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Capitulo 1.-Introduccion

Este proyecto desarrolla un sintetizador de somalasicales con técnicas digitales. En
particular, aborda la sintesis del sonido de 3unsntos musicales: un oboe, un violin
y la tuba. Cada uno de estos instrumentos tienembre y un rango de frecuencias
distinto, consideraciones que se han tenido entawmla implementacion.

El sistema se ha implementado en la placa DE2-&1&ltéra, utilizdndose un arpa con
12 laseres y 12 sensores para generar las seiieleefinen qué notas se estan tocando.
También es posible generar las notas con los paisad/ switches disponibles en la
misma placa de pruebas.

En el capitulo 2 se hace un breve repaso a loseptox basicos relacionados con el
sonido y las técnicas utilizadas en la sintesisotdédo y se elige la técnica que mejor se
adapta a nuestros objetivos.

El capitulo 3 se centra en el modelado en Matldbsideema. El capitulo incluye la
descripcion de los parametros que definen el tirdbri®s instrumentos elegidos.

El capitulo 4 comienza con una breve descripcionlaleplaca utilizada en la
implementacion y las caracteristicas basicas dgloditivo programable que contiene,
EP4EC115F29C7 e incluye la descripcion de los nasdMHDL que se han utilizado
para generar el codigo completo. El anexo 1 coaties detalles de dicho codigo.

En el capitulo 5 se muestra la simulacion del siatg en el capitulo 6 los resultados de
su implementacion en el dispositivo FPGA.

Esta memoria acaba con la exposicién de las palegpconclusiones de este trabajo y
la presentacion de nuevas ideas que pueden migsnasultados y prestaciones de este
proyecto.



Capitulo 2.-Conceptos basicos.

2.1.- El sonido
Se define como sonido a la vibracion periédicandetlio elastico material que bafa el
mecanismo auditivo (generalmente el aire). [1]$%],

Para que se produzca un sonido se requiere leeegigtde un cuerpo vibrante, este
puede ser debido por ejemplo a una cuerda tensavarilla, una lengieta. En el caso
del sonido generado electrénicamente el fendbmera dgitacion molecular del aire se
origina en el cono de un altavoz.

Como onda, el sonido responde a las siguientestesisticas:

- Es una onda mecanica: Las ondas mecénicas neermpuwEbplazarse en el vacio,
necesitan hacerlo a través de un medio materia, @jua, cuerpo solido), ademas éste
debe ser elastico (ya que un medio rigido no perhaitransmision del sonido, porque
no permite las vibraciones). La propagacion de daupbacién se produce por la
compresion y expansion del medio por el que seggap La elasticidad del medio
permite que cada particula transmita la perturlmaeida particula adyacente, dando
origen a un movimiento en cadena.

- Es una onda longitudinal: El movimiento de lastipalas que transporta la onda se
desplaza en la misma direccion de propagacion deda.

- Es una onda esférica: Las ondas sonoras son dndesensionales, es decir, se
desplazan en tres direcciones y sus frentes des@uiaesferas radiales que salen de la
fuente de perturbacion en todas las direccionesriBtipio de Huygens afirma que
cada uno de los puntos de un frente de ondas afgyuede ser considerado como un
nuevo foco emisor de ondas secundarias tambiémicasfe que como la originaria,
avanzaran en el sentido de la perturbacion conidenanvelocidad y frecuencia que la
onda primaria.

Cualquier sonido sencillo, como una nota musicakde describirse en su totalidad
especificando tres caracteristicas de su percepeldiono, la intensidad y el timbre.
Estas caracteristicas corresponden exactamenteesa ciracteristicas fisicas: la
frecuencia, la amplitud y la composicion armonidarma de onda.

2.1.1.-Tono y frecuencia

Aunque ambos conceptos estan relacionados no soistoo. El tono sera siempre una
magnitud subjetiva de la altura o gravedad del dsbmjue estd formado por la
frecuencia fundamental percibida por el oido, acafiapa de otras caracteristicas como
el contenido armaénico, la intensidad con que sdywe y la duracion de la nota.

Por su parte, la frecuencia es una definiciondisigantitativa, que se puede medir con
aparatos sin una referencia auditiva, la perceppidede ser diferente en distintas
situaciones, asi para una frecuencia especifiséengpre sera la misma.



A continuacion podemos ver las gamas de frecuemgeoximadas de varios
instrumentos.

DO4 DO7

Flauta C4 — C7 261 Hz a 2093 Hz
SOL3 DO6

Cuerno inglés G3 — C6 196 Hz a 1046 Hz
SOL3 DOs

Violin Gy — C6 196 Hz a 1046 Hz
DO3 Mi4

Viola C3 — E4 130 Hz a 329 Hz
MI13 LAS

Trompeta E3 — A5 164 Hz a 880 Hz
LAO DO8

Piano A0 — C8 27 Hz a 4186 Hz
LA3 SOLs

Oboe A3 — G6 220 Hz a 1568 Hz
FA1 FA4

Tuba F1 — F4 43 Hz a 349 Hz
Si FAS

Cuerno francés B1 — F5 61 Hz a 689 Hz
DO3 MI3

Vialoncelo Cc2 — E3 65 Hz a 164 Hz
M1 Mi3

Contrabajo E1 — E8 41 Hz a 164 Hz

Figura 1: Frecuencias
instrumentos.

2.1.2.-Timbre y estructura arménica

El timbre de un sonido permite la identificacion detrumento o foco emisor del
sonido. El sonido emitido por un instrumento musitaes una vibracion simple, sino
gue es una mezcla de sefales cuyas frecuenciastuyers valores multiplos de esta
fundamental denominados armonicos. Lo que hacegiisble una misma nota emitida
por un instrumento o por otro es la distribuciénlake porcentajes de cada arménico y
su relacion de fase con respecto a la fundamental.

Jean Fourier demostr6 matematicamente que todadfuperiddica sinusoidal puede
ser descompuesta en una serie de funciones sialesidPor el contrario, una onda
sinusoidal no puede ser descompuesta, lo que sanfijue estas son las mas puras
obtenibles. Por tanto cualquier onda compleja ldrgqmos sintetizar con un namero
definido de ondas sinusoidales.

A continuacion podemos ver la descomposicion eggede algunos instrumentos
musicales:
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Figura 2: Descomposicion espectral



2.1.3.-Intensidad y sonoridad

La intensidad es una magnitud fisica y medible agela la potencia eléctrica. Por
definicion, es la energia sonora transportada patad de tiempo y que atraviesa un

area unidad perpendicular a la direccion de prapaga

La intensidad corresponde poco a las sensacionesasoque produce, ya que no existe
una proporcionalidad entre la intensidad objetita gensacion percibida. Por ello a la
sensacion subjetiva de la intensidad se define@mnoridad, que depende también de
otros factores como la frecuencia, el ancho dedard duracién del sonido percibido.
Para medir la sonoridad se hace uso de la esgadtinica, en este caso la unidad que
se usa es el decibelio. A continuacion podemosuwer tabla con niveles sonoros

aproximados:

TABLA DE NIVELES SONOROS

Estudio de grabacioén en silencio .
Murmuracién a tres metros .

Paso de las hojas de un libro

Susurro a un metro L
Calle sin trafico distrito residencial .
Dormitorio reposado en pleno dia .
Conversacién a tres metros .

Orquesta de cuerda y de viento .

Oficina comercial con maquinas escribir .
Orquesta de metales . . . .
Despertador a cuarenta centimetros
Calle ruidosa con mucho tréfico .

Fabrica industrial ruidosa .

Umbral doloroso . a B B
Avién reactor a doscientos metros .
Cohete espacial a unos tres mil metros .

NIVEL SPL APROXIMAD(

+ 4+ + A+ + o+

!
+

+
+
+

o

10
10
20
30
35
45
60
65
75
80
90

dB
dB
dB
dB
dB
dB
dB
dB
dB
dB
dB
dB

+ 100 dB
+ 120
+ 140
+ 200 dB

dB
dB

2.1.4.-Intensidad dinamica

Figura 3: Tabla de
niveles sonoros

En la variacion temporal de la intensidad tenemesfases que son el ataque, el sonido

sostenido y el decaimiento.

Figura 4: Intensidad
dindmica.

El ataque es el intervalo de tiempo requerido
sonido | decai- | para que un sonido procedente de un instrumento
abo musical alcance su valor maximo de intensidad.
| A El decaimiento esta referido a la rapidez con que

\ 1098 un sonido se extingue una vez ha cesado la

) excitacion del elemento vibrante.
_ N El tiempo de sostenimiento describe el intervalo
= | de duracion de una nota entre el ataque y el
L] decaimiento. Es un estado estacionario y de
emision continuada de son



A continuacion podemos ver la intensidad dinAmeaatios instrumentos:
tntensidad

PERCUSION : PIANQ
Tiempo
i
/ \ VIENTO . FLAUTAS
-t

PERCUSION SOBREEXCITADO
TAMBOR ETC.

- {

LENGUETAS

=t

CUERDA EXCITADA
CON ARCO: YIOLIN
— 1

GENERADOR ENVOL-
VENTES SINTETIZA~
DOR

- {

Figura 5: Intensidad dinamica
varios instrumentos

2.2.- Métodos de sintesis del sonido

Los métodos de sintesis del sonido pueden semerdfudel tiempo o de la frecuencia.
Los métodos de sintesis en frecuencia son la sEraddiva, la substractiva en FM o la
sintesis LPC [1], [5], [7], [8].

2.2.1.-Sintesis en frecuencia: Aditiva

Este método se basa en el teorema de Fouriergaqne hemos visto anteriormente,

demuestra que podemos obtener cualquier sefial e@mpkdiante la suma de sefales
sinusoidales con distintas amplitudes y fases. §ilecemos tres funciones de control

para cada oscilador sinusoidal (frecuencia, antpiittase).

La expresion que usaremos es:

M-1

y(n) = Z A, (n) sin[27rFk (n)]

A1
N )
T
A,
A .
[\ Y
\T/ sir?tce’?ifac;io
2f,
An

Figura 6: Sintesis aditiva.



2.2.2.-Sintesis en frecuencia: Substractiva

En la sintesis sustractiva el proceso es el opastiilizado en la sintesis aditiva. El
sonido se construye, eliminando componentes indeseapartir de un sonido inicial.

En éste intervienen tres elementos: generadan filamplificador. La fuente o
generador puede ser cualquier tipo de sonido pmie sisarse un ruido de banda ancha.
El filtro seleccionaremos la parte que intereshanglificador controla el volumen del
sonido. El proceso completo puede emular la caiatita espectral de un instrumento.

Instrumento

Senal de Filtro Sonido
banda variante en Amplif. L
Nota ——  ancha tiempo sintetizado

Figura7: Sintesis sultractive

2.2.3.-Sintesis en frecuencia: FM

La sintesis FM estd basada, como su propio nommaliea, en la modulacion en
frecuencia. La frecuencia de una onda determinadadglula por otra onda de distinta
frecuencia. El resultado contiene elementos de anfilg@uencias junto con nuevos
armoénicos relacionados matematicamente con lasidnetas originales. Se puede
demostrar tedéricamente que cualquier sonido, panptgjo que sea, puede ser
modelado mediante una serie de modulaciones emeine@ de ondas sinusoidales.

La ecuacion general es:
(1) = A, cosQnf .t + 27k, I m(t)dt)

El esquema de este método es:

modulader portador

amplitud

modulacién portadora

Figura8: Sintesis FI

2.2.4.-Sintesis en frecuencia LPC

Las siglas LPC se refieren hinear Predictive Coding. Este tipo de sintesis es muy

utilizada en sintesis y reconocimiento de voz. Eta eintesis primero tenemos que

establecer un modelo que represente los parandriassefial que se desea extraer, un
algoritmo de analisis basado en el modelo y paomaltnecesitamos un programa de

sintesis.

10



Por ejemplo el modelo para reproducir el hablaaseri

l pitch Sonido
sonoro

Generador
tren de pulsos

AN Filtro variante | _§ oz
% en tiempo H(z)
Generador de / T

ruido aleatorio Sonido G

Parametros del
sordo tracto vocal

Figura8: Sintesis LP

2.2.5.-Sintesis en tiempo: Wavetable

En esta forma de sintesis se digitalizara el soniitpnal y almacenaremos las muestras
en una tabla de onda (Wavetable).

Las ventajas que presenta este método es queiledefamplementar, obtenemos muy
buena calidad, es eficiente en el tratamiento d@alse periddicas. Mientras que los
inconvenientes son que no es muy Util para creddss nuevos y se necesita una gran
cantidad de memoria para almacenar los sonidostreadss.

Serial P | Almacenamiento | | Lecturade | =~ Senal
original_.| Digitalizacion en wavetable las tablas sintetizada

Figura 9: Sintesis Wavetable

2.2.6.-Sintesis en tiempo: Granular
Se basa en sintetizar sonidos a partir de pequeé@osentos de sefial en el dominio del
tiempo llamados sonidos atomicos o granos. Estasogrpueden tener una duraciéon
comprendida entre un milisegundo y mas de cieneifes diferentes dependiendo de
la forma de obtener los granos, estos métodos son:
- Sintesis granular asincrona (AGS): los granosdsgpersados sobre una region
en el dominio de la frecuencia denominada nubes dg@nos pueden tener
formas de onda similares o diferentes. La formardia puede ser una sinusoide
enventanada, una sefial muestreada o bien obteeiiante un modelo fisico.
- Sintesis granular sincrona de Pitch (PSGS)giasos se obtienen de la STFT
de la sefial original. La longitud de la ventardaregular usada en la STFT es el
periodo del sonido sintetizado, y cada grano sporde por tanto a un periodo
de la sefial.

2.2.7.-Sintesis en tiempo: Modelado fisico

En este método se usa un modelo matematico pawasilas propiedades fisicas de la
fuente del sonido. Para generar el sonido se gsmadores (indican como vibran los
elementos fisicos del instrumento y describen lagenales fisicos empleados en el
instrumento) y generadores (excitacion que proagdiamnido debida a la interaccion
del usuario con el instrumento).

11



2.2.8.- Eleccion

En nuestro caso se ha decido utilizar la sintefits/a ya que la para definir armonico
solo necesitaremos tres parametros (amplitud, érezia y fase) que podremos tener
almacenados en memoria. Ademas al cambiar de freeu® de instrumento solo
deberemos cambiar de memoria y el resto del ca@digbel mismo.

La sintesis substractiva se ha descartado deliide para lograr generar la misma onda
que la sintesis aditiva se necesita una cantidagomede ondas. Nosotros solo
deberemos sumar veinte ondas para conseguir elnmstto deseado.

El motivo para descartar el modelado fisico, la at@ddn FM y la sintesis en
frecuencia LPC ha sido debido a que la funciénaveimucho de un instrumento a otro.
Por lo que tendriamos mayor cantidad de variables glmacenar y por tanto
aumentaria la memoria necesaria.

Por ultimo el motivo para descartar la sintesis &¥ale y la sintesis granular son la
gran cantidad de memoria que deberiamos almacenar.

12



Capitulo 3.-Modelado en Matlab.

En este capitulo vamos a simular y sintetizar pidgbde 3 instrumentos musicales: un
oboe, un violin y la tuba utilizando Matlab.

En primer lugar modelaremos varias notas de lainths instrumentos, para después
comparar las simulaciones del programa con los losgesaber si son correctos.

Los datos de las diferentes amplitudes y fasesaseobtenido de SHARC TIMBRE
DATABASE’[4].

3.1.- Diagrama de bloques del sistema

En el modelo de matlab partiremos de los datos deetuencia fundamental (fundHz),
la amplitud de la sefial a esta frecuencia (a_frigldzamplitud de cada armonico
(a_n_a) ysufase (a_n_p).

A continuacion podemos ver un esquema del procasosgguimos (para facilitar la
comprension sélo se han incluido los primeros arco&).

a_freqHz

fundHz *2*pitt sen ()

anla

anlp
jgi sen ()
fundHz *2*pi*t

an2a

an2p
J\(Df sen ()
fundHz *2pi*t

Lo que hacemos es multiplicar la frecuencia funddaiepor 2*pi*t de este modo
tendremos unos datos que varian en el tiempo eedadncia que nosotros queremos
(48000Hz). Si esta sefal la tenemos desfasadan@sde los armonicos) debemos
sumarle la fase. A continuacion utilizamos la fdnci‘'sen” para obtener una onda
sinusoidal. Ahora multiplicaremos esta onda porasiplitud correspondiente. Por
ultimo sumaremos todas las sefales obtenidas tasusos su amplitud.

Los valores iniciales en VHDL los tendremos almacks en las diferentes memorias
(a_n_p estardn almacenados en fase, a_ n_a enuwmpld freq los obtendriamos a
partir de los valores almacenados en incrementos).

X + *ajuste

Figura 10: Diagrama matlab

13



3.2.- Oboe

El primer instrumento que vamos a modelar serdbekoPara este instrumento se
generaran las notas comprendidas entre C4 y C80dttjo sera el siguiente muestra
cOmo se genera la primera nota (C4).

function c4_oboe
fs=48000;
Ts=1/fs;

fundHz=261.626;
a_freqHz=9941.78;

a nl p=-1.898;
a_nl a=2931.55;
a n2_p=-1.427,

a n2_a=749.7;

a _n3 p=-2.018;

a n3_a=2679.48;
a nd p=-1.442,
a n4_a=4936.02;
a_n5_p=-1.666;
a_n5 _a=>5374;

a n6_p=-2.94;

a n6_a=2510.78;
a_n7_p=2.653;

a n7_a=307.69;
a_n8 p =-0.539;
a n8_a=4425;

a n9 p=-0.461,
a n9 a=739.29;
a nl1l0_p =-0.158;
a nl0_a=533.49;
a nll p=1.196;
a nll a=461.5;
a nl2 p=1.036;
a _nl2 a=497.54,
a nl3 p=0.515;
a _nl3 a=304.65;
a nl4 p=0.372;
a nl4 a=2451,
a nl5 p=0.261,
a nl5 a=48.97,
a _nl6_p =-0.36;
a nl6é _a=14.76;
a nl7_p=-1.328;
a nl7_a=281.97,
a nl8 p=-0.321;
a nl8 a=46.85;
a nl9 p=-1.236;
a nl9 a=15.9;
t_fin=5; %5 segundos
n_max=t_fin*fs;
t=[1:n_max]*Ts;
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senyal=((a_freqHz*sin(2*pi*t*fundHz))+(a_nl_a*sin@*t*2*fundHz+a_nl_p))+(a_n2_a*sin(2*
pi*t*3*fundHz+a_n2_p))+(a_n3_a*sin(2*pi*t*4*fundHza_n3_p))+(a_n4_a*sin(2*pi*t*5*fundHz+
a_n4_p))+(a_n5_a*sin(2*pi*t*6*fundHz+a_n5_p))+(a_r@sin(2*pi*t*7*fundHz+a_n6_p))+
(a_n7_a*sin(2*pi*t*8*fundHz+a_n7_p))+(a_n8_a*sinf@*t*9*fundHz+a_n8_p))+(a_n9_a*sin(2*
pi*t*10*fundHz+a_n9 _p))+(a_n10_a*sin(2*pi*t*11*fundz+a_nl10_p))+(a_nll_a*sin(2*pi*t*12*
fundHz+a_nl11_p))+(a_n12_a*sin(2*pi*t*13*fundHz+a_lp))+(a_nl3_a*sin(2*pi*t*14*fundHz+
a nl3 p))+(a_nl4d_a*sin(2*pi*t*15*fundHz+a_nl4 p)a+Hl5_ a*sin(2*pi*t*16*fundHz+
a nl5 p))+(a_n16_a*sin(2*pi*t*17*fundHz+a_n16_p)x+-Hl7_a*sin(2*pi*t*18*fundHz+
a nl7_p))+(a_n18 a*sin(2*pi*t*19*fundHz+a_n18 p)a+Hl9 a*sin(2*pi*t*20*fundHz+
a nl9 p)))*107-4.5;

%senyal NO puede pasar de +-1

%senyal = (a_nl_a*sin(2*pi*t*2*fundHz+a_n1_p))

hold on
plot(t,senyal)
AXIS([0 0.01 -1 1))
sound(senyal,fs)

Para utilizar esta funciéon debemos introducir enldba

c4_oboe

Obteniendo:

1 1 1 1 1 1 1 1 1 |
A
0 0001 0.002 0.003 0.004 0.005 0.008 0.007 0.008 0.009 0o

Figura 11: C4 oboe
De forma similar, se modela la nota c5 del oboeeEanexo2 se muestra el cédigo
matlab correspondiente a esta funcion.
La forma de onda que se genera en este caso sarereta siguiente figura.

08

0B

04

Figura 12: C5 oboe
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3.3.-Violin

El segundo instrumento que modelaremos sera éhviol
Para este instrumento se generaran las notas cwdigee entre C5 y C6. Los codigos
correspondientes a estos ejemplos se muestraraer»a?2.

La forma d
figura.

La siguient
para mode

3.4.- Tuba

e onda correspondiente a su primera @&tase muestra en la siguiente

| | | | | | 1 | | |
5

FigLTFa 13: C5 violin

e figura muestra la forma de onda cpordiente a la nota C6 generada
lar el sonido de un violin.

1 1 1 | 1 | | 1 1 |
45 5

x10°

Figura 14: C6 violin

Por dltimo modelaremos la tuba. Para este instrtonese generaran las notas
comprendidas entre C3 y C4. Los codigos correspoine a estos ejemplos se
muestran en el anexo2.
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La forma de onda correspondiente a su primera 1@fa,se muestra en la siguiente
figura.

A L L L L 1 1 L | | |

a 0.002 0.004 0.008 0.008 0.01 amz 0.014 ame 0.018 ooz

Figura 15: C3 tuba

La siguiente figura muestra la forma de onda cpoediente a la nota C4 generada
para modelar el sonido de una tuba.

-

Kl | | | | | | | | | |
o 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Figura 16: C4 tuba

17



Capitulo 4.-Implementacion del sistema

Para implementar es sistema se ha elegido la plg2al15 de Altera que incluye un
dispositivo programable, EP4EC115F29C7. En estiéuase van a resumir
brevemente las caracteristicas de las herramikeiviag SW que han hecho posible esta
implementacion, asi como la descripcion de loscales modulos VHDL que
configuran el sistema.

4.1. Herramientas utilizadas
4.1.1.- Plataforma Hardware utilizada
En la siguiente figura se muestra el aspecto gtz escogida para la implementacion

del sistema, “DE2-115 BOARD” [10], [11].

Audio TV Decoder
CODEC (NTSC/PAL)

28MHz Oscillator
Ethernet ernet
VGA 10/100/1000M  10/100/1000M  RS-232
out Port0 Port 1 Port

12V DC Power Supply Connector.
VGA 24-bit DAC

Power ON/OFF Sw\lch‘>. i # . -
Ty E - 8 [3) Gigabit Ethernet PHY
3 o

Altera USB Blaster Controller chipset-
Expansion Header
USB Hos (with Prot jodes

Altera EPCS64 Configu
Altera 60-nm Cyclone IV

LCD 16x2 Module

50MHz Oscillator
64MB SDRAMX2
2MB SRAM
-8MB FLASH
SMA Ext Clock Out

SMA Ext Clock In

IR Receiver

18 Red LEDs

~— SD Card Socket

Figural7: Vista delantera y vista tras

18



El diagrama de bloques de la placa lo podemos gentnuacion:

UsB use Jf uss | mic Jf LNE Jf LINE v VGA EXTEND
i BLASTER DEVICE HOST DECODER OUTPUT i iy s i

LCD module X13 =
:

Cyclone?IV SD Card

Socket

| EXT CLK i .

ISRAM X41 I Flash
X37
CLKOUT

SDRAM1 SDRAMO SRAM | CLOCKX3 "= "1 50 MHz
0OSC

SDRAM X57
-

A

‘ 7- seiment displays X56 Push-buttons X4
o o bk
LED X27
2322232232232 232 )
FEEEE NN Slide Switch X18
fi fi fl fi t1 ?l ? ?\ tI ? ti f‘l f fi fi fi f‘i 1 Adjustable Voltage Signal
i AN ' oee

Figura 21: Diagrama.

Caracteristicas:
- Configuracion:
- Modo de configuracion JTAG y AS.
- Configuracion serie EPCS64
- Configuracion de la placa mediante USB.
- Dispositivos de memoria:
- 128MB (32Mx32bit) SDRAM.
- 2MB (1Mx16) SRAM.
- 8 MB (4Mx16) con el modo 8-bit.
- 32Kb EEPROM.
- Relojes:
- Tres osciladores a 50MHz.
- Conexion SMA para reloj externo.
- Audio:
- Codificador/decodificador de 24 bits
- Entrada, salida de audio y conector para micia@fo
- Display:
- LCD de 16x2.
- Entradas e indicadores:
- 18 interruptores y 4 pulsadores.
- 18 LEDs rojos y 9 verdes.
- Display de 7 segmentos.
.- Alimentacioén:
- Entrada DC.
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- Reguladores LM3150MH.
- Conectores
- Dos puertos Ethernet 10/100/1000 Mbps.
- HSMC.
- I/0 configurable a diferentes niveles de tengi3/2.5/1.8/1.5V).
- USB tipo Ay B.
- Puerto de expansion de 40 pines:

(GPIO)
JP5

AB22 GPIo[l—IC I R GPIO[1] AC15
aB21 GPIORI— I I ) GPIO[3] Y17

AC21 GPIOJ4]—IC W M| GPIO[5] Y16

AD21 GPIOB]— il I GPIO[7] AE16
AD15 GPIO[8] —— I I GPIO[g] AE15

e @ | GND
AC19 GPIONM0] —{ I ] GRIO[11] AF18
AD18 GPIO[12] —N I Y GPIO[13] AF15
AFz4 GPIOMH4]—C I R | GPIO[15] AE21
Ar25 crioj1e]—C I B | GPIO[17] AC22
AEZ2 GPIO[18]— N ] GPIO[18] AF21
AF22 GPIO[20] — I B ) GPIO[21] AD22
AG25 GPIO[22] — i I ] GPIO[23] AD25
AH25 GPIO[24] —I K ] GPIO[25] AE25
3.3V—i I ] GND
AG22 GPIo[26]— ] GPIO[27] AE24
AHZ2 GPIO[28] — Il I ) GPIO[28] AF25
AE20 GPI0[30] — L N ] GPIO[31] AG23
AF20 GPIO[32] —— i I ] GPIO[33] AH26
AH23 GPIO[34] — i I ] GPIO[35] AG26
N Figura 20: Puerto de expansion.
- Conector VGA.

- Conector serie DB9 para RS-232
- Conector para teclado/raton PS/2
- Otras caracteristicas
- Médulo de recepciéon de control remoto
- Conector de entrada de TV y decodificador (NTSXL/SECAM).

De estos recursos se han utilizado los siguientes:
- LABs (Logic Array Blocks) y LEs (Logic Elements).
- Memoria: Necesitaremos almacenar diversos elamerfases, incrementos,
amplitudes y los valores de una onda sinusoidal).
- Conectores:

- USB para la programacion del dispositivo.

- Puerto de expansion de 40 pines, para condcgpa
- Relojes: Usaremos uno de los osciladores de 50id&ta obtener los diferentes
relojes de nuestro sistema.
- Audio: Nos permitird escuchar la sefial generadatériormente veremos mejor este
elemento).
- Interruptores: los usaremos para controlar quasngueremos desactivar y para otras
sefales (RST, WEN y INIT). En ausencia del arpairgaer también para generar notas.
- LEDs rojos: Los usaremos para visualizar cudhgsimera nota que estamos tocando.
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El dispositivo FPGA incluido en la placa esOgtlone IV EPACE115F29, su estructura
de LABs se muestra a continuacion:

Row Interconnect

-

S

+— Column
Interconnect

Direct link
interconnect
from adjacent
block

Direct link
interconnect

LV

from adjacent
block

P> Direct link
interconnect
to adjacent
block

Direct link <&
interconnect
to adjacent
block

N
=

Local Interconnect

Figural8: Estructura LAE

- 114480 LEs cada uno de ellos es como podemosvalosn el siguiente esquema:

Register Chain
Connection gload
(LAB Wide)

sclear
(LAB Wide)

Packed Register Input

Row, Column, and
Direct Link Routing

datat

data2 Row, Column, and

data3 ———o

cin (from cout

of previous LE)
data4

Four-Input
LUT

clock (LAB Wide)
ena (LAB Wide)

aclr (LAB Wide)

—1ENA g
CLRN t

[ o

q

77T

Register Bypass

- 432 M9K bloques de memoria.
- 3,888 Kbits de memoria embebida.

-4 PLLs.

4.1.2. Herramientas Software empleadas.
En primer lugar hemos usado el “Xillinx ISE desgynte” para crear el proyecto y los
diferente médulos. También se ha usado para reddiggimulaciones.
Posteriormente se ha creado otro proyecto usariddteta Quartus II”. Se han usado
los bloques que teniamos anteriormente. Mediam¢eseffware hemos asignado los

pines y programado la “DE2-115 BOARD".

Register Feedback

Figural9

Direct Link Routing

Local Routing

Register
Chain Output

: Estructura LE
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4.2.- Descripcién del codigo VHDL
Tras modelar los diferentes instrumentos vamos aseptar las principales
caracteristicas de los médulos VHDL utilizados pamalementar el proyecto.

La estructura del codigo se muestra en el siguiiatrama:

arpa——[ invertir deteccion

arp ]
P4 - g00_audio
seleccién }—-[ca\cﬁnotas bloque1 sumfin J——[ ntorface J
interruptores
bloque2

Figura 23: Diagrama.

Invertir: Mediante este bloque invertiremos lasases$i procedentes del arpa.

Deteccion: Detectara que LEDs no funcionan

Arp: En este bloque se reciben las sefiales inesrjcanulara las que no funcionan.
Seleccion: Seleccionara entre las sefales pro@sidat arpa y las de los interruptores.
Cal_notas: Es el encargado de convertir las sepateedentes del bloque anterior en
notas validas para nuestro programa.

Los blogues 1 y 2 se han afiadido para facilitaotaprension estos no aparecen como
tales en el programa, sino que estan los moédule®gcontramos dentro de ellos.

A la entrada de cada bloque llegarian los sefi@eafod relojes, la sefial de notal (en el
caso del blogue 2 nota2) y la sefial con el nimermstrumento. A la salida de cada
uno de los bloques tendriamos dos sefiales de @dadiel canal derecho y la del canal
izquierdo).

A continuacion podemos ver como son cada uno @s esbques:

[Crese 1
femenid e} acum }{ sumies ) {_rrr o mwa J{ son }{ omux | ez }—{ mor }—{ oser }—{ suma }—{ awse ]

Figura 24: Bloques

Sumfin: Es el encargado de sumar las sefiales mote=dde los bloques 1y 2.
GO00_audio interface: Es el encargado de transfotasasefiales que genera nuestro
programa en otras validas para poder ser escuchsathante la salida de audio.

Para el correcto funcionamiento del sistema soasa®s 3 relojes.

CLK2: 48000Hz. Es la frecuencia standard para apiimes de audio y video
profesional y DVD. Este reloj se usara para gengrprocesar la sefial de audio, en
particular, en los bloques fase, amplitud, increim®narm, acum, FF1, arp y calc_notas.
CLK3: 25MHz. Este reloj se usara para el bloque gddio_interface. Debido a que el
interfaz de audio necesita un reloj a 25MHz.

CLK4: 1.008MHz. Este reloj se usara para los blsgqeentrol, mux1, dmux y FF2. Este
reloj debe de ser 21 veces mas rapido que el Cld€2este modo conseguiremos
generar la frecuencia fundamental, los 19 armoénjaas ciclo constante en un ciclo del
reloj de 48KHz.
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Los tres relojes que tenemos los obtendremos i gaita sefial de reloj de la placa
segun lo mostrado en la figura 25.

divisorl

CLK 2

CLK

CLK 3
50MHz

CLK 4

Figura 25: Relojes.

4.2.1.-El DDS (Direct digital synthesizers)

Para generar cada uno de los arménicos repressrgada Figura 10 se ha utilizado un
DDS (Direct digital synthesizers). Mediante el D@8nseguiremos una onda que
puede ser un Seno 0 un coseno.

El sistema se basa en leer valores de una sefiatiabalmacenada en una memoria. La
distancia entre las muestras leidas determinarfielauencia de la onda senoidal

generada.

El diagrama del DDS es el siguiente:

Phase

Accumulator
Til
Phase L Sine/Cosi
Increment Bae "i\m Bop) Bou Irtioﬁjsgne ———cos(9(n))
A — T\ o) Q() om) Table Bs o

» _,E_J h Table Depth = 288/~ Sin(e(n))
A s
\

clk clk fout = A8 fc\k/289“”

Figura 22: DDS.
Tal y como explicaremos mas adelante, el valorigglemento de fasA® (phase

increment) dependera de la frecuencia a generte. ieBsremento de fase servira de
entrada a un circuito acumulador, en el que acumsaeste incremento para
determinar qué puntos de la sefial seran leidaos memoria.

La salida del acumulador se trunca en el siguibligue, dado que para direccionar la
memoria no son necesarios tantos bits como pakx khcalculo preciso de la suma de
los incrementos de fase. Este valor ya truncadicandl qué posicién de la onda debe
leerse, vy, la lectura continua de estas posicigramitirA generar la sefial a la
frecuencia deseada.

A continuacion se muestra como determinar los tas&ii de bits) de los diferentes
datos. El calculo de los parametros correspondientes distintos instrumentos se
muestran en las siguientes tablas. En ellas sepnasentado:
- Nota: nombre de la nota a generar (nétese queicsitlamento opera en una
escala distinta)
- F: frecuencia fundamental correspondiente a dicha n
- P:incremento de fase
- Trunc fase a Mbits: valor del incremento de faseEndo se codifica con M bits
- P: Resolucion del parametro incremento de fasdicado con M bits
- Af: incremento de frecuencia conseguido cuando astifica el incremento de
fase con M bits
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Fgenerada: Valor de la frecuencia generada cuandtliga precision finita
Error de frecuencia: diferencia entre el valoral&éécuencia deseada y el valor
obtenido tras la implementacién

P=inc fase frunc fase a M bi Aflincr. Frec) FGENERADA ERROR_FREC

554,37

587,33

4698 64

4978,03

Figura26: Tabla obo

P=inc fase trunc fase a M by Af (incr. Frec) FGENERADA ERROR_FREC |

108,73

117466

4698 64

4978,03

Figura27: Tablaviolin

P=inc fase Pltrunc fase a M bits) Af (incr. Frec) FGENERADA ERRCR_FREC

277,18

293,66

4698 64

4978,03

Figura28: Tablatube
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La formula que se ha usado para calcular el inaneonde fase (P=inc fase) es la
siguiente:

f 2" «

P= Donde “m” es el numero de bits yf; " (frecuencia del reloj) son

clk
48000Hz.
Se han probado diferentes valores y se ha decetidoger una “m” de 18 bits, ya que
con este numero el error es bastante pequefio ¢@mmérror es de 0.18 Hz). En
nuestro programa los datos que hemos de almacemdons de la columna “P*4” (esta
memoria se encuentra en el bloque incrementos).

Para calcular el desfase inicial usaremos la sigei®rmula:

) Donde fase seréa la fase positiva extraida de la dasdatos (en
fasef = fase-2 caso de ser negativa le sumarema3 2-“L” sera el nUumero de
277 bits con que se cuantifica dicho valor. El valoteen de fasef es
el que guardaremos en memoria, esta memoria semnzen el
bloque fase.

Para calcular las amplitudes haremos lo siguiente:

amp Donde amp sera la amplitud extraida de la baseattss ¢ “W”

ow  sera el nUmero de bits con que se cuantifica..alrventero de
ampf es el que guardaremos en memoria. Esta menseria
encuentra en el bloque amplit

Para calcular los valores de W (nimero de bitaderiplitud) y L (ndmero de bits del
desfase inicial) partimos de las siguientes ecuasio

ampf =

SFDR= 602L — 392dB Interesa queSFDR y SN\R, sean lo mas similares
NR, = 602V +1.76dB posible, escogemos W=8 y L=9.
L=W+1

Estos parametros implican que la sefial senoidahsacenara en una memoria de 512
posiciones (2"9), y que los datos alli almacenaeilodran un tamafio de 8 bits.

Tras el célculo de todos los pardmetros necesadosa a proceder a explicar los
diferentes bloques que constituyen el sistema aetapl

Para evitar problemas durante las conversionesslddtos se ha decidido trabajar sin
signo.

4.2.2.- Divisores

4.2.2.1.-Divisorl

En este modulo obtendremos un reloj a aproximaden#8000Hz a partir del reloj del
dispositivo, el codigo para ello es el siguiente:

if RST ='1' then Qint <= "00000000000"; sint <% '0
elsif (CLK' event) and (CLK ='1") then

if Qint = 1041 then

Qint <= "00000000000"; sint <="1";

else Qint <= Qint+1; sint <="'0",

end if;
end if;
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4.2.2.2.-Divisor2
Mediante este divisor obtenemos un reloj a 25MHz.

if RST ='1" then Qint <= "00"; sint <="'0";
elsif (CLK' event) and (CLK ="'1") then
if Qint = 1 then
Qint <="00"; sint <= "1
else Qint <= Qint+1; sint <="'0",
end if;
end if;

A continuacién podemos ver como obtenemos un aelajmitad de la frecuencia:

20 ns. 30 ns 40 ns. 50 s B0 ns. | 70 ns | B0 ns. | 90 M

(2 [ . |

Figura29: Simulacion relc

4.2.2.3.-Divisor3

En este caso buscamos un reloj a aproximadamed®@8MHz (21*48kHz) que se
utilizar4 posteriormente para implementar el ctwuion un numero reducido de
memorias. El siguiente cédigo genera uno a 1MHz.

if RST ='1' then Qint <= "00000000000"; sint <% '0
elsif (CLK' event) and (CLK ='1") then

if Qint = 49 then

Qint <= "00000000000"; sint <="1";

else Qint <= Qint+1; sint <="'0",

end if;
end if;

4.2.3.-G00_audio_interface
Para poder escuchar el sonido creado por nuesigrgmna debemos utilizar kiternet
Audio CODECWMB8731, el diagrama de este es el siguiente:

SDIN
SCLK
MODE

o
7
o

AVDD i i i 1

| GCONTROL INTERFAGE | WA'O‘VL“I;IISI%?H‘

VMID

HPVDD

o]

AGND HPGND

+610-730B
1 dB Steps

MICBIAS

HIF
DRIVER

RHPOUT

RLINEIN voL MUTE aDC
+12 0-34 508, 1.508
o DIGITAL RouT
i
MICIN > FILTERS

Lout

(53

S A?l_.
LLINEIN )—.E MUTE

+12 t0-34 5dB , 1 .54l T LHPOUT

Steps

+6 t0-73dB
1 dB Steps

DIGTAL AUDIO INTERFACE

)
z
o]
a

XTUMCLY
DACDA
DACLRE)

BCLK)
ADCLRGE
ADGDAT)

pevbi)
pevDm)

Figura30: g00_audio_interfa
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En la parte superior e inferior encontramos lasalesfide datos que permiten su
funcionamiento, en la parte izquierda las entrgatasenientes del micr6fono y por
altimo a la izquierda las salidas del CODEC.

Las sefiales que encontramos en nuestro programa son

LDATA, RDATA: Son dos entradas de datos en paraletoel diagrama se
corresponde con DACDATque es una linea de datos formada por la estos
dos canales multiplexados.

CLK: Es la entrada de la sefial de reloj a 24 MHZLR en el diagrama).
RST: Es la sefal de reset. (El reset depende ten$&On que tenemos en
DCVDD).

INIT: Con esta sefial ponemos la condicidon necegara que se inicie.
W_EN: Dependiendo de si esta activada el CODECidmaca o no.
Pulse_48KHz: Salida sincrona con un pulso a 48 KHenuestro caso no
usaremos esta salida.

AUD_MCLK: Salida con la sefal de reloj que tenen®s la entrada.
(CLKOUT en el esquema).

AUD_BCLK: Sefal de reloj con la que son sbmos los datos (BCLKEN

este caso es una sefal de salida.

AUD_DACDAT: Salida de datos analogica (ROYWTOUT)
AUD_DACLRCK: Esta sefial indica si estamoando el canal derecho o el
izquierdo (DACLRn el diagrama).

I2C_SDAT: Salida para el interfaz 12C.

I2C_SCLK: Salida de reloj para el interfaZlI

Dependiendo del modo en que este funcionando tnsds obtendra los canales de
salida derecho e izquierdo de modo diferente.

En nuestro caso trabaja en modo 12S. Los dos cadel@udio salen multiplexadados,
una vez le llega un flanco de reloj descendenterasyn ciclo de reloj y envia la parte
de los datos correspondientes al canal de audeclder Los datos del otro canal de
audio los enviara una vez superada la mitad deeleuéncia de muestreo también
esperando un ciclo de reloj. La sefial DACLRC eguka controla el canal multiplexado.
Este proceso lo podemos ver en la siguiente figura:

1/fs
LEFT CHANNEL RIGHT CHANNEL
DACLRC/
ADCLRC
e [IJT1TL JUUUHL JUUHL
P 1BCLK ‘P 1 BCLK
DACDAT/
ADCOAT [0 ] [p2n] ] e]e] [2[n] - ]
MSB LSB MSB LSB

Figura31: Modo 12¢
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A continuacion podemos ver las entradas y salidasste bloque

ENTITY g00_audio_interface IS
PORT( LDATA, RDATA:IN std_logic_vector(23 downt9;0- parallel external data input$

clk, rst, INIT, W_EN : IN std_logic; -- clk sluld be 24MHz
pulse_48KHz : OUT std_logic; -- sample spuotse
AUD_MCLK : OUT std_logic; -- codec masteock input
AUD_BCLK : OUT std_logic; -- digital audiatbxlock
AUD_DACDAT : OUT std_logic; -- DAC data lise
AUD_DACLRCK : OUT std_logic; -- DAC data lefiht select
I2C_SDAT : OUT std_logic; -- serial intecadata line
I2C_SCLK : OUT std_logic -- serial interéaclock

)i
END g00_audio_interface;

4.2.4.-LED

Este modulo lo que hacia es que al tocar una refuminen una serie de bits, si
tocamos la nota “0” no se ilumina ninguna, si tocarta nota “1” se ilumina uno, si
tocamos la “2” se encienden dos y asi sucesivam&nteocamos una fuera de rango
encontraremos los LEDs encendidos de manera afi@r&ste modulo no aparece en el
codigo final, ya que se a sustituido por el de LERZontinuacion podemos ver como
conseguiamos esto:

with entrada select

salida <= "000000000000000000" when "00000", -- 0
"000000000000000001" when "00001", -1
"000000000000000011" when "00010", -- 2
"000000000000000111" when "00011", -- 3
"000000000000001111" when "00100", -- 4
"000000000000011111" when "00101", --5
"000000000000111111" when "00110", -- 6
"000000000001111111" when "00111", --7
"000000000011111111" when "01000", -- 8
"000000000111111111" when "01001", --9
"000000001111111111" when "01010", -- 10
"000000011111111111" when "01011", -- 11
"000000111111111111" when "01100", -- 12
"000001111111111111" when "01101", -- 13
"000011111111111111" when "01110", -- 14
"000111111111111111" when "01111", -- 15
"001111111111111111" when "10000", -- 16
"011111111111111111" when "10001", -- 17
"111111111111111111" when "10010", -- 18
"101010101010101010" when others;

4.2.5.- LED2

Este mdédulo nos permitir4 ver por los LEDs las si@fae se tocan. En este bloque se
encendera un LED por cada una de las notas quegsert. Si se toca la nota 1 se

encendera el primer LED, si se toca la 2 el segyndsi sucesivamente. Si se tocan

varias notas se iluminaran varios LEDs. Lo que hmaxsees pasar las notas de la entrada
alos LEDs:
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leds <= notas st

4.2.6.- LED3

En este bloque podemos ver las sefales de caBire$ta activado el INIT se iluminara
el LED correspondiente, si esta activado W_EN|wsainara su LED. Ademas si no se
hace un reset también estara iluminado el LED &dI,Rnientras que si se hace un RST
se apagaran los LEDs de INIT, W_EN y RST. Estoossigue de la siguiente forma:

inter <= INIT & W_EN & RST;
Process (CLK)
begin
if (CLK'event and CLK="1") then
if(inter="000") then inter2 <= "101";
elsif (inter="001") then inter2 <= "000";
elsif (inter="010") then inter2 <="111";
elsif (inter="011") then inter2 <= "000";
elsif (inter="100") then inter2 <= "001";
elsif (inter="101") then inter2 <= "000";
elsif (inter="110") then inter2 <= "011";
elsif (inter="111") then inter2 <= "000";
end if;
end if;
end process;
LED_config <= inter2;

También veremos si se esta tocando desde el dgminterruptores (LED encendido
arpa) y el nimero de instrumento que tocamos.

LED_modo <= sel;
LED inst <= num_inst;

4.2.7.-Memorias
En este proyecto sera necesario definir 3 memdaaslo lectura para almacenar:
- los valores de los incrementos de fa&®)(correspondientes a la generaciéon de
las frecuencias de cada nota musical (mdédulo inenéos)
- las amplitudes de los armonicos correspondiente@sata e instrumento elegido
(médulo amplitud)
- los desfases a aplicar a cada armonico segun telinmsnto deseado y la nota
elegida (modulo fase)

4.2.7.1.-Incrementos

Mediante este moédulo obtendremos los increment@s rgcesitamos para nuestro
programa, estos incrementos corresponden con dosnientos de fase necesarios para
obtener una determinada frecuencia de salida.

Los incrementos estaran almacenados de la sigdmme:

type ROM is array (O to 18) of integer; --ROMre(emento de fase) * 4
constant MEM1:ROM:=( 356,376,5712,6052,6412,6798072628,8080,8560,9072,9608,10180,
10788,11428,12108,12828,102640,108744);

------------- VIOLIN

type ROM2 is array (0 to 18) of integer;

constant MEM2: ROM2:=(356,376,11428,12108,1282892354400,15256,16164,17124,
18144,19220,20364,21576,22860,24220,25660,10268744);
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type ROM3 is array (0 to 18) of integer;
constant MEM3:ROM3:=(356,376,2856,3024,3204,3398038312,4040,4280,4536,4804,5088,
5392,5712, 6052,6412,102640,108744);

Se usaran de la siguiente forma:

Process (CLK)
begin
if (CLK'event and CLK="1") then
if
OBOE

(num_inst = "01") then
INCe <= MEM1(CONV_INTEGER(num_nota));
INC <= conv_std_logic_vector(INCe,18);

VIOLIN
elsif
(num_inst = "10") then
INCe <= MEM2(CONV_INTEGER(num_nota));
INC <= conv_std_logic_vector(INCe,18);
TUBA
elsif
(num_inst ="11") then
INCe <= MEM3(CONV_INTEGER(num_nota));
INC <= conv_std_logic_vector(INCe,18);
end if;

end if;
end Process;

Para generar las salidas haremos lo siguiente

Sal <= INC;
Sale <= INCe;

4.2.7.2-Amplitud

En este mddulo lo que hacemos es a partir delumsinto y de la nota que se toca
sacamos la amplitud de la frecuencia fundamendal gada uno de los armaonicos.

La amplitud esta almacenada de la siguiente forma:

type ROM_a_1 is array (0 to 18) of integer; -- R@Mplitud frecuencia fundamental inst]|
constant MEM_a_1: ROM_a_1:=(0,0,155,138,155,150.1%4104,116,136,110,152,100,138,
129,119,0,0);
4.2.7.3.-Fase

En este modulo lo que hacemos es a partir delumsinto y de la nota que se toca
sacamos las fases de cada uno de los arménicofagkes almacenadas son las que
hemos calculado anteriormente).

A continuaciéon podemos ver un ejemplo de comormmaednan las fases en memoria

type ROMf1_1 is array (0 to 18) of integer;
MEMf1_1: ROMf1_1:=(0,0,357,496,13,507,356,44,18%,268,153,60,191,25,2,492,0,0);

A continuacién veremos como sacaremos un ejemptdoh® sacaremos estos valores
para un instrumento:
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Process (CLK)

begin

if (CLK'event and CLK="1") then
if (num_inst = "01") then

fasele <= MEMfl_1(CONV_INTEGER(num_nota)); --giler en fasele el

valor que tenemos
la memoria

fasel <= conv_std_logic_vector(fasele,9); Aveotir el valor
gue tenemos en la
memoria

elsif (nufr.{_inst ="10") then
end if;

end if;
end Process;

er

Después estos valores los asignaremos fuera algdss de la siguiente manera:

fl <= fasel

Con los datos obtenidos de la memoria “amplitudreeede de forma simular.

4.2.8.-Arm

En este modulo a partir de los incrementos obtenigiateriormente, calcularemos
cuanto seran para cada uno de los armoénicos. Rafa que hacemos es multiplicar el
(para
obtener el primer arménico multiplicamos por 2, gpal segundo por 3 y asi
sucesivamente). Para almacenar estos armonicositaeemos 20 bits, ya que si vemos
cual es el mayor incremento y lo multiplicamos pOrobtenemos un valor que necesita

incremento por el numero correspondiente dependieted arménico que sea

20 bits para almacenarse. Ademas este bloque tar@nidra umeset.

Para calcular los armonicos dentro depuwtess haremos lo siguiente:

Bf 1 <="00"& INC; -- frecuencia fundamtal
B1 1 <=conv_std_logic_vector (INCe*2,20); -- prine@monico multiplica el incremento*2
B2_1 <=conv_std_logic_vector (INCe*3,20); -- ydoantificamos en 20 bits.

B3_1 <= conv_std_logic_vector (INCe*4,20);
B4 1 <= conv_std_logic_vector (INCe*5,20);
B5 1 <= conv_std_logic_vector (INCe*6,20);
B6_1 <= conv_std_logic_vector (INCe*7,20);
B7_1 <= conv_std_logic_vector (INCe*8,20);
B8_1 <= conv_std_logic_vector (INCe*9,20);
B9 1 <=conv_std_logic_vector (INCe*10,20);
B10_1 <= conv_std_logic_vector (INCe*11,20);
B11 1 <=conv_std_logic_vector (INCe*12,20);
B12_1 <=conv_std_logic_vector (INCe*13,20);
B13_1 <=conv_std logic_vector (INCe*14,20);
B14 1 <=conv_std _logic_vector (INCe*15,20);
B15 1 <=conv_std logic_vector (INCe*16,20);
B16_1 <= conv_std _logic_vector (INCe*17,20);
B17_1 <= conv_std_logic_vector (INCe*18,20);
B18_1 <= conv_std _logic_vector (INCe*19,20);
B19 1 <=conv_std_logic_vector (INCe*20,20);
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4.2.9.-Acum

En este mddulo forma parte de la implementacion Rie5. Este bloque permite
acumular los incrementos de fag®j para determinar la posicion de la onda senoidal
gue debe leerse de la memoria. Lo que hacemos rear siepetidamente, cada
incremento con el valor acumulado (Figura del DDS).

Este bloque esta dentro de un proceso regidomasefial de reloj CLK???, lo que
permite asegurar que la salida de la suma eststnadg.

Bf 2 <= Bf 2+Bf 1;
Bl 2<=B1 2+B1 1;
B2 2<=B2 2+B2_1;
B3 2<=B3 2+B3_1;
B4 2<=B4 2+B4 1,
B5 2<=B5 2+B5 1;
B6 2 <=B6 2+B6 1,
B7 2<=B7 _2+B7 1,
B8 2 <=B8 2+B8 1,
B9 2<=B9 2+B9 1,
B10_2 <= B10_2+B10_1;
B11 2 <=B11 2+B11_1;
B12_2 <=B12_2+B12_1;
B13 2 <=B13_2+B13_1;
Bl14 2 <=Bl14 2+B14_1,
B15 2 <=B15 2+B15 1;
B16_2 <= B16_2+B16_1;
B17_2 <=B17_2+B17_1;
B18 2 <=B18 2+B18_1;
B19 2 <=B19 2+B19 1;

4.2.10.-Sumfas

Tal y como se describe en el capitulo 3, para geterforma de onda correspondiente a
cada nota y cada instrumento deben tenerse enaclmtvalores de los desfases
iniciales de los mismos (véase capitulo 3). Par, ete modulo se encarga de sumar al
valor que llega del médulo acumulador anteriordetfase inicial correspondiente a
dicho arménico. La salida de este blogue es lasguéra para direccionar la memoria
gue almacena la onda senoidal.

Bf 3 <= Bf _2(19 downto 11);

B1 3<=B1 2(19 downto 11) + fasel;
B2_3<=B2_2(19 downto 11) + fase2;
B3_3 <=B3 2(19 downto 11) + fase3;
B4 3 <=B4 2(19 downto 11) + fase4;
B5 3 <=B5 2(19 downto 11) + faseb;
B6_ 3 <=B6_2(19 downto 11) + fase6;
B7_3 <=B7_2(19 downto 11) + fase7;
B8 3 <=B8 2(19 downto 11) + fases;
B9 3<=B9 2(19 downto 11) + fase9;
B10 3 <=B10_2(19 downto 11) + faselO;
B11 3<=B11_2(19 downto 11) + fasell,
B12 3 <=B12_2(19 downto 11) + fasel?;
B13 3 <=B13_2(19 downto 11) + fasel3;
B14 3 <=B14 2(19 downto 11) + fasel4;
B15 3 <=B15_2(19 downto 11) + faselb;
B16 3 <=B16_2(19 downto 11) + fasel®6;
B17 3 <=B17_2(19 downto 11) + fasel?;
B18 3 <=B18 2(19 downto 11) + fasels;
B19 3 <=B19 2(19 downto 11) + fasel9;
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4.2.11.-Memoria sen

Hasta ahora se han descrito los médulos que serpaéa disefiar un sintetizador con
una implementacion totalmente paralela. Esto qudaeir, que la implementacion
requiere tantas memorias como armoénicos a gerararuestro caso, necesitariamos 20
memorias con los valores del sen, ya que es nécssaar los datos de los armoénicos y
la frecuencia fundamental al mismo tiempo.

Dada la baja frecuencia de reloj a la que operaretlito, es posible introducir una
primera mejora en el disefio original. Esta mejanastste disminuir los recursos HW
necesarios para implementar el circuito, concretéenesn utilizar una Unica memoria
para generar todos los armonicos de una misma Rata.ello, se genera una sefal de
reloj mas rapida (21 veces mas rapida, 1MHz), ddargque en cada periodo de este
reloj operamos con un dato diferente. Se ha incluid ciclo adicional en el que se
mantengan constantes para poder registrar todogaloses en ese momento, estos
valores los registraremos con el reloj a 48KHz. @sta modificacion, al final en un
ciclo de 48KHz tendremos todos calculados todassestlores con una unica memoria.

4{ FF1 H mux1 H sen H Dmux FF2

4.2.11.1.-Control Figura32: Memoria se
Mediante este blogue obtendremos unas sefalemttelague usaremos para controlar
los modulos que tendremos posteriormente, basidanesrun contador hasta 21.

Process (CLK)
begin
if (CLK'event and CLK="1") then
if (RST="1") then
Qint <= "00000";
else
if Qint = 20 then Qint <= "00000";
else Qint <= Qint+1; -- Qint sefales contrdUXi
end if;
end if;
end if;
end process;
cont <= Qint;
4.2.11.2.-FF1
Mediante este modulo registramos la sefial a 48000Hz
Process (CLK)
begin
if (CLK'event and CLK="1") then
Ff <= Bf_3;
F1<=B1_3;
F2 <=B2_3;
F3 <=B3_3;
F4 <=B4_3;
F5<=B5_3;
F6 <=B6_3;
F7 <= B7_3;
F8 <=B8 3
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F9 <=B9_3;
F10 <=B10_3;
F11 <=B11 3;
F12 <=B12_3;
F13 <=B13_3;
Fl14 <=B14_3;
F15 <=B15_3;
F16 <=B16_3;
F17 <=B17_3;
F18 <=B18_3;
F19 <=B19_3;
end if;

end process;

Bf <= Ff;

Bl <= F1;

B2 <= F2;

B3 <= F3G;

B4 <= F4;

B5 <= F5;

B6 <= F6;

B7 <= F7;

B8 <= FS§;

B9 <= F9;

B10 <= F10;

B11l <= F11;

B12 <= F12;

B13 <= F13;

B14 <= F14;

B15 <= F15;

B16 <= F16;

B17 <= F17;

B18 <= F18;

B19 <= F19

4.2.11.3.-Mux1

Utilizando la sefial de control creada anteriormentdtiplexaremos las sefiales del
registro anterior. Este modulo funciona 1.008MHz.

Process (CLK)
begin
if (CLK'event and CLK="1") then

if (Qint="00000") then dir_mem <= Ff;
elsif (Qint="00001") then dir_mem <= F1;
elsif (Qint="00010") then dir_mem <= F2;
elsif (Qint="00011") then dir_mem <= F3;
elsif (Qint="00100") then dir_mem <= F4;
elsif (Qint="00101") then dir_mem <= F5;
elsif (Qint="00110") then dir_mem <= F6;
elsif (Qint="00111") then dir_mem <= F7,
elsif (Qint="01000") then dir_mem <= FS8;
elsif (Qint="01001") then dir_mem <= F9;
elsif (Qint="01010") then dir_mem <= F10;
elsif (Qint="01011") then dir_mem <= F11;
elsif (Qint="01100") then dir_mem <= F12;
elsif (Qint="01101") then dir_mem <= F13;
elsif (Qint="01110") then dir_mem <= F14;
elsif (Qint="01111") then dir_mem <= F15;
elsif (Qint="10000") then dir_mem <= F16;
elsif (Qint="10001") then dir_mem <= F17;

34



elsif (Qint="10010") then dir_mem <= F18;
elsif (Qint="10011") then dir_mem <= F19;
elsif (Qint="10100") then dir_mem <= F19;
end if;
end if;
end process;
sal <= dir_mem;

4.2.11.4.-Sen

Tenemos almacenados 512 valores de una onda slalipositiva en una memoria, nos
llegara una direccion de memoria y hemos de sdcaaler que se encuentra en esa
direccion (la fase nos indica en qué posicion dmlda se encuentra).

La onda esta almacenada de la siguiente forma

type ROM_sen is array (0 to 511) of integer;

constant MEM_sen:ROM_sen:=( 128,129,131,132,1%4183,139,140,142,143,145,144,
148,149,151,153,154,156,157,159,16 163,165,166,
168,169,171,172,174,175,177,17818182,184,185,
187,188,189,191,192,193,195,196,19%,200,201,203,
204,205,206,208,209,210,211,21221151216,217,218,
219,220,221,222,224,225,226,227,22%230,230,231,
232,233,234,235,236,237,237,2383 289241,241,242,
243,243,244,245,245,246,246,247 2488249,249,250,
250,251,251,251,252,252,252,253 258254,254,254,
254,255,255,255,255,255,255,255 285 255,255,255,
255,255,255,255,255,255,255,2552541254,254,254,
253,253,253,252,252,252,251,251, 2280 249,249,248,
248, 247, 247,246,246,245,244, 243,242 242 241,
240,239,239, 238,237,236,235,234,233,232,381229,
228,227,226,225, 224,223,222,221,220,219,2863225,
214,213, 212,211,209,208,207,206,205,203,202189,
198,197,195,194,193,191,190,189,187,186,184182,
180,179,177,176,174,173,171,170,168,167,1851 6@,
161,159, 158,156,155, 153,152,150,149,1471146,
142,141,139,138,136,135,133,131,130,128,1837122,
122,120,119,117,116,114,113,111,109,108,166 108,
102,100,99,97,96,94,93,91,90,88,87,85,84,82%18,
76, 75,73,72,71,69,68,66,65,64,62,61,60,58BH%4,
53,52,50,49,48,47,46,44,43,42,41,40,39, 33%384,33,
32,31,30,29,28,27,26,25,24,23,22,21,21,20,8,97,16,
16,15,14,13,13,12,11,11,10,9,9,8,8,7,7,6,61543,3,3,
2,2,211,11,1,0,0,0,0,0,0,0,0,0,0,0,0,000000,0,0,1,1,
1,1,2,2,2,3,3,3,4,4,4,5,5,6,6,7,7,8,9, 900,1,12,12,
13,14,14,15,15,16,17,18,18,19,20,21,22,235253226,
27,28,29,30,31, 33,34,35,36,37,38,39,40,44435 ,46,
47,49,50,51,52,54,55,56,58, 59,60,62,63,68/668,70,
71,73,74,76,77,78,80,81,83,84,86,87,89,9002%D
96,98,99,101,102,104,106,107,109, 110,112]183,
116,118,120,121, 123,124,126,127);

La salida la obtendremos de la siguiente forma:

sal <= MEM sen (CONV INTEGER(dir menr
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4.2.11.5.-Dmux

Demultiplexaremos la sefal anterior en 20 sefdiecuencia fundamental y 19
armonicos). Trabajara a 1.008MHz a partir de lakéé control cada vez que tengamos
un flanco de reloj ascendente sacaremos otra satiélaos un ciclo que se mantendran
todas las salidas sin variar.

Process (CLK)
begin
if (CLK'event and CLK="1") then
if (Qint="00001") then Bf 5 <= conv_std_logic oter(sen,8);
elsif (Qint="00010") then B1_5 <= conv_std_logiector(sen,8);
elsif (Qint="00011") then B2_5 <= conv_std_logiector(sen,8);
elsif (Qint="00100") then B3_5 <= conv_std_logiector(sen,8);
elsif (Qint="00101") then B4_5 <= conv_std_logiector(sen,8);
elsif (Qint="00110") then B5_5 <= conv_std_logiector(sen,8);
elsif (Qint="00111") then B6_5 <= conv_std_logkector(sen,8);
elsif (Qint="01000") then B7_5 <= conv_std_logiector(sen,8);
elsif (Qint="01001") then B8_5 <= conv_std_logiector(sen,8);
elsif (Qint="01010") then B9_5 <= conv_std_logiector(sen,8);
elsif (Qint="01011") then B10_5 <= conv_std_logiector(sen,8);
elsif (Qint="01100") then B11 5 <= conv_std_logiector(sen,8);
elsif (Qint="01101") then B12_5 <= conv_std_logiector(sen,8);
elsif (Qint="01110") then B13_5 <= conv_std_logiector(sen,8);
elsif (Qint="01111") then B14 5 <= conv_std_logiector(sen,8);
elsif (Qint="10000") then B15_5 <= conv_std_logrector(sen,8);
elsif (Qint="10001") then B16_5 <= conv_std_logrector(sen,8);
elsif (Qint="10010") then B17_5 <= conv_std_logrector(sen,8);
elsif (Qint="10011") then B18_5 <= conv_std_logrector(sen,8);
elsif (Qint="10100") then B19_5 <= conv_std_logrector(sen,8);
end if;
end if;
end process;

4.2.11.6.-FF2
Registraremos los datos anteriores a una frecudeci®000Hz.

Process (CLK)
begin
if (CLK'event and CLK="1") then
if (Qint="00000") then -- almacena datos ntiias son constantes

Bf FF <= Bf_5;

Bl FF<=B1_5;
B2 _FF <=B2_5;
B3_FF <= B3_5;
B4 _FF <= B4 _5;
B5 FF <=B5_5;
B6 FF <=B6_5;
B7 FF<=B7_5;
B8 FF <=B8 5;
B9 FF<=B9 5;
B10_FF <=B10_5;
B11 FF <=B11_5;
B12_FF <=B12_5;
B13_FF <=B13_5;
B14 FF <=B14_5;
B15 FF <=B15_5;
B16_FF <=B16_5;
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B17 FF <= B17_5;
B18_FF <= B18_5;
B19_FF <= B19 5;

end if;
end if;

end process;

Bf <= Bf_FF;

Bl <=B1_FF;
B2 <= B2_FF;
B3 <= B3 _FF;
B4 <= B4_FF;
B5 <= B5_FF;
B6 <= B6_FF;
B7 <= B7_FF;
B8 <= B8_FF;
B9 <= B9_FF;

B10 <= B10_FF;
B11 <= B11 FF;
B12 <= B12_FF;
B13 <= B13_FF;
B14 <= B14_FF;
B15 <= B15_FF;
B16 <= B16_FF;
B17 <= B17_FF;
B18 <= B18_FF;
B19 <= B19 FF

4.2.11.7.-Simulacion memoria sen
La simulacion de este proceso es la siguiente:

_lml O i OO TP e T U i G WO OO L s SO L U
» B cir_nenfso] 58 BOGOE0000] 0000 D00 O e
» B bf S(r0] 216 21} z16 222 zz8 23
» B b1 g7l 24§ E3} 245 237 216 z14
» B b2_s(70] 49 ] 49 7l 96 121
» B b3(r] 113 147 113 78 48 24
» B ba_s70] 167 206 167 125 82 44
» B bs_s(7n] 5 30 5 [i] 17 51
b B be 570] 11 [1] 11 47 102 162
» B b7 s(ma] 250 214 250 251 z14 153
» B be_s(ra] 18 76 18 0 26 o3
» B bo_s[ra] &7 10 &4 ITE] 225
» B bio_s[7n] 253 203 153 236 158
» B b1 (7o) 234 50 148 234 252 ]
» B biz_s[7n] 231 178 251 231 133 3
» B b3 5[z 281 54 169 281 | 16
» B b14 5[70] 182 20% 255 52 57 [1
» B b5 570 11z ] E 112 232 240
» B bie_s[70] 84 &3 [1] El 220 245
» * b17_s[7:0] 159 23 22 159 259 179
» B bio_g[70] 1 246 111 1 76 226
» B bio_g[7n] 18 254 171 18 39 200
216 Y 210 216 ) 4 777 W zm
» B b1 fif7n] 248 254 251 245 237 226
» B bz 7] 49 15| FZ] 49 71 %
. B Lo Ferranl LREY 1 14° 11 El
Figura33: Simulacioi

4.2.12.-Mult

Llegados a este punto la frecuencia fundamentabsy drmoénicos ya son sefales
sinusoidales, pero todas ellas tienen la misma iamdplahora lo que hacemos es

multiplicar cada una por su amplitud corresponaient
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Bf 6 <= Bf FF * ampfund;
B1 6 <=B1 FF *ampl,
B2_6 <= B2_FF * amp2;
B3_6 <= B3_FF * amps3;
B4 6 <= B4 FF * amp4;
B5_6 <= B5_FF * amp5;
B6_6 <= B6_FF * amp6;
B7_6 <= B7_FF * amp7;
B8 6 <= B8 FF * amp8;
B9 6 <=B9_FF * amp9;
B10_6 <= B10_FF * amp10;
B1l 6 <= B11_FF * amp1l1,;
B12 6 <=B12_FF * amp12;
B13 6 <=B13 FF * amp13;
B14 6 <= B14 FF * ampl4,
B15 6 <= B15 FF * ampl5;
B16_6 <= B16_FF * amp16;
B17_6 <= B17_FF * amp17,
B18_6 <= B18_FF * amp18;
B19 6 <=B19 FF *ampl

4.2.13.-Offset

Hacemos que todas las sefales tengan el mismd ptise después poder sumarlas
correctamente. Miramos cuales son los maximos eslde la memoria sen y de la

amplitud los multiplicamos, este valor sera el maxiposible desde el punto mas bajo
al mas alto por lo tanto la mitad de este serdfs¢éibque debe tener la sefial. Después
calcularemos la diferencia entre este punto y etgpumedio de cada una de nuestras
sefiales. Por ultimo sumaremos esta diferenciaddigo es el siguiente:

max1 <= conv_std_logic_vector(255,8);
max2 <= conv_std_logic_vector(78,8);

cont <= (max1 * max2);
med <= conv_std_logic_vector(128,8);

divf <= (ampfund * med);
divl <= (amp1l * med);
div2 <= (amp2 * med);
div3 <= (amp3 * med);
div4 <= (amp4 * med);
div5 <= (amp5 * med);
divé <= (amp6 * med);
div7 <= (amp7 * med);
div8 <= (amp8 * med);
div9 <= (amp9 * med);
div10 <= (ampl10 * med);
divll <= (ampll * med);
divl2 <= (ampl2 * med);
divl3 <= (ampl13 * med);
divl4 <= (ampl14 * med);
divl5 <= (amp15 * med);
divl6 <= (ampl16 * med);
divl7 <= (ampl7 * med);
divl8 <= (ampl18 * med);
divl9 <= (amp19 * med);

-- cambigpehdiendo amplitud maxima menn
sen

-- 156/2 cambependiendo de amplitud
maxima entre todos los instrumentos
-- valor de offset

-- 255/2 apas

-- sacar punto mediéae
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Bf 7 <= Bf_6 + cont - divf; -- sumar diferencia
B1_7 <=B1_6 + cont - divl;
B2_7 <= B2_6 + cont - div2;
B3_7 <= B3_6 + cont - div3;
B4 7 <= B4 _6 + cont - div4;
B5_7 <= B5_6 + cont - div5;
B6_7 <= B6_6 + cont - div6;
B7_7 <=B7_6 + cont - div7;
B8_7 <= B8_6 + cont - div8;
B9_7 <=B9_6 + cont - div9;
B10_7 <= B10_6 + cont - div10;
B11_7 <= B11_6 + cont - divl1;
B12_7 <= B12_6 + cont - div12;
B13_7 <= B13_6 + cont - div13;
B14_7 <= B14_6 + cont - div14,
B15_7 <= B15_6 + cont - div15;
B16_7 <= B16_6 + cont - div16;
B17_7 <= B17_6 + cont - div17;
B18_7 <=B18_6 + cont - div18;
B19_7 <=B19_6 + cont - div19;

A continuacion podemos ver una simulacion con &cdencia fundamental y los
primeros arménicos de una nota, donde se compgiebarrecto funcionamiento.

g

L] 200 400 GO0 800 1000 1200

Figura34: Armonicos sin sum.
4.2.14.-Suma

Sumamos la frecuencia fundamental con los arméniResste modo ya tendremos la
seflal que buscamos.

Sal <="0000" & Bf_7+B1_7+B2_7+B3_7+B4 B 7+B6_7+B7_7+B8_7+B9 7+
B10_7+Bl11 7+B12 7+B13 7+B14 7+B15 76Bl+B17_7 +B18_7 +B19 7,

4.2.15.-Ajuste

Una vez hemos obtenido la sefial que buscamos canobita amplitud su amplitud
(aumentamos o disminuimos el volumen). Tendremgssdbidas la del canal derecho y
la del izquierdo.

Sall <="0" & Ent & "000"; -- Dependiendo dzsl0 que tengamos delante y detras variaralel
volumen
Sal2 <="0" & Ent & "000"; -- otro canal
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4.2.16.-Entrada

4.2.16.1.-Invertir

Recibimos las sefiales del arpa y las invertimogjugaen el arpa si se toca una nota
corresponde con un “0” y si no se toca con un Alhosotros nos interesa lo contrario
(para que sea igual que las notas procedentes dedoruptores).

Para invertir cada nota se hace de la siguientedor

if (notas(11)='0") then Salint(11) <="1";
else Salint(11)<='0";
end if:

4.2.16.2.-Deteccion
Permite que al pulsar el pulsador detecte que LddDarpa se encuentran fundidos:

Process (CLK)
begin

if (CLK'event and CLK="1") then
if (en='0"then

if (notasent(11)="1") then Salint(11) <="0";
else Salint(11)<="1";
end if;

else Salint <= Salint;
end if;
end if;
end process;
des <= Salint;

4.2.16.3.-Arp

Recibimos las sefiales de la entrada (arpa) y stk algunas de las entradas (los
LEDs que no funcionen).

A continuacion podemos ver un ejemplo de como saala una nota (esto se haria
dentro de urmprocess).

If (des(11)="1") then Salint(11) <= notas(11);
else Salint(11)<='0";
end if:

4.2.16.4.-Seleccion
Elegimos si queremos las sefiales que procedenrpal alas procedentes de los
interruptores

Process (CLK)
begin

if (CLK'event and CLK="1") then
if (sel="1") then inter <= notas_arp;
else inter <= notas_int;
end if;
end if;
end proces
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4.2.16.5.-Calc_notas

Convertimos las sefiales del modulo anterior ensotéidas para nuestro programa
(num_nota). Si tocamos una nota, convertiremos. éstacaso de tocar dos o mas
convertiremos la nota mas aguda y la mas grave.

A continuacion podemos ver como obtenemos el nughermtas que tocamos.

Process (CLK)
begin
if notasent(11)="1" then i11<="00001"; else i1166000";end if;
if notasent(10)="1" then i10<="00001"; else i1066000";end if;
if notasent(9)="1" then i9<="00001"; else 19<="000;end if;
if notasent(8)="1" then i8<="00001"; else i8<="000;end if;
if notasent(7)="1" then i7<="00001"; else i7<="000;end if;
if notasent(6)="1' then i6<="00001"; else i6<="000;end if;
if notasent(5)="1' then i5<="00001"; else i5<="000;end if;
if notasent(4)="1' then i4<="00001"; else i4<="000;end if;
if notasent(3)="1" then i3<="00001"; else i3<="000;end if;
if notasent(2)="1' then i2<="00001"; else i2<="000;end if;
if notasent(1)="1" then i1<="00001"; else i1<="000;end if;
if notasent(0)="1" then i0<="00001"; else i0<="000;end if;
end process;
cant_notas <= i11+i10+i9+i8+i7+i6+i5+i4+i3+i2+i1+i0

Ahora veremos lo que pasa si tocamos s6lo unaocnoitaguna

if (CLK'event and CLK="1") then
if (cant_notas=0) then
notalint <= "00000";
nota2int <= "00000";
elsif (cant_notas=1) then
if (notasent(11)="1") then
notalint <= "01110";
nota2int <= "00000";
elsif (notasent(10)="1") then
notalint <= "01101";
nota2int <= "00000";

end if:

En el siguiente cédigo podemos ver una parte deéigoopor si tocamos dos o0 mas
notas:

elsif (cant_notas > 1) then
if (notasent(11)="1") then
if notasent(0)="1" then
notalint <= "01110";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "01110";
nota2int <= "00011";
elsif notasent(2)="1' then
notalint <= "01110";
nota2int <= "00100";
elsif notasent(3)="1' then
notalint <= "01110";
nota2int <= "00101";
elsif notasent(4)="1' then
notalint <="01110'
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nota2int <= "00110";
elsif notasent(5)="1' then

notalint <= "01110";

nota2int <= "00111";
elsif notasent(6)="1' then

notalint <= "01110";

nota2int <= "01001";
elsif notasent(7)="1' then

notalint <= "01110";

nota2int <= "01010";
elsif notasent(8)="1' then

notalint <= "01110";

nota2int <= "01011";
elsif notasent(9)="1' then

notalint <= "01110";

nota2int <= "01100";
elsif notasent(10)="1" then

notalint <= "01110";

nota2int <= "01101";
end if;

elsif (notasent(10)="1") then

4.2.16.6.-Sumfin
Sumaremos la nota 1 con la nota 2.

Sall <= Entl + Ent2;
Sal2 <= Entl_2 + Ent2_2;

4.2.17.-Proyecto
Este mddulo es el que contendra todos los modulesiares.

U1 : divisorl Port map (CLK, RST, CLK2);

U2 : divisor2 Port map (CLK, RST, CLK3);
U3 : divisor3 Port map (CLK, RST, CLK4);

U4 : g00_audio_interface PORT map(Sall , Sal2, GLKST,INIT, W_EN,
pulse_48KHz, AUD_MCLK, AUD_BCLK,
AUD_DACDAT, AUD_DACLRCK, I12C_SDAT,
[2C_SCLK);

U5 : LED2 Port map ( notas_sel,sal LED );

U6 : fase Port map (CLK2,notal,num_inst,f1,f2,f3546,f7,f8,f9,f10,

f11,f12,f13,f14,f15,f16,f17,f18,f19);

U7 : amplitud Port map (CLK2,notal,num_inst,af,21a8,a4,a5,a6,a7,a8,

a9,al0,all,al2,al3,al4,al15,a16,8,a%Ed);

--digisaprox
48000Hz
--digis25MHz

--divis LMHz aprox

1.008MHz
--interfaz de audio

U8 : control Port map (CLK4,RST,cont); -- seffadie control

U9 : incrementos Port map (CLK2,notal,num_inst,imcg;
U10 : arm Port map (CLK2,notal,num_inst,RST,inagamf,arml1,arm2,

-- Calculo armonico$

arm3,arm4,arm5,arm6,arm7,arm8,arm9,armid,hrarm12,

arm13,arm14,arm15,arm16,arm17,arm18,arm19);

U11 : acum Port map (CLK2,RST,armf,arml1,arm2,arm3aarm5,arm6,arm7,-- acumulador
arm8,arm9,arm10,armll,arm12,arm13,arand¥,5,arml16,
arml17,arm18,arm19,Bf,B1,B2,B3,B4,B5,B583,B89,B10,

B11,B12,B13,B14,B15,816,817,B18,B19);
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Uiz :

ui3:

ul4:

uils:
Ul6 :

ul7

uis:

uil9:

u20:

u21:
u4z2:
U40 :
u22:
U4l :

u23:

u24 .

uU25:

u26
u27

u28

sumfas Port map (f1,f2,f3,f4,f5,6,f7,f8,f0(Xf11,f12,f13,f14,f15, -- suma fase
f16,f17,f18,f19,Bf,B1,B2,B3,B4,B5,B6/B8,89,B10,
B11,B12,B13,B14,B15,B16,817,818,B19,8B1_3,B2_3,
B3 3,B4_3,B5B6_3,B7_3,B8_3,B9 3,810 _3,B11_3,B12_3,
B13_3,B14 3,B15 3,B16_3,B17_3,B18 3,E)9
FF1 Port map (CLK2,Bf 3,B1_3,B2_3,B3 3,84 8,8,86 3,B7_3,B8 3,B9 3,
B10 _3,B11 3,B12 3,B13_3,B14 3,B15 3,B1613,88,B18 3,
B19 3,Bf 4,B1 2,B,B3 4,B4 4B5 4,B6_4,B7 4,B8 4,B9 4,
B10 4,B11 4,B1B¥3 4,B14 4,B15 4,B16_4,B17 4,B18 4,
B19_4);
mux1 Port map (CLK4,cont,Bf 4,B1_4,B2_4,B841,4,B5 4,B6_4,B7_4,B8 4,
B9 4,B10_4,B11_4,B12 4,B13_4,B14_4,B1B16, 4,B17_4,
B18 4,819 4,dir_mem);
sen Port map (dir_mem,sensal);
DMUX Port map (CLK4,cont,sensal,Bf 5,B1 5,BB3 5,B4 5B5 5B6 5,
B7_5,B8_5,B9 5,B10 5,811 5B12 5Bi814 5,B15 5,
B16 5,B17 5,818 5,B19 5);

- FF2 Port map (CLK4,cont,Bf 5,81_5,82_5,83_4,8,B5_5,86_5,87_5,88_5,

B9 5,810 5811 5B12 5B13 5B14 5B15 6MEB17 5,
B18 5,819 5,Bf FF,B1_FF,B2_FF,B3_FF,B4_FF,BF,B6_FF,
B7_FF,B8_FF,B9_FF,B10_FF,B11_FF B12 FF,B¥3B14 FF,
B15_FF,B16_FF,B17_FF,B18_FF,B19 FF);

mult Port map (af,al,a2,a3,a4,a5,a6,a7,a8,a®11,al2,a13,al4,al5, --mult por la amplifud

al6,al7,al18,a19,Bf FF,B1_FF,B2_FF,B3_FHI4B5_FF,
B6_FF,B7_FF,B8_FF,B9_FF,B10_FF,B11_FF,B¥2B13_FF,
B14_FF,B15_FF,B16_FF,B17_FF,B18 FF,B19BFFR,B1_6,
B2_6,83_6,B4_6,B5_6,86_6,B7_6,B8_6,B9_®B3,B11_6,
B12_6,B13 6,B14 6,B15 6,B16_6,B17_6,B1B16, 6);
offset Port map (af,al,a2,a3,a4,a5,a6,aBa@,al1l,a12,a13,al14,
al5,al6,al17,a18,a19,Bf 6,B1_6,B2_6,B31 6,B5_6,
B6_6,87_6,B8B% 6,810 _6,B11_6,B12_6,B13 6,B14_6,
B15_6,B16_6/B6,818_6,B19 6,Bf 7,B1 7,B2_7,B3_7,
B4 7,B5 7,B6_7,B7_7,B8_7,B9_7,B10_7,BA,B12_7,
B13_7,B14_7,B15_7,B16_7,B17_7,B18_7,B1)9_
suma Port map (Bf_7,B1_7,B2_7,B3_7,B4_7,BB677,B7_7,B8_7,B9_7,B10_7,
B11_7,B12_7,B13_7,B14_7,B15 7,B16_7,B1B18_7,B19 7,

Salsum);
ajuste Port map (Salsum,Sintaud,Sintaud?2); -- ajuste del volumen
invertir Port map ( CLK2,notas,notas_inv);
deteccion Port map (CLK2,notas_inv,en,des); -- detectar fundidos
arp Port map (CLK2,notas_inv,des,notasent); -- desactivar senyaleq
seleccion Port map (sel,clk2,notasent,notsdtas_sel); -- seleccionar notas

arp o notas interupt

calc_notas Port map (CLK2,notas_sel,notadagjot
-- Convertir sei¢,Y%ales a notas
fase Port map (CLK2,nota2,num_inst,f1_ 2 f883 2 f4 2,f5 2,6 2,7 2,
f8_2,f9 2,10 _2,f11_2,f12_2,f13 2,14 2 fP¥16_2,
fi7_2,f18_2,f19 2);

amplitud Port map (CLK2,nota2,num_inst,af122a2 2,a3 2,a4 2,a5 2,
a6 _2,a7_2,a8 2,a9 2,al0 2,all 22a4P3 2,al4 2,
al5 2,a16 2,al7_2,a18 2,a19 ?2);

: incrementos Port map (CLK2,nota2,num_insgirinc_2);
: arm Port map (CLK2,nota2,num_inst,RST,incmc22,armf_2,arml_2,

arm2_2,arm3_2,arm4_2,arm5_2,arm6_2,armrms, 2,
arm9_2,arml10_2,armll 2,arml2_2,arml13_2artharml5 2,
arm16_2,arml7_2,arml1l8 2,arml19_2);

:acum Port map (CLK2,RST,armf_2,arm1_2,arm&n23_2,arm4_2,arm5_2,

arm6_2,arm7_2,arm8_2,arm9_2,arm10_2 aArhhrml12_2,
arml3_2,arml4_2,arm15 2,arm16_2,armirnmd8 2,arml9 2,
Bf 2,B1_2,B2_2,B3 2,B4 2,B5 2,B6 2,BB&,2,B9 2,B10_2,
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u29:

U30:

u3l:

u32
u33

u34

U35:

uU36

u37:

u38:

U39

u43:

: FF2 Port map (CLK4,cont,Bf 5 2,B1 5 2,B2 B®,5 2,B4 5 2,B5

B11_2,B12 2,B13_2,B14 _2,B15 2,B16_2,RB18 2,B19 2);
sumfas Port map (f1_2,f2 2,f3 2,f4 2.f5 2X67 2,8 2,f9 2,10 2,
f11_2,f12_2,f13 2,14 2,15 2,f16_Zf2,f18 2,19 2,
Bf 2,B1 2,B2_2,B3 2,B4 2,B5 2,B6 2,BB8 2,B9 2,B10 2,
B11 2,B12 2,B13_2,B14 2,B15 2,B16_ZR®,B18 2,B19 2,
Bf 3 2,B1 3 2,B2 3 2,B3 3 2,B4 3 2B®,B6 3 2,B7 3 2,
B8 3 2,B9 3 2,B10 3 2, ,B12_3 2,B13 3 2,B14 3 2,

Bl
l'Gl

B15 3 2,B16_3 2,B17 3 2,818 3 2,B12)3

FF1 Port map (CLK2,Bf 3 2,B1 3 2,B2 3 2,B®284 3 2,B5 3 2,B6_3 2,
B7 3 2,B8 3 2,B9 3 2,B10 3 2,B11 3 2,812,813 3 2,
B14 3 2,B15 3 2,B16_3 2,B12,B18 3 2,B19 3 2,Bf 4 2,
Bl 4 2B2 4 2B3 4 2.B4 4 2B5 4 2,B6_47282,B8 4 2,
B9 4 2B10_4 2,B11 4 2,B12 4 2,B13_4 2,B12B15 4 2,
B16_4 2,B17_4 2818 4 2,B19 4 2);

mux1 Port map (CLK4,cont,Bf 4 4 2B2 B4 2B4 4 2B5 4 2,

2B
B6_4_2,B7_4 2, 88_4_2 B9 4 2,B10 4 2,B1R,B12 4 2,
B13 4 2,B14 4 2,B15 4 2B16 4 2,B17 B18, 4 2,819 4 2,

dir_mem_2);

: sen Port map (dir_mem_2,sensal_2);
: DMUX Port map (CLK4,cont,sensal_2,Bf 5

| 2,Bf 5 2,B1282 5 2,83 5 2,84 5 2,
B5 5 2,86 5 2,87 5 2,88 5 2,89 5 BE 2811 5 2,
B12 5 2,813 5 2,814 5 .

B19 5 2);

5 2,
12 _2
B13 5 2,B14 5 2,B15 5 2,B16 5 2,B17 5 2,B12,B19 5 2,
Bf_ FF_2,B1_FF_2,B2_FF 2,B3_FF_2,B4 FF_ 25 2,B6_FF 2,
B7 FF_2,B8 FF_2,B9 FF 2,B10_FF 2,B11 ABl2,FF 2,
B13 FF_2,B14 FF 2,B15 FF_2,B16_FF 2,B172[H¥18 FF 2,
B19 FF_2);
mult Port map (af_2,a1_2,a2 2,a3 2,a4 2,ab 2,a7 2,a8 2,a9 2,al0 2,
all 2,a12 2,al3 2,a14 2,al5 2,a16 2,&llB 2,a19 2,
Bf FF_2,B1 FF 2,B2 FF_2,B3 FF 2,B4 FF 285 2,B6 FF_2,
B7_FF_2,B8 FF_2,B9 FF_2,B10_FF_2,B11 HBl2,FF_2,
B13 FF_2,B14_FF _2,B15 FF_2,B16_FF _2,B17 218 FF_2,
B19 FF_2,Bf 6 2,B1 6 2,B2_ 6 2,B3_6 2,B2,B5 6 2,B6_6_2,
B7_6_2,B8 6 2,B9 6_2,B10 6 2,B11 6_2,B12,813 6_2,
B14 6 2,B15 6 2,B16 6 2,B17_6_2,B18 6 2,B12);

B6_5 2B7_5_2B8 5 2,B9_ 5 2,B10_5 2811512

. offset Port map (af 2,al 2,a2 2,a3 2,a4 2,ab 2,a7 2,a8 2,a9 2,al0 2,

all 2,al2 2,al3 2,al4_2,al5 2,al6 218 2,al9 2,
Bf 6 2,B1 6 2,B2 6 2,B3 6 2,B4 6 2,B®2,B6 6 2,B7 6 2,
B8 6 2,B9 6 2,B10 6 2,B11 6 2,B12 6 3,H12,B14 6 2,
B15 6 2,B16 6 2,B17 6 2,B18 6 2,B19 Bf Z _2,B1 7 2,
B2 7 2,B3 B2,7 2,B5 7 2,B6 7. 2B7 7.2,B8 7 2,B9
B10 7 2,B11 7 2,B12 7 _2,B13 7 2,B14 B12,7 2,B16 7_
B17_7 2,B18 7_2,B19 7 _2);

suma Port map (Bf 7. 2,B1 7 2,B2 7 2,B3 7 2B2B5 7 2B6 7 2,B7 7 2,
B8 7. 2,B9 7 2,B10 7 2,B11 7 2,B12 7 _2,B12,B14 7_2,
B15 7 2,B16_7 _2,B17_7_2,B18 7 _2,B19_7alg8n_2);

ajuste Port map (Salsum_2,Sintaud_2,Sinta2igl2_

7_2,
2,

: sumfin Port map (Sintaud,Sintaud2,Sintaudinta8d2_2,Sall,Sal2);
LED3 Port map ( INIT,CLK, W_EN , RST ,sel,muinst,LED_config,LED_modo,LED_inst);

2,815 5 2,B1@,B17 5 2,818 5_2,
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4.2.18.-Test Bench

Mediante el siguient&est Bench obtendremos un fichero con los valores de la omda d
uno de los dos canales antes de pasar por elantéef audio. Estos valores iran a una

frecuencia de 48000Hz.

Para simular los valores que se irdn cambiando son:
- notas: es un vector, donde cada bit correspooideada una de las notas.

- des: es un vector donde cada bit correspondemonle los pulsadores para desactivar.

- num_inst: es el numero del instrumento que quesgonobar.

signal notas : std_logic_vector(11 downto 0)1:60000000001"; -- introducir notas que toco
signal des : std_logic_vector(11 downto 0) :60000000000"; --introducir que quiero desactiy

signal num_inst : std_logic_vector(1 downto)10";

ar

Para generar el fichero con los valores en que ieamiés salidas debemos definir los

siguientes parametros:

file vect_out: text open WRITE_MODE is
"archivo_escritura.txt";

CLK <= not CLK after 5 ns;
RST <="0" after 10 ns;

process (CLK)
begin
if (CLK'event and CLK="1") then
if Qint = 1041 then Qint <= "00000000000"; CLK2 '1'; --CLK a
48000
else Qint <= Qint+1; CLK2 <="0" -- Qint codtar reloj sefiales
control MUX
end if;
end if;
end process;
process (CLK2)
variable buf_in,buf out:line;
begin
if (CLK2'event and CLK2="1") then
Salent <= conv_integer(sim);
i <= i+1; -- saber cuantos ruos estoy sacando
WRITE(buf_out,Salent);
WRITELINE(vect_out,buf_out);
end if;

end process
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Capitulo 5.- Simulacion del funcionamiento del
circuito

En este capitulo vamos a describir el procesordalacion del sistema completo. Para
ello se simularéa elest Bench descrito en el capitulo anterior con el Simulad®iXilinx.
Se definira un tiempo de simulacion largo, ya gueeloj que se simula es el de
50MHz, aunque mediante eslest Bench obtendremos una salida a 48KHz. Los
resultados de esta simulacion se almacenaran erfichero, que se llamara
archivo_escritura.txt.

Los valores de este fichero se llevaraviatlab donde serdn asignados a un vector Xx.

En el entorno de Matlab se definiran también ofpasametros: t, var, t2, que a

continuacion se definen:

- El vector t es la base de tiempos para la sefisé xlefine como: forma t=[1:1:n]
donde n sera el numero de valores que tenemos en X.

- Lasefal var=1/48000, define el periodo a la fracieedeseada.

- El vector t2 pondera el vector t de acuerdo corakdr de var (t2=[t.*var]) .

De esta forma, la seflal x puede verse graficamemtéuncion de t2 utilizando el
comando: plot (t2,x).

A continuacion simularemos la nota C6 del violirrgpallo introducimos en notas
"100000000001", en des "000000000001" (de este maahbién comprobamos que
funciona el desactivar las notas) y en num_in8t.“1

A continuacion podemos ver la simulacion que obteosey comparandola con la del
modelo vemos que el periodo y la forma de la orsdal enismo (la amplitud no sera la
misma pero si que sera equivalente).

Figura35: Simulacion C6 violir

46



A continuacion podemos comprobar las otras simoites

52 | | | | | |

05 1 15 2 25 3
Figura36: Simulacion C5 violir

10
&7 . .

5 | | | | | |

a 0.0m 0.002 0.003 0.004 0.006 0.006

Figura37: Simulacion C4 obo

0.007 0.008 0.009 oo

&1 I I I | I |

0s 1 15 2 25 3

Figura38: Simulacion C5 obo
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| | |
0 0.001 0.002 0.003 0.004 0.008 0.008 0.007 0.008 0.009 0.01

Figura39: Simulacion C4 tub.

| | | | |
0.002 0.004 0.006 0.008 0.01 0012 0014 0016 0.018 002

Figura4(Q: Simulacién C3 tub.
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Capitulo 6.-Implementacion en la placa

En este capitulo se muestran los detalles de |lemgntacion del sistema en la placa
DE2-115.

6.1.- Asignacion de pines

En la siguiente tabla podemos ver como debemosarsigdos los pines al dispositivo
programable FPGA DE2-115. Se han asignado tanto skiales de entrada
correspondientes a las notas generadas en el rawgas] como las mismas sefales si

fuesen generadas por los switches de la placasnata

Mode Name Direction Location 10 Bank VREF Group I/O Standard Regerved

1 ¥  AUD_BCLK Output PIN_F2 1 B1_N1 2.5V (default)
2 {0  AUD_DACDAT Quiput PIN_D1 1 B1_MNO 2.5V (default)
3 {0  AUD_DACLRCK Quiput PIN_E3 1 B1_NO 2.5V (default)
4 ©F  AUD_MCLK Output PIN_E1 1 B1_NO 2.5V (default)
5 I ClK Input PIN_Y2 2 B2_MNO 2.5 V (default)
6 * en Input PIN_R24 5 B5_MND 2.5 V (default)
7 P I2C SCLK Quiput PIN_B7 8 B3_N1 2.5V (default)
3 £ 12C_SDAT Output PIN_AS B B3_N1 2.5V (default)
3 m INT Input PIN_Y23 5 B5_N2 2.5V (default)
10 ¥  LED_config[Z] Output PIN_H15 7 B7_N2 2.5 V (default)
1l ¥  LED_config[1] Quiput PIN_G16 7 B7_N2 2.5V (default)
12 £  LED_config[0] Output PIN_G15 7 B7_N2 2.5V (default)
13 &  LED_inst[1] Output PIN_H17 7 B7_N2 2.5V (default)
14 ¥ LED_inst[0] Output PIN_116 7 B7_N2 2.5V (default)
15 ¥  LED_modo QOuiput PIN_F15 7 B7_N2 2.5V (default)
16 B notas[ii] Input PIN_AG25 4 B4_N1 2.5V (default)
17 B notas[10] Input PIN_AF22 4 B4_NO 2.5V (default)
18 I notas[d] Input PIN_AE22 4 B4_NO 2.5 V (default)
1% I+ notas[8] Input PIN_AF25 4 B4_N1 2.5V (default)
20 " notas[7] Input PIN_AF24 4 B4 N1 2.5V (default)
21 ¥ notas[6] Input PIN_AD19 4 B4_NO 2.5V (default)
22 I notas[s] Input PIN_AC19 4 B4_NO 2.5 V (default)
23 I notas[4] Input PIN_AD15 4 B4_MN2 2.5V (default)
249 I notas[3] Input PIN_AD21 4 B4_NO 2.5V (default)
25 ¥ notas[?] Input PIN_AC21 4 B4_N0 2.5V (default)
75 B notas[1] Input PIN_AB21 4 B4_NO 2.5 V (default)
27 m*  notas[i] Input PIN_AB22 4 B4_NO 2.5 V (default)
23 ¥ notas_int[11] Input PIN_AB28 5 B5_ N1 2.5V {default)
29 I notas_int[10] Input PIN_AC23 5 B5_M2 2.5V (default)
30 ¥ notas_int[9] Input PIN_AC27 5 B5_MN2 2.5 V (default)
31 B notas_int[8] Input PIN_AD27 5 B5_M2 2.5 V (default)
32 I notas_int[7] Input PIN_AB27 5 B5_N1 2.5 V (default)
33 ¥ notas_int[8] Input PIN_AC26 5 B5_MN2 2.5V (default)
34 ¥ notas_int[5] Input PIN_AD26 5 B5_M2 2.5V (default)
35 IB*  notas_int[4] Input PIN_AB26 5 B5_N1 2.5 V (default)
36 I notas_int[3] Input PIN_AC25 5 B5_N2 2.5 V (default)
37 I notas_int[Z] Input PIN_AB25 5 B5_ N1 2.5V {default)
33 ¥ notas_int[1] Input PIN_AC24 5 B5_MN2 2.5V (default)
39 B notas_int[0] Input PIN_AB24 5 B5_MN2 2.5 V (default)
40 ¥ num_inst[1] Input PIN_AAZ4 5 B5_MN2 2.5 V (default)
41 I num_inst[0] Input PIN_AB23 5 B5_MN2 2.5V {default)
42 ¥ pulse_43KHz Output 2.5V (default)
43 m*  RST Input PIN_AAZ2Z 5 B5_N2 2.5V (default)
44 ¥ sal_LED[11] Output PIN_G19 7 B7_N2 2.5 V (default)
45 L  sal LED[10] Ouiput PIN_F13 7 B7_NO 2.5V (default)
4% £  sal LED[3] Output PIN_E19 7 B7_ND 2.5V (default)
47 & sal LED[§] Output PIN_F21 7 B7_ND 2.5V (default)
43 ¥  sal_LED[7] Output PIN_F18 7 B7_N1 2.5 V (default)
49 ¥  sal LED[g] Quiput PIN_E18 7 B7_N1 2.5V (default)
50 &  sal LED[5) Output PIN_119 7 B7_N2 2.5V (default)
51 &  sal LED[4] Output PIN_H19 7 B7_N2 2.5V (default)
52 ¥  sal LED[3] Output PIN_117 7 B7_N2 2.5V (default)
33 ¥ sal LED[Z] Quiput PIN_G17 7 B7_N1 2.5V (default)
54 ©  sal LED[Y] Output PIN_115 7 B7_N2 2.5V (default)
55 &  sal LED[O] Output PIN_H16 7 B7_N2 2.5V (default)
56 > sel Input PIN_AAZ3 5 B5_N2 2.5V (default)
37 I+ W_EN Input PIN_Y24 5 B5_MN2 2.5V (default)
58 <<new node>>

Figura41: Asignacion
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6.2.- Recursos utilizados

Tras la implementacion del circuito en el dispesifprogramable se obtiene las
estadisticas de utilizacion de recursos dentralidpbsitivo.

Los recursos para la implementacion de nuestraitirson los siguientes.

- Flow Status Successful - Mon Jun 24 18:55:52 2013
- Quartus 1T 32-bit Version 12,0 Build 263 08/02§2012 5P 2 51 \Web Edition
-~ Rewision Mame Proyecto
- Top-level Entity Mame proyeckn
- Family Cyclone IV E
-~ Device EP4CEL1SF29C7
- Timing Models Final
[=F Total logic elerments 7,551 /114,480 (7 %)
Tatal combinational Functions 6,856 [ 114,480 ( 6 %)
- Dedicated logic reqgisters 3,057 /114,430 ( 3% )
- Total reqisters 3037
- Tokal pins 57529011 %)
- Total virtual pins ]
~ Total memary bits 0)43,9581,312(0%)
- Embedded Multiplier 3-bit elements 20 /532 (4 % )
- Tatal PLLs 0/4(0%)

Figura42: Recurso:

Podemos ver que para su implementacion se hanitaelesina cantidad bastante
importante de recursos, aunque debido a la gratiddednde los que dispone nuestro
dispositivo esto no es un problema (s6lo un 7%atal).

6.3.- Sistema completo
En la siguiente fotografia se muestra el aspedtsistema completo. Puede verse el
arpa y sus conexiones a la placa.

Figura43: Fotografic
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Capitulo 7.-Conclusiones y futuras mejoras

En este proyecto se ha disefiado un sistema queagestas musicales correspondientes
a tres instrumentos, a partir de las sefales pemtesl de un arpa laser o a partir de los
switches dispuestos en la misma placa.

En apartado 4.2.11., se ha descrito como se hafioaatti el circuito para conseguir
reducir su area, una optimizacion que permite riedlcaimero de memorias “sen” de
manera significativa, pasando de veinte memoriasassola.

A continuacion se presentan otras mejoras que sblpamplementar, para reducir ain
mas el area del circuito. Concretamente, en logiesiges apartados se muestra cOmo
puede conseguirse reducir el tamafio de la memesga”“utilizando las relaciones
trigonomeétricas.

Para implementar estas mejoras es necesario trab@asigno, lo que implica la
modificacion del codigo descrito anteriormente.

7.1.- Reduccion de la memoria del circuito utilizado relaciones aritméticas

7.1.1.- Tono

Para describir estas mejoras se partira de umm dono y se extrapolaran los resultados
al caso general.

En el siguiente cédigo se muestra cOmo generasnmutilizando una memoria.

type ROM_sen is array (0 to 511) of integer;
constant
MEM_sen:ROM_sen:=(0,1,3,4,6,7,9,11,12,14,15,121.81,23,25,26,28,29,31,32,34,35,37,38,4pD
41,43,44,46,47,49,50,51,53,54,56 5,6®,61,63,64,65,67,68,69,71,72,73
75,76,77,78,80,81,82,83,84,86,87 88®891,92,93,94,96,97,98,99,100,
101,102,1103,104,105,106,107,108,109,109,110,111,112,133,14,
115,115,116,117,117,118,118,119,22M121,121,122,122,123,123,123,
124,124,124,125,125,125,126,126,1261127,127,127,127,127,127,127,
127,127,127,127,127,127,127,127,1271127,127,127,126,126,126,126,
126,125,125,125,124,124,124,123,1231122,121,121,120,120,119,119,
118,118,117,116,116,115,114,114,1113m1,111,110,109,108,107,106,
106,105,104,103,102,101,100,99,98/95,94,93,92,91,90,88,87,86,85,
84,83,81,80,79,78,77,75,74,73,7198,6,66,65,63,62,61,59,58,56,55,54
52,51,49,48,46,45,43,42,40,39,37 88331,30,28,27,25,24,22,21,19,18
16,14,13,11,10,8,7,584,-3,-4,-6,-8,-9,-11,-12,-14,-15,-17,-19,-2Q,-2
-23,-25,-26,-28,-29,-32,-34,-35,-37,-38,-40,-41,-43,-44,-46,-47 ,-49,-5(
-52,-53,-55,-56,-57,-59,-60,-62,-63,-66,-67,-68,-70,-71,-72,-74,-75,-76,
-78,-79,-80,-81,-82,-84,-85,-86,-88,-89,-91,-92,-93,-94,-95,-96,-97,-98,
-99,-100,-101,-102,-103,-104,-1056,t007,-107,-108,-109,-110,-111,
-112,-112,-113,-114,-115,-115,-1167-1117,-118,-119,-119,-120,-120,
-121,-121,-122,-122,-123,-123,-1224,1125,-125,-125,-126,-126,-126,
-127,-127,-127,-127,-127,-128,-1288,1128,-128,-128,-128,-128,-128,
-128,-128,-128,-128,-128,-128,-1288,1128,-128,-128,-127,-127,-127,
-127,-126,-126,-126,-125,-125,-1284,1124,-124,-123,-123,-122,-122,
-121,-121,-120,-119,-119,-118,-1187-1116,-116,-115,-114,-114,-113,
-112,-111,-110,-110,-109,-108,-1206,-105,-104,-103,-103,-102,-101,
-100,-99,-98,-97,-95,-94,-93,-92,-90,-89,-88,-87,-85,-84,-83,-82,-81,
-79,-78,-77,-76,-74,-73,-72,-70,-68,-66,-65,-64,-62,-61,-60,-58,-57,-55,
-54,-52,-51,-50,-48,-47,-45,-44,-42,-39,-38,-36,-35,-33,-32,-30,-29,-27,
-26-24-22-21-19-18-16-15-13-12-10-8-7-5-4-2.-1);
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El siguiente proceso muestra como se genera el tono

begin
INCe <= 8080;
INC <= conv_std_logic_vector(INCe,18);
Process (CLK)
begin
if (CLK'event and CLK="1") then
----------------- RESET
if (RST="1") then

elsif (RST="0") then

end if;
end if;
end Process;

Bf antsal <= Bf_6;

Bf_pos <= conv_std_logic_vector(13500,16); -- poctemvertir a integer para simular
Sal <= (Bf_antsal(15) & Bf_antsal) + (Bf_pos(15)B%._pos);

Bf 1 <= (others =>"'0";
Bf 2 <= (others =>"'0";

amplitudes
ampfunde <= 100;

ampfund <= conv_std_logic_vector(ampfunde,8);
————————————————— Primer registro -------------

Bf 1 <=INC; -- frecuencia fundamental
------------------- Acumulador --------------—--

Bf 2 <=Bf 2+Bf 1,

——————————————— suma de la fase -----------—

Bf 3 <=Bf 2;

————————————————— truncado para memoria L bits--------
Bf 4 <= Bf 3 (17 downto 9);

Bf_4mem <="0" & Bf_4;

Bf i <= MEM_sen (CONV_INTEGER(Bf_4mem));
Bf 5 <= conv_std_logic_vector(Bf_i,8);

Bf 6 <= Bf 5 * ampfund,;

La siguiente figura muestra la cantidad de recungggsarios para generar un tono.
Estos valores se tomaran como referencia parditaseson de la bondad de las

mejoras propuestas.

Revision Mame Provecko
Top-level Entity Mame tono
Farnily Cyclone IV GX
Tatal logic elements 340
Total combinational Functions 333
Dedicated logic registers 17
Total reqgisters 17
Total pins 19
Tatal virtual pins ]

Tokal memary bits

Embedded Multiplier 3-bit elements
Total GXE Receiver Channel PCS
Total @XB Receiver Channel PMA
Tokal GXB Transmitter Channel PCS
Total GXE Transmitter Channel PRA
Total PLLs

oo o ooo

Figura44: Recursos ton
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La siguiente figura muestra el esquema de la mengue almacena la onda senoidal
correspondiente al tono (memoria de 512x32).

9 bits 10 bits ROM 32 bits 8 bits

Bf 4 LBf_4 mem 512x32 Bf i Bf 5

Figura45: Esquema ton

7.1.2.- Mejora 1

La primera mejora consigue reducir la memoria desantes a la mitad, almacenando
Gnicamente en dicha memoria los valores de la se@abidal entre 0 y 180°, y
obteniéndose el resto de valores a partir de $ama@bperaciones aritméticas. El bit de
mayor peso es el que indica si la muestra de & sefresponde al semiciclo positivo o
negativo, y por tanto, sera la que actie como seéiatontrol en los multiplexores
adicionales que se requieren. Notese, que se hédiman bloque inversor para generar
los valores negativos de la onda.

En la siguiente figura se muestra como la memasialee tamafio 256x12 y se han
afadido bloques multiplexores 2 a 1. Esto impliedndso de aproximadamente 32 LEs
mas que en el caso anterior para la implementat@das muxes.

*****************************************************************

| |
| |
| / 3 |
| . i . B N |
| 9 bits ROM / 32 bits W \ |
i 2 bits [
| Bf_4 mem 256x32 / . s\ ‘
I / 32 bits X ; B 5
| | 9 |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

9 bits

Bf 4

N Bf_4(8) //
Figura46: Esquema mejora

A continuacion se muestra el codigo VHDL correspenig a la descripcion de la
memoria y a la generacion del tono. También seamdios recursos utilizados.

type ROM_sen is array (0 to 255) of integer;
constant MEM_sen:ROM_sen:=( 0,1,3,4,6,7,9,11,1,258,47,18,20,21,23,25,26,28,29,31,32,34,35,
37,38,40,41,43,44,46,47,49,50,51,53,54,56,58(661,63,64,65,
67,68,69,71,72,73,75,76,77,78,80,81,82,83,847888,89,90,91,
92,93,94,96,97,98,99,100,101,102,102,103,164108,107,108,
109,109,110,111,112,113,113,114,115,115,1161177118,118,
119,120,120,121,121,122,122,123,123,123,1241224125,125,
125,126,126,126,126,127,127,127,127,127,1271227127,127,
127,127,127,127,127,127,127,127,127,127,1261 PB61 26,126,
125,125,125,124,124,124,123,123,122,122,121129]120,119,
119,118,118,117,116,116,115,114,114,113,1121117110,109,
108,107,106,106,105,104,103,102,101,100,997/986395,94,93,
92,91,90,88,87,86,85,84,83,81,80,79,78,77,753(41,70,69,67,
66,65,63,62,61,59,58,56,55,54,52,51,49,48,463%52,40,39,37,

53



36,34,33,31,30,28,27,25,24,22,21,19,18,16,14]1180,8,7,5,3,2,
1);
begin
INCe <= 8080;
INC <= conv_std_logic_vector(INCe,18);
Process (CLK)
begin
if (CLK'event and CLK="1") then
----------------- RESET
if (RST="1") then
Bf 1 <= (others =>"'0;
Bf 2 <= (others =>"'0";
elsif (RST="0") then

amplitudes
ampfunde <= 100;

ampfund <= conv_std_logic_vector(ampfunde,8);
----------------- Primer registro -------------

Bf 1 <=INC; -- frecuencia fundamental

------------------- Acumulador --------------—--
Bf 2 <= Bf 2+Bf 1;
end if;
end if;
end Process;
——————————————— suma de la fase -----------—
Bf 3 <=Bf 2;
----------------- truncado para memoria L bits--------
Bf 4 <= Bf 3 (17 downto 9);
Bf 4mem <="0" & Bf_4(7 downto 0);
------------ sacar valores mem sen con direce®hits anteriores---

Process (CLK)
begin
if (Bf_4(8)='0") then Bf_i <= MEM_sen (CONV_INTEER(Bf_4mem));
else Bf i <= -MEM_sen (CONV_INTEGER(Bf_4mem));
end if;
end process;
Bf 5 <= conv_std_logic_vector(Bf_i,8);
Bf_6 <= Bf_5 * ampfund,;
Bf antsal <= Bf 6;
Bf_pos <= conv_std_logic_vector(13500,16); -- poctemvertir a integer para simular
Sal <= (Bf_antsal(15) & Bf_antsal) + (Bf_pos(15)B%._pos);

Revision Mame Provecto
Top-level Entity Mame mejoral
Family Cyclone Iv G
=t Total logic elements 243
Tokal combinational Functions 241
Dedicated logic reqgisters 17
Total registers 17
Total pins 19
Tokal virtual pins 1]

Tokal memory bits

Embedded Multiplier 3-bit elements
Total GxE Receiver Channel PCS
Total GRE Receiver Channel PR
Total GXE Transmitter Channel PCS
Tokal GRE Transmitter Channel PMA
Total PLLs

o o o o oo o

Figura47: Recursos mejora
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7.1.3.- Mejora 2

Si se siguen utilizando las relaciones aritmétmademos reducir alin mas el tamario de
la memoria. Concretamente, es posible reducir estanoria a la cuarta parte
almacenando Unicamente los valores comprendidos @hyy 90° y generando el resto a
partir de sencillas operaciones matematicas.

El esquema de este circuito se muestra en |la siguiigura:

B 4

8 pis . - ~.
\g b - p .
LE'J_/l mem i ROM ! v A 32 bits
L7 7 128x32 |/ i

\ 4 \ BL4E)
4

~ s ~ 7321UTs 4

Figura48: Esquema mejora

Del esquema se deduce gque este ahorro de areaampliigero aumento en el nimero
de LUTs, concretamente son necesarias 39 LUTs mlsréquerido en un principio.

A continuacion se muestra el codigo VHDL correspenig a la descripcion de la
memoria y a la generacion del tono. También seamdios recursos utilizados.

type ROM_sen is array (0 to 127) of integer;
constant MEM_sen:ROM_sen:=( 0,1,3,4,6,7,9,11,1,25,47,18,20,21,23,25,26,28,29,31,32,34,
35, 37,38,40,41,43,44,46,47,49,50,51,53,54756%60,61,63,64,
65,67,68,69,71,72,73,75,76,77,78,80,81,82,83(387,88,89,90,
91,92,93,94,96,97,98,99,100,101,102,102,1031084106,107,
108,109,109,110,111,112,113,113,114,115,1151176117,118,
118,119,120,120,121,121,122,122,123,123,1231224124,125,
125,125,126,126,126,126,127,127,127,127,1271227127,127,
127);
INCe <= 8080;
INC <= conv_std_logic_vector(INCe,18);
Process (CLK)
begin
if (CLK'event and CLK="1") then
----------------- RESET
if (RST="1") then
Bf 1 <= (others =>"'0Y;
Bf 2 <= (others =>"'0Y;

elsif (RST='0")
ampfunde <= 100;
ampfund <= conv_std_logic_vector(ampfunde,8);
————————————————— Primer registro -------------
Bf 1 <=INC; -- frecuencia fundamental
——————————————————— Acumulador --------------—--
Bf 2 <= Bf 2+Bf 1;

end if;

end if;
end Process;
--------------- suma de la fase -----------—
Bf 3 <=Bf 2;
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Process (CLK)

end process;

Bf 5 <= conv_std_logic_vector(Bf_i,8);

Bf 6 <= Bf 5 * ampfund,;

Bf antsal <= Bf 6;

Bf_pos <= conv_std_logic_vector(13500,16); -- poctemvertir a integer para simular
Sal <= (Bf_antsal(15) & Bf_antsal) + (Bf_pos(15)B%._pos);

————————————————— truncado para memoria L bis--------
Bf 4 <= Bf 3 (17 downto 9);
Bf 4mem <="0" & Bf _4(6 downto 0);

begin
if (Bf_4(8)='0") then
if Bf_4(7)="'0' then Bf i <= MEM_sen (CONV_INTEG¥Bf_4mem));
else Bf i <= MEM_sen (CONV_INTEGER(Bf_res));
end if;
elsif (Bf_4(8)="1") then
if Bf_4(7)='0' then Bf_i <= -MEM_sen (CONV_INTEHER(Bf _4mem));
else Bf i <= -MEM_sen (CONV_INTEGER(Bf_res));
end if;
end if;

Revision Mame Provecto

Top-level Entity Mame mejoraz

Farnily Cyclone Iy QX

=t Total logic elements 252

Total combinational functions 250
Dedicated logic reqisters 17

Total regiskers 17

Total pins 19

Total virtual pins 1]

Total memaory bits 1]

Embedded Multiplier 9-bit elements 1]

Total GXE Receiver Channel PCS 1]

Total GXE Receiver Channel PMA 1]

Total GXE Transmitter Channel PCS 1]

Total GXE Transmitter Channel PMAa 0

Total PLLs 1]

Figura49: Recursos mejora

7.2.- Otras mejoras
Ademas de las mejoras descritas y analizadas,s#slgg@amplementar otros cambios al
sistema.

Introducir los valores de la memoria en forma detwes de 8 bits, ya que al

trabajar con integers estos ocupan cada uno 32 bits

Generar la salida en formato MIDI.

Utilizar el display LCD de la placa para enviar ma&es al usuario del arpa y

facilitar su manejo (mostrar mensajes de fallodicar la nota que estamos tocando,
etc).
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Anexo 1.-Manual de usuario del sistema

Este sistema permite sintetizar el sonido de ume ol violin y una tuba.
Cada instrumento trabaja en una escala distinteretamente:
-Tuba: De C3a C4
-Oboe: De C4 a C5
-Violin: De C5 a C6.
Dentro de cada escala es posible generar todastas salvo F#. Esto es asi porque el
arpa laser tiene unicamente 12 lasers.

El sistema puede sintetizar sonido actuando salsrbdces de luz del arpa o utilizando
los switches de la placa como teclas de un piano.

El sistema es capaz de generar simultaneament@idbsde dos notas, por lo que si se
toca un acorde, sonaran dos notas del mismo. Cusedmulsan mas de dos notas
simultdneamente, el sistema detecta la mas aguda mas grave y reproduce
Gnicamente estas dos.

VR — p—
/o) Y
/ s‘/ | | \ \
/ \ \ \
/ | | \

/ ! \

/
INIT W_EN RST SEL Ntmero deinstrumento  Nimero de nota Deteccion

Figurab5Q: Manua

A continuacion vamos a ver las diferentes entradiizadas para controlar el circuito:

- INIT: Corresponde con el switch 17. Para que fumei@l circuito debe ser “0”
(interruptor hacia abajo) y el led 17 debe estanihado.

- W_EN: Corresponde con el switch 16. Para que funeciebe ser “1” (interruptor
hacia arriba). El led 16 debe estar iluminado.

- RST: Corresponde con el switch 15. Para que fuecttabe ser “0”. El led 15 debe
estar iluminado, ademas si hacemos un reset searapagte led y los que
corresponden a INIT y W_EN.

- SEL: Seleccién entre el arpa o los interruptoresa pgenerar las notas: Esta
seleccion se realizara con el switch 14. Si seantca encendido el led usaremos el
arpa, en caso contrario se estaran usando loslipteres.

- Numero de instrumento: El nUmero de instrumentedmtrolamos con los switches
13 y 14. El valor se muestra en los leds 13 y D$.\lalores son los siguientes:

- “00” No se corresponde con ningun instrumento.

- “01” Oboe.

- “10” Violin.

- “11” Tuba.
Interruptores con las notas: Corresponderan cosvdashes del nimero 11 (nota mas
grave) al 0 (nota mas aguda). Los leds indicanngi#s se estan tocando.

-SW1l1: C

- SW 10: C#

-SW9:D
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- SW 8: D#
-SWT:E
-SW6: F
-SW5: G
-SW 4: G#
-SW 3 A
-SW 2: A#
-SW1:B
-SWo:C

Si al conectar el arpa sin tocar ninguna notawsriiian los leds de las notas, significa

gue esas notas del arpa no funciona, por tantendeb desactivarlas. Para detectar que
leds del arpa se encuentran fundidos y desactsrddbemos usar el pulsador 3.
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Anexo 2: Codigo VHDL correspondiente a los
modulos descritos en el capitulo 4

Divisorl.

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity divisorl is
Port (CLK : in STD_LOGIC;
RST :in STD_LOGIC;
salida : out STD_LOGIC);
end divisorl;
architecture Behavioral of divisorl is
signal Qint: STD_LOGIC_VECTOR (10 downto 0);
signal sint: STD_LOGIC;
begin
process (CLK, RST)
begin
if RST ='1' then Qint <= "00000000000"; sint €~
elsif (CLK' event) and (CLK ='1") then
if Qint = 1041 then
Qint <= "00000000000"; sint <="1"
else Qint <= Qint+1; sint <="'0";
end if;
end if;
end process;
salida <= sint;
end Behavioral;

Divisor2

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity divisor2 is
Port ( CLK:in STD_LOGIC;
RST :in STD_LOGIC;
salida : out STD_LOGIC);
end divisor2;
architecture Behavioral of divisor2 is
signal Qint: STD_LOGIC_VECTOR (1 downto 0);
signal sint: STD_LOGIC;
begin
process (CLK, RST)
begin

if RST ='1' then Qint <="00"; sint <= "0
elsif (CLK' event) and (CLK ='1") then
if Qint = 1 then
Qint <="00"; sint <="1";
else Qint <= Qint+1; sint <="'0";
end if;
end if;
end process;

salida <= sint;
end Behavioral;
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Divisor3.

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use |IEEE.STD_LOGIC_UNSIGNED.ALL;

entity divisor3 is
Port (CLK : in STD_LOGIC;
RST :in STD_LOGIC;
salida : out STD_LOGIC);
end divisor3;

architecture Behavioral of divisor3 is

signal Qint: STD_LOGIC_VECTOR (10 downto 0);
signal sint: STD_LOGIC;

begin

process (CLK, RST)
begin
if RST = '1' then Qint <= "00000000000"; sint €%
elsif (CLK' event) and (CLK ='1") then
if Qint = 49 then
Qint <= "00000000000"; sint <="1"
else Qint <= Qint+1; sint <="'0";
end if;
end if;
end process;

salida <= sint;

end Behavioral;

6.4.-g00_audio_interface

-- g00_audio_interface

-- This module implements the interface to the \Amif

-- WM8731 Audio Codec chip located on the AlteralDioard

-- The INIT line when asserted writes configuratdata into the registers

-- of the codec chip. These set the sampling m#s8KHz and selects

-- Slave and USB modes for the interface (implyamgexternal 24MHz input clock).
-- This module only implements the audio outputidés not handle audio

-- input, although it could be easily extended ¢csd.

-- Version 1.0

-- Designer: James Clark
-- February 26 2008

LIBRARY ieee;
USE ieee.std_logic_1164.all;
USE ieee.numeric_std.all;
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ENTITY g00_audio_interface IS
PORT

LDATA, RDATA : IN std_logic_vector(23 dowmt0); -- parallel

external data inputs
clk, rst, INIT, W_EN : IN std_logic; -- clk shadibe 24MHz

pulse_48KHz : OUT std_logic; -- sampjaspulse
AUD_MCLK : OUT std_logic; -- codec star clock input
AUD_BCLK: OUT std_logic; -- digitaludio bit clock
AUD_DACDAT : OUT std_logic; -- DAC dataes
AUD_DACLRCK : OUT std_logic; -- DAC dataft/right select
I2C_SDAT : OUT std_logic; -- seriatérface data line
I2C_SCLK: OUT std_logic -- seriatérface clock

)i
END g00_audio_interface;

ARCHITECTURE a OF g00_audio_interface IS

TYPE SCI_state IS (sw_init0,sw_init1,s0,s1,s2,ssdili2,sab3,sack11,sack12,sack13,
sack21,sack22,sack23,sack31,sack32,sack33,swihl swlb3,sw2bl,sw2b2,sw2b3,send);

TYPE SCI_state2 IS (sw_init0,sw_initl,sw_ready,swtey;

signal Bcount : unsigned(2 downto 0);

signal BBcount : integer range 0 to 49;

signal Mcount : std_logic;

signal clk_count : integer range 0 to 63;

signal bit_count : integer range 0 to 7;

signal word_count : integer range 0 to 12;

signal LRDATA : std_logic_vector(49 downto 0); toses L&R data
signal state : SCI_state;

signal state? : SCI_state2;

signal SCI_WRITE, SCI_READY : std_logic;

signal SCI_ADDR, SCI_WORD1, SCI_WORD?2 : std_logiector(7 downto 0);

BEGIN
SCI_ADDR <="00110100"

-- FSM for controlling audio data transfer to codec
digital_audio_interface: process (clk, rst)

begin
if rst="1" then
Mcount <="1";
Bcount <="100";
BBcount <= 0;

pulse_48khz <="'0";
LRDATA <= (others =>"'0";
AUD_MCLK <="'0%
AUD BCLK <="0"
AUD DACLRCK <=0
AUD_DACDAT <=0

elsif clk="1"' and clk'EVENT then
Mcount <= not Mcount;
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if Mcount = '1' then
AUD_MCLK <="1"

else -- Mcount =0

AUD_MCLK <="'0%

Bcount <= Bcount - "001";

if Bcount = "011" then
AUD_BCLK <="'1" --BCLK is low for 2, high foB

end if; -- Bcount =3

if Bcount = "000" then
AUD_ BCLK <='0"
Bcount <="100";
BBcount <= BBcount - 1;
if BBcount = 1 then

pulse_48khz <='1'; -- use for 48Khz sample

sync
if W_EN ="1"then
LRDATA <=
std_logic_vector(LDATA) &
std_logic_vector(RDATA) & "00";

end if; -- if W_EN

else
pulse_48khz <="'0";

end if; -- if BBcount

if BBcount = 0 then
BBcount <= 49;

end if; -- if BBcount

if BBcount = 49 then
AUD_DACLRCK <="1"

else
AUD_DACLRCK <="0"

end if; -- if BBcount

AUD_DACDAT <= LRDATA(BBcount);

end if; -- if Bcount =0
end if; -- if Mcount
end if; -- if rst
end process;

-- FSM to control initialization of codec configti@n registers
SCI_INIT_FSM: process(clk, rst)
begin
if rst="1" then
state2 <= sw_init0;
word_count <= 0;
SCI_WRITE <=0}
elsif clk="1" and clk'EVENT then
SCI_WRITE <=0}
case state2? is
when sw_init0 => -- wait for INIT to go low
word_count <= 0;
if INIT ='0" then
state2 <= sw_initl;
end if; -- if INIT="0'
when sw_initl => -- wait for INIT to go high
if INIT ="1"then
state? <= sw_ready;
end if; -- if INIT="1"
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when sw_ready => -- wait for SCI_READY to go lhig
if SCI_READY = '1'then
state2 <= sw_write;
end if; -- if SCI_READY="1"
when sw_write => -- write the next word
if word_count < 8 then
state? <= sw_ready; -- wait for next readyleyc
word_count <= word_count + 1;
SCI_WRITE <="1"; -- begin writing of next wbr
case word_count is
when 0 =>
SCI_WORD1 <="00010010"; -- inactivate
interface
SCI_WORD2 <= "00000000";
when 1 =>

SCI_WORD1 <="00000001"; -- set register R

SCI_WORD2 <="10010111";
when 2 =>

SCI_WORD1 <="00001000"; -- set register R

SCI_WORD2 <= "00010010";
when 3 =>

SCI_WORD1 <="00001010"; -- set register R

SCI_WORD2 <= "00010110";
when 4 =>

SCI_WORD1 <="00001100"; -- set register R

SCI_WORD2 <="01100011";
when 5 =>

SCI_WORD1 <="00001110"; -- set register R

SCI_WORD2 <="00001011";
when 6 =>

SCI_WORD1 <="00010000"; -- set register R

SCI_WORD?2 <="00000001"; -- sets USB

mode
when 7 =>
SCI_WORD1 <="00010010"; -- reactivate
interface

SCI_WORD2 <= "00000001";
when others =>
end case; -- case word_count
else
state2 <= sw_init0; -- go back to start
end if; -- if word_count
end case; -- case state2

end if; -- if rst

end process; -- SCI_INIT_FSM

-- FSM controlling the serial transfer of datate 12C interface
-- to the codec configuration registers.
SCI_FSM: process (clk, rst)

begin

if rst="1"' then

state <= sw_init0;
bit_count <=7,
clk_count <= 0;
SCI_READY <="'1%
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while

elsif clk="1" and clk'EVENT then
[2C_SDAT <="'1"; -- default output values
12C_SCLK <="1"
case state is
when sw_init0 => -- wait for SCI_WRITE to go low
if SCI_WRITE="0' then
state <= sw_initl;
end if; -- if SCI_WRITE="1"
when sw_initl => -- wait for SCI_WRITE to go hig
if SCI_WRITE="1" then
SCI_READY <=0
state <= s0;
end if; -- if SCI_WRITE="0'
when s0 => -- begin start phase, both 12C_SDAd I2C_SCLK are high
clk_count <=clk_count + 1;
if clk_count = 15 then -- this phase lasts¥6rclocks
state <= sl;
end if; -- if clk_count
when s1 => -- second part of start phase, I2G\TS8oes low, while
I2C_SCLK stays high
clk_count <=clk_count + 1;
12C_SDAT <=0}
if clk_count = 47 then -- this phase lasts3arclocks
clk_count <=0;
state <= s2;
end if; -- if clk_count
when s2 => -- end of start phase, both I12C_SBAd 12C_SCLK are low
clk_count <=clk_count + 1;
12C_SDAT <="'0}
12C_SCLK <="0%
if clk_count = 15 then -- this phase lasts¥6rclocks
bit_count <=7;
state <= sab1;
SCI_READY <="'0" -- indicate we are busy fbe next

end if; -- if clk_count
when sabl => -- send 8 address bits, MSB first,phase
clk_count <=clk_count + 1;
12C_SDAT <= SCI_ADDR(bit_count);
12C_SCLK <="0%
if clk_count = 31 then
state <= sab2;
end if; -- if clk_count

when sab2 => -- send 8 address bits, MSB 8etpnd phase
clk_count <=clk_count + 1;
I2C_SDAT <= SCI_ADDR(bit_count);
12C_SCLK <="1"
if clk_count = 63 then
state <= sab3;
clk_count <= 0;
end if; -- if clk_count

when sab3 => -- send 8 address bits, MSB fingt] phase
clk_count <=clk_count + 1;
12C_SDAT <= SCI_ADDR(bit_count);
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12C_SCLK <="0"
if clk_count = 15 then
if bit_count = 0 then
state <= sackl1; -- finished all 8 bits, wait
ack
bit_count <= 7;
else
state <= sabl; -- write next bit
bit_count <= bit_count - 1;
end if; -- if bit_count
end if; -- if clk_count
when sack1l =>
clk_count <=clk_count + 1;
12C_SDAT <= 'Z"; -- float the tristate datadin
12C_SCLK <="0"
if clk_count = 31 then
state <= sackl12;
clk_count <= 0;
end if; -- if clk_count
when sack12 =>
clk_count <=clk_count + 1;
12C_SDAT <="Z}
I2C_SCLK <="1%
if clk_count = 31 then
state <= sackl13;
clk_count <= 0;
end if; -- if clk_count
when sack13 => -- last phase of acknowledgeecycl
clk_count <=clk_count + 1;
12C_SDAT <='Z};
12C_SCLK <="0%
if clk_count = 15 then
state <= swib1;
end if; -- if clk_count
when swlb1l => -- send 8 bits of first word, MfBt, first phase
clk_count <=clk_count + 1;
I2C_SDAT <= SCI_WORD1(bit_count);
12C_SCLK <="0"
if clk_count = 31 then
state <= swilbh2;
end if; -- if clk_count
when swlb2 => -- send 8 bits, MSB first, secphdse
clk_count <=clk_count + 1;
12C_SDAT <= SCI_WORD1(bit_count);
12C_SCLK <="1"
if clk_count = 63 then
state <= swlb3;
clk_count <= 0;
end if; -- if clk_count
when swlb3 => -- send 8 address bits, MSB fingtg phase
clk_count <=clk_count + 1;
12C_SDAT <= SCI_WORD1(bit_count);
12C_SCLK <="0%
if clk_count = 15 then
if bit_count = 0 then
state <= sack2?1; -- finished all 8 bits, wWait
ack
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ack

bit_count <=7;
else
state <= swlb1; -- write next bit
bit_count <= bit_count - 1;
end if; -- if bit_count
end if; -- if clk_count
when sack21 =>
clk_count <=clk_count + 1;
12C_SDAT <="Z"; -- float the tristate datadin
12C_SCLK <="0"
if clk_count = 31 then
state <= sack22;
clk_count <= 0;
end if; -- if clk_count
when sack22 =>
clk_count <=clk_count + 1;
12C_SDAT <='Z};
I2C_SCLK <="1%
if clk_count = 31 then
state <= sack23;
clk_count <=0;
end if; -- if clk_count
when sack23 => -- last phase of acknowledgeecycl
clk_count <=clk_count + 1;
12C_SDAT <="Z}
12C_SCLK <="0"
if clk_count = 15 then
state <= sw2b1;
end if; -- if clk_count
when sw2b1 => -- send 8 bits of second word, Mi&8, first phase
clk_count <=clk_count + 1;
12C_SDAT <= SCI_WORD2(bit_count);
I2C_SCLK <="0"
if clk_count = 31 then
state <= sw2b2;
end if; -- if clk_count
when sw2b2 => -- send 8 bits, MSB first, secphdse
clk_count <=clk_count + 1;
12C_SDAT <= SCI_WORD2(bit_count);
12C_SCLK <="1%
if clk_count = 63 then
state <= sw2h3;
clk_count <= 0;
end if; -- if clk_count

when sw2b3 => -- send 8 address bits, MSB fingtg phase

clk_count <=clk_count + 1;
12C_SDAT <= SCI_WORD2(bit_count);
12C_SCLK <="0"
if clk_count = 15 then
if bit_count = 0 then

state <= sack31; -- finished all 8 bits, wait

bit_count <= 7;

else
state <= sw2b1l; -- write next bit
bit_count <= bit_count - 1;

end if; -- if bit_count
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end if; -- if clk_count
when sack31 =>
clk_count <=clk_count + 1;
12C_SDAT <= 'Z"; -- float the tristate datadin
12C_SCLK <="0%
if clk_count = 31 then
state <= sack32;
clk_count <= 0;
end if; -- if clk_count
when sack32 =>
clk_count <=clk_count + 1;
12C_SDAT <="Z}
I2C_SCLK <="1%
if clk_count = 31 then
state <= sack33;
clk_count <=0;
end if; -- if clk_count
when sack33 => -- last phase of acknowledgeecycl
clk_count <=clk_count + 1;
12C_SDAT <='Z};
12C_SCLK <="0%
if clk_count = 15 then
state <= send,;
end if; -- if clk_count
when send => -- last step, raise SCLK, keepiddBlow for 16 cycles
clk_count <=clk_count + 1;
12C_SDAT <=0}
I2C_SCLK <="1%
if clk_count = 31 then
SCI_READY <=1}
state <= sw_init0; -- go back to start, wait hew write
command
end if; -- if clk_count
end case;
end if; -- if rst
end process;

end a;

LED

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity LED is
Port (entrada : in STD_LOGIC_VECTOR (4 dowf)o
salida : out STD_LOGIC_VECTOR (17 dow@);
end LED;
architecture Behavioral of LED is

beair
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with entrada select

salida <= "000000000000000000" when "00000",

"000000000000000001" when "00001",
"000000000000000011" when "00010",
"000000000000000111" when "00011",
"000000000000001111" when "00100",
"000000000000011111" when "00101",
"000000000000111111" when "00110",
"000000000001111111" when "00111",
"000000000011111111" when "01000",
"000000000111111111" when "01001",
"000000001111111111" when "01010",
"000000011111111111" when "01011",
"000000111111111111" when "01100",
"0000011111112111111" when "01101",
"000011111111211111" when "01110",
"000111111111111111" when "01111",
"001111111111111111" when "10000",
"011111111111111111" when "10001",
“111111111111111111" when "10010",

-0
-1
-2
-3
-4
-5
-6
-7
-8
-9
10
-11
- 12
- 13
- 14
- 15
- 16
- 17
--18

"101010101010101010" when others;

end Behavioral;

Fase

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity fase is
Port (

end fase

CLK :in STD_LOGIC; -- 48000Hz
num_nota : in STD_LOGIC_VECTOR (4 downto 0);
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
f1:out STD_LOGIC_VECTOR (8 downto 0);
f2 : out STD_LOGIC_VECTOR (8 downto 0);
f3:0ut STD_LOGIC_VECTOR (8 downto 0);
f4 : out STD_LOGIC_VECTOR (8 downto 0);
f5:0ut STD_LOGIC_VECTOR (8 downto 0);
f6 : out STD_LOGIC_VECTOR (8 downto 0);
f7 : out STD_LOGIC_VECTOR (8 downto 0);
f8 : out STD_LOGIC_VECTOR (8 downto 0);
f9: out STD_LOGIC_VECTOR (8 downto 0);
f10 : out STD_LOGIC_VECTOR (8 downto 0);
f11: out STD_LOGIC_VECTOR (8 downto 0);
f12 : out STD_LOGIC_VECTOR (8 downto 0);
f13: out STD_LOGIC_VECTOR (8 downto 0);
fl4 : out STD_LOGIC_VECTOR (8 downto 0);
f15: out STD_LOGIC_VECTOR (8 downto 0);
f16 : out STD_LOGIC_VECTOR (8 downto 0);
f17 : out STD_LOGIC_VECTOR (8 downto 0);
f18 : out STD_LOGIC_VECTOR (8 downto 0);
f19 : out STD_LOGIC_VECTOR (8 downto 0)

);
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architecture Behavioral of fase is

ROMs

type ROMf1_1 is array (O to 18) of integer; -- R@ases del primer armonico del

instrumento 1 (oboe) para cada
frecuencia
constant MEMf1_1:
ROMf1_1:=(0,0,357,496,13,507,356,44,185,384,268A45,191,25,2,492,0,0);

type ROMf2_1 is array (0 to 18) of integer; -- R@ases del armonico 2 instl
constant MEMf2_1:
ROMf2_1:=(0,0,395,191,233,237,404,304,142,34,3%3221,95,253,166,154,0,0);

type ROMf3_1 is array (0 to 18) of integer; -- R@ases del armonico 3 instl
constant MEMf3_1:
ROMf3_1:=(0,0,347,319,402,368,444,67,83,175,351,B%1,248,504,113,162,0,0);

type ROMf4_1 is array (0 to 18) of integer; -- R@ases del armonico 4 instl
constant MEMf4_1:
ROMf4_1:=(0,0,394,61,135,100,345,94,31,439,498 #82,12,400,29,5,0,0);

type ROMf5_1 is array (O to 18) of integer; -- R@ases del armonico 5 instl
constant MEMf5_1:
ROM(f5_1:=(0,0,376,240,473,118,264,236,438,174 28%,121,368,462,225,128,0,0);

type ROM(f6_1 is array (0 to 18) of integer; -- R@ases del armonico 6 instl
constant MEMf6_1:
ROMf6_1:=(0,0,272,482,149,81,276,275,246,66,285,299,493,452,289,158,0,0);

type ROM(f7_1 is array (0 to 18) of integer; -- R@ases del armonico 7 instl
constant MEMf7_1:
ROM(f7_1:=(0,0,216,248,318,211,264,126,178,126,34215,106,71,476,6,0,0);

type ROMf8_1 is array (0 to 18) of integer; -- R@ases del armonico 8 instl
constant MEMf8_1:
ROMf8_1:=(0,0,468,73,435,51,418,320,484,242,58 9B A52,237,413,135,0,0);

type ROMf9_1 is array (O to 18) of integer; -- R@ases del armonico 9 instl
constant MEMf9_1:
ROM(f9_1:=(0,0,474,271,260,237,498,100,265,1105,2/3,239,301,438,277,0,0);

type ROMf10_1 is array (0 to 18) of integer; -- R@ases del armonico 10 instl
constant MEMf10_1:
ROMf10_1:=(0,0,499,478,30,483,352,267,159,298 288 391,494,386,108,286,0,0);

type ROMf11_1 is array (0 to 18) of integer; -- R@ases del armonico 11 instl
constant MEMf11 1.
ROMf11_1:=(0,0,97,129,149,125,332,79,477,21,483,629,286,136,280,0,0);

type ROMf12_1 is array (0 to 18) of integer; -- R@ases del armonico 12 instl
constant MEMf12_1:
ROMf12_1:=(0,0,84,301,340,291,79,326,356,79,7 242414,316,333,167,0,0);

type ROMf13_1 is array (0 to 18) of integer; -- R@ases del armonico 13 instl
constant MEMf13_1:
ROMf13_1:=(0,0,41,472,482,483,98,22,445,30,334,2%2,188,175,509,102,0,0);
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type ROMf15_1 is array (0 to 18) of integer; -- R@ases del armonico 15 instl
constant MEMf15_1:

ROMf15_1:=(0,0,21,310,121,23,33,353,53,391,434 11%7,7,434,420,375,0,0);

type ROMf16_1 is array (0 to 18) of integer; -- R@ases del armonico 16 instl
constant MEMf16_1:
ROMf16_1:=(0,0,482,445,205,371,102,384,237,69180417,174,348,164,286,0,0);
type ROMf17_1 is array (0 to 18) of integer; -- R@ases del armonico 17 instl
constant MEMf17_1:

ROMf17_1:=(0,0,403,69,414,227,308,424,274,278 33385,116,329,141,0,0,0);

type ROMf18 1 is array (0 to 18) of integer; -- R@ases del armonico 18 instl
constant MEMf18_1:

ROMf18_1:=(0,0,485,277,84,195,175,246,278,205 3%,488,36,99,0,0,0,0);

type ROMf19 1 is array (0 to 18) of integer; -- R@ases del armonico 19 instl
constant MEMf19_1:
ROMf19_1:=(0,0,411,69,128,24,215,107,31,216,292%2,225,510,0,0,0,0);

_____________ VIOLIN

type ROMf1_2 is array (O to 18) of integer;
constant MEMf1_2:
ROMf1_2:=(0,0,307,130,195,348,388,404,407,130,3%14,399,137,388,114,120,0,0);
type ROMf2_2 is array (0 to 18) of integer;
constant MEMf2_2:
ROMf2_2:=(0,0,422,498,29,384,342,292,360,509,2211,208,55,187,227,187,0,0);
type ROMf3_2 is array (0 to 18) of integer;
constant MEMf3_2:
ROM{f3_2:=(0,0,306,333,401,412,374,316,263,248 BUB.49,467,292,76,323,0,0);
type ROMf4_2 is array (0 to 18) of integer;
constant MEMf4_2:
ROMf4_2:=(0,0,510,433,231,130,413,405,33,136,168,2809,44,451,26,40,0,0);

type ROMf5_2 is array (0 to 18) of integer;

constant MEMf5_2:
ROMf5_2:=(0,0,133,126,18,205,217,156,410,11,1123%5,412,268,103,106,0,0);
type ROMf6_2 is array (O to 18) of integer;

constant MEMf6_2:
ROMf6_2:=(0,0,279,491,105,246,234,87,99,339,385,187,198,284,289,37,0,0);
type ROMf7_2 is array (O to 18) of integer;

constant MEMf7_2:
ROMf7_2:=(0,0,452,210,194,349,35,235,507,461,88,489,142,314,102,89,0,0);
type ROMf8_2 is array (0 to 18) of integer;

constant MEMf8_2:

ROMf8_2:=(0,0,246,214,186,197,430,419,9,35,356 867,315,449,5,274,0,0);
type ROMf9_2 is array (0 to 18) of integer;

constant MEMf9_2:
ROMf9_2:=(0,0,287,413,114,405,144,412,408,26139825,335,399,0,0,0,0);
type ROMf10_2 is array (0 to 18) of integer;

constant MEMf10_2:
ROMf10_2:=(0,0,361,98,43,352,311,306,464,487,131,58489,0,0,0,0,0);

type ROMf11_2 is array (0 to 18) of integer;

constant MEMf11 2:
ROMf11_2:=(0,0,349,462,25,477,268,2,344,242,0(3410,0,0,0,0);

type ROMf12_2 is array (0 to 18) of integer;

constant MEMf12_2:
ROMf12_2:=(0,0,24,408,421,288,269,432,27,265,56000,0,0,0,0);

type ROMf13_2 is array (0 to 18) of integer;

constant MEMf13_2:
ROMf13_2:=(0,0,377,373,221,493,9,340,379,0,0,000000,0,0);

type ROMf14_2 is array (0 to 18) of integer;

constant MEMf14 Z
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type ROMf14_2 is array (0 to 18) of integer;

constant MEMf14_2: ROMf14_2:=(0,0,296,36,102,499,258,0,0,0,0,0,0,0,0,0,0,0);
type ROMf15_2 is array (0 to 18) of integer;

constant MEMf15_2: ROMf15_2:=(0,0,346,449,66,2%42,8,0,0,0,0,0,0,0,0,0,0,0);
type ROMf16_2 is array (0 to 18) of integer;

constant MEMf16_2: ROMf16_2:=(0,0,450,204,52,0,0,0,0,0,0,0,0,0,0,0,0);

type ROMf17_2 is array (0 to 18) of integer;

constant MEMf17_2: ROMf17_2:=(0,0,390,348,29,0,0,0,0,0,0,0,0,0,0,0,0);

type ROMf18 2 is array (0 to 18) of integer;

constant MEMf18_2: ROMf18_2:=(0,0,108,236,0,0,0,0,0,0,0,0,0,0,0,0,0);

type ROMf19_2 is array (0 to 18) of integer;

constant MEMf19_2: ROMf19_2:=(0,0,292,0,0,0,0,0,0,0,0,0,0,0,0,0,0);
------------- TUBA

type ROMf1_3 is array (O to 18) of integer;

constant MEMf1_3:
ROMf1_3:=(0,0,319,324,78,442,439,449,443,114,415,94,400,114,125,376,0,0);
type ROMf2_3 is array (0 to 18) of integer;

constant MEMf2_3:
ROMf2_3:=(0,0,25,65,114,368,385,383,331,113,30R,299,277,186,133,52,0,0);
type ROMf3_3 is array (0 to 18) of integer;

constant MEMf3_3:
ROM{f3_3:=(0,0,285,412,220,311,325,304,217,1368%4,135,19,148,36,486,0,0);
type ROMf4_3 is array (0 to 18) of integer;

constant MEMf4_3:
ROMf4_3:=(0,0,26,103,103,428,295,183,22,133,118,8%8,330,129,446,161,0,0);
type ROMf5_3 is array (O to 18) of integer;

constant MEMf5_3:
ROMf5_3:=(0,0,378,395,117,422,208,181,448,1431168,102,94,220,337,355,0,0);
type ROMf6_3 is array (0 to 18) of integer;

constant MEMf6_3:
ROMf6_3:=(0,0,452,270,193,321,431,355,354,2834253,41,424,511,302,0,0);
type ROM(f7_3 is array (0 to 18) of integer;

constant MEMf7_3:
ROMf7_3:=(0,0,184,311,29,411,412,281,192,304,448207,263,80,292,99,0,0);
type ROMf8_3 is array (0 to 18) of integer;

constant MEMf8_3:
ROMf8_3:=(0,0,247,184,202,49,243,203,22,309,310 426,24 3,60,404,320,0,0);
type ROMf9_3 is array (0 to 18) of integer;

constant MEMf9_3:
ROMf9_3:=(0,0,142,340,204,504,153,105,416,352 225 272,206,329,286,441,0,0);
type ROMf10_3 is array (0 to 18) of integer;

constant MEMf10_3:
ROMf10_3:=(0,0,442,137,183,381,74,85,344,319,11B485,102,495,421,382,0,0);
type ROMf11_3 is array (0 to 18) of integer;

constant MEMf11_3:
ROMf11_3:=(0,0,161,401,282,286,59,376,79,472,784946,38,193,51,0,0);

type ROMf12_3 is array (0 to 18) of integer;

constant MEMf12_3:
ROMf12_3:=(0,0,385,184,297,314,87,359,470,50,48%,310,34,0,429,488,0,0);
type ROMf13_3 is array (0 to 18) of integer;

constant MEMf13_3:
ROMf13_3:=(0,0,102,11,264,223,295,382,278,285H9252,60,184,301,10,0,0);
type ROMf14_3 is array (0 to 18) of integer;

constant MEMf14_3:
ROMf14_3:=(0,0,420,183,375,95,252,236,142,27525288,98,343,137,495,0,0);
type ROMf15_3 is array (0 to 18) of integer;

constant MEMf15_3:
ROMf15_3:=(0,0,438,125,466,509,221,466,466,28840M)291,495,408,338,13,0,0);
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type ROMf16_3 is array (0 to 18) of integer;

constant MEMf16_3:

ROMf16_3:=(0,0,41,415,413,466,280,410,202,3353 24,507,309,340,436,0,0);
type ROMf17_3 is array (0 to 18) of integer;

constant MEMf17_3:
ROMf17_3:=(0,0,348,91,489,417,242,143,79,330,382487,382,95,322,276,0,0);
type ROMf18_3 is array (0 to 18) of integer;

constant MEMf18_3:
ROMf18_3:=(0,0,391,173,133,140,127,132,495,341,2801140,507,214,156,188,0,0);
type ROMf19_3 is array (0 to 18) of integer;

constant MEMf19_3:

ROMf19_3:=(0,0,460,271,45,200,11,36,217,406,2148 2%,433,169,319,1,0,0);

Signals

signal fasefe : integer:=0;

signal fasele :
signal fase2e :
signal fase3e :
signal fase4e :
signal fasebe :
signal fase6e :
signal fase7e :
signal fase8e :
signal fase9e :

signal fasel0e :
signal faselle :
signal fasel2e :
signal fasel13e :
signal fasel4e :
signal fasel5e :
signal fasel6e :
signal fasel7e :
signal fasel18e :
signal fasel19e :

signal fasel :
signal fase2 :
signal fase3 :
signal fase4 :
signal fase5 :
signal fase6 :
signal fase7 :
signal fase8 :
signal fase9 :

signal fasel0 :
signal fasell :
signal fasel2 :
signal fasel3 :
signal fasel4 :
signal fasel5 :
signal fasel6 :
signal fasel7 :
signal fasel8 :
signal fasel9 :

begin

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

integer:=0;

STD_LOGIC_VECTOR (8 downto 0):= éyd+>'0");
STD_LOGIC_VECTOR (8 downto 0):= éyd+>'0");
STD_LOGIC_VECTOR (8 downto 0):= éyd+>'0");
STD_LOGIC_VECTOR (8 downto 0):= éyd+>'0");
STD_LOGIC_VECTOR (8 downto 0):= éyd+>'0");
STD_LOGIC_VECTOR (8 downto 0):= @d+>'0");
STD_LOGIC_VECTOR (8 downto 0):= @d+>'0");
STD_LOGIC_VECTOR (8 downto 0):= @rd+>'0");
STD_LOGIC_VECTOR (8 downto 0):= @d+>'0");
STD_LOGIC_VECTOR (8 downto 0):=h@s=>'0");
STD_LOGIC_VECTOR (8 downto 0):=h@s=>'0");
STD_LOGIC_VECTOR (8 downto 0):=h@s=>'0");
STD_LOGIC_VECTOR (8 downto 0):=h@s=>'0");
STD_LOGIC_VECTOR (8 downto 0):=h@s=>'0");
STD_LOGIC_VECTOR (8 downto 0):=h@s=>'0");
STD_LOGIC_VECTOR (8 downto 0):=h@s=>'0");
STD_LOGIC_VECTOR (8 downto 0):=h@s=>'0");
STD_LOGIC_VECTOR (8 downto 0):=h@s=>'0");
STD_LOGIC_VECTOR (8 downto 0):=h@s=>'0");

Process (CLK)

begin

if (CLK'event and CLK="1") then

if




elsif

OBOE

(num_inst ="01") then
fasele <= MEMf1_1(CONV_INTEGER(num_nota));

--guardar en fasele el valor que tenemos erefaoria

fasel <= conv_std_logic_vector(fasele,9);

-- convertir el valor que tenemos en la memori
fase2e <= MEMf2_1(CONV_INTEGER(num_nota));
fase2 <= conv_std_logic_vector(fase2e,9);
fase3e <= MEMf3_1(CONV_INTEGER(num_nota));
fase3 <= conv_std_logic_vector(fase3e,9);
fasede <= MEMf4_1(CONV_INTEGER(num_nota));
fase4 <= conv_std_logic_vector(fase4e,9);
fasebe <= MEMf5_1(CONV_INTEGER(num_nota));
faseb <= conv_std_logic_vector(fase5e,9);
fase6e <= MEMf6_1(CONV_INTEGER(num_nota));
fase6 <= conv_std_logic_vector(fase6e,9);
fase7e <= MEMf7_1(CONV_INTEGER(num_nota));
fase7 <= conv_std_logic_vector(fase7e,9);
fase8e <= MEMf8_1(CONV_INTEGER(num_nota));
fase8 <= conv_std_logic_vector(fase8e,9);
fase9e <= MEMf9_1(CONV_INTEGER(num_nota));
fase9 <= conv_std_logic_vector(fase9e,9);
fasel0e <= MEMf10_1(CONV_INTEGER(num_nota));
fasel0 <= conv_std_logic_vector(fasel0eg,9);
faselle <= MEMf11l_1(CONV_INTEGER(num_nota));
fasell <= conv_std_logic_vector(faselle,9);
fasel2e <= MEMf12_1(CONV_INTEGER(num_nota));
fasel2 <= conv_std_logic_vector(fasel2e,9);
fasel3e <= MEMf13_1(CONV_INTEGER(num_nota));
fasel3 <= conv_std_logic_vector(fasel3e,9);
faselde <= MEMf14_1(CONV_INTEGER(num_nota));
fasel4 <= conv_std_logic_vector(fasel4e,9);
fasel5e <= MEMf15_1(CONV_INTEGER(num_nota));
fasel5 <= conv_std_logic_vector(fasel5e,9);
fasel6e <= MEMf16_1(CONV_INTEGER(num_nota));
fasel6 <= conv_std_logic_vector(fasel6e,9);
fasel7e <= MEMf17_1(CONV_INTEGER(num_nota));
fasel7 <= conv_std_logic_vector(fasel7e,9);
fasel8e <= MEMf18_ 1(CONV_INTEGER(num_nota));
fasel8 <= conv_std_logic_vector(fasel8e,9);
fasel9e <= MEMf19_1(CONV_INTEGER(num_nota));
fasel9 <= conv_std_logic_vector(fasel9e,9);

VIOLIN
(num_inst = "10") then

fasele <= MEMf1_2(CONV_INTEGER(num_nota));
--guardar en fasele el valor que tenemos mnelaoria
fasel <= conv_std_logic_vector(fasele,9);

-- convertir el valor que tenemos en la memoria
fase2e <= MEMf2_2(CONV_INTEGER(num_nota));
fase2 <= conv_std_logic_vector(fase2e,9);

fase3e <= MEMf3_2(CONV_INTEGER(num_nota));
fase3 <= conv_std_logic_vector(fase3e,9);

fasede <= MEMf4_2(CONV_INTEGER(num_nota));
fase4 <= conv_std_logic_vector(fase4e,9);

fasebe <= MEMf5_2(CONV_INTEGER(num_nota));
faseb <= conv_std_logic_vector(fase5e,9);

fase6e <= MEMf6_2(CONV_INTEGER(num_nota));
fase6 <= conv_std_logic_vector(fase6e,9);
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elsif

fase7e <= MEMf7_2(CONV_INTEGER(num_nota));
fase7 <= conv_std_logic_vector(fase7e,9);
fase8e <= MEMf8_2(CONV_INTEGER(num_nota));
fase8 <= conv_std_logic_vector(fase8e,9);
fase9e <= MEMf9_2(CONV_INTEGER(num_nota));
fase9 <= conv_std_logic_vector(fase9e,9);
fasel0e <= MEMf10_2(CONV_INTEGER(num_nota));
fasel0 <= conv_std_logic_vector(fasel0e,9);
faselle <= MEMf11_2(CONV_INTEGER(num_nota));
fasell <= conv_std_logic_vector(faselle,9);
fasel2e <= MEMf12_2(CONV_INTEGER(num_nota));
fasel2 <= conv_std_logic_vector(fasel2e,9);
fasel3e <= MEMf13_2(CONV_INTEGER(num_nota));
fasel3 <= conv_std_logic_vector(fasel3e,9);
faselde <= MEMf14_ 2(CONV_INTEGER(num_nota));
fasel4 <= conv_std_logic_vector(fasel4e,9);
fasel5e <= MEMf15_2(CONV_INTEGER(num_nota));
fasel5 <= conv_std_logic_vector(fasel5e,9);
fasel6e <= MEMf16_2(CONV_INTEGER(num_nota));
fasel6 <= conv_std_logic_vector(fasel6e,9);
fasel7e <= MEMf17_2(CONV_INTEGER(num_nota));
fasel7 <= conv_std_logic_vector(fasel7e,9);
fasel8e <= MEMf18 2(CONV_INTEGER(num_nota));
fasel8 <= conv_std_logic_vector(fasel8e,9);
fasel9e <= MEMf19_2(CONV_INTEGER(num_nota));
fasel9 <= conv_std_logic_vector(fasel9e,9);

TUBA

(num_inst ="11") then
fasele <= MEMf1_3(CONV_INTEGER(num_nota));
--guardar en fasele el valor que tenemos arelaoria
fasel <= conv_std_logic_vector(fasele,9);
-- convertir el valor que tenemos en la memoria
fase2e <= MEMf2_3(CONV_INTEGER(num_nota));
fase2 <= conv_std_logic_vector(fase2e,9);
fase3e <= MEMf3_3(CONV_INTEGER(num_nota));
fase3 <= conv_std_logic_vector(fase3e,9);
fasede <= MEMf4_3(CONV_INTEGER(num_nota));
fase4 <= conv_std_logic_vector(fasede,9);
fase5e <= MEMf5_3(CONV_INTEGER(num_nota));
fase5 <= conv_std_logic_vector(fase5e,9);
fase6e <= MEMf6_3(CONV_INTEGER(num_nota));
fase6 <= conv_std_logic_vector(fase6e,9);
fase7e <= MEMf7_3(CONV_INTEGER(num_nota));
fase7 <= conv_std_logic_vector(fase7e,9);
fase8e <= MEMf8_3(CONV_INTEGER(num_nota));
fase8 <= conv_std_logic_vector(fase8e,9);
fase9e <= MEMf9_3(CONV_INTEGER(num_nota));
fase9 <= conv_std_logic_vector(fase9e,9);
fasel0e <= MEMf10_3(CONV_INTEGER(num_nota));
fasel0 <= conv_std_logic_vector(fasel0e,9);
faselle <= MEMf11_3(CONV_INTEGER(num_nota));
fasell <= conv_std_logic_vector(faselle,9);
fasel2e <= MEMf12_3(CONV_INTEGER(num_nota));
fasel2 <= conv_std_logic_vector(fasel2e,9);
fasel3e <= MEMf13_3(CONV_INTEGER(num_nota));
fasel3 <= conv_std_logic_vector(fasel3e,9);
faselde <= MEMf14_3(CONV_INTEGER(num_nota));
fasel4 <= conv_std_logic_vector(fasel4de,9);
fasel5e <= MEMf15_ 3(CONV_INTEGER(num_nota));
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fasel5 <= conv_std_logic_vector(fasel5e,9);
fasel6e <= MEMf16_3(CONV_INTEGER(num_nota));
fasel6 <= conv_std_logic_vector(fasel6e,9);
fasel7e <= MEMf17_3(CONV_INTEGER(num_nota));
fasel7 <= conv_std_logic_vector(fasel7e,9);
fasel8e <= MEMf18_ 3(CONV_INTEGER(num_nota));
fasel8 <= conv_std_logic_vector(fasel8e,9);
fase19e <= MEMf19_3(CONV_INTEGER(num_nota));
fasel9 <= conv_std_logic_vector(fasel9e,9);
end if;
end if;

end Process;

fl <= fasel,;

f2 <= fase2;

f3 <= fase3;

f4 <= fase4;

f5 <= faseb;

f6 <= fase6;

f7 <=fase7,

f8 <= fases;

f9 <= fase9;

f10 <= fasel0;

f11 <= fasell,

f12 <= fasel2;

f13 <= fasel3;

fl4 <= fasel4;

f15 <= fasels;

f16 <= fasel®6;

f17 <= fasel7?,

f18 <= fasels;

f19 <= fasel9;

end Behavioral,

Amplitud

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity amplitud is
Port ( CLK :in STD_LOGIC; -- 48000Hz

num_nota : in STD_LOGIC_VECTOR (4 downto 0);
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
af : out STD_LOGIC_VECTOR (7 downto 0);
al:out STD_LOGIC_VECTOR (7 downto 0);
a2 :out STD_LOGIC_VECTOR (7 downto 0);
a3 :out STD_LOGIC_VECTOR (7 downto 0);
a4 :out STD_LOGIC_VECTOR (7 downto 0);
a5 :out STD_LOGIC_VECTOR (7 downto 0);
a6 : out STD_LOGIC_VECTOR (7 downto 0);
a7 :out STD_LOGIC_VECTOR (7 downto 0);
a8 : out STD_LOGIC_VECTOR (7 downto 0);
a9 : out STD_LOGIC_VECTOR (7 downto 0);
al0 : out STD_LOGIC_VECTOR (7 downto 0);
all:out STD_LOGIC_VECTOR (7 downto 0);
al2 :out STD_LOGIC_VECTOR (jownto 0)
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al3:out STD_LOGIC_VECTOR (7 downto 0);
al4 :out STD_LOGIC_VECTOR (7 downto 0);
al5:out STD_LOGIC_VECTOR (7 downto 0);
al6 : out STD_LOGIC_VECTOR (7 downto 0);
al7 :out STD_LOGIC_VECTOR (7 downto 0);
al8 :out STD_LOGIC_VECTOR (7 downto 0);
al9 :out STD_LOGIC_VECTOR (7 downto 0)
)i

end amplitud;

architecture Behavioral of amplitud is
ROMs

type ROM_a_1 is array (0 to 18) of integer; -- ROM amplitud frecuencia fundamental inst]
constant MEM_a_1:
ROM_a_1:=(0,0,155,138,155,150,154,152,104,116,186152,100,138,129,119,0,0);
type ROM_al_1 is array (O to 18) of integer; -- R@Mplitud arm 1 instl
constant MEM_al_1: ROM_al_1:=(0,0,45,62,52,61,36,534,36,26,40,34,20,111,76,0,0);
type ROM_a2_1 is array (0 to 18) of integer; -- R@Mplitud arm 2 instl
constant MEM_a2_1: ROM_a2_1:=(0,0,11,68,67,74,685%%5,64,96,78,76,52,137,111,0,0);
type ROM_a3_1 is array (0 to 18) of integer; -- R@Mplitud arm 3 instl
constant MEM_a3_1: ROM_a3 1:=(0,0,41,46,46,67,48%84,115,48,21,6,9,23,8,0,0);
type ROM_a4 1 is array (0 to 18) of integer; -- R@Mplitud arm 4 instl
constant MEM_a4_1: ROM_a4_1:=(0,0,77,48,90,97,791389,97,48,14,6,24,12,5,0,0);
type ROM_a5 1 is array (0 to 18) of integer; -- R@Mplitud arm 5 inst1
constant MEM_a5 1: ROM_a5 1:=(0,0,83,36,25,13,21804,15,8,6,4,4,31,24,0,0);
type ROM_a6_1 is array (0 to 18) of integer; -- R@Mplitud arm 6 instl
constant MEM_a6_1: ROM_a6_1:=(0,0,39,61,11,2,14424,18,4,18,24,16,9,0,0);

type ROM_a7_1 is array (0 to 18) of integer; -- R@Mplitud arm 7 instl
constant MEM_a7_1: ROM_a7_1:=(0,0,4,20,1,3,1,7,8,6918,6,1,4,1,0,0);

type ROM_a8_1 is array (0 to 18) of integer; -- R@Mplitud arm 8 instl
constant MEM_a8_1: ROM_a8 1:=(0,0,6,17,2,12,4,59118,7,4,4,1,2,0,0);

type ROM_a9_1 is array (0 to 18) of integer; -- R@Mplitud arm 9 instl
constant MEM_a9 1: ROM_a9 1:=(0,0,11,21,9,4,6,33222,5,2,2,1,0,0);

type ROM_al0 1 is array (0 to 18) of integer; --NR@mplitud arm 10 instl
constant MEM_al0_1: ROM_al0 1:=(0,0,8,8,13,11,11312,1,0,1,1,2,0,0);

type ROM_all 1 is array (0 to 18) of integer; --NR@mplitud arm 11 instl
constant MEM_all 1: ROM_all 1:=(0,0,2,11,8,4,010105,0,1,0,1,0,0,0);

type ROM_al2 1 is array (0 to 18) of integer; --NR@mplitud arm 12 instl
constant MEM_al2_1: ROM_al2_1:=(0,0,7,13,3,1,000000,0,0,0,0,0,0,0);

type ROM_al3 1 is array (0 to 18) of integer; --NR@mplitud arm 13 instl
constant MEM_al13_1: ROM_a13 1:=(0,0,4,8,2,0,0,010000,0,0,0,0,0,0);

type ROM_al4 1 is array (0 to 18) of integer; --NR@mplitud arm 14 instl
constant MEM_al4 1: ROM_al4 1:=(0,0,0,6,0,0,0,000000,0,0,0,0,0,0);

type ROM_al5 1 is array (0 to 18) of integer; --NR@mplitud arm 15 instl
constant MEM_al5 1: ROM_al5 1:=(0,0,0,5,1,0,0,001000,0,0,0,0,0,0);

type ROM_al6_1 is array (0 to 18) of integer; --NR@mplitud arm 16 instl
constant MEM_al6_1: ROM_al6 1:=(0,0,0,3,0,0,0,000000,0,0,0,0,0,0);

type ROM_al7_1is array (0 to 18) of integer; --NR@mplitud arm 17 instl
constant MEM_al7_1: ROM_al7_1:=(0,0,1,2,0,0,0,000000,0,0,0,0,0,0);

type ROM_al8 1 is array (0 to 18) of integer; --NR@mplitud arm 18 instl
constant MEM_al18_1: ROM_a18 1:=(0,0,0,1,0,0,0,000000,0,0,0,0,0,0);

type ROM_al9 1 is array (0 to 18) of integer; --NR@mplitud arm 19 instl
constant MEM_al19 1: ROM_a19 1:=(0,0,0,2,0,0,0,000000,0,0,0,0,0,0);

------------- VIOLIN

type ROM_a_2 is array (0 to 18) of integer;

constant MEM_a_2: ROM_a_2:=(0,0,81,155,100,1364280,97,90,151,145,138,130,86,128,0,d);

type ROM_al 2 is array (0 to 18) of integer;
constant MEM_al_2: ROM_al_2:=(0,0,37,55,24,31,1,4%32,31,29,45,30,30,25,70,0,0);
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type ROM_a2 2 is array (0 to 18) of integer;

constant MEM_a2_2: ROM_a2_2:=(0,0,40,8,28,61,7(194.8,9,16,13,7,3,0,0,0);
type ROM_a3 2 is array (0 to 18) of integer;

constant MEM_a3 2: ROM_a3 2:=(0,0,12,1,6,5,3,94931,3,1,7,3,0,0);
type ROM_a4 2 is array (0 to 18) of integer;

constant MEM_a4_2: ROM_a4_2:=(0,0,12,2,5,2,0,623141,0,0,7,2,0,0);
type ROM_a5 2 is array (0 to 18) of integer;

constant MEM_a5_2: ROM_a5 2:=(0,0,2,2,1,1,0,1,523301,2,0,0,0,0);
type ROM_a6_2 is array (0 to 18) of integer;

constant MEM_a6_2: ROM_a6_2:=(0,0,3,1,3,4,1,1,201010,1,2,2,0,0);
type ROM_a7_2 is array (0 to 18) of integer;

constant MEM_a7_2: ROM_a7_2:=(0,0,0,3,1,1,1,1,011002,0,1,0,0,0);
type ROM_a8 2 is array (0 to 18) of integer;

constant MEM_a8 2: ROM_a8 2:=(0,0,0,1,1,0,1,1,010101,0,2,0,0,0);
type ROM_a9 2 is array (0 to 18) of integer;

constant MEM_a9 2: ROM_a9 2:=(0,0,0,0,0,0,0,1,100100,0,0,0,0,0);
type ROM_al0_2 is array (0 to 18) of integer;

constant MEM_al10_2: ROM_al0_2:=(0,0,0,0,0,0,1,001210,0,0,0,0,0,0);
type ROM_all 2 is array (0 to 18) of integer;

constant MEM_all 2: ROM_all 2:=(0,0,0,0,0,0,0,003710,0,0,0,0,0,0);
type ROM_al2_2 is array (0 to 18) of integer;

constant MEM_al2 2: ROM_al2 2:=(0,0,1,0,0,0,1,700010,0,0,0,0,0,0);
type ROM_al3_ 2 is array (0 to 18) of integer;

constant MEM_al3 2: ROM_al3 2:=(0,0,1,0,0,0,0,000000,0,0,0,0,0,0);
type ROM_al4 2 is array (0 to 18) of integer;

constant MEM_al4 2: ROM_al4 2:=(0,0,0,0,0,0,1,000000,0,0,0,0,0,0);
type ROM_al5 2 is array (0 to 18) of integer;

constant MEM_al5 2: ROM_al5 2:=(0,0,0,0,0,0,1,000000,0,0,0,0,0,0);
type ROM_al6_2 is array (0 to 18) of integer;

constant MEM_al6_2: ROM_al6_2:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);
type ROM_al7_2 is array (0 to 18) of integer;

constant MEM_al7_2: ROM_al7_2:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);
type ROM_al8_2 is array (0 to 18) of integer;

constant MEM_al8 2: ROM_al8 2:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);
type ROM_al9 2 is array (0 to 18) of integer;

constant MEM_al9 2: ROM_al19 2:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);
————————————— TUBA

type ROM_a_3 is array (0 to 18) of integer;

constant MEM_a_3:
ROM_a_3:=(0,0,155,134,112,63,72,120,86,107,1463%181,106,108,105,0,0);
type ROM_al_3is array (0 to 18) of integer;

constant MEM_al_3: ROM_al_3:=(0,0,45,36,41,41,28%823,51,93,82,33,31,26,35,0,0);
type ROM_a2_3 is array (0 to 18) of integer;

constant MEM_a2_3: ROM_a2_3:=(0,0,54,23,37,33,534@2,24,40,33,9,3,10,4,0,0);
type ROM_a3_3is array (0 to 18) of integer;

constant MEM_a3_3: ROM_a3 3:=(0,0,31,32,18,30,221,4,1,9,7,2,2,4,1,0,0);
type ROM_a4 3 is array (0 to 18) of integer;

constant MEM_a4_3: ROM_a4 3:=(0,0,12,13,5,1,5,8,1(8,3,1,0,0,1,0,0);
type ROM_a5 3 is array (0 to 18) of integer;

constant MEM_a5 3: ROM_a5 3:=(0,0,2,11,7,6,0,206131,0,0,0,0,0,0);
type ROM_a6_3 is array (0 to 18) of integer;

constant MEM_a6_3: ROM_a6_3:=(0,0,7,2,3,4,2,1,301000,0,0,0,0,0);
type ROM_a7_3 is array (0 to 18) of integer;

constant MEM_a7_3: ROM_a7_3:=(0,0,5,4,1,0,1,1,000000,0,0,0,0,0);
type ROM_a8_ 3 is array (0 to 18) of integer;

constant MEM_a8_3: ROM_a8 3:=(0,0,0,2,1,0,0,0,000000,0,0,0,0,0);
type ROM_a9 3 is array (0 to 18) of integer;

constant MEM_a9 3: ROM_a9 3:=(0,0,1,0,0,0,0,0,000000,0,0,0,0,0);
type ROM_al0_3is array (0 to 18) of integer;
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type ROM_al0_3is array (0 to 18) of integer;

constant MEM_al0_3: ROM_al0_3:=(0,0,0,1,0,0,0,000000,0,0,0,0,0,0);

type ROM_all 3is array (0 to 18) of integer;

constant MEM_all 3: ROM_all 3:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);

type ROM_al2_3is array (0 to 18) of integer;

constant MEM_al12_3: ROM_al2_3:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);

type ROM_al3_3is array (0 to 18) of integer;

constant MEM_al13_3: ROM_al3_3:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);

type ROM_al4 3 is array (0 to 18) of integer;

constant MEM_al4_3: ROM_al4_3:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);

type ROM_al5 3 is array (0 to 18) of integer;

constant MEM_al5 3: ROM_al5 3:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);

type ROM_al6_3is array (0 to 18) of integer;

constant MEM_a16_3: ROM_a16_3:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);

type ROM_al7_3is array (0 to 18) of integer;

constant MEM_al7_3: ROM_al7_3:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);

type ROM_al8_3is array (0 to 18) of integer;

constant MEM_a18_3: ROM_al8_3:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);

type ROM_al9 3 is array (0 to 18) of integer;

constant MEM_a19_3: ROM_al9_3:=(0,0,0,0,0,0,0,000000,0,0,0,0,0,0);

Signals

signal ampfunde : integer:=0;

signal ample :
signal amp2e :
signal amp3e :
signal amp4e :
signal ampb5e :
signal amp6e :
signal amp7e :
signal amp8e :
signal amp9e :

signal amp10e :
signal amplle:
signal amp12e :
signal amp13e :
signal ampl4e :
signal amp15e :
signal ampl6e :
signal ampl7e :
signal amp18e :
signal amp19e :

integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;
integer:=0;

signal ampfund : STD_LOGIC_VECTOR (7 downto 0):th@rs=>'0");

signal amp1 :
signal amp?2 :
signal amp3 :
signal amp4 :
signal amp5 :
signal amp6 :
signal amp7 :
signal amp8 :
signal amp9 :

signal amp10 :
signal amp11 :
signal amp12 :
signal amp13 :
signal amp14 :
signal amp15 :
signal amp16 :
signal amp17 :

STD_LOGIC_VECTOR (7 downto 0):= (ative>'0');
STD_LOGIC_VECTOR (7 downto 0):= (ative>'0");
STD_LOGIC_VECTOR (7 downto 0):= (ative>'0");
STD_LOGIC_VECTOR (7 downto 0):= (ative>'0");
STD_LOGIC_VECTOR (7 downto 0):= (ative>'0");
STD_LOGIC_VECTOR (7 downto 0):= (ative>'0");
STD_LOGIC_VECTOR (7 downto 0):= (ative>'0");
STD_LOGIC_VECTOR (7 downto 0):= (ative>'0');
STD_LOGIC_VECTOR (7 downto 0):= (ative>'0');
STD_LOGIC_VECTOR (7 downto 0):= @#e>'0");
STD_LOGIC_VECTOR (7 downto 0):= @#e>'0");
STD_LOGIC_VECTOR (7 downto 0):= @#e>'0");
STD_LOGIC_VECTOR (7 downto 0):= @#e>'0";
STD_LOGIC_VECTOR (7 downto 0):= @#r>'0";
STD_LOGIC_VECTOR (7 downto 0):= @#r>'0";
STD_LOGIC_VECTOR (7 downto 0):= @#r>'0";
STD_LOGIC_VECTOR (7 downto 0):= @#r>'0";

79



signal amp18 : STD_LOGIC_VECTOR (7 downto 0):= @8¥>'0";
signal amp19 : STD_LOGIC_VECTOR (7 downto 0):= @8¥>'0";

begin
Process (CLK)
begin

if (CLK'event and CLK="1") then

if

elsif

OBOE

(num_inst = "01") then

ampfunde <= MEM_a_1(CONV_INTEGER(hum_nota));
ampfund <= conv_std_logic_vector(ampfunde,8);
ample <= MEM_al_ 1(CONV_INTEGER(num_nota));
--guardar en ample el valor que tenemos eretaoria
ampl <= conv_std_logic_vector(ample,8);

-- convertir el valor que tenemos en la memoria

amp2e <= MEM_a2_1(CONV_INTEGER(num_nota));
amp2 <= conv_std_logic_vector(ampZ2e,8);

amp3e <= MEM_a3_1(CONV_INTEGER(hum_nota));
amp3 <= conv_std_logic_vector(amp3e,8);

amp4e <= MEM_a4_1(CONV_INTEGER(hum_nota));
amp4 <= conv_std_logic_vector(amp4e,8);

amp5e <= MEM_a5_1(CONV_INTEGER(num_nota));
amp5 <= conv_std_logic_vector(amp5e,8);

amp6e <= MEM_a6_1(CONV_INTEGER(num_nota));
amp6 <= conv_std_logic_vector(amp6e,8);

amp7e <= MEM_a7_1(CONV_INTEGER(num_nota));
amp7 <= conv_std_logic_vector(amp7e,8);

amp8e <= MEM_a8_1(CONV_INTEGER(hum_nota));
amp8 <= conv_std_logic_vector(amp8e,8);

amp9e <= MEM_a9_1(CONV_INTEGER(hum_nota));
amp9 <= conv_std_logic_vector(amp9e,8);

ampl0e <= MEM_al0_1(CONV_INTEGER(num_nota));
ampl0 <= conv_std_logic_vector(ampl0e,8);

amplle <= MEM_all 1(CONV_INTEGER(num_nota));
ampll <= conv_std_logic_vector(amplle,8);

ampl2e <= MEM_al2 1(CONV_INTEGER(num_nota));
ampl2 <= conv_std_logic_vector(ampl2e,8);

ampl3e <= MEM_al3 1(CONV_INTEGER(num_nota));
ampl3 <= conv_std_logic_vector(ampl3e,8);

amplde <= MEM_al4 1(CONV_INTEGER(num_nota));
ampl4 <= conv_std_logic_vector(ampl4e,8);

ampl5e <= MEM_al5 1(CONV_INTEGER(num_nota));
ampl5 <= conv_std_logic_vector(ampl5e,8);

ampl6e <= MEM_al6_1(CONV_INTEGER(num_nota));
ampl6 <= conv_std_logic_vector(ampl6e,8);

ampl7e <= MEM_al7_1(CONV_INTEGER(num_nota));
ampl7 <= conv_std_logic_vector(ampl7e,8);

ampl8e <= MEM_al8 1(CONV_INTEGER(num_nota));
ampl8 <= conv_std_logic_vector(ampl18e,8);

ampl9e <= MEM_al9 1(CONV_INTEGER(num_nota));
ampl9 <= conv_std_logic_vector(ampl19e,8);
VIOLIN----

(num_inst = "10") then

ampfunde <= MEM_a_2(CONV_INTEGER(hum_nota));
ampfund <= conv_std_logic_vector(ampfunde,8);
ample <= MEM_al 2(CONV_INTEGER(num_nota));
--guardar en ample el valor que tenemos eretaoria
ampl <= conv_std_logic_vector(ample,8);

-- convertir el valor que tenemos en la memoria
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amp2e <= MEM_a2_ 2(CONV_INTEGER(num_nota));
amp2 <= conv_std_logic_vector(amp2e,8);

amp3e <= MEM_a3_2(CONV_INTEGER(num_nota));
amp3 <= conv_std_logic_vector(amp3e,8);

amp4e <= MEM_a4_2(CONV_INTEGER(hum_nota));
amp4 <= conv_std_logic_vector(amp4e,8);

amp5e <= MEM_a5_2(CONV_INTEGER(nhum_nota));
amp5 <= conv_std_logic_vector(amp5e,8);

amp6e <= MEM_a6_2(CONV_INTEGER(hum_nota));
amp6 <= conv_std_logic_vector(amp6e,8);

amp7e <= MEM_a7_2(CONV_INTEGER(num_nota));
amp7 <= conv_std_logic_vector(amp7e,8);

amp8e <= MEM_a8_ 2(CONV_INTEGER(num_nota));
amp8 <= conv_std_logic_vector(amp8e,8);

amp9e <= MEM_a9 2(CONV_INTEGER(num_nota));
amp9 <= conv_std_logic_vector(amp9e,8);

ampl0e <= MEM_al0_2(CONV_INTEGER(num_nota));
ampl0 <= conv_std_logic_vector(ampl0e,8);

amplle <= MEM_all 2(CONV_INTEGER(num_nota));
ampll <= conv_std_logic_vector(amplle,8);

ampl2e <= MEM_al2 2(CONV_INTEGER(num_nota));
ampl2 <= conv_std_logic_vector(ampl2e,8);

ampl3e <= MEM_al3 2(CONV_INTEGER(num_nota));
ampl3 <= conv_std_logic_vector(ampl3e,8);

ampl4e <= MEM_al4 2(CONV_INTEGER(num_nota));
ampl4 <= conv_std_logic_vector(ampl4e,8);

ampl5e <= MEM_al5 2(CONV_INTEGER(num_nota));
ampl5 <= conv_std_logic_vector(ampl5e,8);

ampl6e <= MEM_al6_2(CONV_INTEGER(num_nota));
ampl6 <= conv_std_logic_vector(ampl6e,8);

ampl7e <= MEM_al7_2(CONV_INTEGER(num_nota));
ampl7 <= conv_std_logic_vector(ampl7e,8);

ampl8e <= MEM_al8 2(CONV_INTEGER(num_nota));
ampl8 <= conv_std_logic_vector(ampl18e,8);

ampl9e <= MEM_al9 2(CONV_INTEGER(num_nota));
ampl9 <= conv_std_logic_vector(ampl19e,8);

elsif

TUBA

(num_inst ="11") then

ampfunde <= MEM_a_3(CONV_INTEGER(hum_nota));
ampfund <= conv_std_logic_vector(ampfunde,8);
ample <= MEM_al_3(CONV_INTEGER(hum_nota));
ampl <= conv_std_logic_vector(ample,8);

amp2e <= MEM_a2_3(CONV_INTEGER(hum_nota));
amp2 <= conv_std_logic_vector(amp2e,8);

amp3e <= MEM_a3_3(CONV_INTEGER(num_nota));
amp3 <= conv_std_logic_vector(amp3e,8);

amp4e <= MEM_a4_3(CONV_INTEGER(num_nota));
amp4 <= conv_std_logic_vector(amp4e,8);

amp5e <= MEM_a5_3(CONV_INTEGER(num_nota));
amp5 <= conv_std_logic_vector(amp5e,8);

amp6e <= MEM_a6_3(CONV_INTEGER(hum_nota));
amp6 <= conv_std_logic_vector(amp6e,8);

amp7e <= MEM_a7_3(CONV_INTEGER(hum_nota));
amp7 <= conv_std_logic_vector(amp7e,8);

amp8e <= MEM_a8_3(CONV_INTEGER(hum_nota));
amp8 <= conv_std_logic_vector(amp8e,8);

amp9e <= MEM_a9_ 3(CONV_INTEGER(num_nota));
amp9 <= conv_std_logic_vector(amp9e,8);
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ampl0e <= MEM_al0_3(CONV_INTEGER(num_nota));
ampl0 <= conv_std_logic_vector(ampl0e,8);
amplle <= MEM_all 3(CONV_INTEGER(num_nota));
ampll <= conv_std_logic_vector(amplle,8);
ampl2e <= MEM_al2 3(CONV_INTEGER(num_nota));
ampl2 <= conv_std_logic_vector(ampl2e,8);
ampl3e <= MEM_al3 3(CONV_INTEGER(num_nota));
ampl3 <= conv_std_logic_vector(ampl13e,8);
ampl4e <= MEM_al4 3(CONV_INTEGER(num_nota));
ampl4 <= conv_std_logic_vector(ampl4e,8);
ampl5e <= MEM_al5 3(CONV_INTEGER(num_nota));
ampl5 <= conv_std_logic_vector(ampl5e,8);
ampl6e <= MEM_al6_3(CONV_INTEGER(num_nota));
ampl6 <= conv_std_logic_vector(ampl6e,8);
ampl7e <= MEM_al7_3(CONV_INTEGER(num_nota));
ampl7 <= conv_std_logic_vector(ampl7e,8);
ampl8e <= MEM_al8 3(CONV_INTEGER(num_nota));
ampl8 <= conv_std_logic_vector(ampl18e,8);
ampl9e <= MEM_al9 3(CONV_INTEGER(num_nota));
ampl9 <= conv_std_logic_vector(ampl19e,8);
end if;
end if;

end Process;

af <= ampfund;

al <= ampl;

a2 <= amp2;

a3 <= amps3;

a4 <= amp4;

a5 <= amp5;

a6 <= amp6;

a7 <=amp7;

a8 <= amps;

a9 <= amp9;

al0 <= amp10;

all <= ampli,

al2 <= ampl2;

al3 <= ampls3;

al4 <= ampl4,

al5 <= ampl5;

al6 <= amplé6;

al7 <= ampl7;

al8 <= ampls;

al9 <= ampl9;

end Behavioral;

Control

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
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entity control is
Port ( CLK : in STD_LOGIC; THHene que funcionar a 48000*21= 1008000
RST :in STD_LOGIC;
cont: out STD_LOGIC_VECTOR (4 downto 0)
)i

end control;

architecture Behavioral of control is
signal Qint: STD_LOGIC_VECTOR (4 downto 0):= (otker'0";

begin
Process (CLK)
begin
if (CLK'event and CLK="1") then
if (RST="1") then
Qint <= "00000";
else
if Qint = 20 then Qint <= "00000";
else Qint <= Qint+1; -- Qint sefales contrdUXi
end if;
end if;
end if;
end process;
cont <= Qint;

end Behavioral;

6.9.- Incrementos

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity incrementos is

Port (CLK :in STD_LOGIC; -- Tiene que funcionar a 48000

num_nota : in STD_LOGIC_VECTOR (4 downto 0);
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
Sale : out integer;
Sal: out STD_LOGIC_VECTOR (17 downto 0)
)i

end incrementos;
architecture Behavioral of incrementos is

type ROM is array (0 to 18) of integer; --ROMifiemento de fase) * 4
constant MEM1: ROM:=(356,376,5712,6052,6412,6796077628,8080,8560,9072,
9608,10180,10788,11428, 12108,12828,10264044)87
————————————— VIOLIN
type ROM2 is array (O to 18) of integer;
constant MEM2: ROM2:=(356,376,11428,12108,1282%92314400,15256,16164,17124,
18144,19220,20364,21576,22860,24220,25660,10268744);
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type ROM3 is array (O to 18) of integer;

constant MEM3: ROM3:=(356,376,2856,3024,3204,33660,3812,4040,4280,4536,
4804,5088,5392,5712, 6052,6412,102640,108744);
Signals

signal INCe : integer:=0;
signal INC : STD_LOGIC_VECTOR (17 downto 0):= (otke>'0";

begin
Process (CLK)
begin
if (CLK'event and CLK="1") then
if
OBOE
(num_inst = "01") then
INCe <= MEM1(CONV_INTEGER(num_nota));
INC <= conv_std_logic_vector(INCe,18);
VIOLIN--
elsif
(num_inst = "10") then
INCe <= MEM2(CONV_INTEGER(num_nota));
INC <= conv_std_logic_vector(INCe,18);
TUBA
elsif
(num_inst ="11") then
INCe <= MEM3(CONV_INTEGER(num_nota));
INC <= conv_std_logic_vector(INCe,18);
end if;
end if;
end Process;
Sal <= INC;
Sale <= INCe;

end Behavioral;

Arm

library IEEE;

use |IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity arm is
Port (CLK :in STD_LOGIC; -- Tiene que funcionar a 48000

num_nota : in STD_LOGIC_VECTOR (4 downto 0);
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
RST :in STD_LOGIC;
INCe : in integer;
INC :in STD_LOGIC_VECTOR (17 downto 0);
Bf : out STD_LOGIC_VECTOR (19 downto 0);
B1:out STD_LOGIC_VECTOR (19 downto 0);
B2 : out STD_LOGIC_VECTOR (19 downto 0);
B3 :out STD_LOGIC_VECTOR (19 downto 0);
B4 : out STD_LOGIC_VECTOR (19 downto 0);
B5 : out STD_LOGIC_VECTOR (19 downto 0);
B6 : out STD_LOGIC_VECTOR (19 downto 0);
B7 :out STD_LOGIC_VECTOR (19 downto 0);
B8 : out STD_LOGIC_VECTOR (19 downto 0);
B9 : out STD_LOGIC_VECTOR (19 downto 0);
B10 : out STD_LOGIC_VECTOR (19 downto 0);
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B11:out STD_LOGIC_VECTOR (19 downto 0);
B12 : out STD_LOGIC_VECTOR (19 downto 0);
B13 :out STD_LOGIC_VECTOR (19 downto 0);
B14 : out STD_LOGIC_VECTOR (19 downto 0);
B15 : out STD_LOGIC_VECTOR (19 downto 0);
B16 : out STD_LOGIC_VECTOR (19 downto 0);
B17 : out STD_LOGIC_VECTOR (19 downto 0);
B18 : out STD_LOGIC_VECTOR (19 downto 0);
B19 : out STD_LOGIC_VECTOR (19 downto 0)
)i

end arm;

architecture Behavioral of arm is

signal Bf_1: STD_LOGIC_VECTOR (19 downto 0):= (etk=>'0");
signal B1_1: STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B2_1: STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B3_1: STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B4 _1: STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B5_1: STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B6_1: STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B7_1: STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B8_1: STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B9_1: STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B10_1: STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B11_1: STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B12_1: STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B13_1: STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B14_1: STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B15_1: STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B16_1: STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B17_1: STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B18_1: STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0";
signal B19 1:STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal Bf_2 : STD_LOGIC_VECTOR (19 downto 0):= (etk=>'0");
signal B1_2 : STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B2_2 : STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B3_2 : STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B4_2 : STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B5_2 : STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B6_2 : STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B7_2 : STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B8 2 : STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B9 2 : STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B10_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0";
signal B11_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B12_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B13_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B14_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B15_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B16_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B17_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0";
signal B18 2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B19 2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");

begin
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Process (CLK)
begin
if (CLK'event and CLK="1") then
————————————————— RESET
if (RST="1") then

Bf 1 <= (others =>"'0Y;
B1_ 1 <= (others =>"'0Y;
B2_1 <= (others =>"'0";
B3_1 <= (others =>"'0";
B4_1 <= (others =>"'0";
B5_1 <= (others =>"'0Y;
B6_1 <= (others =>"'0";
B7_1 <= (others =>"'0Y;
B8_1 <= (others =>"'0Y;
B9 1 <= (others =>"'0Y;
B10_1 <= (others =>"'0";
B11 1 <= (others =>"'0Y;
B12_1 <= (others =>"'0";
B13_1 <= (others =>"'0";
B14_1 <= (others =>"'0";
B15_1 <= (others =>"'0";
B16_1 <= (others =>"'0";
B17_1 <= (others =>"'0";
B18_1 <= (others =>"'0";
B19 1 <= (others =>"'0";

else
Bf 1 <="00"& INC; -- frecuencia funaeental
B1_1 <=conv_std_logic_vector (INCe*2,20);-irper armonico
B2_1 <= conv_std_logic_vector (INCe*3,20);
B3_1 <= conv_std_logic_vector (INCe*4,20);
B4_1 <= conv_std_logic_vector (INCe*5,20);
B5_1 <= conv_std_logic_vector (INCe*6,20);
B6_1 <= conv_std_logic_vector (INCe*7,20);
B7_1 <= conv_std_logic_vector (INCe*8,20);
B8_1 <= conv_std_logic_vector (INCe*9,20);
B9 1 <=conv_std_logic_vector (INCe*10,20);
B10_1 <=conv_std_logic_vector (INCe*11,20);
B11l 1 <=conv_std logic_vector (INCe*12,20);
B12 1 <=conv_std _logic_vector (INCe*13,20);
B13_1 <=conv_std_logic_vector (INCe*14,20);
B14 1 <=conv_std_logic_vector (INCe*15,20);
B15_1 <=conv_std_logic_vector (INCe*16,20);
B16_1 <= conv_std_logic_vector (INCe*17,20);
B17_1 <=conv_std_logic_vector (INCe*18,20);
B18_1 <=conv_std_logic_vector (INCe*19,20);
B19 1 <=conv_std logic_vector (INCe*20,20);
end if;
end if;

end Process;

Bf <= Bf_1;

Bl1<=B1 1;

B2 <=B2 1;

B3 <=B3 1;

B4 <=B4 1;

B5<=B5 1;

B6 <=B6_1;

B7 <=B7_1,;

B8 <=B8_1,;

B9 <=B9_1,;

B10 <=B10_1;
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B11 <=B11 1;
B12 <=B12_1;
B13 <=B13 1;
B14 <=B14 1;
B15 <=B15 1;
B16 <=B16 1;
B17 <=B17_1,;
B18 <=B18 1;
B19 <=B19 1;
end Behavioral,

Acum

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity acum is

Port (CLK :in STD_LOGIC; -- Tiene que funcionar a 48000

RST :in STD_LOGIC;
Bf_1:in STD_LOGIC_VECTOR (19 downto 0);
B1 1:in STD_LOGIC_VECTOR (19 downto 0);
B2_1:in STD_LOGIC_VECTOR (19 downto 0);
B3_1:in STD_LOGIC_VECTOR (19 downto 0);
B4_1:in STD_LOGIC_VECTOR (19 downto 0);
B5_1:in STD_LOGIC_VECTOR (19 downto 0);
B6_1:in STD_LOGIC_VECTOR (19 downto 0);
B7_1:in STD_LOGIC_VECTOR (19 downto 0);
B8 1:in STD_LOGIC_VECTOR (19 downto 0);
B9 1:in STD_LOGIC_VECTOR (19 downto 0);
B10_1:in STD_LOGIC_VECTOR (19 downto 0);
B11_1:in STD_LOGIC_VECTOR (19 downto 0);
B12_1:in STD_LOGIC_VECTOR (19 downto 0);
B13_1:in STD_LOGIC_VECTOR (19 downto 0);
B14_1:in STD_LOGIC_VECTOR (19 downto 0);
B15_1:in STD_LOGIC_VECTOR (19 downto 0);
B16_1:in STD_LOGIC_VECTOR (19 downto 0);
B17_1:in STD_LOGIC_VECTOR (19 downto 0);
B18_1:in STD_LOGIC_VECTOR (19 downto 0);
B19 1:in STD_LOGIC_VECTOR (19 downto 0);
Bf : out STD_LOGIC_VECTOR (19 downto 0);
B1:out STD_LOGIC_VECTOR (19 downto 0);
B2 : out STD_LOGIC_VECTOR (19 downto 0);
B3 :out STD_LOGIC_VECTOR (19 downto 0);
B4 : out STD_LOGIC_VECTOR (19 downto 0);
B5 : out STD_LOGIC_VECTOR (19 downto 0);
B6 : out STD_LOGIC_VECTOR (19 downto 0);
B7 : out STD_LOGIC_VECTOR (19 downto 0);
B8 : out STD_LOGIC_VECTOR (19 downto 0);
B9 : out STD_LOGIC_VECTOR (19 downto 0);
B10 : out STD_LOGIC_VECTOR (19 downto 0);
B11 : out STD_LOGIC_VECTOR (19 downto 0);
B12 : out STD_LOGIC_VECTOR (19 downto 0);
B13 :out STD_LOGIC_VECTOR (19 downto 0);
B14 : out STD_LOGIC_VECTOR (19 downto 0);
B15 : out STD_LOGIC_VECTOR (19 downto 0);
B16 : out STD_LOGIC_VECTOR (19 downto 0);
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B17 : out STD_LOGIC_VECTOR (19 downto 0);
B18 : out STD_LOGIC_VECTOR (19 downto 0);
B19 : out STD_LOGIC_VECTOR (19 downto 0)
);

end acum;

architecture Behavioral of acum is
signal Bf_2 : STD_LOGIC_VECTOR (19 downto 0):= (etk=>'0");
signal B1_2 : STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B2_2 : STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B3_2 : STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B4_2 : STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B5_2 : STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B6_2 : STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B7_2 : STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B8 2 : STD_LOGIC_VECTOR (19 downto 0):= (@ts=>'0";
signal B9_2 : STD_LOGIC_VECTOR (19 downto 0):= @ts=>'0";
signal B10_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0";
signal B11_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0";
signal B12_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0";
signal B13_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0";
signal B14_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B15_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B16_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B17_2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B18 2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
signal B19 2 : STD_LOGIC_VECTOR (19 downto 0):=h@ts=>'0");
begin
Process (CLK)
begin
if (CLK'event and CLK="1") then
----------------- RESET
if (RST="1") then
Bf 2 <= (others =>"'0";
Bl 2 <= (others =>"'0Y;
B2_2 <= (others =>"'0Y;
B3_2 <= (others =>"'0Y;
B4 2 <= (others =>"'0Y;
B5_ 2 <= (others =>"'0Y;
B6_2 <= (others =>"'0";
B7_2 <= (others =>"'0";
B8_2 <= (others =>"'0";
B9 2 <= (others =>"'0Y;
B10_2 <= (others =>"'0";
B11l 2 <= (others =>"'0";
B12_ 2 <= (others =>"'0";
B13_2 <= (others =>"'0";
B14 2 <= (others =>"'0";
B15_ 2 <= (others =>"'0";
B16_2 <= (others =>"'0";
B17_2 <= (others =>"'0";
B18_2 <= (others =>"'0";
B19 2 <= (others =>"0";

else
Bf 2 <=Bf 2+Bf 1,
Bl 2<=B1 2+B1 1,
B2 2<=B2 2+B2 1;
B3_2<=B3 2+B3 1;
B4 2<=B4 2+B4 1,
B5 2<=B5 2+B5 1;
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B6 2 <=B6 2+B6 1;
B7 2 <=B7_2+B7_1;
B8 2 <=B8 2+B8 1;
B9 2<=B9 2+B9 1;
B10 2 <=B10 2+B10 _1;
B11l 2<=B11 2+B11 1;
B12 2 <=B12 2+B12 1;
B13 2 <=B13 2+B13 1;
B14 2 <=B14 2+B14 1;
B15 2 <=B15 2+B15 1;
B16 2 <=B16 _2+B16_1;
B17_2 <=B17_2+B17_1;
B18 2 <=B18 2+B18 _1;
B19 2 <=B19 2+B19 1;
end if;
end if;
end Process;

Bf <= Bf 2;

Bl <=B1 2;
B2 <=B2 2;
B3 <=B3_2;
B4 <=B4_2;
B5 <=B5_2;
B6 <= B6_2;
B7 <=B7_2;
B8 <=B8_2,;
B9 <= B9 2;
B10 <=B10_2;
B11 <=B11 2;
B12 <=B12 2;
B13 <=B13 2;
B14 <=B14 2;
B15 <=B15 2;
B16 <=B16_2;
B17 <=B17_2;
B18 <= B18 2;
B19 <=B19 2;

end Behavioral;

Sumfas

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity sumfas is
Port ( fasel : in STD_LOGIC_VECTOR (8 downjp O
fase2 : in STD_LOGIC_VECTOR (8 downto 0);
fase3 : in STD_LOGIC_VECTOR (8 downto 0);
fase4 : in STD_LOGIC_VECTOR (8 downto 0);
fase5:in STD_LOGIC_VECTOR (8 downto 0);
fase6 : in STD_LOGIC_VECTOR (8 downto 0);
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fase7 : in STD_LOGIC_VECTOR (8 downto 0);
fase8 :in STD_LOGIC_VECTOR (8 downto 0);
fase9 :in STD_LOGIC_VECTOR (8 downto 0);
fasel0:in STD_LOGIC_VECTOR (8 downto 0);
fasell : in STD_LOGIC_VECTOR (8 downto 0);
fasel2 : in STD_LOGIC_VECTOR (8 downto 0);
fasel3 :in STD_LOGIC_VECTOR (8 downto 0);
fasel4 : in STD_LOGIC_VECTOR (8 downto 0);
fasel5:in STD_LOGIC_VECTOR (8 downto 0);
fasel6 : in STD_LOGIC_VECTOR (8 downto 0);
fasel7 : in STD_LOGIC_VECTOR (8 downto 0);
fasel8:in STD_LOGIC_VECTOR (8 downto 0);
fasel9 :in STD_LOGIC_VECTOR (8 downto 0);
Bf 2:in STD_LOGIC_VECTOR (19 downto 0);
B1_2:in STD_LOGIC_VECTOR (19 downto 0);
B2 2:in STD_LOGIC_VECTOR (19 downto 0);
B3_2:in STD_LOGIC_VECTOR (19 downto 0);
B4 _2:in STD_LOGIC_VECTOR (19 downto 0);
B5 2 :in STD_LOGIC_VECTOR (19 downto 0);
B6_2:in STD_LOGIC_VECTOR (19 downto 0);
B7_2:in STD_LOGIC_VECTOR (19 downto 0);
B8 2:in STD_LOGIC_VECTOR (19 downto 0);
B9 2:in STD_LOGIC_VECTOR (19 downto 0);
B10_2:in STD_LOGIC_VECTOR (19 downto 0);
B11 2:in STD_LOGIC_VECTOR (19 downto 0);
B12_2:in STD_LOGIC_VECTOR (19 downto 0);
B13 2:in STD_LOGIC_VECTOR (19 downto 0);
B14 2 :in STD_LOGIC_VECTOR (19 downto 0);
B15 2 :in STD_LOGIC_VECTOR (19 downto 0);
B16 2 :in STD_LOGIC_VECTOR (19 downto 0);
B17_2:in STD_LOGIC_VECTOR (19 downto 0);
B18 2 :in STD_LOGIC_VECTOR (19 downto 0);
B19 2:in STD_LOGIC_VECTOR (19 downto 0);
Bf 3:out STD_LOGIC_VECTOR (8 downto 0);
B1_3:out STD_LOGIC_VECTOR (8 downto 0);
B2 3:out STD_LOGIC_VECTOR (8 downto 0);
B3_3:out STD_LOGIC_VECTOR (8 downto 0);
B4_3:out STD_LOGIC_VECTOR (8 downto 0);
B5_3:out STD_LOGIC_VECTOR (8 downto 0);
B6_3:out STD_LOGIC_VECTOR (8 downto 0);
B7_3:out STD_LOGIC_VECTOR (8 downto 0);
B8_3:out STD_LOGIC_VECTOR (8 downto 0);
B9 3:out STD_LOGIC_VECTOR (8 downto 0);
B10_3:out STD_LOGIC_VECTOR (8 downto 0);
B11 3:out STD_LOGIC_VECTOR (8 downto 0);
B12 3:out STD_LOGIC_VECTOR (8 downto 0);
B13 _3:out STD_LOGIC_VECTOR (8 downto 0);
B14 3:out STD_LOGIC_VECTOR (8 downto 0);
B15 3:out STD_LOGIC_VECTOR (8 downto 0);
B16_3:out STD_LOGIC_VECTOR (8 downto 0);
B17_3:out STD_LOGIC_VECTOR (8 downto 0);
B18_3:out STD_LOGIC_VECTOR (8 downto 0);
B19 3:out STD_LOGIC_VECTOR (8 downto 0)
)i

end sumfas;
architecture Behavioral of sumfas is

beair
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Bf 3 <= Bf 2(19 downto 11);

Bl 3<=B1 2(19 downto 11) +
B2 3 <=B2 2(19 downto 11) +
B3 3 <=B3 2(19 downto 11) +
B4 3 <=B4 2(19 downto 11) +
B5 3 <=B5 2(19 downto 11) +
B6_3 <=B6_2(19 downto 11) +
B7_3 <=B7_2(19 downto 11) +
B8_3 <=B8 2(19 downto 11) +
B9 3 <=B9 2(19 downto 11) +

fasel;
fase2;
fase3;
fase4;
faseb;
fase6;
fase7;
fase8;
fase9;

B10 3 <=B10_2(19 downto 11) + faselO;
B11l 3<=B1l1 2(19 downto 11) + fasell;
B12 3 <=B12 2(19 downto 11) + fasel2;
B13 3 <=B13 2(19 downto 11) + fasels;
B14 3 <=B14 2(19 downto 11) + fasel4;
B15 3 <=B15 2(19 downto 11) + faselb;
B16_3 <=B16_2(19 downto 11) + fasel®6;
B17_3 <=B17_2(19 downto 11) + fasel?;
B18_3 <=B18_2(19 downto 11) + fasels;
B19 3 <=B19 2(19 downto 11) + fasel9;

end Behavioral;

6.13.-FF1

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |IEEE.STD_LOGIC_UNSIGNED.ALL;

entity FF1 is

Port (CLK :in STD_LOGIC;

Bf_3:in STD_LOGIC_VECTOR (8 downto 0);
B1 3:in STD_LOGIC_VECTOR (8 downto 0);
B2 3:in STD_LOGIC_VECTOR (8 downto 0);
B3 3:in STD_LOGIC_VECTOR (8 downto 0);
B4 3:in STD_LOGIC_VECTOR (8 downto 0);
B5 3:in STD_LOGIC_VECTOR (8 downto 0);
B6 3:in STD_LOGIC_VECTOR (8 downto 0);
B7_3:in STD_LOGIC_VECTOR (8 downto 0);
B8 3:in STD_LOGIC_VECTOR (8 downto 0);
B9 3:in STD_LOGIC_VECTOR (8 downto 0);
B10_3:in STD_LOGIC_VECTOR (8 downto 0);
B11_3:in STD_LOGIC_VECTOR (8 downto 0);
B12_3:in STD_LOGIC_VECTOR (8 downto 0);
B13 3:in STD_LOGIC_VECTOR (8 downto 0);
B14_3:in STD_LOGIC_VECTOR (8 downto 0);
B15_3:in STD_LOGIC_VECTOR (8 downto 0);
B16_3:in STD_LOGIC_VECTOR (8 downto 0);
B17_3:in STD_LOGIC_VECTOR (8 downto 0);
B18 3:in STD_LOGIC_VECTOR (8 downto 0);
B19 3:in STD_LOGIC_VECTOR (8 downto 0);
Bf : out STD_LOGIC_VECTOR (8 downto 0);
B1:out STD_LOGIC_VECTOR (8 downto 0);
B2 : out STD_LOGIC_VECTOR (8 downto 0);
B3 : out STD_LOGIC_VECTOR (8 downto 0);
B4 : out STD_LOGIC_VECTOR (8 downto 0);
B5 : out STD_LOGIC_VECTOR (8 downto 0);
B6 : out STD_LOGIC_VECTOR (8 downto 0);
B7 : out STD_LOGIC_VECTOR (8 downto

-- Tiene que funcionar a 48000
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B8 : out STD_LOGIC_VECTOR (8 downto 0);

B9 : out STD_LOGIC_VECTOR (8 downto 0);

B10 : out STD_LOGIC_VECTOR (8 downto 0);

B11 : out STD_LOGIC_VECTOR (8 downto 0);

B12 : out STD_LOGIC_VECTOR (8 downto 0);

B13 :out STD_LOGIC_VECTOR (8 downto 0);

B14 : out STD_LOGIC_VECTOR (8 downto 0);

B15 : out STD_LOGIC_VECTOR (8 downto 0);

B16 : out STD_LOGIC_VECTOR (8 downto 0);

B17 : out STD_LOGIC_VECTOR (8 downto 0);

B18 : out STD_LOGIC_VECTOR (8 downto 0);

B19 : out STD_LOGIC_VECTOR (8 downto 0)

)i
end FF1,;
architecture Behavioral of FF1 is
signal Ff: STD_LOGIC_VECTOR (8 downto 0):= (otherd");
signal F1 : STD_LOGIC_VECTOR (8 downto 0):= (other9");
signal F2 : STD_LOGIC_VECTOR (8 downto 0):= (other9");
signal F3 : STD_LOGIC_VECTOR (8 downto 0):= (other9");
signal F4 : STD_LOGIC_VECTOR (8 downto 0):= (other9");
signal F5 : STD_LOGIC_VECTOR (8 downto 0):= (other9");
signal F6 : STD_LOGIC_VECTOR (8 downto 0):= (other®");
signal F7 : STD_LOGIC_VECTOR (8 downto 0):= (other®");
signal F8 : STD_LOGIC_VECTOR (8 downto 0):= (other®");
signal F9 : STD_LOGIC_VECTOR (8 downto 0):= (other®");
signal F10 : STD_LOGIC_VECTOR (8 downto 0):= (otwer'0");
signal F11 : STD_LOGIC_VECTOR (8 downto 0):= (otwer'0");
signal F12 : STD_LOGIC_VECTOR (8 downto 0):= (other'0");
signal F13 : STD_LOGIC_VECTOR (8 downto 0):= (other'0");
signal F14 : STD_LOGIC_VECTOR (8 downto 0):= (other'0");
signal F15: STD_LOGIC_VECTOR (8 downto 0):= (other'0");
signal F16 : STD_LOGIC_VECTOR (8 downto 0):= (other'0");
signal F17 : STD_LOGIC_VECTOR (8 downto 0):= (other'0");
signal F18 : STD_LOGIC_VECTOR (8 downto 0):= (otwer'0");
signal F19 : STD_LOGIC_VECTOR (8 downto 0):= (otwer'0");
begin
Process (CLK)

begin

if (CLK'event and CLK="1") then
Ff <= Bf_3;
F1<=B1_3;
F2 <=B2_3;
F3 <=B3_3;
F4 <=B4_3;
F5 <= B5_3;
F6 <= B6_3;
F7 <= B7_3;
F8 <= B8_3;
F9 <= B9_3;
F10 <=B10_3;
F11 <=B11_3;
F12 <=B12_3;
F13 <=B13_3;
F14 <= B14_3;
F15 <=B15_3;
F16 <= B16_3;
F17 <=B17_3;
F18 <=B18_3;
F19 <=B19_3;
end if;
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end process;
Bf <= Ff;

Bl <=F1;
B2 <= F2;
B3 <=F3;
B4 <= F4;
B5 <= F5;
B6 <= F6;
B7 <= F7;
B8 <= F8;
B9 <= F9;
B10 <= F10;
B11l <= F11;
B12 <= F12;
B13 <= F13;
B14 <= F14;
B15 <= F15;
B16 <= F16;
B17 <= F17;
B18 <= F18;
B19 <= F19;
end Behavioral;

6.14.-Mux1

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity mux1 is
Port (CLK :in STD_LOGIC; -- Tiene que funcionar a 4800QL* 2

Qint:in STD_LOGIC_VECTOR (4 downto 0);
Ff:in STD_LOGIC_VECTOR (8 downto 0);
F1:in STD_LOGIC_VECTOR (8 downto 0);
F2:in STD_LOGIC_VECTOR (8 downto 0);
F3:in STD_LOGIC_VECTOR (8 downto 0);
F4 :in STD_LOGIC_VECTOR (8 downto 0);
F5:in STD_LOGIC_VECTOR (8 downto 0);
F6 :in STD_LOGIC_VECTOR (8 downto 0);
F7:in STD_LOGIC_VECTOR (8 downto 0);
F8:in STD_LOGIC_VECTOR (8 downto 0);
F9 :in STD_LOGIC_VECTOR (8 downto 0);
F10:in STD_LOGIC_VECTOR (8 downto 0);
F11:in STD_LOGIC_VECTOR (8 downto 0);
F12 :in STD_LOGIC_VECTOR (8 downto 0);
F13:in STD_LOGIC_VECTOR (8 downto 0);
F14 :in STD_LOGIC_VECTOR (8 downto 0);
F15:in STD_LOGIC_VECTOR (8 downto 0);
F16 :in STD_LOGIC_VECTOR (8 downto 0);
F17 :in STD_LOGIC_VECTOR (8 downto 0);
F18:in STD_LOGIC_VECTOR (8 downto 0);
F19:in STD_LOGIC_VECTOR (8 downto 0);
sal : out STD_LOGIC_VECTOR (8 downto 0)
)i

end mux1;
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architecture Behavioral of mux1 is

signal dir_mem : STD_LOGIC_VECTOR (8 downto 0):th@rs=>'0";

begin

Process (CLK)

begin
if (CLK'event and CLK="1") then
if (Qint="00000") then dir_mem <= Ff;
elsif (Qint="00001") then dir_mem <= F1;
elsif (Qint="00010") then dir_mem <= F2;
elsif (Qint="00011") then dir_mem <= F3;
elsif (Qint="00100") then dir_mem <= F4;
elsif (Qint="00101") then dir_mem <= F5;
elsif (Qint="00110") then dir_mem <= F6;
elsif (Qint="00111") then dir_mem <= F7;
elsif (Qint="01000") then dir_mem <= F8§;
elsif (Qint="01001") then dir_mem <= F9;
elsif (Qint="01010") then dir_mem <= F10;
elsif (Qint="01011") then dir_mem <= F11;
elsif (Qint="01100") then dir_mem <= F12;
elsif (Qint="01101") then dir_mem <= F13;
elsif (Qint="01110") then dir_mem <= F14;
elsif (Qint="01111") then dir_mem <= F15;
elsif (Qint="10000") then dir_mem <= F16;
elsif (Qint="10001") then dir_mem <= F17;
elsif (Qint="10010") then dir_mem <= F18;
elsif (Qint="10011") then dir_mem <= F19;
elsif (Qint="10100") then dir_mem <= F19;
end if;
end if;

end process;

sal <= dir_mem;

end Behavioral,

Sen

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity sen is
Port (dir_mem :in STD_LOGIC_VECTOR (8 dowiXp
sal : out integer
)i
end sen;
architecture Behavioral of sen is
type ROM_sen is array (0 to 511) of integer;
constant MEM_sen:ROM_sen:=(128,129,131,132,1341835139,140,142,143,145,146,
148,149,151,153,154,156,157,159 116680)163,165,166,
168,169,171,172,174,175,177,17811§8182,184,185,
187,188,189,191,192,193,195,196 19%,200,201,203,
204,205,206,208,209,210,211,21221151216,217,2138,
219,220,221,222,224,225,226,227 22%8230,230,231,
232,233,234,235,236,237,237,238289241,241,242,
243,243,244,245,245,246,246,247 2488249,249,250,
250,251,251,251,252,252,252,253 258 254,254,254,
254,255,255,255,255,255,255,255 255, 255,255,255,
255,255,255,255,255,255,255,255 2511 254,254,254,
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begin

sal <= MEM_sen (CONV_INTEGER(dir_mem));
end Behavioral;

253,253,253,252,252,252,251,251,250,250,24R28248,
247, 247,246,246,245,244,244,243,242,242,28]239,239,
238,237,236,235,234,233,232,231,230,229,22828225,
224,223,222,221,220,219,218,216,215,214,213221,209,
208,207,206,205,203,202,201,199,198,197,1951 934191,
190,189,187,186,184,183,182,180,179,177,1761 Y3471,
170,168,167,165,164,162,161,159,158,156,155,152,150,
149,147,146,144,142,141,139,138,136,135,1331.881128,
127,125,124,122,120,119,117,116,114,113,1111089106,105,
103,102, 100,99,97,96,94,93,91,90,88,87,852881879,78,76,
75,73,72,71,69,68, 66,65,64,62,61,60,58,574663%52,50,49,
48,47,46,44,43,42,41,40,39, 37,36,35,34,33133(829,28,27,
26,25,24,23,22,21,21,20,19,18,17,16, 16,153143112,11,11,
10,9,9,8,8,7,7,6,6,5,5,4,4,3,3,3,2,2,2,1,1,1,010,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,2,2,2,3,3,344 8,5,6,6,7,7,8,9,
9,10,10,11,12,12,13,14,14,15,15,16,17,18,180121, 22,23,
24,25,25,26,27,28,29,30,31,33,34,35,36,37,38(391,43,44,
45, 46,47,49,50,51,52,54,55,56,58, 59,60,684686,67,68,70,
71,73,74,76, 77,78,80,81,83,84,86,87,89,90312996,98,99,
101,102,104,106,107,109, 110,112,113,115,186]120,121,
123,124,126,127);

6.16.-Dmux

library IEEE;

use |IEEE.STD_LOGIC_1164.ALL;
use |IEEE.STD_LOGIC_ARITH.ALL;
use |IEEE.STD_LOGIC_UNSIGNED.ALL;
entity DMUX is
Port (CLK :in STD_LOGIC; -- Tiene que funcionar a 4800QL* 2

Qint

sen :
Bf : out STD_LOGIC_VECTOR (7 downto 0);

Bl:
B2 :
B3:
B4 :
B5:
B6 :
B7:
B8 :
B9 :

B10:
B11:
B12:
B13:

B14

B15:

B16
B17

B18 :

:in STD_LOGIC_VECTOR (4 downto 0);
in integer;

out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
:out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
:out STD_LOGIC_VECTOR (7 downto 0);
:out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
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B19 : out STD_LOGIC_VECTOR (7 downto 0)
)i
end DMUX;
architecture Behavioral of DMUX is
signal Bf 5: STD_LOGIC_VECTOR (7 downto 0):= (otke>'0";
signal B1_5: STD_LOGIC_VECTOR (7 downto 0):= (aw>'0");
signal B2_5: STD_LOGIC_VECTOR (7 downto 0):= (aw=>'0");
signal B3_5: STD_LOGIC_VECTOR (7 downto 0):= (aw=>'0");
signal B4_5: STD_LOGIC_VECTOR (7 downto 0):= (atw>'0");
signal B5_5: STD_LOGIC_VECTOR (7 downto 0):= (aw>'0";
signal B6_5: STD_LOGIC_VECTOR (7 downto 0):= (adwe>'0";
signal B7_5: STD_LOGIC_VECTOR (7 downto 0):= (aw>'0";
signal B8 5: STD_LOGIC_VECTOR (7 downto 0):= (adwe>'0";
signal B9 5: STD_LOGIC_VECTOR (7 downto 0):= (adwe>'0";
signal B10_5: STD_LOGIC_VECTOR (7 downto 0):= (@ts=>'0";
signal B11_5: STD_LOGIC_VECTOR (7 downto 0):= (@ts=>'0";
signal B12_5: STD_LOGIC_VECTOR (7 downto 0):= @ts=>'0";
signal B13_5: STD_LOGIC_VECTOR (7 downto 0):= @ts=>'0";
signal B14_5: STD_LOGIC_VECTOR (7 downto 0):= @ts=>'0";
signal B15_5: STD_LOGIC_VECTOR (7 downto 0):= @ts=>'0";
signal B16_5 : STD_LOGIC_VECTOR (7 downto 0):= @ts=>'0";
signal B17_5: STD_LOGIC_VECTOR (7 downto 0):= (@ts=>'0";
signal B18 5 : STD_LOGIC_VECTOR (7 downto 0):= (@ts=>'0";
signal B19 5: STD_LOGIC_VECTOR (7 downto 0):= (@ts=>'0";
begin
Process (CLK) -- Se mantenga dato durante un ciclo
begin
if (CLK'event and CLK="1") then
if (Qint="00001") then Bf 5 <= conv_std_logic cter(sen,8);
elsif (Qint="00010") then B1_5 <= conv_std_logiector(sen,8);
elsif (Qint="00011") then B2_5 <= conv_std_logiector(sen,8);
elsif (Qint="00100") then B3_5 <= conv_std_logiector(sen,8);
elsif (Qint="00101") then B4_5 <= conv_std_logiector(sen,8);
elsif (Qint="00110") then B5_5 <= conv_std_logiector(sen,8);
elsif (Qint="00111") then B6_5 <= conv_std_logiector(sen,8);
elsif (Qint="01000") then B7_5 <= conv_std_logiector(sen,8);
elsif (Qint="01001") then B8_5 <= conv_std_logiector(sen,8);
elsif (Qint="01010") then B9_5 <= conv_std_logiector(sen,8);
elsif (Qint="01011") then B10_5 <= conv_std_logiector(sen,8);
elsif (Qint="01100") then B11_5 <= conv_std_logrector(sen,8);
elsif (Qint="01101") then B12_5 <= conv_std_logrector(sen,8);
elsif (Qint="01110") then B13_5 <= conv_std_logrector(sen,8);
elsif (Qint="01111") then B14_5 <= conv_std_logrector(sen,8);
elsif (Qint="10000") then B15_5 <= conv_std_logrector(sen,8);
elsif (Qint="10001") then B16_5 <= conv_std_logiector(sen,8);
elsif (Qint="10010") then B17_5 <= conv_std_logiector(sen,8);
elsif (Qint="10011") then B18 5 <= conv_std_logiector(sen,8);
elsif (Qint="10100") then B19 5 <= conv_std_logiector(sen,8);
end if;
end if;
end process;
Bf <= Bf 5;
Bl <=B1 5;
B2 <=B2_5;
B3 <= B3 _5;
B4 <= B4 _5;
B5 <= B5_5;
B6 <= B6_5;
B7 <= B7_5;
B8 <= B8_5;
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B9 <=B9_5;

B10 <= B10_5;
B11 <=B11 5;
B12 <=B12_5;
B13 <=B13 5;
B14 <=B14 5;
B15 <= B15 5;
B16 <= B16 _5;
B17 <= B17_5;
B18 <= B18 5;
B19 <=B19 5;
end Behavioral;

6.17.-FF2

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity FF2 is

Port (CLK :in STD_LOGIC; -- Tiene que funcionar a 48000*21

Qint: in STD_LOGIC_VECTOR (4 downto 0);
Bf_5:in STD_LOGIC_VECTOR (7 downto 0);
B1 5:in STD_LOGIC_VECTOR (7 downto 0);
B2_5:in STD_LOGIC_VECTOR (7 downto 0);
B3 5:in STD_LOGIC_VECTOR (7 downto 0);
B4 _5:in STD_LOGIC_VECTOR (7 downto 0);
B5 5:in STD_LOGIC_VECTOR (7 downto 0);
B6_5:in STD_LOGIC_VECTOR (7 downto 0);
B7_5:in STD_LOGIC_VECTOR (7 downto 0);
B8 5:in STD_LOGIC_VECTOR (7 downto 0);
B9 5:in STD_LOGIC_VECTOR (7 downto 0);
B10_5:in STD_LOGIC_VECTOR (7 downto 0);
B11_5:in STD_LOGIC_VECTOR (7 downto 0);
B12_5:in STD_LOGIC_VECTOR (7 downto 0);
B13_5:in STD_LOGIC_VECTOR (7 downto 0);
B14_5:in STD_LOGIC_VECTOR (7 downto 0);
B15_5:in STD_LOGIC_VECTOR (7 downto 0);
B16_5:in STD_LOGIC_VECTOR (7 downto 0);
B17_5:in STD_LOGIC_VECTOR (7 downto 0);
B18_5:in STD_LOGIC_VECTOR (7 downto 0);
B19 5:in STD_LOGIC_VECTOR (7 downto 0);
Bf : out STD_LOGIC_VECTOR (7 downto 0);
B1:out STD_LOGIC_VECTOR (7 downto 0);
B2 : out STD_LOGIC_VECTOR (7 downto 0);
B3 : out STD_LOGIC_VECTOR (7 downto 0);
B4 : out STD_LOGIC_VECTOR (7 downto 0);
B5 : out STD_LOGIC_VECTOR (7 downto 0);
B6 : out STD_LOGIC_VECTOR (7 downto 0);
B7 : out STD_LOGIC_VECTOR (7 downto 0);
B8 : out STD_LOGIC_VECTOR (7 downto 0);
B9 : out STD_LOGIC_VECTOR (7 downto 0);
B10 : out STD_LOGIC_VECTOR (7 downto 0);
B11 : out STD_LOGIC_VECTOR (7 downto 0);
B12 : out STD_LOGIC_VECTOR (7 downto 0);
B13 :out STD_LOGIC_VECTOR (7 downto 0);
B14 : out STD_LOGIC_VECTOR (7 downto 0);
B15 : out STD_LOGIC_VECTOR (7 downto 0);
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B16 :
B17 :
B18:
B19:

out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0);
out STD_LOGIC_VECTOR (7 downto 0)

);
end FF2;

architecture Behavioral of FF2 is
signal Bf_FF : STD_LOGIC_VECTOR (7 downto 0):= (eth=>'0");

signal B1_FF :
signal B2_FF :
signal B3_FF :
signal B4_FF :
signal B5_FF :
signal B6_FF :
signal B7_FF :
signal B8 _FF :
signal B9_FF :

signal B10_FF :
signal B11_FF :
signal B12_FF :
signal B13_FF :
signal B14_FF :
signal B15_FF :
signal B16_FF :
signal B17_FF :
signal B18_FF :
signal B19_FF :

begin
Process (CLK)
begin

end process;
Bf <= Bf_FF;
Bl <= B1_FF;
B2 <= B2_FF;
B3 <= B3_FF;
B4 <= B4_FF;

STD_LOGIC_VECTOR (7 downto 0):= (@t=>'0";
STD_LOGIC_VECTOR (7 downto 0):= (@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):= (@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):= (@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):= (@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):= (@t=>'0";
STD_LOGIC_VECTOR (7 downto 0):= (@t=>'0";
STD_LOGIC_VECTOR (7 downto 0):= (@t=>'0";
STD_LOGIC_VECTOR (7 downto 0):= (@t=>'0");
STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0");
STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0";
STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0";

if (CLK'event and CLK="1") then
if (Qint="00000") then -- almacena datos ntiias son constantes

Bf FF <= Bf 5;

Bl FF<=B1_5;
B2 _FF <=B2_5;
B3 FF <=B3_5;
B4 _FF <=B4_5;
B5 FF <=B5_5;
B6_FF <= B6_5;
B7 FF<=B7_5;
B8 FF <=B8 5;
B9 FF<=B9 5;
B10 FF <=B10_5;
B11 FF <=B11 5;
B12 FF <=B12 5;
B13_FF <= B13_5;
B14 FF <= B14_5;
B15 FF <= B15_5;
B16_FF <= B16 _5;
B17_FF <=B17_5;
B18 FF <=B18 5;
B19 FF <=B19 5;

end if;
end if;
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B5 <= B5_FF;
B6 <= B6_FF;
B7 <= B7_FF;
B8 <= B8_FF;
B9 <= B9_FF;
B10 <= B10_FF;
B11 <=B11 FF;
B12 <=B12 FF;
B13 <=B13 FF;
B14 <= B14 FF;
B15 <= B15_FF;
B16 <= B16_FF;
B17 <=B17_FF;
B18 <=B18 FF;
B19 <=B19_FF;

end Behavioral;

6.19.-Mult

library IEEE;

use |IEEE.STD_LOGIC_1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |IEEE.STD_LOGIC_UNSIGNED.ALL;

entity mult is

Port ( ampfund : in STD_LOGIC_VECTOR (7 dowi®ip
ampl :in STD_LOGIC _VECTOR (7 downto 0);
amp2 :in STD_LOGIC_VECTOR (7 downto 0);
amp3 :in STD_LOGIC_VECTOR (7 downto 0);
amp4 :in STD_LOGIC_VECTOR (7 downto 0);
amp5 :in STD_LOGIC_VECTOR (7 downto 0);
amp6 :in STD_LOGIC_VECTOR (7 downto 0);
amp7 :in STD_LOGIC_VECTOR (7 downto 0);
amp8 :in STD_LOGIC_VECTOR (7 downto 0);
amp9 :in STD_LOGIC_VECTOR (7 downto 0);
ampl0 :in STD_LOGIC_VECTOR (7 downto 0);
ampll:in STD_LOGIC _VECTOR (7 downto 0);
ampl2 :in STD_LOGIC_VECTOR (7 downto 0);
ampl3:in STD_LOGIC_VECTOR (7 downto 0);
ampl4 :in STD_LOGIC_VECTOR (7 downto 0);
ampl5 :in STD_LOGIC_VECTOR (7 downto 0);
ampl6 :in STD_LOGIC_VECTOR (7 downto 0);
ampl? :in STD_LOGIC_VECTOR (7 downto 0);
ampl8 :in STD_LOGIC_VECTOR (7 downto 0);
ampl9 :in STD_LOGIC_VECTOR (7 downto 0);
Bf_FF :in STD_LOGIC_VECTOR (7 downto 0);
B1_FF:in STD_LOGIC_VECTOR (7 downto 0);
B2_FF :in STD_LOGIC_VECTOR (7 downto 0);
B3_FF:in STD_LOGIC_VECTOR (7 downto 0);
B4_FF :in STD_LOGIC_VECTOR (7 downto 0);
B5_FF :in STD_LOGIC_VECTOR (7 downto 0);
B6_FF : in STD_LOGIC_VECTOR (7 downto 0);
B7_FF :in STD_LOGIC_VECTOR (7 downto 0);
B8 FF:in STD_LOGIC_VECTOR (7 downto 0);
B9_FF:in STD_LOGIC_VECTOR (7 downto 0);
B10_FF :in STD_LOGIC_VECTOR (7 downto 0);
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ampl0 :in STD_LOGIC_VECTOR (7 downto 0);
ampll:in STD_LOGIC _VECTOR (7 downto 0);
ampl2 :in STD_LOGIC_VECTOR (7 downto 0);
ampl3:in STD_LOGIC_VECTOR (7 downto 0);
ampl4 :in STD_LOGIC_VECTOR (7 downto 0);
ampl5 :in STD_LOGIC_VECTOR (7 downto 0);
ampl6 :in STD_LOGIC_VECTOR (7 downto 0);
ampl? :in STD_LOGIC_VECTOR (7 downto 0);
ampl8 :in STD_LOGIC_VECTOR (7 downto 0);
ampl9 :in STD_LOGIC_VECTOR (7 downto 0);
Bf_FF :in STD_LOGIC_VECTOR (7 downto 0);
B1_FF :in STD_LOGIC_VECTOR (7 downto 0);
B2_FF :in STD_LOGIC_VECTOR (7 downto 0);
B3_FF :in STD_LOGIC_VECTOR (7 downto 0);
B4_FF :in STD_LOGIC_VECTOR (7 downto 0);
B5_FF :in STD_LOGIC_VECTOR (7 downto 0);
B6_FF :in STD_LOGIC_VECTOR (7 downto 0);
B7_FF :in STD_LOGIC_VECTOR (7 downto 0);
B8_FF :in STD_LOGIC_VECTOR (7 downto 0);
B9 _FF :in STD_LOGIC_VECTOR (7 downto 0);
B10_FF :in STD_LOGIC_VECTOR (7 downto 0);
B11 FF:in STD_LOGIC_VECTOR (7 downto 0);
B12_FF :in STD_LOGIC_VECTOR (7 downto 0);
B13 FF:in STD_LOGIC_VECTOR (7 downto 0);
B14 FF :in STD_LOGIC_VECTOR (7 downto 0);
B15 FF:in STD_LOGIC_VECTOR (7 downto 0);
B16_FF :in STD_LOGIC_VECTOR (7 downto 0);
B17_FF :in STD_LOGIC_VECTOR (7 downto 0);
B18 FF :in STD_LOGIC_VECTOR (7 downto 0);
B19 FF:in STD_LOGIC_VECTOR (7 downto 0);
Bf 6:out STD_LOGIC_VECTOR (15 downto 0);
B1 6:out STD_LOGIC_VECTOR (15 downto 0);
B2_6:out STD_LOGIC_VECTOR (15 downto 0);
B3_6: out STD_LOGIC_VECTOR (15 downto 0);
B4_6:out STD_LOGIC_VECTOR (15 downto 0);
B5_6:out STD_LOGIC_VECTOR (15 downto 0);
B6_6 : out STD_LOGIC_VECTOR (15 downto 0);
B7_6:out STD_LOGIC_VECTOR (15 downto 0);
B8_6: out STD_LOGIC_VECTOR (15 downto 0);
B9 6:out STD_LOGIC_VECTOR (15 downto 0);
B10_6:out STD_LOGIC_VECTOR (15 downto 0);
B11 6:out STD_LOGIC_VECTOR (15 downto 0);
B12 6 :out STD_LOGIC_VECTOR (15 downto 0);
B13 6:out STD_LOGIC_VECTOR (15 downto 0);
B14 6 :out STD_LOGIC_VECTOR (15 downto 0);
B15 6 :out STD_LOGIC_VECTOR (15 downto 0);
B16_6: out STD_LOGIC_VECTOR (15 downto 0);
B17_6:out STD_LOGIC_VECTOR (15 downto 0);
B18 6 :out STD_LOGIC_VECTOR (15 downto 0);
B19 6 :out STD_LOGIC_VECTOR (15 downto 0)
)i
end mult;
architecture Behavioral of mult is
begin
Bf 6 <= Bf FF * ampfund,;
Bl 6 <=B1 FF*ampl;
B2_6 <=B2_FF * amp2;
B3_6 <=B3_FF * amps;
B4 6 <=B4 FF *amp:
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B5_6 <= B5_FF * amp5;
B6_6 <= B6_FF * amp6;
B7_6 <= B7_FF * amp7;
B8 6 <= B8 FF * amp8;
B9 6 <= B9 _FF * amp9;
B10_6 <= B10_FF * amp10;
B11 6 <=B11 FF *ampll,
B12_6 <= B12_FF * amp12,
B13 6 <= B13_FF * ampl3;
B14 6 <=B14 FF * ampl4,
B15_6 <= B15_FF * amp15;
B16_6 <= B16_FF * amp16;
B17_6 <= B17_FF * ampl7;
B18_6 <= B18_FF * amp18;
B19_6 <= B19_FF * amp19;
end Behavioral;

Offset

library IEEE;

use |IEEE.STD_LOGIC_1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |IEEE.STD_LOGIC_UNSIGNED.ALL;

entity offset is

Port ( ampfund : in STD_LOGIC_VECTOR (7 dowi®ip

ampl :in STD_LOGIC_VECTOR (7 downto 0);
amp2 :in STD_LOGIC_VECTOR (7 downto 0);
amp3 :in STD_LOGIC_VECTOR (7 downto 0);
amp4 :in STD_LOGIC_VECTOR (7 downto 0);
amp5 :in STD_LOGIC_VECTOR (7 downto 0);
amp6 :in STD_LOGIC_VECTOR (7 downto 0);
amp7 :in STD_LOGIC_VECTOR (7 downto 0);
amp8 :in STD_LOGIC_VECTOR (7 downto 0);
amp9 :in STD_LOGIC_VECTOR (7 downto 0);
ampl0 :in STD_LOGIC_VECTOR (7 downto 0);
ampll :in STD_LOGIC_VECTOR (7 downto 0);
ampl?2 :in STD_LOGIC_VECTOR (7 downto 0);
ampl3:in STD_LOGIC_VECTOR (7 downto 0);
ampl4 :in STD_LOGIC_VECTOR (7 downto 0);
ampl5 :in STD_LOGIC_VECTOR (7 downto 0);
ampl6 :in STD_LOGIC_VECTOR (7 downto 0);
ampl?7 :in STD_LOGIC_VECTOR (7 downto 0);
ampl8 :in STD_LOGIC_VECTOR (7 downto 0);
ampl9 :in STD_LOGIC_VECTOR (7 downto 0);
Bf_6:in STD_LOGIC_VECTOR (15 downto 0);
B1 6:in STD_LOGIC_VECTOR (15 downto 0);
B2_6:in STD_LOGIC_VECTOR (15 downto 0);
B3 6:in STD_LOGIC_VECTOR (15 downto 0);
B4 _6:in STD_LOGIC_VECTOR (15 downto 0);
B5_6:in STD_LOGIC_VECTOR (15 downto 0);
B6_6:in STD_LOGIC_VECTOR (15 downto 0);
B7_6:in STD_LOGIC_VECTOR (15 downto 0);
B8 6:in STD_LOGIC_VECTOR (15 downto 0);
B9 _6:in STD_LOGIC_VECTOR (15 downto 0);
B10_6:in STD_LOGIC_VECTOR (15 downto 0);
B11_6:in STD_LOGIC_VECTOR (15 downto 0);
B12_6:in STD_LOGIC_VECTOR (15 downto 0);
B13_6:in STD_LOGIC_VECTOR (15 downto 0);
B14_6:in STD_LOGIC_VECTOR (15 downto 0);
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B15 6:in STD_LOGIC_VECTOR (15 downto 0);
B16_6:in STD_LOGIC_VECTOR (15 downto 0);
B17_6:in STD_LOGIC_VECTOR (15 downto 0);
B18 6:in STD_LOGIC_VECTOR (15 downto 0);
B19 6:in STD_LOGIC_VECTOR (15 downto 0);
Bf 7 :out STD_LOGIC_VECTOR (15 downto 0);
B1 7:out STD_LOGIC_VECTOR (15 downto 0);
B2_7:out STD_LOGIC_VECTOR (15 downto 0);
B3_7:out STD_LOGIC_VECTOR (15 downto 0);
B4 _7:out STD_LOGIC_VECTOR (15 downto 0);
B5_7 :out STD_LOGIC_VECTOR (15 downto 0);
B6_7 : out STD_LOGIC_VECTOR (15 downto 0);
B7_7 :out STD_LOGIC_VECTOR (15 downto 0);
B8_7 : out STD_LOGIC_VECTOR (15 downto 0);
B9_7 :out STD_LOGIC_VECTOR (15 downto 0);
B10_7 : out STD_LOGIC_VECTOR (15 downto 0);
B11 7 :out STD_LOGIC_VECTOR (15 downto 0);
B12 7 :out STD_LOGIC_VECTOR (15 downto 0);
B13 7 :out STD_LOGIC_VECTOR (15 downto 0);
B14 7 :out STD_LOGIC_VECTOR (15 downto 0);
B15 7 :out STD_LOGIC_VECTOR (15 downto 0);
B16_7 : out STD_LOGIC_VECTOR (15 downto 0);
B17_7 :out STD_LOGIC_VECTOR (15 downto 0);
B18 7 :out STD_LOGIC_VECTOR (15 downto 0);
B19 7 :out STD_LOGIC_VECTOR (15 downto 0)
)i

end offset;
architecture Behavioral of offset is

signal max1 : STD_LOGIC_VECTOR (7 downto 0):= (atw>'0";
signal max2 : STD_LOGIC_VECTOR (7 downto 0):= (atw>'0";
signal cont : STD_LOGIC_VECTOR (15 downto 0):= (@ts=>'0");
signal med : STD_LOGIC_VECTOR (7 downto 0):= (otwer'0");
signal divf : STD_LOGIC_VECTOR (15 downto 0):=ljers=>'0";
signal divl : STD_LOGIC_VECTOR (15 downto 0):=Hets=>'0");
signal div2 : STD_LOGIC_VECTOR (15 downto 0):=Hets=>'0");
signal div3 : STD_LOGIC_VECTOR (15 downto 0):=Hets=>'0");
signal div4 : STD_LOGIC_VECTOR (15 downto 0):=Hets=>'0";
signal div5 : STD_LOGIC_VECTOR (15 downto 0):=lets=>'0");
signal divé : STD_LOGIC_VECTOR (15 downto 0):=lets=>'0");
signal div7 : STD_LOGIC_VECTOR (15 downto 0):=lets=>'0");
signal div8 : STD_LOGIC_VECTOR (15 downto 0):=lets=>'0");
signal div9 : STD_LOGIC_VECTOR (15 downto 0):=lets=>'0");
signal divl0: STD_LOGIC_VECTOR (15 downto 0):tHers=>'0";
signal divll : STD_LOGIC_VECTOR (15 downto 0):tHers=>'0";
signal divl2 : STD_LOGIC_VECTOR (15 downto 0):tHers=>'0";
signal divi3: STD_LOGIC_VECTOR (15 downto 0):#Hers=>'0";
signal divl4 : STD_LOGIC_VECTOR (15 downto 0):tHers=>'0";
signal divl5: STD_LOGIC_VECTOR (15 downto 0):#Hers=>'0";
signal divl6 : STD_LOGIC_VECTOR (15 downto 0):#Hers=>'0");
signal divl7 : STD_LOGIC_VECTOR (15 downto 0):#Hers=>'0");
signal divli8 : STD_LOGIC_VECTOR (15 downto 0):#Hers=>'0");
signal divl9 : STD_LOGIC_VECTOR (15 downto 0):#Hers=>'0");
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begin

end Behaviora

max1 <= conv_std_logic_vector(255,8); -- cambigpehdiendo amplitud maxima men
sen

max2 <= conv_std_logic_vector(78,8); -- 156/2 cambependiendo de amplitud
maxima entre todos los instrumentos

cont <= (max1 * max2); -- valor de offset

med <= conv_std_logic_vector(128,8); -- 255/2 apas

divf <= (ampfund * med); -- sacar punto mediGae

divl <= (ampl * med);

div2 <= (amp2 * med);

div3 <= (amp3 * med);

div4 <= (amp4 * med);

div5 <= (amp5 * med);

divé <= (amp6 * med);

div7 <= (amp7 * med);

div8 <= (amp8 * med);

div9 <= (amp9 * med);

div10 <= (ampl10 * med);

divll <= (ampll * med);

divl2 <= (ampl12 * med);

divl3 <= (ampl13 * med);

divl4 <= (ampl4 * med);

divl5 <= (amp15 * med);

divl6 <= (ampl16 * med);

divl7 <= (ampl7 * med);

divl8 <= (ampl18 * med);

divl9 <= (ampl19 * med);

Bf 7 <= Bf 6 + cont - divf; -- sumar diferencia
B1_7 <=B1_6 + cont - div1,;
B2_7 <=B2_6 + cont - div2;
B3_7 <= B3_6 + cont - div3;
B4 7 <= B4 _6 + cont - div4;
B5_7 <= B5_6 + cont - div5;
B6_7 <= B6_6 + cont - div6;
B7_7 <=B7_6 + cont - div7;
B8_7 <= B8_6 + cont - div8;
B9_7 <= B9_6 + cont - div9;
B10_7 <= B10_6 + cont - div10;
B11_7 <= B11_6 + cont - divl1;
B12_7 <=B12_6 + cont - div12,
B13_7 <=B13_6 + cont - div13;
B14 7 <=B14 6 + cont - divl4;
B15_7 <= B15_6 + cont - div15;
B16_7 <= B16_6 + cont - div16;
B17_7 <=B17_6 + cont - div17,
B18_7 <= B18_6 + cont - div18;
B19_7 <= B19_6 + cont - div19;

6.21.-Suma

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity suma is
Port ( Bf_7 :in STD_LOGIC_VECTOR (15 downtyy O

B1_7:in STD_LOGIC_VECTOR (15 downto 0);
B2 7:in STD_LOGIC VECTOR (15 downto
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B3_7:in STD_LOGIC_VECTOR (15 downto 0);
B4 7:in STD_LOGIC_VECTOR (15 downto 0);
B5 7:in STD_LOGIC_VECTOR (15 downto 0);
B6 7 :in STD_LOGIC_VECTOR (15 downto 0);
B7 _7:in STD_LOGIC_VECTOR (15 downto 0);
B8 7:in STD_LOGIC_VECTOR (15 downto 0);
B9 7:in STD_LOGIC_VECTOR (15 downto 0);
B10_7:in STD_LOGIC_VECTOR (15 downto 0);
B11 7:in STD_LOGIC_VECTOR (15 downto 0);
B12 7 :in STD_LOGIC_VECTOR (15 downto 0);
B13 7:in STD_LOGIC_VECTOR (15 downto 0);
B14 7 :in STD_LOGIC_VECTOR (15 downto 0);
B15 7:in STD_LOGIC_VECTOR (15 downto 0);
B16 _7:in STD_LOGIC_VECTOR (15 downto 0);
B17 _7:in STD_LOGIC_VECTOR (15 downto 0);
B18 7:in STD_LOGIC_VECTOR (15 downto 0);
B19 7:in STD_LOGIC_VECTOR (15 downto 0);
Sal: out STD_LOGIC_VECTOR (19 downto 0)
);

end suma;

architecture Behavioral of suma is

begin

Sal <="0000"&Bf 7+B1 7+B2 7+B3 7+B4 B 7+B6 7+B7 7+B8 7+B9 7+
B10 7+B11 7+B12 7+B13 7 +B14 7 +B15 716B7 + B17_7 +B18 7 + B19 _7;

end Behavioral;

Ajuste

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity ajuste is

Port (Ent:in STD_LOGIC_VECTOR (19 downtq 0)

Sall: out STD_LOGIC_VECTOR (23 downto 0);
Sal2 : out STD_LOGIC_VECTOR (23 downto 0)

);

end ajuste;

architecture Behavioral of ajuste is

begin

Sall <="0" & Ent & "000"; -- Dependiendo dzsl0 que tengamos delante y detras variara
volumen

Sal2 <="0" & Ent & "000"; -- otro canal

end Behavioral;

6.23.-Arp

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use |IEEE.STD_LOGIC_UNSIGNED.ALL;

entity arp is
Port (CLK :in STD_LOGIC; -- Tiene que funcionar a 48000
notas : in STD_LOGIC_VECTOR (11 downto 0); -- Bletrpa
des:in STD_LOGIC_VECTOR (11 downto 0); -- Intgstores para desactivar notas

Sal: out STD_LOGIC_VECTOR (11 downto 0)
)i

el
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end arp;
architecture Behavioral of arp is
signal Salint : STD_LOGIC_VECTOR (11 downto 0):#Hers=>'0";
begin
Process (CLK)
begin
if (CLK'event and CLK="1") then
if (des(11)="1") then Salint(11) <= notas(11);
else Salint(11)<="0"
end if;
if (des(10)="1") then Salint(10) <= notas(10);
else Salint(10)<="0";
end if;
if (des(9)="1") then Salint(9) <= notas(9);
else Salint(9)<='0";
end if;
if (des(8)="1") then Salint(8) <= notas(8);
else Salint(8)<='0";
end if;
if (des(7)="1") then Salint(7) <= notas(7);
else Salint(7)<='0";
end if;
if (des(6)="1") then Salint(6) <= notas(6);
else Salint(6)<='0";
end if;
if (des(5)="1") then Salint(5) <= notas(5);
else Salint(5)<='0";
end if;
if (des(4)="1") then Salint(4) <= notas(4);
else Salint(4)<='0";
end if;
if (des(3)="1") then Salint(3) <= notas(3);
else Salint(3)<='0";
end if;
if (des(2)="1") then Salint(2) <= notas(2);
else Salint(2)<='0";
end if;
if (des(1)="1") then Salint(1) <= notas(1);
else Salint(1)<='0";
end if;
if (des(0)="1") then Salint(0) <= notas(0);
else Salint(0)<="0";
end if;
end if;
end process;
Sal <= Salint;
end Behavioral,

Calc_notas

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity calc_notas is
Port (CLK :in STD_LOGIC;
notasent : in STD_LOGIC_VECTOR (11 downto 0);

notal : out STD_LOGIC_VECTOR (4 downto 0);
nota? : out STD_LOGIC_VECTOR (4 downto 0)

);

-- Tiene que funcionar a 480D0
A& arpa solo tenemos 12

notasde Ca C - F/IG
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end calc_notas;
architecture Behavioral of calc_notas is
signal i11 : STD_LOGIC_VECTOR (4 downto 0):= (otker'0";
signal i10 : STD_LOGIC_VECTOR (4 downto 0):= (otber'0);
signal i9 : STD_LOGIC_VECTOR (4 downto 0):= (otherd");
signal i8 : STD_LOGIC_VECTOR (4 downto 0):= (otherd");
signal i7 : STD_LOGIC_VECTOR (4 downto 0):= (otherd");
signal i6 : STD_LOGIC_VECTOR (4 downto 0):= (otherd");
signal i5 : STD_LOGIC_VECTOR (4 downto 0):= (otherd");
signal i4 : STD_LOGIC_VECTOR (4 downto 0):= (otherd");
signal i3 : STD_LOGIC_VECTOR (4 downto 0):= (otherd");
signal i2 : STD_LOGIC_VECTOR (4 downto 0):= (otherd");
signal il : STD_LOGIC_VECTOR (4 downto 0):= (otherd");
signal i0 : STD_LOGIC_VECTOR (4 downto 0):= (otherd");
signal cant_notas : STD_LOGIC_VECTOR (4 downto @nthers=>'0";
signal notalint : STD_LOGIC _VECTOR (4 downto 0)others=>'0";
signal nota2int : STD_LOGIC_VECTOR (4 downto 0)others=>'0";
begin
Process (CLK)
begin
if notasent(11)="1" then i11<="00001"; else i1166000";end if;
if notasent(10)="1" then i10<="00001"; else i10686000";end if;
if notasent(9)="1" then i9<="00001"; else 19<="000;end if;
if notasent(8)="1' then i8<="00001"; else i8<="000;end if;
if notasent(7)="1" then i7<="00001"; else i7<="000;end if;
if notasent(6)="1' then i6<="00001"; else i6<="000;end if;
if notasent(5)="1" then i5<="00001"; else i5<="000;end if;
if notasent(4)="1' then i4<="00001"; else i4<="000;end if;
if notasent(3)="1" then i3<="00001"; else i3<="000;end if;
if notasent(2)="1" then i2<="00001"; else i2<="000;end if;
if notasent(1)="1' then i1<="00001"; else i1<="000;end if;
if notasent(0)="1" then i0<="00001"; else i0<="000;end if;
end process;
cant_notas <= i11+i10+i9+i8+i7+i6+i5+i4+i3+i2+i1+i0
Process (CLK)
begin
if (CLK'event and CLK="1") then
if (cant_notas=0) then
notalint <= "00000";
nota2int <= "00000";
elsif (cant_notas=1) then
if (notasent(11)="1") then
notalint <= "01110";
nota2int <= "00000";
elsif (notasent(10)="1") then
notalint <= "01101";
nota2int <= "00000";
elsif (notasent(9)="1") then
notalint <= "01100";
nota2int <= "00000";
elsif (notasent(8)="1") then
notalint <= "01011";
nota2int <= "00000";
elsif (notasent(7)="1") then
notalint <= "01010";
nota2int <= "00000";
elsif (notasent(6)="1") then
notalint <= "01001";
nota2int <= "00000";
elsif (notasent(5)="1") then
notalint <= "00111";
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nota2int <= "00000";
elsif (notasent(4)="1") then
notalint <= "00110";
nota2int <= "00000";
elsif (notasent(3)="1") then
notalint <= "00101";
nota2int <= "00000";
elsif (notasent(2)="1") then
notalint <= "00100";
nota2int <= "00000";
elsif (notasent(1)="1") then
notalint <= "00011";
nota2int <= "00000";
elsif (notasent(0)="1") then
notalint <= "00010";
nota2int <= "00000";
end if;
elsif (cant_notas > 1) then
if (notasent(11)="1") then
if notasent(0)="1" then
notalint <= "01110";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "01110";
nota2int <= "00011";
elsif notasent(2)="1' then
notalint <="01110";
nota2int <= "00100";
elsif notasent(3)="1' then
notalint <= "01110";
nota2int <= "00101";
elsif notasent(4)="1' then
notalint <= "01110";
nota2int <= "00110";
elsif notasent(5)="1' then
notalint <= "01110";
nota2int <= "00111";
elsif notasent(6)="1' then
notalint <="01110";
nota2int <= "01001";
elsif notasent(7)="1' then
notalint <= "01110";
nota2int <= "01010";
elsif notasent(8)="1' then
notalint <= "01110";
nota2int <= "01011";
elsif notasent(9)="1' then
notalint <= "01110";
nota2int <= "01100";
elsif notasent(10)="1" then
notalint <= "01110";
nota2int <= "01101";
end if;
elsif (notasent(10)="1") then
if notasent(0)="1" then
notalint <= "01101";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "01101";
nota2int <= "00011";
elsif notasent(2)="1' then
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notalint <= "01101";
nota2int <= "00100";
elsif notasent(3)="1' then
notalint <= "01101";
nota2int <= "00101";
elsif notasent(4)="1' then
notalint <= "01101";
nota2int <= "00110";
elsif notasent(5)="1' then
notalint <= "01101";
nota2int <= "00111";
elsif notasent(6)="1' then
notalint <= "01101";
nota2int <= "01001";
elsif notasent(7)="1' then
notalint <= "01101";
nota2int <= "01010";
elsif notasent(8)="1' then
notalint <= "01101";
nota2int <= "01011";
elsif notasent(9)="1' then
notalint <= "01101";
nota2int <= "01100";
end if;
elsif (notasent(9)="1") then
if notasent(0)="1" then
notalint <= "01100";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "01100";
nota2int <= "00011";
elsif notasent(2)="1' then
notalint <= "01100";
nota2int <= "00100";
elsif notasent(3)="1' then
notalint <= "01100";
nota2int <= "00101";
elsif notasent(4)="1' then
notalint <= "01100";
nota2int <= "00110";
elsif notasent(5)="1' then
notalint <= "01100";
nota2int <= "00111";
elsif notasent(6)="1' then
notalint <= "01100";
nota2int <= "01001";
elsif notasent(7)="1' then
notalint <= "01100";
nota2int <= "01010";
elsif notasent(8)="1' then
notalint <= "01100";
nota2int <= "01011";
end if;
elsif (notasent(8)="1") then
if notasent(0)="1" then
notalint <= "01011";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "01011";
nota2int <= "00011";
elsif notasent(2)="1' then
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notalint <= "01011";
nota2int <= "00100";
elsif notasent(3)="1' then
notalint <= "01011";
nota2int <= "00101";
elsif notasent(4)="1' then
notalint <= "01011";
nota2int <= "00110";
elsif notasent(5)="1' then
notalint <= "01011";
nota2int <= "00111";
elsif notasent(6)="1' then
notalint <= "01011";
nota2int <= "01001";
elsif notasent(7)="1' then
notalint <= "01011";
nota2int <= "01010";
end if;
elsif (notasent(7)="1") then
if notasent(0)="1" then
notalint <= "01010";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "01010";
nota2int <= "00011";
elsif notasent(2)="1' then
notalint <= "01010";
nota2int <= "00100";
elsif notasent(3)="1' then
notalint <= "01010";
nota2int <= "00101";
elsif notasent(4)="1' then
notalint <= "01010";
nota2int <= "00110";
elsif notasent(5)="1' then
notalint <= "01010";
nota2int <= "00111";
elsif notasent(6)="1' then
notalint <= "01010";
nota2int <= "01001";
end if;
elsif (notasent(6)="1") then
if notasent(0)="1" then
notalint <= "01001";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "01001";
nota2int <= "00011";
elsif notasent(2)="1' then
notalint <= "01001";
nota2int <= "00100";
elsif notasent(3)="1' then
notalint <= "01001";
nota2int <= "00101";
elsif notasent(4)="1' then
notalint <= "01001";
nota2int <= "00110";
elsif notasent(5)="1' then
notalint <= "01001";
nota2int <= "00111";
end if;

109



end if;
end if;
end process;
notal <= notalint;
nota2 <= nota2int;
end Behavioral;

elsif (notasent(5)="1") then
if notasent(0)="1" then
notalint <= "00111";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "00111";
nota2int <= "00011";
elsif notasent(2)="1' then
notalint <= "00111";
nota2int <= "00100";
elsif notasent(3)="1' then
notalint <= "00111";
nota2int <= "00101";
elsif notasent(4)="1' then
notalint <="00111";
nota2int <= "00110";
end if;
elsif (notasent(4)="1") then
if notasent(0)="1" then
notalint <= "00110";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "00110";
nota2int <= "00011";
elsif notasent(2)="1' then
notalint <= "00110";
nota2int <= "00100";
elsif notasent(3)="1' then
notalint <= "00110";
nota2int <= "00101";
end if;
elsif (notasent(3)="1") then
if notasent(0)="1" then
notalint <= "00101";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "00101";
nota2int <= "00011";
elsif notasent(2)="1' then
notalint <= "00101";
nota2int <= "00100";
end if;
elsif (notasent(2)="1") then
if notasent(0)="1" then
notalint <= "00100";
nota2int <= "00010";
elsif notasent(1)="1' then
notalint <= "00100";
nota2int <= "00011";
end if;
elsif (notasent(1)="1") then
notalint <= "00100";
nota2int <= "00010";
end if;
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Sumfin

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity sumfin is

Port ( Entl : in STD_LOGIC_VECTOR (23 downtgp O

Entl 2:in STD_LOGIC_VECTOR (23 downto 0);
Ent2 : in STD_LOGIC_VECTOR (23 downto 0);
Ent2_2:in STD_LOGIC_VECTOR (23 downto 0);
Sall : out STD_LOGIC_VECTOR (23 downto 0);
Sal2 : out STD_LOGIC_VECTOR (23 downto 0)
)i

end sumfin;

architecture Behavioral of sumfin is

begin

Sall <= Entl + Ent2;

Sal2 <= Entl_2 + Ent2_2;

end Behavioral;

Invertir

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity invertir is
Port (CLK :in STD_LOGIC;
notas : in STD_LOGIC_VECTOR (11 downto 0);
notas_inv : out STD_LOGIC_VECTOR (11 downto 0) );
end invertir;
architecture Behavioral of invertir is
signal Salint : STD_LOGIC_VECTOR (11 downto 0):#Hers=>'0";

begin

Process (CLK)

begin

if (CLK'event and CLK="1") then

if (notas(11)='0") then Salint(11) <="1";
else Salint(11)<='0";
end if;
if (notas(10)='0") then Salint(10) <="1";
else Salint(10)<='0";
end if;
if (notas(9)='0") then Salint(9) <="1";
else Salint(9)<='0";
end if;
if (notas(8)="'0") then Salint(8) <="1";
else Salint(8)<="'0";
end if;
if (notas(7)='0") then Salint(7) <="1";
else Salint(7)<='0";
end if;
if (notas(6)='0") then Salint(6) <="1";
else Salint(6)<='0";
end if;
if (notas(5)='0") then Salint(5) <="1";
else Salint(5)<='0";
end if;
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if (notas(4)='0") then Salint(4) <="1";
else Salint(4)<='0";

end if;

if (notas(3)='0") then Salint(3) <="1";
else Salint(3)<='0";

end if;

if (notas(2)='0") then Salint(2) <="1";
else Salint(2)<='0";

end if;

if (notas(1)='0") then Salint(1) <="1";
else Salint(1)<='0";

end if;

if (notas(0)='0") then Salint(0) <="1";
else Salint(0)<='0";

end if;

end if;
end process;
notas_inv <= Salint;
end Behaviora

Deteccion

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity deteccion is

Port (CLK :in STD_LOGIC; notasent : in
STD_LOGIC_VECTOR (11 downto 0); en:in STD_L@G
des: out STD_LOGIC _VECTOR (11 downto 0)
)i

end deteccion;
architecture Behavioral of deteccion is
signal Salint : STD_LOGIC_VECTOR (11 downto 0):#Hers=>'0";
begin
Process (CLK)
begin

if (CLK'event and CLK="1") then

if (en='0"then

if (notasent(11)="1") then Salint(11) <="0";
else Salint(11)<="1";

end if;

if (notasent(10)="1") then Salint(10) <="0";
else Salint(10)<="1";

end if;

if (notasent(9)="1") then Salint(9) <="0";
else Salint(9)<="1"

end if;

if (notasent(8)="1") then Salint(8) <="0";
else Salint(8)<="1";

end if;

if (notasent(7)="1") then Salint(7) <="'0";
else Salint(7)<="1";

end if;

if (notasent(6)="1") then Salint(6) <="'0";
else Salint(6)<="1";

end if;

if (notasent(5)="1") then Salint(5) <="0";
else Salint(5)<="1"

end if;
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if (notasent(4)="1") then Salint(4) <="0";
else Salint(11)<="1";
end if;
if (notasent(3)="1") then Salint(3) <="'0";
else Salint(3)<="1"
end if;
if (notasent(2)="1") then Salint(2) <="0";
else Salint(2)<="1"
end if;
if (notasent(1)="1") then Salint(1) <="'0";
else Salint(1)<="1";
end if;
if (notasent(0)="1") then Salint(0) <="0";
else Salint(0)<="1";
end if;
else Salint <= Salint;
end if;
end if;

end process;

des <= Salint;

end Behavioral,

Seleccidén

library IEEE;

use |IEEE.STD_LOGIC_1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |IEEE.STD_LOGIC_UNSIGNED.ALL;

entity seleccion is
Port ( sel : in std_logic;
clk : in std_logic;
notas_arp :in STD_LOGIC_VECTOR (11 downto 0);
notas_int :in STD_LOGIC_VECTOR (11 downto O)netas
interruptor
notas_sel: out STD_LOGIC_VECTOR (11 downto 0)
)i
end seleccion;
architecture Behavioral of seleccion is
signal inter : STD_LOGIC_VECTOR (11 downto 0);
begin
Process (CLK)
begin
if (CLK'event and CLK="1") then
if (sel="1") then inter <= notas_arp;
else inter <= notas_int;
end if;
end if;
end process;
notas_sel <= inter;
end Behavioral,
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LED2

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity LED2 is
Port ( notas_sel : in STD_LOGIC_VECTOR (11 d¢m0);
leds : out STD_LOGIC_VECTOR (11 dowi;
end LEDZ;
architecture Behavioral of LED2 is
begin
leds <= notas_sel,;
end Behavioral;

LEDS

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity LED3 is
Port ( INIT : IN std_logic;
CLK : IN std_logic;
W_EN : IN std_logic;
RST :in STD_LOGIC;
sel : IN std_logic; --modo
num_inst : in STD_LOGIC_VECTOR (1 dowi);
LED_config : out STD_LOGIC_VECTOR (2 downto 0);
LED_modo : out std_logic;
LED_inst: out STD_LOGIC_VECTOR (1 downto 0));
end LED3;
architecture Behavioral of LED3 is
signal inter : STD_LOGIC_VECTOR (2 downto 0);
signal inter2 ; STD_LOGIC_VECTOR (2 downto 0);
begin
LED_modo <= sel;
LED_inst <= num_inst;
inter <= INIT & W_EN & RST;
Process (CLK)
begin
if (CLK'event and CLK="1") then
if (inter="000") then inter2 <= "101";
elsif (inter="001") then inter2 <= "000";
elsif (inter="010") then inter2 <="111";
elsif (inter="011") then inter2 <= "000";
elsif (inter="100") then inter2 <= "001";
elsif (inter="101") then inter2 <= "000";
elsif (inter="110") then inter2 <= "011";
elsif (inter="111") then inter2 <= "000";
end if;
end if;
end process;
LED_config <= inter2;
end Behavioral;
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Proyecto

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;
library work;

use work.componentes.ALL;

entity proyecto is
Port( CLK:in STD_LOGIC; -- reloj a 50MHz
notas : in STD_LOGIC_VECTOR (11 downto 0);
notas_int : in STD_LOGIC_VECTOR (11 downto 0);
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
en:in STD_LOGIC;
sel : IN std_logic;
RST :in STD_LOGIC;
INIT : IN std_logic;
W_EN : IN std_logic;
LED_config : out STD_LOGIC_VECTOR (2 downto 0);
LED_modo : out std_logic;
LED inst: out STD_LOGIC_VECTOR (1 downto 0);
--sim : out STD_LOGIC_VECTOR (23 downto 0);----BO SIMULACIONES----
sal_LED :out STD_LOGIC_VECTOR (11 downto 0);

pulse_48KHz : OUT std_logic; -- sample syntspu
AUD_MCLK : OUT std_logic; -- codec master dlooput
AUD_BCLK : OUT std_logic; -- digital audio biock
AUD_DACDAT : OUT std_logic; -- DAC data lines
AUD_DACLRCK : OUT std_logic; -- DAC data lefight select
I2C_SDAT : OUT std_logic; -- serial interfadata line
I2C_SCLK : OUT std_logic -- serial interfacieck

)i
end proyecto;
architecture Behavioral of proyecto is
signal CLK2 : STD_LOGIC;
signal CLK3 : STD_LOGIC;
signal CLK4 : STD_LOGIC;
signal des : STD_LOGIC_VECTOR (11 downto 0);
signal notas_inv : STD_LOGIC_VECTOR (11 downto 0);
signal Sintaud : STD_LOGIC_VECTOR (23 downto 0);
signal Sintaud2 : STD_LOGIC_VECTOR (23 downto 0);
signal f1 : STD_LOGIC_VECTOR (8 downto 0);
signal f2 : STD_LOGIC_VECTOR (8 downto 0);
signal f3 : STD_LOGIC_VECTOR (8 downto 0);
signal f4 : STD_LOGIC_VECTOR (8 downto 0);
signal f5 : STD_LOGIC_VECTOR (8 downto 0);
signal f6 : STD_LOGIC_VECTOR (8 downto 0);
signal f7 : STD_LOGIC_VECTOR (8 downto 0);
signal f8 : STD_LOGIC_VECTOR (8 downto 0);
signal f9 : STD_LOGIC_VECTOR (8 downto 0);
signal f10 : STD_LOGIC_VECTOR (8 downto 0);
signal f11 : STD_LOGIC_VECTOR (8 downto 0);
signal f12 : STD_LOGIC_VECTOR (8 downto 0);
signal f13 : STD_LOGIC_VECTOR (8 downto 0);
signal f14 : STD_LOGIC_VECTOR (8 downto 0);
signal f15 : STD_LOGIC_VECTOR (8 downto 0);
signal f16 : STD_LOGIC_VECTOR (8 downto 0);
signal f17 : STD_LOGIC_VECTOR (8 downto 0);
signal f18 : STD_LOGIC_VECTOR (8 downto 0);
signal f19 : STD_LOGIC_VECTOR (8 downto 0);
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signal af : STD_LOGIC_VECTOR (7 downto 0);
signal al : STD_LOGIC_VECTOR (7 downto 0);
signal a2 : STD_LOGIC_VECTOR (7 downto 0);
signal a3 : STD_LOGIC_VECTOR (7 downto 0);
signal a4 : STD_LOGIC_VECTOR (7 downto 0);
signal a5 : STD_LOGIC_VECTOR (7 downto 0);
signal a6 : STD_LOGIC_VECTOR (7 downto 0);
signal a7 : STD_LOGIC_VECTOR (7 downto 0);
signal a8 : STD_LOGIC_VECTOR (7 downto 0);
signal a9 : STD_LOGIC_VECTOR (7 downto 0);
signal a10 : STD_LOGIC_VECTOR (7 downto 0);
signal all : STD_LOGIC_VECTOR (7 downto 0);
signal al2 : STD_LOGIC_VECTOR (7 downto 0);
signal al3 : STD_LOGIC_VECTOR (7 downto 0);
signal al4 : STD_LOGIC_VECTOR (7 downto 0);
signal al5 : STD_LOGIC_VECTOR (7 downto 0);
signal a16 : STD_LOGIC_VECTOR (7 downto 0);
signal al7 : STD_LOGIC_VECTOR (7 downto 0);
signal al18 : STD_LOGIC_VECTOR (7 downto 0);
signal a19 : STD_LOGIC_VECTOR (7 downto 0);
signal cont : STD_LOGIC_VECTOR (4 downto 0);
signal ince : integer;

signal inc : STD_LOGIC_VECTOR (17 downto 0);
signal armf: STD_LOGIC_VECTOR (19 downto 0);

signal arm1l :
signal arm2 :
signal arm3 :
signal arm4 :
signal arm5 :
signal armé :
signal arm7 :
signal arm8 :
signal arm9 :

signal arm10 :
signal arm11 :
signal arm12 :
signal arm13 :
signal arm14 :
signal arm15 :
signal arm16 :
signal arm17 :
signal arm18 :
signal arm19 :

STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);
STD_LOGIC_VECTOR (19 downto 0);

signal Bf : STD_LOGIC_VECTOR (19 downto 0);
signal B1 : STD_LOGIC_VECTOR (19 downto 0);
signal B2 : STD_LOGIC_VECTOR (19 downto 0);
signal B3 : STD_LOGIC_VECTOR (19 downto 0);
signal B4 : STD_LOGIC_VECTOR (19 downto 0);
signal B5 : STD_LOGIC_VECTOR (19 downto 0);
signal B6 : STD_LOGIC_VECTOR (19 downto 0);
signal B7 : STD_LOGIC_VECTOR (19 downto 0);
signal B8 : STD_LOGIC_VECTOR (19 downto 0);
signal B9 : STD_LOGIC_VECTOR (19 downto 0);
signal B10 : STD_LOGIC_VECTOR (19 downto 0);
signal B11 : STD_LOGIC_VECTOR (19 downto 0);
signal B12 : STD_LOGIC_VECTOR (19 downto 0);
signal B13 : STD_LOGIC_VECTOR (19 downto 0);
signal B14 : STD_LOGIC_VECTOR (19 downto 0);
signal B15 : STD_LOGIC_VECTOR (19 downto 0);
signal B16 : STD_LOGIC_VECTOR (19 downto 0);
signal B17 : STD_LOGIC_VECTOR (19 downto 0);
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signal B18 : STD_LOGIC_VECTOR (19 downto 0);
signal B19 : STD_LOGIC_VECTOR (19 downto 0);
signal Bf 3: STD_LOGIC_VECTOR (8 downto 0);
signal B1_3: STD_LOGIC_VECTOR (8 downto 0);
signal B2_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B3_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B4_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B5_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B6_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B7_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B8 3 : STD_LOGIC_VECTOR (8 downto 0);
signal B9 _3: STD_LOGIC_VECTOR (8 downto 0);
signal B10_3: STD_LOGIC_VECTOR (8 downto 0);
signal B11_3: STD_LOGIC_VECTOR (8 downto 0);
signal B12_3: STD_LOGIC_VECTOR (8 downto 0);
signal B13_3: STD_LOGIC_VECTOR (8 downto 0);
signal B14_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B15_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B16_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B17_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B18_3 : STD_LOGIC_VECTOR (8 downto 0);
signal B19 3 : STD_LOGIC_VECTOR (8 downto 0);
signal Bf 4 : STD_LOGIC_VECTOR (8 downto 0);
signal B1_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B2_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B3_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B4 4 : STD_LOGIC_VECTOR (8 downto 0);
signal B5_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B6_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B7_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B8_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B9_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B10_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B11_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B12_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B13_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B14_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B15 4 : STD_LOGIC_VECTOR (8 downto 0);
signal B16_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B17_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B18_4 : STD_LOGIC_VECTOR (8 downto 0);
signal B19 4 : STD_LOGIC_VECTOR (8 downto 0);
signal dir_mem : STD_LOGIC_VECTOR (8 downto 0);
signal sensal : integer;

signal Bf 5: STD_LOGIC_VECTOR (7 downto 0);
signal B1_5: STD_LOGIC_VECTOR (7 downto 0);
signal B2_5: STD_LOGIC_VECTOR (7 downto 0);
signal B3_5: STD_LOGIC_VECTOR (7 downto 0);
signal B4 5: STD_LOGIC_VECTOR (7 downto 0);
signal B5_5: STD_LOGIC_VECTOR (7 downto 0);
signal B6_5: STD_LOGIC_VECTOR (7 downto 0);
signal B7_5: STD_LOGIC_VECTOR (7 downto 0);
signal B8_5: STD_LOGIC_VECTOR (7 downto 0);
signal B9_5: STD_LOGIC_VECTOR (7 downto 0);
signal B10_5: STD_LOGIC_VECTOR (7 downto 0);
signal B11_5: STD_LOGIC_VECTOR (7 downto 0);
signal B12_5: STD_LOGIC_VECTOR (7 downto 0);
signal B13_5: STD_LOGIC_VECTOR (7 downto 0);
signal B14 5 : STD_LOGIC_VECTOR (7 downto 0);
signal B15 5 : STD_LOGIC_VECTOR (7 downto 0);
signal B16_5: STD_LOGIC_VECTOR (7 downto 0);




signal B16_6 : STD_LOGIC_VECTOR (15 downto 0);
signal B17_6 : STD_LOGIC_VECTOR (15 downto 0);
signal B18 6 : STD_LOGIC_VECTOR (15 downto 0);
signal B19 6 : STD_LOGIC_VECTOR (15 downto 0);
signal Bf 7 : STD_LOGIC_VECTOR (15 downto 0);
signal B1_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B2_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B3_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B4_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B5_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B6_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B7_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B8 7 : STD_LOGIC_VECTOR (15 downto 0);
signal B9 7 : STD_LOGIC_VECTOR (15 downto 0);
signal B10_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B11_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B12_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B13_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B14_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B15_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B16_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B17_7 : STD_LOGIC_VECTOR (15 downto 0);
signal B18 7 : STD_LOGIC_VECTOR (15 downto 0);
signal B19 7 : STD_LOGIC_VECTOR (15 downto 0);
signal Salsum : STD_LOGIC_VECTOR (19 downto 0);
signal notasent : STD_LOGIC_VECTOR (11 downto 0);
signal notas_sel : STD_LOGIC_VECTOR (11 downto 0);
signal notal : STD_LOGIC_VECTOR (4 downto 0);
signal nota2 : STD_LOGIC_VECTOR (4 downto 0);
signal Sall : STD_LOGIC_VECTOR (23 downto 0);
signal Sal2 : STD_LOGIC_VECTOR (23 downto 0);
signal Sintaud_2 : STD_LOGIC_VECTOR (23 downto 0);
signal Sintaud2_2 : STD_LOGIC_VECTOR (23 downto 0);
signal f1_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f2_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f3_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f4_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f5_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f6_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f7_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f8_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f9_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f10_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f11_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f12_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f13_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f14_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f15_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f16_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f17_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f18_2 : STD_LOGIC_VECTOR (8 downto 0);
signal f19_2 : STD_LOGIC_VECTOR (8 downto 0);
signal af 2 : STD_LOGIC_VECTOR (7 downto 0);
signalal 2 :STD_LOGIC_VECTOR (7 downto 0);
signal a2_2 : STD_LOGIC_VECTOR (7 downto 0);
signal a3_2 : STD_LOGIC_VECTOR (7 downto 0);
signala4_2 : STD_LOGIC_VECTOR (7 downto 0);
signala5 2 : STD_LOGIC_VECTOR (7 downto 0);
signala6é_2 : STD_LOGIC_VECTOR (7 downto 0);
signal a7_2 : STD_LOGIC_VECTOR (7 downto 0);
signala8_2 : STD_LOGIC_VECTOR (7 downto 0);
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signala9 2 : STD_LOGIC_VECTOR (7 downto 0);
signal al0_2 : STD_LOGIC_VECTOR (7 downto 0);
signalall 2 : STD_LOGIC_VECTOR (7 downto 0);
signal al2_2: STD_LOGIC_VECTOR (7 downto 0);
signal al3_2 : STD_LOGIC_VECTOR (7 downto 0);
signal al4_2 : STD_LOGIC_VECTOR (7 downto 0);
signal al5_2 : STD_LOGIC_VECTOR (7 downto 0);
signal al6_2 : STD_LOGIC_VECTOR (7 downto 0);
signal al7_2 : STD_LOGIC_VECTOR (7 downto 0);
signal a1l8_2 : STD_LOGIC_VECTOR (7 downto 0);
signal al9 2 : STD_LOGIC_VECTOR (7 downto 0);
signal ince_2 : integer;

signal inc_2 : STD_LOGIC_VECTOR (17 downto 0);
signal armf 2 : STD_LOGIC_VECTOR (19 downto 0);
signal arml_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm2_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm3_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm4_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm5_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm6_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm7_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm8 2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm9_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm10_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm11_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm12_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm13_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm14_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm15_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm16_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm17_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm18_2 : STD_LOGIC_VECTOR (19 downto 0);
signal arm19_2 : STD_LOGIC_VECTOR (19 downto 0);
signal Bf 2 : STD_LOGIC_VECTOR (19 downto 0);
signal B1_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B2_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B3_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B4 2 : STD_LOGIC_VECTOR (19 downto 0);
signal B5_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B6_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B7_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B8_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B9_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B10_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B11_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B12_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B13_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B14_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B15_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B16_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B17_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B18_2 : STD_LOGIC_VECTOR (19 downto 0);
signal B19 2 : STD_LOGIC_VECTOR (19 downto 0);
signal Bf 3_2: STD_LOGIC_VECTOR (8 downto 0);

signal B1_3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B2_3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B3_3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B4 3 2:STD_LOGIC_VECTOR (8 downto 0);
signal B5_3 2: STD_LOGIC_VECTOR (8 downto 0);
signal B6_3 2 : STD _LOGIC_VECTOR (8 downto 0);
signal B7_3 2 : STD_LOGIC_VECTOR (8 downto 0);
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signal B8 3 2: STD_LOGIC_VECTOR (8 downto 0);
signal B9 3 2:STD _LOGIC_VECTOR (8 downto 0);

signal B10_3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B11_3 2 :STD_LOGIC_VECTOR (8 downto 0);
signal B12_3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B13_3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B14_3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B15_3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B16_3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B17_3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B18 3 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B19 3 2: STD_LOGIC_VECTOR (8 downto 0);
signal Bf 4 2 :STD_LOGIC_VECTOR (8 downto 0);
signal B1_4 2:STD _LOGIC_VECTOR (8 downto 0);
signal B2_4 2 :STD_LOGIC_VECTOR (8 downto 0);
signal B3 4 2:STD_LOGIC_VECTOR (8 downto 0);
signal B4 4 2 :STD_LOGIC_VECTOR (8 downto 0);
signal B5_4 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B6_4 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B7_4 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B8_4 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B9 4 2:STD LOGIC_VECTOR (8 downto 0);
signal B10 4 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B11_ 4 2 :STD_LOGIC_VECTOR (8 downto 0);
signal B12 4 2 :STD_LOGIC_VECTOR (8 downto 0);
signal B13 4 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B14 4 2 :STD_LOGIC_VECTOR (8 downto 0);
signal B15_4 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B16_4 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B17_4 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B18_4 2 : STD_LOGIC_VECTOR (8 downto 0);
signal B19 4 2 : STD_LOGIC_VECTOR (8 downto 0);

signal dir_mem_2 : STD_LOGIC_VECTOR (8 downto 0);

signal sensal_2 : integer;
signal Bf 5 2 : STD_LOGIC_VECTOR (7 downto 0);

signal B1_5 2:STD _LOGIC_VECTOR (7 downto 0);
signal B2_ 5 2: STD_LOGIC_VECTOR (7 downto 0);
signal B3 5 2: STD _LOGIC_VECTOR (7 downto 0);
signal B4 5 2:STD LOGIC_VECTOR (7 downto 0);
signal B5_ 5 2: STD_LOGIC_VECTOR (7 downto 0);
signal B6_5 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B7_5 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B8 5 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B9 5 2: STD_LOGIC_VECTOR (7 downto 0);
signal B10 5 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B11 5 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B12 5 2: STD_LOGIC_VECTOR (7 downto 0);
signal B13 5 2: STD_LOGIC_VECTOR (7 downto 0);
signal B14 5 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B15 5 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B16_ 5 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B17_5 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B18 5 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B19 5 2: STD_LOGIC_VECTOR (7 downto 0);
signal Bf FF_2 : STD_LOGIC_VECTOR (7 downto 0);
signal B1_FF_2 : STD_LOGIC_VECTOR (7 downto 0);
signal B2_FF 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B3_FF 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B4 FF 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B5_FF 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B6_FF 2 : STD_LOGIC_VECTOR (7 downto 0);
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signal B7_FF_2 : STD_LOGIC_VECTOR (7 downto 0);
signal B8 FF 2 : STD_LOGIC_VECTOR (7 downto 0);
signal B9 FF 2 : STD_LOGIC_VECTOR (7 downto 0);

&gnalBlO FF_
signal B11_FF__
signal B12_FF__.
signal B13_FF__
signal B14_FF__.
signal B15_FF__
signal B16_FF__.
signal B17_FF__
signal B18_FF __
signal B19 F
signal Bf
signal B1_
signal B2_
signal B3_
signal B4 _
signal B5_
signal B6_
signal B7_
signal B8
signal B9 6 __
signal B10_6__.
signal B11_6__.
signal B12_6__.
signal B13_6__.
signal B14_6__.

5 6_

6 6

7 6_

8 6

96

6_
6_
6_
6_
6_
6_
6_
6_
6_
6

I\)I\)I\)I\)I\)I\)I\)I\)I\)N

signal B1
signal B1
signal B1
signal B1
signal B1
signal Bf _
signal B1_
signal B2_
signal B3 _
signal B4 _

5

6_

7

8 _

NNNNNNNNNN

signal B
signal B
signal B
signal B
mgnaIBQ_
signal B10_
signal B11_
signal B12_
signal B13_
signal B14

5_

6_

7_

\l\l\l\l\l\l\l\l\”\‘l
l\)l\)l\)l\)l\)l\)l\)l\)l\)NI

signal B1
signal B1
signal B1
signal B18__
signal B19 7

begin

U1 : divisorl Port map (CLK, RST, CLK2);--divisopix 48000Hz

: STD_LOGIC_VECTOR (7 downto 0);

: STD_LOGIC_VECTOR (7 downto 0);
TD_LOGIC_VECTOR (15 downto 0);
. STD_LOGIC_VECTOR (15 downto 0);

: STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);

(/)I\)I\)I\)I\)I\)I\)I\)I\)I\)I\)

: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);

- STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);
- STD_LOGIC_VECTOR (15 downto 0);

: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
: STD_LOGIC_VECTOR (15 downto 0);
signal Salsum_2 : STD_LOGIC_VECTOR (19 downto 0);

U2 : divisor2 Port map (CLK, RST, CLK3);--divisobRIHz
U3 : divisor3 Port map (CLK, RST, CLK4);--divisoMHz

U4 : g00_audio_interface PORT map(Sall , Sal2, GLKST,INIT, W_EN,
pulse_48KHz, AUD_MCLK, AUD_BCLK,
AUD_DACDAT, AUD_DACLRCK, I12C_SDAT,

- STD_LOGIC_VECTOR (7 downto 0):
- STD_LOGIC_VECTOR (7 downto 0):
- STD_LOGIC_VECTOR (7 downto 0):
- STD_LOGIC_VECTOR (7 downto 0):
- STD_LOGIC_VECTOR (7 downto 0):
- STD_LOGIC_VECTOR (7 downto 0):
: STD_LOGIC_VECTOR (7 downto 0);
: STD_LOGIC_VECTOR (7 downto 0);

--interfaz de audio
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--U5 : LED Port map (notal, sal_LED);

U5

LED2 Port map ( notas_sel,sal_ LED );

U6 : fase Port map(CLK2,notal,num_inst,f1,f2,f3546,f7,f8,
f9,f10,f11,f12,f13,f14,f15,f16,f17,f18,f19);
U6 : fase Port map (CLK2,notal,num_inst,f1,f2,f3546,f7,f8,f9,f10,

f11,f12,f13,f14,f15,f16,f17,f18,f19);

U7 : amplitud Port map (CLK2,notal,num_inst,af,21a8,a4,a5,a6,a7,a8,

a9,al0,all,al12,a13,al4,a15,a16,8,a);

U8 : control Port map (CLK4,RST,cont); -- sef$adie control

U9 :
ulo

Ull:

U1z

ui3

ui4:

Uils:
Ul6:

ul7:

uis:

ui19:

u20

u21

u42:

u40
u22

u4l:

u23:

incrementos Port map (CLK2,notal,num_inst,jimcg;

: arm Port map (CLK2,notal,num_inst,RST,inagammf,arml,armz2, -- Calculo armonico$

arm3,arm4,arm5,arm6,arm7,arm8,arm9,armihfarmi12,
arml13,arml4,arml5,arml16,arml17,arm18,arm19);

acum Port map (CLK2,RST,armf,arml,arm2,arm3garm5,arm6,arm7,-- acumulador

arm8,arm9,arm10,arm11,arm12,arm13,arant¥5,arm16,
arml7,arm18,arm19,Bf,B1,B2,B3,B4,B5,B683,89,B10,
B11,B12,B13,B14,B15,B16,817,B18,B19);

: sumfas Port map (f1,f2,f3,f4,5,f6,f7,f8,f00ff11,f12,f13,f14,f15, -- suma fase
f16,f17,f18,f19,Bf,B1,B2,B3,B4,B5,B6/B8,89,B10,
B11,B12,B13,B14,B15,B16,817,818,B19.8B1_3,B2_3,

B3 3,B4_3,B586 3,87 _3,B8 3,89 3,810 3,B11 3,B12_3,
B13 3,B14 3,B15 3,B16_3,B17_3,B18 3,E)9
: FF1 Port map (CLK2,Bf 3,B1_3,B2_3,B3_3,B4 3,8,B6_3,B7_3,B8 3,B9_3,
B10_3,B11_3,B12_3,B13 3,B14 3,B15 3,B1613,8,B18_3,
B19 3,Bf 4,B1 2,B,B3_4,B4 4B5 4,B6_4,B7_4,B8 4,B9 4,
B10_4,B11 4,B1B¥3 4,B14 4,B15 4,B16_4,B17_4,B18 4,
B19_4);
mux1 Port map (CLK4,cont,Bf 4,B1 _4,B2_4,B84},4,B5 4,B6 4,B7 4,B8 4,
B9 4,B10 4,B11 4,B12 4,B13 _4,B14_4,B1B16, 4,B17 4,
B18_4,B19 4.dir_mem);
sen Port map (dir_mem,sensal);
DMUX Port map (CLK4,cont,sensal,Bf 5,B1 5,BB3 5,B4 5B5 5B6_5,
B7_ 5,88 5,89 5B10 5B11 5B12 5B814 5B15 5,
B16_5,B17_5,B18 5,B19 5);
FF2 Port map (CLK4,cont,Bf 5,B1_5,B2_5,B3 4,8,B5 5,B6_5,B7_5,B8_5,
B9 5,B10 5,B11 5,B12 5,B13 5,B14 5,B15 5,B8B17_5,
B18 5,B19 5,Bf FF,B1_FF,B2_FF,B3_FF,B4 M- BF,B6_FF,
B7_FF,B8_FF,B9_FF,B10_FF,B11_FF,B12_FF,BI3B14 FF,
B15 FF,B16_FF,B17_FF,B18_ FF,B19 FF);

al6,al7,a18,a19,Bf FF,B1_FF,B2 FF,B3 FH®B4B5_ FF,
B6_FF,B7_FF,B8_FF,B9 FF,B10 FF,B11 FFBFB13 FF,
B14 FF,B15 FF,B16 FF,B17 FF,B18 FF,B19BFF,B1 6,
B2 _6,B3_6,B4 6,85 6,B6 6,B7_6,B8 6,B9 ®B3,B11 6,
B12 6,B13 6,B14 6,B15 6,816 _6,B17_6,B1B16, 6);
offset Port map (af,al,a2,a3,a4,a5,a6,aB#8,a,all,al2,al3,al4,
al5,al6,a17,a18,a19,Bf 6,B1 6,B2_6,B3 6,B5_6,
B6_6,B7_6,B8% 6,810_6,B11_6,B12_6,B13_6,B14_6,
B15 6,B16_6MB6,B18_6,819_6,Bf 7,B1 7,B2_7,B3_7,
B4 7,B5 7,B6_7,B7_7,B8 7,B9 7,B10 _7,BAB12_ 7,
B13 7,B14 7,B15 7,B16 7,B17_7,B18 7,B1)9
: suma Port map (Bf_7,B1_7,B2_7,B3_7,B4 7,BB677,B7_7,B8_7,B9 7,B10 7,
B11 7,B12 7,B13 7,B14 7,B15 7,B16_7,B1B18 7,B19 7,
Salsum);

: ajuste Port map (Salsum,Sintaud,Sintaud?); -- ajuste del volumen

invertir Port map ( CLK2,notas,notas_inv);

: deteccion Port map (CLK2,notas_inv,en,des); -- detectar fundidos

: arp Port map (CLK2,notas_inv,des,notasent); -- desactivar senyaleg

seleccion Port map (sel,clk2,notasent,notdsatas_sel); -- seleccionar notas
arp o notas interupt

calc_notas Port map (CLK2,notas_sel,notadgjot -- Convertir a notas

mult Port map (af,al,a2,a3,a4,a5,a6,a7,a88%11,a12,a13,a14,a1l5, --mult por la amplifud
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u24 .

u25:

u26:
uz27:

uz28:

u29

u30:

U3l:

u32:
U33:

u34

uU35:

u36

fase Port map (CLK2,nota2,num_inst,f1_ 2 fB83 2 f4 2,f5 2,6 2,7 2,
f8_2,f9 2,10 2,f11_2,f12_2,f13 2,14 2 fP¥16_2,
fi7_2,f18_2,f19 2);
amplitud Port map (CLK2,nota2,num_inst,af122a2 2,a3 2,a4 2,a5 2,
a6 _2,a7_2,a8 2,a9 2,al0 2,all 22a4P3 2,al4 2,
al5 2,a16 2,al7_2,a18 2,a19 ?2);
incrementos Port map (CLK2,nota2,num_insgirinc_2);
arm Port map (CLK2,nota2,num_inst,RST,incec22,armf_2,arm1_2,
arm2_2,arm3_2,arm4_2,arm5_2,arm6_2,armrms, 2,
arm9_2,arml10_2,armll 2,arml2_2,arml13_2artharml5 2,
arm16_2,arml7_2,arml1l8 2,arml19_2);
acum Port map (CLK2,RST,armf_2,arml_2,arm@&m3 2,arm4 _2,arm5_ 2,
arm6_2,arm7_2,arm8_2,arm9_2,arm10_2 aArhhrml12_2,
arml3_2,arml4_2,arm15 2,arm16_2,armirnmd8 2,arml9 2,
Bf 2,B1_2,B2 2,B3 2,B4 2,B5 2,B6 2,BB&,2,B9 2,B10_2,
B11 2,B12 2,B13 2,B14 2,B15 2,B16_2,RB18_2,B19 2);

: sumfas Port map (f1_2,f2_2,f3 2,4 2,5 267 2,f8 2,f9 2,10 2,

f11_2,f12_2,f13 2,f14_2f15_2,f16_2ZfP f18 2,19 2,

Bf 2,81 _2,B2_2,83_2,B4 2,85 2,B6_2,BB8_2,B9 2,810 2,
B11 2,812 2,813 2,814 2,815 2,B16_Z,®B18 2,819 2,
Bf 3 2,81 3 2,82_3 2,83 3 2,B4_3 2BR,B6 3 2,87 3_2,

B8_3 2,89 3 2,B10_3_2,B312,B12_3_2,B13_3_2,B14_3_2,

B15 3 2,B16_3_2,B17_3 2,B18 3 _2,B12)3
FF1 Port map (CLK2, Bf  3.2,B1.3 2B2 3 2B3284 3 2B5 3 2,B6_3_2,
B7_3 2,B8 3 2,B9 3_2,B10 3 2,B11_3 2,B12,B13 3_2,
B14_3 2,B15 3 2,B16_3 2,812,818 3 2,B19_3 2, Bf 4 2,
Bl1 4 2B2 4 2B3_4 2B4 4 2B5 4 2,B6_47282,B8_4_2,
B9 4 2,B10 4 2,B11 4 2,B12 4 2,B13 4 2,R12B15 4 2,
B16_4 2,B17 4 2,B18 4 2,B19 4 2);
mux1 Port map (CLK4,cont,Bf 4 2,B1 4 2,.B2 8324 2,B4 4 2B5 4 2,
B6_ 4 2,B7 4 2B8 4 2,B9 4 2,B10 4 2,B1PB12 4 2,
B13 4 2,B14 4 2,B15 4 2,B16 4 2,B17 B18,4 2,B19 4 2,

dir_mem_2);
sen Port map (dir_mem_2,sensal_2);
DMUX Port map (CLK4,cont, sensal ,Bf 5 2B1282 5 2,B3 5 2.B4 5 2,
B5 5 2,B6 5 2,B 2 B8 5 2,B9 5 PH 2,B11_5_2,

812_5_2,813_5_2 4 5 2B15 5 2,B1®,B17 5 2,818 5 2,

B19 5 2);

: FF2 Port map (CLK4,cont,Bf 5 2,B1 5 2,B2 B®,5 2,B4 5 2.B5 5 2,

B6 5 2B7 52B8 5 2B9 5 2B10 5 2,B11,812 5 2,
B13 5 2,B14 5 2,B15 5 2,B16 5 2,B17 5 2,B12,B19 5 2,
Bf FF_2,B1 FF_2,B2 FF 2,B3_FF 2,B4 FF 25 2,B6_FF 2,
B7 FF_2,B8 FF_2,B9 FF 2,B10_FF 2,B11 ABl2,FF 2,
B13 FF_2,B14 FF 2,B15 FF_2,B16_FF 2,B172[H¥18 FF 2,
B19 FF_2);

mult Port map (af_2,al_2,a2 2,a3 2,a4 2,ab 2,a7 2,a8 2,a9 2,al0 2,
all 2,a12 2,al3 2,al4 2,al5 2,al16 2,&llB 2,al9 2,
Bf FF_2,B1 FF_2,B2 FF_2,B3_FF 2,B4_FF 285 2,B6_FF_2,
B7_FF_2,B8 FF_2,B9 FF_2,B10_FF_2,B11 HBl2,FF_2,
B13 FF_2,B14_FF _2,B15 FF_2,B16_FF _2,B17 218 FF_2,
B19 FF 2,Bf 6 2,B1 6 2,B2 6 2,B3 6 2,B2,B5 6 2,B6 6 2,
B7 6 2,B8 6 2,B9 6 2,B10 6 2,B11 6 2,B12,813 6_2,
B14 6 2,B15 6 2,B16 6 2,B17 6 2,B18 6 2,B12);

: offset Port map (af 2,al 2,a2 2,a3 2,a4 2,a6 2,a7_2,a8 2,a9 2,al0_2,

all_2,a12_2,al13_2,al4 2,al5_2,al6_2a&I8 2,al9_2,
Bf_ 6_2B1 6 2,B2 6_2,B3 6_2,B4 6_2,B®2,86 6_2,B7_6_2,

B8 6_2,B9 6_2,B10_6_2,B11_6_2,B12_6_3,®12,B14_6_2,

B15 6 2,B16 6 2,B17 6 2,818 6 2,819 Bf 7_2,B1 7 2,
B2 7 2,B3 B2,7 2,B5 7 2,86 7 _2,B7 7 2,88 7 2B9 7_
B10 7 2,B11 7 2,B12 7 2B13 7 2,B14 B18,7 2,816 _7_2,

B17_7 2,B18 7 2,B19 7_2);

2,
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U37 :suma Port map (Bf _7_2,B1_7_2,B2_7_2,B3 7_2MB2,B5 7_2,B6_7_2,B7_7_2,
B8 7_2,B9 7_2,B10_7_2,B11_7_2,B12_7_2,B12,B14 7_2,
B15_7_2,B16_7_2,B17_7_2,B18_7_2,B19_7algi8n_2);

U38 : ajuste Port map (Salsum_2,Sintaud_2,Sinta2igl2_

U39 : sumfin Port map (Sintaud,Sintaud2,SintaudinfaBd2_2,Sal1,Sal2);

sim <= Sall; -- para las simulaciones

U43 : LED3 Port map ( INIT,CLK, W_EN , RST ,sel,muinst,LED_config,LED_modo,LED _inst);

end Behaviora

Componentes

library IEEE;
use |IEEE.STD_LOGIC_1164.all;
package componentes is
component divisorl is
Port (CLK : in STD_LOGIC;
RST :in STD_LOGIC;
salida : out STD_LOGIC
)i
end component;
component divisor2 is
Port (CLK : in STD_LOGIC;
RST :in STD_LOGIC;
salida : out STD_LOGIC);
end component;
component divisor3 is
Port (CLK : in STD_LOGIC;
RST :in STD_LOGIC;
salida : out STD_LOGIC);
end component;
component gO00_audio_interface IS
PORT( LDATA, RDAT: IN std_logic_vector(23 downtq;3-parallel external data inputs
clk, rst, INIT, W_EN : IN std_logic; -- clk shoulde 24MHz
pulse_48KHz : OUT std_logic; -- sample sync pulse
AUD_MCLK : OUT std_logic; -- codec master clockpint
AUD_BCLK : OUT std_logic; -- digital audio bit cid
AUD_DACDAT : OUT std_logic; -- DAC data lines
AUD_DACLRCK : OUT std_logic; -- DAC data left/rigiselect
1I2C_SDAT : OUT std_logic; -- serial interface déte
I2C_SCLK : OUT std_logic -- serial interface ckoc
)i
END component;
component LED is
Port (entrada : in STD_LOGIC_VECTOR (4 dowf);
salida : out STD_LOGIC_VECTOR (17 daavi));
end component;
component fase is
Port( CLK:in STD_LOGIC;
num_nota : in STD_LOGIC_VECTOR (4 downto 0);
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
fl:out STD_LOGIC _VECTOR (8 downto 0);
f2 : out STD_LOGIC_VECTOR (8 downto 0);
f3:0ut STD_LOGIC_VECTOR (8 downto 0);
f4 : out STD_LOGIC_VECTOR (8 downto 0);
f5:0ut STD_LOGIC_VECTOR (8 downto 0);
f6 : out STD_LOGIC_VECTOR (8 downto 0);
f7 : out STD_LOGIC_VECTOR (8 downto 0);
f8 : out STD_LOGIC_VECTOR (8 downto 0);
f9: out STD_LOGIC_VECTOR (8 downto 0);
f10 : out STD_LOGIC_VECTOR (8 downto 0);
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f11: out STD_LOGIC_VECTOR (8 downto 0);
f12 : out STD_LOGIC_VECTOR (8 downto 0);
f13: out STD_LOGIC_VECTOR (8 downto 0);
fl4 : out STD_LOGIC_VECTOR (8 downto 0);
f15: out STD_LOGIC_VECTOR (8 downto 0);
f16 : out STD_LOGIC_VECTOR (8 downto 0);
f17 : out STD_LOGIC_VECTOR (8 downto 0);
f18 : out STD_LOGIC_VECTOR (8 downto 0);
f19 : out STD_LOGIC_VECTOR (8 downto 0));
end component;
component amplitud is
Port (CLK : in STD_LOGIC;
num_nota : in STD_LOGIC_VECTOR (4 downto 0);
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
af : out STD_LOGIC_VECTOR (7 downto 0);
al:out STD_LOGIC VECTOR (7 downto 0);
a2 :out STD_LOGIC_VECTOR (7 downto 0);
a3 :out STD_LOGIC_VECTOR (7 downto 0);
a4 :out STD_LOGIC_VECTOR (7 downto 0);
a5 :out STD_LOGIC_VECTOR (7 downto 0);
a6 : out STD_LOGIC_VECTOR (7 downto 0);
a7 :out STD_LOGIC_VECTOR (7 downto 0);
a8 :out STD_LOGIC_VECTOR (7 downto 0);
a9 : out STD_LOGIC_VECTOR (7 downto 0);
al0 : out STD_LOGIC_VECTOR (7 downto 0);
all:out STD_LOGIC _VECTOR (7 downto 0);
al2:out STD_LOGIC_VECTOR (7 downto 0);
al3:out STD_LOGIC_VECTOR (7 downto 0);
al4d :out STD_LOGIC_VECTOR (7 downto 0);
al5:out STD_LOGIC_VECTOR (7 downto 0);
al6 : out STD_LOGIC_VECTOR (7 downto 0);
al7 : out STD_LOGIC_VECTOR (7 downto 0);
al8 :out STD_LOGIC_VECTOR (7 downto 0);
al9 :out STD_LOGIC_VECTOR (7 downto 0));
end component;
component control is
Port ( CLK:in STD_LOGIC;
RST :in STD_LOGIC;
cont: out STD_LOGIC_VECTOR (4 downto 0));
end component;
component incrementos is
Port( CLK:in STD_LOGIC;
num_nota : in STD_LOGIC_VECTOR (4 downto 0);
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
Sale : out integer;
Sal: out STD_LOGIC_VECTOR (17 downto 0));
end component;
component arm is
Port( CLK:in STD_LOGIC;
num_nota : in STD_LOGIC_VECTOR (4 downto 0);
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
RST :in STD_LOGIC;
INCe : in integer;
INC :in STD_LOGIC_VECTOR (17 downto 0);
Bf : out STD_LOGIC_VECTOR (19 downto 0);
B1:out STD_LOGIC_VECTOR (19 downto 0);
B2 : out STD_LOGIC_VECTOR (19 downto 0);
B3 : out STD_LOGIC_VECTOR (19 downto 0);
B4 : out STD_LOGIC_VECTOR (19 downto 0);
B5 : out STD_LOGIC_VECTOR (19 downto 0);
B6 : out STD_LOGIC_VECTOR (19 downto 0);
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B7 : out STD_LOGIC_VECTOR (19 downto 0);
B8 : out STD_LOGIC_VECTOR (19 downto 0);
B9 : out STD_LOGIC_VECTOR (19 downto 0);
B10 : out STD_LOGIC_VECTOR (19 downto 0);
B11:out STD_LOGIC_VECTOR (19 downto 0);
B12 : out STD_LOGIC_VECTOR (19 downto 0);
B13 :out STD_LOGIC_VECTOR (19 downto 0);
B14 : out STD_LOGIC_VECTOR (19 downto 0);
B15 : out STD_LOGIC_VECTOR (19 downto 0);
B16 : out STD_LOGIC_VECTOR (19 downto 0);
B17 : out STD_LOGIC_VECTOR (19 downto 0);
B18 : out STD_LOGIC_VECTOR (19 downto 0);
B19 : out STD_LOGIC_VECTOR (19 downto 0));

end component;

component acum is
Port (CLK : in STD_LOGIC;
RST :in STD_LOGIC;
Bf_1:in STD_LOGIC_VECTOR (19 downto 0);
B1 1:in STD_LOGIC_VECTOR (19 downto 0);
B2_1:in STD_LOGIC_VECTOR (19 downto 0);
B3 _1:in STD_LOGIC_VECTOR (19 downto 0);
B4_1:in STD_LOGIC_VECTOR (19 downto 0);
B5_1:in STD_LOGIC_VECTOR (19 downto 0);
B6_1:in STD_LOGIC_VECTOR (19 downto 0);
B7_1:in STD_LOGIC_VECTOR (19 downto 0);
B8 1:in STD_LOGIC_VECTOR (19 downto 0);
B9 _1:in STD_LOGIC_VECTOR (19 downto 0);
B10_1:in STD_LOGIC_VECTOR (19 downto 0);
B11_1:in STD_LOGIC_VECTOR (19 downto 0);
B12_1:in STD_LOGIC_VECTOR (19 downto 0);
B13_1:in STD_LOGIC_VECTOR (19 downto 0);
B14_1:in STD_LOGIC_VECTOR (19 downto 0);
B15_1:in STD_LOGIC_VECTOR (19 downto 0);
B16_1:in STD_LOGIC_VECTOR (19 downto 0);
B17_1:in STD_LOGIC_VECTOR (19 downto 0);
B18_1:in STD_LOGIC_VECTOR (19 downto 0);
B19 1:in STD_LOGIC_VECTOR (19 downto 0);
Bf: out STD_LOGIC_VECTOR (19 downto 0);
B1:out STD_LOGIC_VECTOR (19 downto 0);
B2 : out STD_LOGIC_VECTOR (19 downto 0);
B3 : out STD_LOGIC_VECTOR (19 downto 0);
B4 : out STD_LOGIC_VECTOR (19 downto 0);
B5 : out STD_LOGIC_VECTOR (19 downto 0);
B6 : out STD_LOGIC_VECTOR (19 downto 0);
B7 : out STD_LOGIC_VECTOR (19 downto 0);
B8 : out STD_LOGIC_VECTOR (19 downto 0);
B9 : out STD_LOGIC_VECTOR (19 downto 0);
B10 : out STD_LOGIC_VECTOR (19 downto 0);
B11 : out STD_LOGIC_VECTOR (19 downto 0);
B12 : out STD_LOGIC_VECTOR (19 downto 0);
B13 :out STD_LOGIC_VECTOR (19 downto 0);
B14 : out STD_LOGIC_VECTOR (19 downto 0);
B15 : out STD_LOGIC_VECTOR (19 downto 0);
B16 : out STD_LOGIC_VECTOR (19 downto 0);
B17 : out STD_LOGIC_VECTOR (19 downto 0);
B17 : out STD_LOGIC_VECTOR (19 downto 0);
B18 : out STD_LOGIC_VECTOR (19 downto 0);
B19 : out STD_LOGIC_VECTOR (19 downto 0)
)i

end component;
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component sumfas is
Port ( fasel:in STD_LOGIC _VECTOR (8 dowfjo
fase2 : in STD_LOGIC_VECTOR (8 downto 0);
fase3 :in STD_LOGIC_VECTOR (8 downto 0);
fase4 : in STD_LOGIC_VECTOR (8 downto 0);
fase5 :in STD_LOGIC_VECTOR (8 downto 0);
fase6 : in STD_LOGIC_VECTOR (8 downto 0);
fase7 : in STD_LOGIC_VECTOR (8 downto 0);
fase8 : in STD_LOGIC_VECTOR (8 downto 0);
fase9 : in STD_LOGIC_VECTOR (8 downto 0);
fasel0:in STD_LOGIC_VECTOR (8 downto 0);
fasell : in STD_LOGIC_VECTOR (8 downto 0);
fasel2 :in STD_LOGIC_VECTOR (8 downto 0);
fasel3:in STD_LOGIC_VECTOR (8 downto 0);
fasel4d : in STD_LOGIC_VECTOR (8 downto 0);
fasel5:in STD_LOGIC_VECTOR (8 downto 0);
fasel6 : in STD_LOGIC_VECTOR (8 downto 0);
fasel7 : in STD_LOGIC_VECTOR (8 downto 0);
fasel8:in STD_LOGIC_VECTOR (8 downto 0);
fasel9 :in STD_LOGIC_VECTOR (8 downto 0);
Bf 2:in STD_LOGIC_VECTOR (19 downto 0);
B1_2:in STD_LOGIC_VECTOR (19 downto 0);
B2 2:in STD_LOGIC_VECTOR (19 downto 0);
B3_2:in STD_LOGIC_VECTOR (19 downto 0);
B4_2:in STD_LOGIC_VECTOR (19 downto 0);
B5_2:in STD_LOGIC_VECTOR (19 downto 0);
B6 2:in STD_LOGIC_VECTOR (19 downto 0);
B7_2:in STD_LOGIC_VECTOR (19 downto 0);
B8 2 :in STD_LOGIC_VECTOR (19 downto 0);
B9 2:in STD_LOGIC_VECTOR (19 downto 0);
B10_2:in STD_LOGIC_VECTOR (19 downto 0);
B11 2:in STD_LOGIC_VECTOR (19 downto 0);
B12 2 :in STD_LOGIC_VECTOR (19 downto 0);
B13 2:in STD_LOGIC_VECTOR (19 downto 0);
B14 2 :in STD_LOGIC_VECTOR (19 downto 0);
B15 2:in STD_LOGIC_VECTOR (19 downto 0);
B16_2:in STD_LOGIC_VECTOR (19 downto 0);
B17_2:in STD_LOGIC_VECTOR (19 downto 0);
B18 2:in STD_LOGIC_VECTOR (19 downto 0);
B19 2:in STD_LOGIC_VECTOR (19 downto 0);
Bf 3:out STD_LOGIC_VECTOR (8 downto 0);
B1 3:out STD_LOGIC_VECTOR (8 downto 0);
B2_3:out STD_LOGIC_VECTOR (8 downto 0);
B3_3:out STD_LOGIC_VECTOR (8 downto 0);
B4_3:out STD_LOGIC_VECTOR (8 downto 0);
B5_3:out STD_LOGIC_VECTOR (8 downto 0);
B6_3:out STD_LOGIC_VECTOR (8 downto 0);
B7_3:out STD_LOGIC_VECTOR (8 downto 0);
B8 3:out STD_LOGIC_VECTOR (8 downto 0);
B9 3:outSTD_LOGIC_VECTOR (8 downto 0);
B10_3:out STD_LOGIC_VECTOR (8 downto 0);
B11 3:out STD_LOGIC_VECTOR (8 downto 0);
B12_3:out STD_LOGIC_VECTOR (8 downto 0);
B13_3:out STD_LOGIC_VECTOR (8 downto 0);
B14 3:out STD_LOGIC_VECTOR (8 downto 0);
B15 3:out STD_LOGIC_VECTOR (8 downto 0);
B16_3:out STD_LOGIC_VECTOR (8 downto 0);
B17_3:out STD_LOGIC_VECTOR (8 downto 0);
B18 3:out STD_LOGIC_VECTOR (8 downto 0);
B19 3:out STD_LOGIC_VECTOR (8 downto 0));

end component;
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component FF1 is
Port( CLK:in STD_LOGIC;
Bf 3:in STD_LOGIC_VECTOR (8 downto 0);
Bl 3:in STD_LOGIC_VECTOR (8 downto 0);
B2_3:in STD_LOGIC_VECTOR (8 downto 0);
B3_3:in STD_LOGIC_VECTOR (8 downto 0);
B4_3:in STD_LOGIC_VECTOR (8 downto 0);
B5_3:in STD_LOGIC_VECTOR (8 downto 0);
B6_3:in STD_LOGIC_VECTOR (8 downto 0);
B7_3:in STD_LOGIC_VECTOR (8 downto 0);
B8 3:in STD_LOGIC_VECTOR (8 downto 0);
B9 3:in STD_LOGIC_VECTOR (8 downto 0);
B10 3:in STD_LOGIC_VECTOR (8 downto 0);
B11 3:in STD_LOGIC_VECTOR (8 downto 0);
B12 3:in STD_LOGIC_VECTOR (8 downto 0);
B13 3:in STD_LOGIC_VECTOR (8 downto 0);
B14 3:in STD_LOGIC_VECTOR (8 downto 0);
B15 3:in STD_LOGIC_VECTOR (8 downto 0);
B16_3:in STD_LOGIC_VECTOR (8 downto 0);
B17_3:in STD_LOGIC_VECTOR (8 downto 0);
B18 3:in STD_LOGIC_VECTOR (8 downto 0);
B19 3:in STD_LOGIC_VECTOR (8 downto 0);
Bf: out STD_LOGIC_VECTOR (8 downto 0);
Bl :out STD_LOGIC_VECTOR (8 downto 0);
B2 : out STD_LOGIC_VECTOR (8 downto 0);
B3 : out STD_LOGIC_VECTOR (8 downto 0);
B4 : out STD_LOGIC_VECTOR (8 downto 0);
B5 : out STD_LOGIC_VECTOR (8 downto 0);
B6 : out STD_LOGIC_VECTOR (8 downto 0);
B7 :out STD_LOGIC_VECTOR (8 downto 0);
B8 : out STD_LOGIC_VECTOR (8 downto 0);
B9 : out STD_LOGIC_VECTOR (8 downto 0);
B10 : out STD_LOGIC_VECTOR (8 downto 0);
B11: out STD_LOGIC_VECTOR (8 downto 0);
B12 : out STD_LOGIC_VECTOR (8 downto 0);
B13: out STD_LOGIC_VECTOR (8 downto 0);
B14 : out STD_LOGIC_VECTOR (8 downto 0);
B15: out STD_LOGIC_VECTOR (8 downto 0);
B16 : out STD_LOGIC_VECTOR (8 downto 0);
B17 : out STD_LOGIC_VECTOR (8 downto 0);
B18 : out STD_LOGIC_VECTOR (8 downto 0);
B19 : out STD_LOGIC_VECTOR (8 downto 0)
)i

end component;

component muxl is
Port( CLK:in STD_LOGIC;
Qint:in STD_LOGIC_VECTOR (4 downto 0);
Ff:in STD_LOGIC_VECTOR (8 downto 0);
F1:in STD_LOGIC_VECTOR (8 downto 0);
F2:in STD_LOGIC_VECTOR (8 downto 0);
F3:in STD_LOGIC_VECTOR (8 downto 0);
F4 :in STD_LOGIC_VECTOR (8 downto 0);
F5:in STD_LOGIC_VECTOR (8 downto 0);
F6 :in STD_LOGIC_VECTOR (8 downto 0);
F7 :in STD_LOGIC_VECTOR (8 downto 0);
F8 :in STD_LOGIC_VECTOR (8 downto 0);
F9:in STD_LOGIC_VECTOR (8 downto 0);
F10:in STD_LOGIC_VECTOR (8 downto 0);
F11:in STD_LOGIC_VECTOR (8 downto 0);
F12 :in STD_LOGIC_VECTOR (8 downto 0);
F13:in STD_LOGIC_VECTOR (8 downto 0);
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F14 :in STD_LOGIC_VECTOR (8 downto 0);
F15:in STD_LOGIC_VECTOR (8 downto 0);
F16 :in STD_LOGIC_VECTOR (8 downto 0);
F17 :in STD_LOGIC_VECTOR (8 downto 0);
F18:in STD_LOGIC_VECTOR (8 downto 0);
F19:in STD_LOGIC_VECTOR (8 downto 0);
sal : out STD_LOGIC_VECTOR (8 downto 0)
)i

end component;

component sen is
Port (dir_mem :in STD_LOGIC_VECTOR (8 dowiXp
sal : out integer
)i

end component;

component DMUX is
Port( CLK:in STD_LOGIC;
Qint: in STD_LOGIC_VECTOR (4 downto 0);
sen : in integer;
Bf : out STD_LOGIC_VECTOR (7 downto 0);
B1:out STD_LOGIC_VECTOR (7 downto 0);
B2 : out STD_LOGIC_VECTOR (7 downto 0);
B3 : out STD_LOGIC_VECTOR (7 downto 0);
B4 : out STD_LOGIC_VECTOR (7 downto 0);
B5 : out STD_LOGIC_VECTOR (7 downto 0);
B6 : out STD_LOGIC_VECTOR (7 downto 0);
B7 : out STD_LOGIC_VECTOR (7 downto 0);
B8 : out STD_LOGIC_VECTOR (7 downto 0);
B9 : out STD_LOGIC_VECTOR (7 downto 0);
B10 : out STD_LOGIC_VECTOR (7 downto 0);
B11:out STD_LOGIC_VECTOR (7 downto 0);
B12 : out STD_LOGIC_VECTOR (7 downto 0);
B13 :out STD_LOGIC_VECTOR (7 downto 0);
B14 : out STD_LOGIC_VECTOR (7 downto 0);
B15 : out STD_LOGIC_VECTOR (7 downto 0);
B16 : out STD_LOGIC_VECTOR (7 downto 0);
B17 : out STD_LOGIC_VECTOR (7 downto 0);
B18 : out STD_LOGIC_VECTOR (7 downto 0);
B19 : out STD_LOGIC_VECTOR (7 downto 0)
)i

end component;

component FF2 is
Port( CLK:in STD_LOGIC;
Qint: in STD_LOGIC_VECTOR (4 downto 0);
Bf_5:in STD_LOGIC_VECTOR (7 downto 0);
B1 5:in STD_LOGIC_VECTOR (7 downto 0);
B2_5:in STD_LOGIC_VECTOR (7 downto 0);
B3 _5:in STD_LOGIC_VECTOR (7 downto 0);
B4 _5:in STD_LOGIC_VECTOR (7 downto 0);
B5 5:in STD_LOGIC_VECTOR (7 downto 0);
B6_5:in STD_LOGIC_VECTOR (7 downto 0);
B7_5:in STD_LOGIC_VECTOR (7 downto 0);
B8 5:in STD_LOGIC_VECTOR (7 downto 0);
B9 5:in STD_LOGIC_VECTOR (7 downto 0);
B10_5:in STD_LOGIC_VECTOR (7 downto 0);
B11_5:in STD_LOGIC_VECTOR (7 downto 0);
B12_5:in STD_LOGIC_VECTOR (7 downto 0);
B13_5:in STD_LOGIC_VECTOR (7 downto 0);
B14_5:in STD_LOGIC_VECTOR (7 downto 0);
B15_5:in STD_LOGIC_VECTOR (7 downto 0);
B16_5:in STD_LOGIC_VECTOR (7 downto 0);
B17_5:in STD_LOGIC_VECTOR (7 downto 0);
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B18_5:in STD_LOGIC_VECTOR (7 downto 0);
B19 5:in STD_LOGIC_VECTOR (7 downto 0);
Bf: out STD_LOGIC_VECTOR (7 downto 0);
B1: out STD_LOGIC_VECTOR (7 downto 0);
B2 : out STD_LOGIC_VECTOR (7 downto 0);
B3 : out STD_LOGIC_VECTOR (7 downto 0);
B4 : out STD_LOGIC_VECTOR (7 downto 0);
B5 : out STD_LOGIC_VECTOR (7 downto 0);
B6 : out STD_LOGIC_VECTOR (7 downto 0);
B7 : out STD_LOGIC_VECTOR (7 downto 0);
B8 : out STD_LOGIC_VECTOR (7 downto 0);
B9 : out STD_LOGIC_VECTOR (7 downto 0);
B10 : out STD_LOGIC_VECTOR (7 downto 0);
B11 : out STD_LOGIC_VECTOR (7 downto 0);
B12 : out STD_LOGIC_VECTOR (7 downto 0);
B13 : out STD_LOGIC_VECTOR (7 downto 0);
B14 : out STD_LOGIC_VECTOR (7 downto 0);
B15 : out STD_LOGIC_VECTOR (7 downto 0);
B16 : out STD_LOGIC_VECTOR (7 downto 0);
B17 : out STD_LOGIC_VECTOR (7 downto 0);
B18 : out STD_LOGIC_VECTOR (7 downto 0);
B19 : out STD_LOGIC_VECTOR (7 downto 0)
)i

end component;

component mult is
Port ( ampfund : in STD_LOGIC_VECTOR (7 dowi);
ampl :in STD_LOGIC _VECTOR (7 downto 0);
amp2 :in STD_LOGIC_VECTOR (7 downto 0);
amp3 :in STD_LOGIC_VECTOR (7 downto 0);
amp4 :in STD_LOGIC_VECTOR (7 downto 0);
amp5 :in STD_LOGIC_VECTOR (7 downto 0);
amp6 :in STD_LOGIC_VECTOR (7 downto 0);
amp7 :in STD_LOGIC_VECTOR (7 downto 0);
amp8 :in STD_LOGIC_VECTOR (7 downto 0);
amp9 :in STD_LOGIC_VECTOR (7 downto 0);
ampl0 :in STD_LOGIC_VECTOR (7 downto 0);
ampll:in STD_LOGIC _VECTOR (7 downto 0);
ampl2 :in STD_LOGIC_VECTOR (7 downto 0);
ampl3:in STD_LOGIC_VECTOR (7 downto 0);
ampl4 :in STD_LOGIC_VECTOR (7 downto 0);
ampl5 :in STD_LOGIC_VECTOR (7 downto 0);
ampl6 :in STD_LOGIC_VECTOR (7 downto 0);
ampl? :in STD_LOGIC_VECTOR (7 downto 0);
ampl8 :in STD_LOGIC_VECTOR (7 downto 0);
ampl9 :in STD_LOGIC_VECTOR (7 downto 0);
Bf_FF :in STD_LOGIC_VECTOR (7 downto 0);
B1_FF:in STD_LOGIC_VECTOR (7 downto 0);
B2_FF :in STD_LOGIC_VECTOR (7 downto 0);
B3_FF:in STD_LOGIC_VECTOR (7 downto 0);
B4_FF :in STD_LOGIC_VECTOR (7 downto 0);
B5_FF :in STD_LOGIC_VECTOR (7 downto 0);
B6_FF :in STD_LOGIC_VECTOR (7 downto 0);
B7_FF :in STD_LOGIC_VECTOR (7 downto 0);
B8 FF:in STD_LOGIC_VECTOR (7 downto 0);
B9_FF:in STD_LOGIC_VECTOR (7 downto 0);
B10_FF :in STD_LOGIC_VECTOR (7 downto 0);
B11_FF :in STD_LOGIC_VECTOR (7 downto 0);
B12_FF :in STD_LOGIC_VECTOR (7 downto 0);
B13_FF :in STD_LOGIC_VECTOR (7 downto 0);
B14_FF :in STD_LOGIC_VECTOR (7 downto 0);
B15_FF :in STD_LOGIC_VECTOR (7 downto 0);
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B16_FF :in STD_LOGIC_VECTOR (7 downto 0);
B17_FF :in STD_LOGIC_VECTOR (7 downto 0);
B18 FF :in STD_LOGIC_VECTOR (7 downto 0);
B19 FF :in STD_LOGIC_VECTOR (7 downto 0);
Bf 6:out STD_LOGIC_VECTOR (15 downto 0);
Bl 6:out STD_LOGIC_VECTOR (15 downto 0);
B2_6:out STD_LOGIC_VECTOR (15 downto 0);
B3_6:out STD_LOGIC_VECTOR (15 downto 0);
B4 6:out STD_LOGIC_VECTOR (15 downto 0);
B5 6:out STD_LOGIC_VECTOR (15 downto 0);
B6_6: out STD_LOGIC_VECTOR (15 downto 0);
B7_6:out STD_LOGIC_VECTOR (15 downto 0);
B8_6: out STD_LOGIC_VECTOR (15 downto 0);
B9_6:out STD_LOGIC_VECTOR (15 downto 0);
B10_6: out STD_LOGIC_VECTOR (15 downto 0);
B11 6:out STD_LOGIC_VECTOR (15 downto 0);
B12 6 :out STD_LOGIC_VECTOR (15 downto 0);
B13 6:out STD_LOGIC_VECTOR (15 downto 0);
B14 6 :out STD_LOGIC_VECTOR (15 downto 0);
B15 6 :out STD_LOGIC_VECTOR (15 downto 0);
B16 6 :out STD_LOGIC_VECTOR (15 downto 0);
B17_6:out STD_LOGIC_VECTOR (15 downto 0);
B18 6 :out STD_LOGIC_VECTOR (15 downto 0);
B19 6 :out STD_LOGIC_VECTOR (15 downto 0)
)i

end component;

component offset is
Port ( ampfund : in STD_LOGIC_VECTOR (7 dowi®);
ampl :in STD_LOGIC_VECTOR (7 downto 0);
amp2 :in STD_LOGIC_VECTOR (7 downto 0);
amp3 :in STD_LOGIC_VECTOR (7 downto 0);
amp4 :in STD_LOGIC_VECTOR (7 downto 0);
amp5 :in STD_LOGIC_VECTOR (7 downto 0);
amp6 :in STD_LOGIC_VECTOR (7 downto 0);
amp7 :in STD_LOGIC_VECTOR (7 downto 0);
amp8 :in STD_LOGIC_VECTOR (7 downto 0);
amp9 :in STD_LOGIC_VECTOR (7 downto 0);
ampl0 :in STD_LOGIC_VECTOR (7 downto 0);
ampll:in STD_LOGIC _VECTOR (7 downto 0);
ampl?2 :in STD_LOGIC_VECTOR (7 downto 0);
ampl3:in STD_LOGIC_VECTOR (7 downto 0);
ampl4 :in STD_LOGIC_VECTOR (7 downto 0);
ampl5 :in STD_LOGIC_VECTOR (7 downto 0);
ampl6 :in STD_LOGIC_VECTOR (7 downto 0);
ampl?7 :in STD_LOGIC_VECTOR (7 downto 0);
ampl8 :in STD_LOGIC_VECTOR (7 downto 0);
ampl9 :in STD_LOGIC_VECTOR (7 downto 0);
Bf_6:in STD_LOGIC_VECTOR (15 downto 0);
B1_6:in STD_LOGIC_VECTOR (15 downto 0);
B2_6:in STD_LOGIC_VECTOR (15 downto 0);
B3_6:in STD_LOGIC_VECTOR (15 downto 0);
B4 _6:in STD_LOGIC_VECTOR (15 downto 0);
B5 _6:in STD_LOGIC_VECTOR (15 downto 0);
B6_6:in STD_LOGIC_VECTOR (15 downto 0);
B7_6:in STD_LOGIC_VECTOR (15 downto 0);
B8 _6:in STD_LOGIC_VECTOR (15 downto 0);
B9_6:in STD_LOGIC_VECTOR (15 downto 0);
B10_6:in STD_LOGIC_VECTOR (15 downto 0);
B11 6:in STD_LOGIC_VECTOR (15 downto 0);
B12_6:in STD_LOGIC_VECTOR (15 downto 0);
B13 6:in STD_LOGIC_VECTOR (15 downto 0);
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B14 6:in STD_LOGIC_VECTOR (15 downto 0);
B15 6:in STD_LOGIC_VECTOR (15 downto 0);
B16_6:in STD_LOGIC_VECTOR (15 downto 0);
B17_6:in STD_LOGIC_VECTOR (15 downto 0);
B18 6:in STD_LOGIC_VECTOR (15 downto 0);
B19 6:in STD_LOGIC_VECTOR (15 downto 0);
Bf 7 :out STD_LOGIC_VECTOR (15 downto 0);
B1 7:out STD_LOGIC_VECTOR (15 downto 0);
B2_7:out STD_LOGIC_VECTOR (15 downto 0);
B3_7:out STD_LOGIC_VECTOR (15 downto 0);
B4_7 :out STD_LOGIC_VECTOR (15 downto 0);
B5_7 :out STD_LOGIC_VECTOR (15 downto 0);
B6_7 : out STD_LOGIC_VECTOR (15 downto 0);
B7_7 :out STD_LOGIC_VECTOR (15 downto 0);
B8_7 : out STD_LOGIC_VECTOR (15 downto 0);
B9_7 :out STD_LOGIC_VECTOR (15 downto 0);
B10_7 :out STD_LOGIC_VECTOR (15 downto 0);
B11 7 :out STD_LOGIC_VECTOR (15 downto 0);
B12 7 :out STD_LOGIC_VECTOR (15 downto 0);
B13 7 :out STD_LOGIC_VECTOR (15 downto 0);
B14 7 :out STD_LOGIC_VECTOR (15 downto 0);
B15 7 :out STD_LOGIC_VECTOR (15 downto 0);
B16_7 : out STD_LOGIC_VECTOR (15 downto 0);
B17_7 :out STD_LOGIC_VECTOR (15 downto 0);
B18 7 :out STD_LOGIC_VECTOR (15 downto 0);
B19 7 :out STD_LOGIC_VECTOR (15 downto 0)
)i

end component;

component suma is
Port( Bf_7:in STD_LOGIC_VECTOR (15 dowr@}y
Bl 7:in STD_LOGIC_VECTOR (15 downto 0);
B2_7:in STD_LOGIC_VECTOR (15 downto 0);
B3_7:in STD_LOGIC_VECTOR (15 downto 0);
B4_7:in STD_LOGIC_VECTOR (15 downto 0);
B5_7:in STD_LOGIC_VECTOR (15 downto 0);
B6_7 :in STD_LOGIC_VECTOR (15 downto 0);
B7_7:in STD_LOGIC_VECTOR (15 downto 0);
B8_7 :in STD_LOGIC_VECTOR (15 downto 0);
B9_7:in STD_LOGIC_VECTOR (15 downto 0);
B10_7:in STD_LOGIC_VECTOR (15 downto 0);
B11 7 :in STD_LOGIC_VECTOR (15 downto 0);
B12 7 :in STD_LOGIC_VECTOR (15 downto 0);
B13 7:in STD_LOGIC_VECTOR (15 downto 0);
B14 7 :in STD_LOGIC_VECTOR (15 downto 0);
B15 7 :in STD_LOGIC_VECTOR (15 downto 0);
B16_7 :in STD_LOGIC_VECTOR (15 downto 0);
B17_7 :in STD_LOGIC_VECTOR (15 downto 0);
B18 7 :in STD_LOGIC_VECTOR (15 downto 0);
B19 7 :in STD_LOGIC_VECTOR (15 downto 0);
Sal: out STD_LOGIC_VECTOR (19 downto 0)
)i

end component;

component ajuste is
Port ( Ent:in STD_LOGIC_VECTOR (19 downtp O
Sall : out STD_LOGIC_VECTOR (23 downto 0);
Sal2 : out STD_LOGIC_VECTOR (23 downto 0)
)i

end component;

component arp is
Port ( CLK:in STD_LOGIC;
notas : in STD_LOGIC_VECTOR (11 downto 0);
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des:in STD_LOGIC_VECTOR (11 downto 0);
Sal: out STD_LOGIC_VECTOR (11 downto 0));
end component;
component calc_notas is
Port( CLK:in STD_LOGIC;
notasent : in STD_LOGIC_VECTOR (11 downto 0);
notal : out STD_LOGIC_VECTOR (4 downto 0);
nota? : out STD_LOGIC_VECTOR (4 downto 0));
end component;
component sumfin is
Port (  Entl:in STD_LOGIC VECTOR (23 dowiXp
Entl 2:in STD_LOGIC_VECTOR (23 downto 0);
Ent2 :in STD_LOGIC_VECTOR (23 downto 0);
Ent2_2:in STD_LOGIC_VECTOR (23 downto 0);
Sall: out STD_LOGIC_VECTOR (23 downto 0);
Sal2 : out STD_LOGIC_VECTOR (23 downto 0));
end component;
component seleccion is
Port ( sel:in std_logic;
clk : in std_logic;
notas_arp :in STD_LOGIC_VECTOR (11 downto 0);
notas_int :in STD_LOGIC_VECTOR (11 downto 0);
notas_sel: out STD_LOGIC_VECTOR (11 downto 0));
end component;
component deteccion is
Port( CLK:in STD_LOGIC;
notasent : in STD_LOGIC_VECTOR (11 downto 0);
en:in STD_LOGIC;
des: out STD_LOGIC_VECTOR (11 downto 0));
end component;
component invertir is
Port( CLK:in STD_LOGIC;
notas : in STD_LOGIC_VECTOR (11 downto 0);
notas_inv : out STD_LOGIC_VECTOR (11 downto 0));
end component;
component LED2 is
Port ( notas_sel : in STD_LOGIC_VECTOR (11 dtn0);
leds : out STD_LOGIC_VECTOR (11 dowi);
end component;
component LED3 is
Port ( INIT : IN std_logic;
CLK : IN std_logic;
W_EN : IN std_logic;
RST :in STD_LOGIC;
sel : IN std_logic;
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
LED_config : out STD_LOGIC_VECTOR (2 downto 0);
LED_modo : out std_logic;
LED_inst: out STD_LOGIC_VECTOR (1 downto 0));
end component;
end componente

6.28.-Test Bench

library IEEE;

use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;
use ieee.std_logic_textio.all;

use std.textio.all;

ENTITY proyecto_tb IS
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END proyecto_tb;
ARCHITECTURE behavior OF proyecto_th IS
file vect_out: text open WRITE_MODE is
"archivo_escritura.txt";
-- Component Declaration for the Unit Under TestT)
COMPONENT proyecto
PORT( CLK:in STD_LOGIC;
notas : in STD_LOGIC_VECTOR (11 downto 0);
des:in STD_LOGIC_VECTOR (11 downto 0);
num_inst : in STD_LOGIC_VECTOR (1 downto 0);
RST :in STD_LOGIC;
INIT : IN std_logic;
W_EN : IN std_logic;
sim : out STD_LOGIC_VECTOR (23 downto 0);
sal LED : out STD_LOGIC_VECTOR (17 downto 0);
pulse_48KHz : OUT std_logic;
AUD_MCLK : OUT std_logic;
AUD_BCLK : OUT std_logic;
AUD_DACDAT : OUT std_logic;
AUD_DACLRCK : OUT std_logic;
I2C_SDAT : OUT std_logic;
[2C_SCLK : OUT std_logic );
END COMPONENT;
--Inputs
signal CLK : std_logic :='0";
signal notas : std_logic_vector(11 downto 0)1:60000000001"; -- introducir notas que toco

signal des : std_logic_vector(11 downto 0) :60000000000"; --introducir que quiero desactiyar

signal num_inst : std_logic_vector(1 downto)10";
signal RST : std_logic :='1"
signal INIT : std_logic :='0";
signal W_EN : std_logic :='0";
--Outputs
signal sim : STD_LOGIC_VECTOR (23 downto 0);
signal sal_LED : std_logic_vector(17 downto 0);
signal pulse_48KHz : std_logic;
signal AUD_MCLK : std_logic;
signal AUD_BCLK : std_logic;
signal AUD_DACDAT : std_logic;
signal AUD_DACLRCK : std_logic;
signal 12C_SDAT : std_logic;
signal 12C_SCLK : std_logic;
signal Salent : integer;
signal i : STD_LOGIC_VECTOR (31 downto 0):= (etk=>'0");
signal CLK2 : std_logic :='0";
signal Qint : STD_LOGIC_VECTOR (10 downto 0)sthers=>'0";
BEGIN
-- Instantiate the Unit Under Test (UUT)
uut: proyecto PORT MAP (
CLK => CLK,
notas => notas,
des => des,
num_inst => num_inst,
RST => RST,
INIT => INIT,
W_EN =>W_EN,
sim => sim,
sal_ LED =>sal_LED,
pulse_48KHz => pulse_48KHz,
AUD_MCLK => AUD_MCLK,
AUD_BCLK => AUD_BCLK,
AUD_DACDAT => AUD_DACDAT,
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AUD DACLRCK => AUD_DACLRCK,
I2C_SDAT => 12C_SDAT,
[2C_SCLK =>12C_SCLK
)i
CLK <= not CLK after 5 ns;
RST <="'0" after 10 ns;
process (CLK)
begin
if (CLK'event and CLK="1") then
if Qint = 1041 then Qint <= "00000000000"; CLK2 '1';-- CLK a 48000
else Qint <= Qint+1; CLK2 <="'0"
-- Qint contador reloj sefiales control MUX
end if;
end if;
end process;
process (CLK2)
variable buf_in,buf _out:line;
begin
if (CLK2'event and CLK2="1") then
Salent <= conv_integer(sim);
i <= i+1; -- saber cuantasneros estoy sacando
WRITE(buf_out,Salent);
WRITELINE(vect_out,buf_out);
end if;
end process;
END;

Tono

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_SIGNED.ALL,;
entity tono is
Port (CLK :in STD_LOGIC;
RST :in STD_LOGIC;
Sal: out STD_LOGIC_VECTOR (16 downto 0)
);
end tono;
architecture Behavioral of tono is
type ROM_sen is array (0 to 511) of integer;
constant
MEM_sen:ROM_sen:=( 0,1,3,4,6,7,9,11,12,14,15,120,21,23,25,26,28,29,31,32,34,35,37,38,4D
41,43,44,46,47,49,50,51,53,54,56 $6®,61,63,64,65,67,68,69,71,72,73
75,76,77,78,80,81,82,83,84,86,87 88®91,92,93,94,96,97,98,99,100,
101,102, 1113,104,105,106,107,108,109,109,110,111,112,1331,14,
115,115,116,117,117,118,118,119,12M1121,121,122,122,123,123,123,
124,124,124,125,125,125,126,126,1261127,127,127,127,127,127,127,
127,127,127,127,127,127,127,127,1227127,127,127,126,126,126,126,
126,125,125,125,124,124,124,123,12831122,121,121,120,120,119,119,
118,118,117,116,116,115,114,114,11131111,111,110,109,108,107,106,
106,105,104,103,102,101,100,99,98/895,94,93,92,91,90,88,87,86,85,
84,83,81,80,79,78,77,75,74,73,7196,6,66,65,63,62,61,59,58,56,55,54
52,51,49,48,46,45,43,42,40,39,37 86331,30,28,27,25,24,22,21,19,18
16,14,13,11,10,8,7,534,-3,-4,-6,-8,-9,-11,-12,-14,-15,-17,-19,-2Q,-2
-23,-25,-26,-28,-29,-32,-34,-35,-37,-38,-40,-41,-43,-44,-46,-47 ,-49,-5(
-52,-53,-55,-56,-57,-59,-60,-62,-63,-66,-67,-68,-70,-71,-72,-74,-75,-76,
-78,-79,-80,-81,-82,-84,-85,-86,-88,-89,-91,-92,-93,-94,-95,-96,-97,-98,
-99,-100,-101,-102,-103,-104,-1056,1007,-107,-108,-109,-110,-111,
-112,-112,-113,-114,-115,-115,-116/-1117,-118,-119,-119,-120,-120,
-121,-121,-122,-122,-123,-123,-1224.31125,-125,-125,-126,-126,-126,
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-127,-127,-127,-127,-127,-128,-1288.1128,-128,-128,-128,-128,-128,
-128,-128,-128,-128,-128,-128,-1288.1128,-128,-128,-127,-127,-127,
-127,-126,-126,-126,-125,-125,-1284.1124,-124,-123,-123,-122,-122,
-121,-121,-120,-119,-119,-118,-11871116,-116,-115,-114,-114,-113,
-112,-111,-110,-110,-109,-108,-1206,-105,-104,-103,-103,-102,-101,
-100,-99,-98,-97,-95,-94,-93,-92,-90,-89,-88,-87,-85,-84,-83,-82,-81,

-79,-78,-77,-76,-74,-73,-72,-70,-68,-66,-65,-64,-62,-61,-60,-58,-57,-55,
-54,-52,-51,-50,-48,-47,-45,-44,-42,-39,-38,-36,-35,-33,-32,-30,-29,-27,
-26,-24,-22,-21,-19,-18,-16,-15,-12,-10,-8,-7,-5,-4,-2,-1);

signal INCe : integer:=0;

signal INC : STD_LOGIC_VECTOR (17 downto 0):= (otke>'0";
signal fasele : integer:=0;

signal fasel : STD_LOGIC_VECTOR (17 downto 0):=h@rs=>'0";
signal ampfunde : integer:=0;

signal ampfund : STD_LOGIC_VECTOR (7 downto 0):th@rs=>'0";
signal Bf_1: STD_LOGIC_VECTOR (17 downto 0):= (etk=>'0");
signal Bf_2 : STD_LOGIC_VECTOR (17 downto 0):= (etk=>'0");
signal Bf_3: STD_LOGIC_VECTOR (17 downto 0):= (etk=>'0");
signal Bf 4 : STD_LOGIC_VECTOR (8 downto 0):= (otke>'0");
signal Bf_4mem : STD_LOGIC_VECTOR (9 downto 0):th@rs=>'0");
signal senf : integer:=0;

signal Bf 5:STD_LOGIC_VECTOR (7 downto 0):= (etk=>'0";
signal Bf 6 : STD_LOGIC_VECTOR (15 downto 0):=Hets=>'0");
signal Bf sal : integer:=0;

signal Bsum : integer:=0;

signal Bf _1sum2 : STD_LOGIC_VECTOR (23 downto Ojothers=>'0";
signal Bf _antsal : STD_LOGIC_VECTOR (15 downto Ofjothers=>'0");
signal Bf _pos: STD_LOGIC_VECTOR (15 downto 0):th@rs=>'0";
signal Bf i : integer:=0;

signal pos : STD_LOGIC_VECTOR (8 downto 0):= (o8w¥'0");
signal neg : STD_LOGIC_VECTOR (8 downto 0):= (ow¥'0");

Signals

begin

INCe <= 8080;
INC <= conv_std_logic_vector(INCe,18);
Process (CLK)

begin

if (CLK'event and CLK="1") then

end if;
end Process;

----------------- RESET
if (RST="1") then
Bf 1 <= (others =>"'0Y;
Bf 2 <= (others =>"'0";
elsif (RST="0") then

amplitudes
ampfunde <= 100;
ampfund <= conv_std_logic_vector(ampfunde,8);
————————————————— Primer registro -------------
Bf 1 <= INC; -- frecuencia fundamental
——————————————————— Acumulador --------------—--
Bf 2 <= Bf 2+Bf 1,

end if;

--------------- suma de la fase -----------—

Bf 3 <=Bf 2;

————————————————— truncado para memoria L bis--------
Bf 4 <= Bf 3 (17 downto 9);

Bf_4mem <="0" & Bf_4;

Bf i <= MEM_sen (CONV_INTEGER(Bf_4mem));
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Bf 5 <= conv_std_logic_vector(Bf_i,8);
Bf 6 <= Bf 5 * ampfund;
Bf antsal <= Bf_6;
Bf _pos <= conv_std_logic_vector(13500,16); -- poctemvertir a integer para simular
Sal <= (Bf_antsal(15) & Bf_antsal) + (Bf_pos(15)B8._pos);
end Behavioral,

Mejora 1

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_SIGNED.ALL;
entity mejoral is
Port (CLK :in STD_LOGIC;
RST :in STD_LOGIC;
Sal: out STD_LOGIC_VECTOR (11 downto 0)
Sal: out STD_LOGIC_VECTOR (16 downto 0)
)i
end mejoral;
architecture Behavioral of mejoral is
type ROM_sen is array (0 to 255) of integer;
constant MEM_sen:ROM_sen:=( 0,1,3,4,6,7,9,11,1,258,47,18,20,21,23,25,26,28,29,31,32,34,35,
37,38,40,41,43,44,46,47,49,50,51,53,54,56,58(661,63,64,65,
67,68,69,71,72,73,75,76,77,78,80,81,82,83,847888,89,90,91,
92,93,94,96,97,98,99,100,101,102,102,103,164108,107,108,
109,109,110,111,112,113,113,114,115,115,1161177118,118,
119,120,120,121,121,122,122,123,123,123,1241P24125,125,
125,126,126,126,126,127,127,127,127,127,1271227127,127,
127,127,127,127,127,127,127,127,127,127,126 PB61 26,126,
125,125,125,124,124,124,123,123,122,122,121129]120,119,
119,118,118,117,116,116,115,114,114,113,1121117110,109,
108,107,106,106,105,104,103,102,101,100,997/986395,94,93,
92,91,90,88,87,86,85,84,83,81,80,79,78,77,753(41,70,69,67,
66,65,63,62,61,59,58,56,55,54,52,51,49,48,463%52,40,39,37,
36,34,33,31,30,28,27,25,24,22,21,19,18,16,141180,8,7,5,3,2,
1);
Signals

signal INCe : integer:=0;

signal INC : STD_LOGIC_VECTOR (17 downto 0):= (otse>'0";
signal fasele : integer:=0;

signal fasel : STD_LOGIC_VECTOR (17 downto 0):=h@rs=>'0";
signal ampfunde : integer:=0;

signal ampfund : STD_LOGIC_VECTOR (7 downto 0):th@rs=>'0";
signal Bf 1:STD_LOGIC_VECTOR (17 downto 0):= (eth=>'0";
signal Bf 2 : STD_LOGIC_VECTOR (17 downto 0):= (eth=>'0";
signal Bf 3 : STD_LOGIC_VECTOR (17 downto 0):= (eth=>'0";
signal Bf 4 : STD_LOGIC_VECTOR (8 downto 0):= (otke>'0";
signal Bf_4mem : STD_LOGIC_VECTOR (8 downto 0):th@rs=>'0");
signal senf : integer:=0;

signal Bf 5: STD_LOGIC_VECTOR (7 downto 0):= (otke>'0");
signal Bf_6 : STD_LOGIC_VECTOR (15 downto 0):=Hets=>'0");
signal Bf sal : integer:=0;

signal Bsum : integer:=0;

signal Bf _1sum2 : STD_LOGIC_VECTOR (23 downto Ojothers=>'0";
signal Bf antsal : STD_LOGIC_VECTOR (15 downto Ofjothers=>'0");
signal Bf pos: STD_LOGIC_VECTOR (15 downto 0):th@rs=>'0";
sianal Bf i : inteaer:=(
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signal pos : STD_LOGIC_VECTOR (8 downto 0):= (o¥¥'0");
signal neg : STD_LOGIC_VECTOR (8 downto 0):= (otwr'0";

begin
INCe <= 8080;
INC <= conv_std_logic_vector(INCe,18);
Process (CLK)
begin
if (CLK'event and CLK="1") then
----------------- RESET
if (RST="1") then
Bf 1 <= (others =>"'0;
Bf 2 <= (others =>"'0";
elsif (RST="0") then

amplitudes
ampfunde <= 100;
ampfund <= conv_std_logic_vector(ampfunde,8);
----------------- Primer registro -------------
Bf 1 <=INC; -- frecuencia fundamental
------------------- Acumulador --------------—--
Bf 2 <= Bf 2+Bf 1,

end if;
end if;

end Process;
——————————————— suma de la fase -----------—
Bf 3 <=Bf 2;
————————————————— truncado para memoria L bis--------
Bf 4 <= Bf 3 (17 downto 9);
Bf 4mem <="0" & Bf_4(7 downto 0);
------------ sacar valores mem sen con direce®hits anteriores---

Process (CLK)
begin
if (Bf_4(8)='0") then Bf_i <= MEM_sen (CONV_INTEER(Bf_4mem));
else Bf i <= -MEM_sen (CONV_INTEGER(Bf_4mem));
end if;
end process;
Bf 5 <=conv_std_logic_vector(Bf_i,8);
Bf 6 <= Bf 5 * ampfund;
Bf antsal <= Bf_6;
Bf_pos <= conv_std_logic_vector(13500,16); -- poctemvertir a integer para simular
Sal <= (Bf_antsal(15) & Bf_antsal) + (Bf_pos(15)B8._pos);
end Behavioral,

Mejora 2

library IEEE;

use |IEEE.STD_LOGIC_1164.ALL;

use |IEEE.STD_LOGIC_ARITH.ALL;

use |IEEE.STD_LOGIC_SIGNED.ALL;

entity mejora2 is

Port (CLK :in STD_LOGIC;

RST :in STD_LOGIC;
Sal: out STD_LOGIC_VECTOR (16 downto 0)
)i

end mejora2;

architecture Behavioral of mejora2 is

type ROM_sen is array (0 to 127) of integer;

constant MEM_sen:ROM_sen:=(  0,1,3,4,6,7,9,11,123,47,18,20,21,23,25,26,28,29,31,32,34,
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35, 37,38,40,41,43,44,46,47,49,50,51,53,54/595%60,61,63,64,
65,67,68,69,71,72,73,75,76,77,78,80,81,82,836387,88,89,90,
91,92,93,94,96,97,98,99,100,101,102,102,1031084106,107,

108,109,109,110,111,112,113,113,114,115,1151176117,118,
118,119,120,120,121,121,122,122,123,123,1231224124,125,
125,125,126,126,126,126,127,127,127,127,1271227127,127,

127);

Signals

signal INCe : integer:=0;

signal INC : STD_LOGIC_VECTOR (17 downto 0):= (otse>'0";
signal fasele : integer:=0;

signal fasel : STD_LOGIC_VECTOR (17 downto 0):=h@rs=>'0";
signal ampfunde : integer:=0;

signal ampfund : STD_LOGIC_VECTOR (7 downto 0):th@rs=>'0";
signal Bf 1 :STD_LOGIC_VECTOR (17 downto 0):= (eth=>'0";
signal Bf 2 : STD_LOGIC_VECTOR (17 downto 0):= (eth=>'0";
signal Bf_3: STD_LOGIC_VECTOR (17 downto 0):= (etk=>'0");
signal Bf 4 : STD_LOGIC_VECTOR (8 downto 0):= (otke>'0");
signal Bf_4mem : STD_LOGIC_VECTOR (7 downto 0):th@rs=>'0");
signal senf : integer:=0;

signal Bf 5: STD_LOGIC_VECTOR (7 downto 0):= (otke>'0");
signal Bf 6 : STD_LOGIC_VECTOR (15 downto 0):=Hets=>'0");
signal Bf sal : integer:=0;

signal Bsum : integer:=0;

signal Bf _1sum2 : STD_LOGIC_VECTOR (23 downto Ojothers=>'0";
signal Bf antsal : STD_LOGIC_VECTOR (15 downto Ofjothers=>'0");
signal Bf pos: STD_LOGIC_VECTOR (15 downto 0):th@rs=>'0";
signal Bf i : integer:=0;

signal pos : STD_LOGIC_VECTOR (8 downto 0):= (o8w¥'0");
signal neg : STD_LOGIC_VECTOR (8 downto 0):= (otwf'0");
signal bf res: STD_LOGIC_VECTOR (7 downto 0):=h@ts=>'0");

INCe <= 8080;
INC <= conv_std_logic_vector(INCe,18);

Process (CLK)

if (CLK'event and CLK="1") then
----------------- RESET
if (RST="1") then
Bf 1 <= (others =>"'0";
Bf 2 <= (others =>"'0";

elsif (RST='0")
ampfunde <= 100;
ampfund <= conv_std_logic_vector(ampfunde,8);
————————————————— Primer registro -------------
Bf 1 <= INC; -- frecuencia fundamental
——————————————————— Acumulador --------------—--
Bf 2 <= Bf 2+Bf 1;

end if;

end if;

end Process;

--------------- suma de la fase -----------—

Bf 3 <=Bf 2;

----------------- truncado para memoria L bits--------
Bf 4 <= Bf 3 (17 downto 9);

Bf 4mem <="0" & Bf_4(6 downto 0);

Process (CLK)

begin
if (Bf_4(8)='0") then
if Bf_4(7)="'0' then Bf_i <= MEM_sen (CONV_INTEG¥Bf_4mem));
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else Bf i <= MEM_sen (CONV_INTEGER(Bf_res));
end if;
elsif (Bf_4(8)="1") then
if Bf_4(7)='0' then Bf_i <= -MEM_sen (CONV_INTEHER(Bf _4mem));
else Bf i <= -MEM_sen (CONV_INTEGER(Bf_res));
end if;
end if;
end process;
Bf 5 <= conv_std_logic_vector(Bf_i,8);
Bf 6 <= Bf 5 * ampfund,;
Bf antsal <= Bf_6;
Bf _pos <= conv_std_logic_vector(13500,16); -- poctemvertir a integer para simular
Sal <= (Bf _antsal(15) & Bf _antsal) + (Bf _pos(15)B% _pos);
end Behavioral;
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Anexo 3. Cddigo Matlab utilizado en la
simulacion de la sintesis de frecuencia.

C4 Oboe:

function c4_oboe
fs=48000;
Ts=1/fs;

fundHz=261.626;
a_freqHz=9941.78;

a nl p=-1.898;

a_nl a=2931.55;

a_n2_p=-1.427,

a n2_a=749.7;

a _n3 p=-2.018;

a n3_a =2679.48;

a nd p=-1.442,

a n4_a=4936.02;

a_n5_p=-1.666;

a_n5 _a=>5374;

a n6_p=-2.94;

a n6_a=2510.78;

a_n7_p=2.653;

a n7_a=307.69;

a_n8 p =-0.539;

a n8 _a=4425;

a n9 p=-0.461,

a n9 a=739.29;

a nl0_p =-0.158;

a nl0_a=533.49;

a nll p=1.196;

a nll a=461.5;

a nl2 p=1.036;

a _nl2 a=497.54,

a nl3 p=0.515;

a nl3 a=304.65;

a nl4 p=0.372;

a nl4 a=2451,

a nl5 p=0.261,

a nl5 a=48.97,

a_nl6_p =-0.36;

a nl6é _a=14.76;

a nl7_p=-1.328;

a nl7_a=281.97,

a nl8 p=-0.321;

a nl8 a=46.85;

a nl9 p=-1.236;

a nl9 a=15.9;

t_fin=5; %5 segundos

n_max=t_fin*fs;

t=[1:n_max]*Ts;
senyal=((a_freqHz*sin(2*pi*t*fundHz))+(a_n1_a*sin{@*t*2*fundHz+a_nl1_p))+(a_n2_a*sin(2*
pi*t*3*fundHz+a_n2_p))+(a_n3_a*sin(2*pi*t*4*fundHza_n3_p))+(a_n4_a*sin(2*pi*t*5*fundHz+
a_n4_p))+(a_n5_a*sin(2*pi*t*6*fundHz+a_n5_p))+(a_rBsin(2*pi*t*7*fundHz+a_n6_p))+
(a_n7_a*sin(2*pi*t*8*fundHz+a_n7_p))+(a_n8_a*sinf@*t*9*fundHz+a_n8_p))+(a_n9_a*sin(2*
pi*t*10*fundHz+a_n9 _p))+(a_n10_a*sin(2*pi*t*11*fundz+a_nl0_p))+(a_nll_a*sin(2*pi*t*12*
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fundHz+a_nl1l p))+(a_nl12_a*sin(2*pi*t*13*fundHz+a_2lp))+(a_nl3_a*sin(2*pi*t*14*fundHz+
a _nl3_p))+(a_nl4_a*sin(2*pi*t*15*fundHz+a_n14 p)+Hl5_a*sin(2*pi*t*16*fundHz+
a _nl5 p))+(a_n16_a*sin(2*pi*t*17*fundHz+a_n16_p)a+Hl7_a*sin(2*pi*t*18*fundHz+
a nl7_p))+(a_n18_ a*sin(2*pi*t*19*fundHz+a_n18 p)a+Hl19_ a*sin(2*pi*t*20*fundHz+
a_nl9 p)))*107-4.5;
%senyal NO puede pasar de +-1
%senyal = (a_nl_a*sin(2*pi*t*2*fundHz+a_n1_p))

hold on
plot(t,senyal)
AXIS([00.01 -1 1])
sound(senyal,fs)

C5 Oboe:

function c5_oboe
fs=48000;
Ts=1/fs;

fundHz=523.251,
a_freqHz=8895.26;
a nl p=0.31

a nl a=1316.94;
a n2_p=3.117,
a_n2_a=3380.0;
a _n3 _p=-0.097;
a_n3_a=578.76;
a n4d p=-1.368;
a n4 _a=1539.72;
a_n5_p =-0.604;
a n5 a=264.51,
a n6_p=-0.734;
a n6_a=1579.59;
a_n7_p=0.876;
a_n7_a=88.45;
a_n8 p=2.915;

a n8 a=299.15;
a n9 p=-2.582;
a n9 a=1324;

a nl0_p =-1.535;
a nl0_a=101.05;
a nll p=-2.769;
a nll a=11.85;
a nl2 p=-2.397,
a nl2 a=24.1,;

a nl3 p=2.159;
a nl3 a=9.18;

a nl4 p=2712;
a nl4 a=18.93;
a_nl5 p =-0.949;
a nl5 a=16.78;
a_nl6_p =-2.007;
a nl6é _a=20.85;
a nl7_p=-2.237,
a nl7 a=6.02;

a nl8 p=1.225;
a nl8 a=15.3;

a nl9 p=-0.013;
a nl9 a=9.94;
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t fin=5; %5 segundos
n_max=t_fin*fs;
t=[1:n_max]*Ts;

senyal=((a_freqHz*sin(2*pi*t*fundHz))+(a_n1_a*sin{@*t*2*fundHz+a_n1_p))+(a_n2_a*sin(2*
pi*t*3*fundHz+a_n2_p))+(a_n3_a*sin(2*pi*t*4*fundHza_n3_p))+(a_n4_a*sin(2*pi*t*5*fundHz+
a_n4_p))+(a_n5_a*sin(2*pi*t*6*fundHz+a_n5_p))+(a_r&@sin(2*pi*t*7*fundHz+a_n6_p))+
(a_n7_a*sin(2*pi*t*8*fundHz+a_n7_p))+(a_n8_a*sin@*t*9*fundHz+a_n8_p))+(a_n9_a*sin(2*
pi*t*10*fundHz+a_n9_p))+(a_n10_a*sin(2*pi*t*11*fundz+a_nl0_p))+(a_nll_a*sin(2*pi*t*12*
fundHz+a nll p))+(a_n12_a*sin(2*pi*t*13*fundHz+a 21Jp))+(a_n13_a*sin(2*pi*t*14*fundHz+
a_nl3 p))+(a_nl4_a*sin(2*pi*t*15*fundHz+a_nl4 p)xHl5_ a*sin(2*pi*t*16*fundHz+
a_nl5 p))+(a_nl6_a*sin(2*pi*t*17*fundHz+a_nl6_p)xHl7_a*sin(2*pi*t*18*fundHz+
a_nl7_p))+(a_nl8_ a*sin(2*pi*t*19*fundHz+a_nl18 p)xHl9 a*sin(2*pi*t*20*fundHz+
a_nl9 p)))*107-4.5;

%senyal NO puede pasar de +-1

%senyal = (a_nl_a*sin(2*pi*t*2*fundHz+a_n1_p))

hold on
plot(t,senyal)
AXIS([0 0.005 -1 1])

sound(senyal,fs)

C5 Violin:

function ¢5_violin_muted_vibrato
fs=48000;
Ts=1/fs;
fundHz=523.251;
a_freqHz=8895.26;
a_nl p=-2.507;
a_nl a=2385.3;
a n2_p=-1.103;
a_n2_a =2565;
a n3 p=-2.522;
a n3_a=769.53;
a_n4 p=-0.014,
an4d a=771.31,
a n5 p=1.634;
a_n5_a=145.77,
a_n6_p =-2.855;
a n6_a=201.23;
a_n7_p=-0.725;
a_n7_a=>52.14;
a _n8 p=3.028;
a n8_a = 36.36;
a n9 p=-2.751,
a n9 a=27.21,
a nl0_p =-1.848;
a nl0 _a=10.54;
a nll p=-2.0;
a nll a=46.17,
a nl2 p=0.302;
a nl2 a=74.87,
a nl3 p=-1.655;
a nl3 a=289.83;
a_nl4 p=2.644,
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a nl4 a=56.35;

a _nl5 p=-2.03;

a nl5 a=62.88;

a _nl6_p =-0.749;

a nl6_a=30.95;

a nl7_p=-1.492,

a nl7_a=27.66;

a nl8 p=1.336;

a nl8 a=18.03;

a nl9 p=-2.694;

a nl9 a=12.78;

t_fin=5; %5 segundos

n_max=t_fin*fs;

t=[1:n_max]*Ts;
senyal=((a_freqHz*sin(2*pi*t*fundHz))+(a_n1_a*sin{@*t*2*fundHz+a_n1_p))+(a_n2_a*sin(2*
pi*t*3*fundHz+a_n2_p))+(a_n3_a*sin(2*pi*t*4*fundHza_n3_p))+(a_n4_a*sin(2*pi*t*5*fundHz+
a_n4_p))+(a_n5_a*sin(2*pi*t*6*fundHz+a_n5_p))+(a_rBsin(2*pi*t*7*fundHz+a_n6_p))+
(a_n7_a*sin(2*pi*t*8*fundHz+a_n7_p))+(a_n8_a*sinf@*t*9*fundHz+a_n8_p))+(a_n9_a*sin(2*
pi*t*10*fundHz+a_n9 _p))+(a_n10_a*sin(2*pi*t*11*fundz+a_nl0_p))+(a_nll_a*sin(2*pi*t*12*
fundHz+a nll p))+(a_n12_a*sin(2*pi*t*13*fundHz+a 21Jp))+(a_n13_a*sin(2*pi*t*14*fundHz+
a_nl3 p))+(a_nl4_a*sin(2*pi*t*15*fundHz+a_nl4 p)xHl5_ a*sin(2*pi*t*16*fundHz+
a_nl5 p))+(a_nl6_a*sin(2*pi*t*17*fundHz+a_nl16_p)aHl7_a*sin(2*pi*t*18*fundHz+
a_nl7_p))+(a_nl8_a*sin(2*pi*t*19*fundHz+a_n18_p)a+H19 a*sin(2*pi*t*20*fundHz+
a_nl9 p)))*107-4.5;

hold on

plot(t,senyal,'b")

AXIS([0 0.005 -1 1])

sound(senyal,fs)

C6 Violin:

function c6_violin_muted_vibrato
fs=48000;
Ts=1/fs;
fundHz=1046.5;
a_freqHz=8372.26;
a nl p=-1.521;
a nl_a=1920;
a_n2_p =2.295;
a_n2_a=475.93;
a n3 p=-2.698;
a n3_a=119.21;
a n4 p=-0.741,
a n4_a=60.5;
a_n5_p=-2.987,
a n5 _a=134.65;
a n6_p=-2.794,
a n6_a=123.03;
a n7_p=-2.427,
a n7_a=46.17,
a n8 p=-0.768;
a n8 a=24.5;
a n9 p=-1.378;
a n9 a=>5851;
a nl0 p=0;
a nl0_a=0;
a nll p=0;
a nll a=0;
a nl2 p=0;
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a nl9 a=0;

t fin=5; %5 segundos

n_max=t_fin*fs;

t=[1:n_max]*Ts;
senyal=((a_freqHz*sin(2*pi*t*fundHz))+(a_n1_a*sin{@*t*2*fundHz+a_n1_p))+(a_n2_a*sin(2*
pi*t*3*fundHz+a_n2_p))+(a_n3_a*sin(2*pi*t*4*fundHza_n3_p))+(a_n4_a*sin(2*pi*t*5*fundHz+
a_n4_p))+(a_n5_a*sin(2*pi*t*6*fundHz+a_n5_p))+(a_r&@sin(2*pi*t*7*fundHz+a_n6_p))+
(a_n7_a*sin(2*pi*t*8*fundHz+a_n7_p))+(a_n8_a*sinf@*t*9*fundHz+a_n8_p))+(a_n9_a*sin(2*
pi*t*10*fundHz+a_n9 _p))+(a_n10_a*sin(2*pi*t*11*fundz+a_nl0_p))+(a_nll_a*sin(2*pi*t*12*
fundHz+a nll p))+(a_n12_a*sin(2*pi*t*13*fundHz+a 21Jp))+(a_n13_a*sin(2*pi*t*14*fundHz+
a_nl3 p))+(a_nl4_a*sin(2*pi*t*15*fundHz+a_nl4 p)xHl5_ a*sin(2*pi*t*16*fundHz+
a_nl5 p))+(a_nl6_a*sin(2*pi*t*17*fundHz+a_nl6_ p)xHl7_a*sin(2*pi*t*18*fundHz+
a_nl7_p))+(a_nl8_ a*sin(2*pi*t*19*fundHz+a_nl18 p)xHl9 a*sin(2*pi*t*20*fundHz+
a_nl9 p)))*107-4.5;

hold on

plot(t,senyal,'b")

AXIS([0 0.005 -1 1])

sound(senyal,fs)

C3 Tuba

function ¢c3_tuba
fs=48000;
Ts=1/fs;
fundHz=130.81;
a_freqHz=9941.78;
a _nl p=-2.368;
a nl a=2925.42;
a_n2_p=0.313;
a n2_a=3488;
a n3 p=-2.778;
a n3_a=2024.17,
a_nd_p=0.326;
a n4 a=2816.78,;
a n5 p=-1.637,
a n5 a=161.46;
a _n6_p =-0.736;
a n6_a =504.68;
a _n7_p = 2.266;
a n7_a=363.4;
a_n8 p =3.036;
a n8_a=>53.73;
a_n9 _p=1.747,
a n9 _a=73.84;
a nl0_p =-0.852;
a nl0_a=28.47,
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a nll p=1.984,

a nll a=27.72;

a nl2 p=-1.552;

a nl2 a=23.72;

a nl3 p=1.253;

a nl3 a=26.67,

a nl4 p=-1.121;

a nl4 a=28.95;

a_nl5 p =-0.904;

a nl5 a=3.84;

a nl6_p=0.515;

a nl6_a=3.83;

a nl7_p=-2.001,;

a nl7_a=>5.61;

a nl8 p=-1.481,

a nl8 a=2.53;

a nl9 p=-0.638;

a nl9 a=4.73;

t_fin=5; %5 segundos

n_max=t_fin*fs;

t=[1:n_max]*Ts;
senyal=((a_freqHz*sin(2*pi*t*fundHz))+(a_n1_a*sin{@*t*2*fundHz+a_nl_p))+(a_n2_a*sin(2*
pi*t*3*fundHz+a_n2_p))+(a_n3_a*sin(2*pi*t*4*fundHza_n3_p))+(a_n4_a*sin(2*pi*t*5*fundHz+
a_n4_p))+(a_n5_a*sin(2*pi*t*6*fundHz+a_n5_p))+(a_rBsin(2*pi*t*7*fundHz+a_n6_p))+
(a_n7_a*sin(2*pi*t*8*fundHz+a_n7_p))+(a_n8_a*sinf@*t*9*fundHz+a_n8_p))+(a_n9_a*sin(2*
pi*t*10*fundHz+a_n9 _p))+(a_n10_a*sin(2*pi*t*11*fundz+a_nl0_p))+(a_nll_a*sin(2*pi*t*12*
fundHz+a nll p))+(a_n12_a*sin(2*pi*t*13*fundHz+a 21Ip))+(a_n13_a*sin(2*pi*t*14*fundHz+
a_nl3_p))+(a_nl4d_a*sin(2*pi*t*15*fundHz+a_nl4 p)aHl5_a*sin(2*pi*t*16*fundHz+
a_nl5 p))+(a_nl6_a*sin(2*pi*t*17*fundHz+a_nl16_p)aHl7_a*sin(2*pi*t*18*fundHz+
a_nl7_p))+(a_nl8_a*sin(2*pi*t*19*fundHz+a_n18_p)aHl9 a*sin(2*pi*t*20*fundHz+
a_nl9 p)))*107-4.5;

hold on

plot(t,senyal,'b")

AXIS([0 0.020 -1 1])

sound(senyal,fs)

C4 Tuba

function c4_tuba
fs=48000;
Ts=1/fs;
fundHz=261.63;
a_freqHz=6802.27,
a nl p=1.411,;
a nl a=2043;
a _n2_p=2.288;
a n2_a=254.34;
a_n3 p =1.824,
a_n3 _a=128.07;
a_nd_p=1.594;
a nd_a=14.84;
a n5 p=2.702;
a n6_p=-1.07;
a n6_a=3.91;
a _n7_p=0.982;
a n7_a=1.45;
a_n8 p =0.744,
a n8 a=0.51;
a_n9 _p =-2.245;
a n9 a=0.93;
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a _nl0_p =-0.202;

a nl0_a=0.43;

a nll p=0.467,

a nll a=0.35;

a nl2 p=0.002;

a nl2 a=0.13;

a nl3 p=2.266;

a nl3 a=0.13;

a_nl4 p=-2.07,

a nl4 a=0.21;

a nl5 p=-1.267,

a nl5 a=0.14;

a _nl6é_p=-2.481,

a nl6_a=0.3;

a nl7 _p=1.169;

a nl7_a=0.12;

a nl8 p=2.629;

a nl8 a=0.18;

a nl9 p=2.079;

a nl9 a=0.13;

t_fin=5; %5 segundos

n_max=t_fin*fs;

t=[1:n_max]*Ts;
senyal=((a_freqHz*sin(2*pi*t*fundHz))+(a_n1_a*sin@*t*2*fundHz+a_nl_p))+(a_n2_a*sin(2*p
i*t*3*fundHz+a_n2_p))+(a_n3_a*sin(2*pi*t*4*fundHz+an3_p))+(a_n4_a*sin(2*pi*t*5*fundHz+
a_n4_p))+(a_n5_a*sin(2*pi*t*6*fundHz+a_n5_p))+(a_rBsin(2*pi*t*7*fundHz+a_n6_p))+
(a_n7_a*sin(2*pi*t*8*fundHz+a_n7_p))+(a_n8_a*sinf@*t*9*fundHz+a_n8_p))+(a_n9_a*sin(2*
pi*t*10*fundHz+a_n9_p))+(a_n10_a*sin(2*pi*t*11*fundz+a_nl10_p))+(a_nll_a*sin(2*pi*t*12*
fundHz+a_nl1l_p))+(a_n12_a*sin(2*pi*t*13*fundHz+a_2Ip))+(a_n13_a*sin(2*pi*t*14*fundHz+
a_nl3_p))+(a_nl4d_a*sin(2*pi*t*15*fundHz+a_nl4 p)aHl5_a*sin(2*pi*t*16*fundHz+
a_nl5 p))+(a_nl6_a*sin(2*pi*t*17*fundHz+a_nl16_p)aHl7_a*sin(2*pi*t*18*fundHz+
a_nl7_p))+(a_nl8_a*sin(2*pi*t*19*fundHz+a_n18_p)a+H19 a*sin(2*pi*t*20*fundHz+
a_nl9 p)))*107-4.5;

hold on

plot(t,senyal,'b")

AXIS([0 0.010 -1 1])

sound(senyal,fs)
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