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Apisit Soontornpalin 2010: Adaptive Auditory Warning System. Master of
Engineering (Electrical Engineering), Major Field: Electrical Engineering,
Department of Electrical Engineering. Thesis Advisor:

Assistant Professor Patamaporn Sripadungtham, Ph.D. 81 pages.

An adaptive auditory warning system was developed in this research to automatically
adjust a siren’s volumn according to the detected background noise. The main components of this
system were divided into 3 parts, first was the input which converted audio signals from the
environment by converting analog signal into digital signal, the second part used Field-
Programmable Gate Array (FPGA) to analyze digital signal data and control systems. The third
part was the output part, which created pulse using Pulse Width Modulation (PWM) technique to
control the siren level of a siren bell. The adaptive auditory warning system was able to detect
background noise between 0-120 dB. Siren sound generated from the system was increased from
the detected background noise by 10 dB. The system could detect the background noise within 2

metre radius.
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3) Dual - Slope A/D converter

4) Charge balance A/D converter
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6) Tracking A/D converters

7) Successive — Approximation A/D converters
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GniN‘ﬁ 4 HAPNANUTUNUDITSUIN LLi\iﬂull‘V\lﬁ%E]'ﬂ/]‘V!ﬁ (V) U949 IC LM3915 NUAIANNAN

VY9ILF84 (dB)

VourMmiN Vour,Typ
OUTPUT dB Vourmax (V)
V) V)

1 -27 0.422 0.447 0.531
2 -24 0.596 0.631 0.75

3 -21 0.841 0.891 1.059
4 -18 1.189 1.259 1.413
5 -15 1.679 1.778 1.995
6 -12 2.372 2.512 2.819
7 -9 3.35 3.548 3.825
8 -6 4.732 5.021 5.309
9 -3 6.683 7.079 7.498
10 0 9.985 10 10.015

131 : National Semiconductor (2001)
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131: National Semiconductor (2001)
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1 = tﬂy Y A o
3.2 dawlszuranangufiieanuinedIny FPGA
A a c’dgl Y = A
Wive  (FPGA) gniszavguuausnlull aa. 1985 1evey

ANuEN5aluIANI1 PLA/PLD (Programmable logic array/Programmable logic device) Tuud

) <3 o @ [ { ]
YOIUIUANUIVOUNA  tazAIIdImTuNsTessums Ivuluszuuddianududou

2 A o o PRI ' s s s P W
WNTUIFT009 @1 FPGA 1oaiiuna ladntlumskaunaiuszninegisanisiazsonns 1
A ° Y IS s s A a )
Aomsadiunlrnuiuasaursnainnso 1Usunsu (Programmable) H3o1asuanyuz ¥o9

o 4 J o [
mM3119uld (Reconfigurable) tillouzoiuas lntianudangulumsldaugs Fson,

v g 4 & o o a 1 [l 4 ]
2548) FPGA dauilu ginsalasnedniwia lsunsuldngInssitemsisounsniolu
A @ o o Yo 9 A o A
HUDBNATAY Taseaienieluved FPGA  uanise 1dsunsuldivninnmsiiaumieu
Y

apINNANUFIU 15U AND, OR, XOR, NOT H3035IMAUNA18Y ¥l (combinational logic)
A Y o Y A v 9 A 2 ' A o P A 7
W 1N TN ANTANNFUSDUNUUYY 15U decoders HIDWINFUNIAAAATAST 11 FPGA

v A

™) v ' a Yy v 3
‘V]’Jlth uﬂﬂ%'lﬂﬂgﬂﬁgﬂﬂﬂﬂjﬂﬁju"ll9\1'3\3%3ﬁ’f]ﬂﬂl!UUIﬂﬁ!lﬂﬁﬂJhlﬂlla'Jﬂ\”JUa’f]ﬂ"ll@\i
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) I 1 o a 1 Y Y
@l’JHWﬁﬁNLﬂU‘HU’Jﬂﬂ’NNiﬂi]‘i\ic] @Qﬂmiuﬂllﬂ

M3190 5 ANNET0UD9% FPGA

Device Xilinx Virtex4
11UV I/O Pin 960
$uvasInwad > 200,000
RAM melu 10Mbits
DSP block (18*18 mult/accu) 192
SRR GITRGITRITOR 20
anuialumsdadeyauuueynsy 622Mb/s - 11.1Gb/s

N3N: TIA (2548)
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Schematic

State _
Diagram | Design Entry

Synthesis

Constraints

Implementation

¢ Config file

Hardware

Program

v
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v k4 k4
NN 8 NYHHUUADUNITOONLUY FPGA UNIMUA 4 TUnDU
= a
NN DIYA (2548)
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o Yy Y o A o ¥ o Y Y o 3 " A
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Y
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J v o . . . 4 o o ) o § [l
HanTumsniau (Functional simulation) Iﬂﬂi%ﬁ)’ﬂi"lﬂlﬂﬁﬁ?ﬁﬁﬂﬂWﬁ@ﬂﬂ"lﬁ“l/lN'lu “db;ﬂfl]gllilfl
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1@oonun91n Schematic 130 HDL lviiluavsaein lagaziivunoudoss Aomsdunsier
. L & Ay ad ., Yy A qoyy Hq
2993 (Logic synthesis) ¥4 Tasdnaualraz diunouns optimization aoie 1 laa9vsn e
o Yy A A o vy A o @ b 2 & . .
ninensvesiga nseiinuldisfga waawsvinduaouiiaziilu EDIF (Electronic design
B s A 4 1 [ [} S @ )
intermediate form) FuilulWdnesurenms¥oune (Netlist) tazdaluvusumalulag 1y
=2 a3 A o A oA . ' ]
nnennuinasgiuiauniosio lumseonuuy (Design tools) daumInIzasomile
s a2 9 o o e i [ [ % . . I~
Tvasiaiila mysrassmsmhauluduaeuiiveiudnyasuns Post-synthesis simulation %4
1 { @ o < 1 @ 1 o J
v ifidoyanoanudmd iiiwsuny  uaranissiasaz ldunin  EDIF  TWdudaia
o I 4 o
Implementation #4910 18 Netlist file 11087 v umsuad (Map) IidhdumaTulad w5e
v A § 1 1 I~
f1%¥UNaz 1999 (Technology mapping) 15U IagaIuuINLAY FPGA veilumaluTaduuy
@ 3 < o ) ] a { a
LUT (Look-up table) Lag®aI91niuUN1giIn15119A111US (Placement) Y0900INAINNADIN
Jd o 4 1 o E 1 { J o o a
waan1ee udihimsireuasaiedyanal (Routing) neuinag 1@ IladmsuTdsunsuasdl
Y
o o @ 4 1 [
(Reconfiguration file) M3s1avsmsiinuluszauiiazamnsogaadnuganie lanaeni
9 d? a =) A v oA A 9 o
MIaI19IU5e mumalulad wiearyUe 19 naziin1s Hardware Program N3
4 a 09/’ o % a’/‘ o 4
Tdsunsugilnsal wSe¥ FPGA uamnsah e laduiisiunimsdsualaeund lald
4 v
aaoanal Iagndy lidwaduneunaziims llsunsunaaeunsnianaie 1dTaelul
1 Y1 A = a d? & A @ o’agj @ QsJ‘ a =
mlFnenioanudemianaiu Funiouny lulasaouInsmesuues aetiusl FPGA 39

1 4 P
9199N139n71815 AL NA 150 11/510 51 (Reprogrammable hardware) 18

4 a a A < 1
Lﬁ’f)WiﬂimT]J§$f‘T‘VI‘ﬁﬂ"I‘W‘VINﬁ1uﬂ’!1ﬂ!ﬁ’ﬂuﬂ15ﬂi%lﬂﬁNa@N"] FPGA
3 ' A = [ P o [ 12 9 a 4
uuqqmwmﬂmamsmﬂulluiﬂiﬂaﬂmammwmqmsz@m"lumﬁamuﬂﬂzga‘vw Tﬂﬂ
= = o A = z < ' . Ay o
wSeuiney FPGA NMMAMUNANND 300 MHz HULTINI 1-GHz 32-bit processor (NABDININIG
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Uszaunawalilsunsuiazussina) vatemn 1eanmsiiauuy FPGA uiludnyazved
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1 1 J o QSJ}
ANNENINIONNAIUA1 q szl TnsaeuInsiaesiy FPGA siuansodillaluaisg

1 6 TaeNiifgunsaiilszian ASIC (Application specific IC) W3 sutfguLAY

H a A 1 J 4
Vl"li"lﬂﬁ 6 LLEANANUTINITD ﬂi%ﬁﬂ‘ﬁﬂﬂ"léﬁuﬁ%ﬁ ﬁzﬂ’JNlliJIﬂiﬂ@uT‘Vlimﬁ@ﬁ FPGA oy

ASIC (Application Specific IC)

1s z?m%mwssinq Microcontroller FPGA ASIC
< Y < a3
AITULII P 137 L3I
@ 9 Y
JAGNNRNE Hod ﬂTUﬂaN UDYUIN
Y
311 UBDYUN ‘]JTL!ﬂaN U
9 9 Y
LIATNAUN Hod Hod un
A ' 9
AITNYATTY N “lJ'l‘LlﬂaN—‘Jﬂﬂ Uag

A3 : TR (2548)
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N9 DSP (Digital signal processing) NUMIAIUMIYIZIIaNANIN (Image processing) N3
A o Y . < A A 9 4 v A P
Dudadoya (Datacompression) NAIINIzAON]YH FPGA ailagiiulinissiueiginsaiaigg
L%fl%ﬂi!%ﬂ (RISC processor, Memory, DSP block, Multi-gigabit transceiver) ﬁilﬁﬁWNﬁﬂ

I 1% 1 a = 4 .
ponuuiluanyuzyeszuula uudife 14 (System on a programmable chip)
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1 o Iq 9 a
3.3 daomnamslszgna lsmaiia PWM

[
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daana PwM lanmari I 1giuediannavnananediuszuudoans

g 9

oA 4 < { 1
Tﬂﬂmw13@81\18\1ﬂ1§§@ﬁ"ﬁ1/ﬂ\3!£ﬁ\1 Lﬁ@\ﬁﬂﬂ PWM Lﬂl!ﬂ'ig‘]J'JUﬂTﬁJf’JﬂlﬁﬁﬁﬁTﬂmlLﬂUﬁﬁﬂ

'
v =)

= A Y ad a Jo Y I o Y o
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[
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Ia a do w A [ A Yo Y 1 A v
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189 (Power factor) Tuilagiiudatimsnanisesaidyaa PWM Tdedlugdunuieassiu
eanuazaInlums sy mssuladyana PWM amlnd dyana PWM ansoute1d
I o o { a 1 a
Wu 2 gy dygna PWM uuunsnae dyais PWM a0 quiuisssuea
(Natural sampling) Taod’ iyty1ml§ﬁlﬂ’51 NPWM (Natural Pulse Width Modulation) LLE@AIAININT

(2 9 [ { a 1 a 4
9 Ay PWM Bnuuuniiefie dygis PWM  MAa1nn1sgu tud giwesy (Uniform
Y [
sampling) 92I38nAQY 1T UPWM (Uniform Pulse Width Modulation) HAAIAININA 10

4 H
Tassadwvesmsasedaana PWM Naa@oaiuuuaaiqanIng 11

[ | ]

MNN 9 Ty PWM LU NPWM

A: wuA3 (2539)
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NOY

MNN 10 doya i PWM 110D UPWM

A3: wuA3 (2539)

/\J Natural Sampling

o
Medulating
signal

Samplmg | + | ||

and hold circint Uniform Samp

> - PWM
T output

i M

CAImer
waveform
generator

] v
a1 Tassadvesmsadedaa s PWM N9aodu

A: wuA3 (2539)

nstimilumsduiladyana NPWM dyanaaniais (Modulating signal)
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O 9 99
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AT AULAZ AIAT YDA (Sample and whole) noudlTeuiisunudyanuaumaon
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Reference Level
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Reference level

PWM Output
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-- Module clk main
-- Generated by Xilinx Architecture Wizard

-- Written for synthesis tool: XST

library ieee;

use ieee.std logic 1164.ALL;
use ieee.numeric_std.ALL;
library UNISIM;

use UNISIM.Vcomponents.ALL;

entity clk main is
port ( CLKIN IN ;in  std logic;
RST IN ;in  std logic;
CLKDV_OUT :out std logic;
CLKIN IBUFG OUT : out std logic;
CLKO OUT :out std logic;
LOCKED OUT :out std logic);

end clk_main;

architecture BEHAVIORAL of clk main is
signal CLKDV_BUF : std_logic;
signal CLKFB_IN :std_logic;
signal CLKIN IBUFG :std logic;

signal CLKO_ BUF . std_logic;

signal GND_BIT : std_logic;
begin
GND BIT <="0";

CLKIN IBUFG OUT <= CLKIN_IBUFG;
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CLKO OUT <= CLKFB_IN;
CLKDV_BUFG_INST : BUFG
port map (I=>CLKDV BUF,

0=>CLKDV_OUT);

CLKIN_ IBUFG INST : IBUFG
port map (I=>CLKIN _IN,

0=>CLKIN IBUFG);

CLKO BUFG_INST : BUFG
port map (I=>CLKO_ BUF,

O=>CLKFB IN);

DCM_SP INST : DCM_SP

generic map( CLK_FEEDBACK =>"1X",
CLKDV_DIVIDE => 15.0,
CLKFX DIVIDE => 1,
CLKFX MULTIPLY =>4,
CLKIN _DIVIDE BY 2 =>FALSE,
CLKIN PERIOD =>20.000,
CLKOUT PHASE SHIFT =>"NONE",
DESKEW_ADJUST =>"SYSTEM SYNCHRONOUS",
DFS FREQUENCY_ MODE =>"LOW",
DLL FREQUENCY MODE =>"LOW",
DUTY CYCLE CORRECTION => TRUE,
FACTORY JF =>x"C080",
PHASE SHIFT => 0,
STARTUP_WAIT => FALSE)

port map (CLKFB=>CLKFB_IN,

CLKIN=>CLKIN_IBUFG,
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DSSEN=>GND BIT,
PSCLK=>GND _BIT,
PSEN=>GND BIT,
PSINCDEC=>GND_BIT,
RST=>RST IN,
CLKDV=>CLKDV_BUF,
CLKFX=>open,
CLKFX180=>open,
CLKO0=>CLKO BUF,
CLK2X=>open,
CLK2X180=>open,
CLK90=>open,
CLK180=>open,
CLK270=>open,
LOCKED=>LOCKED OUT,
PSDONE=>open,

STATUS=>o0pen);

END BEHAVIORAL;
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entity input_capture is
Port (clk : in STD LOGIC;
rst:in STD_LOGIC;
din:in STD_LOGIC VECTOR (39 downto 0);
dout : out STD_LOGIC_VECTOR (7 downto 0));

end input_capture;

architecture Behavioral of input_capture is

signal din_reg : std_logic vector(39 downto 0);



signal dout reg : std logic vector(7 downto 0);
signal dout_reg tmp : std logic vector(7 downto 0);
signal sum_ct : std logic vector(7 downto 0);

signal sum_ct_tmp : std_logic_vector(7 downto 0);
signal loop ct : std_logic_vector(31 downto 0);
signal clk_ct : integer range 0 to 9 :=0;

signal clk dv : std logic;

type ram_type is array (39 downto 0) of std_logic_vector(7 downto 0);

signal tmp_ram: ram_type;

begin

tmp_ram(0) <= X"03";
tmp ram(1) <= X"06";
tmp ram(2) <= X"09";
tmp ram(3) <= X"0c";
tmp ram(4) <= X"0f";
tmp ram(5) <= X"12";
tmp_ram(6) <= X"15";
tmp_ram(7) <= X"18";
tmp_ram(8) <= X"1b";
tmp_ram(9) <= X"le";
tmp_ram(10) <= X"21";
tmp_ram(11) <= X"24";
tmp_ram(12) <= X"27";
tmp_ram(13) <= X"2a";

tmp_ram(14) <= X"2d";
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tmp ram(15) <= X"30";
tmp ram(16) <= X"33";
tmp ram(17) <= X"36";
tmp_ram(18) <= X"39";
tmp_ram(19) <= X"3c";
tmp_ram(20) <= X"3f";
tmp ram(21) <= X"42";
tmp_ram(22) <= X"45";
tmp_ram(23) <= X"48";
tmp_ram(24) <= X"4b";
tmp_ram(25) <= X"4e";
tmp_ram(26) <= X"51";
tmp ram(27) <= X"54";
tmp ram(28) <= X"57";
tmp ram(29) <= X"5a";
tmp_ram(30) <= X"5d";
tmp ram(31) <= X"60";
tmp ram(32) <= X"63";
tmp_ram(33) <= X"66";
tmp ram(34) <= X"69";
tmp ram(35) <= X"6¢";
tmp ram(36) <= X"6f";
tmp ram(37) <= X"72";
tmp ram(38) <= X"75";

tmp_ram(39) <= X"78";

div_proc : process(clk,rst)
begin
if(rst='1")then

clk _ct<=0;
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clk_dv<="1";
elsif(rising_edge(clk))then
if(clk_ct=1)then
clk ct<=0;
clk dv <=notclk dv;
else
clk ct<=clk ct+1;
end if;
end if;

end process;

sum_proc : process(clk_dv,rst)
begin
if(rst='1")then
dout <= (others =>"'0");
din_reg <= (others =>"'0");
dout reg <= (others =>"'0");
dout reg tmp <= (others =>"'0");
sum_ct <= (others =>"'0");
loop ct <= (others =>"'0");
elsif(rising_edge(clk dv))then
if(sum_ct=40)then
sum_ct <= (others =>"'0");

din_reg <=din;

if(loop_ct=10000)then
loop_ct <= (others =>"'0");
dout <= dout_reg_tmp;
dout_reg_tmp <= (others =>'0");

dout_reg <= (others =>"'0");
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else
if(dout reg>dout reg tmp)then
dout reg tmp <= dout_reg;
end if}
loop ct <=loop ct+'1";
end if}
else
if(din_reg(conv_integer(sum_ct))='0")then
dout_reg <=tmp ram(conv_integer(sum_ct));
end if;
sum_ct <=sum_ct+'l";
end if;
end if;
end process;
END Behavioral;
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entity segment_ctrl is
Port (clk : in STD LOGIC;
rst:in STD_LOGIC;
din:in STD_LOGIC VECTOR (7 downto 0);
dout : out STD_LOGIC_VECTOR (7 downto 0);
col : out STD LOGIC_VECTOR (2 downto 0));

end segment_ctrl;

architecture Behavioral of segment_ctrl is

signal segl : integer range 0 to 12 :=0;



signal seg? : integer range 0 to 12 :=0;

signal seg3 : integer range 0 to 12 :=0;

type ram_type is array (11 downto 0) of std_logic_vector(7 downto 0);

signal tmp_ram: ram_type;

type state_scan_type is (segl_on,seg2 on,seg3 on,coll on,col2 on,col3 on);

signal state_scan : state_scan_type;

signal ct : integer range 0 to 100 :=0;

begin

--tmp_ram(0) <="00111111";
--tmp_ram(1) <="00000110";
—-tmp ram(2) <="01011011";
-—-tmp ram(3) <="01001111";
—-tmp ram(4) <="01100110";
—-tmp ram(5) <="01101101";
—-tmp_ram(6) <="01111100";
--tmp_ram(7) <="00000111";
—-tmp_ram(8) <="01111111";
—-tmp_ram(9) <="01100111";
--tmp_ram(10) <= "00000000";
--tmp_ram(11) <= "00000000";

tmp_ram(0) <="00111111";
tmp_ram(1) <="00000110";

tmp_ram(2) <="01011011";
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tmp ram(3) <="01001111";
tmp ram(4) <="01100110";
tmp ram(5) <="01101101";
tmp_ram(6) <="01111100";
tmp_ram(7) <="00000111";
tmp_ram(8) <="01111111";
tmp_ram(9) <="01100111";
tmp_ram(10) <= "00000000";
tmp_ram(11) <="00000000";

scan_proc : process(clk,rst)
begin
if(rst='1")then
state_scan <= segl_on;
ct<=0;
col<="111";
dout <= (others =>"'1");
elsif(rising Edge(clk))then
case state_scan is
when segl on =>
dout <= not tmp_ram(segl);
if(ct=20)then

ct<=0;

state_scan <= coll on

else
ct<=ct+1;
end if;
when coll _on =>

col<="110";
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if(ct=80)then
ct<=0;
col<="111";
dout <= (others =>"'0");
state_scan <= seg2 on;
else
ct<=ct+1;
end if;
when seg2 on =>

dout <= not tmp_ram(seg2);

if(ct=20)then

ct<=0;

--dout <= (others =>"'0");

state_scan <= col2_on;
else
ct<=ct+1;
end if;
when col2_on =>
col<="101";
if(ct=80)then
ct<=0;
col <="111";
dout <= (others =>"'0");
state_scan <= seg3 on;
else
ct<=ct+1;
end if;
when seg3 on =>

dout <= not tmp_ram(seg3);
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end if;

end process;

-- look up

if(ct=20)then
ct<=0;
state_scan <= col3 on;
else
ct<=ct+1;
end if}
when col3 on =>
col<="011";
if(ct=80)then
ct<=0;
col<="111";
dout <= (others =>"'0");
state scan <=segl on;
else
ct<=ct+1;
end if;

end case;

look_proc : process(clk,rst)

begin

if(rst="1")then

segl <=11;
seg2 <=11;

seg3 <=11;

elsif(rising_edge(clk))then

case din is
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when X"00" =>

segl <=11;seg2 <= 11; seg3 <= 0;
when X"03" =>

segl <=11; seg2 <=11; seg3 <=3;
when X"06" =>

segl <=11; seg2 <=11; seg3 <= 6;
when X"09" =>

segl <=11;seg2 <=11; seg3 <=9;
when X"Oc" =>

segl <=11;seg2 <=1; seg3 <=2;
when X"OF" =>

segl <=11;seg2 <=1; seg3 <=35;

when X"12" =>

segl <=11;seg2 <=1; seg3 <=8;
when X"15" =>

segl <=11;seg2 <=2; seg3 <=1;
when X"18" =>

segl <=11;seg2 <=2; seg3 <=4;
when X"1b" =>

segl <=11;seg2 <=2; seg3 <=7,
when X"le" =>

segl <=11;seg2 <=3; seg3 <=0;

when X"21" =>

segl <=11;seg2 <=3; seg3 <=3;
when X"24" =>

segl <=11;seg2 <=3; seg3 <=0;
when X"27" =>

segl <=11;seg2 <=3; seg3 <=9;
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when X"2a" =>

segl <=11; seg2 <=4;
when X"2d" =>

segl <= 11; seg2 <= 4;
when X"30" =>

segl <=11; seg2 <=4;

when X"33" =>

segl <=11; seg2 <=5;
when X"36" =>

segl <=11; seg2 <=5;
when X"39" =>

segl <=11; seg2 <=5;
when X"3¢" =>

segl <=11; seg2 <= 6;
when X"3f" =>

segl <=11; seg2 <= 6;
when X"42" =>

segl <=11; seg2 <= 6;
when X"45" =>

segl <=11; seg2 <= 6;
when X"48" =>

segl <=11;seg2 <=7,
when X"4b" =>

segl <=11;seg2 <=7,
when X"4e" =>

segl <=11;seg2 <=7,
when X"51" =>

segl <=11; seg2 <=3§;

when X"54" =>

seg3 <=2;

seg3 <=5;

seg3 <=8;

seg3 <=1;

seg3 <=4;

seg3 <=7,

seg3 <= 0;

seg3 <= 3;

seg3 <= 6;

seg3 <=9;

seg3 <=2;

seg3 <=5;

seg3 <=8§;

seg3 <=1;
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segl <=11; seg2 <=8§;
when X"57" =>

segl <=11; seg2 <=8§;
when X"5a" =>

segl <=11;seg2 <=09;
when X"5d" =>

segl <=11; seg2 <=09;
when X"60" =>

segl <=11; seg2 <=9,

when X"63" =>

segl <=11; seg2 <=09;
when X"66" =>

segl <=1; seg2 <=0;
when X"69" =>

segl <=1; seg2 <=0;
when X"6c" =>

segl <=1; seg2 <=0;
when X"6f" =>

segl <=1; seg2 <=1,
when X"72" =>

segl <=1; seg2<=1;
when X"75" =>

segl <=1; seg2<=1;
when X"78" =>

segl <=1; seg2 <=2;
when X"7b" =>

segl <=9; seg2 <=09;
when others =>

segl <=9; seg2 <=09;

seg3 <=4;

seg3 <=7,

seg3 <=0;

seg3 <=3;

seg3 <= 6;

seg3 <=9;

seg3 <=2;

seg3 <=5;

seg3 <=8§;

seg3 <= 1;

seg3 <=4;

seg3 <=7,

seg3 <=0;

seg3 <=9;

seg3 <=9;
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end case;

end if;
end process;

END Behavioral,
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entity segment pwm is
Port (clk : in STD LOGIC;
rst:in STD_LOGIC;
dout : out STD_LOGIC_VECTOR (7 downto 0);
col : out STD LOGIC_VECTOR (2 downto 0);
din:in STD _LOGIC VECTOR (3 downto 0));

end segment_pwm;

architecture Behavioral of segment_pwm is

signal segl : integer range 0 to 12 :=0;

signal seg? : integer range 0 to 12 :=0;

signal seg3 : integer range 0 to 12 :=0;

type ram_type is array (11 downto 0) of std_logic vector(7 downto 0);

signal tmp_ram: ram_type;

type state_scan_type is (segl_on,seg2 on,seg3 on,coll on,col2 on,col3 on);

signal state_scan : state_scan_type;

signal ct : integer range 0 to 100 :=0;

begin



tmp ram(0) <="00111111";
tmp ram(1) <="00000110";
tmp_ram(2) <="01011011";
tmp_ram(3) <="01001111";
tmp_ram(4) <="01100110";
tmp_ram(5) <="01101101";
tmp_ram(6) <="01111100";
tmp_ram(7) <="00000111";
tmp_ram(8) <="01111111";
tmp_ram(9) <="01100111";
tmp_ram(10) <= "00000000";

tmp_ram(11) <= "00000000";

scan_proc : process(clk,rst)
begin
if(rst='1"then
state_scan <=segl on;
ct<=0;
col<="111";
dout <= (others =>"'1");
elsif(rising_Edge(clk))then
case state_scan is
when segl on =>
dout <= not tmp_ram(segl);
if(ct=20)then

ct<=0;

state_scan <=coll on

else
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ct<=ct+1;

end if;

when coll_on =>
col <="110";
if(ct=80)then
ct<=0;
col<="111";
dout <= (others =>"'0");
state_scan <= seg2 on;
else
ct<=ct+1;
end if;
when seg2 on =>
dout <= not tmp_ram(seg2);
if(ct=20)then
ct<=0;
state scan <= col2 on;
else
ct<=ct+1;
end if;
when col2_on =>
col <="101";
if(ct=80)then
ct<=0;
col<="111";
dout <= (others =>"'0");
state_scan <= seg3 on;
else

ct<=ct+1;
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end if;

end process;

-- look up
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end if;
when seg3 on =>
dout <=not tmp ram(seg3);
if(ct=20)then
ct<=0;
state_scan <= col3_on;
else
ct<=ct+1;
end if;
when col3_on =>
col <="011";
if(ct=80)then
ct<=0;
col<="111";
dout <= (others =>"'0");
state scan <=segl on;
else
ct<=ct+1;
end if;

end case;

look_proc : process(clk,rst)

begin

if(rst='1")then

segl <=11;
seg2 <=11;

seg3 <=11;



elsif(rising_edge(clk))then
case din is

when X"0" =>

segl <=11; seg2 <=11; seg3 <=0;
when X"1" =>

segl <=11; seg2 <=1; seg3 <= 0;
when X"2" =>

segl <=11; seg2 <= 2; seg3 <=0;
when X"3" =>

segl <=11; seg2 <= 3; seg3 <=0;
when X"4" =>

segl <=11; seg2 <=4; seg3 <=0;
when X"5" =>

segl <=11;seg2 <=5; seg3 <=0;

when X"6" =>

segl <=11;seg2 <=6; seg3 <=0;
when X"7" =>

segl <=11;seg2 <=7; seg3 <=0;
when X"8" =>

segl <=11;seg2 <=8; seg3 <=0;
when X"9" =>

segl <=11;seg2 <=9; seg3 <=0;
when X"A" =>

segl <=1; seg2 <=0; seg3 <=0;

when others =>
segl <=9; seg2 <=9; seg3 <=9;
end case;

end if;
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end process;

END Behavioral;
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entity pwm_ctrl is
Port (clk : in STD LOGIC;
rst : in std logic;
din:in STD LOGIC VECTOR (3 downto 0);
pwm : out STD LOGIC);

end pwm_ctrl;

architecture Behavioral of pwm_ctrl is

signal pwm_ct : integer range 0 to 10 := 0;
signal clk_dv : std_logic;

signal clk ct : integer range 0 to 50 :=0;

begin

div_proc : process(clk,rst)
begin
if(rst='1"then
clk ct<=0;
clk dv<="1"
elsif(rising_edge(clk))then
if(clk_ct=20)then
clk ct<=0;
clk dv <=not clk dv;
else
clk ct<=clk ct+1;

end if;



end if;

end process;

pwm_proc : process(clk _dv,rst)
begin
if(rst="1")then
pwm <="'0";
pwm_ct <=0;
elsif(rising_edge(clk_dv))then
if(din = "0000")then

pwm <='0';
else
if(din > pwm_ct)then
pwm <="'1";
else
pwm <='0";
end if;
end if;

if(pwm_ct=9)then

pwm_ct <= 0;

else
pwm_ct <=pwm ct+ 1;
end if}
end if}
end process;
END Behavioral;
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entity Top_sCtrol is

Port (clk in:in STD LOGIC;



rst:in STD LOGIC;
led run : out std logic;

led start : out std_logic;

din:in STD_LOGIC VECTOR (39 downto 0);

pwm : out STD LOGIC;

start : in STD LOGIC;

segment_in : out STD LOGIC VECTOR (7 downto 0);
col_in:out STD LOGIC VECTOR (2 downto 0);
segment_out : out STD LOGIC_VECTOR (7 downto 0);
col out:out STD LOGIC VECTOR (2 downto 0));

end Top_sCtrol;

architecture Behavioral of Top_sCtrol is

constant db_constant : std_logic_vector(7 downto 0) := "00001001";
signal db_input : std logic vector(7 downto 0);

signal din_pwm : std logic vector(3 downto 0);

signal sum : std logic vector(7 downto 0);

signal clk : std logic;

--signal rst : std_logic;

COMPONENT input_capture
PORT(
clk : IN std_logic;
rst : IN std_logic;
din : IN std_logic_vector(39 downto 0);
dout : OUT std_logic_vector(7 downto 0)
);
END COMPONENT;



COMPONENT pwm_ ctrl
PORT(

clk : IN std_logic;
rst : IN std_logic;
din : IN std_logic_vector(3 downto 0);
pwm : OUT std_logic
)

END COMPONENT;

COMPONENT segment_ctrl

PORT(
clk : IN std_logic;
rst : IN std_logic;
din : IN std_logic vector(7 downto 0);
dout : OUT std logic vector(7 downto 0);
col : OUT std logic vector(2 downto 0)
);

END COMPONENT;

COMPONENT segment pwm

PORT(
clk : IN std_logic;
rst : IN std _logic;
din : IN std_logic_vector(3 downto 0);
dout : OUT std_logic_vector(7 downto 0);
col : OUT std _logic_vector(2 downto 0)
);

END COMPONENT;

COMPONENT clk main



PORT(

CLKIN_IN : IN std_logic;
RST IN: IN std logic;
CLKDV_OUT : OUT std_logic;
CLKIN IBUFG OUT : OUT std logic;
CLKO OUT : OUT std_logic;
LOCKED OUT : OUT std logic
)

END COMPONENT;

begin

--rst <= not rstn;
led run <= not rst;
sum <= db_constant + db_input;

led start <= start;

pwm_decode proc: process(clk,rst)
begin
if(rst='1"then
din pwm <= (OTHERS =>'0");
elsif(rising_edge(clk))then
if(start="1")then
if(sum>114)then
din_pwm <= X"A";
elsif(sum>107)then
din pwm <= X"9";
elsif(sum>105)then
din pwm <= X"8";

elsif(sum>103)then

78



din_pwm <= X"7";
elsif(sum>101)then
din_pwm <= X"6";
elsif(sum>98)then
din_pwm <= X"5";
elsif(sum>92)then
din_pwm <= X"4";
elsif(sum>87)then
din_pwm <= X"3";
elsif(sum>70)then

din pwm <= X"2";

else
din_pwm <= X"1";
end if;
else
din_pwm <= (OTHERS =>'0");
end if;

end if;

end process;

Inst input capture: input_capture PORT MAP(
clk => clk,
rst => rst,
din => din,

dout => db_input

Inst pwm_ctrl: pwm_ctrl PORT MAP(
clk => clk,

st => rst,
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din => din_pwm,

pwm => pwm

Inst_segment_ctrl: segment_ctrl PORT MAP(
clk => clk,
st => rst,
din => db_input,
dout => segment _in,

col=>col in

Inst_segment pwm: segment_pwm PORT MAP(
clk => clk,
rst => rst,
dout => segment_out,
col =>col out,

din => din_pwm

Inst clk main: clk main PORT MAP(
CLKIN_IN =>clk in,
RST IN =>rst,
CLKDV_OUT => clk,
CLKIN IBUFG OUT => open,
CLKO OUT => open,
LOCKED OUT => open

);
END Behavioral;
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