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Matlab HDL Coder™

— CONTENTS All  Examples Functions Blocks  Apps

« Documentation Home

i S HDL Code Generation R2021b

« Code Generation Generate HOL code from MATLAE® and Simulink®

To implement a DSP design on FPGAs or ASICs, you can use either HDL Coder™ or Filter Design HOL Coder™. Both

Catagory products generate synthesizable and portable VHDL® and Verilog® code, and also generate VHDL and Verilog test
C Code Generation benches for quickly simulating, testing, and verifying the generated code.
HDL Code Generation = HODL Coder — Generate code from Simulink or MATLAB designs. This support includes filters, math and signal

operations, and other algorithms optimized for resource use and performance, such as the FFT HOL Optimized,

DSP Algorithm Acceleration
IFFT HDL Optimized, and NCO HDL Optimized blocks. For a basic example of how to generate HDL code using

SIMD Code Generation HDL Coder, see Programmable FIR Filter for FPGA.
Code Generation for ARM Cortex-M and +  Filter Design HOL Coder — Generate code from MATLAE filter designs. You can access code and test bench
ARM Cortex-A Processors generation features using the Generate HOL user interface, or by using command-line options. These features are

also integrated with the Filter Designer app. For an example of how to generate HDL code using Filter Design HOL
Coder, see HDL Butterworth Filter (Filter Design HDL Coder).

To debug your designs in Simulink or MATLAB, use the Logic Analyzer waveform viewer.

Simulink Visualization Tool

Logic Analyzer Visualize, measure, and analyze transitions and states over time
Functions

generatendl Generate HOL code for quantized DSP filter (requires Filter Design HDL Coder)
Topics
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Key Features

» Generates synthesizable HDL code from Simulink models
and Embedded MATLAB™ code for datapath implementations

» Generates synthesizable HDL code from Stateflow charts for
Mealy and Moore finite-state machines and control logic implementations

» Generates VHDL code that is IEEE 1076 compliant
and Verilog code that is IEEE 1364-2001 compliant

» | ets to create bit-true and cycle-accurate models that match your
Simulink design specifications

* Lets to select from multiple HDL architectural implementations
for commonly used blocks

 Lets you specify the subsystem for HDL code generation

» Enables you to reuse existing IP HDL code (with EDA Simulator Link
products)

» Generates simulation and synthesis scripts
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*Support for the following discrete-time filter structures:

Finite Impulse Response (FIR) — Antisymmetric FIR — Transposed FIR — Symmetric FIR Second-order
section (SOS) — Infinite Impulse Response (IIR) Direct Form | — SOS IIR Direct Form | transposed — SOS
IIR Direct Form Il — SOS IIR Direct Form Il transposed — Discrete-Time Scalar — Delay filter — Farrow
(fractional delay) filter

» Support for the following multirate filter structures:

Cascaded Integrator Comb (CIC) interpolation — Cascaded Integrator Comb (CIC) decimation — Direct-
Form Transposed FIR Polyphase Decimator — Direct-Form FIR Polyphase Interpolator — Direct-Form FIR
Polyphase Decimator — FIR Hold Interpolator — FIR Linear Interpolator — Direct-Form FIR Polyphase
Sample Rate Converter

e Support for cascade filters (multirate and discrete-time)
» Generation of code that adheres to a clean HDL coding style
» Options for optimizing numeric results of generated HDL code

» Options for specifying parallel, serial (fully, partly or cascade), or distributed arithmetic
architectures for FIR filter realizations

» Options for controlling the contents and style of the generated HDL code and test bench
» Test bench generation for validating the generated HDL filter code

* VHDL, Verilog, and ModelSim Tcl/Tk DO file test bench options

» Automatic generation of scripts for third-party simulation and synthesis tool
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4\ Generate HDL (Direct-Form FIR, order = 30}

Target

Language: |VHDL

Name: filter

Folder: hdlsre Browse... |

Filter Architecture | Global Settings | Test Bench | EDA Tool Scripts

Architecture: Fully parallel -| Folding factor: 1
; " Multiplier: 31

Coefficient source: Internal
Coefficient multipliers: :Multlpller
Multiplier input pipaline: 0
Multiplier output pipeline: 0

Add pipeline registers
FIR adder style: Linear
Optimize for HOL

Generate MATLAB code

Generate

[ cose ||

Help ]

Digirel, A/M-5 D&P M Contral
Herdhware Loltwara

Graphical user interface (GUI)
accessible from
Filter Design and Analysis
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System Generator for DSP

XILINX
SYSTEM

System Generator provides a system integration
platform for the design of DSP FPGAs that allows the
RTL, Simulink, MATLAB and C/C++ components of a
DSP system to come together in a single simulation
and implementation environment.
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Library
mcluding
Cilinx

MATLAB Environment
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Simulation /
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PORT(a.b:IN
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END ENTITY

System Model
Input
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k Sl
‘ Simulation
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- map to IP libraries
- control signals

- VHDL design

- HDL testbench

- constraints

System Generator
Code Generation Software

- simulation scripts. project files

Core Xilinx
or
VHDL ¢—| Parameters DesignTools
+ Environment
Synthesis CORE
Compiler Generator
Test
| Vectors
EDIF,
vy v
FPGA EDIF + Timing | [ ogic
Place & Route Simulator
v v
Bit stream Pass/Fail

. Describe the algorithm

in mathematical terms

. Realize the algorithm

in the design environment,
initially using double precision

. Trim double precision

arithmetic down to fixed point

. Translate the design into

efficient hardware
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System Generator for DSP
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|

introduction

B Introduction to System Generator
T4 Vivado Design Suite Tutorial: Model-Based DSP Design Using System Generator
T4 Vivado Design Suite Tutorial: Designing with P

T Vivado Design Suite Tutorial: Creating and Packaging Custom |P

Key Concepts
i Generating Vivado HLS block for use in System Generator for DSP
H Using Vivado HLS C/C++/System C block in System Generator

B Working with System Generator for DSP and Platform Design Flows from IP
Integrator

B Using Hardware Co-Simulation with Vivado System Generator for DSP

B} System Generator Multiple Clock Domains

B Specifying AX|4-Lite Interfaces for your Vivado System Generator Design
3 MathWorks - FPGA Design and Codesign
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System Generator for DSP
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Xilinx: Simulink

DEMOS ON DEMAND" 2: X"_INX

Simulink Extensions for HW

play ® poausa [l stop W
A e

18-CAM Demodulator for Software Defined Radio
PR G

System Generator for DSP

Marinder Lall, Jim Hwang

P Introduction

> Hardware Modeling

Hardware Co-simulation

P HDL Co-simulations

Implementing the Control

® Circuits

..., Hardware in the loop > Summary

co-simulation
*HDL Configuration Wizard

*MATLAB compilation block HDL co-simulation
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Recorded Webinar: HDL Functional Verification with MATLAB & Simulink

Contact Sales Request a Trial Request Training Webinar Feedback Exit Webinar

| 2 . A Arm y 0 C 7 o
.} The MathWorks MATLAB&SIMULINK
Old Pain New Solution
Disjointed development flow Integrated automated flow
= Manual = Leverages existing MATLAB
«  Difficult to share knowledge «  Enables cross-team effort
Slow to debug »  Interactive debug
Chronic extra effort required = “Plugs into” existing flow
EDA Simulator Link Product Cosimulation Links
_.-5“'.-. .ﬂ"‘F—r
_-';-" >
Algorithm '::) I H DL
Implementation
ATLAE Under Test HDL Simulator
|
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Symulacja |
funkcjonalna Symulacja
w $rodowisku w srodowisku

MATLAB EDA

MATLAB Test Bench
MATLAB describes “Golden Reference”

Aldorith gy = Algorithms
_—— . = Algorithms , : -
P o , Stimulus Analysis Scopes
Stimulus Analysis = Scopes S ¥ " « sources
e =] = Sources .
= M-code
—\| Algorithm = M-code
——/] Design | | [Ejme® | | H=— |
-m Data source
Data source
MATLAB MATLAB®
EDA Simulator Link product
EDA Digital Simulator EDA digital simulator
HDL HDL
Mentor Graphics ModelSim Mentor Graphics ModelSim
feadence ricisive Cadence Incisive
Synopsys VCS

Synopsys VCS



Interfejsy MATLAB

Home | Select Country b | Contact Us | E Store _

< r,l The MathWorks

Accelerating the pace of engineering and science Jerzy Kasperek | My Account | Log Out

Support | User Community

=1 E-mail this page

Third-Party Products Third-Party Products & Services £ Print this page
& Services Main Page
Products P"':'dl,"?ts . } )
In addition to searching by industry, type, and task/function below, you
Services can find third-party products listed by product or company name.
Sy: Aldec, Inc. Active-HDL
Comprehensive, integrated environment for digital IC
Bei . L . |
design and verification
Pai Synopsys Inc, Saber®
— fldec, Inc, Riviera Design and analysis of mixed-technology and mixed-
High-performance ASIC and large FPGA verification signal systermns
salution
. ] Synplicity Inc Synplify Pro
Altera Corporation D3P Builder o FPGA synthesis solution
Quartus II and MATLAR/Simulink interface
Cadence Design Cadence Virtuoso AMS Designer Simulator
Systems, Inc. Cosimulation of mixed-signal systems with MATLAB and
Sirnulink
Cadence Design Cadlence '-.;w-tu::us.cu N,ECI';I.I'CLII'C ; o . wilinx, Inc. hocelDsP
Systermns, Inc, #nalog and RF circuit sizing and optirmization software High-level synthesis for DSF design
i miline, Inc, milinx Systern Generator™ for DSP
Mentar G.r'ap Ics ADVance M3 ] ] ] Simulink blockset for bit- and cycle-accurate simulation
Corporation Analog and mixed-signal simulator

and code generation for Xiling FPGAS
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« Comprehensive model verification, data analysis, and results visualization
* Ability to compare theoretical algorithm with hardware implementation

» Effective use of mathematical formulas that may be difficult to implement
with pure HDL

» Simple and efficient way of integration of HDL hardware models with the
high-level model of the system in MATLAB

» Capability of generating sophisticated test vectors

» Execution of numerical computations that are not performed by designed
hardware

» Extending the testbench with parts developed in MATLAB for faster algorithm
execution and/or data visualization,

» An effective bidirectional data transfer between HDL simulator and MATLAB
environment (millions of samples can be passed at ease).

* Ability to request any service from MATLAB directly from the HDL code,
including sophisticated calculations and data visualization performer
by the MATLAB graphical tools.
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» Software Requirements
MATLAB R14 or higher

- Language Support
— VHDL IEEE Std. 1076-1993
— Verilog IEEE Std. 1364-1995

« Supported VHDL Data Types
— STD_ULOGIC, STD_ULOGIC_VECTOR (up to 512 bits)
— STD _LOGIC and STD_LOGIC_VECTOR (up to 512 bits)
— BIT and BIT_VECTOR (up to 512 bits)
— SIGNED and UNSIGNED
— INTEGER
— REAL

» Supported (System)Verilog Types
— Logic
— Integer
— Real
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Interfejs AHDL < MATLAB

| ili Libraries 7 [x]|
0 A 1Y)

. Library Vendor Mode  Comment Unit Mame Secondary Unit Ma... Source Type Target Language
] i!'ln std %7 Standard VHDL library W# aldec_tools ED Scurce Code YHDL
6] i!'ln leee %? Standard IEEE packages library e fsd b_wrapper ED Source Code YHDL
@ il assertions % & matlab [ Source Code YHDL
@ o= aldec ALDEC %9 Aldec Active-HDL, VHDL PROCEDURES ... W@ msg En Source Code YHDL
] m exemplar Mentor %7 Mentor Graphics Precision RTL Synthesi... |&# random_pkg &3 random_pkq [%0 Source Code VHOL
i@ il ieee_proposed -4 WVHDL '93 compatible version of the pro... | &# signal_agent_pkg [0 Source Code VHOL
i@ il oswwm % SynthWaorks, OSVVM 2018.04 Library Wi sm_win_pkg @ Language Assistant - O s
@ i wvvrn_util ¥ Bitvis A5, UVVM 2018.,12.03 VHDL Library | &% tim e S0+ 0 | | | o@
® il wm ¥ UVM 1.1d Library Package Contents Templates get_item( <:1input hdl_va »
i s_','npliﬁ,r Synopsys % Synopsys FPGA Products N-2017.08, 5Y.. |47 rxallarrays - Code Auto Complete ‘fou can specify variable
@ §\ synopsys - Library containing packages with useful... (X hdl2mi(array_id : in INTEGER) - Language templates
© i uvm 1 1d v UWM 1.1d Library PX get_item(var: out REAL; array_id : in INTEG| & MATLAB Interface _
@ i\ uvm 1800 2 .. % UVM 1800.2-2017 Library PX mat_close(file_id : in INTEGER) - z:’;fe""a'::a-;"a”'-d“'a”’t'°"
i@ i uvm 1.2 & UWM 1.2 Library P* get_itern(var : out INTEGER; array_id : in IN] demo}_a"ay
@ v % Standard Verilog library P¥ get_time() - eval_string
@ I uwm_we fr.. 9 Bitvis AS, UVVM 2012.12.03 WC Framew... ::: ’”;F:‘"it(‘?(f”e—id; ETINVLECG%;"_@; in ”l'i

= . itern(var: ou : point:in ® get_item
6] I!'I. vital2000 ¥ Standard IEEE packages library pK :et:item(var  out BIT:VECTOR; soint: in I et_num_dims
® !!‘-' vl %9 2 get_item(var : out BIT_VECTOR; cast: in mx - get_variable
@ i\ vtl_dbg -4 P* get_itern(var : out BIT_VECTOR; array_id : in rndlirz:

- put_item

W projekcie wykorzystujagcym interfejs MATLAB
nalezy zadeklarowac:

library aldec;

use aldec.matlab.all;

- put_variable

- Simulation templates
H- Synthesis templates
- Training

H- Tutornial

- User templates

[#- Utility templates

o O e IO e B

YHDL\MATLAB Interfacetpl
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eval_string
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Description

The eval_string routine allows you to pass commands from the HDL Simulator (Active-HDL)
to the MATLAB environment. MATLAB output is printed to the Console window (not to the
MATLAB Command Window).

NOTE: Placing a semicolon after a MATLAB command disables the echo.
This helps to limit excessive console output that could impair simulation performance.

Syntax
VHDL.:

eval string("ml cmd") ;
Verilog:

$eval string("ml_cmd") ;

ml_cmd

The command or expression to be sent to the MATLAB environment.

It is equivalent to typing a string in the MATLAB Console or the MATLAB Command Window.
Supported argument types (VHDL): string

Supported argument types (Verilog): string

(i.e. a sequence of characters enclosed by double quotes).

Note that string variables are not supported.
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Passing Scalar Values put_variable
AGH

Description

The put_variable routine passes a variable from the HDL simulator (Active-HDL)
to the MATLAB environment. The routine can be used only for scalar values
and vectors (i.e. one-dimensional arrays).

Syntax
For an HDL variable (hdl_var) expressed as a scalar, a vector treated as an integer,
an integer or a floating point number:

VHDL:
put variable("var_name", var);

For an HDL variable (hdl_var) expressed as a vector treated as fixed-point number:
VHDL:
put variable("var_ name", var, point);



m ]JJ Interfejs AHDL < MATLAB

Passing Scalar Values put_variable
AGH

put variable("var_name", var);
put variable("var name", var, point);

var_name

The name of the variable in the MATLAB environment. If the variable already exists, its
value will be overwritten. If variable does not exist, it will be created and assigned.
Supported argument types (VHDL, Verilog): string

var

The HDL variable to be transferred to the MATLAB environment. The variable is read-only.
The put_variable routine call will not change its value.

Supported argument types (VHDL): std_logic, std_logic_vector, signed, unsigned, bit,
bit_vector, integer, real

Supported argument types (Verilog): reg (scalar or vector), net (scalar or vector),
integer, real

point

The location of the binary point, starting from the least significant position. If set to 0,
the number shall be treated as an integer value.
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Passing Scalar Values put_variable
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package Matlab is
type TDims is array (POSITIVE range <>) of integer;

procedure put variable(var name: in string; var: in std logic);
attribute foreign of put variable: procedure is
"VHPI $ALDEC/BIN/aldec_matlab cosim.dll; put variable s";

procedure put variable(var name: in string; var: in std logic) is
begin
end procedure;

-- VHPI - VHDL Programming Language Interface
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Passing Scalar Values get_variable
AGH

Description

The get_variable routine allows you to pass a variable from the MATLAB environment
to the HDL simulator (Active-HDL). The target HDL variable must be a scalar value or a
vector (i.e. one-dimensional array). The routine supports scalar variables of floating-
point (double and single) and integer.

Syntax
For an HDL variable (hdl_var) expressed as a scalar, a vector treated as an integer,
an integer or a floating point number:

VHDL.:
get variable ("var_name", var);

Verilog:
$get variable("var_name", var);

For an HDL variable (hdl_var) expressed as a vector treated as fixed-point number:
VHDL:
get variable ("var_name", var, point);

Verilog:
$get_variable("var_name", var, point);
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Passing Scalar Values get_variable
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get variable ("var_ name", var);
get variable ("var_name", var, point);

var_name

The name of a variable in the MATLAB environment. Floating point and integer types
are supported. If no variable is defined by the specified name in MATLAB, an error
message will be printed to the Console window. Supported argument types (VHDL,
Verilog): string

var

The name of the target HDL variable where the value should be stored.

Supported argument types (VHDL): std_logic, std_logic_vector, signed, unsigned, bit,
bit_vector, integer, real

Supported argument types (Verilog): reg (scalar or vector), integer, real

point

The location of the binary point, starting from the least significant position. If set to 0,
the number shall be treated as an integer value.
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Manipulating Array Values create_array
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Description

Creates an array with the specified dimensions and returns the array identifier
(array_id). If the array creation fails, 0 is returned. The number of array dimensions
is currently limited to 6. It is recommended to remove the array from the memory
with the destroy_array routine if it is no longer needed for calculations.

Syntax
VHDL:
array id = create array("name", ndim, dims);
Verilog:
array id

$create array("name", dim 0, ... , dim 5);

name

The name of the variable that will be used in the MATLAB environment.
Supported argument types (VHDL, Verilog): string

(Note that string variables are not supported)

ndim
The number of dimensions. Supported argument types (VHDL): integer

dims
An array of integers specifying the number of elements for each dimension.
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Manipulating Array Values destroy _array

M

AGH

Description
Removes an array from the memory.

Syntax
VHDL.:

destroy array(array id);
Verilog:

$destroy array(array id);

array_id
The array identifier.
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Description get_item
Reads a floating-point number from the array and stores it in an HDL variable.

Description put_item
Changes an HDL value to a floating-point number and stores it in the specified element
of the array.

Syntax

VHDL:

get item(var, array id, index);
put item(var, array id, index);

Verilog:
$get item(var, point, array id, sel 0, ..., sel 5);
$put item(var, point, array id, sel 0, ..., sel 5);

var - The name of an HDL variable to be loaded from / stored in the selected array
element.

array_id - Array identifier.

index - An array of integers specifying the location of the element in the array. Array
indexing starts with 1.
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Description mi2hdl

Transfers an array specified by the name parameter from the MATLAB environment to the
HDL simulator and returns the identifier that points to the array stored in the HDL
simulator.

Description hdi2ml
Transfers an array specified by the array identifier to the MATLAB environment and stores
it under the name previously specified with the create_array or ml2hdl| routine.

Syntax

VHDL.:
array id := ml2hdl("name", array id);
hdl2ml (array id);

Verilog:

array id = Sml2hdl ("name", array id);
$hdl2ml (array id);

name - The name of a variable in the MATLAB environment. Supported argument types
(VHDL, Verilog): string

array_id - Array identifier (obtained with create_array or the previous call of the mi2hd|
function). Supported argument types (VHDL, Verilog): integer
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Description get_num_dims
Reads the number of dimensions in the selected array. The returned value is an integer.

Description get_dim
Returns the number of elements in the specified dimension.

Syntax

VHDL:

ndims := get num dims (array id);
elem := get dim(array id, dim sel);
Verilog:

ndims = Sget num dims(array id);

elem = Sget dim(array id, dim sel);

array_id - Array identifier (obtained with create_array or the previous call of the mi2hd|
function). Supported argument types (VHDL, Verilog): integer

dim_sel - The number of array dimensions. Dimensions are numbered starting with 1.
Supported argument types (VHDL, Verilog): integer
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przekazywanie biezaqcego czasu symulacji put_simtime
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Description put_simtime
Transfers simulation time to a MATLAB variable.

Syntax
VHDL:

put simtime (var_name) ;

put simtime (var_name t, var name u);

put simtime (var_name t, var name u, class);
Verilog:

$put simtime (var_ name) ;

Sput simtime (var name t, var name u);

$put simtime (var name t, var name u, class);

var_name

The name of a MATLAB variable where the current simulation time will be stored. The time
value will be expressed in seconds.

Supported argument types (VHDL): string (Verilog): string literal

var_name_t

The name of a MATLAB variable where the current simulation time will be stored. The time
value will be expressed in simulation time units.

Supported argument types (VHDL): string (Verilog): string literal
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Przyktad

Gdzie$ w kodzie VHDL:
put simtime ("HDL sim time", "ps");
evai;string (matl;b_d;ta_script);
get variable ("output sample", data sample);

W skrypcie matlab_data_script

% send back to AHDL output sample - time is send in picoseconds
% values -1.0....1.0 are converted to U2 signed 14 bits

amplitude scaling factor = 2713;
simulation time unit = le-12;
% get sample
how many samples V = size(V_rx,2);
how many time units V = param rx duration/simulation time unit;
sample index V = round(HDL sim time* (how many samples V/how many time units V));
if (sample index V < how many samples V && sample index V > 0)
output sample = amplitude scaling factor * V_rx(sample index V) ;
else
output sample = 0;
disp('ADC_V data index out of range');

end
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Parallel Distributed Arithmetic FIR Filter

Entity/Module name pdafir Vendor Xilinx

MATLAB

[l

Active-HDL

o~
collect output data

samples.m wr.m

input data
rd.m

Test

sig gen Bench

clk, clr, ce
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Plik input_data_rd.m

fp = 44100;

t = (0:1/£p:0.02);

sl = sin(2*pi*t*100) ;

s2 = sin(2*pi*t*1000) ;

s3 = sin(2*pi*t*10000) ;

in _data matrix = 50000* (sl+s2+s3);

oe

czestotliwosé¢é proébkowania
wyznaczenie czasé4w prébek od 0 do 20 msek
generacja trzech sinusoid

o o° d° oP°

oe

..1 ich potaczenie dodajac amplitudy

4. Figure 1 — O *
% plOt File Edit View Insert Tools Desktop Windew Help ~
figure (1) Nede @08 | K[E
plot(t, in_data matrix); o et T S e oWy
xlabel ('Czas([s] ') ;
ylabel ('Amplituda') ; 1|
title('Sygnat wejsciowy'); O
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Czas[s]
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PUT samples: process
variable init MATLAB: boolean:=false;

variable array ID: integer; -- identyfikator tablicy
variable samples: integer; -- rozmiar tablicy
variable pointer: TDims (1 to 2) := (1,1); -- wskaznik elementu tablicy
variable sample: std logic_vector (15 downto 0); -- prébka

begin

-- MATLAB init, read how many samples in data input file
-- run this part of the code just once...
if init MATLAB = false then

init MATLAB := true;

-- execute MATLAB script

eval string("input data rd"); -- wykonanie "input data rd.m"

array ID := ml2hdl("in data matrix"); -- pobranie tablicy

samples := get dim(array ID, 2); -—- pobranie rozmiaru tablicy
end if;
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-- if no reset get data
if rst = 'l' then
sample := (others => '0'");
pointer := (1,1);
else
get item(sample, array ID, pointer); -- pobranie prébki z tablicy
pointer (2) := pointer(2)+1; -- zwiekszenie wskaznika
data in <= sample; -- wystawienie préobki na magistrale
end if;

-- data end?
if (pointer(2) > samples and init MATLAB = true) then
report "End input data";
destroy array(array ID);
-—- process end...
wait;
end if;

data in <= sample;

-- run on every rising clock edge

wait until clk'event and clk = '1'";
end process;
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Przykl'adowy projekt 'ir Filter Designer - [untitled.fda *] - O e
StUdeani: Flle Edlt Anal_,rms Targets  View Window Help
FEHSR|[a< D @ EEE#+T-rBLeRE
1. W srodowisku MATLAB -Current Fitter Information — Magnitude Response (dB)
przy wykorzystaniu : , : :
narzedzia filterDesigner */ ]
zaprojektowac filtr audio Pt Dh i e R o ]
Stable:  Yes -ﬂ-; I'I
2. Ze $rodowiska MATLAB S Do S W W e
. 7 s an o] | A \ || """ |"‘| | | | Y
wziaé¢ wspoétczynniki = 1 ’ VY WYYV
zaprojektowanego l”””“ H“ ||W |.HH| Y
f||tru Store Filter ... 0
Fiter Manager .. Frequency {kHz)
—ResponseType— _ FiterOrder— _ Frequency Specifications — Magnitude Specifications
el @ Lowpass ~ () Specify order: |10 Units: Hz_ L Units: |dB e
gﬂ:;f:::: hd (® Minimum order Fs: 44100 s
%—|| O Bandstop __ Options - Fpass: |1000 Aston: 150
_ O | pifferentiator v Density Factor: 20 Fstop:  |2000 ¢
TEE]| |- vesion wethoa -
O IR |Butterworth ~
ﬁ:&:—]’j (® FIR | Equiripple ~

\Designing Filter ... Done
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Parallel Distributed Arithmetic FIR Filter
Entity/Module name |pdafir Vendor Xilinx [v]
Language VHDL [v]
3. W Srodowisku AHDL przy Input width: 16
wykorzystaniu narzedzia Output width: 16
IP Co_re Gen?r_ator Coefficient width: 16
zaprojektowac filtr Number of taps: 76
4. Wplsa(': Wspc')’rczynniki 3 — Representation: |signed ﬂ
pobrane ze $rodowiska LK —] ¥ Symmetry: non-symmetric|v|
MATLAB M cE—— (] Anti-symmetry
z . Coefficient values:
5. W erdOWBkg AHDL -0.000677246455432,
wygenerowac syntezowalny -0.000434105900162,
plik zrodtowy *.vhd 2. 002170457080788
. Please enter comma separated values
z komponentem filtru of real type e.g. 0.12, 0.23, 0.08

) Options
6. W srodowisku AHDL

wygenerowac Testbench Generate ® O '®®
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signal sample: std logic vector (15 downto 0); -- prdébka
begin

GET samples: process
variable init MATLAB: boolean := false;
variable array ID: integer; -- identyfikator tablicy
variable samples: integer; -- rozmiar tablicy
variable counter: integer := 1; -- licznik prébek

begin

-- MATLAB init, read how many samples in data input file
-- run this part of the code just once...

-—- of course can be also passed via testbench

if init MATLAB = false then

init MATLAB := true;

-- execute MATLAB script

eval string("input data rd"); -- wykonanie "input data rd.m"

array ID := ml2hdl("in data matrix"); -- pobranie tablicy

samples := get dim(array ID, 2); -—- pobranie rozmiaru tablicy
end if;
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-- if no reset put samples
if (rst = 'l' or init MATLAB = false) then
data counter := 1;
else
if counter < (samples + 1) then
sample <= data out;
put variable("i", counter);
put variable("signal sample", sample, 0);
-- execute MATLAB script simple data capture
eval string("collect samples");

counter := counter + 1; Plik collect_samples.m
else out data matrix(i,l) = signal_ sample;
-- execute MATLAB script
eval string("output data wr"); -- wykonanie ,output data wr.m"
-—- process end...
wait;
end if;
end if;
-- run on every rising clock edge
wait until clk'event and clk = '1';
end process;
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Plik output_data_wr.m

fp = 44100;

t = (0:1/£p:0.02);

n = length(t);

outputs(l,:) = out data matrix(l:n, 1);

% plot
figure (2) ’ |4 Figure 2 - O x
plot(t,outputs, 'red') ; Ele Edit View Inset Tools Desktop Window Help s
xlabel ('Czas[s] ') Neds |G 08| KE
ylabel ('Amplituda') ; gpa0f  Sygnatwyjsciowy
title('Sygnal wyjsciowy'); ol ﬂﬂ ﬂ ﬂﬂ
disp('Done!") ; o6l H'Hﬂﬂ H'Hhﬂ
0.4 F |'q'||||||||||rI |r||||||||||||rI
||||||||||||I| |||||||||||I|
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