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Limited Warranty

The media on which you receive National Instruments software are warranted not to fail to execute programming
instructions, due to defects in materials and workmanship, for a period of 90 days from date of shipment, as
evidenced by receipts or other documentation. National Instrumentswill, at its option, repair or replace software
media that do not execute programming instructions if National Instruments receives notice of such defects during
the warranty period. National Instruments does not warrant that the operation of the software shall be uninterrupted
or error free.

A Return Material Authorization (RMA) number must be obtained from the factory and clearly marked on the
outside of the package before any equipment will be accepted for warranty work. National Instruments will pay the
shipping costs of returning to the owner parts which are covered by warranty.

National Instruments believes that the information in this manual is accurate. The document has been carefully
reviewed for technical accuracy. In the event that technical or typographical errors exist, National Instruments
reserves the right to make changes to subsequent editions of this document without prior notice to holders of this
edition. The reader should consult National Instrumentsif errors are suspected. In no event shall National
Instruments be liable for any damages arising out of or related to this document or the information contained in it.

EXCEPT AS SPECIFIED HEREIN, NATIONAL INSTRUMENTS MAKES NO WARRANTIES, EXPRESS OR IMPLIED,
AND SPECIFICALLY DISCLAIMS ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. CUSTOMER'SRIGHT TO RECOVER DAMAGES CAUSED BY FAULT OR NEGLIGENCE ON THE PART
OF NATIONAL INSTRUMENTS SHALL BELIMITED TO THE AMOUNT THERETOFORE PAID BY THE CUSTOMER.
NATIONAL INSTRUMENTSWILL NOT BE LIABLE FOR DAMAGES RESULTING FROM LOSS OF DATA, PROFITS,
USE OF PRODUCTS, OR INCIDENTAL OR CONSEQUENTIAL DAMAGES, EVEN IF ADVISED OF THE POSSIBILITY
THEREOF. Thislimitation of the liability of National Instruments will apply regardiess of the form of action,
whether in contract or tort, including negligence. Any action against National Instruments must be brought within
one year after the cause of action accrues. National Instruments shall not be liable for any delay in performance due
to causes beyond its reasonable control. The warranty provided herein does not cover damages, defects,
malfunctions, or service failures caused by owner's failure to follow the National Instruments installation, operation,
or maintenance instructions; owner's modification of the product; owner's abuse, misuse, or negligent acts; and
power failure or surges, fire, flood, accident, actions of third parties, or other events outside reasonable control.

Copyright

Under the copyright laws, this publication may not be reproduced or transmitted in any form, electronic or
mechanical, including photocopying, recording, storing in an information retrieval system, or translating, in whole or
in part, without the prior written consent of National Instruments Corporation.

Trademarks

LabVIEW®, NI-DAQ®, RTSI®, and NI-DSP™ are trademarks of National | nstruments Corporation.

Product and company names listed are trademarks or trade names of their respective companies.
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Warning Regarding Medical and Clinical Use
of National I nstruments Products

National Instruments products are not designed with components and testing intended to ensure alevel of reliability
suitable for use in treatment and diagnosis of humans. Applications of National Instruments products involving
medical or clinical treatment can create a potential for accidental injury caused by product failure, or by errors on the
part of the user or application designer. Any use or application of National Instruments products for or involving
medical or clinical treatment must be performed by properly trained and qualified medical personnel, and all
traditional medical safeguards, equipment, and procedures that are appropriate in the particular situation to prevent
serious injury or death should always continue to be used when National Instruments products are being used.
National Instruments products are NOT intended to be a substitute for any form of established process, procedure, or
equipment used to monitor or safeguard human health and safety in medical or clinical treatment.
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About This Manual

The NI-DSP Software Reference Manual for LabVIEW for Windows explains how to use the NI-DSP software
package for the LabVIEW for Windows environment. The NI-DSP software package contains the NI-DSP Analysis
Vs, which are high-level digital signal processing (DSP) VlIsthat call the functions that execute on the
AT-DSP2200 plug-in board for IBM AT bus and compatible computers. This manual describes how to use the
NI-DSP Analysis VIsto develop applicationsin LabVIEW using the AT-DSP2200 board.

The NI-DSP software package also contains the NI-DSP Interface Utilities. The NI-DSP Interface Utilities are a set
of tools and examples that help you customize your NI-DSP Analysis VIs and the DSP Library, which is resident on
the board. This manual contains step-by-step instructions and useful examples to help the LabVIEW developer add
custom algorithms to the NI-DSP Analysis Vs using the NI-DSP Interface Utilities.

Assumption of Previous Knowledge

The material in this manual is for users who are familiar with LabVIEW and the IBM family of computers and
compatible computers.

Organization of ThisManual

Thismanual is divided into four parts.

* Part 1, Getting Started with NI-DSP, contains a brief product overview, information about the NI-DSP for
LabVIEW for Windows package, and the procedure for installing the software.

»  Part 2, Introduction to the NI-DSP Analysis VIs, describes how to use the NI-DSP Analysis VIsin your
LabVIEW applications. This part also describes how to manage memory on the DSP board from your
LabVIEW application, and how to transfer data between your LabVIEW application and the NI-DSP functions
on the board. This part contains general guidelines for developing NI-DSP applications within LabVIEW.

» Part 3, NI-DSP Function Reference, is intended as areference for users familiar with Part 2. Part 3 is organized
asfollows:

- Chapter 1, NI-DSP Analysis VI Reference Overview, contains an overview of the NI-DSP Analysis VIsand
includes alist of the VIs. This chapter describes how the NI-DSP Analysis Vs are organized, and how to
access them.

- Chapter 2, NI-DSP Analysis VI Reference, contains a brief explanation of each NI-DSP AnalysisVI. The
Vlsare arranged alphabetically.

o Part 4, NI-DSP Interface Utilities, explains how to customize the NI-DSP Analysis Library on the board and to
create and run interfacesin LabVIEW to your custom library functions. Part 4 is organized as follows:

- Chapter 1, Introduction to the NI-DSP Interface Utilities, contains an overview of the NI-DSP Interface
Utilities, installation instructions, and explains how to use the NI-DSP Interface Utilities.

- Chapter 2, Getting Started with the NI-DSP Interface Utilities, contains a step-by-step example for building
acustom DSP Library, creating a LabVIEW interface to a custom function, and executing the custom

function from the LabVIEW environment. The chapter demonstrates this concept with an example of how
to add a custom function.

© National Instruments Corporation xi NI-DSP SRM for LabVIEW for Windows

Download from Www.Somanuals.com. All Manuals Search And Download.



About This Manual

- Chapter 3, DSP Board Function Overview, contains an overview of the prototypes of the C-callable
NI-DSP Analysis functions on the DSP board that you can use in your custom programs.

- Chapter 4, Using the DMA VIs, describes two special Vs that transfer data between the host computer and
the DSP board without interfering with the DSP board.

» Appendix A, Error Codes, contains alist of the error codes returned by the NI-DSP Analysis VIs and the
corresponding error messages.

* Appendix B, Customer Communication, contains forms you can use to request help from National Instruments
or to comment on our products and manuals.

» The Glossary contains an aphabetical list and description of terms used in this manual, including abbreviations,
acronyms, metric prefixes, mnemonics, and symbols.

» ThelIndex aphabetically lists topics covered in this manual, including the page where the topic can be found.

ConventionsUsed in ThisManual

The following conventions are used in this manual:

<>

bold

DSP board

DSP Handle

DSP Handle Cluster

DSP Library

<enter>

Interface Library

italic

italic npnospace

Angle brackets enclose the name of akey on the keyboard—for example, <enter>.

Bold text denotes menus, command names, parameters, function panel items, error
messages, and warnings.

DSP board refers to the AT-DSP2200.

DSP Handle refers to a 32-bit long integer code that constitutes an indirect reference to a
buffer of memory in the memory space of an AT-DSP2200 board. The code contains
information about the slot number of the board on which that buffer is allocated.

DSP Handle Cluster refersto a cluster that constitutes two fields—a DSP Handle and a
32-hit size that indicates the number of el ements the DSP Handle holds.

DSP Library refersto acommon object file format (COFF) that constitutes NI-DSP
software that resides and runs on the AT-DSP2200 board. The DSP Library consists of
the Kernel, memory management routines, execution control routines, data
communication routines, interrupt handling routines, data acquisition routines and a set of
analysis functions.

Key names are in lowercase | etters.

Interface Library refersto the part of the NI-DSP software that resides on the PC and is
linked with your application in order to communicate data to and from the DSP board.
The Interface Library communicates with the DSP board using the driver.

Italic text denotes emphasis, a cross reference, or an introduction to a key concept.

Italic text in this font denotes that you must supply the appropriate words or values in the
place of these items.
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nonospace

NI-DAQ

NI-DSP

PC

WE DSP32C tools

About This Manual

Each VI description includes a data type picture for each control and indicator, as
illustrated in the following table:

Control Indicator Data Type

Boolean

String

Signed 16-bit integer

Array of signed 16-hit integers

~
-
-
&
Lown J
-
-
&

Signed 32-bit integer

Array of signed 32-bit integers

~—

132

—
™)
w
N

32-hit floating-point number; by default,
floating-point numbers are double precision

Array of 32-bit floating-point numbers

Path

0
b

J[AE H
1 B

DSP Handle Cluster

=
“i
o
~0

Array of DSP Handle Clusters

o
o
0
b |
=0

Pl

=0
=5
=0

=l

Error Cluster

':‘!

Text in thisfont denotes text or characters that are to be literally input from the keyboard,
sections of code, programming examples, and syntax examples. Thisfont isalso used for
the proper names of disk drives, paths, directories, programs, subprograms, subroutines,
device names, array hames, structures, variables, filenames, and extensions, and for
statements and comments taken from program code.

NI-DAQ is used throughout this manual to refer to the NI-DAQ software for
DOS/Windows/L abWindows unless otherwise noted.

NI-DSP is used throughout this manual to refer to the NI-DSP software for LabVIEW for
Windows unless otherwise noted.

PC refersto the IBM PC AT and compatible computers, and to EISA persona computers.

WE DSP32C toolsis used throughout this manual to refer to the AT& T WE DSP32C
Developer Toolkit.

Abbreviations, acronyms, metric prefixes, mnemonics, symbols, and terms are listed in the Glossary.
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Related Documentation

The following documentation available from National |nstruments contains information that you may find helpful as
you read this manual.

e AT-DSP2200 User Manual, part number 320435-01

* LabVIEW Data Acquisition VI Reference Manual, part number 320536-01

* LabVIEW Getting Sarted Manual for Windows, part number 320533-01

e LabVIEW User Manual, part number 320534-01

* LabVIEW Utility VI Reference Manual, part number 320543-01

*  NI-DAQ Function Reference Manual for DOSWindows/LabWindows, part number 320499-01

*  NI-DAQ Software Reference Manual for DOSWindows/LabWindows, part number 320498-01

*  NI-DSP Software Reference Manual for DOSLabWindows, part number 320436-01

The following documentation also contains information that you may find helpful as you read this manual:

* "A Computer Program for Designing Optimum FIR Linear Phase Digital Filters," McClellan, Parks, and
Rabiner, |EEE Transactions on Audio and Electroacoustics, Vol. AU-21, No. 6, pp. 506-525, December 1973

» Digital Filter Design, Parks and Burrus, Wiley-Interscience
» Discrete-Time Sgnal Processing, Oppenheim and Schafer, Prentice Hall

* Numerical Recipes, Cambridge University Press

Additional Software

Additional DSP board software includes NI-DAQ for DOS/Windows/LabWindows and the Developer Toolkit.

NI-DAQ for DOS/Windows/L abWindows

Your AT-DSP2200 is shipped with the NI-DAQ for DOS/Windows/LabWindows software. NI-DAQ hasalibrary
of functions that can be called from your application programming environment. These functions include routines
for analog input (A/D conversion), buffered data acquisition (high-speed A/D conversion), analog output (D/A
conversion), waveform generation, digital 1/O, counter/timer, SCXI, RTSI, and self-calibration. NI-DAQ maintains
a consistent software interface among its different versions so you can switch between platforms with minimal
modifications to your code. NI-DAQ comes with language interfaces for Professional BASIC, Turbo Pascal,
Turbo C, Turbo C++, Borland C++, Microsoft C for DOS; and Visual Basic, Pascal, Microsoft C with SDK, and
Borland C++ for Windows. NI-DAQ for DOS/Windows/LabWindows software is on high-density 5.25 in. and
3.5in. diskettes. Y ou can use the DSP board in conjunction with the National Instruments AT Series data
acquisition boards and software to create a complete solution for integrated data acquisition and data analysis
applications.
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Developer Toolkit

The Developer Toolkit, an optional software package that you can purchase separately from National Instruments, is
required for building custom libraries with the NI-DSP Interface Utilities. The Developer Toolkit contains an
AT&T C compiler, assembler, linker, and documentation. With these tools, you can program AT Series DSP boards
directly, using theboard flexibility to custom tailor the DSP Library. The C compiler optimizes WE DSP32C code
and generates assembly language code that can be assembled and linked into a run-time module. When arun-time
module is completed, use the download tools and the debugger to load, debug, and execute the code, set parameters,
and report results. The Developer Toolkit also includes the WE DSP32C Support Software Library User Manual
and the WE DSP32 and WE DSP32C Language Compiler Library Reference Manual.

Compatible Hardware

Y ou can use DSP boards in conjunction with the National Instruments AT Series data acquisition boards. In
particular, the National Instruments AT-DSP2200 is a high-performance, DSP board with high-accuracy audio
frequency (DC to 51.2 kHz) analog input/output for the PC. The AT-DSP2200 gives the PC a dedicated
high-speed numerical computation engine that can perform scientific calculations faster than the general-purpose
80x86 microprocessor on the PC.

Customer Communication

National Instruments wants to receive your comments on our products and manuals. We are interested in the
applications you develop with our products, and we want to help if you have problems with them. To make it easy
for you to contact us, this manual contains comment and configuration forms for you to complete. These forms are
in Appendix B, Customer Communication, at the end of this manual.
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Part 1
Getting Started with NI-DSP

This part contains a brief product overview, information about the NI-DSP for LabVIEW for Windows package, and
the procedure for installing the software.

Product Overview

The NI-DSP software package comes with a set of LabVIEW Vlsthat invoke the digital signal processing (DSP)
board-resident high-performance functions that efficiently process large blocks of numerical data and perform
numerically intensive computations. The NI-DSP Analysis VIsinclude numerical analysis, signal generation, DSP,
windowing, digital filtering, and memory management that are suitable for simulation, modeling, and sophisticated
data processing.

You can use NI-DSP to develop programsin the LabVIEW for Windows environment. This software comes with
the NI-DSP Interface Utilities so you can customize the DSP Library by adding functionsto or deleting functions
from the Analysis Library on the DSP board and/or add interfaces to these custom functionsin LabVIEW.

Figure 1-1 shows the development path for NI-DSP in the LabVIEW environment.

NI-DSP for

The LabVIEW LabVIEW
for Windows for Windows
Development

Environment

Interface
Utilities

User
Application

AT&T
Development
Environment

and Tools
(Optional)

Figure 1-1. Development Paths with the NI-DSP Software

The NI-DSP Softwar e

The NI-DSP software consists of the NI-DSP for LabVIEW for Windows diskettes.

The NI-DSP software contains a Warranty Registration Form. Please fill out thisform and return it to National
Instruments. The Warranty Registration Form entitles you to receive product upgrades and technical support.
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What Your Distribution Diskettes Should Contain

The NI-DSP software package contains the NI-DSP for LabVIEW for Windows Disks (for licensed LabVIEW for
Windows users). If your kit ismissing any of these components, contact National |nstruments.

Installing NI-DSP for LabVIEW for Windows

Note:  NI-DSPfor LabVIEW for Windows is intended for use with the standard LabVIEW for Windows software.
You must install LabVIEW for Windows before installing NI-DSP. Y ou must install the Data Acquisition
Library of LabVIEW to run the NI-DSP software.

Before beginning the software installation, make backup copies of the NI-DSP for LabVIEW for Windows
distribution disks. Copy each disk onto a correctly labeled backup disk and store the original distribution disksin a
safe place.

You caninstall NI-DSP for LabVIEW for Windows from the DOS prompt, the Windows File Manager, or with the
Run... command from the File menu of the Program Manager.

1. Insert Disk 1into the disk drive and run the SETUP. EXE program on Disk 1 using one of the following three
methods.

e From the DOS prompt, type X: \ SETUP (where X isthe proper drive designation).

*  From Windows, select Run... from the File menu of the Program Manager. A dialog box appears. Type
X: \ SETUP (where X isthe proper drive designation).

*  From Windows, launch the File Manager. Click on the drive icon that contains Disk 1. Find SETUP. EXE
inthelist of files on that disk and double-click on it.

2. Theinstaler givesyou the option of performing afull installation or a custom installation. Unless you do not
have sufficient disk space (approximately 4 megabytes), National Instruments recommends that you perform a
full installation. After you choose an installation, follow the instructions that appear on the screen.

After calling SETUP, the appropriate directories are created and the needed files are copied to your hard drive.
SETUP can dso install the NI-DSP Interface Utilities, discussed in Part 4, NI-DSP Interface Utilities, of this manual.
If you choose Full Installation, SETUP does the following things:

1. SETUP creates asubdirectory called DSP2200 of thevi . | i b subdirectory of the LabVI EWdirectory.
SETUP decompresses the NI-DSP AnalysisVIs (asLabVIEW . LLB files) in the DSP2200 directory.

2. SETUP copies DSP. DLL to your wi ndows directory.

3. SETUP creates the subdirectories shown in Table 1-1 under the directory you specified during setup. These
subdirectories make up the NI-DSP Interface Utilities.

4. SETUP creates a subdirectory called DSP2200 of the EXAMPLES subdirectory of the LabVl EWdirectory.
SETUP copies all of the NI-DSP VI examples there.

Table 1-1. Subdirectories Created by SETUP

Subdirectory Name Description
C.\NIDSP\ LI B Library files for linking with stand-al one programs
C: \ NI DSP\ DI SPATCH The Dispatch utility and related files
C: \ NI DSP\ EXAMPLES Contains source code for the examples
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NI DSP is the name you specify during setup.

The SETUP program prompts you for information including the drive letter and directory in which you have
installed the standard LabVIEW package. The program also verifies that your hard disk has enough space to hold
the NI-DSP for LabVIEW for Windowsfiles.

If you choose Custom Installation, SETUP installs only the files you specify.

Board Configuration

There are several board configuration parameters that must be established before an NI-DSP application can execute
properly. These parameters are the board ID number, the board subtype, the base address, the interrupt level, the
DMA channel, and the pathname of the DSP Library files. These parameters are established differently depending
on whether you areinstalling the AT-DSP2200 in an ISA (or AT) bus computer or an EISA bus computer.

Installation on an I SA (or AT) Bus Computer

A configuration utility is supplied with the LabVIEW data acquisition software for establishing all the configuration
parameters on | SA bus computers. This utility, called WDAQCONF. EXE, saves the configuration parametersin afile
named WDAQCONF. CFG. Use the WDAQCONF utility to assign aboard ID number to your AT-DSP2200, to choose
the memory subtype (either 64 Kwords or =128 Kwords), to set the base address, interrupt level, and DMA channel,
and to specify the pathname of the DSP Library file.

Two DSP Library files are supplied with your NI-DSP software-L.\V2200S. OUT and LV2200. OUT.

LV2200S. QUT isintended for use with the 64 Kword version of the AT-DSP2200. LV2200. OUT isintended for
use with any other version of the board. With the WDAQCONF utility, you can enter a complete path that will include
the DSP Library file name. If you enter complete pathnames, you can configure the NI-DSP software to
automatically load custom versions of the DSP Library files.

If you installed the Data Acquisition Library of LabVIEW, you can find WDAQCONF. EXE of your LabVI EW
directory. From Windows, you run WDAQCONF. EXE by double-clicking on itsicon.

Installation on an EI SA Bus Computer

Installing the AT-DSP2200 board on an EISA bus computer involves two different configuration utilities.

» A system configuration utility is supplied with your computer by your computer vendor. This utility, along with
the! NI C1100. CFGEISA configuration file installed by the LabVIEW SETUP program, is used to assign a
slot number to the AT-DSP2200, to choose the memory subtype (either 64 Kwords or 2128 Kwords), and to set
the base address, interrupt level, and DMA channel.

There are typically two methods for running your EISA system configuration utility.
1. Boot from the diskette containing the utility and place acopy of the! NI C1100. CFGfile on this diskette.

2. Runthe utility from adirectory on your hard disk and place acopy of the! NI C1100. CFGfilein this
directory. The EISA system configuration utility istypically named CF. EXE.

* You must use the WDAQCONF utility to enter the DSP Library file pathname. Y ou can only do this after
completing the EISA system configuration. Refer to the information concerning the establishment of this
pathname in the previous section titled, Installation on an ISA (or AT) Bus Computer.

Before using NI-DSP, you must run WDAQCONF. EXE to configure your DSP board.

For more information about board configuration, refer to Chapter 1, Introduction and Configuration, of the
LabVIEW Data Acquisition VI Reference Manual.
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Part 2
Introduction to the NI-DSP AnalysisVIs

This part describes how to use the NI-DSP Analysis VIsin your LabVIEW applications. This part also describes
how to manage memory on the DSP board from your LabVIEW application, and how to transfer data between your
LabVIEW application and the NI-DSP functions on the board. This part contains general guidelines for developing
NI-DSP applications within LabVIEW.

Using the NI-DSP Visin LabVIEW

LabVIEW users use the NI-DSP Analysis Vis asif they were any other standard Vs, as described in the LabVIEW
User Manual. Notice, however, that the NI-DSP Analysis VIsrun analysis code on the DSP board rather than on the
host CPU. One of the major features includes the memory management and data transfer VIs, which are discussed

in detail in the section titled Memory Management and Data Transfer later in this chapter.

AT-DSP2200 Software Overview

The AT-DSP2200 board, working in conjunction with your personal computer, isa powerful numeric processor for
high-speed analysis of dataarrays. The NI-DSP for LabVIEW for Windows software includes a number of utilities
and low-level memory management and data transfer Vs that facilitate communication between the DSP board and
the host computer. Figure 1-1 isablock diagram of the software utilities and libraries that control the
AT-DSP2200. The DSP Library and the low-level memory management and data transfer functions reside and
execute on the board. Y ou can customize the DSP Library to optimize performance, as described in Part 4,

Chapter 2, Getting Started with the NI-DSP Interface Utilities, of this manual. Y our application programs and the
Interface Library, however, reside on the host PC.

PC AT or EIISA Bus AT-DSP2200
User | DSP Software DSP Hardware
Application Onboard Kerngl
in LabVIEW I DSP Board |
| Memory
Management, CPU
Vi | Data Transfer
Interface | Functions
(CIN) >
I
| DSP Library Onboard Memor}y
Interface |
Library T
(DSP.DLL) |
I
|
Figure 1-1. Communication between the PC and the DSP Board
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The AT-DSP2200 can process large amounts of data, separately and distinctly from the host PC processor. The
board consists not only of asignal processing chip, but also memory where data that the board processes must
reside. The AT-DSP2200 does not have access to memory locations on the host PC. Therefore, you must download
all datafrom your application programs to DSP board memory before processing it.

The Interface Library, DSP. DLL, and the Code Interface Node (CIN) interface, which reside on the PC, serve as a
bridge between your application programsin LabVIEW and the DSP software running on the board. When you call
an NI-DSP Analysis VI, the VI passes the parameters to the CIN first, which then passes the parameters to the
Interface Library, DSP. DLL. The Interface Library determines what type of parameters are being passed, decides
how to set up the datain DSP board memory, and then calls the actual functions that will run on the board.

When afunction on the DSP board processes data, it assumes the datais resident in DSP board memory. Because
transferring data between the PC and the DSP board slows down processing, none of the NI-DSP AnalysisVIs
transfer data back and forth internally except the data transferring VIs. The NI-DSP Analysis Vs process the data
buffers that are already on the board and |eave the results on the board.

If the data buffer you want to process using the DSP board isin PC memory, you must copy the data to the DSP
board before you call afunction on the DSP board to process the data. To see the results, you must then copy the
data back to the PC. Several special NI-DSP Analysis Vs perform these transfers. For scalars, the NI-DSP
Analysis VIsautomatically perform the transfer for you.

The representation of data buffersin the NI-DSP Analysis VIsis not the normal LabVIEW data array representation
because the data buffers indicate the data | ocation on the DSP board instead of the PC address. A specia structure,
called a DSP Handle Cluster, represents the data buffer on the DSP board from LabVIEW. The DSP Handle Cluster
isacoded DSP board memory address that indicates where the data buffer is on the DSP board. Y ou must call the
DSP Allocate Memory VI to obtain avalid DSP Handle Cluster. Several Vs can manage the memory on the DSP
board. You can alocate and deallocate memory on the DSP board using these VIs. The next section, Memory

Management and Data Transfer, discusses the Vs used to allocate memory and transfer data buffers to and from the
DSP board.

Memory M anagement and Data Transfer

This section describes how to manage memory on the DSP board from your LabVIEW application and how to
transfer data between your LabVIEW application and the DSP board.

The NI-DSP for LabVIEW package contains a set of Vs that manage memory space on the DSP board and help
improve data transfers between the DSP board and your application. There are VIsfor allocating memory buffers on
the DSP board, for indexing into previously allocated buffers, for deallocating buffers and for copying data between
DSPand LabVIEW. Thefollowing Vs, described in greater detail in Part 3 of Chapter 2, NI-DSP Analysis VI
Reference, handle memory management on the DSP board and data transfers between the DSP board and your
LabVIEW application:

 Copy Mem[DSP to DSP]

 Copy Mem[DSPto LV]

e Copy Mem[LV to DSP]

» DSP Allocate Memory

* DSP Free Memory

e DSPIndex Memory

* DSPInit Memory
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Part 2 Introduction to the NI-DSP Analysis Vs

The DSP Allocate Memory VI alocates memory buffers on the DSP board and returns a DSP Handle Cluster, which
has two fields that uniquely describe this buffer—a DSP Handle and a size.

[DSP Handle Cluster|

Figure 1-2. DSP Handle Cluster

DSP Handle is a32-bit integer containing information that indicates the board on which the allocated buffer resides,
and an index into an onboard Memory Look Up Table (MLUT) that holds the actual DSP address of the buffer that
this handle represents. Figure 1-3 shows how a DSP Handle is encoded. The size field holds the number of
elementsin this buffer. An element can be 4 bytes (for 32-bit floating-point data or long integer data) or 2 bytes (for
16-hit integer data) depending on the bytes per element selector used in the DSP Allocate Memory V1.

X X X X 3 0 0 4

ey "~

Index into the
MLUT of the
v Owner DSP Board

' Board Number of
Special Code  Owner DSP Board

Figure 1-3. The Hexadecimal Encoding of a Typica DSP Handle

Thefirst four hexadecimal numbers (upper 16 bits) of the DSP Handle, shown in Figure 1-3, are a special value.
Theinterface code for a particular function that your application calls decodes these four hexadecimal numbersto
determine if the argument isavalid DSP Handle.

Notes: Do not change the value of aDSP Handle Cluster. Keep in mind that a DSP Handle Cluster isjust an entry
of atable that indicates where the data buffer is on the DSP board. If you want to operate on part of the
datain that buffer, use the DSP Index Memory V1 or the DSP Subset V1 to obtain anew DSP Handle
Cluster to hold the part of the data. Then operate on the new DSP Handle Cluster.

The Memory Look-Up Table (MLUT) hasonly 128 entries. Y ou can allocate only atotal of 128 different
DSP Handle Clusters. Although you might have physical memory on the DSP board, you will get an error
message for not having enough memory if you already have 128 DSP Handle Clustersin use. Freethe DSP
Handle Clustersthat are not in use. The DSP Init Memory VI will free all DSP Handle Clusters on the
specified DSP board.
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Figures 1-4 and 1-5 show how to allocate a DSP Handle Cluster of 2,048 4-byte-long elements on board 3. The
board number on which the buffer is allocated isimportant for determining the ownership of the buffer. When
making a VI call, the same DSP board on which the function is to execute must own all of the DSP Handle Clusters
or an error codeis returned. Only the DSP Allocate Memory VI and few other Vs that do not have DSP Handle
Clusters as input parameters have a board slot parameter. VIsthat have DSP Handle Clusters asinput parameters
obtain the board slot information from their own DSP Handle Clusters. All of the DSP Handle Clusters should have
the same dlot information, because the DSP Vs assume that all are executing on the same DSP board.

[ DSP Handle Cluster |

I

[number of points|

[({1}]
]
o
£
w0

|bg tes/element selectorl

|4 bg tes |

Figure 1-4. Front Panel-An Example of How to Allocate a DSP Handle Cluster

[ DSP Handle Cluster |
Inumber of pointsl IDSPNEN‘““I
[Allocate

[bytes /element selector]

Figure 1-5. Block Diagram—An Example of How to Allocate a DSP Handle Cluster

For all of the NI-DSP Analysis VIs, the array datatype is DSP Handle Cluster. Before you call any of these Vs,

call the DSP Allocate Memory VI to abtain avalid DSP Handle Cluster, which you then use as a reference to your
data buffer. The AnalysisVIsassume that the datais already on the board and stores the results on the board. If you
want to copy data between the PC and the DSP board, use either the Copy Mem(LV to DSP) VI or the Copy
Mem(DSPto LV) VI to copy data back and forth.

If you use the DSP Allocate Memory V1 in your program, use the DSP Free Memory VI to free buffers allocated
when you do not need them any more. The board holds these allocations in memory even after your application has
completed or you exit LabVIEW unless you execute the DSP Init Memory VI or reload the DSP Library. Thus, itis
important to free all buffers your application allocated before you exit the application or you may run out of memory
on the board.
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Special Featuresof the NI-DSP AnalysisVIs

This section describes the special features of the NI-DSP Analysis Vs that make them different from other
LabVIEW Vls.

DSP Handle Cluster in/out. The way you specify the output data buffers for NI-DSP Analysis Visis different
from the way you would specify output data buffers for other LabVIEW VlIs. DSP Handle Clusters also
represent all the output data buffersin the NI-DSP AnalysisVIs. To use valid DSP Handle Clusters for the
NI-DSP VI output data buffers, you must use the DSP Allocate Memory VI to obtain the DSP Handle Clusters
before you use them. Supply all of the output DSP Handle Clusters as inputs to tell the DSP board where the
output buffersare. Every output DSP Handle Cluster isidentical to the corresponding input DSP Handle
Cluster. Thetwo DSP Handle Clusters are internally connected. The output isan indicator. Theinputisa
control. For example, inthe DSP Add VI, shown in Figure 1-6, Z isthe DSP Handle Cluster that indicates
where to store the results. You use Z in to connect to avalid DSP Handle Cluster that you previously allocated.
Z in tellsthe DSP board where the results will be stored. Z out is the location where the results have already
been stored. Because Z in and Z out are the same DSP Handle Cluster, you need to free only one of them when
you want to deallocate their DSP board buffer.

$<:::::: [::> oo 1yt
Z in ol poocccoco error out
error in (no error) ol —

DSP Add

Figure 1-6. DSP Add VI

All of the controls and indicatorsin the NI-DSP Analysis ViIsfollow the Z in, Z out naming convention and
work in the same way as previously described in the example, except for the error in/error out cluster.

Error Handling. All of the NI-DSP Analysis VIs have an error input and an error output for managing and
reporting errors. Theerror inferror out cluster used by the NI-DSP Vs and many other high-level 1/0
operationsisacluster containing a Boolean indicating whether the data should be treated as an error, a 32-bit
error code, and a descriptive string that usually contains the name of the source of the error. The error in/error
out cluster is shown in Figure 1-7.

error in (no error)|

source source

[

Figure 1-7. Theerror inferror out Cluster
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Theerror in/error out cluster contains the following elements:

The boolean value is true if an error occurred, false if no error occurred.

code isthe error code.

sour ce isthe source of the error. If an error occurs during execution, the VI sets sour ce to the name
of the VI that produced the error.

Every VI checkserror in first. If thereisan error, the VI does not execute any DSP code but simply passes the
contents of error in totheerror out cluster. If thereisno error, the VI executes. One advantage of thiserror
in/error out design isthat you can connect several |/O operations together so that, if an error occurs, subsequent VIs
do not perform undesired actions. DSP Free Memory will execute even if an error occurs. This ensures that

allocated buffers are freed even if an error occurred.

Another advantage of thiserror inferror out design isthat you can establish the order of a set of operations, even if
there is no other data flow between the operations. Connecting the error out of thefirst VI totheerror in of the
second V| establishes data flow and therefore execution order. Y ou could do the same thing with a Sequence
structure, but with the error in/error out design, you can establish the order with all of the operations at the top level
of the block diagram. For example, in Figure 1-8, you allocate DSP Handle Clusters X and Y as inputs, and you want
tofree X and Y after the DSP Add VI has been executed. If you simply connect X to the DSP Free Memory VI as
shown in Figure 1-8, thereis no sequential order between the DSP Add VI and the DSP Free Memory V1. If the DSP
Free Memory VI executes first, the DSP Add V1 will receive an invalid handle because that DSP Handle Cluster was

dedllocated.

number of

elements

DSPHEM b
Allocate - :

Figure 1-8. An Example That Does Not Use error in/error out
for Sequencing VIs

If you connect the Vs as shown Figure 1-9 instead, you ensure that the DSP Add V1 executes before the DSP Free
Memory VI.
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lnumber of |

elements
() — E

Allocate loSpriEn gﬂfnspnm
[ Free poq Free

error out of the Copy Mem(LV to DSP) VI is
connected to theerror in of the DSP Free
Memory VI

error out of the DSP Add VI is
connected to theerror in of the
Copy Mem(LV to DSP) VI

Figure 1-9. An Example of Using theerror in/error out Cluster for Sequential VI Execution

For more information about the error inferror out cluster, refer to Chapter 2, Error Handler VIs, in the LabVIEW
Utility VI Reference Manual.

Hintsfor Improving the Execution Speed on the DSP Board

Check each of the following things to maximize your DSP board performance:

Allocate as many of the DSP Handle Clusters as you can before you operate on the data. Keep all data on the
DSP board until you finish al of the processing. Reduce the number of data transfers between the DSP board
and the PC as much as possible. The functions that run on the DSP board are very fast, but transferring data
between the DSP board and the PC and memory allocation slows the total processing performance.

Usetheerror in/error out cluster for sequencing VI execution. Be sure al of your VIsrunin the correct
sequence. Usetheerror inferror out cluster to propagate the errors. If an error occurs, you can tell where the
error happens. You can use the LabVIEW error handler Visin the Utility option of the Functions menu to
obtain pop-up error messages. Refer to the LabVIEW Utility VI Reference Manual for more information about
these Vls.

Many analysis routines on the DSP board can be performed in place; that is, the input and output array can be
the same array. Thisisvery important to remember when you are processing large amounts of data. Large
32-hit floating-point arrays consume alot of memory. If the results you want do not require that you keep the
original array or an intermediate array of data, perform analysis operations in place whenever possible. For
example, use the same DSP Handle Cluster for the input and output data buffersin your diagram in LabVIEW.
Thiswill save your DSP board memory.

Severa intermediate-level data acquisition VIswork with DSP Handle Clusters. These Vs can acquire data
and leave it on the board. Y ou can use the NI-DSP Analysis VIsto operate on this data and then copy the
processed results back to the PC. In thisway, you dramatically reduce the data transfer overhead between the
PC and the DSP board, and improve the overall performance. For more information about these data
acquisition Vs, refer to the LabVIEW Data Acquisition VI Reference Manual. An example that shows you how
to use a DSP Handle Cluster to acquire data and process this data on the DSP board can be found in the
DSP2200 subdirectory of the EXAMPLES subdirectory of your LabVI EWdirectory.
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An Example of Using NI-DSP AnalysisVIs

Figures 1-10 and 1-11 show the front panel and block diagram, respectively, of an example using NI-DSP Analysis
Vls.

w
—
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IPower Spectrum]
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T T T T
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Figure 1-10. Front Panel-An Example of Using NI-DSP AnalysisVIs

=
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Figure 1-11. Block Diagram—An Example of Using NI-DSP Analysis VIs
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This example shows you how to obtain the power spectrum of asine wave signal. First, generate a sine wave that
you want to analyze using the LabVIEW Analysis Vs, then use the Copy Mem(LV to DSP) VI to copy the data of
this sine signal to the DSP board. Before you copy the data, you must call the DSP Allocate Memory V1 to alocate
aDSP Handle Cluster that reserves a data buffer on the DSP board. Connect this DSP Handle Cluster to the
destination in terminal of the Copy Mem(LV to DSP) VI to indicate where the data will be stored on the DSP
board. After the datais copied to the DSP board, call the DSP Power Spectrum V1 to perform a power spectrum on
thedata. After you finish the analysis, the results are stored in the data buffer indicated by the DSP Handle Cluster
you previoudly allocated. If you want to see the results, call the Copy Mem(DSP to LV) VI to copy data back to
LabVIEW. Figure 1-10 shows the power spectrum of asine wave. Thelast step isto call the DSP Free Memory VI
to free the DSP Handle Cluster that you allocated. This example connects all of the error out clusters of the
previous VIsto theerror in clusters of the subsequent VIs to establish the proper sequence and to pass through an
error, should it occur, without executing the rest of the Vls.
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Chapter 1
NI-DSP Analysis VI Reference Overview

This chapter contains an overview of the NI-DSP Analysis VIsand includes alist of the VIs. This chapter describes
how the NI-DSP Analysis Vs are organized and how to access them.

The NI-DSP AnalysisVI Overview

The NI-DSP Analysis Vs are a set of high-performance Visthat efficiently process large blocks of numerical data
and perform numerically intensive computations. The NI-DSP Analysis VIsinclude numerical analysis, signal
generation, digital signal processing, digital filtering, and windowing operations that are suitable for simulation,
modeling, and sophisticated data processing.

The NI-DSP Analysis Vs are presented in alphabetical order in Chapter 2, NI-DSP Analysis VI Reference.
Table 1-1 lists these Vs by group.

Table1-1. The NI-DSP Analysis VI Groups

Signal Generation
DSP Sine Pattern
DSP Pul se Pattern
DSP | npul se Pattern
DSP I npul se Train Pattern
DSP Ranmp Pattern
DSP Sinc Pattern
DSP Square Pattern
DSP Triangle Pattern
DSP Triangul ar Train
DSP Sawt oot h Pattern
DSP Uni form White Noi se
DSP Random Pattern
DSP Gaussi an Wiite Noi se
Frequency Domain
DSP ReFFT
DSP Compl ex FFT
DSP | nverse FFT
DSP Power Spectrum
DSP Cross Power
DSP FHT
DSP | nverse FHT
DSP Zer o Padder
Time Domain
DSP Convol uti on
DSP Deconvol ution
DSP Correl ation
DSP Deci mat e
DSP Derivative
DSP I nt egral

(continues)
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Table1-1. The NI-DSP Analysis VI Groups (Continued)

Chapter 1

Filters
DSP Butterworth Coefficients
DSP Chebyshev Coefficients
DSP | nverse Chebyshev Coeff
DSP Elliptic Coefficients
DSP IR Filter
DSP Equi - Ri ppl e LowPass
DSP Equi - Ri ppl e Hi ghPass
DSP Equi - Ri ppl e BandPass
DSP Equi - Ri ppl e BandSt op
DSP Parks-Md el | an
DSP Medi an Filter
Windows
DSP Bl acknan W ndow
DSP Exact Bl ackman W ndow
DSP Bl ackman Harris W ndow
DSP Hanni ng W ndow
DSP Hanm ng W ndow
DSP Fl at Top W ndow
DSP General Cosine W ndow
DSP Exponenti al W ndow
DSP Force W ndow
DSP Kai ser - Bessel W ndow
DSP Triangul ar W ndow
Array Functions
DSP Add
DSP Subtract
DSP Ml tiply
DSP Di vi de
DSP Absol ut e
DSP Squar e Root
DSP Pr oduct
DSP Sum
DSP Log
DSP dip
DSP Reverse
DSP Shi ft
DSP Sort
DSP Li near Eval uation
DSP Max & Mn
DSP Pol ynom al Eval uati on
DSP Subset
DSP Set
DSP Unwr ap
DSP Pol ar to Rectangul ar
DSP Rectangul ar to Pol ar

Memory Management

DSP

Al |l ocate Menory

Copy Men(LV to DSP)
Copy Men(DSP to LV)
Copy Men{DSP to DSP)

DSP
DSP
DSP

Free Menory
| ndex Menory
Init Menory
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NI-DSP Analysis VI Reference Overview

Table1-1. The NI-DSP Analysis VI Groups (Continued)

Utility Functions

DSP
DSP
DSP
DSP
DSP
DSP
DSP
DSP

Reset

Load

Start

Ti neout

Cust om

DVA Copy(DSP to LV)
DVA Copy(LV to DSP)
Handl e to Address

AnalysisVI Organization

After installation, the NI-DSP Analysis VIsreside in the following V1 library files (LabVIEW . LLB files) within

the DSP2200 option:

e Signal Generation contains VIsthat generate digital patterns.

»  Frequency Domain contains Vs that perform frequency domain transformations, frequency domain analysis,
and other transforms such as the Hartley transform.

* TimeDomain contains VIsthat perform direct time series analysis of signals.

e Filterscontains Visthat perform IR and FIR filtering functions.

*  Windows contains Vs that perform smoothing windowing.

» Array contains VlIsthat perform arithmetic operations on arrays.

« Memory Management contains VIsto perform allocating, indexing, copying, and freeing memory on the
AT-DSP2200 board.

» Utility contains VIsfor controlling the operation of the AT-DSP2200 board.

After installation, the eight analysis VI libraries appear in the Functions menu in the order shown in the preceding
list under the DSP2200 option. Y ou can reorganize the folders and the Vs to suit your needs and applications.

Accessing the NI-DSP AnalysisVIs

To access the analysis Vs from the block diagram window, choose DSP2200 from the Functions menu as shown in
Figure 1-1, proceed through the hierarchical menus, and select the VI you want. The icon corresponding to that V1
appears in the block diagram and is ready to be wired.
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Structs & Constants
Arithmetic

Trig & Log
Comparison
Conversion

String

Array & Cluster
File I}O

Dialog & DatefTime
Miscellaneous
vi...

ANALYSIS

DAQ

GPIB

Getting Started
Serial

UTILITY

UTILS

V VVVVVVFvY

A4V WV

DSP2200 Signal Generation

Frequency Domain
Time Domain
Filters

YWindows

Array

vVvVvvwvwvwy

Memory Management
Utility

Chapter 1

VVVVVV VA

Figure 1-1. Choosing DSP2200 from the Functions Menu

About the Fast Fourier Transform (FFT)

The VIsin the Frequency Domain group are based upon the discrete implementation and optimization of the Fourier
Transform integral. The Discrete Fourier Transform (DFT) of acomplex sequence X containing n elementsis

obtained using the following formula:

n-1

Y[i] =Y X[K]* exp (-j2rtik/n), for i=0,1,...,n-1
k=0

where Y[i] istheith element of theDFT of X and j = V-1.

The DFT of X also resultsin acomplex sequence Y of n elements. Similarly, the Inverse Discrete Fourier
Transform (IDFT) of acomplex sequence Y containing n elementsis obtained using the following formula:

n-1

X[i] = (]./n)kZOY[k] * exp (j2rtik /n), for i=0,1,...,n1

where X[i] istheith element of the IDFT of Y andj = V-1.
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Chapter 1 NI-DSP Analysis VI Reference Overview

The discrete implementation of the DFT isanumericaly intense process. However, it is possible to implement a
fast algorithm when the size of the sequence is a power of two. These agorithms are known as FFTs, and can be
found in many introductory digital signal processing (DSP) texts.

The resulting complex FFT sequence has the conventional DSP format as described in this section.

If there are n number of elements in the complex sequence and k = n/2, then the output of the FFT is organized as
follows:

YI[OQ] DC component

Y[1] Positive first harmonic
Y[2] Positive second harmonic
Y[k-1] Positive k-1 harmonic
Y[K] Nyquist frequency

Y[k+1] Negative k-1 harmonic
Ytn-2] Negative second harmonic
Y[n-1] Negative first harmonic

The following conventions and restrictions apply to the VIsin the Frequency Domain folder:
» All arrays must be apower of two: n=2M m=1, 2, 3, ..., 24 (limited by onboard memory).

e Complex sequences are manipulated using two arrays. One array represents the real elements. The other array
represents the imaginary elements.

The following notation is used to describe the FFT operations performed in the Frequency Domain class:
* Y =FFT {X}, thesequenceY isthe FFT of the sequence X.
e Y =FFT1{X}, the sequenceY istheinverse FFT of the sequence X.

X isusually acomplex array but can be treated as areal array.

About Filtering

All of the ViIsin the Filters group are digital filters that can be represented by the computational algorithm that best
describes the relationship between the input and output discrete time sequences. This computational algorithmis
referred to as the Linear Constant Coefficient Difference Equation. This equation relates the input and output by the
basi c operations of addition, delay and multiplication. The following equation relates the input and output
sequences x and y, respectively at the discrete time instant n;

i=N-1 i=M-1
a(0)*y(n) = i2:((>)<[ﬂ-i]*b(i)) - i2:(¥[n-i]*di)) @

where :
X isthediscrete time input signal to the system represented by the filter
y isthediscrete time output signal of the system represented by the filter
a istheset of coefficients applied to the input in the linear difference equation and represent the
multiplication factors for delays. The equation suggests that there are N such coefficients.
b isthe set of coefficients applied to the output in the linear difference equation and represent the
multiplication factors for delays. The equation suggests that there are M such coefficients.
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The set of coefficientsaand b are often referred to as the numerator and denominator coefficients, respectively.
Another common way to refer to them is as the feedforward and feedback coefficients. Thisisdueto the
mathematical derivation that led to equation a. Refer to Discrete-Time Signal Processing by Oppenheim and
Schafer for more information. Another frequent assumption isthat a(0)=1.0. For example, let usassume M =4,
N =4 and n= 2. Using thefiltering equation produces:

a(0)*y(2) =b(0)*x(2) +b(1)*x(1) + b(2)* x(0) + b(3)* x(-1) - a(1)*y(1) - a(2)*y(0) - a(3)*y(-1) (b)

The filtering equation suggests that in order to compute the value of the output at n = 2, you not only need the
coefficients that represent the filter that is producing this output sequence, but also the value of the current input and
output, the values of the input and output one time unit ago, the values of the input and output two time units ago,
and the values of the input and output three time units ago. Y ou need some “history” about the previous outputs of
the filter aswell as the previous inputs to the filter. The amount of history (number of previous output and input
samples) depends on the lengths of the arrays aand b (filter coefficients arrays).

Attimen =0, it isimportant to note that the filtering equation becomes:
a(0)*y(0) =b(0)*x(0) + b(1)*x(-1) + b(2)* x(-2) + b(3)* x(-3) - a(1)*y(-1) - a(2)*y(-2) - &3)*y(-3) ©

Thus, for the function filter to properly operate as of time n = 0, you need to supply some history about previous
behavior. The filter function then updates the history as time goes on, keeping track of previous input values and
corresponding outputs. This history, at time n =0, isreferred to astheinitial conditions on the input and output of
the filter.

Digital filtersfall into two classes-Infinite Impulse Response filters (IR filters) and Finite Impulse Response filters
(FIR filters). Noticethat IIR filters are represented by equation (a) while the FIR filters can be represented by the
same equation provided all as are zero except for a(0) as shown in the following equation:

i=N
a0)*y(n) = i2:((>)<[ﬂ-i]*b(i)) (d)

The NI-DSP Analysis VIs have a set of VIsthat implement IR and FIR filters. Because all digital filters are
approximations of their analog design counterparts, there are several techniques for designing a digital filter.

For the lIR filter design, the NI-DSP Analysis VIs have four approaches representing four different techniques of
obtaining digital filter specifications (coefficients to equation (a))-Butterworth, Chebyshev, inverse Chebyshev, and
elliptic techniques. With each design technique, you can obtain the coefficients for lowpass, highpass, bandpass,
and bandstop filters from the respective NI-DSP Analysis Vls.

For the FIR filters, the NI-DSP Analysis VIs alow the design of amultiband FIR linear phase filter using the Parks-
McClellan agorithm. The frequency response in each band has equal ripples that can be adjusted by aweighting
factor. For more information, please refer to Digital Filter Design by Parks and Burrus, or "A Computer Program
for Designing Optimum FIR Linear Phase Digital Filters," by McClellan, Parks, and Rabiner.

The IR Vs generate filter coefficients that represent the as and b's in the equationsaand b. No filtering is actually
performed. ThelIR filter design coefficients all have a(0) = 1.0. Y ou can use the general-purpose V1 that accepts
filter coefficients, initial conditions on the input and output sequences, and an input sequence to filter any of the

filter specifications. This VI filters the input sequence and provides the final conditions on the output and input of
the filter.

About Windowing

Almost every application requires you to use finite length signals. Thisrequires that continuous signals be
truncated, using a process called windowing.
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The simplest window is arectangular window. Because this window requires no specia effort it is commonly
referred to as the no window option. Remember, however, that a discrete signal and its spectrum is always affected
by awindow. Let x[n] be adigitized time-domain waveform that has a finite length of n. w[n] is awindow
seguence of n points. The windowed output is calculated as follows:

ylil = x[i] * wii] 1)

If X, Y, and W are the spectra of x, y, and w, respectively, the time-domain multiplication in formula 1 is equivalent
to the convolution shown as follows:

Y[k] = X[k] © W[K]. 2

Convolving with the window spectrum always distorts the original signal spectrum in some way. A window
spectrum consists of a big mainlobe and several sidelobes.

The mainlobe is the primary cause of lost frequency resolution. When two signal spectrum lines are too close to
each other, they may fall in the width of the mainlobe, causing the output of the windowed signal spectrum to have
only one spectrum line. Use awindow with a narrower mainlobe to reduce the loss of frequency resolution. It has
been shown that a rectangular window has the narrowest mainlobe, so that it provides the best frequency resolution.

The sidelobes of awindow function affect frequency leakage. A signal spectrum line will leak into the adjacent
spectrum if the sidelobes are large. Once again, the leakage results from the convolution process. Select a window
with relatively smaller sidelobes to reduce spectral leakage. Unfortunately, a narrower mainlobe and smaller
sidelobes are mutually exclusive. For this reason, selecting awindow function is application dependent. An
example of awindowed spectrum in the continuous case is shown in Figure 1-2.

Signal Spectrum ¢ Window Spectrum

Windowed Signal Spectrum

Figure 1-2. Spectral Leakage Demonstrated Using Convolution

The original signal spectrum is convolved with the window spectrum and the output is a smeared version of the
original signal spectrum. In this example, you can still see four distinctive peaks from the original signal, but each
peak is smeared and the frequency leakage effect is clear.
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Window definitions used in National Instruments analysis libraries are designed in such away that the window
operations in the time domain are exactly equivalent to the operations of the same window in the frequency domain.
To meet this requirement, the windows are not symmetrical in the time domain, that is:

w[0] #w[N-1] (3)

where N isthe window length. They are usually symmetrical in the frequency domain, however. For example, the
Hamming window definition uses the formula

w[i] = 0.54 - 0.46 cos(21i/N) 4
Other manufacturers may use a dightly different definition, such as:

w[i] = 0.54 - 0.46 cos(2ri/N-1) (5)
The differenceissmall if N islarge.
Formula 4 is not symmetrical in the time domain, but it ensures that the time domain windowing is equivalent to the
frequency domain windowing. If you want to have a perfectly symmetrical sequence in the time domain, you must

write your own windowing function using formula 5.

The choice of awindow depends on the application. For most applications, the Hamming or Hanning windows
deliver good performance.
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NI-DSP Analysis VI Reference

This chapter contains a brief explanation of each NI-DSP AnalysisVI . The Vis are arranged alphabetically.

Copy Mem(DSP to DSP)

Copies a buffer of data from the Sour ce
buffer on the DSP board that isreferred to
by a DSP Handle Cluster to the destination
buffer on the DSP board, which isreferred
to by another DSP Handle Cluster. Source
and destination buffers should be on the
same DSP board.

data type

Source
Destination in
error in (no error)

o e s tination out

occooea error out

To copy data correctly from one DSP

Copy Mem(DSP to DSP)

buffer to another DSP buffer, you must set the data type to the appropriate type to indicate what kind of datais on
the DSP board. The VI has three data types—32-bit floating-point data, 16-bit short integer data, and 32-bit long
integer data.

ooso

DSPHC

Sour ce isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the
data that you want to copy to the destination.

data type indicates the type of datathat Sour ce contains. The VI has three data types:
0: 32-bit floating-point data.
1: 16-bit short integer data.
2: 32-hit long integer data.
data type defaults to 32-bit floating-point data.
DEn Destination in isa DSP Handle Cluster that indicates the destination memory buffer on the DSP board
that will contain the data copied from source buffer.
S0 Destination out isa DSP Handle Cluster that isidentical to the Destination in, but with the source
LPHA]  puffer dataal ready copied to the memory buffer on the DSP board.
G error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
error out contains the error information for this call.
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Copy Mem(DSP to LV)

Copies an entire or partial buffer

of data according to the entire fpartial copy selectar destinationzhort)
entire/partial copy selector from CouFce e s tination float)
the Sour ce buffer on the DSP zize

board that is referred to by a DSP offset I t
Handle Cluster to the destination error in (no error) ern.mr 1_1u

buffer in LabVIEW. destination type destination(long)
To copy data correctly from the Copy Mem(DSP to LY)

DSP board to LabVIEW, you

must indicate what type of datais

stored in the Sour ce buffer on the DSP board. Y ou must set the destination type to the appropriate type and wire to
the corresponding destination terminal. The VI has three destination types—float (32-hit), short (16-bit), and long
(32-bit). To copy different types of data, you must wire to the appropriate destination terminal that corresponds to
the destination type you choose. Remember, you must wire only one kind of destination terminal.

If you set the entire/partial copy selector to entire copy, al the datain the Sour ce buffer will be copied back to the
destination without considering the values of offset and size. Otherwise, only the number of size the datain the
Sour ce buffer, starting from the offset, will be copied back to the destination.

entire/partial copy selector hastwo types. entire copy and partial copy. It defaultsto entire copy.
0: entire copy.
1. partial copy.
=] Source isa DSP Handle Cluster that indicates the memory buffer on the DSP board which contains the
data that you want copy to the destination in LabVIEW.
destination type indicates the type of the destination data on the DSP board. It has three options:

0: 32-bit floating-point.
1: 16-bit short integer.
2: 32-hit long integer.

destination type defaults to 32-bit floating point.
offset indicates where to start to copy data from the Sour ce buffer on the DSP board to the destination

buffer inthe LabVIEW. offset defaultsto 0. This parameter isignored when entire/partial copy
selector isset to entire copy.

size indicates how much data to copy from the Sour ce buffer on the DSP board to the destination buffer
inLabVIEW. sizedefaultsto 0. If offset plus size is greater than the number of elementsin the Sour ce
buffer, the VI returns an error. This parameter isignored when entire/partial copy selector isset to
entire copy.

[sGL] | destination(float) isthe terminal to which you should wire the destination buffer if the data you want to
copy is 32-hit floating-point data array.

[132] | destination(long) isthe terminal to which you should wire the destination buffer if the data you want to
copy is 32-bit long data array.

[116] | destination(short) isthe terminal to which you should wire the destination buffer if the datayou want to
copy is 16-hit short data array.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

e error out contains the error information for this call.
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Copy Mem(LV to DSP)

Copies a buffer of data from the source
buffer in LabVIEW to the destination
buffer on the DSP board, which isreferred
to by aDSP Handle Cluster.

The source buffer can contain one of three
kinds of data—float (32-bit), short

(16-bit), and long (32-bit). To copy
different types of data, you must wire to the
appropriate source terminal. Y ou must
wire only one kind of source terminal. The

Chapter 2

sourcelshort)
SDUF::E'('I‘TlDaif:I ” reemmmrreeeremn [z s tination out
Cestination in [T
error in (no error) cooeeees oo g or out
sourcellong)

Copy Mem(LY to DSP)

destination buffer must be large enough to contain all of the data from the sour ce buffer.

sour ce(float) is the terminal to which you should wire the source buffer if the data you want to copy is

32-hit floating point data array.

32-bit long data array.

sour ce(long) is the terminal to which you should wire the source buffer if the data you want to copy is

I16 sour ce(short) isthe terminal to which you should wire the source buffer if the data you want to copy is

16-hit short data array.

B Destination in isa DSP Handle Cluster that indicates the destination memory buffer on the DSP board
that will contain the data copied from the LabVIEW source buffer.

] Destination out isa DSP Handle Cluster that isidentical to Destination in, but with the source buffer
data already copied to the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.
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DSP Absolute
Find the absolute value of input array X. Theith
element of the output array Y isobtained using g Y aut
the following formula: Y iy e I‘E>
error in (no error) |~  pe———=error out

Y (i) = X(@) |-
for i=0,1,2,...,n1

DSP Absolute

where n isthe number of elementsin X.

B X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
absolute results of X(i).

5o Y out isaDSP Handle Cluster that isidentical to Y in, but with the absolute results already stored in the
L memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

The operation can be performed in place; that is, the input and output arrays can be the same DSP Handle Cluster.
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Chapter 2

fexerrroeroem Pt

oo grror out

DSP Add
Add array X to array Y. Theithelement of the
output array Z is obtained using the following ! e
formula: O IE—_}
2 in w200 L7
Z(@i) = X(i) + Y (i). error in (no error) S
for i=0,1,2,...,n-1 DSP Add

where n is the smaller number of elementsin X and Y.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that
signal array X.

Y isaDSP Handle Cluster that indicates the memory buffer on the DSP board that
signa array Y.

contains the input

contains the input

Z in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the

results of X(i) + Y (i).

memory buffer on the DSP board.

e Z out isaDSP Handle Cluster that isidentical to Z in, but with the added results already stored in the

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out

error out and no other calls are made.

G error out contains the error information for this call.

The operation can be performed in place; that is, the input and output arrays can be the same DSP Handle Cluster.
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DSP Allocate Memory

Allocates a block of memory buffer on
the DSP board specified by slot and bytes Felement selectar
returns a DSP Handle Cluster that Tt
contains the coded DSP board memory =l [5PHEH === ['SF Handle Clustet

A, zize
zﬂ(fjfterrle number of elementsin this error in (no error) Allocaits === error out

The number of bytes allocated for this DSF Allocate Memory

buffer depends on size and
bytes/element selector. If bytes/edlement selector selects 4 bytes, then the number of bytes = size*4. If
bytes/element selector selects 2 bytes, then the number of bytes = size* 2.

The allocation routines on the board assure alignment to the nearest 4-byte boundary = number of bytes to guarantee
memory alignment on 4-byte addresses. For example, if you request to allocate a buffer of size 1,022 or 1,024 bytes,
the allocation routines allocate 1,024 bytes in both cases.

dot isthe board ID number. slot defaultsto 3.

size isthe number of elementsto alocate for this buffer. size defaultsto 0.
bytes/element selector specifies the number of bytes per element. It has two options:
0: 4 bytes.
1: 2 bytes.

bytes/element selector defaultsto 4 bytes.

o DSP Handle Cluster indicates the allocated memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.
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DSP Blackman Window

Applies a Blackman window to the input
sequence X. If Y represents the output
sequence Blackman{X}, the elements of Y
are obtained from the following formula:

Y, = X, [0.42 - 0.50 cos(w)

+ 0.08 cos(2w)]

for i=0,1,2,...,n1,

where n isthe number of elementsin X.

=

ZPA signal array.

Chapter 2

T [T S PNy
error in (no error) _*l error out

ISP Blackman Yindow

=T X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

Note: The operation is performed in place and the input array X is overwritten by the output

Blackman {X}.

L] Blackman {X} isaDSP Handle Cluster that isidentical to X, but with the results of Blackman {X}
aready stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

G error out contains the error information for this call.

Part 3: NI-DSP Function Reference
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DSP Blackman Harris Window

Applies a Blackman Harris window to
the input sequence X. If Y represents [ElaFas]

the output sequence Blackman . i Blackman Harris {x}
— - error out

Harris{X}, the elementsof Y are error in (no error)
obtained using the following formula

DSP Blackman Harris Window

Y, = %,[0.42323 - 0.49755 cos(w)

+0.07922 cos(2w)]

for i=0,1,2,...,n1

where n is the number of elementsin X.

= X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

=

Note: The operation is performed in place and the input array X is overwritten by the output
Blackman Harris{X}.

o Blackman Harris{X} isaDSP Handle Cluster that isidentical to X, but with the results of Blackman
Harris{X} aready stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

o error out containsthe error information for this call.
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DSP Butterworth Coefficients

Generates the set of filter
coefficients to implement an Forward Coefficients in

IR filter as specified by the filter type

Butterworth filter model. sampling freq: fs s Forweard Coefficients out
You can then pass these high cutoff freq: fh oo Feedback Coefficients out
coefficientsto the DSP IIR low cutoff freq: ] bocceeees arror out

Filter VI to filter a sequence error in (no error)

of data. order

Feedback Coefficients in

DSP Butterworth Coefficients

filter type specifies the passband of thefilter. It has four options:
0: lowpass.
1: highpass.
2: bandpass.
3: bandstop.

filter type defaults to lowpass.

sampling freq : fsisthe sampling frequency and must be greater than 0. If it islessthan or equal to
zero, the VI returns an error. sampling freq : fs defaultsto 1.0.

high cutoff freq: fh isthe high cutoff frequency. The VI ignores this parameter when filter typeis
lowpass. high cutoff freg: fh defaultsto 0.45.

low cutoff freq: fl isthe low cutoff frequency. The VI ignoresthis parameter when filter typeis
highpass. low cutoff freq: fl defaultsto 0.125.

Note: fhand fl must observe the Nyquist criterion: 0<fl <fh<fs/2.

=T Forward Coefficientsin isa DSP Handle Cluster that indicates the memory buffer on the DSP board
DEPHE . . ..
that will contain the forward coefficients.
S Feedback Coefficientsin isaDSP Handle Cluster that indicates the memory buffer on the DSP board
that will contain the feedback coefficients.
S5 Forward Coefficients out isa DSP Handle Cluster that isidentical to the Forward Coefficientsin, but
LERHE]]  with the forward coefficients already stored in the memory buffer on the DSP board.
= Feedback coefficients out isaDSP Handle Cluster that isidentical to the Feedback Coefficientsin, but
with the feedback coefficients already stored in the memory buffer on the DSP board.
order must be greater than zero. If order islessthan or equal to zero, the VI returns an error. order
defaultsto 2.
error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
error out contains the error information for this call.
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Parameter Discussion

The arrays Forwar d Coefficientsin/out and Feedback Coefficientsin/out must have asize of at least (order + 1)
for lowpass and highpass filters. The arrays Forward Coefficientsin/out and Feedback Coefficientsin/out must
have asize of at least (2*order + 1) for bandpass and bandstop filters.

DSP Chebyshev Coefficients

Generates the set of filter
coefficients to implement an
IR filter as specified by the
Chebyshev filter model.

Y ou can then pass

Feedback Coefficients in
Forward Coefficients in
filter type

e sampling freq :fs
gﬁff'(\:}ﬁts]}?tthe DSPIIR high cﬁtof'% freg th o oy 3t d Coeffiqignts out
liter VI o Tifter a sequence low cutoff freq :fl o[ 8 Feedback Coefficients out
of data. error in(no error) error out
ripple
order
DSP Chebyshey Coefficients
filter type specifies the passband of thefilter. It hasfour options:
0: lowpass.
1: highpass.
2: bandpass.
3. bandstop.

filter type defaults to lowpass.

sampling freq : fsisthe sampling frequency and must be greater than 0. If it islessthan or equal to
zero, the VI returns an error. sampling Freq : fsdefaultsto 1.0.

high cutoff freq: fh isthe high cutoff frequency. The VI ignoresthis parameter when filter typeis
lowpass. high cutoff freq: fh defaults to 0.45.

low cutoff freq: fl isthe low cutoff frequency. The VI ignoresthis parameter when filter typeis
highpass. low cutoff freq: fl defaultsto 0.125.

B E

Note:  fhand fl must observe the Nyquist criterion: 0<fl <fh<fs/2.

ripple must be greater than 0. If rippleislessthan or equal to zero, the VI returns an error. ripple
defaultsto 0.1.

El E

order must be greater than zero. If order islessthan or equal to zero, the VI returns an error. order
defaultsto 2.

1
o

Forward Coefficientsin isa DSP Handle Cluster that indicates the memory buffer on the DSP board
that will contain the forward coefficients.

=
Mn
-
=
[

oo Feedback Coefficientsin isa DSP Handle Cluster that indicates the memory buffer on the DSP board
that will contain the feedback coefficients.

Soa Forward Coefficients out isa DSP Handle Cluster that isidentical to the Forward Coefficientsin, but
LERHE])  with the forward coefficients al ready stored in the memory buffer on the DSP board.
NI-DSP SRM for LabVIEW for Windows 2-10 Part 3: NI-DSP Function Reference
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S0 Feedback Coefficients out isaDSP Handle Cluster that isidentical to the Feedback Coefficientsin,
DPHC]  but with the feedback coefficients al ready stored in the memory buffer on the DSP board.

G error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

Parameter Discussion

The arrays Forwar d Coefficientsin/out and Feedback Coefficientsin/out haveto have asize of at least (order +
1) for lowpass and highpass filters. The arrays Forward Coefficientsin/out and Feedback Coefficientsin/out have
to have asize of at least (2*order + 1) for bandpass and bandstop filters.

DSP Clip

Clipstheinput array values. The range of

the resulting output array is [lower :upper]. Clipped {X} in —

Let Y represent the output array. Theith " ]

element of the resulting array is obtained by upper Timit j— ;@melpped £ out
using the following formulas: lower limit — ——1# s error out

error in (no error) R
upper if X(i) > upper

Y(i) = lower if X(i) < lower DSP Clip

[IX(i) otherwise
for i=0,1,2,...,s5ze-1,
where n is the number of elementsin X.
The operation can be performed in place; that is, the input and output arrays can be the same DSP Handle Cluster.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signa array X.

lower limit. lower limit defaults to 0.0.

upper limit. upper limit = lower limit. upper limit defaultsto 1.0.

Clipped{X} in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the output array of Clipped{X}.

o Clipped{X} out isa DSP Handle Cluster that isidentical to Clipped {X} in, but with the Clipped{X}
already stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

G error out containsthe error information for this call.
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DSP Complex FFT

Computes the Fast Fourier transform of

the complex input sequence X. If Y Re {¥} oo fommmmm Re FFT{X)
represents the complex output sequence, I {3} o] F{H} s |y FET {3
then: error in (no error) s CHy pocccerror out

Y = F{X}. DSP Complex FFT

Qoo

DSPHC

Re{X} isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the real
part of the input signal array X.

Im{X} isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the
imaginary part of input signal array X.
Notes: The number of elements for the input array must be a power of 2.
If the size of Re{X} isdifferent from the size of Im{X}, the VI uses the smaller number as the
size of the Complex FFT.
The operation is performed in place and the input array Re{X} and Im{X} is overwritten by the
Re FFT{X} and Im FFT{X}.
The largest complex FFT that can be computed depends upon the amount of memory on your
board.
Soo Re FFT{X} isaDSP Handle Cluster that isidentical to Re{X}, but with the real part of FFT{ X} already
0sPHC]  storedinthe memory buffer on the DSP board.
S0 Im FFT{X} isaDSP Handle Cluster that isidentical to Im{X}, but with the imaginary part of
LEPHE FFT{ X} already stored in the memory buffer on the DSP board.
error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
error out contains the error information for this call.
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DSP Convolution

Computes the convolution of the input

sequences X and Y. The convolution Cxy(t), of s PR Csen otk
the signals x(t) and y(t), is defined as follows: Y e G - 4
Cxy in w=ff 01 @, o error out
0 error in (no error) sxxf -

Cxy® = X+ ¥ :-JOX(T) y(tT) dr, DSP Convolution

where the symbol * denotes convolution.

For the discrete implementation of the convolution, let Cxy represent the output sequence X * Y, n be the number of
elementsin the input sequence X, and m be the number of elementsin the input sequenceY . Assuming that indexed
elementsof X and Y that lie outside their range are zero,

X, = 0, i<0 or i=n

3
a

y,= 0, j<0 or j=m,
then you obtain the elements of Cxy using:
n-1
Cxyi= > XkVYik fori=0,1,2, ...,5ze-1,
k=0
size=n+m-1,
where sizeis the total number of elementsin the output sequence X * Y.

o X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

o Y isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signa array Y.

Cxy in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
convolution of X with'Y.

Note: Thesizeof Cxy in must be (n+m-1) elementslong. nisthesize of X, misthesizeof Y. You
cannot perform the operation in place.

oo Cxy out isaDSP Handle Cluster that isidentical to the Cxy in but with the convolution of X and Y
aready stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

o= o
error out contains the error information for this call.
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DSP Correlation

Computes the cross correlation of the input
sequences X and Y. The cross correlation Ry (t) ¥, e |
of the signal’s x(t) and y(t) is defined as follows: Y i g ey oS
Rxy in ==l 007 @ o error out
o error in (no error) =i -
Rig(t) = x() D y(®) = _[ XQy(t+t) dt, DSP Correlation
-00

where the symbol [ denotes correlation.

For the discrete implementation of the correlation, let Ry, represent the output sequence X [J Y, n be the number of
elementsin the input sequence X, and m be the number of elementsin the input sequence Y. You then obtain the
elements of R,, using the following formula:

n-1
Rxyi = > X[K] y[k+m-1] fori=0,1,2, ..., m+n-1,
k=0
) X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

oEn Y isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array Y.

So-o Rxy in isa DSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
correlation results.

Note: Thesizeof Rxy in must be at least (n+m-1) elementslong. nisthesize of X, misthesize
of Y.

Soa Rxy out isaDSP Handle Cluster that isidentical to the Rxy in, but with the correlation of X and Y
LEIPHE aready stored in the memory buffer on the DSP board.

Note: If X andY arethe same array, an auto correlation is performed, otherwise, a cross correlation is
performed. Y ou cannot perform the operation in place.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
G error out containsthe error information for this call.
Part 3: NI-DSP Function Reference 2-14 NI-DSP SRM for LabVIEW for Windows

Download from Www.Somanuals.com. All Manuals Search And Download.



Chapter 2 NI-DSP Analysis VI Reference

DSP Cross Power

Computes the cross power spectrum of the input

sequences X and Y. The cross power, S, (f), of X oo 1 e Re Sy }

the signals x(t) and y(t) is defined as follows: Y e ¥ | {Sxy b
error in (no error) =] ;Y 4 oo error out

Sy(f) = X*(HY(H)

DSP Cross Power

where X’(f) isthe complex conjugate of X(f),
X(f) = F{x(t)}, and
Y (f) = F{y(®}.

This VI usesthe FFT routine to compute the cross power spectrum, that is given by the following formula:

Sy = 5 FIX}F{Y},

n=2k for k=1,23, ..., 23,

where Sy, represents the complex output sequence Sxy, and
n is the number of samples that can accommodate both input sequences X and Y.

oEn X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

CX) Y isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array Y.

Notes: If thesize of X isdifferent than'Y, the VI uses the smaller number as the size of input arrays X
and Y. The number of elementsfor the input arrays must be a power of two.

The operation is performed in place and the input arrays X and Y are overwritten by the
outputs Re{Sxy} and I m{Sxy}.

The largest Cross Power Spectrum that can be computed depends upon the amount of memory
in your DSP board.

This VI allocates atemporary workspace on the DSP board equal to the size of the input signal
array.

S0 Re{Sxy} isaDSP Handle Cluster that isidentical to X, but with the real part of Sxy aready stored in the
¢ memory buffer on the DSP board.

o Im{Sxy} isaDSP Handle Cluster that isidentical to Y, but with the imaginary part of Sxy aready
stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

= o
error out contains the error information for this call.
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DSP Custom

Usethis VI astheinterface to
call your own custom functions slot
written on the DSP board from Array of Handles in e —— prommmm Array of Handles out
LabVIEW. For more details Array of SGL Scalars in
about how to use this VI, refer Array of 132 Scalars in
to Part 4, NI-DSP Interface error in (no error) o= . error out
Utilities, of this manual. function code

= Artay of SGL Scalars out
L Array of |32 Scalars out

DSP Custom

dot isthe board ID number. slot defaultsto 3.

function code indicates which function on the DSP board LabVIEW is calling. function code defaults
toO.

Array of Handlesin is an array of DSP Handle Clusters that hold all of the references to the input and
output data buffers used in your custom functions on the DSP board.

Array of SGL Scalarsin isan array of 32-bit floating-point scalars that hold all of the input 32-bit
floating-point scalars used in your custom functions on the DSP board.

Array of 132 Scalarsin isan array of 32-bit long integer scalars that hold all of the input 32-bit long
integer scalars used in your custom functions on the DSP board.

[o"s'v'fn"c] Array of Handles out is an array of DSP Handle Clusters that isidentical to Array of Handlesin, but
with the output results already stored in the memory buffers on the DSP board.
Array of SGL Scalarsout isan array of 32-hit floating-point scalars that isidentical to Array of SGL
Scalarsin, but with the output results already stored in the array.
[x32]| Arrayof 132 Scalarsout isan array of 32-bit long integer scalarsthat isidentical to Array of 132
Scalarsin, but with the output results already stored in the array.
G error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
error out contains the error information for this call.
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DSP Decimate

Decimates the input sequence X by the
decimating factor and the averaging control. averaging
If Y represents the output sequence Decimated "
Array, the elements of the sequence Y are
obtained using:

. . " promm Y gy
decimating factor
error in (no error)

Y in mmmmnEw

if ave = no averaging DSP Decimate

;oo error out

EP(im
Yi - I:ll m-1
Xi(m+k) if ave = averaging
&

fori=0,1,2,...,s5ze-1

. n
Slize= trunc(f) ,
m

where nisthe number of elementsin X,
m is the decimating factor,
aveisthe averaging option, and
sizeisthe number of elementsin the output sequence Y.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

oo Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
decimated output array.

S0 Y out isaDSP Handle Cluster that isidentical to Y in, but with the results of the decimated array
L already stored in the memory buffer on the DSP board.

decimating factor must be greater than zero:

0 < decimating factor < n.

If decimating factor is greater than the number of samplesin X or less than or equal to zero, the VI
returns an error. decimating factor defaultsto 1.

aver aging has two options:
0: averaging.
1. noaveraging.

aver aging defaults to no averaging.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

o= o
error out contains the error information for this call.

The operation can be performed in place; that is, the input X and the output Y can be the same DSP Handle Cluster.
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DSP Deconvolution

Computes the deconvolution of the input

sequences X and Y. The convolution operation Cxy e Y o
can be realized using Fourier identities because § A%“.mx out
¥ in wmd OV | pocoocos error out
X(t) * y(t) = X(f) Y(f) error in (no error) coocdl -
is a Fourier transform pair, where the symbol DSP Deconvolution

denotes convol ution, and the deconvolution is
the inverse of the convolution operation. If h(t) isthe signal resulting from the deconvolution of the signals x(t) and
y(t), the VI abtains h(t) using the equation

h(t) = F'l{ X

YOS

where X(f) isthe Fourier transform of x(t), and
Y () isthe Fourier transform of y(t).

The VI performs the discrete implementation of the deconvolution using the following steps.

1. Compute the Fourier transform of the input sequence X * Y.

2. Compute the Fourier transform of the input sequence Y.

3. Dividethe Fourier transform of X * Y by the Fourier transform of Y. Call the new sequence H.

4. Compute the inverse Fourier transform of H to obtain the deconvoluted sequence X.

Cxy isa DSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array Cxy. The number of elementsin Cxy must be greater than or equal to the number of
eementsiny.

Y isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array Y.

X in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
deconvolution results.

Note: Thesizeof X in must be n elements long, although only (n-m+1) elementsare valid. nisthe
size of Cxy, misthesizeof Y.

X out isaDSP Handle Cluster that isidentical to X in, but with the deconvolution results already stored
in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

Note: The deconvolution operation is a numerically unstable operation, and it is not always possible to solve the
system numerically. Computing the deconvolution via FFTs is perhaps the most stable generic algorithm
that does not require sophisticated DSP techniques. However, it is not free of errors (for example, when
there are zeros in the Fourier transform of the input sequence Y).
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DSP Derivative

Performs a discrete differentiation of the

sampled signal X. The differentiation f(t) of a Y in Cm—
function F(t) is defined as follows: W cxmmmmm] G 7o Y out
initial condition —'—;--Q‘y "
f(t) = % ). final condition — |4l #¥<pec=c=error out

dt —
error in(no error) mx:ﬂ
Let Y represent the sampled output sequence

d/dt X. The discrete implementation is given DSP Deriratire
by the following formula:

Vi = ZLdt (Xi+1 - Xi-0) fori=0,1,2,...,n1

where nisthe number of samplesin x(t)
X_1 is specified by initial condition wheni =0, and
X, is specified by final condition wheni =n-1.

initial condition and final condition minimize the error at the boundaries.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

initial condition defaultsto 0.0.

dt isthe sampling interval and must be greater than zero. If dt islessthan or equal to zero, the VI
returns an error. dt defaultsto 1.0.

final condition defaultsto 0.0.

Soo Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
DSPHC . ..

results of the differentiation of X.
S0 Y out isaDSP Handle Cluster that isidentical to Y in, but with the results of differentiation already
LSPHEN]  qtored inthe memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out containsthe error information for this call.

The operation can be performed in place; that is, the input X and the output Y can be the same DSP Handle Cluster.
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DSP Divide
Dividearray X by array Y. Theith element of
the output array Z isobtained using the % conmmoorrmmm 2 out
following formula: Y mE—— I> ain
Z in oo poccccoco error out
Z(@) = X (@) 1 Y(i). error in (no error) ol
fori=0,1,2,...,n1 DSP Diride
where n is the smaller number of elementsin
Xand.
oEn X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.
x) Y isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array Y.
Z in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
results of X(i) / Y (i).
L] Z out isaDSP Handle Cluster that isidentical to Z in, but with the divided results already stored in the
A memory buffer on the DSP board.
G error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
error out contains the error information for this call.
The operation can be performed in place; that is, the input and the output arrays can be the sasme DSP Handle
Cluster.
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DSP Elliptic Coefficients

Generates the set of filter
coefficients to implement a . .
o - . Feedback Coefficients in
S;%ttﬁeﬁ Irl)ggsctlr:g”ter' YOU | Forward Coefficients in
IS filter type
Eci)lifrlc\:}(lentsto the DSPIIR ~sampling freq : fs o Forward Coefficients out
' high cutoff freq : fh s Feedback Coefficients out
low cutoff freq : f] S —————
error in (no error) o==
passband ripple
order
stopband attenuation
DSP Elliptic Coefficients
filter type specifies the passband of thefilter. filter type has four options:
0: lowpass.
1: highpass.
2: bandpass.
3: bandstop.

filter type defaults to lowpass.

sampling freq : fsisthe sampling frequency and must be greater than 0. If it islessthan or equal to
zero, the VI returns an error. sampling freq : fs defaultsto 1.0.

high cutoff freq: fh isthe high cutoff frequency. The VI ignoresthis parameter when filter typeis
lowpass. high cutoff freq: fh defaultsto 0.45.

CREN:

low cutoff freq: fl isthe low cutoff frequency. The VI ignoresthis parameter when filter typeis
highpass. high cutoff freq: fh defaultsto 0.125.

Note:  fhand fl must observe the Nyquist criterion: 0<fl <fh<fs/2.

passband ripple must be greater than 0, and you must expressit in decibels. If passband rippleisless
than or equal to zero, the VI returns an error. passband ripple defaultsto 1.0.

order must be greater than zero. If order islessthan or equal to zero, the VI returns an error. order
defaultsto 2.

stopband attenuation must be greater than 0, and you must expressit in decibels. If stopband
attenuation islessthan or equal to zero, the VI returns an error. stopband attenuation defaults to 60.0.

Forward Coefficientsin isa DSP Handle Cluster that indicates the memory buffer on the DSP board
that will contain the forward coefficients.

20 20
H H E E H

Feedback Coefficientsin isa DSP Handle Cluster that indicates the memory buffer on the DSP board
that will contain the feedback coefficients.

oo Forward Coefficients out isa DSP Handle Cluster that isidentical to Forward Coefficientsin, but
with the forward coefficients already stored in the memory buffer on the DSP board.

So-o Feedback Coefficientsout isa DSP Handle Cluster that isidentical to Feedback Coefficientsin, but
with the feedback coefficients already stored in the memory buffer on the DSP board.
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error in (no error) contains the error information from a previous V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

Parameter Discussion

The arrays Forwar d Coefficientsin/out and Feedback Coefficientsin/out must have asize of at least (order + 1)
for lowpass and highpass filters. The arrays Forward Coefficientsin/out and Feedback Coefficientsin/out must
have asize of at least (2*order + 1) for bandpass and bandstop filters.
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DSP Equi-Ripple BandPass

Generates a bandpass FIR filter
with equi-ripple characteristics
using the Parks-McClellan
algorithm and the number of taps,
lower stop frequency, higher stop
frequency, lower pass frequency,
higher pass frequency, and
sampling frequency. The VI then
filters the input sequence X to
obtain the bandpass filtered linear-
phase sequence Filtered Data.

Thefirst stopband of the filter
region goes from zero (DC) to the

NI-DSP Analysis VI Reference

Filtered Data in
higher pass freq

lower pass freq A Filtered Data out

3 oo error out

# of taps

error in(no error)
lower stop freq
higher stop freq
sample freq : fs

DSP Equi-Ripple BandPass

lower stop frequency. The passhand region goes from the lower pass frequency to the higher pass frequency, and
the second stopband region goes from the higher stop frequency to the Nyquist frequency.

data array.

HEEEHEH

higher passfreq must be greater than lower passfreq frequency. If higher passfreq islessthan or
equal to lower passfreq, the VI returns an error. higher passfreq defaultsto 0.3.

lower passfreq must be greater than the lower stop freg. If lower passfreq islessthan or equa to
lower stop freq, the VI returns an error. lower passfreq defaultsto 0.2.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

# of taps must be greater than 0. If the number of tapsislessthan or equal to zero, the VI returns an
error. # of taps defaultsto 32.

lower stop freq must be greater than zero. If lower stop freq islessthan or equal to zero, the VI
returns an error. lower stop freq defaultsto 0.1.

higher stop freq must be greater than higher pass freq and must observe the Nyquist criterion:

0<f, <f, <f, <f, <05f,

wheref, islower stop freq, f, is lower passfreq, f, is higher passfreq, f, isthe higher stop freq, and
f.isthe sampling frequency. If any of these conditionsisviolated, the VI returns an error. higher stop

freq defaultsto 0.4.

sampling freq: fsdefaultsto 1.0.

oo Filtered Data in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will

contain the filtered data output.

oo Filtered Data out isa DSP Handle Cluster that isidentical to Filtered Data in, but with the filtered
data already stored in the memory buffer on the DSP board. Because the VI filters via convolution, the

number of elements, k, in Filtered Data is as follows:

k=n+m-1,

where n isthe number of elementsin X, and m is the number of taps.
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A delay is aso associated with the output sequence
delay = ™1

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

The operation cannot be performed in place; that is, the input X and the output Filtered Data cannot be the same
DSP Handle Cluster.
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DSP Equi-Ripple BandStop

Generates a bandstop FIR digital filter
with equi-ripple characteristics using the
Parks-McCléellan algorithm and number
of taps, lower pass frequency, higher
pass frequency, lower stop frequency,
higher stop frequency, and sampling
frequency. The VI then filters the input
seguence X to obtain the bandstop
filtered linear-phase sequence Filtered
Data.

The first passband region of the filter
goes from zero (DC) to the lower pass
frequency. The stopband region goes

NI-DSP Analysis VI Reference

Filtered Data in
higher pass freq

lower pass freq

x e

# of taps

error in (no error)

lower stop freq

higher stop freq ———
sample freq : fs

" £ e F [ tered Data out
pocoocon error out

DSP Equi-Ripple BandStop

from the lower stop frequency to the higher stop frequency, and the second passband region goes from the higher

pass frequency to the Nyquist frequency.

higher pass freq must be greater than higher stop freq and observe the Nyquist criterion:
0<f <f <f,<f, <05,

wheref, isthe lower passfreq, f, isthe lower stop freq, f, isthe higher stop freq, f, isthe higher pass
freq, and f,isthe sampling freq. If any of these conditionsisviolated, the VI returns an error. higher

pass freq defaultsto 0.4.

lower passfreq must be greater than zero. If lower passfreq islessthan or equal to O, the VI returns
an error. lower passfreq defaultsto 0.1.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

data array.

# of taps must be odd and must be greater than 0. If the number of tapsis an even number or isless
than or equal to zero, the VI returns an error. # of taps defaultsto 31.

passfreq, the VI returns an error. lower stop freq defaultsto 0.2.

higher stop freq must be greater than lower stop freq. If higher stop freq islessthan or equal to
lower stop freq, the VI returns an error. higher stop freq defaultsto 0.3.

sampling freg: fsdefaultsto 1.0.

[EFie]
lower stop freq must be greater than lower passfreq. If lower stop freqislessthan or equal to lower

oo Filtered Data in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will

contain the filtered data output.

oo Filtered Data out isa DSP Handle Cluster that isidentical to Filtered Data in, but with the filtered
data already stored in the memory buffer on the DSP board. Because the V1 filters via convolution, the

number of elements, k, in Filtered Data is as follows:

k=n+m-1,

where n isthe number of elementsin X, and m is the number of taps.
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A delay is also associated with the output sequence:

delay = ™1

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

The operation cannot be performed in place; that is, the input X and the output Filtered Data cannot be the same
DSP Handle Cluster.
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NI-DSP Analysis VI Reference

DSP Equi-Ripple HighPass

Generates a highpass FIR filter with

equi-ripple characteristics using the Filtered Data in exxmmmms :

Parks-McClellan agorithm and the P J— — Filtered Data out
number of taps, high frequency, stop # of taps oo error out
frequency, and sampling frequency. The | error in (no error) s s

V1 then filters the input sequence X to |

obtain the highpass filtered linear-phase stop freq

sequence Filtered Data. high freq

The stopband of the filter goes from zero - s .
(DC) to the stop frequency. The DSP Equi-Ripple HighPass

transition band goes from the stop

sampling freq : fs

frequency to the high frequency, and
the passband goes from the high frequency to the Nyquist frequency.

Qoo

DSPHC

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
data array.

# of taps must be greater than 0 and must be an odd number. |f the number of tapsis an even number or
islessthan or equal to zero, the VI returns an error. # of taps defaultsto 31.

stop freq must be greater than zero. If stop freq islessthan or equal to O, the VI returns an error. stop
freq defaultsto 0.2.

high freq must be greater than stop freq and observe the Nyquist criterion:
0<f, <f, <05f,

wheref, isthe stop freq, f, isthe high freq, and f, is the sampling frequency. If any of these conditions
isviolated, the VI returns an error. high freq defaultsto 0.3.

sampling freg: fsdefaultsto 1.0.

Filtered Data in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the filtered data output.

Filtered Data out isa DSP Handle Cluster that isidentical to Filtered Data in, but with the filtered
data already stored in the memory buffer on the DSP board. Because the VI filters via convolution, the
number of elements, k, in Filtered Datais:

k=n+m-1,
where n isthe number of elementsin X, and m is the number of taps.
A delay is also associated with the output sequence:

delay:mT'l.
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error in (no error) contains the error information from a previous V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

The operation cannot be performed in place; that is, the input X and the output Filtered Data out cannot be the
same DSP Handle Cluster.
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DSP Equi-Ripple L owPass

Generates alowpass FIR filter with equi-
ripple characteristics using the Parks-
McClellan algorithm and the number of
taps, pass frequency, stop frequency, and
sampling frequency. The VI then filters
the input sequence X to obtain the
lowpass filtered linear-phase sequence
Filtered Data.

The passband of the filter goes from zero
(DC) to passfreq. Thetransition band
goes from pass freq to stop freq, and

NI-DSP Analysis VI Reference

F,ntered Data in .......................
R — - Pppldem Filtered Data out

# of taps P PTPRa error out
error in (no error) cooocos o 11t

pass freq —

stop freq

sampling freq : fs

DSP Equi-Ripple LowPass

E X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

data array.

# of Taps must be greater than 0. If the number of tapsis less than or equal to zero, the VI returns an

error. # of Taps defaultsto 31.

pass freq must be greater than 0. If passfreq isless than or equal to zero, the VI returns an error. pass

freq defaultsto 0.2.

stop freq must be greater than the pass freq and observe the Nyquist criterion:

0<f,<f, < 05,

where f,isthe passfreq, f, isthe stop freq, and f, is the sampling frequency. If any of these conditions
isviolated, the VI returns an error. stop freq defaultsto 0.3.

sampling freq: fsdefaultsto 1.0.

oo Filtered Data in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will

contain the filtered data output.

o Filtered Data out isaDSP Handle Cluster that isidentical to Filtered Datain, but with the filtered
data already stored in the memory buffer on the DSP board. Because the VI filters via convolution, the

number of elements, k, in Filtered Data out is:

k=n+m-1,

where n isthe number of elementsin X, and
m isthe number of taps.

m-1

A delay equal to 5

is also associated with the output sequence.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out containsthe error information for this call.

The operation cannot be performed in place; that is, the input X and the output Filtered Data cannot be the same

DSP Handle Cluster.
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DSP Exact Blackman Window

Applies an Exact Blackman window to
the input sequence X. If Y represents End:
the output sequence Exact " R Exact Blackman {%}
Blackman{X}, theelementsof Y are |error in (no error) mm*h-
obtained using the formula: T

error out

DSP Exact Blackman ¥indow

y, = x [0.42659071

- 0.49656062 cos(w)
+0.07684867 cos(2w)]

fori=0,1,2,...,n-1

where n isthe number of elementsin X.

oEn X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

Ad

Note: The operation is performed in place and the input array X is overwritten by the output Exact
Blackman {X}.

s Exact Blackman {X} isaDSP Handle Cluster that isidentical to X, but with the results of Exact
0sPHC]  Blackman {X} dready stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

o= o
error out contains the error information for this call.
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DSP Exponential Window

Applies an exponential window to the input
sequence X. If Y represents the output [V QR rry v .
sequence Exponential{ X}, the elements of final value w&..“ Exponential {x}
Y are obtained Ugng the formula: error in (no error) mr_imerror out

Y, = X exp(a* i) DSP Exponential Window

for i=0,1,2,...,n1,

_InJf
“n-1’

where fisthefinal value, and
nisthe number of elementsin X.

Y ou can use the Exponential Window VI to analyze transients.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

Note: Theoperation is performed in place and the input array X is overwritten by the output
Exponential {X}.

final value defaultsto 0.10.

g

S0 Exponential {X} isaDSP Handle Cluster that isidentical to X, but with the results of Exponential {X}
¢ already stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.
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DSP FHT

Computes the fast Hartley transform (FHT) of
the input sequence X. The Hartley transform
of afunction x(t) is defined as follows:

error in (no error) s b arror out

——

o0

X(f) = [x(t) cas(2rt) dt DSP FHT

where cas(x) = cos(x) + sin(x).

If Y represents the output sequence FHT {X} obtained viathe FHT, then Y is obtained through the discrete
implementation of the Hartley integral:

n-1

YKZZX,cas(Z’:]”(), for k=0,1,2,...,n1.

where n isthe number of elementsin X.

x) X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.
Notes: The number of elementsfor the input array must be a power of two.

The operation is performed in place and the input array X is overwritten by the output
FHT{X}.

Thelargest FHT that can be computed depends upon the amount of memory on your DSP
board.

S0 FHT{X} isaDSP Handle Cluster that is identical to X, but with the results of FHT{X} already stored in
L the memory buffer on the DSP board.

G error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

G error out containsthe error information for this call.

The Hartley transform maps real-valued sequences into real-valued frequency domain sequences. You can useit
instead of the Fourier transform to convolve signals, deconvolve signals, correlate signals, and find the power
spectrum. Furthermore, you can derive the Fourier transform from the Hartley transform.

When the sequences to be processed are real-val ued sequences, the Fourier transform produces complex-valued
seguences in which half of the information is redundant. The advantage of using the Hartley transform instead of

the Fourier transform is that the Hartley transform uses half the memory to produce the same information the FFT
produces. Further, the FHT is calculated in place and is as efficient as the Fourier transform.
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DSP Flat Top Window

Applies aflat top window to the input sequence
X. If Y represents the output sequence
Flattop{X}, the elements of Y are obtained

A Top [ Flattop {X}

¥ coooomoonm

using the formula: error in (no error) =======-=_ . prccccces error out
Y, = %,[0.2810639 - 0.5208972 cos(w) DSP Flat Top Window
+ 0.1980399 cos(2w)]

for i=0,1,2,...,n1

where n isthe number of elementsin X.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

i signal array.

=0

Note: The operation is performed in place and the input array X is overwritten by the output
Flattop {X}.

S0 Flattop {X} isaDSP Handle Cluster that isidentical to X, but with the results of Flattop {X} already
¢ stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.
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DSP Force Window

Applies aforce window to the input sequence X

If Y represents the output sequence For ce{X}, [ p—— B {50
the elements of Y are obtained using the dut oree
formula: error in (no error) =ccoocxx bocooooo error out
@i if 0<i< d DSP Force Yindow
yi =
elsewhere

fori=0,1,2,...,n1,
d = (0.01)(n)(duty)
where n is the number of elementsin X.
Y ou can use the Force Window V1 to analyze transients.

x) X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

Note: The operation is performed in place and the input array X is overwritten by the output
Force{X}.

duty. 0.0 < duty <100.0. duty defaultsto 50.0.

g

Force{X} isaDSP Handle Cluster that isidentical to X, but with the results of Force {X} already
stored in the memory buffer on the DSP board.

0
i
o

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

A4
“
-l
x
-

DSP Free Memory

Frees the memory space referred by DSP
Handle Cluster on the specified DSP board. DSP Handle Cluster R

error in (no error) oo Free |

DSP Free Memory

error out

CX) DSP Handle Cluster isaDSP Handle Cluster that indicates the memory buffer to free.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and the VI also frees the DSP Handle Cluster.

error out containsthe error information for this call.
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DSP Gaussian White Noise

Generates a Gaussian distributed
pseudorandom pattern whose Gaussian Pattern in

statistical profileis as follows: standard deviation /]
seed —___|

(M,0) = (09, error in (no error) ==

where sis the absolute value of the
specified standard deviation.

Gaussian Pattern out

error out

DSP Gaussian Yhite Noise

standard deviation defaultsto 1.0.

seed < 65536.0. If seed > 0.0, the generated noise will be the same in repeated invocations if the seed
value does not change. If seed < 0.0, the VI generates arandom value to use as the seed, and the noise
will differ in repeated invocations although the value in seed does not change. seed defaultsto 0.0.

Gaussian Pattern in isa DSP Handle Cluster that indicates the memory buffer on the DSP board that
will contain the output Gaussian pattern.

oo Gaussian Pattern out isaDSP Handle Cluster that isidentical to Gaussian Pattern in, but with the
generated pattern already stored in the memory buffer on the DSP board. The largest Gaussian pattern
that can be generated depends upon the amount of memory on your DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

G error out containsthe error information for this call.
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DSP General Cosine Window

Applies ageneral cosine window to the input

sequence X. If A representsthe Cosine % o] G GenCos {%}
Coefficients input sequence and Y represents Cosine Coefficients e Joll en-os
the output sequence GenCOS{X}, the e ements error in (no error) m_;_merror out

of Y are obtained using the formula:
DSP General Cosine ¥Yindow

y, = X :Z;(-l)k g cos (kw)

for i=0,1,2,...,n1

where nisthe number of elementsin X, and
m is the number of elementsin Cosine Coefficients.

] X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

Note: Theoperation is performed in place and the input array X is overwritten by the output
GenCos{X}.

Cosine Coefficients isa DSP Handle Cluster that indicates the memory buffer on the DSP board that
contains the cosine coefficients.

GenCos{X} isaDSP Handle Cluster that isidentical to X, but with the results of GenCos {X} already
stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

om0
error out contains the error information for this call.
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DSP Hamming Window

Applies aHamming window to the input
sequence X. If Y represents the output

segquence Hamming {X}, the elements of Y ® .II Hamming {X}
are obtained from the formula: error in (no error) coocooon) - A peesccm error out
Vi = Xj [0.54 - 0.46 cos(w)] DSP Hamming Window

fori=0,1,2,...,n1,

where n isthe number of elementsin the input sequence X.

x) X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
data array.

Note: The operation is performed in place and the input array X is overwritten by the output
Hamming {X}.

S0 Hamming {X} isaDSP Handle Cluster that isidentical to X, but with the results of Hamming {X}
AL already stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

G
error out contains the error information for this call.

NI-DSP SRM for LabVIEW for Windows 2-37 Part 3: NI-DSP Function Reference

Download from Www.Somanuals.com. All Manuals Search And Download.



NI-DSP Analysis VI Reference Chapter 2

DSP Handle To Address

Finds the actual DSP addr ess value of

DSP Handle Cluster that indicates a
memory buffer on the DSP board. DSP Handle Cluster DSP Address

error in (no error) sooooooex : error out
DSP Handle To Address

Y ou can use the output DSP Address as
the input of the DSP Address terminal in
the DSP DMA Copy(DSPto LV) VI or
the DSP DMA Copy(LV to DSP) V1.

See DSP Handle Cluster indicates amemory buffer on the DSP board.

Handle Cluster.

error in(no error) contains the error information from a previous V1. If an error occurs, it is passed

DSP Addressisthe actual DSP address of the memory buffer on the DSP board referred to by DSP
out error out and no other calls are made.

error out containsthe error information for this call.
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DSP Hanning Window

Applies a Hanning window to the input
sequence X. If Y represents the output
sequence Hanning {X}, the elements of Y are
obtained using the formula:

Y, = 0.5, [1- cos(w)]

for i=0,1,2,...,n1,

NI-DSP Analysis VI Reference

¥ coooomooom i mHanning {X}

error in (no error) aaaaae) pocccccas error out

DSP Hanning ¥Window

where n isthe number of elementsin the input sequence X.

—d

2a0 data array.

Soo X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

Note: The operation is performed in place and the input array X is overwritten by the output

Hanning {X}.

oo Hanning {X} isa DSP Handle Cluster that is identical to X, but with the results of Hanning {X} already
stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out

error out and no other calls are made.

error out contains the error information for this call.
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DSP IR Filter

Performs IR filtering on the
X input array and reportsthe | Initial Conditions on input
resultinY. It usesthe arrays Forward Coefficients e—— E

aand b of sizes sza and szb ¥ e 5y pemmmmm Final Conditions on input
respectively in implementing Y in e S Final Conditions on output
the linear difference equation error in (no error) oo “Zbi%.i %Y out
that describes IR filtering: o error out

Feedback Coefficients

Initial Conditions on output

DSP IR Filter

k=sza-1 k =szb-1
ylil =Y a(k) * x(i-k) - > b(k) * y(i-k) i=01... ,n-1
k=0 k=1

where;
aisthe array of forward coefficients describing an IR filter (obtained from DSP Butterworth Coefficients
V1 for example)
b isthe array of feedback coefficients describing an IR filter (obtained from the same filter design V1)

Notes: b(0) = 1.0 intheabove equation.
This VI may be called in aloop to perform filtering on data frames that are part of the same data stream.

Attimei =0, theinitial conditions on X (for example, X(1-sza) through X(-1)) are obtained from the array
Initial Conditionson input. At exit (the end of the VI execution), this array holds the final conditions on
X that could be used as the initial conditions for the next DSP IIR Filter VI call if youweretocall itina
loop.

Attimei =0, theinitial conditionsonY (for example, Y (1-szb) through Y (-1)) are obtained from the array
Initial Conditions on output. At exit (the end of the VI execution), this array holds the final conditions on
Y that could be used as the initial conditions for the next DSP IIR Filter VI call if youweretocal itina

loop.
DEn X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.
oEn Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the

output array of filtered data.

oo Initial Conditions on input isa DSP Handle Cluster that indicates the memory buffer on the DSP board
that contains the initial conditions on input at time zero.

=
=0
o
=
-

o Initial Conditions on output isaDSP Handle Cluster that indicates the memory buffer on the DSP
board that containsthe initial conditions on output at time zero.

=]
=0
-
=
-

oo Forward CoefficientsisaDSP Handle Cluster that indicates the memory buffer on the DSP board that
contains the forward coefficients of the lIR filter.

=]
=0
-
=
~

Sw Feedback CoefficientsisaDSP Handle Cluster that indicates the memory buffer on the DSP board that
contains the feedback coefficients of the lIR filter.

“u
-l
x
L}
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S0 Y out isaDSP Handle Cluster that isidentical to Y in, but with the filtered data already stored in the
memory buffer on the DSP board.

oo Final Conditionson input isaDSP Handle Cluster that isidentical to I nitial Conditions on input, but
contains the final conditions on input.

oo Final Conditions on output isaDSP Handle Cluster that isidentical to I nitial Conditions on output,
but contains the final conditions on output.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out containsthe error information for this call.

The operation can be performed in place; that is, the input X and the output Y can be the same DSP Handle Cluster.
Parameter Discussion

The arrays X and Y should be the same size. The arraysForward Coefficients and I nitial/Final Conditions on
input should be the same size. The arrays Feedback Coefficients and I nitial/Final Conditions on output should
be the same size. In successive callsto this VI, while performing filtering on large data streams, one buffer at a
time, the final conditions of the filter are stored in Final Condition on input and in Final Condition on output, and
are used astheinitial conditions of the filter in the subsequent call. For example, if you designed afilter with all of
theinitial conditions set to zero, and you then wanted to filter a stream of 8,192 data points, 1,024 points at atime,
after the first call, the final conditions of thefilter are stored in Final Condition on input and in Final Condition
on output. These can be used as theinitial conditions to thefilter in the filtering of the next 1,024 points, and so on.

NI-DSP SRM for LabVIEW for Windows 2-41 Part 3: NI-DSP Function Reference

Download from Www.Somanuals.com. All Manuals Search And Download.



NI-DSP Analysis VI Reference

DSP Impulse Pattern

Generates an array containing an
impulse pattern. If the Impulse
Pattern is represented by the
sequence X, the VI generates the
pattern according to the following
formula:

-8

for i=0,1,2,...,n1,

if i=d

elsewhere

where aisthe amplitude,
disthedelay, and

Chapter 2

amplitude

delay —

Impulse Pattern i

PR

poccccoo error out

n w
error in (no error) ook

DSP Impulse Pattern

o |mpulse Pattern out
d....,I
S

n isthe number of elementsin Impulse Pattern.

amplitude defaultsto 1.0.

Impulse Pattern, the VI returns an error. delay defaultsto O.

delay must be greater than or equal to 0. If delay isless than zero or greater than or equal to the size of

oo Impulse Pattern in isa DSP Handle Cluster that indicates the memory buffer on the DSP board that

Impulse Pattern out isa DSP Handle Cluster that is identical to Impulse Pattern in, but with the
generated pattern already stored in the memory buffer on the DSP board. The largest impulse pattern

that can be generated depends upon the amount of memory on your DSP board.

=)
DSPHC . . X
will contain the output impulse pattern.
Qoo
DSPHC
o= o
error out and no other calls are made.
error out contains the error information for this call.
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DSP Impulse Train Pattern

Generates atrain of impulses of value
amplitude at sample delay. period
If the impulse train pattern is represented ampl};‘,’f: _,—SE‘L]’_ e [mpulse Train out
by the sequence X, the VI generatesthe Impulse Train in 5 oooocoes arror out
pattern according to the following error in (no error) T
formula

DSP Impulse Train Pattern

X; =

gmplitude if i moduloP=d
.0 elsewhere

fori=0,1,2,...,n1,
where Pistheperiod,
disthedelay, and
n is the number of elementsin theimpulsetrain.

amplitude defaultsto 1.0.
delay defaultsto 0.
period defauitsto 1.

Impulse Train in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the output impulse train.

oo Impulse Train out isaDSP Handle Cluster that isidentical to Impulse Train in, but with the generated
pattern already stored in the memory buffer on the DSP board. The largest impulse train that can be
generated depends upon the amount of memory on your DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

= o
error out contains the error information for this call.
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DSP Index Memory

Indexes into a DSP buffer

allocated in the memory offset

space of the specified DSP DSP Handle Cluster I

board. The return valueis st hups USPMEM Indexed DSP Handle Cluster
another DSP Handle Cluster. error in (no error) I'ndex pocoocoes error out

This VI does not alocate .

memory. SIEs

In order to index into a buffer DSP Index Memory

correctly, you need to indicate

what type of dataisin the DSP
buffer. Y ou must set data type to the appropriate type. data type has two options—4 bytes (for 32-bit long and
floating-point data) and 2 bytes (for 16-bit short data).

Z DSP Handle Cluster isa DSP Handle Cluster into which you want to index.

data type indicates the type of datain the buffer on the DSP board that is referred to by DSP Handle
Cluster. datatype hastwo options:
0: 4 bytes (for 32-bit long and floating-point data).
1: 2 bytes (for 16-bit short data).

data type defaults to 4 bytes.

offset isthe index where to start to index into the array referenced by DSP Handle Cluster. offset
defaultsto O.

Indexed DSP Handle Cluster isaDSP Handle Cluster that contains the number of size datain DSP
Handle Cluster starting from offset.

Notes: If you free a DSP Handle Cluster using the DSP Free Memory VI, then all other DSP Handle
Clusters obtained by using DSP Index Memory VI will no longer be valid.

This VI returns a new DSP Handle Cluster. If you no longer need this DSP Handle Cluster,
remember to freeit.

size indicates how many elements you want to index starting from the offset. size defaultsto 0.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

o= o
error out contains the error information for this call.
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DSP Init Memory

Initializes the memory heaps and frees al

allocations of memory on the specified DSP <ot
board. . S e error out
error in (no error) Tnit

DSP Init Memory

dot isthe board ID number. slot defaultsto 3.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

F B H
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DSP Integral

Performs the discrete integration of the
sampled signal X. Theintegral F(t) of a Y in
function f(t) is defined as follows: " -

initial condition ==
F(t) = Jf() dt. final condition

—r—*n
P O
dt —
error in (no error) mj—

DSP Integral

R T

oo error out

Let Y represent the sampled output sequence Integral X. The VI obtains the elements of Y using the following
formula:
_ 1 _
Yi = g > (X +4x+ X, dt fori=0,1,2,...,n1,
Z

J

where nisthe number of elementsin X,
X, is specified by initial condition wheni =0, and
X, is specified by final condition wheni =n-1.

Theinitial condition and final condition minimize the overall error by increasing the accuracy at the boundaries,
especially when the number of samplesis small. Determining boundary conditions before the fact enhances
accuracy.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

initial condition defaultsto 0.0.

final condition defaultsto 0.0.

dt isthe sampling interval and must be greater than zero. If dt islessthan or equal to zero, the VI
returns an error. dt defaultsto 1.0.

oo Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
results of the integration of X.

S0 Y out isaDSP Handle Cluster that isidentical to Y in, but with the results of integration already stored
¢ in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out containsthe error information for this call.

[f(®) dt = Fb)-F@ = y..,

by extracting the last element of the output sequence Y.

Part 3: NI-DSP Function Reference 2-46 NI-DSP SRM for LabVIEW for Windows

Download from Www.Somanuals.com. All Manuals Search And Download.



Chapter 2 NI-DSP Analysis VI Reference

DSP Inv Chebyshev Coeff

Generates the set of filter
coefficients to implement an
inverse IR filter as specified
by the Chebyshev Il Filter
mode. Y ou can then pass . .
these coefficients to the DSP i s:mp:u}% ;req : :ﬁ
IR Filter VI to filter a Ly oot e B

fd low cutoff freq : f
sequence of data error in (no error)

attenuation
order

Feedback Coefficients in
Forward Coefficients in
filter type

o F oy ard Coefficients out
m Feedback Coefficients out
error out

DSP In¥ Chebyshey Coeff

filter type specifies the passband of thefilter. filter type has four options:
0: lowpass.
1: highpass.
2: bandpass.
3: bandstop.

g

filter type defaults to lowpass.

sampling Freq : fsisthe sampling frequency and must be greater than 0. If it islessthan or equal to
zero, the VI returns an error. sampling Freq : fs defaultsto 1.0.

high cutoff freq: fh isthe high cutoff frequency. The VI ignoresthis parameter when filter typeis
lowpass. high cutoff freq: fh defaults to 0.45.

low cutoff freq: fl isthe low cutoff frequency. The VI ignoresthis parameter when filter typeis
highpass. low cutoff freq: fl defaultsto 0.125.

CREN:

Note: fhand fl must observe the Nyquist criterion: 0<fl <fh<fs/2.

attenuation must be greater than 0.0. If attenuation isless than or equal to zero, the VI returns an
error. attenuation defaultsto 60.0.

order must be greater than zero. If thefilter order islessthan or equal to zero, the VI returns an error.
order defaultsto 2.

1 [

bl
(]

Forward Coefficientsin isaDSP Handle Cluster that indicates the memory buffer on the DSP board
that will contain the forward coefficients.

=
=0
o
=
-

x) Feedback Coefficientsin isaDSP Handle Cluster that indicates the memory buffer on the DSP board
that will contain the feedback coefficients.
] Forward Coefficients out isa DSP Handle Cluster that isidentical to Forward Coefficientsin, but

with the forward coefficients aready stored in the memory buffer on the DSP board.

L] Feedback Coefficientsout isa DSP Handle Cluster that isidentical to Feedback Coefficientsin, but
with the feedback coefficients already stored in the memory buffer on the DSP board.
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error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

Parameter Discussion
The arrays Forwar d Coefficientsin/out and Feedback Coefficientsin/out must have asize of at least (order + 1)

for lowpass and highpass filters. The arrays Forward Coefficientsin/out and Feedback Coefficientsin/out must
have asize of at least (2*order + 1) for bandpass and bandstop filters.

DSP Inverse FFT

Computes the inverse Fourier transform of the

complex input sequence FFT {X}. If Y Re FFT{X} o  fommmm Re {3}
represents the output sequence, then: Im FFT {%)} oo § {3 Hemmmmmms |y {33
error in (no error) s ;oo error out

Y = FYX}.
DSP Inverse FFT

oEn Re FFT{X} isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains
the real part of input signal array FFT {X}.

CX) Im FFT{X} isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains
DSPHC Lo . .
the imaginary part of input signal array FFT { X}.

Notes: The number of elementsfor the input array must be the power of two. If the size of Re
FFT{X} isdifferent from the size of Im FFT{X}, the VI uses the smaller number as the size of
theinverse FFT.

The operation is performed in place and the input array Re FFT{X } and Im FFT{X} is
overwritten by Re {X} and Im {X}.

The largest inverse FFT that can be computed depends upon the amount of memory on your
DSP board.

Re{X} isaDSP Handle Cluster that isidentical to Re FFT{X }, but with the real part of X already
stored in the memory buffer on the DSP board.

h=d
=0
23
x
~0

S0 Im {X} isaDSP Handle Cluster that isidentical to the Im FFT{X} but with the imaginary part of X
RPHE]) A ready stored in the memory buffer on the DSP board.
G error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
G error out containsthe error information for this call.
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DSP Inverse FHT

Computes the inverse fast Hartley transform of

the input sequence FHT {X}. Theinverse ]

Hartley transform of afunction X(f) is defined FHT {x} }:[{H} X

as error in (no error) s ortliyomccm error out
o DSP Inverse FHT

x(t) = [X(f) cas(2rtt) df

where cas(x) = cos(x) + sin(x).
If Y represents the output sequence X, the VI calculates Y through the discrete implementation of the inverse
Hartley integral:

n-1
Yk:%in cas (221) for k=0,1,2, ... ,n-1

where n is the number of elementsin X.

Theinverse Hartley transform maps real-val ued frequency sequences into real-valued sequences. You can useit
instead of the inverse Fourier transform to convolve, deconvolve, and correlate signals. Furthermore, you can derive
the Fourier transform from the Hartley transform.

See the description of the DSP FHT VI for a comparison of the Fourier and Hartley transforms.

Z FHT {X} isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the
input signal array.

Notes: The number of elements for the input array must be a power of 2.

The operation is performed in place and the input array FHT {X} is overwritten by

the output array X.
The largest inverse FHT that can be computed depends upon the amount of memory in your
DSP board.
Soo X isaDSP Handle Cluster that isidentical to FHT {X}, but with the results of inverse FHT {X } already
0sPHC]  storedinthe memory buffer on the DSP board.
G error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
error out contains the error information for this call.
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DSP Kaiser-Bessel Window

Applies aKaiser-Bessel window to the

input sequence X. If Y representsthe % S
output sequence K aiser -Bessel{ X}, the beta Kaiser-Bessel {X}
elements of Y are obtained Ug.ng the error in (no error) error out
formula:
DSP Kaiser-Bessel ¥indow
l,(BV10-a%H
Yi =X IO(‘B)
for i=0,1,2,...n-1
Ao ik
Tk
_nl
k = 5

where nisthe number of elementsin X, and
lo(s) isthe zeroth-order modified Bessel function.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

Note: Theoperationis performed in place and theinput array X is overwritten by the output
Kaiser-Bessel {X}.

beta is proportional to the sidelobe attenuation—that is, the larger beta is, the greater the sidelobe
attenuation is. beta defaultsto 0.0.

g

L] Kaiser-Bessel {X} isaDSP Handle Cluster that isidentical to X, but with the results of
Pl Kaiser-Bessel {X} aready stored in the memory buffer on the DSP board.
G error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
error out contains the error information for this call.
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DSP Linear Evaluation

Performs alinear evaluation of the input array

X. Theith element of the output array Y is Y in e—
obtained using the following formula: Y — Y out
a —r—o.§ iY
Y(I) =a X(I) +b fori=0,1,2 ...,n1, b — | b oooocoes error out
error in (no error) oo

where n isthe number of elementsin X.
DSP Linear Evaluation

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

a isthe multiplicative constant. a defaultsto 1.0.
b isthe additive constant. b defaultsto 0.0.

oo Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
results of output array.

oo Y out isaDSP Handle Cluster that isidentical to Y in, but with the results already stored in the memory
buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

The operation can be performed in place; that is, the input and output arrays can be the same DSP Handle Cluster.

DSP Load
Downloads a Iiprary specified by path nameto
theull peth neme of avalid CORF ile( ot path name eccccemerror out
file). error in (no error) LOAD
DSP Load

dot isthe board ID number. slot defaultsto 3.

path nameisthe path name of the. out file.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

HBQHE

error out contains the error information for this call.
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DSP Log
Computes the logarithm base 10 of the X input
array. Theith element of resulting array is % conmoorommmooo) ] Y out
obtained by using the following formula: mult =] % o
Y in wﬂ““ﬂ,/,mc,merror out
y(i) = 10g10 (X(i)) * mult error in(no error) ek T
for i=0,1,2,...,n1, DSP Log

where n is the number of elementsin X.

This VI isuseful for converting values that represent power to decibels. This VI returns the most negative number
for any input less than or equal to zero.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

mult defaultsto 1.0.

oo Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
results of logarithm X.

oo Y out isaDSP Handle Cluster that isidentical to Y in, but with the results of logarithm X aready stored
in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

Part 3: NI-DSP Function Reference 2-52 NI-DSP SRM for LabVIEW for Windows

Download from Www.Somanuals.com. All Manuals Search And Download.



Chapter 2 NI-DSP Analysis VI Reference

DSP Max & Min

Finds the maximum and minimum values in the

input array, as well as the respective indices of max value
the occurrence of the maximum and minimum " T e max indes
values. & min value

error in (no error) miN min index

error out

DSP Max & Min

Soo X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

max value is the maximum value of the input array.

max index is the index into the input array where maximum occurred.

min index isthe index into the input array where minimum occurred.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

min value is the minimum value of the input array.
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DSP Median Filter

Applies amedian filter of rank to the
input sequence X. The median filter isa ® oo
nonlinear filter that combines lowpass Fitered Data in mrﬂ%l_.
filters characteristics (to remove high- . rank E %
frequency noise) and high-frequency error in (no error)

characteristics (to detect edges).

oo | tered Data Out

pecceccen error out

DSP Median Filter

If Y represents the output sequence
Filtered Data, if J represents a subset
of the input sequence X centered about the ith element of x:

'JI = {Xi-rl Xi-r+1’ R Xi-l’ Xi’ Xi+l’ e X\+r-11 Xi+r}1
and if the indexed elements outside the range of X equal zero, the VI obtains the elements of Y using:
y, = Median(J) fori=0,1,2,...,n1,

where nisthe number of elementsin the input sequence X, and
risthefilter rank.

x) X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
dataarray. The number of elementsin X must be greater than the rank:

n>r=0.
If the number of elementsin X islessthan or equal to rank, the VI returns an error.

rank must be greater than or equal to zero. If rank islessthan zero, the VI returns an error. rank
defaultsto 2.

o Filtered Data in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the filtered data output.

oo Filtered Data out isa DSP Handle Cluster that isidentical to Filtered Data in, but with the filtered data
already stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

= o
error out contains the error information for this call.

The operation cannot be performed in place; that is, the input X and the output Filtered Data cannot be the same
DSP Handle Cluster.
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DSP Multiply
Multiply array X by array Y. Theith element
of the output array Z is obtained using the % conmmoorrmmm 2 out
following formula: Y mE—— I> ain
2 in ol pocccccco error out
Z@G)=X(@)* Y(@) fori=0,1,2 ...,n-1, |error in (no error) ooeed
where n is the smaller number of elementsin X DSP Multiply
and Y.
) X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

signal array X.

Y isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signa array Y.

Z in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
results of X(i) * Y (i).

Z out isaDSP Handle Cluster that isidentical to Z in, but with the multiplied results already stored in
the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

The operation can be performed in place; that is, the input and output arrays can be the same DSP Handle Cluster.
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DSP Parks-McCléllan

Generates a set of linear-phase finite impulse

response multiband digital filter coefficients BRI ——
using the number of taps, sampling # of 43 —
X ps IR = oo H oyt
frequency, filter type, and Band Parameters. sampling freq : fs e wontfs ripple
Band Parameters h{"é; beeeereen arror out
error in (no error) .

filter type

DSP Parks-McClellan

# of tapsisthe total number of coefficientsin H. A tap corresponds to a multiplication and an addition.
If there are n taps, every filtered sample requires n multiplications and n additions. # of taps must be
greater than 0. If # of tapsislessthan or equal to zero, the VI returns an error. # of taps defaultsto 32.

sampling freq : fs defaults to 1.0.

So-o Band Parametersisacluster. Each cluster element contains the necessary information associated with
each band for the FIR design. Each cluster contains four el ements, as shown in the following figure:

IBand Parameter‘sl

M

ower Freq

“Weighted
Ripple

The Band Par ameter s cluster must contain at |east one element, that is, one band.

oo amplitude isa DSP Handle Cluster that indicates the memory buffer on the DSP board that
DSPHC . , !
contains the desired amplitude for each band.

lower freq isaDSP Handle Cluster that indicates the memory buffer on the DSP board that
contains the lower frequency bands.

oo
DSPHC

S0 higher freq isaDSP Handle Cluster that indicates the memory buffer on the DSP board
DEPHC .
that contains the upper frequency bands.
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CX) weighted rippleisaDSP Handle Cluster that indicates the memory buffer on the DSP
board that contains the weighting factor for each band.

For each band, higher freq must be greater than lower freq, and for adjacent bands, lower
freq in the higher band must be greater than higher freq in the lower band,

f, > 1, fori =0,1,2, ..., m-1,
i I

fp >f,, fori=012..,m2
i+1 1

where flireprmts the lower freg in theithband, and fhi represents the higher freg intheith
band.

The higher freq in the last band must observe the Nyquist criterion:

f, < OSf,

m-1
wheref, is the sampling frequency.

If Band Parameter s does not contain any elements, or if any of the preceding frequency
conditionsisviolated, the VI returns an error.

filter type has three options:
0: multiband.
1. differentiator.
2: Hilbert.

filter type defaults to multiband.

ripple isthe optimal ripple the VI computes and is a measure of deviation from the ideal filter
specifications.

H in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
FIR coefficients.

H out isaDSP Handle Cluster that isidentical to H in, but with the coefficients already stored in the
memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

Note: The DSP Parks-McClellan V1 finds the coefficients using iterative techniques based upon an error criterion.
Although you specify valid filter parameters, the algorithm may fail to converge.

The DSP Parks-McClellan VI generates only the filter coefficients. It does not perform the filtering
function. To filter asequence X using the set of FIR filter coefficients H, use the DSP Convolution VI with
X and H asthe input sequences.
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IBand Parametersl

The equi-ripple filters use a similar technique to filter the data.
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Parameter Discussion

The weights are usually the same for every band and inversely proportional to frequency f for a differentiate. The
amplitudes of the bands are usually the same for every band and form a lope for a differentiation. The designed
filter is unconstrained, that is the frequency responsein transitional period specificationsis not guaranteed. Adjust
the parameters if there are discrepancies between specifications and results.

Generally, when type = multiband and bands = 2, the DSP Parks-McClellan VI designs a multiband filter. When
filter type = differentiator and bands = 1, the DSP Parks-McCléellan VI designs a differentiation. When

filter type = Hilbert and bands = 1, the DSP Parks-McClellan VI designs a Hilbert transform. The following tables
contain the brief requirements you must meet when you design different types of filters. For more information,
please refer to Digital Filter Design by Parks and Burrus, or "A Computer Program for Designing Optimum FIR
Linear Phase Digital Filters," by McClellan, Parks, and Rabiner.

When filter type= Multiband:

Filter Band Type L owPass HighPass BandPass BandStop
# of Bands (n) 2 2 =23 >3
# of taps odd/even odd odd/even odd
fI[O] 0.0 0.0 0.0 0.0
fh[n-1] 0.5fs 0.5fs 0.5fs 0.5fs
amp[0] >0.0 =0.0 =0.0 >0.0
amp[n-1] 0.0(for eventaps) | >0.0 0.0(for even taps) | >0.0
>0.0(for odd taps) >0.0(for odd taps)
fI[O] represents the first value in the array of Lower Freqg.
fh[n-1] represents the last value in the array of Higher Freq.
amp[ 0] represents the first value in the array of Amplitude.
amp[n-1] represents the last value in the array of Amplitude.
fsisthe sample frequency.
When filter type = Differentiator or Hilbert:
Filter Type Diff(odd) Diff(even) Hilbert(odd) Hilbert(even)
bands(n) >1 >1 >1 >1
fI[O] 0.0 0.0 0.0+A 0.0+A
fh[n-1] 0.5fs-A 0.5fs 0.5fs-A 0.5fs

odd or even in the table refers to the value of the # of taps.
fI[O] represents the first value in the array of L ower Freg.
fh[n-1] represents the last value in the array of Higher Freg.
fsisthe sample frequency.
A isasmall number that specifies the transitional band.

Although the DSP Parks-McClellan V1 is the most flexible way to design a FIR linear phase filter, it has more
complex parameters and requires some DSP knowledge. Y ou may find it more convenient to use DSP Equi-Ripple
LowPass, DSP Equi-Ripple HighPass, DSP Equi-Ripple BandPass, and DSP Equi-Ripple BandStop. These
functions, which provide lowpass, highpass, bandpass and bandstop FIR filters with equal weighting factorsin all
bands, are special cases of the DSP Parks-McClellan VI with smplified parameters.
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DSP Polar to Rectangular

Converts a set of polar coordinate points .

(Magnitude, Phase) to a set of rectangular Magnitude smmmmff, ;¥ Rjamm—s
coordinate points (X, Y). Theith elements Phase G-Ko. [re—"y

of the rectangular set isobtained usingthe | error in (no error) =1t Y [axerror out

following formulas:

X(i) = Magnitude(i) * cos(Phase(i))
Y (i) = Magnitude(i) * sin(Phase(i))

Note:  The operation is performed in place and the input arrays M agnitude and Phase are overwritten by X and
Y.

DSP Polar To Rectangular

Magnitude is the DSP Handle Cluster that indicates the memory buffer on the DSP board that
BSENC contains the input signal array Magnitude.

D Phase isthe DSP Handle Cluster that indicates the memory buffer on the DSP board that contains
DSENC theinput signal array Phase.

) X isthe DSP Handle Cluster that isidentical to Magnitude but with the caculated rectangular

BSPNC coordinate values already stored in the memory buffer on the DSP board.

) Y isthe DSP Handle Cluster that isidentical to Phase but with the caculated rectangular coordinate
BSPNC values already stored in the memory buffer on the DSP board.

error in(no error) contains the error information from a previous VI. If an error occurs, it is passed
out error out and no other calls are made.

S o
error out containsthe error information for this call.
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DSP Polynomial Evaluation

Performs a polynomial evaluation on the input
array X. Theith element of the output array Y e Y out
is obtained using the following formula: Coefficients =% 5 u° o
Y in w20 oo error out
k-1 error in (no error) med — —
o . N X(i
Y0 jz:éCOEffICIents(J) X9 DSP Polynomial Evaluation

for i=0,1,2,...,n1,
where n isthe number of elementsin X and k is the number of elementsin Coefficients.

oo X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

o Coefficients isa DSP Handle Cluster that indicates the memory buffer on the DSP board that contains
the coefficients array.

oo Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
results of output array.

o Y out isaDSP Handle Cluster that isidentical to Y in, but with the results already stored in the memory
buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

o= o
error out contains the error information for this call.

The operation can be performed in place; that is, the input X and the output Y can be the same DSP Handle Cluster.
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DSP Power Spectrum

Computes the Power Spectrum of the
input sequence X. The Power Spectrum
Si(f) of afunction x(t) isdefined as

Sw(f) = X'OX(A) = [X(H) |2,

where X(f) = F{x(t)}, and X"(f) isthe
complex conjugate of X(f).

FPower Spectrum

error in {no error) error out

DSP Power Spectrum

=] X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

Notes: The number of elementsfor the input array must be a power of two.

The operation is performed in place and the input array X is overwritten by the output Power
Spectrum.

The largest power spectrum that can be computed depends upon the amount of memory on your
DSP board.

This VI allocates atemporary workspace on the DSP board equal to the size of the input signal
array.

L] Power Spectrum isaDSP Handle Cluster that isidentical to X, but with the results of Power
L Spectrum already stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

G error out contains the error information for this call.

DSP Product

Finds the product of the elements of the input

array X. The product of the elementsis ¥ duct

obtained using the following formula: |E> produs
error in (no error) error out

.

product = n_lx(i)
i=0 DSP Product

where n isthe smaller number of elementsin X.

o=

=]
D:FH

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

(]

product isthe product of the elementsin X.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

F B B

error out contains the error information for this call.
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DSP Pulse Pattern

Generates an array containing a pulse
pattern. If Pulse Pattern isrepresented
by the sequence X, then the pattern is
generated according to the following
formula:

if dei<last
X; =
elsewhere
for i=0,1,2,...,n1,
last=d+w,
where aisthe amplitude,

disthe delay,
w isthe width, and

Chapter 2

Fulze Pattern in
arnplitude

delay —— 49~
width —F ]

error in (no error) p—

DSP Pulse Pattern

prrm 1y 122 Pattern out

oo prror out

n isthe number of elementsin Pulse Pattern.

amplitude defaultsto 1.0.

delay must be greater than or equal to 0. delay defaultsto O.

width must be greater than or equal to 0. width defaultsto 1.

oo Pulse Pattern in isa DSP Handle Cluster that indicates the memory buffer on the DSP board that will

contain the output pulse pattern.

& Pulse Pattern out isa DSP Handle Cluster that isidentical to Pulse Pattern in, but with the generated
pattern already stored in the memory buffer on the DSP board. The largest pulse pattern that can be

generated depends upon the amount of memory on your DSP board.

Part 3: NI-DSP Function Reference

error out contains the error information for this call.
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error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

NI-DSP SRM for LabVIEW for Windows

Download from Www.Somanuals.com. All Manuals Search And Download.



Chapter 2 NI-DSP Analysis VI Reference

DSP Ramp Pattern

Generates an array containing aramp
pattern. If the Ramp Pattern is init m
represented by the sequence X, then the final —— Rarp Pattern out
pattern is generated according to the Rarmp Pattern in - error out
formula error in (no error) s==f

Xj = Xo+iAX DSP Ramp Pattern

fori=0,1,2,...,n1,

X -
where AX = ———,
n-1

Xn.1 1sthefinal,
Xg istheinit, and
n isthe number of elementsin Ramp Pattern.

The Ramp Pattern V1 does not impose conditions on the relationship between init and final. The VI can therefore
generate ramp-up and ramp-down patterns.

final defaultsto 0.0.
init defaultsto 1.0.

oo Ramp Pattern in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the output ramp pattern.

o Ramp Pattern out isa DSP Handle Cluster that isidentical to Ramp Pattern in, but with the generated
pattern already stored in the memory buffer on the DSP board. The largest ramp pattern that can be
generated depends upon the amount of memory on your DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

o error out containsthe error information for this call.
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DSP Random Pattern

Generates a uniformly distributed
pseudorandom pattern whose values Randorm Pattern in mwmwmmmmm
areintherange[0:1]. The sequenceis zead

generated using the Very-Long-Cycle  |error in (ne error)
random number generator agorithm.

e B andorn Pattern out

oo grror out

DSP Random Pattern

seed < 65536.0. If seed > 0.0, the generated noise will be the same in repeated invocations if the seed
value does not change. If seed < 0.0, the VI generates arandom value to use as the seed, and the noise
differsin repeated invocations although the value in seed does not change. seed defaults to 0.0.

&= Random Pattern in isa DSP Handle Cluster that indicates the memory buffer on the DSP board that
will contain the output random pattern.

B Random Pattern out isaDSP Handle Cluster that isidentical to Random Pattern in, but with the
generated pattern already stored in the memory buffer on the DSP board. The largest random pattern
that can be generated depends upon the amount of memory on your DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.
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DSP Rectangular To Polar

Converts a set of rectangular coordinate

points (X, Y) to aset of polar coordinate b He UF Magnitude
points (Magnitude, Phase). Theith s f[é I Fhase
element of the polar coordinate set is error in (ne error) ==& P “lmerror out

obtained by using the following fomulas: DSP Rectangular To Polar

Magnitude(i) = \ X(1)? + Y(i)?
Phase(i) = arctan(Y (i)/X (i)

Note:  The operation is perfomed in place and the input arrays X and Y are overwritten by M agnitude and Phase

=en X isthe DSP Handle Cluster that indicates the memory buffer on the DSP board that contains the
input signal array X.

=0 Y isthe DSP Handle Cluster that indicates the memory buffer on the DSP board that contains the
input signal array Y.

=o Magnitude is the DSP Handle Cluster that is identical to X but with the caculated polar coordinate
amplitude values already stored in the memory buffer on the DSP board.

) Phase isthe DSP Handle Cluster that isidentical to Y but with the caculated polar coordinate phase
DS PHC values already stored in the memory buffer on the DSP board.

error in(no error) contains the error information from a previous VI. If an error occurs, it is passed

=c out error out and no other calls are made.
e error out contains the error information for this call.
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DSP ReFFT

Computes the Fast Fourier transform of a

real input sequence X. If Y represents ¥ o] oo e FET {3 )

the Complex output sequence, then: I FFT{::-::} in o T{H} o |y FFT{::-::} ot
error in (no error) | s jococmarror out

Y = F{X}.
DSP ReFFT

=T X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array.

Notes: The number of elementsfor input X must be the power of two.
The operation is performed in place and the input array X is overwritten by Re FFT{X}.
Thelargest FFT that can be computed depends upon the amount of memory in your DSP board.

Im FFT{X} in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the imaginary part of FFT{X}.

] Re FFT{X} isaDSP Handle Cluster that isidentical to X, but with the real part of FFT{X} already
stored in the memory buffer on the DSP board.

& Im FFT{X} out isaDSP Handle Cluster that isidentical to Im FFT{X} in, but with the imaginary part
of FFT{ X} aready stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

Ci error out contains the error information for this call.

DSP Reset
DSP Reset aborts any currently running
o o e, Sopete 1y, o errer o
specified in the WDAQCONF. EXE file. error in (no error) s Cror
DSP Reset

dot isthe board ID number. slot defaultsto 3.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

H B E
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DSP Reverse

Reverse the order of the elements of the input
array X.

" ][] Reverse {x}

error in (no error) ooocoees grror out

| & |

DSP Reverse

] X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

The operation can only be performed in place; that is, the input X is overwritten by the output Rever se {X}.

L] Reverse {X} isaDSP Handle Cluster that isidentical to the X, but with the reverse { X} aready stored
MEAE  inthe memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

Ci error out contains the error information for this call.
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DSP Sawtooth Pattern

Generate a sawtooth pattern with
positive-slope, zero-crossing at
sample delay. If the sawtooth
pattern is represented by the
sequence Y, then the patternis
generated according to the
following formula

a - T
k |f0sk<2

Yi=
@f‘(k-n if%sk<T

where k=(i-d)moduloT and
disthedelay, and

Chapter 2

cycles

arnplitude
delay —— ]
Sawtooth Pattern in ol o]

error in (no error) p—

DSP Sawtooth Pattern

A yclex

] A

e S 5 yetooth Pattern out

oo grror out

| & |

for i=0,1,2,..,n-1

n
cycles’

T=

n is the number of elementsin the sawtooth pattern.

delay defaultsto O.

cycle defaults to 1.0.

amplitude defaultsto 1.0.

generated depends upon the amount of memory on your DSP board.

[—0-r-]
i contain the output sawtooth pattern.
BEPHC
[5==]
error out and no other cals are made.
error out contains the error information for this call.

Part 3: NI-DSP Function Reference
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error in (no error) contains the error information from a previous V1.

Sawtooth in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will

Sawtooth out isa DSP Handle Cluster that isidentical to Sawtooth in, but with the generated pattern
aready stored in the memory buffer on the DSP board. The largest sawtooth pattern that can be

If an error occurs, it is passed out
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DSP Set

Set the elements of the input array X to the " =

constant value set value. If the output Set {X} et value o [ Set {x}

is represented by the sequence Y, then: error in (no error) LT error out
Vi = setvalue DSP Set
fori=0,1,2,...,n1,

where n is the number of elementsin X.

S X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X. The operation is performed in place; that is, the input X is overwritten by the output
Set {X}.

set value defaults to 0.0.

5o Set {X} isaDSP Handle Cluster that isidentical to X, but with the set { X} aready stored in the memory
buffer on the DSP board.

=4

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

DSP Shift

Shifts the elementsin the input array X, . _

replacing the new values with zeros. The # of =hifts Shifted {#} out
number of shifts selected can bein the Shifted £33 in b g rror out

positive (right) or negative (left) direction. | error in (no errorl

DSPF Shift

oo X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

# of shifts defaultsto O.

Shifted {X} in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the output array of shifted { X}.

Shifted {X} out isaDSP Handle Cluster that isidentical to Shifted {X} in, but with the
shifted { X} already stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

The operation can be performed in place; that is, the input and output arrays can be the same DSP Handle Cluster.
Parameter Discussion

Shifting can be performed right or left by setting # of shifts to apositive or negative value, respectively. If # of
shifts isgreater than n, ( nisthe number of elements of input array X ), the outputs are all zero.
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DSP Sinc Pattern

Generates an array containing asinc

pattern. If the Sinc Pattern is represented Sinc Pattern in

by the sequence Y, then the pattern is Titud AT ]

generated according to the following ame ,;E,'i'a,j ——p P Sine Fattern out
formula: delta t t . pe===error out

y; = asinc(iAt-d),

fori=0,1,2,...,n1,

where sinc(x) =

error in (no error)

DSP Sinc Pattern

sin(Tx)

T™X

aisthe amplitude,

At isthe sampling interval deltat,
disthedelay, and

n isthe number of elementsin Sinc Pattern.

The main lobe of the sinc function, sinc(x), isthe part of the sinc curve bounded by the region-1<x < 1.

When [x| = 1, the sinc(x) = 0.0, and the peak value of the sinc function occurs when x = 0. Y ou can show using
I'Hépital's Rule that sinc(0) = 1 and that it isalso its peak value. Thus, the main lobe is the region of the sinc curve
encompassed by the first set of zeros to the left and the right of its peak value.

ERENE

amplitude defaultsto 1.0.

delay shifts the peak value within the Sinc Patter n asthe VI generates the pattern. This conditionis
determined from the preceding formula and occurs when iAt = d. delay defaultsto 0.0.

deltat isthe sampling interval. It isafloating-point number inversely proportional to the width of the
main sinc lobe. That is, the smaller the sampling interval, the wider the main lobe, and the larger the
sampling interval, the smaller the main lobe. Notice that when deltatis1 and disan integer value, the
V1 sets Sinc Pattern to zero except at the point where i = d, at which point the value is equal to
amplitude. The recommended range of values for the sampling interval isO < deltat<1. deltat must
be greater than 0.0. If deltat islessthan or equal to zero, the VI returns an error. deltat defaultsto 1.0.

S Sinc Pattern in isa DSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the output sinc pattern.
S&a Sinc Pattern out isaDSP Handle Cluster that is identical to the Sinc Pattern in, but with the generated
LEFHE pattern already stored in the memory buffer on the DSP board. The largest sinc pattern that can be
generated depends upon the amount of memory on your DSP board.
error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
o error out containsthe error information for this call.
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DSP Sine Pattern
Generates an array containing a sinusoidal
pattern. If the Sine Pattern is represented Sine Pattern in
by the sequence VY, the patternis . PEEEE .
generated according to the following phas e-?u;?e-pg.lrjg—eli? e Sine Pattern out
fOI’mU|a. Brror in (nu Errnr) ma ngi__merrur ﬂ“t

y; = asin(x;), cycles j

for i=0,1,2,...,n1, DSP Sine Pattern

_ 2k g,

where x; = n + 180

aisthe amplitude,

k is the number of cyclesin the pattern,

g, istheinitial phasein degrees, and

n isthe number of elementsin Sine Pattern.

amplitude defaults to 1.0.
phase defaults to 0.0.

Note: phase must be in degreesrather than radians. If phase isin radians, make sure you convert it to
degrees, as shown in the following figure, before using the Sine Pattern V1.

cycles defaultsto 1.0.

H

Note: Because cyclesisafloating-point number, fractional cycles are possible for the Sine Pattern.
Furthermore, setting cycles to a negative number does not generate an error condition because it
is mathematically correct and useful to consider negative frequenciesin Fourier and spectral

analysis.
] Sine Pattern in isa DSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the output sine pattern.
S&a Sine Pattern out isa DSP Handle Cluster that is identical to Sine Pattern in, but with the generated
LEFHE pattern already stored in the memory buffer on the DSP board. The largest sine pattern that can be

generated depends upon the amount of memory on your DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

G error out contains the error information for this call.
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DSP Square Pattern

Generates an array containing a square

pattern. If the Square Patternis c]"!flzg o
represented by the sequence X, then arnpliiude o A Square Pattern out
the pattern is generated according to duty eycle (%) g “8 B
the following formula: Square Pattern in mﬁ‘“—f—m error out
error in (no error)

DSP Square Pattern

Ha if 0< remainder(l?) < 0.01dT
for i=0,1,...,n1

O

[o.0 elsewhere

where T = isthe time period of one cycle of the Squar e Pattern,

n
cycles
aisthe amplitude,

d isthe duty cyclein percent, and

n is the number of elementsin Squar e Pattern.

amplitude defaults to 1.0.

duty cycle must be greater than or equal to 0 and less than or equal to 100. If duty cycleislessthan
zero or greater than 100, the VI returns an error. duty cycle defaults to 50.0.

Note: duty cycle must be a percentage. Make sure you convert the fractions of acycleinto
percentages, as shown below, before using the DSP Square Pattern V1 in ablock diagram.

0.53)| Erar
o
[100.0] j;a

Special Cases: Two special cases can occur when the duty cycle assumes its extreme values of 0 and
100. The VI sets Squar e Pattern to zero:

duty cycle =0or100 O X =0.
cycles must be greater than 0. If cyclesislessthan or equal to zero, the VI returns an error. cycles
defaultsto 1.0.
Note: Because cyclesisafloating-point number, fractiona cycles of the Squar e Pattern are
permitted.

oo Square Pattern in isa DSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the output square pattern.

o Squar e Pattern out isaDSP Handle Cluster that isidentical to Squar e Pattern in, but with the
generated pattern already stored in the memory buffer on the DSP board. The largest square pattern that
can be generated depends upon the amount of memory on your DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

Ci error out contains the error information for this call.
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DSP Square Root

Find a square root estimate of the absolute value »
of each element of theinput array X . Theith i Iﬁ> UL
element of the output array Y isobtained using mn

the following formula:

N DSP Square Root
Y(@)=[X()] fori=0,1,2 ..,n1,

error out

error in (no error)

.

where n isthe number of elementsin X.

B X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

B Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
sguare root results of X(i).

& Y out isaDSP Handle Cluster that isidentical to Y in, but with the square root results already stored in
the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

The operation can be performed in place; that is, the input and output arrays can be the same DSP Handle Cluster.

If the input value is negative, it calculates the square root of the absolute value of that number.
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DSP Sort
Sort the input array X in ascending or —
de&mdlﬂg order. d]r'e-ch.:.::: — § prrereereereeren 'St {H} out
Sorted (K} in oxff oocoooon grror out
error in (no error) el —
DSF Sort
] X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

signal array X.

direction isthe direction to sort:
0: ascending.
1: descending.

direction defaults to ascending.

Sorted {X} in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will
contain the output array of sorted { X} .

Sorted {X} out isaDSP Handle Cluster that isidentical to Sorted {X} in, but with the sorted { X}
already stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

The operation can be performed in place; that is, the input and output arrays can be the same DSP Handle Cluster.
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DSP Start

Enables the DSP board to run. Use DSP Start
with the DSP Load and DSP Reset Vs after
downloading a custom application.

slot

tap P error out
ETART

error in (no error)

DSP Start

dot isthe board ID number. slot defaultsto 3.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

Ci error out contains the error information for this call.

at index and storesitinarray Y. Y in
4 EooTTTT =
irndese _,_i_,EFf}m? aut

Tength — | tid oo grror out
error in (no error) e

DSP Subset

oo X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

index defaultsto 0.

length isthe length of the output subset. length defaultsto 1.

oo Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
subset output array.

) Y out isaDSP Handle Cluster that isidentical to Y in, but with the subset array already stored in the
memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

This V1 is particularly useful when performing onboard processing with large arrays, with index different from zero,
or Y in amemory space different from X. If index isless than zero, then the first element of the subset isthe first
element of the input array.
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DSP Subtract
Subtract array Y from array X. Theithelement
of the output array Z is obtained using the ! e > aut
following formula: e E} [—— ol
Z in ol oo grror out
. |5 |
Z(i)=X(@)-Y(). fori=0,1,2, ....,n-1, |error in (no error) S
where n isthe smaller number of elementsin X DSP Subtract
andy.

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

oo Y isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array Y.

&= Z in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
results of X(i) - Y (i).

) Z out isaDSP Handle Cluster that isidentical to Z in, but with the subtracted results already stored in
the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

Ci error out contains the error information for this call.

The operation can be performed in place; that is, the input and output arrays can be the same DSP Handle Cluster.

DSP Sum

X. The sum of the elementsis obtained using »
the following formula: E} =um
error in (no error) [ error out
sum = 5 X(i
0 PSP Sum

where n isthe number of elementsin X.

=T X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input
signal array X.

sum is the sum of the elementsin X.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

G error out contains the error information for this call.

Part 3: NI-DSP Function Reference 2-77 NI-DSP SRM for LabVIEW for Windows

Download from Www.Somanuals.com. All Manuals Search And Download.



Chapter 2 NI-DSP Analysis VI Reference

DSP TimeOut

Selects the timeout limit in seconds to wait

for afunction on DSP board to complete slat

execution. timeout b5p | poooccom arror out
. . error in (no error) T ot

The default timeout setting at startup and

after aDSP Reset call is10 s. DSP TimeDut

All subsequent calls from the VI to the
onboard functions on the specified board return timeout errors if function execution on the board calling the VI is
not completed in the timeout limit.

dot isthe board ID number. slot defaultsto 3.

timeout isthe timeout in seconds. timeout defaultsto 10.0 s.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

HHEE
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DSP Triangle Pattern

Generates an array containing a

triangle pattern. If the Triangle Triangle Pattern in
Pattern is represented by the Titud ]
aCCOI’ding to the f0||0W| ng formula.' delta t bccerees grror out
error in (no error)

y; = atri (x)), width

fori=0,1,2,...,n1, ISP Triangle Pattern
where

= iAt-d and
w

1-|x| if [x]|<1
tri(x) =

0 elsewhere

aisthe amplitude,

disthe delay,

w isthe width, and

n isthe number of elementsin Triangle Pattern.

amplitude isthe value of the waveform at the peak. amplitude defaultsto 1.0.

delay isthe distance in seconds between the beginning of the pattern and the peak. delay shifts the peak
value within Triangle Pattern. delay defaultsto 0.0.

deltat isthe duration of the pattern in seconds, or the sampling interval, and must be greater than 0.0 to
avoid undefined arguments. If deltat islessthan or equal to zero, the VI returns an error. deltat
defaultsto 1.0.

width is the distance in seconds between the peak and end of the pattern. In other words, width setsthe
width from the peak value to the first zero value in the pattern. Thus the actual duration of the pattern is
2width (twice the value of width). width must be greater than 0.0 to avoid undefined arguments. |If
width islessthan or equal to zero, the VI returns an error. width defaultsto 1.0.

S Triangle Pattern in isa DSP Handle Cluster that indicates the memory buffer on the DSP board that
will contain the output triangular pattern.
5=a|| Triangle Pattern out isaDSP Handle Cluster that isidentical to Triangle Pattern in, but with the
NEPHE generated pattern already stored in the memory buffer on the DSP board. The largest triangle pattern
that can be generated depends upon the amount of memory on your DSP board.
error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.
error out contains the error information for this call.
You use this V1 to create patterns based on an isosceles triangle. The following figure shows how the VI parameters
relate to the generated pattern.
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Amplitude

0
Delay (S) «—  » <«—>» Width (s)

h delta t (s)

The following figureillustrates how the pattern can vary with different values for the parameters.

Delay =0 Delay = delta t

I~ -
~ -
-

~

~ -

~ - O
-

0 RS ~ P
“«———>» —>» ——> Widh(s) «——— «—— +——»
«— 5 deltat(s) deltat(} «—— —  »

Notice that when the Delay is 0, the signal isaramp with aslope of -Amplitude/Width, and when Delay equals
deltat, the signal isaramp with aslope of Amplitude/Width. Remember that the Width parameter is actually the
width of the ramp rather than the width of the triangle. deltat isthe duration of the pattern in seconds. Inthe
previous and following illustrations, the box shows the pattern limits.

Delay= Width = 0.5 delta t Delay+ Width = delta t

Delay «—» <+——» Width (s)

Delay(s) <«———» <4—» Width (s)
deltat(s) «————»

deltat(s) «——o—  »
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DSP Triangular Train

Generates atrain of triangular
pattern crossing value zero at delay

with positive slope. If the triangular '3'=! cles
tl’ain iS repl’esented by the %quen(.:e arl'll:lhtl.ldE" QCFIEE mTr—iangu]ar— Train out
Y, the pattern is generated according _ delay e %
to the following formula Triangular Train in mﬂn:; oo grror out
error in (no error)

DSP Triangular Train

. T
Kk ifosks,

4a e T 3T ,
yi=[ 18 (kET) it g<kss, fori=0,1,2, ..., n1

}Ta(k-T) if%ska

where k= (i -d) modulo T,
_.n
"~ cycles’
n is the number of elementsin the triangular train, and
disthe delay.

amplitude defaultsto 1.0.

cycle defaults to 1.0.

delay defaultsto O.

B Triangular Train in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that
will contain the output triangular train.

swa|| Triangular Train out isaDSP Handle Cluster that isidentical to Triangular Train in, but with the
L generated pattern already stored in the memory buffer on the DSP board. The largest triangular train
that can be generated depends upon the amount of memory on your DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

o error out containsthe error information for this call.

Part 3: NI-DSP Function Reference 2-81 NI-DSP SRM for LabVIEW for Windows

Download from Www.Somanuals.com. All Manuals Search And Download.



Chapter 2

DSP Triangular Window

Applies atriangular window to the input
sequence X. If Y represents the output
sequence Triangle{ X}, the elementsof Y are
obtained from the formula:

yi = xtri(w)

fori=0,1,2,...,n1,

w = )

where tri(w) =1 - |w]|, and
nisthe number of elementsin X.

NI-DSP Analysis VI Reference

# m':""gm Triangle {4}
error in {no error) _“m_:,_‘- error out

DSP Triangular Window

B X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

=4
Mn
)
-
[m}

signal array.

Note: The operation is performed in place and the input array X is overwritten by the output Triangle

{X}.

L] Triangle {X} isaDSP Handle Cluster that isidentical to X, but with the results of Triangle {X} already
L stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out

error out and no other calls are made.

Ci error out contains the error information for this call.
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DSP Uniform White Noise

Generates a uniformly distributed
pseudorandom pattern whose values are in
the range [-a:a], where aiis the absolute
value of amplitude. The pseudorandom
sequence is generated using amaodified
version of the Very-Long-Cycle random
number generator algorithm.

amplitude defaultsto 1.0.

Chapter 2

White Noise in s
amplitude ——

seed — ]
error in (no error) "

‘white Moise out

oo grror out

ISP Uniform Yhite Hoise

value does not change. If seed < 0.0, the VI generates arandom value to use as the seed, and the noise
differsin repeated invocations although the value in seed does not change. seed defaults to 0.0.

seed < 65536.0. If seed > 0.0, the generated noise will be the same in repeated invocations if the seed

White Noisein isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will

contain the output white noise.

] White Noise out isa DSP Handle Cluster that isidentical to White Noise in, but with the generated
pattern already stored in the memory buffer on the DSP board. The largest white noise signal that can be

generated depends upon the amount of memory on your DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.
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Unwraps the Phase array by eliminating

discontinuities whose absolute val ues exceed Tt s T Y ot
N e |
error in(no error) | Urezop:| error out

DSP Unwrap Phase

X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

signal array.
Se=n Y in isaDSP Handle Cluster that indicates the memory buffer on the DSP board that will contain the
DEPHC . .

results of the integration of X.
L] Y out isaDSP Handle Cluster that isidentical to Y in, but with the unwrapped output array aready
MERHE|  stored inthe memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

error out contains the error information for this call.

Both the input array and the output array arein radians. The operation can be performed in place; that is, the input
X and the output Y can be the same DSP Handle Cluster.
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DSP Zero Padder

Pads the input array with zero from

starting index to the end of the input array. s T T Zern Padded {3}
) , ] starting index . pod

This VI is useful when the size of the error in (no error) #ﬂ error out

acquired data buffersis not a power of two -

and you want to take advantage of fast DSP 7ero Padder

processing algorithms in the analysis Vls.

These algorithms include Fourier
transforms, power spectrum, and fast Hartley transforms, which are extremely efficient for buffer sizesthat are a
power of two.

] X isaDSP Handle Cluster that indicates the memory buffer on the DSP board that contains the input

signal array.
Note: Theoperationis performed in place and the input array X is overwritten by the output Zero
Padded {X}.
starting index isthe index from which the input array is padded with zero. starting index defaultsto O.
S&a Zero Padded {X} isaDSP Handle Cluster that isidentical to {X}, but with the zero-padded array
LEFHE aready stored in the memory buffer on the DSP board.

error in (no error) contains the error information from aprevious V1. If an error occurs, it is passed out
error out and no other calls are made.

o error out containsthe error information for this call.
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Chapter 1
| ntroduction to the NI-DSP I nterface Utilities

This chapter contains an overview of the NI-DSP Interface Utilities, installation instructions, and explains how to
use the NI-DSP Interface Utilities. Y ou should familiarize yourself with the material in this chapter before
beginning subsequent chaptersin this part.

The National Instruments AT-DSP2200, a high-performance digital signal processing (DSP) plug-in board for the
PC, isbased on the AT& T WE DSP32C 32-hit, floating-point, digital signal processor. With the NI-DSP
Interface Ultilities, you can customize the DSP Library that resides on the board by adding or deleting functions to
and from the common object file format (COFF) file that constitutes the onboard-resident software. This COFF
fileis made of the Kernel, memory management routines, execution control routines, data communication
routines, interrupt handling routines for data acquisition, and a set of more than 60 analysis functions. Throughout
the chaptersin this part, the COFF fileisreferred to asthe DSP Library. By customizing the DSP Library, you
can change the number of analysis functionsthat are included. The other parts of the DSP Library always remain
unchanged.

Note:  To customize the DSP Library that resides on the board, you need to have the Developer ToolKit,
available through National Instruments, which containsan AT& T C compiler, assembler, linker, and
documentation.

Overview of the NI-DSP I nterface Utilities

The NI-DSP Interface Utilities are on the NI-DSP for LabVIEW for Windows distribution disks.

Unless otherwise stated, all references to directories in this part of the manual are to subdirectories under the path
you specified during installation of the NI-DSP Interface Utilities. If you chose the path D: \ DEVEL, then the
installer will create the directory DEVEL and copy all files and directoriestoit. Figure 1-1 shows directory
structure created by SETUP.

D: \ DEVEL

Di spat ch || Exanpl es " Lib

Figure 1-1. NI-DSP for DOS Directory Structure

The Di spat ch directory contains the utilities necessary for creating a custom DSP Library dispatcher. The
Di spat ch directory containsthe Di spat ch application and thefiles NI DSP. f nc, di spat ch. s., and
NI ESSEN. f nc.

Di spat ch isaPC application that usesthe files NI DSP. f nc and NI ESSEN. f nc and generates the
WE DSP32C assembly code needed to properly dispatch to a custom DSP Library based on the grouped function
names.
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The Exanpl es directory contains the files used in Part 4, Chapter 2, Getting Sarted with the NI-DSP Interface
Utilities, to build a custom DSP Library.

The LI Bdirectory contains L1 BLVDSP. a, the archived library of object modules containing all of the analysis
functions and Kernel routines used in building the downloadable DSP Library files, as well asthe two DSP
Library filesLV2200S. out and LV2200. out .

Installing the NI-DSP I nterface Utilities

For instructions on installing the NI-DSP Interface Utilities, refer to Part 1, Getting Started with NI-DSP, under
the section titled Installing NI-DSP for LabVIEW for Windows.

For instructions on installing the AT& T WE DSP32C software, refer to the WE DSP32C Support Software Library
User Manual and other related documentation.

Using the NI-DSP | nterface Utilities

Use the NI-DSP Interface Utilities to customize the DSP Library and execute your own functions on the DSP board.
Figure 1-2 shows a diagram of the interface layers used to access functionsin your custom library.

LabVIEW VI
Callto a CIN

ir

Driver Software
(DSP.DLL)

PC Busi |
| —— |

[ AEDSP2200 [ [ [ ] 1 [] o
= — I ] ] [ ] [ |
— —
O— KERNEL —
Oc—= Dispatchell onpoard —
O — Meanoryr Library %
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mm— B e s | s i O I:II:II:I
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Figure 1-2. Interface Layersto Onboard Functions

When your library is downloaded and a LabVIEW interface to your function has been created, you can execute a
function in your onboard custom library by making a call to the interface function in your program from LabVIEW.
This call passes control to the interface software which calls the NI-DSP driver. The NI-DSP driver communicates
with the DSP Library to pass parameters, indicates which onboard function to execute using the dispatcher, and
returns results to LabVIEW.
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Chapter 2
Getting Started with the NI-DSP I nterface
Utilities

This chapter contains a step-by-step example for building a custom DSP Library, creating aLabVIEW interfaceto a
custom function, and executing the custom function from the LabVIEW environment. The chapter demonstrates this
concept with an example of how to add a custom function. The custom function finds the maximum and minimum
valuesin the input array, as well as the respective indices of the occurrence of the maximum and minimum value.
This example custom function also returns an output array with the input array sorted.

Creating Your Custom NI-DSP Library

To build your own custom library, follow these steps:

1. Create your source code of C functions (or assembly functions).

2. Compile and/or assemble source code.

3. Add your object filenamesto alinker file (i fi | e).

4. Add your new function namesto alibrary function list file.

5. RuntheDi spat ch application to generate an assembly dispatch file.
6. Compile, assemble, and link your custom library.

These steps are detailed in the following pages.

Note:  You can usethe sourcefilesincluded in the Exanpl es directory instead of creating the filesin this
example.

1. Create Your Source Code of C Functions

Thefirst step in building a custom DSP Library isto create your WE DSP32C C-callable custom function(s). The
grmaxm n. ¢ examplefilein your exanpl es directory contains the source code.

GMaxMin.c Example:

/* DSP_GvaxM n(z,y, max, mn,n, i mx,imnn)

* This function returns the maxi mum and m ni nrum of array z, as well as the

* respective indices of the occurrence of the maxi mum and m ni rum The out put
* array y holds the input array sorted.

*/

#i ncl ude "atdsp. h"

short DSP_GVaBxM n(z,y, nax, mn,n, i max, i mn)

regi ster float *z,*max, *mn;
float *y;
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long *n,*imn,*inmx;

long i,j;

float *x, small;

float |ocal mn ,| ocal nax;

if ((*n)<=0) return(0);

X = z;
local mn = *x;

| ocal mtax = | ocal m n;
*Imax = 0;

*Iimn = 0;

for (i=0;i< *n;i++, *x++) {
if (local mx < *x) {
| ocal max = *x;
*imax = i;

}

if (localmn > *x) {
localmin = *x;

*Imn = i;
*mn = |localmn;
*max = | ocal max;

for(i=0; i< *n; i++) y[i] = z[i];
for(i=0; i< *n; i++){
for(j=i+1, j< *n; j++)
Pyl > vyli]) {
smal | = y[j];
ylil ylil;
y[i] smal | ;

}

return(noError);

}

Note: Thefile ATDSP. h isthe header file containing all of the error codes used by the DSP Library. You can
finditinthe LI B directory. To efficiently and correctly compile WE DSP32C code that uses error codes
defined in ATDSP. h, you may want to copy this header fileto the | ncl ude directory of your WE
DSP32C tools. Otherwise, you should specify the correct path of ATDSP. h in your program.

Guiddinesfor the Custom Functions

When adding functions to build your custom DSP Library, follow these guidelines:

» Passall parameters by address-All input, output, and input/output parameters, whether arrays or scalars, must
be passed by address (pointer). For instance, in the example gmaxmni n. ¢, although the length n of an input
array isonly aninput scalar, it is passed by address.

* You must pass parametersin a certain order—Pass all pointers to arrays, then pass all of the pointersto 32-bit
floating-point scalars, and then pass al of the pointers to 32-bit long integer scalars. In gmaxmi n. c, the
parameters are passed in the following order—z (input array), y (output array), max (output floating-point
scalar), min (output floating-point scalar), n (input integer scalar), imax (output integer scalar), and imin
(output integer scalar).
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e Parameters must be 32-bit floating-point, 32-bit integer scalars, or pointersto arrays of data (any type)—
Supported parameter types are 32-bit floating-point scalars and multidimensional arrays, and 32-bit integer
scalars and multidimensional arrays.
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» Return a 16-bit short integer error code—Every function should return an integer error code. A list of error codes
that the existing DSP Library returnsis given in Appendix A, Error Codes. If any of these error codes are used,
ATDSP. h should be included at the beginning of your source code. A function that completes with no error
should return noEr r or or zero.

e Usethe memory management routines—Perform any dynamic onboard memory allocation using the functions
Al | oc_Memand Fr ee_Mem described in the next section.

DSP Board Memory Management

To write your own customized DSP routines that become integrated with the DSP Library, you need some lower
level memory management routines. Two onboard calls are included with the DSP Library to dynamically allocate
and deallocate onboard memory—Al | oc_Memand Fr ee_Mem Use these functions instead of the standard C
routinesmal | oc andf r ee.

Call the function Al | oc_ Memwhenever your routines require memory space. Al | oc_ Memattempts to allocate
memory of the requested size (in bytes) in any available memory bank. If the requested buffer size (in bytes) isnot a
multiple of four, the allocation routines ensure alignment to the nearest radix 4 boundary >= NumBytes. Thisisto
guarantee memory alignment on 4-byte addresses. For example, if you request the alocation of a buffer of size
1,021, 1,022, 1,023 or 1,024 bytes, then the allocation routines allocate 1,024 bytesin all four cases. The allocation
routines first attempt to allocate the buffer in on-chip memory (all DSP boards have 4 kilobytes of on-chip memory).
If the routine fails, the allocation routine tries to allocate the buffer in onboard memory (DSP boards have between
256 kilobytes and 1.5 megabytes of onboard memory). The function and input parametersfor Al | oc_Memare
defined asfollows:

void * Al l oc_MenT{si ze)
| ong si ze;

where si ze istheregquested block size in bytes.
Al | oc_Memreturns a pointer to the allocated buffer or returns NULL if the allocation failed.

Call the function Fr ee_ Memwhen you deallocate memory buffers. Use this function instead of the standard C
function f r ee. Thefunction and input parametersfor Fr ee_Mem are defined as follows:

short Free Mem(ptr)
| ong ptr;

where pt r isthe address of the buffer to be deall ocated.

Fr ee_Memdeallocates the buffer pointed to by pt r if that buffer was allocated previously using Al | oc_Mem
Free_Memreturns NULL if deallocation succeeded and returns an error code if deallocation did not succeed.

Each of the NI-DSP Analysis ViIs call afunction that is part of the DSP Library that resides on the board. Y our own
custom functions can call any of the DSP Library functions included in the NI DSP. f nc file described later in this
chapter. The DSP functions that you can call from your own functions are prototyped in Part 4, Chapter 3, DSP
Board Function Overview.

Note for Assembly Language Programmers. If you are using WE DSP32C assembly language, each function
must accept and return C-style parameters and preserve all
registers used in the WE DSP32C environment. For example, the
function parameters are pushed onto the stack from right to left and
thereturn valueis placed in Register rl. Refer to the WE DSP32C
C Language Compiler Library Reference Manual for details.
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2. Compile and/or Assemble Source Code

Compile all new C source files and assemble all new assembly source files using the WE DSP32C C compiler and
assembler. Remember touseonly f | oat and | ong datatypesfor scalars. If you use any of the error codes from
Appendix A, Error Codes, include ATDSP. h at the beginning of your source code. A function that completes with
no error should return noEr r or or zero. The ATDSP. h fileisinthe Li b directory. After you haveinstalled the
WE DSP32C tools, you may want to copy ATDSP. h to the | ncl ude directory in the root directory for those tools.

Inthisexample, used3cc - ¢ gnaxm n. ¢ to generate WE DSP32C object code.

3. Add Your Object Filenamesto aLinker File (ifile)

The next step isto modify the file Nl DSPLNK to add the names of your custom object files to the list of modules to
be linked into your custom DSP Library. NI DSPLNK is a source file containing link editor directives for the WE
DSP32C tools. This modification isillustrated in Figure 2-1.

essent.o
st ackbl d. o

[*** Add all your file nanes after this coment |ine ***/
gmaxnin. o

[*** Add all your file names above this comrent |ine ***/
-1 LvDSP

Figure 2-1. Linker File NI DSPLNK

Copy the NI DSPLNK file from the LI B directory to your working directory and then modify the copy. This ensures
that you maintain the original i fi | e. Also, you need to copy thefilesessent . o, dsp_gl ob. o, and
st ackbl d. s, fromthe LI B directory to your working directory.

Note:  Add your function(s) name(s) to this file between the comments instructing you to do so. Do not modify
thisfilein any other way.

4. Add Your New Function NamestoaLibrary Function List File

Copy thefiles NI DSP. f nc and NI ESSEN. f nc from the Di spat ch directory to your working directory.

In Figure 2-2, the file NI DSP. f nc shows the addition of the function DSP_GVaxM n to the library function list.
Thisis done by editing thefile NI DSP. f nc in the current directory. Add this function to a new group, My
Funct i ons, at theend of thisfile.

** My Functions
DSP_GvaxM n

Figure 2-2. Library Function List File NI DSP. f nc
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Notice that functions accepted by the Di spat ch application should have acceptable C syntax, that is, names may
contain letters, numbers, and the underscore character but must start with aletter or underscore. A function name
can contain up to 31 characters. Y ou must divide your functionsinto groups with a maximum of 64 (40 hex)
functions per group. The Di spat ch application returns an error message if function names are not acceptable or if
you have more than 64 functions per group. Y ou may have up to 24 groups of 64 functionseach. The Di spat ch
application assigns a unique |D number to each function depending on how the functions are grouped. Groups start
at zero and are consecutive (Group 0, 1, 2, ...). The ID number of the first function of agroup is the group number
multiplied by 64. The function IDs are then consecutive within that group. The function ID, therefore, has group
information as well asindex information for functions within each group. Thisinformation is necessary for the
dispatcher to execute a particular function efficiently based on the function ID. The first group of functions are the
Essential Functions group. The Essential Functions are always linked into the DSP Library. These functions are
specified in NI ESSEN. f nc. Do not modify thisfile. Inthelibrary function list file, NI DSP. f nc, group
beginnings are marked by two asterisks (** ) followed by a group name. Figure 2-3 shows atypical section of

NI DSP. f nc.

** group namne
function nane
function nane

** group name
function nane
function nane

Figure 2-3. Typical Section of NI DSP. f nc

Customizing the DSP Library by Deleting Functions

Another way to customize the DSP Library isto delete functions from NI DSP. f nc. This decreases the size of the
DSP Library because the object code for those deleted functions are not included. To customize the DSP Library by
deleting functions, follow the instructions in this chapter, but delete functions rather than add functions. Follow
these guidelines when del eting functions from the DSP Library:

*  When modifying the NI DSP. f nc, replace the name of each function you want to delete with the function name
DSP_NOP. This replacement ensures that the remaining functionsin the library are addressable by the
dispatcher using the same function ID. The Interface Library DSP. DLL is built using the organization of the
original library function list file, and thus function IDs are hard coded into the Interface Library. If you
reorganize the original functions and groups without replacing the function name with DSP_NOP, the interface
to the function calls a different DSP Library function, which causesthe DSP Library to fail. For example, if
you had a function group with 10 functions and you wanted to delete the first and third functions of that group,
if you replace their names with DSP_NOP, you can ensure that all of the other functionsin the group maintain
the same function ID. This ensures that the interface code for those functions remain valid. If you do not
follow these guidelines, functions become disorganized, you could call the wrong function, and an unexpected
error could happen.

e Never delete any of the function group names that form the original DSP Library that you received with the
NI-DSP software package. The function group names ensure that the remaining functionsin the DSP Library
have the same function IDs. If you want to delete all functions of a group, replace each function name of that
group inthe NI DSP. f nc with DSP_NOP.
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5. Run theBuild Dispatch Application to Generate an Assembly Dispatch File

The next step is to generate an assembly dispatch file. In the current directory, run di spat ch. exe. You can find
the executable file under the di spat ch directory. The Di spat ch application automatically generates the WE
DSP32C assembly code filedi spat ch. s and aheader file dspf ncs. h inyour current directory.

Thedspf ncs. h file has define statements assigning function codes for all the functionsin the library. Each
function code is used by the LabVIEW interface when calling the DSP Library. The onboard Kernel uses these
function codes (passed to it by the interface code) to execute the proper functions. Look at thefiledspf ncs. hto
see the resulting function 1Ds assigned to your custom functions. The function codes for DSP_GvaxM n is448.
Remember this code. Y ou will use the code later to build your LabVIEW interface VI. Figure 2-4 shows a section
of dspf ncs. h corresponding to the section given from NI DSP. f nc. Notice that in thisexample, Si gnal s was
the seventh group (Group 6) listed in NI DSP. f nc and hence the function IDs.

/** Signal s

* */
#define DSP_Sine NUM 384
#defi ne DSP_Squar e_NUM 385
#define DSP_Sinc_NUM 386

Figure 2-4. Signals Group Sectionindspf ncs. h

Thefile di spat ch. s isan assembly file that the Kernel uses to execute the proper function. Thisfile has
information about the number of groups and the number of functions per group that are linked into the software that
resides on the board. The Di spat ch application usesthe filesNI DSP. f nc and NI ESSEN. f nc to create

di spat ch. s. Figure 2-5 shows a section of di spat ch. s corresponding to the section given from

NI DSP. f nc. Noticethat in thisexample, Si gnal s was the seventh group (Group 6) listed in NI DSP. f nc.
Group zero is the group of Essential Functions.

/** Signal s

* */
call DSP_Sine(ri18)
nop
goto FNC CALL_END
nop
call DSP_Square(r18)
nop
goto FNC_CALL_END
nop
call DSP_Sinc(ri18)
nop
goto FNC CALL_END
nop:

Figure 2-5. Signals Group Sectionindi spatch. s
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6. Compile, Assemble, and Link Your Custom Library

Thelast step in building a custom DSP Library isto compile, assemble, and link your custom library using the WE
DSP32C tools. You must have installed those tools as described in the WE DSP32C Support Software Library User
Manual. You must copy thefile LI BLVDSP.a from the LI B directory in the stand-alone root directory tothe LI B
directory of the WE DSP32C tools as set by the environment variable recommended in the WE DSP32C Support
Software Library User Manual. Table 2-1 lists the files you need to build the custom NI-DSP example.

Table 2-1. Files Required to Build the Custom DSP Library Example

File Description

makel i b. bat Batch file to build the custom library

gmaxmn. ¢ C sourcefile

dspfncs. h Cinclude file generated by Di spat ch

di spatch. s Assembly file generated by Di spat ch

NI DSPLNK Modified linker command file

LI BLVDSP. a* Archived library of object modules for the DSP Library functions
for LabVIEW

libc32c. a* AT&T Clibrary

I'i bap32c. a* AT&T Application library

i bmB2c. a* AT&T Math library found in the LI B directory in the path set by
the environment variable

*  All these archives must bein the LI B directory in your WE DSP32C tools directory.

Copy thefile makel i b. bat fromtheLl Bdirectory. Thisisabatch file that rebuilds the DSP Library fileto
reflect the customization and changes needed. Y ou must enter in the memory map file namesto this. bat fileto
usein linking the DSP Library file, aswell as the name of the output file for the DSP Library file. The two memory
map files used for linking the DSP Library files that come with NI-DSP, dsp64. map and dsp. nap, are located in
the LI B directory. Copy the memory map file that you will use to your current directory. The memory map files
are used when linking the DSP Library filesLV2200S. out and LV2200. out , respectively. You can rename
these files and move them to other directories. If you want the driver to load this new DSP Library file, make sure
you run WDAQCONF as described in the section titled Board Configuration in Part 1, Getting Started with NI-DSP.
Y ou should use one of the memory map files, dsp64. map or dsp. map, asinput to makel i b. bat . If the size of
your library cannot be linked using the section sizes specified in these memory map files, you must edit these files
accordingly. Refer to the WE DSP32C Support Software Library User Manual for more information.
To begin rebuilding the customized DSP Library, type the following command:

makel i b nenmap |ibfile
where

menmap is the name of the memory map file used
I'ibfile isthename of thedesired DSP Library file name

For example,
makel i b dsp64 LV2200S

Do not use the extension names . map and . out for thefields memmap and/ i bfi | e.

Part 4: NI-DSP Interface Utilities 2-8 NI-DSP SRM for LabVIEW for Windows

Download from Www.Somanuals.com. All Manuals Search And Download.



Chapter 2 Getting Started with the NI-DSP Interface Utilities

Thenakel i b. bat batch file performs the following:

1. makel i b. bat assemblesthefilest ackbl d. s inthe current directory using the AT& T d3as. exe
assembler. Y ou need to assemble this file because it includes the file st ackbl d. s, created by the
Di spat ch program, and contains the assembly code that determines which function the DSP board executes.
Thefiledi spat ch. s reflects the organization and content of the DSP Library file asis reflected by the library
function list file, NI DSP. f nc, in the current directory.

2. makel i b. bat rebuildsthe DSP Library filewithname/ i bfi | e. out (the name you decided to give to the
new DSP Library file). Thisnew DSP Library file always has the Kernel, memory management routines,
execution control routines, data communication routines, interrupt handling routines for data acquisition, and
the functions listed in the library function list file NI DSP. f nc.

3. makel i b. bat listsall undefined symbols from the DSP Library file. These symbols could be undefined
because you did not link all the object modules.

Any other error messages that are encountered are WE DSP32C error messages. Refer to the WE DSP32C Support
Software Library User Manual for information.

At this point, the WE DSP32C tools have generated a custom DSP Library file.

Creating Your LabVIEW Interface

Now that you have added a function to the DSP Library, you need to be able to call this function from LabVIEW
usingaVI. TheNI-DSP Analysis VIscontainsa VI called Custom V1 in the Utility folder. Y ou can use the Custom
V1 to call any function on the DSP board that follows the guidelines listed in the Guidelines for the Custom
Functions section earlier in this chapter.

To create your LabVIEW interface, follow these steps:
1. Bundleal theinput parametersto arrays.
2. Cadll the Custom V1.

3. Index the output arrays to get the results.

1. Bundle All of the Input Parametersto Arrays

Use the Custom V1 in the Utility folder of the DSP2200 folder asthe interface for calling custom functions on the
DSP board from LabVIEW. Y ou can use three types of data for input/output parameters in the Custom V1. The data
types correspond to the different types of parameters that you can use in your custom functions on the DSP board.

Custom functions have three groups of parameters—pointersto arrays of data (any type; 32-bit floating point, 32-bit
integer, and 16-bit integer), pointers to 32-bit floating-point scalars, or pointers to 32-bit integer scalars. All of the
parameters in a group must be the same type. Y ou must arrange the custom function parameters so that the group of
all array pointers (if the function has any) arefirst, followed by the group of all pointers to 32-hit floating-point
scalars (if the function has any), followed by the group of all pointers to 32-bit integer scalars. The LabVIEW
interface to such a custom function, Custom V1, should reflect the same parameter order.

The number of parameters varies for different functions. To use the Custom V1 asthe interface for different custom
functions, you must bundle the same types of parametersto an array. LabVIEW can check the array sizesin the CIN
to determine how many parameters to pass to a custom function on the DSP board from LabVIEW. For this reason,
Custom VI uses arrays as input/output parameter types. The number of parameters of a custom function is the sum
of the sizes of three arrays of the Custom VI.
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The array of DSP Handle Clusters holds all the references to arrays of data used by the custom DSP functions. You
should bundle the DSP Handle Clusters together to an array in the order they appear in the first group of parameters
in the custom function on the DSP board. For example, if the first three parameters of the custom function are the
arrays X, Y, and Z, which correspond to the DSP Handle Clustersin LabVIEW, hdl1, hdl2, and hdl3, respectively,
then you must bundle hdl1, hdl2, and hdI3 to an array in that order. The same order regquirements apply to the array
of 32-hit floating-point scalars that holds the LabVIEW parameters corresponding to the second group of the
parameters in the custom function. Likewise, the array of 32-bit integer scalars that holds the LabVIEW parameters
corresponding to the third and final group of parametersin the custom function must also have the same order
requirements as the other arrays.

Bundle all of the parameters of the same type to an array before you call Custom V1. Remember that the order in
which you bundle the parameters should correspond to the order of the terminalsin the corresponding group of the
custom function. Thefirst element in the array representing a group should correspond to the first parameter of the
same group in the custom function, and so on.

The Custom VI istheinterface from LabVIEW to all of the custom functions on the DSP board. Each parameter of
the custom functions on the DSP board require two corresponding terminals in LabVIEW-an input control to
reserve the space on the DSP board for the data, and an output indicator to hold the result. All of the output arraysin
the Custom VI are internally connected to the corresponding input arrays.

The Custom V1 treats al of the parametersin the custom functions as input/output parameters. The parameters that
represent outputs of the custom function must also be bundled in LabVIEW in the array that holds all of the other
input parameters of the same type. Although the output parameters, whether scalars or arrays, do not contain any
valid or useful information on input, they will be overwritten by the return values. The parameters that represent
inputs to the custom functions also exist in the corresponding output arrays, although the values of the output arrays
are the same values as on input-the custom function will not change the parameter values.

Figure 2-6 shows how to bundle the parameters for gmaxmi n. c. Allocate two DSP Handle Clusters corresponding
to the input array z and the output array y. The bundling order is as follows-the DSP Handle Cluster representing z
isfirst, followed by the DSP Handle Cluster representing y. y isthe output array. The datain thisarray is not valid
as an input, but you must still allocate it first and bundle it with other DSP Handle Clusters that represent input
arrays. Notice that although the parameters max value, min value, max index, and min index are outputs only in
gmaxm n. ¢, you must first bundle the additional four input scalars with the actual input parametersto reserve
space in memory for the parameters on output. The initial values are not important. The parameter n (the number of
elements) isonly an input parameter in gmaxni n. ¢, but you will still have an output corresponding to this
parameter, although the output and input values are the same.

=]

m | ]

N
e rded =3
i e [0

Figure 2-6. How to Bundle Parametersin LabVIEW to Call gmaxmi n. ¢
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2. Call the Custom VI

After you bundle all of the parameters to arrays, connect each array to the corresponding terminals of the Custom
V1. Figure 2-7 shows how to connect to the Custom V1 for the gmaxm n. c.

|number' of elementsl

DSPHEN

Allocatel
SPHER ===}
Allocate :

BB
=* function ID

-

=3
max index mpd | H
min index

Figure 2-7. How to Connect to Custom V1 to Call grmrexmi n. ¢

If your custom function does not have a certain type of parameter, |eave the corresponding terminal unwired. Thisis
important for passing your parameters correctly from LabVIEW to the DSP board.

The value of the function ID is the custom function ID that you obtain from dspf ncs. h. ThisID determines
which custom function on the DSP board the Custom V1 calls. To call the correct function on the DSP board, you
must supply the appropriate function ID. In this example, the function ID is 448, which you obtained in step 5 of
creating your custom NI-DSP Library. Finaly, you must indicate the slot number on which to execute the custom
V1. InFigure 2-6, the dot parameter terminal isleft unwired. This causesall VIsto execute on the default DSP
board, which is set to slot 3.

3. Index the Output Arraysto Obtain the Results

All of the output results are in the output arrays of the Custom VI. Y ou can read the output arrays to see the results.
If you want to operate on some output parameters, use the method for indexing an array to extract an element from
an array. The order of the output parameters in an output array isidentical to the order in the corresponding input

array.
Figure 2-8 shows how to index the output arrays of the Custom VI to obtain the results of gnaxmni n. ¢c. The
Custom VI leaves the output data buffers on the board, and returns only the DSP Handle Clusters that indicate the

locations of these buffers on the board. Y ou must use the Copy Mem(DSP to LV) VI to copy data back to
LabVIEW. The Custom V1 always copies scalars back to LabVIEW.
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Figure 2-8. Block Diagram—How to Index the Output Arrays of the Custom VI
to Obtain Results of gnmaxmi n. ¢

Figure 2-9 shows the whole block diagram that uses the Custom V1 to call the custom function grrexmi n. ¢ on the
DSP board from LabVIEW. Figure 2-10 shows the front panel of the block diagram shown in Figure 2-9.

DSPMEM
[nurnber of elements] [scL) @ @__]] o E
-t

|DSPT1EI1 Eg :: . I F : error out
Allocate W, [ﬂ -t o5 - S|
[0SPHEM {CUSTOM
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— function ID E__]] o _|@I [max valuel
-_ IE --t
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Imax indexll :I
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@ ':’
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Figure 2-9. Block Diagram—Using the Custom V1 to Call grmexmi n. ¢ on the
DSP Board from LabVIEW
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IlDSP Free Memorg| |

Figure 2-10. Front Panel-Using the Custom VI to Call gnmaxni n. ¢ onthe
DSP Board from LabVIEW

At this point, finish creating the VI interface to call your custom function on the DSP board from LabVIEW. You
can customize this VI asasubVI using the method described in the LabVIEW User Manual if you want to use this
V1 from your other applicationsin LabVIEW.

Executing the Custom Function from LabVIEW

Run this VI from LabVIEW. Change theinput array and display the results.
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Chapter 3
DSP Board Function Overview

This chapter contains an overview of the prototypes of the C-callable NI-DSP Analysis functions on the DSP board
that you can use in your custom programs.

Every NI-DSP Analysis VI calls afunction on the DSP board. When you write your own custom functions, you can
call these functions from your program. These C functionsinclude numerical analysis, signal generation, digital
signal processing, digita filtering, windowing, and memory management.

For more information about these functions, refer to the NI-DSP Softwar e Reference Manual for DOS/LabWindows.

Note:  Thefunctionslisted in this chapter are the same functions described in the NI-DSP Software Reference
Manual for DOS/LabWindows, except for the following differences:

»  For al of the functions, ignore the slot number parameter specified in the tables of parameters. The
dlot number is not meaningful when you call these functions from the DSP board.

* Theinteger parameters are al 32 bitslong. The corresponding parameter type in the NI-DSP Software
Reference Manual for DOSLabWindows is 16-bit integer. When you call these functionsin your
custom program, use the 32-hit long type defined in this manual. Use the data types defined in this
manual rather than the data types for similar functions listed in any other manual. The parameter order
and meaning and the purpose of the functions, however, are equivalent with the functions described in
the NI-DSP Software Reference Manual for DOSLabWindows.

» Thefunctionslisted are all of the functions that you can call from your custom program. Not all the
functions described in the NI-DSP Software Reference Manual for DOSLabWindows are availablein
NI-DSP for LabVIEW for Windows.

Thefollowingisalist of the prototypes of each function that you can customize for use on the DSP board.

Signals
short DSP_Gaussian (long n, float sDev, float* noise, float seed)
short DSP_| npTrain (long n, float anp, long delay, |ong period, float * Xx)
short DSP_ | npulse (long n, float anp, |ong index, float * x)
short DSP_Pulse (long n, float anp, long delay, long width, float *x)
short DSP_Ramp (long n, float first, float last, float * x)
short DSP_Sawtooth (long n, float anp, long delay, float cycles, float * x)
short DSP_Sinc (long n, float anmp, float delay, float dt, float *x)
short DSP_Sine (long n, float anp, float phase, float cycles, float * x)
short DSP_Square (long n, float anp, float duty, float cycles, float * y)
short DSP_Tri angl e (long n, float anmp, float delay, float w dth,

float dt, float * x)

short DSP_TriTrain (long n, float anp, long delay, float cycles, float * x)
short DSP_Uniform (long n, float * noise, float seed)
short DSP_WhiteNoise (long n, float anp, float * noise, float seed)

Frequency Domain
short DSP_CrossPower (float * x, float * y, long n)
short DSP_CxFFT (float * x, float * y, long n)
short DSP_FHT (float * x, long n)
short DSP_I nvFFT (float * x, float * y, long n)
short DSP_I nvFHT (float * x, long n)
short DSP_ReFFT (float * x, float * y, long n)
short DSP_Spectrum (float * x, long n)
short DSP_ZeroPad (float * x, long n, long size)
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Time Domain

short DSP_Convolution (float * x, long n, float * y, long m float * cxy)
short DSP_Correlation (float * x, long n, float * y, long m float * rxy)
short DSP_Decimate (float * x, long n, long decFact, long ave, float * y)
short DSP_Deconvolution (float * cxy, long n, float * y, long m float * x)
short DSP_Difference (float * x, long n, float dt, float xInit,

float xFinal, float * y)
short DSP_Integrate (float * x, long n, float dt, float xInit,

float xFinal, float * y)

Filters

short DSP_Bw_Coef (float fs, float f low, float f_hi, long order,
float * a, float * b, long type)

short DSP_Ch_Coef (float fs, float f_low, float f_hi, long order,
float ripple, float * a, float * b, |ong type)

short DSP_El p_Coef (float fs, float f_low, float f_hi, long order, float
ripple, float atten, float * a, float * b, long type)

short DSP_EqRi p BPF (float * x, long n, long taps, float fs, float fhi,
float f12, float fh2, float fI3, float * y)

short DSP_EgRi p_BSF (float * x, long n, long taps, float fs, float fhi,
float f12, float fh2, float fI3, float * y)

short DSP_EqRi p_ HPF (float * x, long n, long taps, float fs, float fhil,
float fl2, float * y)

short DSP_EqRi p LPF (float * x, long n, long taps, float fs, float fhi,
float f12, float * y)

short DSP_IIR Filter (float * x, long n, float * a, float * Condx, |ong sza,
float * b, float * Condy, long szb, float * y)

short DSP_I nvCh_Coef (float fs, float f_low, float f_hi, long order, float
ripple, float *a, float * b, |ong type)

short DSP_Median Filter (float * x, long n, long rank, float * vy)

short DSP_Parks McClellan (long n, float fs, |long bands, float * Anp, fl oat

* fLow, float * fHi, float * wRi pple, long
filterType, float * h, float * delta)

Windows
short DSP_CosWn(float * x, long n, |ong type)
short DSP_ExpWn (float * x, long n, float finalval)
short DSP_ForceWn (float * x, long n, float duty)
short DSP_GenCosi neWn (float * x, long n, float * coeff, long m
short DSP_KsrWn (float * x, long n, float beta)
short DSP_TriWn (float * x, |long n)

Array Functions

short DSP_Abs (float * x, long n, float * vy)

short DSP_Add (float * x, float * y, long n, float * z)

short DSP dip (float * x, long n, float upper, float |ower, float * y)

short DSP_Div (float * x, float * y, long n, float * z)

short DSP_LinEv (float * x, long n, float a, float b, float * y)

short DSP_Log (float * x, long n, float nult, float * y)

short DSP_MaxM n (float * x, long n, float * nax, long * imax, float *
mn, long * imnn)

short DSP_Miul (float * x, float * y, long n, float * z)

short DSP_Pol yEv (float * x, long n, float * coeff,long k, float * y)

short DSP_Prod (float * x, long n, float * prod)

short DSP_Reverse (float * x, long n)

short DSP_Set (float * x, long n, float a)

short DSP_shift (float * x, long n, long shift, float * y)

short DSP_Sort (float * x, long n, long direction, float * y)
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short DSP_Sqrt (float * x, long n, float * y)
short DSP_Sub (float * x, float * y, long n, flaot * Zz)
short DSP_Subset (float * x, long n, long index, long length, float * y)
short DSP_Sum (float * x, long n, float * sum
short DSP_Unwrap (float * x, long n, float * y)
short DSP_To Polar (float * x, float * y, long n, float * nag,
float * phase)
short DSP_To Rect (float * nag, float * phase, long n, float * x,
float * vy)

Memory Management Data Transfer
void * Alloc_Mem (| ong nunbytes)
short DSP_CopyMem (void * Source, void * Destination, long type, |ong
count)
short Free_Mem (long ptr)

Data Acquisition Functions

Some low-level data acquisition NI-DSP functions are also available for you to call in an application on the DSP
board. You can use these low-level data acquisition functions to develop acquisition and waveform generation
applications that occur on the DSP board, such as acquiring and sending data over the input and output channels. If
you use any of the low-level data acquisition functionsin your custom functions, please include the dspdag. h file
inyour program. dspdaq. h containsal the prototypes of functions and the data structures that the data
acquisition functions use. Y ou can find this header filein the LI B directory. For more information about these
functions, refer to Part 4, Chapter 5, Data Acquisition Functions for the AT-DSP2200, in the NI-DSP Software
Reference Manual for DOSLabWindows. All of the information in that chapter applies to the NI-DSP software for
LabVIEW for Windows.
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Chapter 4
Usingthe DMA Vls

This chapter describes two special VIsthat transfer data between the host computer and the DSP board without
interfering with the DSP board.

Most Visin the NI-DSP library run sequentialy on the DSP board. In other words, if you run aVI from LabVIEW,
even though the actual function is running on the board, LabVIEW must wait for the function to finish before it can
do anything else. If you have a custom function that runs indefinitely on the board, LabVIEW will continue to wait.
However, every VI has the ahility to check for timeout errors, and you can use the DSP Timeout VI to resolve this
problem by setting atimeout limit. The host will wait for the DSP board to finish an operation for only the amount
of time you designate; if the DSP board does not compl ete the function in the specified amount of time, the VI will
return atimeout error. If your custom function runs along time or indefinitely, you can set a very short timeout
period and ignore the timeout error in your LabVIEW program. However, under these conditions you normally lose
communication with the DSP board until you reset it with the DSP Reset V1.

Two VIs-DSP DMA Copy(LV to DSP) and DSP DMA Copy(DSP to LV)-solve this communication problem.
These two Vs can transfer data between the host and the DSP board using onboard DMA without interfering with
the DSP board. Y ou can use the DSP DMA Copy(LV to DSP) VI to send data to a designated memory location on
the DSP board from LabVIEW when the DSP board is till running. The function running on the board can read
data from that location and update operations that depend on that data. LabVIEW can aso read data back from the
DSP board using the DSP DMA Copy(DSP to LV) VI to check the status of the board or read results while the board
isstill running. In other words, you can still communi cate with the board.

When you use the DSP DMA Copy(DSPto LV) and DSP DMA Copy(LV to DSP) VIs, remember the following:
* Thesetwo Visreguire areal DSP address to transfer data. Y ou can determine this address in two ways:

- Giveavalid DSP address, such as FFF000 hex, if you know the exact DSP memory address of a buffer or
variable that your DSP program will use.

- Allocate anorma DSP Handle Cluster and use the DSP Handle To Address VI to obtain the valid DSP
address for this DSP Handle Cluster. Y ou can use this DSP address in your program on the DSP board as
you would use any pointer. Remember to allocate the DSP Handle Cluster before you call your custom
function through the DSP Custom Function V1.

» Thedataformat will not change when you transfer data. If the datais floating point, you need to convert the
dataformat in your code between DSP format and |EEE format. When you send floating-point data from
LabVIEW to the DSP board, convert the datato DSP format before using it in your program on the DSP board.
When you copy floating-point data back from the DSP board to LabVIEW, convert the data to | EEE format
before you save it to the DSP memory location from which you will copy data.

» Do not use data acquisition VIsto acquire data to PC memory or send data from PC to DSP memory while
using these two Vs, because these Vs use the same DSP board register, PDR, to transfer data.

Two examples shipped with this package show you how to make use of these VIs. The examples areinstalled in the
Exanpl es subdirectory of your NI-DSP package.
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Thefirst example isasimple spectral analyzer. The main VI iscalled Analyzer V1. It uses the DSP Custom
Function V1 to call a custom function running on the board. The schemeisasfollows:

e Custom function on the board:
1. Set the data acquisition parameter and initialize the board.
2. Start the data acquisition.

whi | e(TRUE) {
when data is ready, copy it to the process buffer
read processing information from DSP nenory |ocation 1
dependi ng on the processing infornmation
apply the selected window to the data
apply the selected filter to the data
conpute the FFT magnitude or Power Spectrum
Transfer the data format to | EEE format.
Save processed data in DSP nenory | ocation 2.

}
« InLabVIEW:

1. Initiaizethe board and set parameters.

2. Allocate DSP Handle Cluster 1; get the address for this handle (thisis DSP memory location 1).
3. Allocate DSP Handle Cluster 2; get the address for this handle (thisis DSP memory location 2).
4. Setatimeout limit to avery small number (2 ms).

5. Pass DSP Handle Cluster 1 and 2 with the other necessary parameters to the DSP Custom Function VI and
call the Analyzer VI.

6. Ignorethetimeout error returned from the DSP Custom Function V1.

Wi | e( STOP button not pressed) {
send new processing informati on (you can change certain processing
controls fromthe front panel) to DSP menory | ocation 1 using the
DSP DMA Copy(LV to DSP) VI.
copy the processed data from DSP nenmory | ocation 2 to LabVlI EW and
pl ot the data.

}
7. Call the DSP Reset VI to reset the DSP board.

The second exampleis the audio equalizer example. The VI loads the audio equalizer kernel called audi o. out
using the DSP Load VI. It usesthe DSP DMA Copy(LV to DSP) VI to send the new gains for each channel to the
DSP board and uses the DSP DMA Copy(DSPto LV) VI to copy the processed audio data back to LabVIEW and
then plots the data.

You can find al of the source codes and Vs for these two examples in the Exanpl es subdirectory of your NI-DSP
package.

These examples show you how to use the DSP DMA Copy(DSPto LV) and DSP DMA Copy(LV to DSP) Visto
communicate between the DSP board and the host computer. They also show you how to run parallel DSP and

LabVIEW applications, which makes the board more flexible and powerful. With awell-designed system, you can
gain both speed and flexibility.
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DSP DMA Copy(DSP to L V)

Copies a buffer of size elements o

from sour ce(DSP Address) on size destination(short)

the DSP board to one of the slot [ destination(float)

destination arraysin LabVIEW source(DSP Address) pu

using the onboard DMA transfer error in (no error) [MAlIpfeecca error out

method. destination type L destination(long)
DSP DMA Copy(DSP to LY)

This VI uses only the DMA controller on the DSP board to transfer data. Therefore, it does not interfere with the
other program that is running on the DSP board.

Note:  This VI does not convert floating-point data to the IEEE format while copying. When you copy floating
data, convert to |EEE format in your program on the DSP board. However, the Copy Mem(DSPto LV) VI
automatically converts data format during the copying procedure.

To copy data correctly from the DSP board to LabVIEW, you must indicate what type of datais stored in the
sour ce(DSP Addr ess) buffer on the DSP board, set the destination type to the appropriate type, and wire to the
corresponding destination terminal. ThisVI has three destination types—float (32-bit), short (16-bit), and long
(32-bit). Remember, you must wire only one destination terminal.

slot isthe board ID number. ot defaultsto 3.

sour ce(DSP Address) isthe actual DSP address from which you copy your data. 1t should be a
24-hit integer (such as FFFO00 hex) less than or equal to FFFFFF hex. If you know the exact DSP
address where your datais stored, use this address directly. Alternatively, you can use the DSP
Handle To Address V1 to convert a DSP Handle Cluster to an actual DSP address.

size indicates the amount of data you want to copy back from the sour ce(DSP Addr ess) buffer on
the DSP board to the destination buffer in the LabVIEW. size defaultsto O.

destination type indicates the type of the datain the sour ce(DSP Address) buffer on the DSP board.
It has three options:

0: 32-hit floating-point.

1: 16-bit short integer.

3: 32-bit long integer.

destination type defaults to 32-hit floating-point.

destination(float) is the terminal to which you must wire the destination buffer if the data you want
to copy is a 32-bit floating-point data array. Remember, the program on the DSP board must convert
this datato |EEE format before it is copied.

destination(short) isthe terminal to which you must wire the destination buffer if the data you want
to copy is a 16-hit short data array.

destination(long) is the terminal to which you must wire the destination buffer if the data you want
to copy is a32-bit long data array.

error in(no error) contains the error information from a previous V1. If an error occurs, it is passed
out error out and no other calls are made.

error out contains the error information for this call.

™
b -
A
N,
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DSP DMA Copy(LV to DSP)

Copiesthe datain the LabVIEW array

sour ce to the destination(DSP source(short)

Address) on the DSP board using the slot

onboard DMA method. source(float) error out
destination(DSP Address)

This VI uses only the DMA controller error in (no error) o=

on the DSP board to transfer data. source(long)

Therefore, it does not interfere with DSP DMA Copy(LY to DSP)
the other program that is running on
the DSP board unless you copy the
data to the DSP memory location that
is being used by the other program.

Note:  ThisVI does not convert floating-point data to DSP format while copying. When you copy floating data,
convert to DSP format in your program on the DSP board before using this data. However, the Copy
Mem(LV to DSP) VI automatically converts data format during the copying procedure.

The sour ce buffer can contain one of three kinds of data—float (32-bit), short (16-bit), and long (32-bit). To copy
different types of data, you must wire the source data buffer to the appropriate source terminal. For example, if you
want to copy floating data, you must wire the data buffer to the terminal sour ce(float). Y ou must wire only one
source terminal. The destination buffer must be large enough to contain all of the data from the sour ce buffer.

dot isthe board ID number. sot defaultsto 3.
sour ce(float) is the terminal to which you must wire the source buffer if the data you want to copy is

a 32-bit floating-point data array. Remember, the program on the DSP board must convert this data
to DSP format before using it.

[scL

e

(132 sour ce(long) isthe terminal to which you must wire the source buffer if the data you want to copy is
a 32-bit long data array.

116 sour ce(short) isthe terminal to which you must wire the source buffer if the data you want to copy

isa 16-bit long data array.

destination(DSP Address) isthe actual DSP address to which you want to copy your data. It should

be a 24-bit integer (such as FFFO00 hex) less than or equal to FFFFFF hex. If you know the exact

DSP address where you want to store the data, you can use this address directly. Alternatively, you

can use the DSP Handle To Address V1 to convert a DSP Handle Cluster to an actual DSP address.

E l
e —

error in(no error) contains the error information from a previous VI. If an error occurs, it is passed
out error out and no other calls are made.
error out contains the error information for this call.
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Appendix A
Error Codes

This appendix contains alist of the error codes returned by the NI-DSP Analysis Vs and the corresponding error

Messages.

Error Conditions

If an error condition occurs during execution of any of the VIsin the NI-DSP Analysis, the VI returns an error code.
This code is a value which indicates the type of error that occurred. The currently defined error codes and their
associated meanings are given in Table A-1. For error codes other than those listed, refer to the NI-DAQ Software
Reference Manual for DOS'Windows/LabWindows.

Table A-1. NI-DSP Analysis Library Error Codes

Error Error Name Description
Number
0 noEr r or No error; the call was successful.

-10401 unknownDevi ceErr The board specified is not a National Instruments DSP board.

-10005 badDevi ceErr The board number used in function call should be 1<board<8.

-10403 devi ceSupport Err Function cannot be executed by specified board.

-10444 mentul | Err Insufficient memory or disk space.

-10243 configFil eErr Board configuration file not found.

-10247 cnosConfi gErr EISA system configuration invalid.

-10459 DLLI nterfaceErr The DLL could not be called due to an interface error.

-21204 Sanpl esGlZer o The number of samples must be greater than zero.

-21205 Sanpl esGEZer o The number of samples must be greater than or equal to zero.

-21206 Sanpl esGETwo The number of samples must be greater than or equal to two.

-21207 Si zesGlIZer o The sizes of the input sequences must be greater than zero.

-21208 xSi zeCEySi ze The size of x must be greater than or equal to the size of y.

-21209 Qut Si zeGEl nSi ze The output array size must be greater than or equal to the input
array size.

-21210 Qut Of Mem There is not enough space left on the DSP board for onboard
processing.

-21212 DecFact Err The decimating factor must meet: 0 < decimating factor <
samples.

-21213 W dt hLTSanpl es The width must meet: 0 < width < samples.

-21214 | ndexLTSanpl es Theindex must meet: 0 < index < samples.

-21215 Del ayGEZer o The delay must be greater than or equal to zero.

-21216 W dt hGEZer o The width must be greater than or equal to zero.

-21217 Del ayW dt hErr The following condition must be met:

0 < (delay + width) < samples.
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Appendix A

Table A-1. NI-DSP Analysis Library Error Codes (Continued)

Error Error Name Description

Number

-21218 W nDut yCycl esErr The window duty cycle value must be between 0.0 and 100.0.

-21219 dt GTZer o dt must be greater than zero.

-21220 Dut yCycl eErr The duty cycle must meet: 0 < duty cycle< 100.

-21221 Cycl esErr The number of cycles must be greater than zero and less than or
equal to the number of samples.

-21223 Upper GELower The upper value must be greater than or equal to the lower value.

-21225 I nt erval Nunerr The number of intervals must be greater than zero.

-21226 M xedSi gnErr Thesign of y in Ax=y values must be all positive or negative.

-21227 Si zeGTOr der The array size must be greater than the order.

-21228 O der GTZer o The order must be greater than zero.

-21229 ConvSi zeErr The number of elements of convolved arrays should be greater
than zero.

-21233 Nyqui st Err The cutoff frequency, fc, must meet: 0 < fc< fg/2.

-21234 Nyqui st 2Err The following conditions must be met:
0<f_lows<f high<fg/2

-21235 Ri ppl eGlZer o The ripple amplitude must be greater than zero.

-21236 At t enGIZer o The attenuation must be greater than zero.

-21237 W dt hGTZer o The width must be greater than zero.

-21242 Si zeGTZer o The size of the input sequence must be greater than zero.

-21243 Nul | Vect or Err Theinput vector is null. The unit vector does not exist.

-21245 At t enGTRi ppl e The attenuation must be greater than the ripple amplitude.

-21246 St epSi zeErr The step-size parameter L must meet: 0<pu<0.1.

-21248 LeakErr The |leakage coefficient, Leak, must meet: 0<Leak < .

-21249 Fi |t er Desi gnErr The filter cannot be designed with the specified input parameters.

-21250 LenGEOne The number of coefficients must be greater than or equal to one.

-21251 RankErr Therank of the filter must meet: 1< (2rank +1) < size.

-21297 Not Power OF Two The size of the input array must be avalid power of two:
sze=2m0<m<14.

-21301 MEM_HRDWARE_ERR The onboard hardware diagnostic software found a memory
hardware error. Running functions on the board is unreliable.

-21302 ZERO ALLOCATI ON There are no allocated buffers on the DSP board.

-21303 TooBi gAnOF f set Theindexing requested falls outside of the buffer into which
indexing is requested.

-21304 Handl eNot Found The DSP Handle specified is not found on this board: it has
either been freed or never allocated.

-21305 TooManyAl | ocs The Memory Look Up Tableisfull: no more allocations allowed
before freeing up some DSP handles (maximum allowed = 128).

-21306 Pt r Not Found The DSP address pointer could not be found to free the buffer.

-21307 Par anti zeErr One of the parameters does not have enough space allocated for

it on the board.
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Table A-1. NI-DSP Analysis Library Error Codes (Continued)
Error Error Name Description

Number

-21308 Transfer Si zeErr The size of requested block transfer does not have enough space
allocated for it on the board.

-21309 Not DSPHandl e The DSP Handle specified is not valid for this board:
it has either been freed or never allocated.

-21310 Handl eSl ot Err The DSP Handle used does not belong to the same board on
which the function request is made.

-21311 Handl eAl | ocErr Failed to alocate a handle in the interface code.

-21312 Ti meQut Err The Kernel did not respond or finish function execution in the
selected timeout.

-21313 COFF_Fi | ePat hErr Could not find the DSP Library file in the directory set by the
DAQCONF utility.

-21314 Cof f Hdr Er r Thefile you are attempting to load to the DSP board is not
created using the WE DSP32C tools (not an acceptable
COFFfile).

-21315 Cof f Sect Err Found an unimplemented section flag in the COFF file.

-21317 Addr SpaceErr The COFF file you are trying to load is linked with a memory
map that exceeds the maximum memory space alowed by the
WE DSP32C chip (22%).

-21318 NoBr dRespToTr ansf er The DSP board on which you are trying to load the COFF fileis
not responding to the transfer of the file. Check if thereisa
board in the slot desired and verify with the DAQCONF utility.

-21324 FNC_ERR The function ID specified does not correspond to a function that
is part of the DSP Library currently running on the board.

-21325 GROUP_ERR The function ID specified does not belong to any group that is
part of the DSP Library currently running on the board.

-21331 Not Fi ndFuncti onl nDLL An error occurs when loading dsp. dl | library in CIN.

-21332 LoadDLLLi bErr An error occurs when loading afunctionindsp. dl | in CIN.

-21333 Err 1 nGet Functi onHandl e | Anerror occurs when caling the
Get | ndi rect Funct i onHandl e functionin CIN.

-21334 I nval i dByt esSel ect bytes/element selector can only select between 4 bytes(0) and 2
bytes(1).

-21336 Al |l ocArrayFail ed Failed to allocate aLabVIEW array.

-21337 I nval i dArrayType The array type can only be 32-bit floating point data(0), 16-bit
long integer data(1) or 32-hit short integer data(2).

-21338 Pat hnanmeToolLong The path name should be less than 256 characters.

-21339 I nval i dCopyType The entire/partial copy selector can only select between entire
copy (0) and partial copy(1).

-21340 CopyNunGTZer o The number of data to copy should be greater than zero.

-21341 O f set GEZer o The offset should be greater than or equal to zero.

-21342 I ndexSi zeGlIZer o The size of the New DSP Handle Cluster should be greater than

Z€ero.

© National Instruments Corporation
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Error Codes Appendix A
Table A-1. NI-DSP Analysis Library Error Codes (Continued)
Error Error Name Description
Number
-21343 I ndexSi zeOf f set Err The size+offset should be less than or equal to the size of the
DSP Handle Cluster that you index into.

-21344 I nval i dDat aType The data type can only be 4 bytesong(0) or 2 byteslong(1) .
-21345 NunmByt esGTZer o The number of bytes to allocate should be greater than zero.

NI-DSP SRM for LabVIEW for Windows
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Appendix B

Customer Communication

For your convenience, this appendix contains forms to help you gather the information necessary to help us solve
technical problems you might have as well as aform you can use to comment on the product documentation. Filling
out a copy of the Technical Support Form before contacting National Instruments helps us help you better and faster.

National Instruments provides comprehensive technical assistance around the world. Inthe U.S. and Canada,
applications engineers are available Monday through Friday from 8:00 am. to 6:00 p.m. (central time). In other
countries, contact the nearest branch office. Y ou may fax questionsto us at any time.

Corporate Headquarters

(512) 795-8248

Technical support fax:

Branch Offices
Austraia
Austria
Belgium
Denmark
Finland
France
Germany
[taly

Japan
Netherlands
Norway
Spain
Sweden
Switzerland
U.K.

(800) 328-2203
(512) 794-5678

Phone Number
(03) 879 9422
(0662) 435986
02/757.00.20
4576 26 00
(90) 527 2321
(1) 48142400
089/741 31 30
02/48301892
(03) 3788-1921
03480-33466
32-848400

(91) 640 0085
08-73049 70
056/20 51 51
0635 523545

© National Instruments Corporation
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Fax Number
(03) 8799179
(0662) 437010-19
02/757.03.11
45767111
(90) 502 2930
(1) 481424 14
089/714 60 35
02/48301915
(03) 3788-1923
03480-30673
32-848600

(91) 640 0533
08-73043 70
056/27 00 25
0635 523154

NI-DSP SRM for LabVIEW for Windows
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Technical Support Form

Photocopy this form and update it each time you make changes to your software or hardware, and use the completed
copy of thisform as areference for your current configuration. Completing this form accurately before contacting
National Instruments for technical support helps our applications engineers answer your questions more efficiently.

If you are using any Nationa Instruments hardware or software products related to this problem, include the
configuration forms from their user manuals. Include additional pages if necessary.

Name

Company

Address

Fax (___) Phone (___ )

Computer brand Model Processor

Operating system

Speed MHz RAM MB Display adapter
Mouse yes no Other adaptersinstalled
Hard disk capacity MB Brand
Instruments used
National Instruments hardware product model Revision

Configuration

National Instruments software product Version

Configuration

The problemis

List any error messages

The following steps will reproduce the problem

Download from Www.Somanuals.com. All Manuals Search And Download.



NI-DSP for LabVIEW for Windows
Hardwar e and Software Configuration Form

Record the settings and revisions of your hardware and software on the line located to the right of each item.
Complete this form each time you revise your software or hardware configuration, and use this form as areference
for your current configuration. Completing this form accurately before contacting National Instruments for technical
support helps our applications engineers answer your questions more efficiently.

National I nstruments Products

. DSP Hardware

. Interrupt Level of Hardware

. DMA Channels of Hardware

. Base |/O Address of Hardware

. NI-DSP Version

. NI-DAQ Version

. LabVIEW Version

Other Products

. Computer Make and Model

. Computer Bus (XT/AT/ISA or EISA)

. Microprocessor

. Clock Freguency

. Type of Video Board Installed

. DOS Version

. Programming Language

. Programming Language Version

. Other Boards in System

. Base |/O Address of Other Boards

. DMA Channels of Other Boards

. Interrupt Level of Other Boards
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Documentation Comment Form

National Instruments encourages you to comment on the documentation supplied with our products. This
information helps us provide quality products to meet your needs.

Titlee  NI-DSP™ Softwar e Reference Manual for LabVIEW® for Windows
Edition Date: December 1993
Part Number: 320571-01

Please comment on the compl eteness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.

Name

Title

Company

Address

Phone ( )

Mail to: Technical Publications Fax to: Technical Publications
National Instruments Corporation National Instruments Corporation
6504 Bridge Point Parkway, MS 53-02 MS 53-02
Austin, TX 78730-5039 (512) 794-5678
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Glossary

Prefix Meaning Value
n- nano- 109
u- micro- 106
m- milli- 103
k- kilo- 103
M- mega- 106
1D one-dimensional
2D two-dimensiona
Cx complex
dB decibels
DFT Discrete Fourier Transform
DMA direct memory access
DSP digital signal processing
FFT Fast Fourier Transform
FHT Fast Hartley Transform
FIR finite impul se response (filter)
hex hexadecimal
IDFT Inverse Discrete Fourier Transform
|IEEE Ingtitute of Electrical and Electronic Engineers
IFFT Inverse Fast Fourier Transform
IFHT Inverse Fast Hartley Transform
IR infinite impul se response (filter)
/0 input/output
Kwords 1,024 words of memory
LMS least mean square
LSB least significant bit (of aword)
LV LabVIEW
MB megabytes of memory
MLUT Memory Look Up Table
MSE mean squared error
Mwords 1,024 x 1,024 words of memory
pt point
RTS Real-Time System Integration
SCXI Signal Conditioning eXtensions for Instrumentation
S seconds
word 32-bits of memory or four bytes, unless otherwise stated
© National Instruments Corporation Glossary-1 NI-DSP SRM for LabVIEW for Windows
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| ndex

A

Alloc_Mem function, Part 4: 2-3
array VlIs
DSP Absolute, Part 3: 2-4
DSP Add, Part 3: 2-5
DSP Clip, Part 3: 2-11
DSP Divide, Part 3: 2-20
DSP Linear Evaluation, Part 3: 2-50
DSP Log, Part 3: 2-51
DSP Max & Min, Part 3: 2-52
DSP Multiply, Part 3: 2-54
DSP Polar to Rectangular, Part 3 3-59
DSP Polynomial Evaluation, Part 3: 2-58
DSP Product, Part 3: 2-59
DSP Rectangular to Polar, Part 3: 3-65
DSP Reverse, Part 3: 2-64
DSP Set, Part 3: 2-66
DSP Shift, Part 3: 2-66
DSP Sort, Part 3: 2-71
DSP Square Root, Part 3: 2-70
DSP Subset, Part 3: 2-72
DSP Subtract, Part 3: 2-73
DSP Sum, Part 3: 2-73
DSP Unwrap Phase, Part 3: 2-80
list of functions, Part 3: 1-2
prototypes for customizable functions,
Part 4: 3-2t0 3-3
assembling custom libraries, Part 4: 2-7 to 2-8
assembling source code, Part 4: 2-4
makelib.bat file, Part 4: 2-8
procedure, Part 4: 2-7 to 2-8
required files, Part 4: 2-7
using WE DSP32C assembly language,
Part 4: 2-3t0 2-4
assembly dispatch file, generating, Part 4: 2-6
AT-DSP2200 board
board configuration
EISA bus computer, Part 1: 1-3
ISA (or AT) bus computer, Part 1: 1-3
capabilities, xv
DSPlibrary files, Part 1: 1-3
improving execution speed of DSP Vs,
Part 2: 1-7
memory management and data transfer,
Part 2: 1-2to 1-4
software overview, Part 2: 1-1to 1-2
ATDSP.hfile, Part 4: 2-2
AT&T WE DSP32C digital signal processor,
Part 4: 1-1

© National Instruments Corporation
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B

bandpassfilters. Seefilter Vls.

bandstop filters. Seefilter Vls.
boards. See also AT-DSP2200 board.
compatibility of DSP boards with National
I nstruments data acquisition boards, xv
configuration
EISA bus computer, Part 1: 1-3
ISA (or AT) bus computer, Part 1: 1-3
build Dispatch application. See Dispatch application.
Butterworth filter. See DSP Butterworth
Coefficients V1.

C

Chebyshev filter. See DSP Chebyshev Coefficients
VI; DSP Inv Chebyshev Coeff VI.
Code Interface Node (CIN) interface, Part 2: 1-2
COFF (common object file format) file, Part 4: 1-1
compatibility of DSP boards with National
Instruments data acquisition boards, xv
compiling and assembling custom libraries,
Part 4: 2-4, 2-7 to 2-8
configuration. See boards.
Copy Mem(DSP to DSP) VI, Part 3: 2-1
Copy Mem(DSPto LV) VI, Part 3: 2-2
Copy Mem(LV to DSP) VI, Part 3: 2-3
custom NI-DSP library, creating, Part 4: 2-1 to 2-8
adding function names to library function list
file, Part 4: 2-4t0 2-5
adding object filenames to linker file (ifile),
Part 4: 2-4
assembling source code, Part 4: 2-4
compiling and assembling, Part 4: 2-7 to 2-8
compiling source code, Part 4. 2-4
deleting (replacing) function namesin
NIDSP.fnc, Part 4: 2-5
filesrequired to build example library,
Part 4: 2-7
generating dispatch file, Part 4: 2-6
GMaxMin.c example, Part 4: 2-1 to 2-2
guidelines for adding functions, Part 4: 2-2to 2-3
including error codes, Part 4: 2-2
LabVIEW interface, creating, Part 4: 2-8 to 2-12
bundling input parameters to arrays,
Part 4: 2-8to 2-9
caling Custom VI, Part 4: 2-10
executing custom function from LabVIEW,
Part 4: 2-12

NI-DSP SRM for LabVIEW for Windows
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Index

indexing output arrays to obtain results,
Part 4: 2-10to 2-12
linking, Part 4: 2-7 to 2-8
makelib.bat file, Part 4: 2-8
memory management, Part 4: 2-3
parameter guidelines, Part 4: 2-2 to 2-3
prototypes for customizable functions,
Part 4: 3-1t0 3-3
source code creation, Part 4: 2-1to 2-3
stepsfor creating, Part 4: 2-1
using WE DSP32C assembly language,
Part 4: 2-3t0 2-4
Custom VI. See DSP Custom VI.
customer communication, xv, B-1

D

data acquisition functions, Part 4: 3-3
data buffers. See DSP Handle Clusters.
datatransfer. See memory management and data
transfer.
data types
DSP Handle Cluster as array data type,
Part 2: 1-4
icons representing (table), xiii
deleting (replacing) functionsin NIDSP.fnc file,
Part 4: 2-5
Developer Toolkit, xv
DFT (Discrete Fourier Transform), Part 3: 1-4 to 1-5
Dispatch application, Part 4: 1-1, Part 4: 2-6
documentation
conventions used in manual, xii-xiii
organization of manual, xi-xii
related documentation, xiv
DSP Absolute function, Part 3: 2-4
DSP Add function
DSP Handle Cluster input/output example,
Part 2: 1-5
purpose and use, Part 3: 2-5
DSP Allocate Memory function, Part 3: 2-6
DSP Blackman Harris Window V1, Part 3: 2-8
DSP Blackman Window V|1, Part 3; 2-7
DSP Butterworth Coefficients VI, Part 3: 2-9to 2-10
DSP Chebyshev Coefficients VI, Part 3: 2-10 to 2-11
DSPClip VI, Part 3: 2-11
DSP Complex FFT VI, Part 3: 2-12
DSP Convolution VI, Part 3: 2-13
DSP Correlation VI, Part 3: 2-14
DSP Cross Power VI, Part 3: 2-15
DSP Custom VI
calling from LabVIEW interface, Part 4: 2-10
definition, Part 4: 2-9
executing from LabVIEW interface, Part 4: 2-12
purpose and use, Part 3: 2-16
DSP Decimate VI, Part 3: 2-17
DSP Deconvolution VI, Part 3: 2-18
DSP Derivative VI, Part 3: 2-19

NI-DSP SRM for LabVIEW for Windows

DSP Divide VI, Part 3: 2-20
DSP DMA Copy(DSPto LV) VI, Part 4: 4-3
DSP DMA Copy(LV to DSP) VI; Part 4: 4-4
DSP Elliptic Coefficients VI, Part 3: 2-21 to 2-22
DSP Equi-Ripple BandPass VI, Part 3: 2-23 to 2-24
DSP Equi-Ripple BandStop V1, Part 3: 2-25 to 2-26
DSP Equi-Ripple HighPass VI, Part 3: 2-27 to 2-28
DSP Equi-Ripple LowPass V1, Part 3: 2-29
DSP Exact Blackman Window VI, Part 3: 2-30
DSP Exponential Window VI, Part 3: 2-31
DSP FHT VI, Part 3: 2-32
DSP Flat Top Window VI, Part 3: 2-33
DSP Force Window VI, Part 3: 2-34
DSP Free Memory VI, Part 3: 2-34
DSP Gaussian White Noise V1, Part 3: 2-35
DSP General Cosine Window VI, Part 3: 2-36
DSP Hamming Window VI, Part 3: 2-37
DSP Handle Clusters
allocation examples, Part 2: 1-4
array datatype, Part 2: 1-4
bundling for LabVIEW interface,
Part 4: 2-8to 2-9
definition, Part 2: 1-2, Part 2: 1-3
hexadecimal encoding, Part 2: 1-3
illustration, Part 2: 1-3
improving execution speed of DSP Vs,
Part 2: 1-7
input/output, Part 2: 1-5
memory management and data transfer,
Part 2: 1-2to 1-4
obtaining valid DSP Handle Cluster, Part 2; 1-4
output data buffers, Part 2: 1-5
values not to be changed, Part 2: 1-3
Z in, Z out naming convention, Part 2: 1-5
DSP Handleto Address VI; Part 3: 2-38
DSP Hanning Window VI, Part 3: 2-38
DSPIIR Filter VI, Part 3: 2-39 to 2-40
DSP Impulse Pattern VI, Part 3: 2-41
DSP Impulse Train Pattern VI, Part 3: 2-42
DSP Index Memory VI, Part 3: 2-43
DSP Init Memory VI, Part 3: 2-44
DSP Integra VI, Part 3: 2-45
DSP Inv Chebyshev Coeff VI, Part 3: 2-46 to 2-47
DSP Inverse FFT VI, Part 3. 2-47
DSP Inverse FHT VI, Part 3: 2-48
DSP Kaiser-Bessel Window VI,Part 3: 2-49
DSP Linear Evaluation V1, Part 3: 2-50
DSP Load VI, Part 3: 2-50
DSPLog VI, Part 3: 2-51
DSP Max & Min VI, Part 3: 2-52
DSP Median Filter VI, Part 3: 2-53
DSP Multiply VI, Part 3: 2-54
DSP Parks McClellan VI, Part 3: 2-55 to 2-57
DSP Polar to Rectangular VI; Part 3: 59
DSP Polynomial Evaluation V1, Part 3: 2-58
DSP Power Spectrum V1, Part 3: 2-59
DSP Product VI, Part 3: 2-59
DSP Pulse Pattern VI, Part 3: 2-60
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DSP Ramp Pattern VI, Part 3: 2-61

DSP Random Pattern VI, Part 3: 2-62
DSP Rectangular to Polar VI; Part 3: 65
DSP ReFFT VI, Part 3: 2-63

DSP Reset VI, Part 3: 2-63

DSP Reverse VI, Part 3: 2-64

DSP Sawtooth Pattern V1, Part 3: 2-65
DSP Set VI, Part 3: 2-66

DSP Shift VI, Part 3: 2-66

DSP Sinc Pattern VI, Part 3: 2-67

DSP Sine Pattern V1, Part 3: 2-68

DSP Sort VI, Part 3: 2-71

DSP Square Pattern V1, Part 3: 2-69
DSP Square Root VI, Part 3: 2-70

DSP Start VI, Part 3: 2-72

DSP Subset VI, Part 3: 2-72

DSP Subtract VI, Part 3: 2-73

DSP Sum VI, Part 3: 2-73

DSP Timeout VI, Part 3: 2-74

DSP Triangle Pattern VI, Part 3: 2-75to 2-76
DSP Triangular Train VI, Part 3: 2-77
DSP Triangular Window VI, Part 3: 2-78
DSP Uniform White Noise VI, Part 3: 2-79
DSP Unwrap Phase VI, Part 3: 2-80
DSP Zero Padder VI, Part 3: 2-81
dspfncs.hfile, Part 4. 2-6

E

EISA bus computers, Part 1: 1-3
error codes
ATDSP.hfile, Part 4: 2-2
error conditions, A-1to A-4
error inferror out cluster, Part 2: 1-5to 1-7

F

Fast Fourier Transform (FFT), Part 3: 1-4 to 1-5.
See also frequency domain Vls.
fax technical support, B-1
FFT. See Fast Fourier Transform (FFT).
filter VIs
DSP Butterworth Coefficients,
Part 3: 2-9to 2-10
DSP Chebyshev Coefficients,
Part 3: 2-10 to 2-11
DSP Elliptic Coefficients, Part 3: 2-21 to 2-22

DSP Equi-Ripple BandPass, Part 3: 2-23 to 2-24
DSP Equi-Ripple BandStop, Part 3: 2-25 to 2-26
DSP Equi-Ripple HighPass, Part 3: 2-27 to 2-28
DSP Equi-Ripple LowPass, Part 3: 2-29

DSP IR Filter, Part 3: 2-39 to 2-40

DSP Inv Chebyshev Coeff, Part 3: 2-46 to 2-47
DSP Median Filter, Part 3: 2-53
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DSP Parks McClellan, Part 3: 2-55 to 2-57
list of functions, Part 3: 1-2
prototypes for customizable functions,
Part 4. 3-2
filtering algorithms, Part 3: 1-5to 1-6
FIR (Finite Impulse Response) filters, Part 3: 1-6
Free_ Mem function, Part 4: 2-3
frequency domain Vs
DSP Complex FFT, Part 3: 2-12
DSP Cross Power, Part 3: 2-15
DSP FHT, Part 3: 2-32
DSP Inverse FFT, Part 3: 2-47
DSP Inverse FHT, Part 3: 2-48
DSP Power Spectrum, Part 3: 2-59
DSP ReFFT, Part 3: 2-63
DSP Zero Padder, Part 3: 2-81

Fast Fourier Transform (FFT), Part 3: 1-4to 1-5

list of functions, Part 3: 1-1
prototypes for customizable functions,
Part 4: 3-1
Functions Menu, Part 3: 1-4

H

Handles. See DSP Handle Clusters.
hardware. See boards.
header files
ATDSP.h, Part 4: 2-2
dspfncs.h, Part 4: 2-6
highpass filters. Seefilter Vls.

IDFT (Inverse Discrete Fourier Transform),
Part 3: 1-4
IR (Infinite Impulse Response) filters, Part 3: 1-6.
See alsofilter Vls.
installation
board configuration
EISA bus computer, Part 1: 1-3
ISA (or AT) bus computer, Part 1: 1-3
NI-DSP for LabVIEW for Windows,
Part 1: 1-2t0 1-3
NI-DSP Interface Utilities, Part 4: 1-2
Interface Utilities. See NI-DSP Interface Utilities.
Inverse Discrete Fourier Transform (IDFT),
Part 3: 1-4
ISA (or AT) bus computers, Part 1: 1-3

K

Kaiser-Bessel window. See DSP Kaiser-Bessel
Window VI.

NI-DSP SRM for LabVIEW for Windows
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L

LabVIEW software. See NI-DSP for LabVIEW for
Windows.

Linear Constant Coefficient Difference Equation,
Part 3: 1-5

linker file (ifile), Part 4: 2-4

linking custom libraries, Part 4: 2-7 to 2-8

lowpassfilters. Seefilter Vls.

M

makelib.bat file, Part 4: 2-8
manual. See documentation.
Memory Look Up Table (MLUT)
definition, Part 2: 1-3
number of entries allowed, Part 2: 1-3
memory management and data transfer,
Part 2: 1-2to 1-4
DSP Handle Clusters, Part 2: 1-2 to 1-4
examples of DSP Handle Cluster allocation,
Part 2: 1-4
freeing buffers, Part 2: 1-4
hexadecimal encoding of DSP Handle,
Part 2: 1-3
lower-level routines for customized DSP
routines, Part 4: 2-3
Vs for memory management and data transfer,
Part 2: 1-2
memory management VIs
Copy Mem(DSPto DSP), Part 3: 2-1
Copy Mem(DSPto LV), Part 3: 2-2
Copy Mem(LV to DSP), Part 3: 2-3
DSP Allocate Memory, Part 3: 2-6
DSP Free Memory, Part 3: 2-34
DSP Index Memory, Part 3: 2-43
DSP Init Memory, Part 3: 2-44
list of functions, Part 3: 1-2
prototypes for customizable functions,
Part 4: 3-2t0 3-3
memory map files, Part 4: 2-7
MLUT. See Memory Look Up Table (MLUT).

N

NI-DAQ for DOS/Windows/L abWindows
software, xv

NI-DSP AnalysisVIs
accessing, Part 3: 1-3to 1-4
array Vls, Part 3: 1-2
Copy Mem(DSPto DSP), Part 3: 2-1
Copy Mem(DSPto LV), Part 3: 2-2
Copy Mem(LV to DSP), Part 3: 2-3
definition, xi
DSP Absolute, Part 3: 2-4

NI-DSP SRM for LabVIEW for Windows
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DSP Add, Part 3: 2-5
DSP Allocate Memory, Part 3: 2-6
DSP Blackman Harris Window, Part 3: 2-8
DSP Blackman Window, Part 3: 2-7
DSP Butterworth Coefficients,
Part 3: 2-9t0 2-10
DSP Chebyshev Coefficients,
Part 3: 2-10t0 2-11
DSP Clip, Part 3: 2-11
DSP Complex FFT, Part 3: 2-12
DSP Convolution, Part 3: 2-13
DSP Correlation, Part 3: 2-14
DSP Cross Power, Part 3: 2-15
DSP Custom, Part 3: 2-16
DSP Decimate, Part 3: 2-17
DSP Deconvolution, Part 3: 2-18
DSP Derivative, Part 3: 2-19
DSP Divide, Part 3: 2-20
DSP Elliptic Coefficients, Part 3: 2-21 to 2-22
DSP Equi-Ripple BandPass, Part 3: 2-23 to 2-24
DSP Equi-Ripple BandStop, Part 3: 2-25 to 2-26
DSP Equi-Ripple HighPass, Part 3: 2-27 to 2-28
DSP Equi-Ripple LowPass, Part 3: 2-29
DSP Exact Blackman Window, Part 3: 2-30
DSP Exponential Window, Part 3: 2-31
DSP FHT, Part 3: 2-32
DSP Flat Top Window, Part 3; 2-33
DSP Force Window, Part 3: 2-34
DSP Free Memory, Part 3: 2-34
DSP Gaussian White Noise, Part 3: 2-35
DSP General Cosine Window, Part 3: 2-36
DSP Hamming Window, Part 3: 2-37
DSP Handle Cluster input/output, Part 2: 1-5
DSP Hanning Window, Part 3: 2-38
DSP IR Filter, Part 3: 2-39 to 2-40
DSP Impulse Pattern, Part 3: 2-41
DSP Impulse Train Pattern, Part 3: 2-42
DSP Index Memory, Part 3: 2-43
DSP Init Memory, Part 3: 2-44
DSP Integral, Part 3: 2-45
DSP Inv Chebyshev Coeff, Part 3: 2-46 to 2-47
DSP Inverse FFT, Part 3: 2-47
DSP Inverse FHT, Part 3: 2-48
DSP Kaiser-Bessel Window, Part 3: 2-49
DSP Linear Evaluation, Part 3: 2-50
DSP Load, Part 3: 2-50
DSP Log, Part 3: 2-51
DSP Max & Min, Part 3: 2-52
DSP Median Filter, Part 3: 2-53
DSP Multiply, Part 3: 2-54
DSP Parks McClellan, Part 3: 2-55 to 2-57
DSP Polynomial Evaluation, Part 3: 2-58
DSP Power Spectrum, Part 3: 2-59
DSP Product, Part 3: 2-59
DSP Pulse Pattern, Part 3: 2-60
DSP Ramp Pattern, Part 3: 2-61
DSP Random Pattern, Part 3: 2-62
DSP ReFFT, Part 3: 2-63
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DSP Reset, Part 3: 2-63

DSP Reverse, Part 3: 2-64

DSP Sawtooth Pattern, Part 3: 2-65

DSP Set, Part 3: 2-66

DSP Shift, Part 3: 2-66

DSP Sinc Pattern, Part 3: 2-67

DSP Sine Pattern, Part 3: 2-68

DSP Sort, Part 3: 2-71

DSP Square Pattern, Part 3: 2-69

DSP Square Root, Part 3: 2-70

DSP Start, Part 3: 2-72

DSP Subset, Part 3: 2-72

DSP Subtract, Part 3: 2-73

DSP Sum, Part 3: 2-73

DSP Timeout, Part 3: 2-74

DSP Triangle Pattern, Part 3: 2-75 to 2-76

DSP Triangular Train, Part 3: 2-77

DSP Triangular Window, Part 3; 2-78

DSP Uniform White Noise, Part 3: 2-79

DSP Unwrap Phase, Part 3: 2-80

DSP Zero Padder, Part 3: 2-81

error handling, Part 2: 1-5to 1-7

examples, Part 2: 1-8to 1-9

Fast Fourier Transform (FFT), Part 3; 1-4 to 1-5

filtering, Part 3: 1-5t0 1-6

filters, Part 3: 1-2

frequency domain Vls, Part 3: 1-1

function groups, Part 3: 1-1to 1-3

hints for improving execution speed, Part 2: 1-7
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