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1.0 INTRODUCTION

1.1  IDENTIFICATION OF DOCUMENT

This document presents the system requirements for the Quiet Flow Facility (QFF) Neff 495 LabVIEW Dynamic Data Acquisition and Recording Software (LDDARS), a stand-alone high-speed data system developed using LabVIEW. Specific system requirements, as well as user and external interface requirements, will be addressed.

1.2
SCOPE OF DOCUMENT

This document will serve as the basis for designing and developing LDDARS 

1.3
PURPOSE AND OBJECTIVES OF DOCUMENT

The purpose of this document is to specify the functional and interface requirements for the LDDARS software for the QFF facility. 

1.4
DOCUMENT STATUS AND SCHEDULE

The task plan will contain milestones for individual task items necessary for the completion of the project. Completion of the project will consist of a demonstration of the requirements as stated herein. 

1.5
DOCUMENT ORGANIZATION This document is organized into the following sections:

1.0
INTRODUCTION

2.0
RELATED DOCUMENTATION

3.0
REQUIREMENTS APPROACH AND TRADEOFF

4.0
EXTERNAL INTERFACE REQUIREMENTS

5.0
ACCEPTANCE TEST

6.0 
SYSTEM DOCUMENTATION

7.0
STATEMENT OF WORK AND SCHEDULE

8.0
DELIVERABLES

9.0
ABBREVIATION AND ACRONYMS

Section 1 serves as an introduction and discusses document organization, purpose and schedule. Section 2 identifies other related documentation used in developing the requirements. Section 3 describes the overall approach taken in the development of the QFF LDDARS requirements. Section 4 presents the requirements in detail. Section 5 defines testing by the vendor and NASA for acceptance Section 6 Documentation Requirements. Section 7 Statement of work with milestones defined. Section 8 defines what the vendor will deliver.  Section 9 contains a listing of acronyms and abbreviations.

2.0 
RELATED DOCUMENTS

1.    System 495

Data Acquisition and Recording System

Neff Instrumentation Corporation

Document Number 495900

2. NetCDF User’s Guide

An Interface for Data Access





                                       University Corporation for Atmospheric Research Feb. 1996

3. Precision Filters

4196 System







                               Operation and Maintenance Manual Oct 10,1992


4.    User’s Guide

        NASA-DID-P600

        Document Number SD62149_519R0-D6 














3.0
REQUIREMENTS APPROACH AND TRADEOFFS

This section addresses the overall approach in gathering the specific requirements for the LDDARS software.

This document is intended to establish a formal baseline for future development, and to document the present QFF software system ( DDARS), which is being replaced by LDDARS.

The current QFF software controls the central data acquisition system, which consists of a  Neff 495 high-speed data acquisition system and related computer controlled filters and amplifiers. LDDARS requirements refer, where necessary, to the DDARS requirements document.

All source code for the software, links, libraries, and modules developed by the vendor for the LDDARS program shall be provide to NASA. 

4.0
SPECIFIC INTERFACE REQUIREMENTS

4.1
Background information and requirements for data acquisition system.




   SCSI



Hardware Block Diagram

The above block diagram represents the required configuration of the hardware in the LDDARS. 

4.2
System Requirements:

The following paragraphs and diagrams describe the LDDARS operation requirements.

The first step of the LDDARS program is to setup and initialize the Neff 495 data acquisition unit (DAU). LDDARS software will need to provide a function and user interface to define the type of DAU being used and to configure the individual channels (i.e. gain, filter, coupling, SCSI addresses, clock rates and source, etc.) in each DAU. From this information, a scan list will need to be developed. Below is a general block diagram showing setup and initialization of the 495 system along with the overall operational requirements.











Flow Chart showing the major components of LDDARS program

After initializing and establishing the Neff 495, the LDDARS program shall have a feature to display simultaneously current processed data from up to 35 individual channels from all the active data channels on single monitor (see sample display output below). The purpose of the display is to be able to identify any channel that might be faulty prior to taking data. The display software should be either a calibrated time history or frequency spectrum of the chosen channels. The display format shall have the capability of setting error detection criteria, which will modify the display indicating channels that meet these criteria.  The indication can be color change, blinking, or other methods that will be easily recognized by the operator. The display of individual channel information should be as close as possible to real time. From this display the operator shall have access to the channel scan setup file, allowing the operator to change gains and filters if necessary on the individual channel. 

The signal plots in the 35-channel display shall be labeled clearly as shown in the figure below. Controls shall be provided to permit the user to select a data size to be used to compute time history and Power Spectral Density transform (PSD) displayed. The data displayed for all signal plots shall represent time-synchronized sensor data. Presently the data size shall be restricted to powers of 2, from 128 to 1634, with the default 2048. Labview algorithms shall be used for spectrum analysis and the results being displayed with dB on the vertical axis (linear scale)
, f displayed in KHz on the horizontal axis (linear scale).

The time history display X and Y axis shall be linear. The Y-axis shall be millivolts and the X-axis sample index in the range 128 to the data size limit (128 to 16384)
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Example of a 35 Channel Display

This illustration shows an example 35-channel display format.
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Blow Up of a Spectrum Analysis window for an individual channel

NOTE: Both frequency range and amplitude are adjustable.

The 35-channel display shall have a feature to allow the operator to examine an individual channel by selecting the channel of interest from the display. A larger display will then appear for the selected channel (as shown in the above figure). From that individual display the user shall be able to adjust the display parameters (such as frequency range, amplitude, number of points in the PSD display) and to display either PSD or time history information. After the operator has completed examining the individual channel the program will allow the return to the 35-channel display.

A consideration for the 35-channel display would be the occasion when the number of channels needed to be display would be considerably less than 35. For example we may need only 10 channels, in this case it would be preferred that only 10 channels be displayed and the 35 channel screen be divide into 10 equally space analysis windows. The vendor should consider cases where 5, 10, 15,20,25 and 35 analysis windows will only be needed for a particular test.  

Data storage from the Nef495 shall be in NETCDF format. See appendix A for the required header and data format for the NETCDF file A government supplied ansi C subroutine is available for reading and writing data in this format, but a Labview module is preferred. It is essential that data be transferred from individual Neff channel memories to a storage file as quickly and efficiently as possible. The present system (DDARS) takes approximately 5 minutes to transfer 70 channels of information. It is expected that LDDARS will meet or exceed this transfer rate. The LDDARS software developed shall be capable of handling a minimum of 256 channels of data.

Peripheral devices, Precision Filter 27000 programmable preamplifier and Precision Filter Model 4196R18 Switch Matrix are used for signal conditioning and monitoring and will required to be controlled via Labview LDDARS routine. A separate front panel control will be required for these devices.   

The following list defines the salient points that the LDDARS software shall provide.



1) Identify SCSI address of DAU’s

2) Create list of channels in DAU,s

3) Channel setup- ex. Gains, filter, excitation

4) System sample rate and trigger configuration

5) Display 35 channels of interest on one monitor with ability to display individual channel and to modify individual channel setup.

6) Collect transient data, channel setup and system parameters and store this data in Netcdf format.

       7)    Control of peripheral devices.
4.3 Proposed Software:

The LDDARS software shall be a structured Labview program that consists as a minimum of the following subVI’s defined in the following pages. Each VI will perform a particular function. The primary functions needed for LDDARS operation are: Initialized 495 DAU’s, Channel Setup, Real Time/Spectrum Display, Data Capture, Test Parameters and Precision Filter device control. Additional features may be added at a later time. An example of this is boom control developed by NASA which is in the block diagram below. This block diagram represents the structure of the LDDARS program.

QFF DAS—Labview Program



















4.3.1 VI 1- Initialize Nef495 

The purpose this VI is to establish initial gains, filter and coupling parameters used by each Nef495 channel via a SCSI2 interface. This VI will also define sample rate and clock source. Below is an example of a general panel layout for this VI.  Refer to NASA User’s Guide documentation for a detail example of a Neff 495 Setup screen.
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4.3.2- VI 2-  Real Time/ Spectrum Display

The purpose of the Real Time/Spectrum display is to display either DAU in a time series or spectrum format. Alarm software will be included that will assist the operator to identify possible channel problems. An example of spectrum display can be seen on part two of this proposal, below is a panel layout of a 35-channel real time display.  To be able to monitor in a real time mode, the Neff 495 will need to be in a mode to stream data continuously until “ take data” is enabled.
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35 Channel Time Series Display

4.3.3 VI 3 - Channel Setup

During testing an individual channel parameters may need to be changed. This page would allow the operator to adjust the individual channel by directly addressing the channel via software select buttons. Features should be included that give the operator the ability to easily replicate channel conditions for groups of channels and display their parameters. After exiting the setup file, the channel will be set to the new conditions. This page will have an indicator showing which channels are enabled and a “Take Data” button so the operator can collect data as soon as the system conditions have been established. The condition for taking data will be defined on the “Data Capture” page. Refer to NASA User’s Guide documentation for a detail example of a Neff 495 Setup screen.
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4.3.4 VI 4- Test Parameters

There is a list of parameters that are required for each QFF data file (see appendix A). NASA/LaRC personnel will develop this page with assistance from the vendor to ensure all parameters will be listed. The developer should include the manually entered values and leave the remaining portion of the page blank for the customer to include additional values. A list of manually enter values is listed below with an example of the panel:

Geometry ID number –alpha numeric

Data ID number- alpha numeric

Angle of Attack-degrees

Flap Angle-degrees

Flap Overlap-degrees

Flap Gap-inches

Calibration Name- alpha numeric

Test Engineer- alpha numeric

Coordinate system- alpha numeric
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4.3.5 VI 5- Data Capture

The purpose of this page is to define how to create a Directory and a file in LDDARS. 

All data acquired will be stored in a NetCDF format (see appendix A). This file will have a predefined name: File identification consists of a prefix of a “test number” that range from 1 to 9999, a “run number” that range from1 to 9999 and a “trigger point” 0 to 999. Below is an example of a file prefix:

T0999R0001P001

The remainder of the file is a Sequence number made up of DAU number, block number, and channel number. Below is an example of the file names for channels 1 through 3 on DAU1 with a single block of data. Refer to Block record function Neff 495 Operation and maintenance manual for determining block values. 

N= DAU# B=Block# C=channel#.

T0999R0001P001B01N1C01

T0999R0001P001B01N1C02

T0999R0001P001B01N1C03

The second portion of this page will set up the trigger condition for taking data. The system has the ability to acquire data using either a software trigger or external trigger. Using software trigger the “take data” button will work in parallel with the channel Setup “take data” button. Either can initiate taking data in the software mode.

The last portion of this page defines the directory where data will be stored along with a running update of space availability.
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4.3.7 VI 7 Precision Filter Model 27000 Programmable preamplifier and Model 4196R18 Switch Matrix.

The Precision Filters , Inc Model 27000 programmable preamplifier equipment shall be controlled from a command-line program using a serial interface. The program shall display and control the gain and coupling of each installed preamplifier. Refer to Precision Filter and Wyle Neff documentation for an example of Model 27000 controls and commands. Refer to NASA User’s Guide documentation for a detail example of a Neff 495 Setup screen.


Precision Filters Model 4196R18 Switch Matrix

The Precision Filters 4196R18 Switch Matrix is organized as one 128-channel chassis attached to a second 64-channel chassis. There are 32 output channels, each attached to a single channel of the DAU2  Neff data acquisition chassis. The switch matrix control shall be incorporated into the LDDARS software as a separate function. Refer to Precision Filter manual and Wyle Neff documentation. Presently only one Precision Filter switch is being used. Which allow for a maximum of 64 inputs and 64 outputs. Refer to NASA User’s Guide documentation for a detail example of a Neff 495 Setup screen.

4.3.7 VI 7 -  Boom control

Page 6 is the Boom control software that has been developed by NASA/LaRC that will be incorporated into the overall software package. The development and inclusion of the boom control software will be the responsibility of  NASA/LaRC. Boom angle will be a parameter pass to LDDAS for the NETCDF file. Several other programs will also be included to monitor temperature, pressure and tunnel parameters which will also pass information for storage.

5.0 ACCEPTANCE TEST OF LDDARS PROGRAM

The vendor and NASA shall develop test procedures for evaluating LDDARS. They will be divided into two major areas with milestones to demonstrate progress. The vendor will develop Labview VI’s to exercise the LDDARS to prove the functionality and accuracy of operation along with initial VI’s to demonstrate system communication. NASA will define a total system test to prove the detail operation of LDDARS. 

5.1.0
PURPOSE AND OBJECTIVES

The vendor will provide a test plan, procedures, test VIs and data to validate the correct operation of the LDDARS program. It is expected that the associated procedures, test VI’s and data will become the standard for testing the functionality during the life of LDDARS. The test procedure will be divided into key elements to segment the major components of the LDDARS program.  

5.1.1
TEST IDENTIFICATION AND OBJECTIVE

The test plan shall be composed of a set of procedures to exercise the system based on general functional areas as defined in this document. Validation of the LDDARS software will be accomplished with test case procedures that exercise the software with various inputs and conditions and evaluate the outputs (results), which are produce by the software.  This evaluation will ensure that these results comply with both the expected results and with additional criteria specified by the procedure. Initial test procedures will become milestone task requirements. It is expected that the communications of the Neff 495 and peripheral devices be demonstrated before developing LDDARS sub VI’s. Both parties will approve final written documents defining each test and sign off on their results. The test procedures should be concluded with the collection of data and the post analysis using NASA software to ensure compatibility.

6.0
SYSTEM DOCUMENTATION

The vendor will supply a help function with each VI and sub VI included in LDDARS. The VI help function will contain detail information on its’ operation and components to ensure future recreation of the VI if it becomes corrupted. The only written documents necessary will be an operator manual providing overall system description and an acceptance test document that will have to be approved by both parties.

7.0
STATEMENT OF WORK AND SCHEDULE

A kickoff meeting shall be held between LaRC QFF personnel assigned to the project and the Contractor’s design personnel at the start of the project. The purpose of this meeting shall be to review the requirements of the project and to assure each party is in agreement. At this time the necessary hardware and documentation for software development will become available for the contractor.

Within fifteen working days after the kickoff meeting a second meeting will be held to demonstrate communication with the Neff 495 and peripheral equipment.

One month after the second meeting a third meeting will be held. The purpose is to review software progress. At this meeting all front panels for the VI’s and Sub VI’s for the LLDARS will be presented along with documentation that will be included with the displays.

Two weeks after the software review meeting another meeting will be held on the software progress and to include final acceptance testing procedures and the system test VIs.

Ten weeks after the kickoff meeting both parties will meet at the QFF facility to perform acceptance testing.

8.0

DELIVRABLES

After acceptance testing has been completed and signed off by both parties the vendor shall deliver three CD copies of LDDARS. All supply VI’s will run on Labview revision 6.1. The copies will include test programs all source files, libraries , links and documentation necessary to support and modify LDDARS.  

9.0

ABBREVIATION AND ACRONYMS

This section contains a list of abbreviations and acronyms that are used throughout this document.

DDARS

Dynamic Data Acquisition and Recording System

FFT

Fast Fourier Transforms

LMS

Langley Management System

NASA 

National Aeronautics and Space Administration

QFF

Quiet Flow Facility

DAU

Data Acquisition Unit

PSD

Power Spectral Density

APPENDIX A

NetCDF Header Structure

(see attached Excel sheet)

APPENDIX  B

DDARS HARDWARE CONFIGURATION
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