DOT/FAA/AR-95/18 Users Manual for the Federal

Offc o iton s Aviation Administration Research
and Development Electromagnetic
Database (FRED) for Windows:
Version 2.0

February 1998
Final Report
This document is available to the U.S. public

through the National Technical Information
Service (NTIS), Springfield, Virginia 22161.

Q

U.S. Department of Transportation
Federal Aviation Administr ation



NOTICE

This document is disseminated under the sponsorship of the U.S.
Department of Transportation in the interest of information exchange. The
United States Government assumes no liability for the contents or use
thereof. The United States Government does not endorse products or
manufacturers. Trade or manufacturer's names appear herein solely
because they are considered essential to the objective of this report.



Technical Report Documentation Page

1. Report No. 2. Government Accession No.

DOT/FAA/AR-95/18

3. Recipient's Catalog No.

4. Title and Subtitle

USERS MANUAL FOR THE FEDERA. AVIATION ADMINISTRATION
RESEARCH AND DEVELOPMENT ELECTROMAGNETIC DATABASE (FRED)
FOR WINDOWS: VERSION 2.0

5. Report Date

February 1998

6. Performing Organization Code

7. Author(s)

Rosemarie L. McDowall

8. Performing Organization Report No.

9. Performing Organization Name and Address

GalaxyScientifc Corporation
2500 Emlish CreakAverue, Bldg. 11
Egg Harbor Township, NJ 082345562

10. Work Unit No. (TRAIS)

11. Contract or Grant No.

DTFA03-89-C-00043

12. Sponsoring Agency Name and Address

U.S. Depariment of Transportation
Feckral Aviation Administratian
Office of Aviation Research
Waghington, DC 20591

13. Type of Report and Period Covered

Final Report

14. Sponsoring Agency Code

AAR-421

15. Supplementary Notes

William J. Hughes Echnical Cente€OTR, Peter Saaceni

16. Abstract

This document providesinstructianal guidelines to users 6 the Fedral Aviation Administration (FAA) Research anBevelgpment
Electronagnetic Databae (FRED) Verson 2.0. Instructions are prowded onhow to acces FRED from a conpact dik (CD) ard
how to acces the erire st of waveforms. The lightning strike waveforms have beencollected fom various FAA teds (which have
beengored onthe Idato Natioral Engineerirg & Environmertal Laboratory(INEEL) conputery ard canbeaccesed viathe Internst

or dial-up modem

The lightning stike data contained in FRED are desaibed, including how the data were acquired and processal for entry into FRED.

Troubleshating information is alsoprovided along with erra message escrigtions andcarective actions. (Contact nunbers of

supportper®nned are awilable for FRED Datba® Administraion.)

17. Key Words

C-160, G/-580, Dathass, Electic fields Elecromagnetic
ervironmert, Electronagnetic hazards Electronagnetic waveforms,
Environmental da, ~106, IRED, Inflight researchprogarrs,
lightning, Lightning Chaacterization Program, Magnédic fields, NASA
StormHazard$Program Trarsal

18. Distribution Statement

This document is available to the public through the
National Technical Inbrmation Service (NTS),
Springfield, Virginia 22161.

19. Security Classif. (of this report) 20. Security Classif. (of this page)

Unclassifed Unclassifed

21. No. of Pages 22. Price

73

Form DOT F1700.7 (8-72) Reproduct ion of completed page aut horiz ed




TABLE OF CONTENTS

EXECUTIVE SUMMARY

1.

INTRODUCTION
1.1 Backgound
1.2 FRED Data

1.3

1.2.1 Environmental Data
1.2.2 Electromagetic Data
1.2.3 Waveform Data
1.2.4 Other Data

Data Sources

1.3.1 CV-580 Data
1.3.2 NASA F-106 Data
1.3.3 French Transall Data

DATABASE AND USER MANUAL INFORMATION

2.1
2.2
2.3
2.4
2.5

The RRED Environment

FRED Data Structure

Database anguage and Conventions
Help Function

Error Messageand Faults

2.5.1 General Error Messag
2.5.2 General Protectiondalts

ACCESSING FRED

3.1
3.2
3.3
3.4
3.5
3.6
3.7

RequestindAccess to RED
System Requirements

Windows Conventions

Windows Setup

FRED for Wndowslnstdlation
Accessing=RED for Wndows
Communications Software Setup

3.7.1 Internet Connection
3.7.2 Modem Connection

Page

Xi

B

& WWNN

o1 01 O1

0 0o N o ol ol

o

10
10
11
11

11
12



10.

11.

RELATIONSHIP OF WMINDOWS AND ICONS
OPEN SOURCESICON
5.1 Sources
5.1.1  Flashes in Souce Xxxx
5.1.1.1 Flash #n gxxx)
RUN THE AD HOC RE®RT ICON
6.1 Ad Hoc Reporting
6.1.1 Queried Report
SQLREPORTNG CAPABILITY ICON
ENVIRONMENTAL INFORMATION ICON
8.1  QueryLimits Window
8.1.1 QueryLimits [seléct query
8.1.1.1 Queried Environmentall&shes

8.1.1.1.1 Waveforms in fFash # n (Queried
Environmental Fashes)

8.1.2 QueryLimits [Cseléct plot
8.1.2.1 Environmental Plot Options
8.1.2.1.1 Plot ofselected plot parameters
PRINT CURRENT $HEET ICON
SAVE ROWS TO HLE ICON
PLOT THE DEFAULT MINMAX W AVEFORM ICON
11.1 Default Min/Max

11.1.1 GNUPIot

12

13

13

13

14

15

15

15

15

16

16

16

16

16

17

17

18

18

18

19

19

19



12.

13.

14.

15.

16.

17.

18.

PLOT THE WAVEFORM AROUND THE HEAK ICON
REQUEST/VIEW PLOTSICON
13.1 Desired Attributes for Plottingvaveform #n
13.1.1 Downloadinga Fle
13.2 Plots for Waveform #:n
13.2.1 Add
13.2.2 Delete
13.2.3 Modify
13.2.4 Plot
CLOSE CON
HIERARCHY OF WNDOWS LMENUS
FILE MENU
16.1 Open
16.1.1 Sources
16.1.2 Report
16.1.3 SQL Report
16.1.4 Environmental
16.2 Printer Setup
16.3 Print
16.4 Save to He
16.5 Plot Locations
16.6 Plot Host Options
16.7 Close
ROWS MENU
17.1 Sort
17.2 Filter
17.3 Detall
PLOT MENU

18.1 Default Min/Max
18.2 Default Peak

19
20
20
22
22
22
22
23
23
23
23
24
24
24
25
25
25
25
25
25
25
26
26
26
26
27
27
27

27
27



19.

20.

21.

22.

23.

18.3

Request/View

WINDOW MENU

19.1
19.2
19.3
19.4

HELP

Cascade

Layer

Tile and Tile Horiontal
Icons

GENERALINFORMATION ON DATA PROCESSING

21.1
21.2

21.3

Computation of Peak-Related Values
Determination of Pulsenitiation/Termination

21.2.1 Computation of Epsilon Values
Error Computation

21.3.1 Noise Waveform Determination

CV-580 DATA

22.1

22.2

Full-Scale Value

22.1.1 Definitions
22.1.2 Full-Scale Value
22.1.3 Saturation Threshold

Scale Rctors
22.2.1 1984 Scale &ctors

22.2.2 1985 Scale &ctors
22.2.3 1987 Scale &ctors

NASA F-106 DATA

23.1
23.2
23.3

NASA Direct Lightning Strike Progams, 1982 Throug1984
Introduction
Data Processing

23.3.1 Data Dropout
23.3.2 File Format

Vi

28
28
28
28
28
28
28
29

29
29

29
30
33
34
34
34
34
34
34
35
36
36
41
41
41
42

42
43



24,

25.

26.

23.3.3

23.3.4
23.3.5
23.3.6
23.3.7

23.3.2.1 Header Record
23.3.2.2BinaryWaveform Data

Data ProcessinBrocedures

23.3.31 ASCII to HoatingPoint Format Conversion
23.3.32 HoatingPoint to 8-Bt Conversion

23.3.33 Computer Removal of Spurious Data
23.3.34 Inspection of Vdveforms

23.3.35 Data Editing

23.3.36 Data Submission

1982 Data
1983 Data
1984 Data
Waveform Saturation

23.4 Summary

FRENCH TRANLL DATA

24.1 Overview

24.2 1986 Data

24.3 1988 AnalogData
24.4 1988 Digtal Data

BIBLIOGRARHY

GLOSSARY

APPENDIX A [CHelp and Error Messag

vii

43
43

44

44
45
45
45
46
46

47
47
48
48
48
49
49
49
50
51
52

53



LIST OF FIGURES

Figure
1 System Block Diagram
2 Data Relationships
LIST OF TABLES
Table
1 Environmental Data
2 Default Longtudes and Htitudes
3 Electromagnetic Data
4 Other Data
5 FRED RanoteAccess hformaion
6 Avalilable File Formds
7 Menu Descriptions
8 1985 Sensor ScaleaEtor Discrepancies
9 1985 Record ScalegEtor Discrepancies

10 1984 Channel Map and Scaladtors

11 1985 Channel Map and Scaladtors

12 1987 Channel Map and Scaladtors

13 F-106B Header Entries

14 List of Sensor Abbreviations, gbanations, andife Tags

viii

Paye

~N O

Page



A/m
Als
API
ASCII
C/m
CD
CEAT
DBA
DIR
DLL
DSF
EMA
eps
FAA
FM
FRED
FTP
GPB
GSC
GUI
Hz

ID
IDOT
ILW
ILW-L
INEEL
INFF
INFF-H
INFF-L
INLW
JS
JSAF
JSFF-L
JSLW
JSRW

MAX
mm
N/A
NASA
NOAA
nsec

LIST OF ABBREVIATIONSAND SYMBOLS

Amps pe meer

Amps per second

Application Progam Interface

American Standard Code faffdrmation hterchang
Coulombs per meter

Compat Disk

Centre d’Essais Aeronautique de Toulouse
Database Adnmistrator

Direct

Dynamic Linked Library

Data Sale Facbr

Electro Magnetic Applications, hcorporated

epsilon

Federd Aviation Administrdion

FrequencyModulation

FAA Research and Devepment Elecromagnetic Database
File Transfer Protocol

General Purpos@strument Bis

Galaxy Saentific Corporaion

Graphtal User hterface

Hertz

Current

Identific ation

Derivative Current Sensor

Current Sensor ondft Wing

Current Sensor ondft Wing - Low Frequency

Idaho National Engieering& Environmental Bboratory
Normal Current Sensor orofward Fuselag

Normal Current Sensor orofward Fuselag - High Frequency
Normal Current Sensor orofward Fuselag - Low Frequency
Normal Current Sensor orett Wing

Surface Qirrent Sensor

Surface QurrentSensor on AftFuselag

Surface Q@irrentSensor on Forward Fusagle - Low Frequency
Surface QurrentSensor on left Wing

Surface Qirrent Sensor on Fght Wing

kilo

Maximum

millimeter

Not Applicable

National Aeronauitcs and Pace Adninistration

National Oceanic and Atmospheric Administration
nanosecond



ONERA
PC
PCM
PPP
rms
ROM
RSF
SD
SLIP
SQL
SSF
SSFDS
vV

Vi
WINSOCK

Offices Naibnaks des Hides eRécherches Aerospates
Personal Computer

Pulsed Coded Modulation
Point-to-Point Protocol

root mean square
Read-OnlyMemory

Record Sale Facor

Standard Deviation

Serial Line hterface Rotocol
Structured Query.anguage
Sensor fale Facbr

Sensor fale Facbr Dat Scale
Volt

Peak Vale

Windows Socket



EXECUTIVE SUMMARY

This doaument provides instrutiond guidelines to uses of theFederal Aviation Administrdion
(FAA) Research and Development Electronedig Database ED) Version 2.0.Instructions are
provided on howd access FRD from a conpact disk (CD) andhow to accesghe enire setof
waveforms. The lightning strike waveforms have been collected from variofs Eests (which
have been stored on thdaho National Engeering & EnvironmentalLaboratory (INEEL)
conputers) and can be accessed tie Internetor dial-up nodem

The lightning strike datacontainedn FRED are described, includingow the data were acquired
and processed for entiyto FRED.

Troubleshootingnformationis alsoprovided, alongvith error messagdescriptions and corrective
actions. For further information contact Kurt ¥gner of INEEL at (208) 526-9531.
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1. INTRODUCTION.

1.1 BACKGROUND.

Researchershroudhout the world have conducted research onhtiging In general, once a
researcher has pusited dat and conalsions, t is difficult for others b accesshat dat. To
overcomethis problam, the Federa Aviation Administrdion (FAA) has soligted dda from severa
soures to be compiled into the FAA Research and Development Electromagnetic Database
(FRED). Currently airborne data from the CV-580, the Natiorsronautical and Space
Administration’s (NASA) F106 progam, and the fénch Transall C-160 data reside in the
database.

Following extensivetestingof the FRED environment, it was determined that the use ofddivs
technolog would make FRED more user-friendlyl he result i=RED for Wndows, described by
this Uses Manud.

FRED for Wndowsis a personatonputer (FC) -based apptaion which alows the user® access
basicdataaboutlightning strikeson the user's own PCln addition, exensive waveform data is
housedon a FRED Data Serverat the tdaho National Engeering& Environmental Bboratory
(INEEL) in Idaho Hlls, Idaho.

FRED includesinformation compiled byesearchers usirgjfferent equipment and havingrious
research gals. As a result, some records magt have data in all fields.

FRED for Wndowscan be usedtview information that hasbeencollecied, planfuture physical or
statistical research projects, and testthghg models.

The database supports the followfngctions:

. Database browsing
. Ad hoc database queries
. Waveform processing

— Plot generation

— Data reduction bgecimation, filteringrange, min/maxand averagg
— Data manipulation functions for the intagon and differentiation of waveforms

1.2 FRED DATA.

FRED containsthree types of data: environmental, electromagtic, and waveform. At a
minimum, therewill be environmental and electromagic data for each strikeA FRED for
Windows compactdisk (CD) contains all of the environmental and electromeéig data. In
addition, two subset waveforms are provided for each wavefoFRIED. Onesubsetvaveform
containsa thousand data points around the peak of the waveform (250 before the peak and 750
after). The othersubsetcontains a thousand data points which are minfraage points selected

over the entire waveform tavg the user an overall picture of the waveform without $tnecture

detall.



The folowing sectons desche he daafields n FRED. Thedefaut value for eachfield is given.
In general, the numeic default vaue will be somevdue tha is physicaly or logicaly impossibleto
obtain. For the alphabetic default, the letter “U” or the word “Unknown” will be disglay

1.2.1 Environmental Data

Environmenta daa consists of di tha desaibes theenvironmeant a the time of the strike Air
temperature, airspeed, and precipitatiopetyare eamples. Table 1 shows the possible
environmental data fields and their default or unknown values.

TABLE 1. ENVIRONMENTAL DATA

Field Defaul Value Origin
STRKETYPE blank log sheet
ALTITUDE -9999 log sheet
AIRSPEED -9999 log sheet
OUTSDE AIR TEMPERATURE -999 log sheet
ELECTRICAL PHENOMENA blanks log sheet
PRECIPITATION SEVERITY 9 log sheet
TYPE OF PRECIPITATION 9 log sheet
TURBULENCE SEVERTY 9 log sheet
ATTACHMENT POINT blanks log sheet
DETACHMENT PONT blanks log sheet

Latitudes and longudes are not shown in table JAlthough various data sourcesmay contain
strikes for which this informaion is not aailable, these vdues have been estimated. The ddault
latitudes and lontudes for data sources IlRED are shown in table 2.

TABLE 2. DEFAULT LONGITUDESAND LATITUDES

Data Source Latitude Longtude
CV-580 28:00:00 N 81:00:00 W
NASA F-106 38:00:00 N 75:00:00 W
Transall C-160 43:30:00 N 1:30:00 E

1.2.2 Electromagetic Data

Electromaynetic daa consists of kectromagnetic paameers thda can be caculated from a
waveformor sensed directly Table 3 shows the possible electrometgs data fields and their
default values.Fields whose default values are marked with an asterisk (*), doawvetdefault

values. If the value is unknown, no record will be made because the rest of the fields cannot be
evaluaed.



TABLE 3. ELECTROMAGNETIC DATA

Field Defaul Value Origin
SENSNG PARAMETER * Documentdion
PEAK VALUE OF PARAMETER 0 Cdculation
TIME TO PEAK VALUE OF PARAMETER 0 Cdculation
PEAK RATE OF R6E OF PARAMETER 0 Cdculation
TIME OF FEAK RATE OF RISE 0 Cdculation
FULL WIDTH AT HALF MAXIMUM VAL UE 0 Cdculation
TIME TO HALF MAXIMUM VAL UE 0 Cdculation
NOISE WAVEFORM FLAG NO Cdculation
SATURATION FLAG SET U Documentdion
INTEGRATION START AND STOPTIMES blank Cdculation
ACTION INTEGRAL blank Cdculation
ACTION INTEGRAL ERROR blank Cdculation
CHARGE TRANS-ER blank Cdculation
CHARGE TRANS-ER ERROR blank Cdculation
TRIGGER THRES$IOLD -9999 Documentdion
SATURATION THRESHOID -9999 Documentdion
FULL SCALE -9999 Documentdion

1.2.3 Waveform Data

Waveform data consists of data points recorded eithex digital or an analogrecorder. If the
waveform was recorded in analog forma, it was digtized before it was induded in FRED.
Waveform data included in the userlSRED for Wndows instdlation package consists of two
waveformsubsetdor eachwaveform in FRED. One subset is 1000 points around the peak (250
before the peak and 750 after)lhe other is 1000 points which represent theimum and
maximum dat points in intervals everny spaced acros$d@ whok waveform The enire setof
waveforms are available at theHEL and are accessed via tBesired Attributes for Plotting
Waveform #n window. The window indicates the number of data points in the waveform and
provides data reduction methods for downloadinmprtion of the waveform.

1.2.4 Other Data

In addition to the data described abovBED carries other information describitige lightning
eventand its measurerant Specificaly, this dat descrbes he daa source or He colecion
equpment These felds are shownnitable 4. Fields whosedefaut values are marked with an
asterisk (*) do not have default values.



TABLE 4. OTHER DATA

Field Defaut Value

SOURCE TYPE blank
SOURCE NAME *
PRIMARY RESEARCHER blank
RESEARCHERS AFFILIATION *
DATE OF FLASH *
TIME OF FLASH *
TIME OF INITIAL SAMPLE POINT U
SENSOR LOCATION blank
DIGITIZER ID 0
SAMPLING INTERVAL 0
SAMPLING WINDOW 0
ANAL OG RECORDERD 0
MANUFACTURER blank
MODEL NUMBER blank
SENSOR TYPE blank
LOWER FREQUENCY REBONSE LIMIT 0
UPPER FREQUENCY REBONSE LIMIT 0
ACCURACY blank
NUMBER DISCRETIZATION LEVELS 0
NUMBER OF CHANNELS 0
MAXI MUM FM BANDW IDTH 0
MAXI MUM DIRECT RECORD BANDWDTH 0
FULL SCALE 0
DYNAMI C RANGE 0
SENSOR SCALE FACTOR *
RECORD SCAIE FACTOR *
DATA SCALE FACTOR *

*

NUMBER OF FOINTS

1.3 DATA SOURCES

Currently FRED contains data from theAlA’'s CV-580 progam, the NASA'’s FLO6 progam, and
the FrenchTransal progam The dah from each of hese progans represerdd an effortof daga
retrieval, manipulation, and verification before input into tREB database.



1.3.1 CV-580 Data

During 1984, 1985, and 1987, thé& /& recorded electromangtic measurements b htningstrikes
to a Convair 580 aircraft that was flown Horida thunderstorms.This progam was conducted
jointly with the Air Force, Navy NASA, the Natonal Oceant and Amospherc Administration
(NOAA), and the Offices Nationales des Etudes et Récherches Aerospatiales (ONERA).
Convair 580 was hardenedaagst lihtning During the course of the progm, the aircraftvas
struk gpproxmately 60 times.

Three types of dda were collected: digital recordings, analog recordings, and manudly written log
sheets.The logsheets contain information about the environment, such aftitbde ,temperature,
airspeed, and preipitation and turbulece conditions. They dso ontan thedae and time of the
strike and the aircrastposition (longude and latitude) when it was struck.

The CV-580aircrafthadseveralsensors located throigut the structureThe number, fyes, and
locations of the sensors varied from oearytothe next The sensorded both analoganddigital
taperecorders.Theanalogrecorders ran continuoustiuringthe flight, except when a tape ran out
and a new tape was beingpunted. Analogrecording were made of 48 strikes to the aircrafte
analog signals were converted to digl representations b¥lectro Magetic Applications,
Incorporaged (EMA). Thestdf at theINEEL entered thedigitized analog dda, thedigital data, and
thedaa from thelog shests into FRED.

1.3.2 NASA F-106 Data

Between 1981 and 1986, NASA studiedhliging at high atmospheridevels. An instrumented
F-106 aircraft was flown into storm cloudBIASA collected data on strikes that occurred riear
aircraft as well as those that directlif the plane. Although both analognd digital waveforms
werecollected,only thedigital waveforms were available for incorporation inRED. The F106
Progam recordeddatasimilar to that collected in the CV-580 pr@gm and also environmental
data.

1.3.3 French Transall Data

TheFrenchflew a Transallaircraftin both 1986 and 1988Analogrecording were made in 1986
and both analog and digtal recording were made in 1988. Current and current density
measurements were taken in 1986; and current, electric, antetmaiield measurementisere
taken in 1988. The digtal recording primarily coveredthe attachmentphaseof the lightning
strike.

2. DATABASE AND USER MANUAL INFORMATION.

2.1 THE FRED ENVIRONMENT.

FRED for Wndowsis a Windows-based application pragn which provides multiple wayto
access FRD’s descmptive, envionment, elecromagnetic, and waveforndat. It also provdes
proassingoptions ad plotting capabilities. The desaiptive, environmenta, and electromagnetic



data are provided as part of the PC-resident application in a local datdbasee CD-ROM
version, two overview plots are also included for each wavefdéntire waveforms arprocessed
remotdy a the INEEL pe the use’s processing sdections to reduce the daa or to peform
integation or differentiation calculationgThis is referred to a&lownloadingwaveforms.”) The
resulting plot daa are returned to the use’s PC for plottingand to besaved. Figure 1 shows the
FRED environment.

PPP
Client PC | Modem Modem Pool

FRED
Database

Router

. Internet
Client PC Router

FRED
Database

FIGURE 1. SYSTEM BLOCK DIAGRAM

There are two methodsto access the complete waveforms at tREHL. FRED for Wndows
allows users who have medrk accesshrough their own conputer (i.e., accesstthe Internef) to
connectdirectly to the IRED Data Server on which the waveforms are stor€de appropriate
addressingnformation is alreadyn FRED for Wndows. Users who do nohave nawork access
will need a moden and TCP/P/PPP ommuniations softwae tha provides aWindows dyamic
linked library (DLL) that is Wndows SockefWINSOCK) compliantand supportspoint-to-point
(PPP) or serial line interface protocol (Bl

2.2 FRED DATA STRUCTURE

The da&in FRED is organized in a hierarcheal structure. For each source of @gathereis asource
record which shows the name of the source, the names of the researchers who acglated the
and the dffiliation of thoseresearchers & the time the daa was aquired. Figure 2 shows the
relationships anong déda entities.

For each source, there will be one or more flaslkehflash recordcorresponds$o onelightning
event. The flash record contains information about the condittise time of the strike, suchas
temperatureprecipitationtype, altitude,andairspeed. These are conditions that are common to all
waveforms resultingfrom thestrike
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FIGURE 2. DATA RELATIONSHIPS

For each flash record, there will be one or more waveform recdtdsh waveform record is a
recordingof the waveform output bgne sensor.The numbef waveformrecordsis determined
by the number of channels of data recorded duhedightningevent.

For each waveform record, there will be oahe electromaggtic datarecord. Theelectromagetic
data have been calculated from the associated waveform.The data consist of discrete
elecromagnetic parangters, such as peak wa and peak ratof rise. For currentwaveforns, the
acion integral and chargtransfer are ab catulated and stred n the ebcromagnetic dat record.

The flash numbersandwaveform numbers were assggl sequentiallyvhen the data was entered
into FRED. As a result, the numbers in some sources moaye consecutive or there maggaps

in the sequence.For example, all the CV-580 analogata was entered intoRED before the
CV-580 digtal data was enteredSo the analogvaveform numbers argequentialput thereis a
gap in the sequence between the analag digtal waveform numbers.

2.3 DATABASE LANGUAGE AND CONVENTIONS.

FRED data are accessed throwy Windows point-and-clicknterface. The datacan be viewed
hierarchcaly by sekcing the Open Sources icon whidh displags a saollable list of soures.
Double-clicking on a sourcedisplays a scrollable list of all flashes for the selected source.
Likewise, double-clickingn a flash displainformation on each of the sensors that colledtzd
during a flash, be ekctomagnetic paranaters that were calecied, and the anabg recorderor
digitizer. At any pointadeail reportcan beviewed on asinde item (eg., sasor) thais displaed.

At the sensor level, two overview plots can be viewed or custohpilots can be created.



The ad hoc report optiofiR(in the Ad Hoc Report icon) provides a crosscut report featufiene
use can sdect any fields of inteest, sort theesults, ad restrict the se of results (filte).

Data can be saved in other formats.(éxcel, Quatro Pro, di®e, etc.jor manipulationin other
software or reportingpackags, or the data can be copiedingthe standardNindowsEdit-Copy
feature) to the clipboard.

Environmaital plots ae available for plotting pesk current or pek rae of rise versus latitude
longtude, dtitude, and tampeature

Finaly a stuctured queryjlanguage (SQL) interface s avalable for constuctng dabasequeres.
This option is recommended orityr those egerienced with SQL

2.4 HELP FUNCTION.

The Help function has two actions, dependinghe situation from which it is invokedf an error
messag has appeared and the Help function is invoked, the error reassaglained.Whenthe
Help function is invoked from other windows, appropriate help information will appear.

2.5 ERROR MESSAGES AND FAULS

2.5.1 General Error Messag

Appendix A lists error and information messsgin alphabetical order e first word of the
messag The first column shows the error messag’he second columshowsthe result of
acknowledgng the error messag The last column indicates actions thia usermight considerto
correctthe error condion.

AppendixA contains known error messsg however, it mayot be comprehensive, &sacld"
bugs and system gjtches could gnerate messag that are not on this listlf an undocumented
messag appears, attempt to obtain a screen print contaithiegmessag Also, documentthe
saquence of events thd led up to themessa@e. Then, contact the FAA Database Administraor
(DBA) with this information so that the problem can be resolved and documen{€dmment
sheets are included at the end of this mand&ley may be usedto report error problemsor to
request enhancements and improvements.)

2.5.2 General Protectiondtlts.

One particular class of errors requires discussion h@&eneralProtectionFaults. One sourceof
general protection faults is errors which arengrated when \Wwidows applications require more
memoryor systemresources than are availablkll Windows applications use memayd sgtem
resources.When a Windows application is closed it will release menamysystemresources.
However, some \Mdows applications do not release all of the resources whiclapipegpriate.
The other resources are onyeased when Wdows is closed.



When a General Protectioralfit occurs, the user should clos Windowsapplicationsandthen
close Windows itself.This will release all memorgind sgtem resourcestill being held. It is not
necessaryo reboot the stem.

Typically, this type of error occurs when the udmastoo many Windows applicationsactive

simultaneously However, some screen saver peogs appropriate resources each time trey
invoked. If general protection faults occur on a w&g basis, the user shoudbnsiderusing a

different screen saver, or not usmmgcreen saver at all.

3. ACCESSNG HRED.

3.1 REQUESTNG ACCESS TO RED.

Beforeaccessig the dasbase, ti is necessaryo requestaccess and cdah a userD by conpleting
thefollowing steps:

a. Send or fax a “request for access” letter to the FRED FAA DBA at AAR-421, FAA
William J. Hughes Technical Center, Atlantic CitgternationalAirport, New Jersey08405.
Include the nationality and businesor academic affiliation of each person who will be a
user. There s no charg for accessig dat from the FRED Dat Server or for receving the
Version 1.0 CD-ROM at this timeHowever, users requiring techniclpportor wishing
to fund additional enhancements or data additions to #temsyshould contact KVagher
(INEEL) at (208) 526-9531.

b. After the DBA has received the request, the FAA will sead~RED for Wndows
instdlation package to the requestor. The instdlation package will contan a CD (or
installation dsketes), fornms for requeshg access d the FRED Datl Server, and
information on the ragtration process.

3.2 SYSTEM REQUREMENTS

To runFRED for Wndows the user will need a 386 PC or better, runiwigdows3.1 (or later).
At least8 Megabytesof RAM are required, alongith about 2 Megbytes of disk spacelf the user
wishes to download waveforms from the FRED Data Server, additional disk spaceraduived
alongwith communications software and a communication link or modem.

3.3 WINDOWS CONVENTONS

FRED for Wndowshas a \ihdows-basedrgphical user interface (GJJI The standardVindows
featuresandtools arepresenin the application.For example, the printer selected undemdéws

is active within this application and the colors selected under thddiWs Desktop aresedwithin
FRED for Wndows As in Windows,the GUI works best with a mouse; not all functions and
windows can be accessed from theldaayd. The usemwho is unfamiliarwith Microsoft Windows
shouldtake the time to readthe Windows documentationThe standard Windows controls for
closing minimizing, moving resizing and tilingwindows are available Scroll bars are used to
view information that is “scrolled off the window.”



The left mouse button is fically used to make menselections,to do Windows operations
(resiang, etc.), and to move the cursor to a field on the scrétwiding the <Shift> keywhile

makinga second selection selects etlging in the rang. Holding the <Ctrl> keywhile makinga

sdection dlows multipledistind items to besdected (as thegpplication pemits).

Theright mousebuttonis used to bringugp commands available on that windolt provides short
cuts to menu options.

The Windows <Alt><Tab> combination can be used to rotate throagplications currently
runningunder Wndows. This is useful for switchingpetweenFRED for Windowsand wgnuplot,
the Windows plottingpackag, for plots previouslgisplayed.

Certain menu options are not available under all situatitinan optionis not available,its menu
entryis faded out.Clicking on a faded entrgtoes nothing

3.4 WINDOWS SETUP

The cobrs usedn FRED for Wndowsare selected (and mag changd) throudn theColor iconin
the Windows Control PanelDouble-clicking onthe Control Pand icon will open the Control
Panelwindow. Double-clickingon theColor icon in theControl Pad window opens th€olor
window. Theusermayselect from the preset color schemeslgking on the arrow in the Color
Schemes block and then clickiran the desired schemelhe user maylso setthe colors for
individual sectionsof the desktop bglicking on ColorPalette. See Wndows manuals for further
information.

Theuseris cautioned that in some color schemes, some of the data “disappears” from the windows
becaust is printedin color on color (i.e., blue on blue).This problem is corrected lmhoosinga
different color scheme.

In addition, some color schemes translate into excessive shagingtedreports. If the headers
in printed reports are hard to read, a different color schemeeaayto be selected.

FRED for Wndowsuses the Whdows Fint Managr to interface with the user’s printetf the
Windows Print Managy is not set up with the appropriate print drivers, reports will proit
correctly See the Whdows manuals for troubleshootipgnting problems.

3.5 FRED FOR WNDOWSINSTALLATION.

Once the user’s request for access to FRED has been processed and appnosexyithesceive
a package of softwae and daato beloaded onto aPC. The information will be provided on éther
a setof floppy disks or a CD-ROM.In either of these cases, the user will lo&EP by inserting
thefirst disk and following theinstrudions on thedisk. This will stat theinstdlation process.

During installation,the userwill be askedf files should be overwrittenThe user mayeply “No”

to all questons exeptreplcenentof the aubexec.baffile. Thechang to the aubexec.batffile will
include e FRED direcbry in the search pés.
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3.6 ACCESSNG FRED FOR VINDOWS

The users=RED for Wndowsinstdlation package will also indudea use ID and pasword to be
usedto accesshe FRED waveforns installed on he FRED Dat Server. If requestd, a password
will also be provided to allow access to FRED thtoaglial-upline. No passwordsreneededo
access FRD on te user's own €. The passwordareonly requred if the userwant to work
with the complete waveforms instead of the subset waveforms provideBRED for Wndows

OnceFRED for Wndowshasbeeninstalled,the user mayopen it bydouble-clickingon theFAA
icon. An SQL icon will be opened for the WATCOM driveiThe Lightning Strike Datawindow
will also be openedThis will allow the user to acceBRED for Wndowsand dl of thedaa which
are provided witHFRED for Whdows. The user mayemploya mouse and click on the icons, or
accesyariouswindowsby holdingdownthe <ALT> keyand pressinghe underlined letter of the
desiredmenu. Not all options are available at all timd$.an option is not available, its menu entry
is dim or its icon is not shown.

NOTE: FRED forWindowswill access the drive containirthe default plots wheRRED for
Windowsis invoked to ensure that the drive is availabldis operation requires that a
CD or disk bein the drive indicated in the Plobtation option under thelle menu. If
the userdoesnot intend 1 accesshe defaul plots, the plt locaions nay be seto nuls
to avoid needing CD in the drive.

If theuseris notinterested in accessimydata begnd that provided with the installation packag
the use will not need communications softwae. The use who is inteested in working with the
basic waveform data should review paegun 3.7.

3.7 COMMUNICATIONS SOHWARE SETUP

Theprocedureao accesshe conplete waveformdat from the INEEL depends on whieer te user
has access to thatérnet or will be dialingn. In either case, thasermay wish to determineall
remote requests to minimize remote connect time.

FRED for Wndowsassunas that an hternetconnedion haseenestblishedwhenthe userisready
to download a portion of a waveform from tiINEEEL. For a direct hternet connectiono actionis
required begnd havinghe software resident on the B@dthe networkphysically connected.For
a modem connection, the user must switch applications <At ><TAB> to return to the
Progam Manager) and m&e the moden connection to the FRED Daa Sever using the PC'’s
communication software Once the connection is established the procedure to okéaieform
data is identical for both method@&eturn toFRED for Wndowsby again usng <ALT><TAB>.)

3.7.1 Internet Connectian

An Internetconneaion requies a WNSOCK appicaion progaminterface (AR) conpliant DLL.
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3.7.2 Modem Connection

Modemsof 9600baudor faster are preferredNEEL supports up to V32.bis (16,384 bauthgtor
of 4 compression). The telephone number for a modem connection is 1 (800) 330-6Th2.
communiction softwae must support PPP or S.tha emulates an Internet connestion and must
be WINSOCK compliant.

The ChameleorSamplersharewaresoftware is available from Netmareagt ftp.netmanagcom.
The directoryis called pubdemosSsampler. There are two files:sampler.exe and readme.txt
Other packags such as FTB OnNetand Dstinct work equdly well.

To access the network on which FRED resides, thewiBeneedan NCC userID andpassword.
Forms to rejuest them are included with the FRED for Wndowsinstdlation package. In addition,
the user will need the information in table 5 to access FRED.

TABLE 5. FRED REMOTE ACCESSNFORMATION

Interface FAA SERVER - COM3, 9600 baugr greater)
Dial 1-800-330-6712

IP Address 1111

Subnet Mask 255.255.255.128

Doman Name inel.gov

User D NCC User D.p [Append .p to the NCC UsdD]
NCC Paswod

Once the connection is established, the procedure to okb#aieformdatais identical for both
methods.FRED for Wndowswill prompt for theFRED for Wndowsuser D and password when
awaveformis selectedor processindreferto paragaph 13.1.1).If the password is incorrect, the
PC will not be connected to the remote machine and no waveforms will be downloaded.

When no more data are to be downloaded, it is recommended that the user close the modem
connection to free up the connection and telephone line for other users.

4. RELATIONSHIP OF WINDOWS AND ICONS

The followingis the relationship of the windows and icons

. Open Sources kton
— {SourcesNindow}
. Print the Curent Sheetlcon
. Save Rovs to File Icon
— {Save Rows AsVindow}
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. Run the Ad Hoc Report ton.
—  {Ad Hoc ReportingNindow}
— {Queried ReportVindow}

. SQL Reporting Capability Icon

— {SOL QueryWindow}
—  {Queried ReportVindow}

. Environmental Information Icon

— {QueryL imits Windows}

— {Queried Environmentall&shesNindow}
— {Waveforms in Fash #n (Queried EnvironmentdbBhes)Vindow}

. Plot the default minmax waveform Icon
. Plot the waveform around the peak Icon
. Request/View Plotslcon

— If plots have alreadyeen downloaded for this waveform{Plots for
Waveform #:nWindow}
— If no plots have alreadigeen downloaded for this waveforn{Desired
Attributes for PlottingVaveform #nWindow}
— {Environmental Plot Optiond/indow}
— {Plot of selected plot parameteWindow}

. Closelcon
. Provide User Helplcon

5. OPEN SOURCESICON.

Clicking on theOpen Sources icon causes ti&ourceswindow to be opened.

5.1 SOURCES

The Sourcesvindow showsinformationon the data sources irRED includingthe source name,
the original researchers, the affiliation of the researchers, and whether airborrauond-gased
sensors were used to capture the d&¥den this window is active, therint the Curent Sheet
andSave Rovs to File icons are shown.

5.1.1 Hashes in Souce XxXxX.

Doubleclicking on a soure in the Souces window causes theHashes in Souce xxxx window to
be opened.

For eachof the flashesn the sekcied source e following information is preserad: the flash D,
the dae of the flash, the time of the flash (stat time), the turbulence severity, the type of
precipitation, and whether the strike attached diréottize sensor platform or passed nearby
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Clicking on the ridgit mouse button or double-clickingn the left mousebutton while a flash is
highlighted causes thidash #n Detailvindow to beopened. This window displays the following
information for thehighlighted flash: theflash ID, theflash dde, thestat time, thetrigger initiation

time, thedltitude, airspeed, air tempeaature, turbulence severity, thelongtude and lditude a which
theflashwas recorded, the attachment and detachment points if known, whether the strike attached
directly to the sensor platform or passed nearbye precipitation fye, whether other electrical
phenonmena occurred around the time of the flash, and the source of the reéaggding

Unless the user closes tHash #n Detailvindow, highlighting anotherflash andclicking the right
mouse button or double-clickingn the left mouse button causte existing Flash #n Detall
window to be broudht to the front of the window stackt will contain the previouslyequested
information. To get the detail information on another flash, the user will need to clogéakble #n
Detail window before tringto reopen it.

5.1.1.1 Flash #n &kxxx).

Doubleclicking on a flash in the Source xxxx window causes theHash #n &kxxx) window to be
opened. This window containsthe following information on the individual waveforms for the
selected flashthe waveformD and type (analogor digtal), the noise flagthe sensingparameter,
the instantaneous pek rate of riseand its units, thdocation of thesensing paameter, the location

of the pek rate of risein the waveform, thepesk value and its units, the sauration flag, the low-
and hidp-frequencylimits, the full width at half marum, thefull scaleandits units, the time to
peak, thetime for thewaveform to riseto hdf maximum, thelocation of thepesk in the waveform,
the high- andlow-saturation thresholds, the ggy threshold, the samplinggindow and interval,
and the number of data points in the waveform.

The following informaion is providel to desaibe the digitizer tha recorded the waveform or tha
convertedt from an analodo a digtal waveform: the manufacturer, the model, and the number of
disaetization levels.

In addition, if the waveform was orngally recorded as an analogaveform, the following
information is provided:the manufacturer, the model, the numbiechannelsthe maximum FM
bandwidth, the masmum direct bandwidth, the full scale, and theayic rang.

The following information about the sensor which captured this wavefsrprovided: the
manufacturer, the model, thepg; the upper- anldwer-frequencyresponseshe accuracyanda
description.

If the sensingarameter is, Ithis window shows the action intedy action-intecal error, action-
integral system error, be charg transfer, he charg-transfer error,lte charg-transfer sgtemerror,
and the integation start and stop points.

An additional field is provided for comments.
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6. RUN THE AD HOC REP®RT ICON.

Clicking on theRun the Ad Hoc Report icon causes th&d Hoc Reportingvindow to be opened.

6.1 AD HOC REPORTING.

In the Ad Hoc Reportingwindow, columns are selected for inclusionthe report by double-
clicking on the desired column or Ippsitioningthe mousen the desiredcolumnandholding the
left mouse button down while drgigg the item into the Data Columns To Shbleck. (Theuser
may delete a column from the report dguble-clickingon that data&lementin the DataColumns
To Show block.)

Columnswill appeain the report in the order in which thesere selected, (i.e., each column added
goesto the end of the list)However, the order of the report mbg changd once the queriias
been requested.

Once he user has setied al the desied coumns, cicking on he Queryblock causeshe reportto
be gnerated and shown in tii@ueried Reponvindow.

6.1.1 Queried Report

The Queried Reportwindow shows the result of the quetyeated in theAd Hoc Reporting
window. Columns maybe reordered within the report blicking on the column tdwe movedand
holdingthe left mouse button while digigg the column to its new position.

While the Queried Report window is active, the Rows menu is avail&lieking on this menu
allows theuser to sort (pagaph 17.1) and filter (paregph 17.2) the active report.

7. SOLREPORTNG CAPABILITY ICON.

Clicking on theSQL Reporting Capability icon causes thEQL Querywindow to be opened.
The use may type the desired quey; however, only sdect staements ae pemitted. Clicking on
the Quay box implementsthe quay if it is vdid. If thequey is not véid, the SQL Syntax Error
window is displagd. This window contains information about the nature of timesyerror.

Theuse is cautioned tha impropely speifying the conditionson the sdect staement may resultin
an unreasonablenumber of rows beingselected. If this happens, the quermyan take an
unreasonablamountof time. It is the user’s responsibilitp avoid this situation(Rebootingthe
computer is the onlwayto abort this function.)

If avalid querywasissuedFRED assembles a report and displéyn the Queried Reponvindow
(see paragph 6.1.1).
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8. ENVIRONMENTAL INFORMATION ICON.

8.1 QUERY LIMITS WMINDOW.

Clicking on theEnvironmental Information icon causes th@ueryLimits window to be opened.
Theuse may change the quey limits by positioningthe cursor in alimit box or bydicking on the

boxesfor N, S, E, or W When the quenyimits are acceptable, the user nather click on Query
to produce a default report or Plot to produce default plots.

If the user wishes to limit the lofigdes under consideration, the user needséccisecarein the

sdection of nev limits. FRED oonsides tha west longtudes are negative numbes and east

longtudes ae positive As aresult, theminimum west longtude is anumbe tha is greater than

themaxmumwestlongtude. (The Transall data have east latugles; the CV-580 and-FO6 have
west longfudes.)

This issue is not relevant to latitudes at this time sitheeCV-580, F-106, and Transalldataall
have north lditudes and FRED consides north léitudes to bepositivenumbes.

8.1.1 QueryLimits [seléct query

Clicking on the Querybox in the QueryLimit window causes a default report to l@aerated and
displayed in theQueried Environmentall&shesvindow.

8.1.1.1 Queried Environmentall&shes

For eachof the flashes,the following information is presentedthe flash D, the altitude, the
airspeedthe air temperaure, the latitude anddngtude atwhich the flash was recordedid dae of
theflash, and thetime of theflash (stat time).

Double-clickingon a flash in th@ueried Environmentall&shesvindow causesnformationon all
the waveforms associated with that flash to be disglaythe Waveformsin Flash#n (Queried
Environmental Fasheswindow.

8.1.1.1.1Waveforms in Fash # n (Queried EnvironmentdbBhes)

Double-clickingon a flash in the Queried Environmentall&sheswindow causes the following
information on all the waveforms associated withveig flash to be displag in theWaveformsin
Fash #n (Queried EnvironmentdbBheswindow: the waveformD, the peakvalueandits units,
the instantaneous peak rate of rise and its units, the Aotempdl, and the ChaggTransfer.

Clicking ontheright mousebuttonor double-clickingon the left mouse button while a waveform is
highlighted causesthe Waveform #n Detailwindow to be opened.This window displag the
following informaion for the highlighted waveform: the waveform ID, the arcraft location
description, waveform pe, aircraft gneral location or orientation, noise fJdgMA label,sensing
paameer, saurdion flag, the pesk vdue, thetime of thepesk vaue, the pesk rate of rise the pesk
rise time, the time to peak, the samplwidow, thefull width at half of the peak,the sampling
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interval, the time to hdf peak, the saurdion high and low vdues, thetrigger threshold, thehigh-
and low-frequencyimits, the full-scale value.

In addition, for current waveforms, the followingformation is provided:he actionintegal and
charge transfer and estimated eror vdues for these quantities, theintegration stat and stop tims,
and comments.

The following information is provided on thedigitizer: the manufacturer, the modeé numbe, and
the number of discretition levels.

The following informationis providedon the analogrecorder: the manufacturer, the model, the
maximum FM bandwidth and the maximum bandwidth, thedynamic range, full scae, and the
number of channels.

The following informationis providedon the sensor electronicghe manufacturer and model, the
lower and upper frequencgsponses, the accuraend the sensorig.

Unlessthe user closes theWaveform #n Detailwindow, hidilighting another waveform and
clicking the rigt mouse button or double-clickingn the left mousebutton causeghe existing
Waveform #n Detailvindow to be brougt to the front of thevindow stack. It will containthe
previouslyrequested informationTo get the detail information on another wavefortime userwill
need to close thé/aveform #n Detailvindow before tring to reopen it.

8.1.2 QueryLimits [seléct plat

Clicking on the Plot box in the Query Limits window causes th&nvironmental Plot Options
window to be opened.

8.1.2.1 Environmental Plot Options

In the EnvironmentaPlot Optionswindow, the user magelect either the Peak Current or the Peak
Rate of Rise (Peak Rise) to be plotted on the i¥. akéor the X axs, the usermay selectone of
Latitude, Longtude, Tempeaature, or Altitude These sdections ae made by dicking on the
appropriate circle.

The user mayaccept the default titles, or mahan@ them bytyping in the appropriatebox.
Changng the X or Y axs parameters chaeg thetitle information, so theseselectionsshouldbe
made before changes ae madeto thedefault titles.

When the user is satisfied with the selections, clickinghePlot box generateshe plot. More
than oneof these plots mg beopen on thedesktop @ atime.
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8.1.2.1.1 Plot of selected plot parameters

The Plot of selected plot parametess generated by FRED when Plot is sdected from the
Environmental Plot Optionwindow. If the user clicks on theaveRowsto File icon, a querytype
report which could be usal to aeate a similar plot will be saved, not theactud plot. The system
determines the axis limits; the user cannot ch#mg syptem selections.

9. PRINT CURRENT SHEETCON.

Clicking on thePrint the Curent Sheeticon causes RED to prepare a print spool file and a
Print: default printer name and powtindow to be opened.This window shows the status of the
print job, the defaultprinterandprinterport, and allows the user to cancel the print jBhointingis
handled bythe Windows Print Manag, not by FRED for Wndows Print @ror messaes ae
handled bythe Windows Print Manag.

10. SAVE ROWS TO HLE ICON.

Clicking on theSave Rove to File icon causes th8ave Rows Awvindow to be openedThe
default directorys shown under the file name boxhe directorynaybe changd byincludingthe
complete pah in thefile nane box The file name field is danged by typing the new name and
deleting anyunnecessargharacers.

Thedefault file typeis Excel. 1t may be changed by dicking on thebullet to theleft of the desired
file type. The file types are shown in table 6.

TABLE 6. AVAILABLE FILE FORMATS

Excel MicrosoftExcel format

SYLK Microsoft Multiplan forma

DIF Data Interchang format

Text Tab-separatd coumns with a hard rairn atthe end of each row
WKS Lotus 1-2-3 format

DBF 2 DBase 2

DBF 3 DBase 3

CSsv Comma separated values (for enterdlaga into a database)
SQL Syntax  Insertion-type statements for enteridgta into a database
WMF

Report

WK1

Headers mape included in the file bglicking in the boxnextto Include Headers.
Clicking on OK causes the file to besaved. If thee is dready afile with the same file nane a

DataWindowwill be opened so that the user n@ncel the operation or allow it tmntinue.
Clicking on Cancel in th&ave Rows Asvindow returns the user to the last active window.
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11. PLOT THE DEFAULT MINMAX W AVEFORM ICON.

11.1 DEFAULT MIN/MAX.

The DefaultMin/Max waveformis a waveform of about 1,000 point$hese points are minimum
and maximum range ponts for intervals sekced over he enire waveformto give the useran
overall picture of the waveform without fine structure detihe userdoesnot needto download
the default waveforms from theDC

When theWaveforms in Fash #n (Queried EnvironmentdbBhes)vindow or theWaveformsin
Flash#n (source _nameyindow is active, th&lot the Default MinMax Wavef orm icon (and the
DefaultMin/Max elementunder the Plot menu) are availab(#. not, check to see that the CD is in
place andhat the drive is working propery.)

11.1.1 GNUPIot

Clicking on Default Min/Max or the icon while a waveform is higighted causes theraphics
packag@ GNUPIlotto beopenedn a gnuplotwindow. The selected plot will be uncompressed from
the CD ontothe C drive (in the defaultdirectory) and plotted from thereThe user needs to ensure
that spaces avalable on he Cdrive for tis plot.

GNUPIot plots the waveform in gnuplot gaphwindow. Only one plot may be displayed a a
time. If a second plot is requested,Emor window is openedvith themessag STOP Windows
ExecuteError: Cannotloadsecond instance of multiple data semt application.Clicking on OK
clears the messagTo plot another waveform, the user must closegthalotwindow.

GNUPIot is a Whdows progam which is separate from and invoked FiRED for Wndows
Reurning to FRED for Wndows causes the GNUPIlot windows t@ @ehind the FRED for
Windowswindows. <ALT><TAB> brings the GNUPIlot windows to the front so that trean be
closed.

12. PLOT THE WAVEFORM AROUND THE PEAK CON.

The Default Peak waveform is a waveform of about 1,000 points around the peak of the waveform.
The user does not need to download the default waveforms from the CD.

When theWaveforms in Fash #n (Queried EnvironmentdbBhes)vindow or theWaveformsin
Flash#n (source_nameyindow is active, th&lot the Waveform Around the Peak icon (and the
Default Peak element under the Plot menu) are availgHleot, checkto seethatthe CD is in
place andhat the drive is working propery.)

Clicking on the icon or Defaultdak in the menu causes theghicspackag@ GNUHFot to be
opened as described in panaggh 11.1.1.

19



13. REQUEST/VEW PLOTS ICON.

The results of clickingpn the Request/View Plots icon depends on whether the user has already
downloaded waveforms for the referenced flash.

If no waveforms have alreathgen downloaded for thikash, clicking on the Request/View Plots
icon causes thBesired Attributes for PlottingvVaveform #rwindow to be openedSeeparagaph
13.1)

If waveforms have alreadyeen downloaded for this flash, clickiog theRequest/View Plots
icon causes thelots for Waveform #:nwindow to be openedSee paragph 13.2.)

13.1 DESIRED ATTRIBUTES FOR PLOTTING WAVEFORM #n

The complete pah must bentered in theFle Namefield. The use must dick on theBrowsebox
which will activatethe Compressed GNUIlE Selectwindow. This window shows GNUPIot files
which have alreadipeen downloaded to the user’s directofyne user magelect one of thedées

by double-clickingonthedesiredile. Otherwise, the user maype an existingr new file name in
the spaceprovided. If the userforgetsto add an extension to the file name, a window will open
with the message: ! filenamexxx This file name is not vaid. Clicking on the OK box in this
window will return the user to tteompressed GNUIlé Selectwindow.

Clicking on the OK boxn theCompressed GNU File Selegindow returns the uséo the Desired
Attributes for PlottindWaveform nwindow with the complete patmndfile namein the File Name
field. Clicking on theCancal box returns theuse to theDesired Attributes for Plotting\Waveform
nwindow with the te Name field uncharegl.

The user magustomie the data to be downloaded éyteringor changng valuesin the various
boxes. Data may be consideed as time vdues or dda points. Data points is thedefault vaue.
Clicking onthedownarrowbox nex to the Select boshows both Points and Time€licking on
thedesired value causes that value to be seledibd.times are in hanoseconds, as is shown next
to thefrom and to boxes in theSdect line.

Thefrom and to boxes are usel to limit the numbe of points to bedownloaled. If no danges ae
madein these boxes, the whole waveform will be downloaled. For anadog waveforms, this ould
mean as many as 4 million daa points. If theuse’s moden sped is low, this déa transfer could
takeasmuchasanhour. The from value tyes the data start poinT.he to value iyes the data end
point. Plots of more than 1,000 data points do not shaweh detail. However,the usermay
download more points and then use tbema function ofgnuplotto displaysmallersegnents. (See
the GNURot manual.)

Becausecalculations and data reductons on ente waveforns are corpute-intensive, hese
computations can be done on tieREP Data Server before the data is download€dlculations
are setced byclicking on te crcle nextto the desied item. Data reductons are sekeced by

clicking on the down arrow box next to the “points by box and then clickingon the desired
sdection.
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Calculationand data reduction functions miagth be applied to the selected wavefotfboth are
selected, the calculation is applied first, followedhmsy data reduction function.

Calculations

Selecing Integrate causegshe integral of the waveformover te seécied setof points o be
downloaded.

Sdecting Integrate Squaied causes theintegra of the squae of the waveform over the
selected set of points to be downloadéthis is usefulfor calculating Actionintegals of
current waveforms.)

Sdecting Differentiate causes thederivative of thewaveform ove the sdected sd of points
to be downloaded.

Data Reduction

The various data reduction options are offered so that the useetcamoyerall perspectiveof a
givenwaveform For each ofhe following data reductons, a nurber, n, nust be engred n the
Reduction Points fieldlf no number is entered before selectimgdatareductionoption,a divide-
by-zero error occurs, which causeRED to shut down.

Averagng causeshe averag valie of eachnterval of n ponts to be downloaded. If there
is agap in thedaain an interval, theaverage vaue of tha intervd is se to thegap vdue.

Decimatingcauses evemth point to be downloaded.
MinMax causeshe mnimum point and bhe maximum point of each mterval of n ponts to

be downloaled. If thee is agap in thedaa in an interval, the minimum and maximum
vaues of tha interval are sd to thegap vdue.

“Set daa to zeo bdow” and “and a&ove' fields ae usal to filter out noise These fields define
Y axis values betweenwhich all datapointsaresetto 0. The purposes to hidethe noisevaluesin
that ran@, particularlyfor integation and differentiation.

When the user is satisfied with the selections in this winadteking onthe Downloadbox starts
the process of downloadirafile.

NOTE:

The hternet connection MUST be established befbeeuserclicks on the Download
button for the download to be successf(feeparagaph 3.7.) In addition,the user
should be aware that downloadifiigs will require space on the specified drive.

If the user has selected amsérg file name forthefile to be downloadeda Questionwindow will
open askingf the user wants to overwrite anigting file. If the user clicks ofYes,the process

21



continues and thefile is ovawritten. If the use clicks on No, the Desired Attributes for Plotting
Waveform #nbecomes the active window so that the userchap@ the file name.

13.1.1 Downloadinga Hle.

When the user requests to download a file, the Uisstification window is openedThe userwill
need to tpe both his useD and passwordithe appropriatedxes. Do not press <Engr> to
move from one box to the other. Pressing <Enter> initiates the action. If no passwerd has
been entered, the dowload will be initiated but then terminated. An Error window will be
opened with the following message STOP Windows Sodkets Error: Valid name, but no data
record. Clicking on OK returnsthe user to the Desired Attrib_utes br Plotting Waveform #n
window.

When the user presses <Enter> or clicks on OKhm User Identification window, a Status
Informationwindow is opened with the followingnessag File is beingdownloaded.If the user
is not @nneted to the INEEL, the downloal will be initiated but the terminaed. An Error
window will be opened with the followinmessag STOP Windows Sockets Erroialid name,
but no d#éa record. Clicking on OK rdurns theuse to the Desired Attributes for Plotting
Waveform #nwindow.

If the user is connected to thRED Data Server, a window will be opened natifythe usethat
the file has been receivence receipt has been acknowledga window is opened to agkhe
userwantsto plot thefile. If the user clicks on No, th&aveform #: nwindow is active.Changs
maybemadeto anyfield in this window excephe Fle Name field. If the user makes chagsgand
clicks on downlod, therevised waveform will be downloaled, replacing theexisting plot.

If the user clicks o es, GNUPIot is invoked and disptathhe waveform.

13.2 PLOTS FOR WAVEFORM #:n.

If waveforms have alreadyeen downloaded for this flash, clickiog theRequest/View Plots
icon causeghe Plots for Waveform #:nwindow to be openedThis window displag information
on the waveformsthathave alreadypeen downloadedUsingicons at the side of the window, the
user mayAdd, Delete, Modifyor Plot subset waveforms.

13.2.1 Add.

Clicking on the Add boxn the Plots for Waveform #:n window causeghe DesiredAttributesfor
Plotting Waveform # nwindow to be opened.The functioning ofthis window is describedin
section 13.1.

13.2.2 Delete

Clicking ontheDelete boxn thePlots for Waveform #: nwindow causes @uestionwindow to be
opened.This window allows the user to verifijat the waveform record and file are to be deleted.
Clicking on theNo boxin this window returns the user to tRkts for Waveform #: nwindow with
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no actiontaken. Clicking onthe Yes boxn this window returns the user to tAits for Waveform
#: nwindow with the orighally highlighted waveform no loreg in the waveform list.

Note thatif the userhascopied waveform files to a backup medium, returrtimgse files to the
directory in which FRED residesis not sufficient. When a file is deleted throbgFRED for
Windows internal FRED records are sb changd.

13.2.3 Modify.

Clicking on the Modify box in the Plots for Waveform #: nwindow causes thBesired Attributes
for Plotting Waveform # rwindow to be openedThe functioning ofthis window is describedn

paragaph 13.1.Note that this window is used to chartge attributes for aigen waveform.The

waveformnamemay not be chang, but the attributes for that waveform niag changd. The

revised waveform will replace the existingveform. In other words, modifghouldnot be usedto

get additional waveforms, but to correct or chaagsting waveforms.

13.2.4 Plot

Clicking on the Plot boxn the Plots for Waveform #: nwindow causes thergphicspackag
GNUPIot to be opened ingnuplot window. GNUPIot then plots thaighlightedwaveformin a
gnuplotgraphwindow. Only oneplot maybe displagd at a time.If a second plot is requested, an
Error window is opened with the mesgagSTOP Windows Execute ErrorCannot load second
instance of multiple data segnt application.Clicking on OK clears the messagro plot another
waveform, the user must close timuplotwindow.

14. CLOSE CON.

When te user akks on he Closeicon, FRED for Wndowsis closed down.No information is
saved for the usefThe SQL icon mayor maynot close. The gnuplot andgnuplotgraph windows
are not closed(Closingthegnuplotwindow automaticallgloses thgnuplot gaphwindow.)

15. HIERARCHY OF WNDOWS [ MENUS.

Pull-downmenusarelocatedat the top of the screeable 7 describes the options available under
the various menusClicking on the menu title reveals tselectednenu. Whena menuopensthe
user maynotice that some of the selections on the menu appded. Faded elementsare not
availableto theuser. Clicking on a faded element does nothindenus maybe closed bylicking

on themenu title or bypressing<Escpe>.
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TABLE 7. MENU DESCRIPTIONS

File [PralidesBasic Baclground Operatios
e Open Lopdrs the following daia windows
Souces
Report
SQL Report
Environmental
e Printer Setup Calldvs the user tahange theeault printer
e Print Cprints deta from the active wndow
e Save toFile [savés data fom the activewindowto a fle selected bythe wser
*  Plot Location Calldvs the user t@hange theelault path for Default Min/Max andDefault Peak pots
¢ Plot Host Ogions LCalldas the wser to clarge the addresof the Ho$ (Not generally used.)
* Close CclodesFRED br Windows

Rows [Lindits Data In Reprts andFiles
e Sort [realraiges dab baged onsort columns; user nay choose aserding or deserding sorts
« Filter Climits data besedon filters selectedby the user
e Detall Lrealramges daf to print onore pag

Plot [Vielv Plots
¢ Defadt Min/Max 1,000 da points acros the whole waveform
¢ Defadt Peak 1,000 da& points around the peakvalue of the waveform

¢ Request/ViewLalldws the wser b download vaveforms from the FAA Server or
view plots which have beenprevioudy downloaded

Window [Rearrage Windows ard Icors
¢ Cagadel averlap windows so that the bp bordersare vsible
e Layer Larrdrge windows on top of one arother
e Tile andTile Horizontal Carrdrge windows s0 that all windows are vsible
* lcons [realrange icas at the bttom of the desktgp

Help CAcdes Online Help Screen

16. FILE MENU.

16.1 OPEN

Clicking on Open in theile menu opens a submenu which alldhsuserto opensourcesreports,
SQL reports, and environmental data and plots.

16.1.1 Sources

Clicking on Sources in the Open menu opensSiiercesvindow, as described in paragh 5.1.
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16.1.2 Report

Clicking on Reportin the Open menu opens thld Hoc Reportingwindow, as described in
paragaph 6.1.

16.1.3 SQL Report

Clicking on SQL Report in the Open menu opens tB®L Query window, as described in
section 7.

16.1.4 Environmental

Clicking on Environmental in the Open menu opens @uery Limits window, asdescribedin
section 8.

16.2 PRINTER SETUP

Clicking on Printer Setup in thel& menu opens therinter Setupvindow. This allowsthe userto
chang his local printer and printer options in iMlows without havingo leave FRED for
Windows Printersthat the userhas alreadydefined are displag. Windows manuals malge
consulted for more information on these functions.

16.3 PRINT.

Clicking on Print in theFle menu causes FRED for Wndowsto print informaion from theactive
window. Since printings done throulg the Wndows Print Manag, clicking on Cancel while the
PC is prepamg the print job canced te job.

16.4 SAVE TO HLE.

Clicking on Save to He in the He menu causes th®ave Rows Asvindow to be opened, as
described in section 10.

16.5 PLOT LOCATIONS

Plot Locaionsallows te user ¢ speciy direcries where=RED for Whdowswill store plot files.
Clicking on Plot locations opens thBefault Plot He Location(s)window. In this window,the
use may change the directory in which the Min/Max Plot files will be saved and the directory in
which thePek Plot files will be saved. These directories do not hae to bethesane

Clicking onthe Save button in thBefault Plot He Location(s)window causes the new directories
to be saved and closes the windowlicking on the Cancel button in thBefault Plot File
Location(s)window causes the window to close without chagthe directories.
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16.6 PLOT HOST OPTONS

Plot Host Options Bows the use to speify the Host on whit the complee FRED waveforms
reside and the port numbeclicking on Plot Host Enctions opens thBlot Serverinformation
window. In this window, the user maghang the name of the Plot Host or the Port Number.

There are twoPR addresses that will access FRED at this time:

. holodeck.inel.gv at 134.20.4.50
. gate-holodeck.inel.gv at 134.20.163.43

Both can be accessed at port 5080.

The softwareis preseto the correctaddress.If the connegbn © the renote system fails, the Host
Option can be used either to enter tRedbt address (i.e., d34.20.4.50pbypassingthe name
server) or to use the othéraddress (i.e., holodeck.ined\g. This option maye used in the future
if the remoteseaver is movel to adifferent sever. You will benotified formdly of this change if it
should occur.

Clicking on the Save button in tlidot Serverrformationwindow causeshe newdirectoriesto be
saved and closes the windowClicking on the Cancel buttom the Plot ServerlInformation
window causes the window to close without chagghe directories.

16.7 CLOSE

Clicking on Closecaused-RED for Whdowsto be shut down.No information is saved for the
user. The SQL icon mayor maynot close. The gnuplot and gnuplot graph windows are not
closed. (Closingthegnuplotwindow automaticallgloses th@nuplot gaphwindow:.)

17. ROWS MENU.

17.1 SORT.

Clicking on theSort field under the Rowmenucauseghe Specify Sort Columnswindow to be
opened.The user selects columns on which to sortlimking on the desiredcolumnandpressing
the left mousebutton whiledragging the item into theColumns blok. Ascending sortis sdected
when thee is an x in thebox next to thecolumn name Ascending is theddault. The use may
change from ascendingo descendin@gand back) bylicking on the boxunder Ascending

When more than one column is séected for sorting the daa will be displayed in the orde
determinead by the first column. Records with thesane vdue in this olumn will further be sortel

in the orderdetermined bythe second sort columrRecords with the same enfry the first and
secondsortscolumnswill be further sorted in the order determinedhsythird sort column, and so
forth.

26



Double-clickingon a columnin the Specify Sort Columnsvindow, causes thilodify Expression
window to be openedThis window is the same as tBpecifyFilter window andallowstheuserto
filter thedaa a the sanetime as thesort is beng peformed.

17.2 FILTER.

Clicking on Filter under the Rows menu causes 3pecifyFlter window to be openedThe user
may select columns from the Columns block and functions ftbefunction boxes or the
Fundions blod by dicking on thedesired item. Thedesired item will appear in theworking blok.

If anargumentis required for a function, the anmgent indicator will be higighted in the working
block. When the user clicks on a function or column, @hgumentindicatorwill be replacedby

theitem on whit theuse dicked.

It is not reuired tha theuse sdect items usinga mouse While the cursoris in theworking block,
the user magnter information from the kbgard. This can be faster if the user knows the required
commands, but is risksince there is no spell checker provided.

When the cursoris in the working block, the user matype column names or other information.
Usingthe <Tab>and<Back Tab> ke, the user manighlight function blocks.Pressing<Enter>
while afundion blod is highlighted causes thefundion to beentered into thefilter deinition.

Clicking on the Verify box causes RED to review the requestggd in the workingolock. The
Verify function opensa DataWindowthat will contain one of two messag “Filter is OK.” or
“Expression is not valid.”, or it magontain an indication of the error identified.

This window may be closed without applyg a filter byclicking on Cancel.When the user clicks
on OK, thefilter is appliedif it is valid. If the filter is not valid, @ataWindowwindow opens
containingthe messag Expression is not validClicking on the OK boxcloses théataWndow
and returns the user to tBeecifyFilter window.

17.3 DETAIL.

Clicking on Detail causes a Detal window to be opened.This window contains additional
information for the highlighted item. The forma is sud tha the informaion would fit on one
printed pag, should the user desire to print it.

18. PLOT MENU.

18.1 DEFAULT MIN/MAX.

The resultsof clicking on Default Min/Max in the Plot menu are the same as clickamgthePlot
the default minmax wavdorm icon as described in section 11.

18.2 DEFAULT PEAK.

The resultsof clicking on Default Pesk in the Plot mawu ae the sane as dicking on thePlot the
waveform around the peak icon as described in section 12.
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18.3 REQUEST/VEW.

The results of clicking on Reuest/View in the Plot mawu ae the sane as dicking on the
Request/View Plotsicon as described in section 13.

19. WINDOW MENU.

19.1 CASCADE

The Cascaddunction is used to rearramgwindows and icons which are open on the desktop.
Clicking on Cascadean the Window menu causes opened windows to be offset such that the top
frameof eachwindow andanyiconsat the bottom of the desktop are visiblép to seven windows

can be displagd in this way(dependingon whetherthereareiconsat the bottomof the desktop). If

more than seven windows are open, later windows will completelglayearlier ones.The active
window will be on top.

19.2 LAYER.

Clicking on Layer in the Window menu causes opened windtwse expandedo fill the desktop.
The activewindow will be ontop. No other windows (or icons at the bottom of the desktop) will
be visible.

19.3 TILE AND TILE HORIZONTAL.

Clicking on Tile or Tile Horiontal in the WWhdow menu causes opened windows to be aedsm
thattheiconsat the bottomof the desktopand the contents of all windows can be seen at the same
time. The more windows and icons there are, the smaller each individual window will be.

The opened windows are positioned in mafisishion. Tile causeshereto be more columnsthan
rows. Tile Horizontal causes there to be more rows than columns.

19.4 ICONS

Clicking on Icons in the Vihdow menu rearraeg icons at the bottom of the desktdphis feature
has no effect on the runnirgf FRED for Wndows It merelymakes thing look neaterif icons
have gtten draged out of line.

20. HELP.

Help can be reachettrough both the Help icon and the Help menuThe user maynvoke help
when most windows are activeThe exceptions to this are pop-up windows which reqaire
response from the useNo other action can tak@aceuntil the useracknowledgsthe messagin
the window.

Help has two different actions when invoked the user. If thereis only one topic which is
appropriateto the active window, that help topic will be displag. If more than one topic is
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avaiable, he search screea dlisplayed so hat the user ray sekctthe pic which bestsuits his or
her needs.

If the user invokes help with no active windows, the help tadententss displayed. The user
may select topics from the table of contents or use thedelysearch function.

21. GENERALINFORMATION ON DATA PROCESHNG.

21.1 COMPUTATION OFPEAK-RELATED VALUES

The Reak Vale is defined ashe pont in the waveformwith the geaestabsolite value.
The PeakRiseis defined ashe geaestslope betveen wo adpcentpoints in the waveformhaving
the sane sign as the peak vadue. Its loction is onsideed to bethefirst of thetwo points whibt
define it.

Peak Rse = max(abs((y-yi-1)/dt)), i = 2,npts

Timeto Pek Value s thetotd time from pulseinitiation to pek vaue.

Time to Hdf Maximum is thetotd time from pulseinitiation to thefirst point which equds or
exceeds hdlof the peak vale.

Full Width at Haf Maximum is thetotd time from thefirst point prior to thepesk vaue which
equas or exceeds hdlthe peak vale, D the first point after the peak vale, whih is less han or
equal to half the peak value.

21.2 DETERMINATION OFPULSE INITIATION/TERMINATION.

The determinationof the time_to_peak, time_to_half_ max, and full_width_at half meak-
relatedvaluesdependon the points wherethe pulse bems and ends.These points have been
defined as shown below:

a. Pulse Initiation bst point in the waveformprior to the peak vale, where four
consecutive slope chaegycan be found throaigooints which lidbetweerthelow andhigh
epsilon values (described in paraggh 21.2.1).

b. Pulse Terminaion first point in the wavefornafter the peak vale, where four
consecutive slope chaegcan be found throbigpoints which liebetweerthe low andhigh
epsilon values (described in paiagh 21.2.1).

21.2.1 Computation of Epsilon Values

The intent of the higand low epsilon values (h_eps and |_eps) is to defiaage of valueswhere
points within it maybe considered noise and not part of the pul$e computatiof thesevalues
is gven below:
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For each set of 512 points in a data buffer, until h_eps and |_eps are found:

Computethe meanvalue of the first 256 points in the set and the follon2a®
points in thesd. Cdl them meanl andmean2.

Compute the standard deviationsytdanl andmean2. Cdl them sd1andsd2 If,
then

(mean2 - 2*sd2)<meanl<(mean2 + 2*sd@y
(meanl - 2*sd1l)<mean2<(meanl + 2*sdl)

Compute the mean of the entire 512 points (MEAN);
Compute the standard deviation (SD) of this mean;
Set |_eps =MEAN - 2*SD
Set h_eps = MEAN + 2*SD
Do notaccepth_eps or leps unéss h_eps>0
Otherwise, g on to nexiset of 512 points in the buffer.

If, duringthe useof these epsilon values, it is determined that the choices for their values produce
unacceptablealuesfor the calculation, an amount equalimge-tenth of the peak value is added to
h_eps and subtracted from |_epshis is repeateduntil calculationsusing thesevaluesproduce
reasonable results.

21.3 ERROR COMPUTATON.

While usuallystraightforward, the data conversion process f&EP calculatedthree derived
values of nterest Two of the valies prouvile expeced errors fortie charg transferandacion
integal for current waveformsThe description of their calculation follows in this section.

The chage transfe is theintegral (ove somedédfined pulseduraion) of the current. Similarly,
theaction integra is theintegral (ove the sane pulseduraion) of thesquae of thecurrent. To
obtain the true currentvaluesfor use in the inte@tion, it is necessario remove from the
digitizer output anyoffsets due to backgund or digtizer shift. The baselinevalue,lpae, Whose
determingion was desaibed earlier, is assumé to represent thedigitizer output in theabsence of
anycurrent flow. Thus, it should be subtracted to obtain the true value of the current.

The pulse duration is a matter of interpretation, but is limitethbypulsenitiation and pulse
termindion times previously defined. Note tha the ddinitions usel for pulseinitiation and
termination are somavha sdf-scaling in the sensetha they attempt to identify steble returns to
the baseline of the current waveforifhis should be effective in capturiagcontinuous series
relatively fast oscillations as well as in capturiagsinde long duration, slowlychangng pulse
but will not pidk out an individud outstanding pesk within aseies.
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To givethe FRED user a feelor the execed accuracyf the charg transfer and aoin integral
calculationsfwo errorquantities are computed for each quantiystatistical error is calculated
in orderto setthescaleof random fluctuations in the measurement procéssystematic error is
asocaculated and manly represents theuncertainty assocated with thebasdine deermindion.
The procdurefor estimating the errors follows.

The waveformis divided nto ses of ten ponts each. For eachof the ses, the meansof the
current and squée of thecurrent are calculated, diminating spurious ontributions.

ZO ~ Xpase) (1)

0 2 ()

7
J j bas

where:
i is thesanpleindex within theséd
] is thesd index in thewaveform
J is thetotd numbe of sds in thewaveform
Xpae IS thebasdine vaue for thecurrent
Xi is thevdue of theith samplein thejth set
a is theerror assogated with thedeerminaion of thebasdine vaue

For each sethe sandard dewtions are computed for he currents;;, and square of the current,
S, using

Sl_J = \/Z[(Xi,j ~ Xpas _ﬁ]z )
S 10 2 2 (4)
S2.j = \/Z[(Xi,j _Xbase) _I—JZJ

From the J sds of values and deviations, asubséis sdected for averaging to obtan quantities to
be used to represent the deviations of the current and square ofirtkat for the entire
waveform. To select the subset, a variable width banaregtric aboutthe currentbaseline
value is defined.The width of the bandjr, is aljusted until onehdf the sds, n, sdisfy

~Ar<|;<Ar ®)
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where
n=J2.

Then the mean deviations of the current, and the square of the current;, eare

12 —
€r=— f i St (6)
nr IE
and
12 —
€ = — f i So.r (7)
nr j:
with
fir =1 if equation 5 is satisfied,

= 0 if equation 5 is not satisfied.
This procedureassunes that at leasthalf of the waveformhas no gjnal or thatthe sgnal value
changes little over a ten sample interval. In this @se, reasonale root man squae (rms)
estimatesare obtained for the random fluctuations associated with current and the square of the
current. If there is significant change in sighd values within many of the n, sekecied ses, these
rms estimates will be exaggerated and thestaistical error estimates for dharge transfe and action

integal will be similarly exaggerated. With this in mind, the estimated statistiealor on the
charge transfer §

EC,stat = (V N pulseAt) €ir (8)
where

Npuie IS thenumbe of samples béween initiation and teminaion of thepulse
At is thesampling interval for thewaveform

The estimated systematic error onC, the charg transfer, §
EC,sys = (N pulseAt)a (9)

Theestimated stdistical error on A, theaction integral, is

2 2
EA,stat = N pulse (At ez’ r) + 4AAt el,r (10)
The estimated systamatic error on theaction integral is

Enss= [A[a(N . At) - 2C] (11)
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The estimated aror, Ec, on the charge transfa and theestimated aror, E, on the action integl
maythen be represented as

Ec = *Ecsa* Ecsys (12)
and

Ea=*Easat Easys (13)
The chief value of these error estimates is in eauaing the significance of vdues of chage
transfa and action integral calculated for awaveform. Thesizeof the estimated error relative to

the calculated vdue must besmadl for charge transfe or action integral quantities to beusdul.

21.3.1 Noise Waveform Determination

Not all of the sensors avable on he arcraft deteced apprea@ble signal from the strike. This
meant that several of the waveforms consisted of nothuhghe underiyng noise inherent ithe
system. The conversion process performs calculations that attempt to idémgg “uninterestirig
waveforms. This dgorithm was dso developed by Dr. J Elliott.

Therearethreetests that can be perfored on a waveform The first test conssts of sekecing 10

ses of 10 points eachat uniform locatonsover te waveform Each sets used ¢ cakulate a nean

and standard deviatio.he 10 means are tested pairwisecfamsistencyf beingmeasurementsf

a singe value. A (generous) 10 standard deviation difference is allowed before a pair ¢sljadg
comingfrom different underlyng distributions. If this test is ezeeded, the waveform is jueldas
havingsomesignal andnotbeinga noise waveform, and the second and third tests are not applied.
Most wareforms ©ntaning a signa will be deected by this test, maning tha, normdly, the
second and third tests are not applied.

The second and third tests are described in the follosteys:

a. Calculate the sandard dewation and nean overlte enire waveform

b. Calculatethe delta, which is the factor used to scale theitimgr count into actual data
values.

C. Calculate the bandwidth for use in the final iteratidhthe numberof pointsoutsidethe

calculated band isem, a noise waveform has been identifi¢8econd test.)

d. Calculate the final bandwidthif no points are foundutsidethis band,a noisewaveform
has been identified(Second test.)

e. Scanthewaveformonemoretime. If two consecutive points are found outside the band, a
non-noise waveform has been identifi€dhird test.)
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22. CV-580 DATA.

22.1 FULL-SCALE VALUE.

22.1.1 Definitions

Full-scale vdue is thelargest magnitude which can be measured for a given quantity. Thisvaueis
determined bythe sensor, its sl processingcircuitry, and the recording and playback
instrumentation.Thereis also a level, which malge equal to or smaller than the full-scale value,
above which the sensor/recordiggtem response is rlonger linear with respectto the primary
guantity beingsensed.This level is known as thgaturation thresholdSaturation can occun a
number of wag (e.g, saturation of theajn of an amplifier in thesignal processingeircuitry or
sauraion of theanaog recording magnetic tapes). These forms of séuraion usudly result, at least
initially, in anincreaseautput for an increased input but with a reduced proportiorfatiter (i.e.,
gain compression).On the other hand, a diger has an input limit corresponding its maxmum
digitized output; anynd all sigals exeedingthis input yeld the same fied output.

For the datadigitized from the CV-580 analogecorder, the measurement quantitgsented to the
user (from the report EMA-90-B5) is calculated usinipe followingformula:

D=K*F *Fy*(5.12/2048) * (sample value - 2048) (14)
where D s the scadd da& Fsis the Sensor Scaleétor (SSI(physicsunits divided by the sensor
voltage); F; is the RecordScale Rctor (RSIf (the sensor voltagdivided bythe tape voltag); and
Fq4 is the Data Scaled€tor (DSFK (the digtizer counts dividedy the samplevalue units). The
factor (5.12/2048) is the tape unit vokatjvided bythe digtizer counts.

22.1.2 Full-Scale Value

Full scale is obtained when the sample value achievesatximumvalueof 4096. Thus,the full-
scak vale is as folows:

Full-Scale Vale = R* F, * Fq * 5.12 (15)

22.1.3 Saturation Threshold

In general,the CV-580 instrumentatiorwas setup to gve linear response, as loag the voltag
presengd to the anabg recorder (Vapeuni) Was less than 1.4 v (i.e., less thanedeMen-squae). This
implies tha thesduration threshold is & follows:

Saturation Threshold =FF, *Fq* 1.4 (16)

22.2 SCALE FACTORS

There arehree sca facors for each channalf daa recorded: SSF, RSF, and D&. SSF is
defined from the sensor, ad the drcuitry tha followed it, transforming the physical quantity
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measured into a voltagnput to the tape recordeRSFis the ratio of input of the recorder in
record mode to the output in plack mode. This factor could be set manualhy the tape
operator. DSFis used to account for the different quaatian levels othe FrequencyModulation
(FM) and Drectchanned. These scal facbrs are necessaty get propery scakedvaluesfrom the
dataandareall recordedn the datarecords. To convert the data from the units stored in the file
into physical units, use equation 1.

TheFM channd sample vdues are storal in two bytes, whilethe Direct channd sample vdues are
stored in a sirlg byte.

22.2.1 1984 Scale &ctors

In 1984, the SSFwere derived from two handwritten documengdlist of the scalefactorsand
calibration data for theSJsensors and the set@fcuit diagams. Thesedocumentsreconsistent;
however the circuit diagam for the B sensors does not show the low chanfidle onlychang
duringtheyearwason Septembeb, 1984, the final recordindate for that gar, for the NFF-L and
INFF-H chamels.

Thedocumentatiorfior the 1984data was difficult to obtain due to the I&m@f time between data
acquisitionanddigitization. The main difficultywas determininghe @in setting on the analog
tape recorder toefjthe RSE A reference sigal was recorded, however, at the ibeghg of mostof
thetapes to beusal to mmputethese gain sdtings. The signa was recorded a the beginning ofthe
first tgpe usa on agiven flight and on thesubsquent tgpes of tha flight if time permitted.
Referencesignals were found for four of the five flights in 1984. This reference si@l was not
foundonthe 1985 or 1987 data tapes, altHoag ekaustive check was not don&he dily 11,
1984 files, for which no signal was found, have the same scale factors asutiiel3, 1984, data,
since no other information was available.

When recorded, this reference raty was fed into an input on thape drive, recordedon all
channelssimultaneouslyand appropriatelyscaled accordingp the gin settingon each channel.
Thesignal wasa squarewaveof 100 Hertz(Hz) with no direct current componeritVhen recorded

on an FM channethe square wavesiwell preserved and reproduced, becausstiof its enery
wasin band. Sincethe low frequency-3 decibel point is 400 Hior the direct channels, much of
the eneryg in the 100 Hz square wave is filtered out on these chanRelsiier analysis reveals
that, althoudn the signal loses much of its eneygand shape, the peak is preserved around the
transition points.

The amplitude of the recorded @) was assumed to be 10 volts peak to peak, basede
original desgn speciicaion for he sgnal source. The tape scak factor for a given channelwas,
therefore, determined Iptaying the tape and observirige peakvalue (V) of the recorded gnal
on an osdlloscopeand dividinginto five:

Scale Factr = 5V, 17)
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22.2.2 1985 Scale &ctors

In 1985,the SSFKs weregivenin two documentsOne is a portion of aBSIC progam listingused
to process the data and the other is a set of circuitasiegfor the sensorsThe factors did not
change duringthe year in either doaument with the exception of onechannd. The progam listing
showsthe ILW-L SSFaschangngfrom 6.9 to 5.0 on the last strikélowever, this charegis most
likely an error. Theothe factor for this tvannd is not listal. Ignoring thischannd, the doauments
do not agee for seven other channels.

Also, there is no drawing of a JSFF-L channd in the circuit diagrams. Since the progam listing is
more recent and should include angdifications to the hardware since the initial desigwas
used as the source for these factdrse low channel of athe currentshuntshasa scalefactor of
about 250 in both documents, so thé/tL channel factor was also set to this value.

The RSFs aredescribedn two documents, also not entiregnsistent:the BASIC progam listing
described above and the Homeyl setup documents for 198%here were twahangs in RSFsin
1985. However,thedates listed on the chaasgydo not agge for the final set of chaeg) The date
listed on the setup document does not include the final strike, buidimerpage showing another
set of chanes for that date. Tables 8 throug 12 show the informatiogontainedin the two
documents.

The Honewell setip docunentwas usedn the eventof a dscrepancybecauset is believedthis
record was aeated a the time the tgpe drive was aljusted. The final sdé of sale factors was
extended to include the final strike.

TABLE 8. 1985 SENSOR SCAE FACTOR DISCREPANCES

Channel Sensor Circuit Diagam ProgramListing
2 JSFF-L 600
4 JSFF-H 306 600
5 INFF-H 220000 9.43x10”
6 JSwW 306 600
7 INFF-L 110000 4.55x10"
16 JRW 306 600
18 JSAF 306 600
20 IDOT 3200 72

22.2.3 1987 Scale &ctors

In 1987, the SSF-were derived from a silegdocument.Therefore, no discrepancies occurred.

The RSE were obtained frorthe samedocumentaswell asthe Honeywell setupfor thatyear,and
both sources aged.
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TABLE 9. 1985 RECORD SCAE FACTOR DISCREPANCES

Channd Sensor D1 PL1 D2 PL2 D3 PL3
2 JSFF-L 1.39 14 1.39 14 1.39 2
3 TRIGGER 0.694 1.0 0.694 0.69 0.694 1
4 JSFF-H 6.94 6.9 6.94 6.9 6.94 5
5 INFF-H 6.94 6.9 2.00 2.0 6.94 5
6 JW 6.94 6.9 6.94 6.9 6.94 5
7 INFF-L 6.94 6.9 2.00 2.0 6.94 5
8 ILW-H 6.94 6.9 6.94 6.9 6.94 5
9 JNLW 6.94 6.9 5.00 5.0 6.94 5

10 ILW-L 6.94 6.9 6.94 6.9 6.94 5
11 JNRW 6.94 6.9 3.33 3.3 6.94 5
12 IRW-L 6.94 6.9 6.94 6.9 6.94 5
13 EFR 1.04 1.04 1.04 1.04 1.04 1
14 IRW-H 6.94 6.9 6.94 6.9 6.94 5
15 INVS 6.94 6.9 3.47 3.5 6.94 5
16 JRW 6.94 6.9 6.94 6.9 6.94 5
17 BDOT 6.94 6.9 6.94 6.9 6.94 5
18 JSAF 6.94 6.9 6.94 6.9 6.94 5
19 HFR 1.04 1.04 1.04 1.04 1.04 1
20 IDOT 6.94 6.9 6.94 6.9 6.94 5
21 LWW1 1.04 1.04 1.04 1.04 1.04 1
22 ITB-H 6.94 6.9 6.94 6.94 6.94 5
23 LWW2 6.94 1.04 6.94 1.0 6.94 1
24 ITB-L 6.94 6.9 6.94 6.9 6.94 5
25 VHF120 1.39 1.04 1.39 14 1.39 2
26 IVSH 6.94 6.9 6.94 6.9 6.94 5
28 IVSL 6.94 6.9 6.94 6.9 6.94 5

D1 = Honewell setup document (May24 dine)

PL1 = Progam listing(May - 24 dine)

D2 = Honeyell setup document (2&de - 24 dly)

PL2 = Progam listing(26 dine - 24 dly)

D3 = Honewvell setup document (2ay - 27 August)

PL3 = Progam listing(25 dily - End of project)
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TABLE 10. 1984 CHANNELMAP AND SCALE FACTORS

SSF
DIR/ RSF RSF RSF RSF RSF 11 UL- SSF
Channel Sensor FM 11 UL | 13 UL | 07 AUG | 17 AUG | 05 SEP 04 SEP 05 SEP | DSF Units
1 TIME CODE FM N/A N/A N/A N/A N/A N/A N/A N/A N/A
2 JINLW (HIGH) DIR 8.33 12.50 11.10 10.00 8.85E7 8.85E7 16 C/m+*2
3 TRIGGER DIR 1.19 1.19 1.19 1.19 1 1 16 \Y,
4 JNLW (LOW) DIR 4.17 5.56 5.56 4.44 8.59E8 8.59E8 16 C/m+*2
5 INFF HIGH) FM 10.00 12.50 10.00 12.50 9.96E7 1.99E7 1 C/m+*2
6 ILW (HIGH) DIR 3.13 5.00 4.55 4.55 5.1E3 5.1E3 16 A
7 INFF LOW) FM 9.10 12.50 11.10 12.50 5.05E8 1/.00E7 1 C/m+*2
8 JSLW (HIGH) DIR 5.26 7.14 7.14 7.14 467 467 16 A/m
9 JSFF HIGH) DIR 5.00 7.14 7.14 7.14 519 519 16 A/m
10 JSLW (LOW) DIR 5.56 7.14 8.33 7.14 50.4 50.4 16 A/m
11 JSFF LOW) DIR 7.69 10.00 10.00 10.00 55.7 55.7 16 A/m
12 JRW (LOW) DIR 4.17 6.25 6.25 5.88 54.0 54.0 16 Alm
13 JSAF (LOW) DIR 4.17 6.25 7.14 5.88 55.1 55.1 16 Alm
14 JSRW (HIGH) DIR 8.52 6.25 6.25 6.25 510 510 16 Alm
15 JSAF (HIGH) DIR 2.86 4.55 4.55 4.34 513 513 16 Alm
16 IRW (HIGH) DIR 5.56 7.14 7.14 7.13 5.1E3 5.1E3 16 A
17 JNVS (LOW) DIR 3.33 5.56 6.25 5.26 8.59E8 8.59E8 16 C/m+*2
18 JNRW (LOW) DIR 6.25 8.33 10.00 7.69 8.59E8 8.59E8 16 C/m+*2
19 JINVS (HIGH) DIR 4.17 5.56 6.25 5.56 8.85E7 8.85E7 16 C/m+*2
20 INRW (HIGH) DIR 5.56 7.14 8.33 7.14 8.85E7 8.85E7 16 C/m+*2
21 VHF63 FM 5.00 8.33 8.33 4.54 1 1 1 \Y,
22 IRW (LOW) FM 8.33 12.50 11.10 11.10 200 200 1 A
23 EFR DIR 1.19 1.92 1.56 1.19 1 1 16 \Y
24 ILW (LOW) FM 7.69 12.50 12.50 11.10 200 200 1 A
25 HFR DIR 1.25 1.67 1.67 1.25 1 1 16 Alm
26 VHF63 DIR 2.50 3.33 3.33 1.25 1 1 16 \Y,
27 TACH DIR N/A N/A N/A N/A N/A N/A N/A N/A N/A
28 VHF120 DIR 1.25 1.25 1.67 1.33 1 1 16 \Y,




TABLE 11. 1985 CHANNELMAP AND SCALE FACTORS

RSF RSF RSF
Channel Sensor DIRFM | MAY-24 UN | 26 UN-24 UL | 25JL-27 AUG | SSFDS F Units
1 TIME CODE FM N/A N/A N/A N/A N/A N/A
2 JSFF LOW) DIR 1.39 1.39 1.39 600 16 Alm
3 TRIGGER DIR 0.694 0.694 0.694 1 16 Vv
4 JSFF HIGH) DIR 6.94 6.94 6.94 600 16 Alm
5 INFF LOW) FM 6.94 2.00 6.94 9.43E7 1 CIm2
6 JSLW DIR 6.94 6.94 6.94 600 16 Alm
7 INFFHIGH) DIR 6.94 2.00 6.94 4.55E7 16 Clm2
8 ILW (HIGH) DIR 6.94 6.94 6.94 2.94E3 16 A
9 INLW DIR 6.94 5.00 6.94 8.9E7 16 CIm2
10 ILW (LOW) FM 6.94 6.94 6.94 247 1 A
11 INRW DIR 6.94 3.33 6.94 89E7 16 Clm2
12 IRW (LOW) FM 6.94 6.94 6.94 247 1 A
13 EFR DIR 1.04 1.04 1.04 1 16 Vv
14 IRW (HIGH) DIR 6.94 6.94 6.94 2.94E3 16 A
15 INVS DIR 6.94 3.47 6.94 8.9E7 16 CIm2
16 IRW DIR 6.94 6.94 6.94 600 16 Alm
17 BdotTB DIR 6.94 6.94 6.94 35.6 16 Alm
18 JSAF DIR 6.94 6.94 6.94 600 16 Alm
19 HFR DIR 1.04 1.04 1.04 1 16 Vv
20 IdotTB DIR 6.94 6.94 6.94 72 16 A
21 LWW1 DIR 1.04 1.04 1.04 1 16 Vv
22 ITB (HIGH) DIR 6.94 6.94 6.94 2.94E3 16 A
23 LWW?2 DIR 6.94 6.94 6.94 1 16 Vv
24 VHF120 FM 6.94 6.94 6.94 247 1 A
25 IVS (HIGH) DIR 1.39 1.39 1.39 1 16 Vv
26 TACH DIR 6.94 6.94 6.94 2.94E3 16 A
27 IVS (LOW) DIR N/A N/A N/A N/A N/A N/A
28 FM 6.94 6.94 6.94 247 1 A




TABLE 12. 1987 CHANNELMAP AND SCALE FACTORS

RSF RSF
Channel Sensor DIRIFM | 16 JL-11 AUG 30 UL SSF DSF Units
1 TIME CODE FM N/A N/A N/A N/A N/A
2 OPTL DIR 6.94 6.94 1 16 Y%
3 TRIGGER DIR 0.694 0.69 1 16 Y%
4 JSFF DIR 4.90 0.69 4.E9 16 Almis
5 INFFLOW) FM 6.94 6.94 1.95E6 1 CIn*2
6 JSAF DIR 4.90 0.69 4.E9 16 Alm/s
7 INFFHIGH) FM 6.94 6.94 9.74E7 1 CIn*2
8 JSLwW DIR 4.90 0.69 4.E9 16 Alm/s
9 INLW DIR 6.94 6.94 8.8E7 16 CIn*2
10 JRW DIR 4.90 0.69 4.E9 16 Alm/s
11 INRW DIR 6.94 6.94 8.8E7 16 CIn*2
12 ILW(LOW) FM 6.94 6.94 250 1 A
13 INVS DIR 6.94 6.94 8.8E7 16 CIn*2
14 ILW(HIGH) DIR 6.94 6.94 3.E3 16 A
15 BdotTB DIR 6.94 6.94 35.6 16 Alm
16 IRW(LOW) FM 6.94 6.94 250 1 A
17 OPT2 DIR 6.94 6.94 1 16 Y%
18 IRW(HIGH) DIR 6.94 6.94 3.E3 16 A
19 OPT3 DIR 6.94 6.94 1 16 Y%
20 ITB(LOW) FM 6.94 6.94 250 1 A
21 OPT4 DIR 6.94 6.94 1 16 Y%
22 ITB(HIGH) DIR 6.94 6.94 3.E3 16 A
23 OPTS DIR 6.94 6.94 1 16 Y%
24 IVSLOW) FM 6.94 6.94 250 1 A
25 OPT6 DIR 6.94 6.94 1 16 Y%
26 IVSHIGH) DIR 6.94 6.94 3.E3 16 A
27 TACH DIR N/A N/A N/A N/A N/A
28 |dotTB DIR 0.694 0.69 2.E9 16 Als




23. NASA F-106 DATA.

23.1 NASA DIRECT UGHTNING STRKE PROGRAMS, 1982 THROUGH 1984

During 1982, 1983, and 1984, aHiminginstrumented FA06B aircraft wasflown by the NASA
Landey Research Center.The flights took place in a regn within 150 miles of Hampton,
Virginia, where the aircraft was based. A variety of sensors were used to record the
electromagetic response of the FO6B. The primaryquantities sensed were the following

. Externd magnetic flux density time deivative
. Externd dectric flux density time deivative
. External current

. Externd current timedeivative

. Internal wire current

The daa sanpling intervals ranged from 5 to 40 nsea different times for different sensors. The
digitized recordincludedeither 65,000 or 131,008amples with pretrger samplingvarying from
1/8 to 1/4 of the total time record.More than 2,000electromagetic responsewaveforms
assocated wih nearbyor directstrikes b the arcraft were recorded durg the 3 years.

Becauseof the usual experimental difficulties with the onboard instrumentation in a severe
environmentand because of offboard transcription difficulties, some of the waveforms contained
spurious vhues. These spurious vlues were recognized and corrected or eliminated by the origina
researchers at NASA in their anadyand publication of the data (Thomas and Pitts 1983, Thomas
1985,andThomas and Carney086). One of EMA’s major tasks was to ensure that such spurious
data was diminated from thewaveforms submittd to FRED. Furthemore apositiveconfirmaion

of ageement with the NASA published data was desif#tke procedures adoptémlachievethese

goals will be described in section 23.3.

23.2 INTRODUCTION.

Before the F-106B waveforms were receivedBMA, extensiveprocessinghad alreadytaken
place. Unfortunately calibrated full-time records of the angl waveforms no lorgy exsted. This
necessitded repesting the transaiption from the origina analog flight tgpes & wel as the
calibration conversion to American Standard Code rifarination Interchang (ASCIl) computer
tapes with waveform dda in engineering units.

Theflight tapescontained dumps of the digers’ memories for each tggr by a lightning event.
A Pulsed Coded Modulation (PCM) format was used to store a maybtitye digtal data onthe
anaog tape The daa transaiption facility a the NASA Langley Research Centa handled the
transfer of the daa from analog tgpes to 9-trak compute tapes. Following transaiption,
cdlibration informaion was gplied to theraw digitizer daa and 9-tra&k compute tgpes wee
written with flight informaion (see teble 13) and thewaveform dda in an ASCII forma. These
were the input tapes to the processméMA.
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TABLE 13. FF106BHEADER ENTRES

Column' | Delta | Disk? | Abbrev Description Exanples
1 1 Continuation (1) or Coment (1) character] 1, 1

2-6 5 FLT Year, Flight Nunber (YYFFF) 83030

811 4 DATE Date (MMDD) 0705

13-16 4 EVNT Event (N=Nearbyl S=Strile) Number NO01, S010
18-19 2 RN Transcription Rn Number 01,12

2123 3 i PEN Penetration Nuiver 002

25 1 L Last Record=1; Gherwise=0 1

27-30 4 SEN Sensor (leading=Integation) ODP, 1BL, T123
3237 6 EU EngineeringUnits A, Tis
3940 2 ns Sampling Intenal (ns) 05, 10
4244 3 FU Presanple Flter (MHZ) 50; 200

46 1 FL Low FrequencyCutoff 0

4853 6 uT Universal Tme (HHMMSS) 201503
5556 2 Fs Fractional Ur(TH) 33

5860 3 DIG Biomation (100 or 200); LeCrofX,Y) 100; 2.1
6267 6 MEM Memory Size 131072; 65536
69-73 5 PTRIG | Pretrigge 259%, 8192
7578 4 TRSO Trigge Source IND®, BL®
80-84 5 o ALT Altitude (ft) 30954
8689 4 b EDIS Distance (km) from SPANDAR ¢E, W) -223, 146
9194 4 * | NDIS Distance (km) from SPANDAR &N, -S) | 227, 123
9698 3 o TMP Outside Ar Temperature (¢ -35

100102 3 o TAS True Airspeed (ifs) 245

104407 4 TRSO Addition Trigger Source (ORed) DWR, DWL
109112 4 TRSO Addition Trigger Source (ORed) DWR, DWL

25 %

o g A~ W

Enter acesn unidertified colunns
Obtaired fom sorm hazard databas
Percert of memory sze
Pretrigger samples
Independently triggereddigitizers
Sensa trigger saurce

23.3 DATA PROCESSNG.

23.3.1 Data Dropout

The a@ and deteriorated condition of the ffliggapes precludedseof 1980 and 1981 data. In

addition,sometapesfrom 1982 and 1983 were unable to be processedddition to the total loss

of a waveform, it was possible that errorsamsmallportionof tapewould causethelossof datafor
a limited number of sample®ecause of the recorditgchnique, theseartial datalossesoccurred
as integra multiples of thebasic PCM transaription unit (32 senples for theBiomaion digitizersin
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1982 and 1983 and 128 samples for te€rby digitizer data in 1983 anti984). Although thedata

was lost for these samples, it was desired to maintain the relative tinthg@ good samples
following those on the bad areas of tapg&ince it was thoug that the numbeof lost samples
could be identified, during the calibrationconversion an equal number of special valued samples
wereinserted in the record as space (actuiathe) holders. This procedure for dealingith data
dropout was developed yomputer Resource Maregent, theoriginal contractorworking with

the transcribed waveforms.

The data loss was maingsociated with theiBmation digtizer data, because it was older dadl
alessrobustPCM recordingtechnique.It was not unusual to see waveforms for which as much as
25 percentof the data hadbeenlost  Unfortunatly, the space hding techngue seemd b suffer
confusion easilyand it was not unusual to seaveformswith considerablymore datathanthe
digitizer could hare recorded. Consguently, the timing of different waveform features in the
Biomation digtizer data is not necessanliell preserved.Since the Bomation digfizerstriggered
independently, this problen has little additiond impact in compaing the timing of features in
different waveforms. The LeCroy digitizers hal vaious @mbindions of @mmon triggers, butno
significant timing probleans wee obseved in this déa.

23.3.2 File Format

The data format for the waveform files sent to tREEL for input to FRED wasthe sameasthat
used in previous efforgescribedn Ng' and Elliott (1992), Ngand Elliott (1992), Elliott and Ng
(1991), Elliott and Weigl (1990), and Thomas and Pi{tk983). The salient featuresare as
follows:

a. 4096 byte ASCIl headerecordcontainingall waveform information, eoept for the sensor
time record.
b. Blocks of 4096 8-bit binaryalues, one for each of the sampled data points.

23.3.2.1 Header Record

The bast format of the header records a 20-charaer desciptor followed by a 60-charactr value
for each of he fields. The nformation is obtained fromthe following sources:

. NASA headermformation
. Storm Hazards Database {gher et al., 1988)
. EMA processing

23.3.2.2 BinaryWaveform Data

The waveforndat is encoded accomy to the following formula:

data sanple[units of data] = scak factor * (binary value -dig. offset), (18)
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where he units of data, thescak factor, and thedig. offset are ob&ined fromthe header record,
and the binaryalue is one of the 8-bit values correspondang sampled data point.

An 8-bit value corresponding 255 is a special value sitying theabsencef reliabledataat that
point in the sanpling seies. This vdue can originate in two different ways. The first was
discussed in section 23.3.In this case, values of 255 are merggce holders for datast during

the transcriptionprocessat NASA. The second source of 255 values comes from the removal of
spurious dea points byEMA in the daa filtering proess deaibed bdow. In this case, a value of

255 is also a place holder. Note that the mamum binaryvalue for the ECroy digitizers is
necessarilyeduced to 2540 preserve the special function for the value 255.

23.3.3 Data ProcessinBrocedures

A series of procedures was used to process the data, comtmnapgiter automation and human
attention. The gpal was to process as mamaveformsas possibleunderthe availablefunding
while ensuringthat the data passed on tBHD was useful and free @puriousvalues. The
multistep procedure was chosen to maze the throubput byeliminating asquickly aspossible,
the waveforms that could not be salkdgvith a reasonable amount of effofithe stepsvereas
follows:

a. Conversion from ASCIto compact floatingpoint format.

b. Conversion from floatingoint to 8-bit binaryformat and addition of header information
a header block.

C. Removal of spurious data identified tymputer progam.

d. Inspection of waveform plotEfulldtime record and regions of peks.

e. Waveform data inspection and hand editifigiecessary

f. Submission of accepted waveforms to tNEEL for FRED input, one tape per ftig

Summaries of the steps atigan in the followingsubsections.

23.3.3.1 ASCIl to HoatingPoint Format Conversion

At this step dl of the files on tape were read from the tegpe (suppliel by Gdaxy Sdentific
Corpordion (GSC)) and written to disk. In the proass, thedaa vdues, read as a three-digit
sdentific notaion ASCI quantities, wee written to disk usinghe computes internd floating point
representationThis represented a data compression of more than a factor of four.
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23.3.3.2 FloatingPoint to 8-Bt Conversion

Forthis step,the floaing point nunmbers were copressedad 8-bit values, accordlg to equaion 21,
with the appropréte decodng factors generaed for sbrage in the header recordThe header record
was also gnerated at this time usirige header informatioon the input tapeandinformationfrom
the Storm Haard Daabase

At this point, a first qudity check was male by compaing the DSF, obtaned from therdevant
NASA publication(Thomasand Pitts (1983), Thomas (1985), and Thomas and C#t®8p)),
with theonederivedfrom the least common denominator of input d#&greement at the level of a
few percentwasrequiredfor progession to the néxstep. Only a few isolated waveforms failed
this test, with the exceptionof the 1983 Bomation digtizer BDOTWL sensor data for fligs 11
throudh 42. All of these waveforms were lost at this step.

23.3.3.3 Computer Removal of Spurious Data

The next stepperformed the automated removal of spurious data from the wavefdimesbasic
approah has been desaibed in somedetail, with multiple examples in Ng? and Elliott (1992).The
only difference in this project from the previous work is tthegt point is markedas nondata,as
opposedo trying to providea corrected value as was done previaugsically, the chang in
vaue baween sucessive time sanples is examined for consist&icy with the local waveform
behavior. Particularalgorithms deal with known digtizer and transcription failure modesAn
exampleof areadilyrecogizabletype of spurious data is a value which is similar to itshimgs,
exceptfor the high orderbit of its binaryrepresentation beirget on. This is common failure mode
of digital electronicsand data, showinghat a sigature should be removed, which, in this case
means havings 8-bit value set to 255.

23.3.3.4Inspection of Veveforms

To preparefor visual inspectionof the waveforms, two sets of plots were mad€&he first set
displayed the full-time record of the waveform as ana@jly received, as well as after the automatic
spuriouspoint removal. The second set of plots also disgthpefore and after data but orfty
smallertime sectionsof the waveforms.The shorter time sections that were disgdagtuplicated
those displagd in the NASA publications (Thomas and Pitts (1983), Thomas (1888) homas

and Carne)(1986)). In addition, an automatic process selected sections of waveforms, wdnerein
value chang of 8 or geaktr occursn betveen succesge ponts. This allows examination of
sectionsof the waveform that ehibit either interestingstructure or contain spurious dat@®f
course this is moreeffective with the 8-bit LeCroy digitizers than with the 6-bit Biomaion
digitizers.

After generatingthe plots, each waveform was compared to published plots in the appropriate
NASA publication. For acceptance, it was required that a RAfot exst and thathe EMA plots
agee with the NASA plots for the wavefornin addition, extra plots generatedby EMA were
required to be reasonablé the case of a discrepanibgtween the NASA and EMplots, it was
determined that a limited amount of manual editrigthe data could resolvethe difference.
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Usually this meant markingpurious data as nondata, and sometiin@eseantrestoring points
which were erroneoushemoved bythe computer pragm used in the previous step.

A classificationschemewnasadopted for the inspection stefphe most interestingabels used for
waveforms with the possibilityf acceptance were as follows:

e 0 [Waleform accepted without manual processing
e 1 [Waleform requires limited manual processiafier which it mayor maynot) be accepted.
e 2 [Waleform could be salvagl, but requires effort outside the present scope.

23.3.3.5 Data Editing

Data editing was atime-intensive process;therefore, every attempt was maleto limit its gpplication

to waveformswith only a few points (gnerallyless than 5) which required human intervention.
The proedurerequired speification of asmadl time interval, induding the suspet daa. Both the
original and EMA processed versions of the data were depfay comparison. If modification
was required, the chaegywere made manualtgroudh the computer sgem editor.

23.3.3.6 Data Submission

The phyical format of the data submitted to thEEL for input intoFRED wasthe sameasthat
used prewusl. A 9-track conputer tagpe was usedothold the waveforns assoa@ted wth each
flight. Thennaming sthemefor thetagpes was & follows:

FNAABB

where AA are the last two ditg of the ar (e.g 82), and
BB is the two-dig flight number (e.g 17).

Each file on the tape was named accordiindpe followingconvention:
AAOBBSSSSQ...Q.DAT

where AA and BB are asithe tape kBbel,
SSSS is thetiike labd (initial S for direct stike, N for nearby stiike), and
Q....Q is the sensor tag

Table 14 lists the sensor definitions, as well as theused in the file name construction.
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TABLE 14. LIST OF SENSOR ABREVIATIONS, EXPIANATIONS, AND FLE TAGS

Header Explaration File Tag
BWL Time derivative of magndic flux density on left wing BDOTWL
BWR Time derivative of magndic flux density on right wing BDOTWR

DT Time derivative d electric fux density on tail DDOTT
IDT Time derivative of nose boomcurert IDOT
BL Time derivative d magnetic fux density producedby longitudnal fuselage current BDOTL

DWR Time derivative of dectric flux density on right wing DDOTWR

DWL Time derivetive ofelectric fux dersity onleft wing DDOTWL
DF Time derivetive of electric fux dersity onlower forward fuselage DDOTF
IT Tail current I-TAIL

VFA Defined in NASA TM87690, 1984 Dect Strike Lightning Data VFA

VFB Defined in NASA TM87690, 1984 DectStrike Lightning Data VFB

VFC Defined in NASA TM87690, 1984 Dect Strike Lightning Data VFC

VW Defined in NASA TM87690, 1984 Dect Strike Lightning Data

T123 Defined asTP123 n NASA TM87690, 1984 DectStrike Lightning Data TP123

T114 Defined asTP114 n NASA TM87690, 1984 DectStrike Lightning Data TP124

T116 Defined asTP116 n NASA TM87690, 1984 DectStrike Lightning Data TP116
T125 Defined asTP125 n NASA TM87690, 1984 Dect Strike Lightning Data TP125
T100 Defined in NASA TM87690, 1984 Diect Strike Lightning Data TP100
T101 Defined in NASA TM87690, 1984 Dect Strike Lightning Data TP101
T102 Defined in NASA TM87690, 1984 Dect Strike Lightning Data TP102

23.3.4 1982 Data

In 1982,two channels (denoted 100 or 200) obmation digfizers were used for data acquisition.
The digdtizers had a 6-bit ramgand a 131,072 sample Iémgvith a10 nsecsamplingperiod. The
channds were triggered indgoendently by the sane waveform being digtized. Thoma and Pitts
(1983) specifithe sensors and their locations, polarities, ancesang

There was considerabledegadation of the 1982 fllg tapes, which resulted in numerous data
errors, in addition to those generatedduring the orignal data acquisition. As a result, many
waveforms were lost because otessive data loss and contaminatibessthan50 percentof the
files received from GSC were submitted for inclusion in FRED.

23.3.5 1983 Data

Flights 11 throuch 42, from the 1983 F106B effort, were conducted with the sameomation
digitizers used in 1982.The data had mangf the problems observed in the 1982 waveforms.
Furthermore, the scale factors foDBTWL used byGSC disageed with thoseguublishedby
NASA. Later investigation by GSC déermined tha the NASA publication was @rrect for flights

11 throudh 16, but someconfusionremainsconcerningflights 17 throuly 42. In anycase, none of
those BBOTWL 1983 waveforms were submitted to tNEEL.
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Beginning with flight 44, a set of four éCroy digtizers (three channelseach)were used for
onboard data acquisitionThese units had an 8-bit rangnd stored 65,536 sample&. 10 nsec
samplingperiod was usedThomas (1985) detailthe F-106B instrumentatiorand configuration
for the 1983flights. In general,the LeCroy digitizer data received b¥MA was of much higer
qudity and hal fewer problans.

23.3.6 1984 Data

The LeCroy digitizers were usedexclusively during the 1984 flignts. Samplingintervals varied
from 5 to 40 nse for various s@sors adifferent times. Severd different triggering schemes wee
usa on multiple sensor/dhiannd combindions. A great ded of high-qudity daa was acquired
simultaneouslyor manysensors in 1984.

A sensor labelingdiscrepancybetween header information on the GSC supplied tape and the
NASA publications preventedegeratingexpanded plots for the examination of fine structure
someof thewaveforms. This occurred for the wire measurements invohbogh induced currents
and voltags. Thomas and Carng986) contains a more detaildescriptionof the 1984dataand

its acquisition. Nearly 80 percent of the 1984 waveforms received fronCG®®reacceptedor
FRED.

23.3.7 Waveform Saturation

Whenexaminingawaveform for its maximum value, it is also useful to know whether the value is
a true maimum or merelythe upper limit of the digzer’s rang. To deal with this issue, a table of
possble mnimum and naximum values was comiled for eachaccepéd waveform The data
receivedby EMA had undergne an arbitrarypbaseline subtraction (i.e., the waveforerozin
engneeringunits was not the same as the ioadydigitizer zero). GSCsupplieda microcomputer
diskette withbaselinevaluesthathadbeenusedfor zero subtractiorprocessing A distinctbaseline
value was assocated with each waveform Usualy this was he vale observedust before he
digitizer triggered. EMA used the baseline values with scale factors (also suppli€aSi8) to
compute the least count as well as the minimum and maximum value for each waveimDs
diskdte contdaning these resultsis pat of this rgort. The daa is in ASCI forma with the
following four fields for a waveform on a line:

least count minimum value maximum value waveform label

23.4 SUMMARY..

Selected for input into RED were 1,022 AO06B direct strike ligntning waveforms with their
auxliary flight information. The data was acquired with twadgnation digtizer channels in 1982
and part of 1983 and with 12eCroy digitizer channels in part of 1983 and afi 1984. The
Biomation data contained 131,072 samples per waveform, thhkileeCroy datacontained5,536
sanples pe waveform. The time resolution wa typicaly 10 nse, but ranged from 5 nse to 40
nsec. Deterioration of the agg magetic flight tapes reduced the angl data set of ove2,000
waveformsto the 1,596 received b¥EMA for processing First-order consistencgnd data quality
checks further reduced the number of candidate waveforms to 1,369 foreidues.3 y
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The enire data recordof each candiae waveformwas vsualy inspeced for reasonabhess and
compared to results published BIASA. If a higher resolution NASA plot existed for an
interesting subsetion of thewaveform, asimilar plot wes aeated by EMA and a compaisonwas
made. In addition, an automated procedure produced plots of @gons with a sigificant
structure. Existence of a NA® plot, and ageenent with it, was a prerequsite to waveform
accepénce. Reasonal@ness oflie dat was requied. In sone cases, spuwus daa wasidenified
andreplacedy aspecial nondata valueSimilar data removal had been performedNASA. The
processig and accepihce procedures gutoyed a corhination of aubmatic conputer processig,
human inspection, and data manipulation.

24. FRENCH TRANSALL DATA.

24.1 OVERVIEW.

The Fench gvernment sponsored a research @ogstuding lightning strikes toaircraftin flig ht
using a C-160 Transall aircraft.This propeller driven aircraft was outfitteglith a variety of
electromagetic sensors and flown in thunderstorm conditions.

The dataprovidedto the FAA for inclusion in FRED were recorded in 1986 and 1988 1986,
currentand surfacecurrent densty informaton was cdeced. This dat was provled bythe
Centred’EssaisAeronautiquede Toulouse (CEAT) in the form of 14-track anal@gpe recording
of sensor outputsData from 1988 was made availablem ONERA. This includeddatadigitized

onboard duringhe flights/strikes as well as an offline digation of analoglata orignally recorded
on 28-trak tgpes duringthe flights. Details of these daa collections, thér extent, forma, and

conentare teaed h separat sectons.

24.2 1986 DATA

CEAT was responsible for the 1986 C-160Htigata. The original 14-trackanalogdatatapeswere
provided to EMA alongvith a three-part report (inrénch)on the 1986 progam. Unfortunately
since none of the origal personnel were still involved with the data, there effsctively no
interaction beyond this. Therefore,it was impossible to extract the same level of header
information as was available for the 1988 daéf@ame meteorolagal data was obtaindtiroudh a
translation of one part of the 1986 documenhe main concentration of this litning campaig

was on eternal currens.

Accordingto the CEAT documentsninein-flig ht lightning strikes were recorded in 1986, althbug
one of these strikes (the last) contained two events separaeskebgnds.This strike wastreated
astwo for the purposes of diigation. It should also be noted that strike number 3 was not present
on the tapes receied byEMA.

The digitization of the 1986 C-160 analogapes was similar to the digation of the CV-580
analogtapes(Elliott andNg, 1991). Logically, the task was the same with oslyme procedural
differences.The seps are:

a. A 14-track Honewell 101 playpack apparatus was empdaly
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b. Thedigitization was triggered by an IRIG-B time decode.

C. All the channels were Nd Wide Band Group 2 with 0-500 kHbandwidth. Thesewere
digitized at 1 Megasampleper second with a rargof £2.048 V with 12-bit digized
sanple

d. Each daa channd for an event was digtized simultaneously with the trigger channd. It
was aiticipated tha waveform shifting could beemployed for time synchronizdion & was
done for the digized 1988 C-160 analodata. However, comparison of the diged
trigger signals, for both repeats of the same data channel and for diftaanthannels,
revealed tha the time decode repeatability was on theorde of 5 samples or 5 ps.
Therefore, no further effort was invested in waveform shifting

e. The data was transferred to a Sun Micstmys workstation vidile transferprotocol (ftp)
for further processingThis was a geat improvemendver the general purposeinstrument
bus (GPB) transfer to a VAX-11/780 in the CV-580 digation project.

f. It was noted that different sensors/channelsthadr differencesn the maximumlevelson
the analog tgpe The daa was compresseal from 12 bits td bits by using ¢/namic saling
for each waveform.That is to saythe extremevaluewassetto +126 andall othervalues
were scaled proportionately

The scalefactorsfor the low-frequencyand hidp-frequencycurrent sensors were taken from the
CEAT document listed in the biblicgphy As sugiested bythe same documerihe scalefactors
for the H fields (surface current densities) were obtainedalyomparison between the vokag
waveform obtaned with thedigitizer and thewaveform plotted with actud physical unitsin the
report. In the cases of adear signd, it is estimated tha the sce factors obtaned in this fashion
have an averagaccuracyf 10 percent and an upper error limit of 25 percéntthe absenceof
significant signal in the document plots, onthe noise rargcould be usedandin this casethe
errors on the scale factors could be consideralptr. If there is no sigal, this should not ba
major difficulty, but care should be taken in tiyng to extract limits or averas usingthe
waveforms. It is dso truethd if significant pesks ocur outsidethe time interva shownin the
CEAT documents, their absolute values are not as reliable.

24.3 1988 ANALOG DATA.

The 1988C-160datawasprovidedby ONERA for inclusion in RED. The flights over the south
of France yelded a total of 13 strikeddowever requiringthattheinstrumentatiorwasfunctioning
well enoudn for analogrecordingof at least 80 percent of the gioal parameters reduced the
useablenumberof strikesto ten. Of these ten, elg also had didgal signals recorded onboard the
aircraft.

As pat of ONERA's paticipation in the project, 18 s@sor tannds wee digitized from the
28-track analodape record.The orignal recordingformatwasFM (Wide Band Group 2) with a
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passband of 0-500 kHZAN 8-bit digtizer with a samplingateof 1 Megasampleper secondwvas
used to acquire approximateélyseconds of data.

ONERA's digitization proess wa ale to handle only three channds simultaneously. The desire

to mantain prope time registraion amongal 28 daaand 1 trigger channds promptel the repeated
recordingof the trigger channel with each pair of data channél#though this allowedrecoveryof

the channd-to-channd timing, it presented an awkward situdion for the waveforms in FRED.
Offsetsof morethan 100 ms were observeld.the offsets were not corrected, intrastrike waveform
compaisons in RED would reuire a rahe tedious déermindion of the time offse and
subsequent shiftingf the plots.

As aresult, thedecision wa male to peform theshifting priorto entering thedaa into FRED.

The proedure compaed significant edge transitions in thevarious digtizations of the trigger
channd to obtan the relative timings of dl channds. All subseuent digtizations wee shifted to
match thoseof thefirst triplet of channds. Note tha after shifting the synchronizdion gopears to

be on the order 10 samplesor 10 pus. The same number of data samples was maintained by
insertingthe binarydata value of 255 (invalid data) at either theitweigg or end ofthe dataas
required bythedirection of thetime shift.

24.4 1988 DGITAL DATA.

The 1988 digal data was collected onboard bgktronix TEK 7612 AD andTEK RTD 710
digitizers. Ther key paameers ae

TEK 7612 AD TEK RTD 710
20 ns interval 200 ns interval
8-bit accuracy 10-bit accuracy
2048 samples 32768 samples
496 pretriger 16,000 pretriger

The data was provided in the format of ASYST data fil&&hen decoded,thesedata files
contaned channd numbe, sensor ldd, digitizer type prdrigger, and s@e factors. This
informationwasintegatedwith that provided in the supportirdpcumentation.t should be noted
that when there were disaepandes between thedaa files and thereport, theinformaion in thedaa
files was used.

For eachof the 11 lightning strikes, there were a total of 26 channels of sensor data etig
onboard.
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26. GLOSSARY.

ACTION INTEGRAL. For current sensors, the integ of the currentvaveformsquaredover a
time interva (fi’dt). Thetime interval is ddined by the integration stat and theintegration stop
times.

AFFILIATION. The orgnization sponsoringesearch for aigen researcher.

AIRSPEED The speed(in knots) at which the aircraft was travelifigr an airborne research
project.

AIR TEMPERATURE Tempeaature of theair a thelocation of thesensor & thetime of thestrike

ALTITUDE. For airborne sensors, the hieidtimes 100 feet) ahe sensomabovegroundwhenthe
flash occurred.For ground-based sensors, the elevation above sea level of the dénbkmfield
is “-9999,” the actual value was unknown.

ANALOG RECORDER D. A code indicatingthe analogrecorderon which the data was
recorded. This corresponds to an entny the analogecorder description table and can be viewed
by invokingthe help function.

ATTACH POINT. Theinitial point of mntact of thestrikewith thearcraft.

CHARGETRANSHER. Theamountof electric charg transferred duringhe strike. This value is
calculated only for current sensors. The time interval is ddined by the integration stat point axd
integation end point.

DATA SCALE FACTOR Digitizer counts divided bthe sample value units.

DATA UNITS. Units of the waveform specified.
DATES. The upper and lower limit dates between which the user wishes to select data.

DECIMATE. A FRED command that keeps everth point, where the number ngpecifiedby
the user in the Reduction Points field.

DETACH PONT. The final point of contact of the strike with the aircratft.

DIGITIZER ID. A code indicatingthe digtal recorder on which the data was recorded or the
digitizer which processed the analdgta. This correspond® anentryin the digitizer description
table.

ELECTRICAL PHENOMENA Information about the electricahenomenabservedy the crew
around the time of the Ingningstrike. There maye more than one entiry this block.
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FILE NAME. Names of plot files in the user’s directory
FILTER. A FRED command that sets all points within a specifiededngero.
FLASH DATE. The date the strike occurred.

FLASH ID. A number hatidenifies the flash. Thesenunbersare assgned consecutely by the
progam thd enters ddainto FRED. They are use interndly by FRED to track thedda

FULL SCALE. The largest magnitude tha can be measured for a given quantity. This vdue is
determined bythe sensor, its sl processingcircuitry, and the recording and playback
instrumentation.

FULL WIDTH AT HALF MAX. The width of the peakmeasuredfrom the point where the
waveformfirst reaches hélof the peak vale © the pont where he waveformfirst returns o haf
of the peak value.

INITIAL STRKE TIME. A value of time calculated by assigiing the strike time to the point on
thetrigger channd where thetrigger spikewas recorded. Thetime interva beween the beginning
of the recording and the strike time is subtrated from thestriketime. This gves thetime of the
initial sample point.

INTEGRATE. A FRED conmmand that integrates over a spefted nterval.

INTEGRATION START. Thelower integration limit usel to calculate the action integral and the
charge transfer.

INTEGRATION STOP The upper integtion limit used to calculatihe actionintegal andthe
charge transfer.

KNOTS. Nautical miles.

LATITUDE. Thelatitudeat which the strike was recorded.This value is tyen as two diigs for

the degees, two digs for the minutes, and two dlig for the seconds.The direction (north or
south) is carried and reported in a separate figlthe latitude of a CV-586trikeis notknown,a
defaultvalue of 28:00:00 N latitude is usedf the latitude of an 06 strike is not known, a
default value of 38:00:00 N latitude is uséfithe latitude of &-160strikeis notknown,a default
valueof 43:30:00N latitudeis used. In addition, if the seconds or minutes are shown as “00,” the
vaueis probdly estimated.

LONGITUDE. The longtude at which the strike was recordethis value is tyen as three ditp
for the degees,two digits for the minutes, and two dig for the secondsThe direction (east or
west) is carried and reported in a separate figlthe longtude of a CV-580 strike is n&nhown,a
defaultvalueof 81:00:00W longtude is used.If the longtude of an FLO6 strike is not known, a
defaultvalue of 75:00:00W longtudeis used. If the longtude of a C-160 strike is not known, a
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defaultvalue of 1:30:00E longtude is used. In addition, if the seconds or minutes are shown as
“00,” the value is probablgstimated.

NUMBER OFPONTS. The number of data points in the waveform.

PEAK VALUE TIME. The location (in time whee the pesk absolute vdue of the waveform
occurred.

PEAK RISE Theinstantaneous pek rate of rise This quantity is deermined by taking the slope
of theline betveen adacentpars of ponts. The hghestvalue so detrmined s enered n the Reak
Rise field.

PEAK RISE TME. The time during the strike & which theinstantaneous pek rate of rise was
recorded.

PEAK VALUE. Thepoint of thewaveform with themaximum @solutevaue.

PRECPITATION. The types of precipitation observed the crew around the time of the strike.

PRECPITATION SEVERTY. The degee of precipitation observed bye crew.

RANGE. A FRED command that keeps all of the points between specified end points.

RECORD SCAIE FACTOR Sensor voltagdivided bythe tape voltag

RESEARCHER Names of the researchers involved in the collection of data for the associated
source.

SAMPLING INTERVAL. The interval of time over which dategasaccumulatedo yield onedata
point.

SAMPLING WINDOW. The interval over which the waveform was retained for FRED.

SATURATION. A value to denote that saturation was observed and hytdlde researcher.
Possiblevalues are “Y,” “N,” and “U.” “Y” indicates that the researcher noted saturatitid”
indicaies hat the researcher netl no satfraion was present“U” indicates that no observabns
were made concernirgaturation.

SATURATION THRESHOID. The threshold above which the equipment no éomgoduced a
linear response.

SENSNG PARAMETER The quantitypeingmeasured bthe sensor.

SENSORD. A code that indicates the sensor that acquired the @ata.corresponds to an entry
in the sensor description table.
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SENSOR IOC. The location of the sensor, if a/gn test setup included more than one sensor.

SENSOR SCAE FACTOR Physics units divided byhe sensor voltag

SOURCE NAME An identifier for a collection of dataln general,dataare groupedundersome
namewhich gives information aboutthe progam that collected the dataData maybe further
subdivided byear if a progam collected data for more than oy

SOURCE TYPE An indication of the tge of data collectedy a source. Optionsare“Airborne,”
“Ground based,” or “Rocket trigred.”

STRIKE TYPE. An indicaton of wheher te stike atached o the stucture wherehe sensor was
located or merelpassed near the sensor.

TEMPERATURE Theenvironmental tempeature a thetime of the strike  This tempeature may
have been recorded ireitenheit, Celsius, or Rankine degs. All temperaturesn FRED are
listed in degrees Cdsius.

TIME. Thetime a which the strike oacurred. This timeis t&ken from thedaa logs and/or is the
time of thepesk on thetrigger.

TIME TO HALEF MAX. The location (in time) of the data point whéine waveformfirst reaches
half of the peak value.

TIME TO PEAK Thelocation (in timg of thedaa point with thegreatest absolutevaue.

TITLE. Thetop of two ldd lines peamitted in theFRED saiter plots.

TOTAL NUMBER OFFLASHES The number of ligtningevents recorded in avgn source.

TRIGGERTHRESHOLD. The value atwhich the recordng devices werertggered D record.
This value mayot be known if the equipment could bedaged bymore than one sensor.

TURBULENCE SEVERTY. Degee of turbulence observed the crew.

USER H.OT COMMANDS. GNUPFot commands that the user can enter to enhance plots.

WAVEFORM 1ID. A number which identifies the waveformThese numbersare assiged
conseutively by the progam which enters dda into FRED. They are useal interndly by FRED to
track the data and liie user to request thati@en waveform be loaded.

WAVEFORMS. Thedigitized representation of informdion ecquired by a sensor ove time.

X-AXI S LABEL. The information to be printed alotige horiontal axs in FRED scatter plots.

Y-AXI S LABEL. The information to be printed alotige vertical ais in FRED scatter plots.
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APPENDIX A [HELP AND ERROR MESAGES

ERROR MESSAGE

RESULT OF ACKNOWLEDGING
ERROR MESSAGE

ACTION BY USER

Application Error

PBSTBO040 caused a General
Protection Fault in module
PBSHRO040.DLL at 0006.00CE

FRED for Windows may close;
Windows may close.

If the application does not
close, close it. Exit Windows
to release resources. Try
again.

Application Error

PBSTB040 caused an illegal
instruction in module GDI.EXE at
0007:0843.

The system returns to the DOS
prompt.

Reboot computer. Restart
Windows. Restart FRED for
Windows.

Application Error

PBSTBO040 caused a Stack Fault
in module PBRTF040 at
0005:EC46

FRED for Windows closes.
Windows remains open and active.
SQL/FAA icon remains on screen.

Close Windows to release
resources. Try again.

Data Window

! Expecting NUMBER
expression.

System reverts to the last active
window.

Enter a numeric expression.

DataWindow Error

! Line 7 Column 8: incorrect
syntax

Additional error messages may
appear.

Continue to acknowledge the
message until it clears.

Error

STOP

Reverts to last active window.

Error

STOP File I/O Error: No such file
or directory.

Reverts to last active window.

Ensure that the path selected
is correct and that the device is
online.

Error

STOP No rows selected.

Clicking on OK returns the
Environmental Plot Options
window.

Reset the selection criteria.

Error

STOP No sources found. Am
closing the window.

Error window closes.

Contact the INEEL FRED DBA
via email at faa@inel.gov.

Error

STOP Timed out when resolving
the host address from the
host name.

Clicking on OK returns the Desired
Attributes for Plotting Waveform #n
window.

Check to see that the
connection to the INEEL has
been made. If the connection
is active, perhaps the networks
are overloaded. Trying again
at a different time of day might
help.
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ERROR MESSAGE

RESULT OF ACKNOWLEDGING
ERROR MESSAGE

ACTION BY USER

Error

STOP Wave Retrieval Error:
Timed out when
attempting to connect to
the host.

Error

STOP Windows Socket Error:
Valid name, but no data
record.

Acknowledging the error message
returns the user to the Desired
Attributes window.

Contact the INEEL FRED DBA
via email at faa@inel.gov.

Error

STOP The lower latitude value is
invalid it must be of the
form DDD:HH:MM

User is returned to the Query Limits
screen.

Re-enter the data in the
correct format.

Error Creating Report

I Line 242 Column 242:
incorrect syntax

The query is not processed. The
guery screen remains, however, no
changes can be made.

This error occurs when the
user tries to request too many
columns. Reduce the number
of columns in the query and
resubmit it.

File Error

Cannot find WINSOCK.DLL

Error R0O0014 is displayed.

Check that the
communications software is
available. Verify the path. If
both are correct, contact your
local network expert.

GZIP.PIF

! Cannot find file.

Check to ensure the path
and filename are correct.

Another Error window is opened.

Check to ensure that the path
and filename are correct.
Verify that the device is online.
If problem persists, contact
the INEEL FRED DBA via
email at faa@inel.gov.

PowerBuilder Application
Execution Error (R0002)

STOP Application Terminated.

Error: Null object
reference at line 29 in
clicked event of object
m_filter of m_frame.

FRED for Windows closed.

Restart FRED for Windows.
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ERROR MESSAGE

RESULT OF ACKNOWLEDGING
ERROR MESSAGE

ACTION BY USER

PowerBuilder Application Execution
Error (RO006)

STOP Application terminated.

Error: Invalid DataWindow
row/column specified at line
12 in rowfocuschanged event
of object dw_report of
w_report.

Program aborted.

Contact the INEEL FRED DBA via

email at faa@inel.gov.

PowerBuilder Application Execution
Error (R00014)

STOP Application terminated.

Error: Error opening DLL
library RETRFILE.DLL for
external function at line 147 in
clicked event of object pb_plot
of w_plot2.

Other error windows open.

Contact the INEEL FRED DBA via
email at faa@inel.gov.

PowerBuilder Application Execution
Error (R0023)

STOP Application Terminated

Error: Cannot assign object of
type w_plot_peakvalue_by
altitude to variable of type
w_sources at line 87 in clicked
event of object m_print of
m_frame.

Acknowledging the error causes FRED
for Windows to close, leaving the
SQL/FAA icon open. SQL/FAA closes
ok.

Contact the INEEL FRED DBA via
email at faa@inel.gov.

PROGMAN (sic)

An error has occurred in your
application. If you choose Ignore, you
should save your work in a new file. If
you choose Close, your application
will terminate.

Choose either ignore or close.
Exit Windows to release
resources and review the section
on General Protection Faults
(paragraph 2.5.1).

SQL Syntax Error

Only Select Statements
Allowed

SQL Query Window is reactivated.

Type a select query or close the
SQL Query window.

SQL Syntax Error

SQLSTATE = 37000
[WATCOM][ODBC Driver]Syntax
error: near 'where' in
...emd_waveform_id [where]
source_ideq1...

select emd_waveform_id where
source_ideq 1

Returned to SQL Query screen.

Fix the query and resubmit it.
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FRED for Windows REQUESTOR:

DATE:

WINDOW:

PROBLEM:
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