaniwusudmivlSyaianssumansiam
muvinInssudannseting
AR ININTSUMAans
aodnalulag wizaesndudnamrIsaIAn Ll

Umsdanun 2553



=S =R

518974 UMsAnEI 2553

a ad a
MAIFIBIENNTOINT
AUSIAINITUANEARS

Iy =1 Yy 9 C4
aofiumaluTatnszremnduiigunmsaiansziis
4 e
¥o15090111 1N 1599570714

F01309MH109N Y Hearing Aid Device

Aaaih
W30 Taueiug 3H 50011406
WeIFus windum W 50011420
WTEg AU Tnges ey THEr 50011422

A : s (=2
OBl 919158N15 w1

(371 A3, 3317 TunIgen)



1A509% 8199

w1e 20 Taueud 117a 50011406
W dud windud 537a 50011420

WY IAYY VIS TWa 0011422

a A a 4
3.3 YA Vauenigonl

msfnm 2553

UnAnee
v Any a = % A4 o v Ya y
enunfuil ldesefinseonuuunazaruniossreilsdmsudinimmians 14
Aty T Lk Y
gummziunnud ssansonzseligiliammsesufladosluanudidimaiusuila 114

TagdanToereils a3 1ddszneuludae Tulas vy sensesanuddyaia mavens uag

o

v ' ¥ Y
M lns Taemansesnnudazlddinsomnuanuuaineauuy FIR lagmsestioilatozainise

= o A Y] ' ' =
nazdsunnudnnseelaluae 20 Hz - 2 kHz dumemsdeou Tdsunsuasly FPGA Taslunis

i

=

9q A o % @ a 3 X o 9
oonuuy 1d1FTsunsn MATLAB iefwammdusuazduszint FIR vimfuiauhdoya

Y = A o o
’lﬂll']ﬂﬁgﬂﬂllﬂ"lﬁmﬂuiﬂﬁLLﬂﬁJLW@ﬁQ NINENANUU FPGA



Hearing Aid Device

Mr. Warut Wattana-anan 1D.50011406
Mr. Wasan Nakponcom  1D.50011420
Mr. Wasit Srikuancharoen ID.50011422
Ass. Prof. Dr. Chuchart Pintavirooj

Education Year 2010

Abstract

This report describes a design and construction of a Hearing Aid Device for patient with
disabilities in hearing in some frequency range. The Hearing Aid Device is compose of 4 main parts.
They are 1. Microphone 2. Signal Filter 3. Amplifier 4. Speaker. Signal filter is an Digital Filter, FIR.
This FIR Bandpass Filter range can be adjust from 20 Hz — 2 kHz by synthesize the selected

coefficients set that generated from FDATOOL function in MATLAB.
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2.2 nqyfgj Finite Impulse Response (FIR)
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FPGA (Field Programmable Gate Array)
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2.3 TIE]}JE] Analog to Digital Converter, Digital to Analog Converter (ADC, DAC)

2.3.1 Digital to Analog Converter
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Output voltage Graph from A/D converter.
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Switched Pole DAC
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2.5 ‘nqnﬁ SPI Interface
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3.1.4 wlasdyanaemnaeniudyayrnasnea (ADC)
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library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL; 3

use IEEE.STD LOGIC UNSIGNED.ALL;

entity SPI INTERFACE _MERGE is

port( osc_clk : in std_logic;

trap_in : out signed(11 downto 8);

trap_out : out signed(11 downto 8);

cs_adc : buffer std_logic;
adc_clk : in std_logic; --Into module.

-- spi_clk_in :in std_logic; --Generated from DCM.
spi_clk out : out std_logic; --Toward ADC.

-- data_out : out signed(11 downto 0);

d in:instd_logic;

dac clk : in std_logic; --Into Module.

sck : out std_logic; --Toward DAC



data_out : out std_logic;
cs_dac : out std_logic
-- clk : in std_logic;
-- data_in : in signed(11 downto 0)
)i
end SPI INTERFACE MERGE;

architecture Behavioral of SPI_ INTERFACE_MERGE is
component SPI_ INTERFACE OUT_TEST
port(sck : out std_logic;
data_out : out std_logic;
cs : out std_logic;
clk : in std logic;
data_in : in signed(11 downto 0));

2

end component;

component SPI INTERFACE_IN
port( cs : buffer std logic;
clk : in std logic;
-- spi_clk in:instd logic; --Generated from DCM.
spi_clk out : out std_logic; --Toward ADC.
data out : out signed(11 downto 0);
d in:instd_logic);

end component;

component BANDPASS

generic( tap : natural := 84;
adc_bit : natural := 12;
coeff resolution : natural := 14);

port( clk : in std_logic;

trap_in : out signed(11 downto 8);
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trap_out : out signed(11 downto 8);

filter_in : in signed(adc_bit-1 downto 0);
output : out signed(adc_bit-1 downto 0));

end component;

signal data_in buffer : signed(11 downto 0);
signal data_in_buffer2 : signed(11 downto 0);
begin
ADC_SUB_CIRCUIT : SPI INTERFACE IN port map (cs => cs_ade,clk => adc_clk,
spi_clk out=>spi_clk out, :
data_out =>data_in buffer,
d in=>d in);
DAC_SUB_CIRCUIT : SPI_INTERFACE_OUT _TEST port map (sck => sck,data_out => data_out,
cs => ¢s_dac,clk => dac_clk, data_in => data_in_buffer2);
FIR_BANDPASS CIRCUIT : BANDPASS generic map ( tap => 51, adc_bit => 12, coeff resolution =>
14)
port map ( clk =>osc_clk, filter_in=>data_in_buffer, output => data_in_buffer2,

trap in => trap_in, trap_out => trap_out);

end Behavioral;

library IEEE;
use [IEEE.STD LOGIC 1164.ALL;
use ieee.std logic signed.all;

use ieee.std logic_arith.all;

entity SPI INTERFACE _OUT TEST is
port(sck : out std_logic;

data out : out std_logic;

cs : out std_logic;

clk : in std logic;



data_in : in signed(11 downto 0));

end SPI_ INTERFACE_OUT TEST;

architecture Behavioral of SPI_ INTERFACE OUT TEST is

signal sig_data in : std logic vector(11 downto 0);

signal sck_counter : integer := 0; --SCK clock counter

signal sig_sck : std_logic :="'0"; --pre SCK clock

signal state_counter : integer := 0;
begin
__**************Frequency Generator**************__
process(clk)
begin
if rising_edge(clk) then
sck_counter <= sck_counter + 1;
if sck_counter = 2 then
sig_sck <= not sig_sck;
sck_counter <= 0;
end if;
end if;
end process;

sck <=sig_sck;

process(state_counter,sig_sck)
begin
if falling_edge(sig_sck) then
case state_counter is
--FRRRREERESettling & Transferation & Fetching Period™ *## # k%
when 0 =>
sig_data in <=std logic_vector(data_in);

cs <="'1";



state_counter <= 1;
--kRrEE*Configuration Period*****%*--
when 1 =>

cs <="0"

state_counter <= 2;

data_out <='0"; -—Select DACa to work
when 2 =>

state _counter <= 3; --Null Bit

when 3 =>

state_counter <= 4;

data_out <='1"; --Gain = 1x

when 4 =>

state_counter <= 5;

data_out <='1"; --Device in active

__********Pushing Data Period**********“
when 5 =>

state_counter <= 6;

data_out <=sig data in(11);
when 6 =>

state _counter <=7;

data_out <=sig_data in(10);
when 7 =>

state_counter <= §&;

data_out <=sig data in(9);
when 8 =>

state_counter <= 9;

data_out <= sig_data in(8);
when 9 =>

state_counter <= 10;

data_out <=sig_data in(7);

when 10 =>

=7



state_counter <= 11;
data_out <= sig_data in(6);
when 11 =>

state_counter <= 12;
data_out <=sig_data_in(5);
when 12 =>

state_counter <= 13;
data_out <= sig_data in(4);
when 13 =>

state_counter <= 14;
data_out <= sig_data_in(3);
when 14 =>

state_counter <= 15;
data_out <= sig_data_in(2);
when 15 =>

state_counter <= 16;
data_out <= sig_data_in(1);
when 16 =>

state_counter <= 0;

data_out <= sig_data_in(0);

-- -kEkxkkkTrapgferation Data Period* ##* x4
- when 17 =>
--  state_counter <= 1;

smolies = 1

when others => --for safety reason
state_counter <= 1;
end case;
end if;
end process;

end Behavioral;
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___*********************ADC 12 bltS SPI interface**********************_-_

library IEEE;
use [IEEE.STD LOGIC 1164.ALL;
use [EEE.STD LOGIC ARITH.ALL;

use [IEEE.STD LOGIC UNSIGNED.ALL;

entity SPI INTERFACE IN is

port( cs : buffer std logic;
clk : in std_logic;

-- spi_clk in :in std logic; --Generated from DCM.
spi_clk out: outstd logic; --Toward ADC.
data_out : out signed(11 downto 0);

d in:instd_logic);

end SPI_INTERFACE IN;

architecture Behavioral of SPI INTERFACE_IN is
signal d O : std_logic;
signal d 1 : std logic;
signal d 2 :std_logic;
signal d 3 : std_logic;
signal d 4 : std_logic;
signal d_5: std logic;
signal d_6 : std logic;
signal d_7 : std_logic;
signal d_8 : std logic;
signal d 9 : std_logic;
signal d 10 : std_logic;

signal d 11 :std logic;

o



signal pre_state counter : integer := 0;

-- signal state_counter : integer := 0;

signal done_time : integer := 0;

signal pre_out : signed(11 downto 0);

signal counter : integer := 0;
signal sig_spi : std_logic :="0";
begin

spi_clk out <=sig_spi;

__*************Frequency Generator (800 kHZ.)*************"‘

process(clk)

begin

if rising_edge(clk) then
counter <= counter + 1;
if counter = 625 then
counter <= 0;
sig_spi <= not sig_spi;
end if;

end if;

end process;

process(pre_state _counter,sig_spi)
begin
if rising_edge(sig_spi) then
case pre_state counter is
--**Hold CS High when first power on**--
when 0 =>
cs<='"1"
done_time <= done_time + 1;

if done time = 2 then

60



cs <="0";
done_time <= 0;
pre state counter <= 1;
end if;
__***********Salnple Period***********_-
when 1 =>
pre_state counter <= 2;
when 2 =>

pre_state counter <= 3;

__*********Null blt period**********--

when 3 =>

pre_state counter <= 4;

—-EEERRRR R Dgtg perjode R R Rk Rk

when 4 =>

d 11 <=d in;
pre_state counter <= 5;
when 5 =>

d 10<=d in;

pre_state counter <= 6;
when 6 =>

d 9<=d in;

pre_state counter <= 7;
when 7 =>

d 8<=d in;

pre_state counter <= §;
when 8 =>

d 7<=d in;

pre_state counter <=9;
when 9 =>

d 6 <=d in;
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pre_state counter <= 10;
when 10 =>

d 5<=d in;

pre_state _counter <=11;
when 11 =>

d 4<=d in;

pre_state _counter <= 12;
when 12 =>

d 3<=d in;

pre_state_counter <= 13;
when 13 =>

d 2<=d in;

pre_state counter <= 14;
“when 14 =>

d 1<=d in;

pre_state counter <= 15;
when 15 =>

d 0<=d in;

cs <="'1"; --Hold Tcsh

pre_state counter <= 16;

when 16 =>

cs <='0'; --Release CS begin new convertion

pre_state _counter <= 1;

pre_out <= conv_signed((d_11 &d 10& d 9&d 8&d 7&d 6&d 5& d 4&d 3&d 2&d 1
& d_0),12);

when others =>

pre_state counter <= 0; --If some error occur go back to first state.
end case;
end if;

end process;



data_out <= pre_out;

end Behavioral;
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FIR for bandpass filter (Kaiser Window)

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use ieee.std logic arith.all;

use ieee.std logic signed.all;

entity bandpass is 7

generic( tap : natural == 51;
adc_bit : natural = 12;
coeff resolution : natural := 14);

port( clk : in std_logic;

trap_in : out signed(11 downto 8);

trap_out : out signed(11 downto 8);

filter_in : in signed(adc_bit-1 downto 0);
output : out signed(adc_bit-1 downto 0));

end bandpass;

architecture behave of bandpass is
signal counter : integer := 0;
signal samp_sig : std_logic :='0";

signal samp : std_logic :="'0';
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type coeff table is array (tap-1 downto 0) of real;
constant coeff : coeff table :=(
-0.01083012402564, -0.01332712035711,-0.007630739519343,-1.496427457416¢-018,
0.002905066918429,-3.3907946898e-018,-0.003236367683309,6.081192478288¢-018,
0.01057201568454, 0.02063393926443, 0.01877946723007,-1.385578761212e-017,
-0.02745418170286, -0.04500617679373, -0.03613552324226,1.746072603218e-017,
0.0443381657561, 0.06803780125321, 0.0515864185953,-3.752992180704¢-017,
-0.05744871901905, -0.08449257609722, -0.06156947219718,-2.509780446386¢-017,
0.06369560307819, 0.09045946500768, 0.06369560307819,-2.509780446386e-017,
-0.06156947219718, -0.08449257609722, -0.05744871901905,-3.752992180704¢-017,
0.0515864185953, 0.06803780125321, 0.0443381657561,1.746072603218e-017,
-0.03613552324226, -0.04500617679373, -0.02745418170286,-1.385578761212e¢-017,
0.01877946723007, 0.02063393926443, 0.01057201568454,6.081192478288e-018,
-0.003236367683309,-3.3907946898¢-018, 0.002905066918429,-1.496427457416e-018,
-0.007630739519343, -0.01332712035711, -0.01083012402564
);

type mul_raw _table is array (tap-1 downto 0) of signed((adc_bit+coeff resolution) downto 0); --create a

temp multiplication result

signal mul_raw : mul raw_table;

type sum_table is array (tap downto 0) of signed(adc_bit+coeff resolution downto 0);

signal add_result : sum_table;

type input_table is array (tap-1 downto 0) of signed(adc_bit downto 0);

signal input_pipeline : input_table;

constant offset : signed(12 downto 0) :="0011111111111"; --Assume that input shifted by 1.65V. (Max
at 3.3V)

constant offset2 : signed(12 downto 0) :="0011111111111"; --Assume that we able to shift output by
1.65V.

signal pre_out : signed(adc_bit downto 0);
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begin
__****************Frequency Generator (50 kHZ.)******************“
process(clk)
begin
if clk'event and clk ='1" then
if counter = 10000 then
samp_sig <= not samp_sig;
counter <= 0;
else
counter <= counter + 1;
end.if;
end if;
end process;

samp <= samp_sig;

process(samp)
begin
if samp'event and samp ='1' then
input_pipeline(0) <= ('0' & filter_in) - offset;
input_pipeline(tap-1 downto 1) <= input_pipeline(tap-2 downto 0);
end if;

end process;

-- trap_in <= input_pipeline(0)(11 downto 8);
-- trap_out <= pre_out(adc_bit-1 downto 8);
-- trap_in <= add_result(tap)(26 downto 23);
-- trap_out <= add_result(tap)(22 downto 19);
trap_in <= filter_in(11 downto 8);

trap_out <= filter_in(7 downto 4);

multiplication : for i in tap-1 downto O generate

mul raw(i) <= input_pipeline(i) * conv_signed(integer(coeff(i)*16384.0),coeff resolution);
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end generate;

summation : for i in O to tap-1 generate
add_result(i+1) <= mul_raw(i) + add_result(i);

end generate;

pre_out <= add_result(tap)((adc_bit+coeff resolution) downto coeff resolution) + offset2;

output <= pre_out(adc_bit-1 downto 0);

-- output <= offset2(11 downto 0);
-- output <= add_result(tap)(26 downto 15);
-- output <= filter in;

end behave; S
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-Low Voltage Audio Amplifier
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3.2.4 FPGA(Discovery-IIT XC3S200F4)

7-Segment $1uamanan (195200 Expansion ports iazansnneasen 14)
-LED 91171 8 A4

-Buzzer 911U 1 A2

-DIP Switch 8 i

~Push Button Switch 31421 5 @7
-Expansion ports (80 10 3.3V. 1/0)
-RS-232C PORT 1 Port

-12C Socket 115U EEPROM

-25 MHz Oscillator

-A31193935 40000 LNA

-18Kb Block RAM 91134 16 % (288Kb)
-18%x18 Hardware Multiplier U 16 AN

-Digital Clock Manager (DCM) 314734 4 %A
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mmﬁ' Input(mV) Output(mV) Gain Gain Error
(Hz) MATLAB
(Output/Input) (%)
100 600 0 0 0.000707 100
200 600 0 0 0.000184 100
220 600 0 0
240 600 0 0
260 600 0 0
280 600 0 0
300 600 60 0.1 0.006476 1444.16
320 600 80 0.13
340 600 0 0
360 600 80 0.2
380 600 120 0.33
400 600 200 0.43 0.225061 Tl/%/8]
420 600 260 0.53
440 600 320 0.6
460 600 320 0.67
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520 600 360 0.5
540 600 320 0.4
560 600 300 0.33
580 600 240 0.16
600 600 200 0.06 0.189758 68.38
620 600 100 0
640 600 40 0
660 600 0 0
680 600 0 0
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700 600 0 0 0.002402 100
1800 600 0 0 8.68E-06 100
900 600 0 0 0.00027 100
1000 600 0 0 0.000317 100
méﬂ 223.733
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