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'' PREFACE

i.!

This report represents a portion of the research supported

_i by the EPA Office of Noise Abatementand Control in the

noise monitoring methodology program as called for in

Section14(c)of PL 92-574,The Noise ControlAct of 1972.r
The results of this work should assist in making noise

monitoringmore accurateand economical,

ri
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;i INTRODUCTION

The criteriaused to judgewhethera certainnoise exposurein a

-- communityis excessiveor not,or fits sometrend,determinethe monitoring

._ methodology and the noise level descriptors required to measure the noise

exposure.

The Officeof Noise Abatementand Controlof the United StatesEnviron-

mental ProtectionAgency (EPA),directedby Congressunder the NoiseControl

-i Act of 1972(PL 92-574),determinedand publishedin the "CriteriaDocument"l

_] and the "LevelsDocument"2 thatthe total A-weightednoise energy(corrected

for nighttimesensitivity)receivedby an individualor a communityover
I

_, a full 24 hourday is a significantand a recommendedindicatorof noise

exposurewhich correlateswellwith human response. Thus, the Leq/Ldnnoise
i_,_ exposure level descriptors and their concomitant maximum recommended indoor

and outdoor environmental levels necessary to protect the public health

and welfare became important nationwideconcerns. Prior to the introduction

of thesedescriptors,professionalnoisecontrolengineersand otherFederal

I_ agenciessuch as DOD, DOL (OSHA),DOT, HUD and others were using various

, b_ differentcriteriafrom the above. Fullday, continualmonitoringat each
h

_ measuringsite becameimportant,necessaryconsiderationsby all in their
i_ futuremonitoringplans.

It is the full day monitoring period which places the severe require-

i!{3 meritson the methodology and the monitoring budget. The costs of automatic

digitaldataacquisitionand reductionsystemsare very high per monitoring

station. However,the personnelcosts for automaticsystemsare lowerand

it is saferand more convenientto use suchequipmentthan to place eight-hour

I_i shifts of people per site in the field (with all of the creature-comfortpro-
_" blems of people)with accurateinexpensivehand-heldequipment, The advantage

f._ of placingpersonnelat the siteshas beento identifythe noisesourcesas

',= well as to take the levels data and meterologicaldata. It is considereda

'-' l"PublicHealthand WelfareCriteriafor Noise",EPA 550/9-73-002,July 27,1973.

2Information on Levels of Environmental Noise Requisite to Protect
I PublicHealthand Welfarewith an AdequateMarginof Safety",EPA 550/9-74-004,
-- March1974.
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: luxury to place automaticdigitalacquisitionequipment plus a source

observerat eachsite but it is considerednecessaryto do so in order to
i --

ii quantifyand identifythe major contributorsto the noise environment.
Identification of the sources and their contributions to the total noise

-- energy is absolutely vital to any meaningful noise control measures such as

.... the establishmentand enforcementof a communitynoisecontrolordinance

-- with source controls and acousticalcriteria in its constitution.

.. Analog tape microsamplinghas been recommended,used, and reported by

-- several noise control professionals3'4'S'6includingthe Authors7 as a

method by which environmentallevel data and noise source signatureinfor-

mation can be obtained automatically and accurately in the field (at a lower

! cost than other methods) and by which the data reduction and source identifica-

tion can be performed in the laboratory later by trained operators and ob-

m! servers.

I.._ Analog microsamplingis the intermittentrecordingof an analog acoustic

_, signalwith a magnetictape recorder. The controlof the on and off times

I_ of the recorderis performedby anotherinstrumentcalleda microsampler.

Since only a smallportionof the samplingperiodis actuallyrecorded,

I_ time appearsto be compressedwhenthe tape is playedback,and a singlel-I/2hour

reel of tapecan contain24 or more hours of sampleddata. Timecompression

i! ratios of up to 30:1 have been used successfully. This time reductionhas
great benefitsin reducedcost of data acquisitionand reduction,especially

the latter. However,the techniquehas its trade-offs,for as time compression
ratios increase,accuraciesof source identificationand of the level descriptors

3Kamperman, G.W., "Techniques for Sampling Environmental Noise" Proc.
Inter-Noise 72, p. 393-398, 1972.

!-!

L_ 4Schultz,T. J., "SomeSourcesof Error in CommunityNoise Neasurement"
Sound and Vibration, Feb. 1972.

5Safeer,H.B., _lesler,J.E. and Rickley,E.J., "Errorsdue to Sampling
•' in Community Noise Level Distributions"J. of Sound and Vibration,(1972)

Vol. 24, No. 3, pp. 365-376.

_'_'. 6Safeer,H.B., "CommunityNoiseLevels- A StatisticalPhenomenon"J. of
Sound and Vibration(1973)Vol. 26, No. 4, pp. 4B9-502.

:I] 7Watson,H.,Jr. et.al," '• EnwronmentalNoise Monitoringat ThreeSites
-_ in Irving,Texas"U.S. EnvironmentalProtectionAgencyReportNo. EPA'906/9-75-OOl,

Feb. 1975.
I"l
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_. decrease. For this reason error estimationand analysis is a crucial part
_ of any microsamplingscheme,

Random, periodic, and demand sampling have all been used, the first

two more commonlythanthe third, Kamperman3 reportedthe accuracyof the

use of a small,portable,periodic,analogtapemicrosamplerwith regardto

-_ obtainingnoiselevelpercentiles.Schultz4 performedboth randomcontinuous

"'_ sampling(2min/60min) and periodicsampling(I0 sec/Smin.).Safeeret, al5

compared random continuoussamplingwith periodicsamplingat 30:I time• compressionsand found periodic samplingto be more accurate. The Authors7

-T appliedthe periodicmicrosamplingmethod(l sec/20sec) to a co.unity-

.] aircraftflyovernoiseproblemand succeededin measuringthe levelstatistics

and Leq/Ldnaccurately{as comparedto an automaticdigitalsampler)as well
i( as to identify90 of 98 jet aircraftflyoversovera 9 hourtest period,

p

i

'!

I:

r]
_j 4



i ,

;'_ SUMMARY

i" In the presentwork reportedherein,twenty-twoanalogtaperecordings

,, comprisingsixteenhoursof outdoorenvironmentalsoundfromthe following

sources were analyzed: (1) construction sites (2) ground transportation

i._ centers(3) stationary(p]ant)sites (4)airport/aircraftand (5) other sites
with no dominant source, such as residential and commercial business areas.

ii Each tape was analyzed for its Ll, LID, LgO noise level percentilesand its

Leq" Afterwards, several (six) different microsampled tapes were made from
"-I each of the originalsby eachof the followingmicrosamplingmethods:;i

;J (I) Periodic- 2/20, Two-second-sampleeverytwentyseconds. (PI)

(2) Periodic- 4/90, Four-second-sampleeveryninetyseconds, (P2}
}._ (3} Demand- L5. Demandthresholdat theL5 percentilelevel. (D)

(4) Random4/40. Four-second-sampleon theaverageof every

fortysecondsduringthesampleperiod. (R}

(g) Demand/Periodic4/120-LI. Four-second-samp]eevery

one-hundred-and-twentysecondsor abovethe Ll threshold
on demand. (DP)

_,_, (6) Demand/Random4/130-LI. Four-second-sampleon the average

of every one-hundred-and-thirty seconds or above the Ll
threshold on demand. (DR)

_ A totalof one hundredand thirtytwo (132)microsampletapesweremade and

analyzed for their percentile statistics, All but fifteen of these were

[C: used in the source identificationpart of the research program,
In the noise source identification work, each full-length analog tape

I'_ was listenedto by an expert*while the soundlevelwas beingrecordedon a

graphiclevelrecorderand the sourceswereidentifiedand corroboratedwith

r_ bothwrittenand tapedcue-trackdatawheneversupplied. The numberandJ_
typesof sourcesas wellas the rankof dominanceof each sourcewas deter-

I'_ mined for each tape. The samewas done fareachmicrosampledtape. Froma
comparisonof the two setsof data, a gradefor eachmicrosamplemethodcouldbe

establishedbased on the abilityof the microsamplingmethodto reflectthe number

,: of differentsourcesand the rank of dominanceof each sourcebeingmonitored,

* The expertwas a personexperiencedat takingnoisedata in the fieldand
_ :I at identifying sources_ in addition he was privy to the furnished source infor-
'_ mation supplied and listened to each tape as many times as necessary td accurately

identifythe sources,

L " '-', 5
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-- Anotherpart of the source identificationprogramwas to play back the

_. microsampledtapes to a group of non-expertlisternerswho hadhad some train-

ing in identifyingsourcesfrom such tapes. Sevenstudentsfromvarious

disciplines, including both scientific and non-scientific interests,were

carefullychosen.The studentswere all betweenthe ages of 19-24andwere

collegestudentsof SouthernMethodistUniversity,and all h_dnormalhearingas

"" determinedfromaudiometrictests exceptfor one student,and his hearingloss

was in one ear only and not considereda seriousproblem. The sevenwere

i '-' playeda two-hourtrainingtape whichwas a compositetapemadeup fromall

-- of the 22 tapesfurnished. Each listenerlearnedto identifythe various

_ source types with a set of specialsymbolsand to mark tilesymbolon the paper

{ -- tape of the simultaneousgraphic levelrecording. At the endof the training

,: period,each listenerhad to pass a listeningmxamwith a gradeof 85% before

proceedingto the next taskof identifyingsourcesfromthe microsampledtapes.

The six microsamplemethodswere then comparedtwo waysfar noisesource
*_' identification:(1) ListenerAccuracy-Feasibilityand accuracyof themethod

to representsourceinformationin such a way thata trainedlistenercould

i_ accuratelyidentifythe sourcewhen playedback in realtime. (2) Method

Accuracy-Accuracyof themethod in containingenoughinformationto represent

the numberof differentsourcespresentand the degreeof dominanceof each

sourcetype. It is possibleto microsampleaccuratelywith 1/2secondsamples

I_ taken each seconds. The sampleswill contain that reflects
12 information the

numberand dominanceof sourcetypes. However,when playedbackin realtime,

I_ identificationbecomesvery difficult(andinaccurate)for thelistener,being

bombardedby a continuousstreamof I/2 secondsamples.HumanComplexReaction

I.w is of the orderof I/2 - 3/4 second;thus thereis simplynotenoughtimeto
recordthe sourcetype even if it can be identifiedin such time. A two-second

I__ samplewas foundto be the minimumlengththata listenercoulddealwith
accurately. "t'. _

The resultsof all the testsare summarizedin the tablebelowin which

I_! the rankorder (descending)of the top microsamplemethods areshownfor eachm
sourcetype and for eachof the three test programs.

_, The firstcolumn"ListenerAccuracy"showsthe microsamplmmethodwith

" which the studentlistenerswere able to identifyaccuratelythesourcesrepresent-

r_ ed by the microsampletapeas comparedto the expertwith the same tapes. Thus,
I .
" these comparisonsare measures of listeneraccuracy with a particular "

, i

'_ 6



i,

method not methodaccuracy. Columnslabelled"Representationof Numberof
Sources"and "Representationof Dominanceof Sources"show the accuracyof the

microsample tapes to reflectthe total number of different sourcespresent

J'_ and the rankorderof dominanceof eachsourcetype. These rankingswere

made based on comparisonsof sources identifiedfrom each microsampletapeand from each full time continuoustape by the expert. Thus. thesecomparisons

reflect the accuracy of the particular microsamp]e method in representing the

_ number of different sourcetypes and the rank order of dominanceof each source

type.

The lastcolumnis a rankorderingof eachmicrosamplamethodin so far

as its accuracy in quantitative determination of the Leq and Ll descriptors

iJ over the measurement period with the accuracy of the Leq deemed more important.
L1 was chosen since that _vasthe set point for the threshold of the demand

eampler.
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CONCLUSIONSANDRECOMMENDATIONS

This test program has shown that mierosmmpling can be employed as a method

for reduction of cost of data acquisition and of time and cost of data reduction

-- by the reductionof the amountof personneland expensiveautomaticdigital

acquisition equipment which must be placed at each monitoring site. Micro-

- sampling is accurate both in representing the Leq and the noise level percentiles
and in representingthe types and dominanceof the noise sources. However,there

is no one microsamplingmethodwhichis universalfor all sourcetypes. The

; proper method must be chosenjudiciously.

In the table below are the recommended microsampling methods For each

: !j sourcetype. The choiceof the recommendedmethodis most cases was a trade-

,.I off between the best method for quantitativeresults and the best method for

qualitativeresults(sourceidentification).Overallthe best methodappeared

L._ to be the Demand/Random4/130-L1 method,which has the capabilityof compressing
24 hours of data on one hourof tape. Althoughthe Periodic2/20 appearsto ber"

i_ superiorin severalsourcecategories,it has a low time compression,

storingonly 15 hoursof data on a l-l/2hour tape. However,one must keepin

I_ mind that periodic microsamplers are easier and inexpensiveto construct and
employ while demand and random samplers are not. Furthermore, in the case of

IX demandsamplers,one must have an educatedestimateof the thresholdlevel.
This would requirepriorknowledgeof the typesof major sourcesand their

_,_ expectednoise levels and duration at the microphonelocation. This is not a
,I!

i_ prohibitiverequirementsinceoften a great deal is known about a site and its major

i_,_ sources in advance,or a day of pure digital samplingcan be done the first day
_ i_ to establish the percentile levels for selection of a threshold level.

In the courseof the work,it wasfoundthat someform of electronic

F_ aid would perhaps assist greatly in source identification. A keyboardwith

source symbols on each key, connected electronically to switching circuits which

'l would shunt the sourcelevelsignalsto separatestoragecells wouldin the read

, out processrevealthe energycontributionof each sourcetype and permitthe

_'_ rank orderingof the dominanceof eachsourceand the determinationof its

-- contributionto the Leq. It is proposedthat this be done.
.. At the end of the work, time did not permitthe desired'field testing

_ of each of the recommendedmicrosamplingmethods. Tiiiswork shouldalEo be done

in the near future.
rl
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TABLES-2

RECOMMENDEDSAMPLINGMETHODFOR EACHSOURCETYPE

i
IIDENTIFICATION NOISELEVEL BOTH

SOURCETYPE ,, ONLY STATISTICSONLY STATISTICS& SOURCEID

- E
: CONSTRUCTION ] PI P1 P1 or R (lO:l)
! i DP i R BPorDR(24:1)

L

k

,- TRANSPORTATION DP DP DP or DR
DR

STATIONARY PI P1 Pl (10:I)DP DP (24:1)
C

!{] A RCRAFTOR BP BP
!I

_ _ OTHER Pl DP,DR DPorDRi_ DR

_:I_ OVERALL DP or DR
L_

,i
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'i On the basisof this work, the authorsexpectthat otherswill employ
li

microsampling methods such as those described herein and assist in the

r_ establishmentof microsamplingmethodsas important,economicalmonitoring

,.i tools in the business of controlling environmentalnoise.
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Summarxof Work Performed
!I

The follo_ving tasks _vereperformed as required by the contract work:_L

' ,.,i l) Analysis of full time continuoustapes forLeq and Lx percentiles.

2) Autocorrelation analysis of full.time continuous tapes.

!..I Determinationof duty cycleand subsampletimes of microsampling.
3) Equipment checkout for sampling errors.

Analysisof taperecorderon-offerrors.

i; 4) Constructionof 132 microsampletapesfor sixdifferentsampling

,. techniquesfrom all full-time,continuoustapes.
I •

t-, 5) Analysisof microsampletapes for noiselevelhistograms.

6) Analysisof mathematicalmodelsto reducedemand-microsampledtapes.

7) Constructionof Leq and Lx percentilesfor all microsampledtapes.

I_ 8) Selectionand audiometrlctestingof sevenstudentsto serve as
_ listenersin sourceidentificationtestswithmicrosampledtapes.

Ii_ 9) Constructionof continuoustrainingtapeand audio sourceexaminationsfrom full-time continuous tapes for listeners.

I0) Playbackof full-timecontinuoustapesand sourceidentificationofall sourcesby experttoestablishsourceidentificationreference
standard.

ll) Listenerstrainedwithtrainingtapeand examined.

12) Microeampletapesplayedbackto sevenlistenersplusone expertin

sourceidentificationtests.
13) Microsample methods graded as to fidelity of repreeentation of number

of sources and rank order of dominance of sources.

-14) Listenersgradedas to inaccuracyof misidentificationof sources
for each microsample tape (over 800 in all).

15) Statisticalanalysisof all databothlevel statisticsand source
identification grades.

r_
16) Comparisonsfrom resultsof statisticalanalyses.

l.J

r.I
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.. Analysis of Full-TimeContinuous Tapes

! Twenty-twoanalogmagnetic tapes comprisingsixteen hoursof recorded

: _' noise fromfivemajor sourcecategorieswerefurnishedby EPALONAC':forthe

" contractstudy. The fivemajor sourcecategorieswere

i b •
Construction

Transportation (ground)

.... Stationary

i_ Aircraft(airport)

_. Other(residentialand businessdistricts)

Six tapeswerefurnishedfor the first sourcecategory,fourtapeseach for

Ii the next three,and threetapes for the lastabove.

Each tape was played back through a digital statistical noise level

analyzer. The analyzerused is not commerciallyavailablebut was constructed

by the U.S. Army Corp of Engineers, Construction Engineering Research Laboratory

I_ of Champaign,Illinois(CERL)accordingto EPA specifications.The CERL unit !
consistsof: (]) truermslogvoltmeter(HP7562A,80 dB dynamicrange i

± l dB 50-200HZ,± 0.5dB 200-20000Hzwitha 5:1 crestfactor),(2)an
_ analog-to-digitalconverterwhichestablisheseighty l dB-widenoiselevel

_:i__ bins,or windowsand samplesat a rate of I0 per sec, (3)weightingnetworks(A, C, linear) and (4) a programmable calculator (_lang605) and digital
L_

_: interface programmedto store the data in eighty different locationsover

I_ any sample timeblocks and to preservedata blocks on digitalcassette

magnetic tape. The calculator was also programmed to perform all necessary

!'_ noiselevel statisticalanalyses.This analyzerwith its accuracyof ± .5 dB

and lO samples/secratewas takenas the referencestandardfor all analyses.

I_ Each tapewas playedback on a magnetictaperecordersimilarto one on
which it was recorded,a NagraSJ IV, dualchannelrecorder. This recorder

has a single-channeldynamicrangeof 55-60dB dependingon tilequalityof tapeused. Nith carefulbiasingof goodqualitytape,errorsof ± 0.5 dB over

,_, the rangeof 150Hz - 2000Hz, ± l dB over the range of 40 Hz - 4000 Hz, and

, ± 2 dB over the rangeof 25 Hz - lO KHz (allat 3.75 in/sec± .12%transport

speed)can be achieved. It is believedthatthe majorityof the errorsare

of the orderof ± 0.5 dB sincemostof the majorenvironmentalnoise sourcesi

havemost of thelrspectralenergyin the rangeof 150 Hz - 2000Hz.

I
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The resultsof the analysisof the full timecontinuoustapescan be

"_ seen in Table l* in which the Leq, Ll, Llo and L90are listedfor each

i.. tape as required by contract. The LO, net required,is also listed. The

-_. rangesof the Leq and the Lx percentileswere quitebroadas seenin list
:_] below

_ £ Range(dBA)

_. Leq 59 - 90

Ll 70- IO0
-S
,_ LIO 64 - 95

L90 48 - 81

L0 77 - 106
_ or abouta 30 dBA!rangefer each L statistic. A sitedescriptionand a list

of themajor sourcesat each site can be foundinAppendixA-l.

1

-

!_ * All Tables and Figuresreferredto in the 14ainBody can be foundat
_m the end of the Main Body. Otherswithp_efix"A"can be foundin the Appendix.

NOTE: All sound leve]s are "A" weighted with a "fast" meter time constant and
re20micropascals,

.... 15
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Autocorrelation Analysis of Continuous Tapes

_- Prior to the constructionof the microsampletapesseveraltapesof

differentmajor sourcetypes were analyzedon a hybriddigital-analogcomputer.

-- The full-timecontinuoustapes were playedback throughthe RMS logvoltaleter

_J and tilenoise leveloutputwas sampledat a high rate,digitized,and

_ fed into a computer program which performed a normalizeddigital approximation

to the autocorrelation function defined below

-_ r(T): lim-IT-JLn(t+T)Lp(t)dt,.i T-_"o e

which was normalized with respect to r(o). Several examples of autocorrelo-

i,] grams of different major source tapes can be seen in FigureI, These auto-

corralograms show the degree of independence between noise levels spaced T
m-4

!_i seconds apart and the degree of randomness or periodicityof the levels. This
information is helpful in the determination of how long a time one should wait

i_ betweensamples (duty cycle), hew long a subsampleshouldbe taken,and whetherthe noise source is random or periodicin its levels. If it is randeal,then

_ periodicsamplingcould be used. If it is periodic,caremust be taken to avoid

IJ a duty cycle or subsample length which has a comparableperiod or length.

The first zero crossing time of the autocorrelegram is indicative of the

_ timespacingrequiredbetweensubsamplesfor independence(dutycycle)and an

oscillatorycorrelogramwith evenlyspacedzero crossingsindicatesperiodicity

l"m at a frequencyof twice the zero crossing rate. For examplecorrelogramof

tape No. 7 in Fig I shows a first zero crossing at 32 seconds and a zero

crossingrate of one per 20 to 30 seconds. For independentsamplingone shouldsamplethis sourceapproximatelyonceevery 40 secondsor longerwithas short

_._ a subsamplelengthas possible(2 to 4 seconds). One wouldexpecta random

]i microsamplestrategyto work best. Correl_gramof tapeNo. 17 of aircraft

takeoffsshowsa zero crossingrateof once per 40-50secondsand a time bet-

II ween independentsamplesof more than 40 seconds. Correlegramof tapeNo. 6

of constructionnoiseand correlogramof tape No. 12 of the batchingplant

li indicatea high correlationbetweensuccessivelevels,showno zero crossings,
" and a highdegreeof randomness. Hence periodicsamplingwith smallsubsample

!_ lengthsand a large duty cycle would sufficein each case.

16



. ; Cgnstruction and Analysis of Microsample Tapes

-- Due to the fact that a large number of source tapes had to be analyzed

i with very limited time and monetary resources,critical decisions had to be

made as to the numberof differentmicrosampletapeswhich could be made and

reduced for each microsample strategy. Past experience with microsampling....i

by the authors has shown them that:

a) Subsamplelenghtsof lessthan twosecondsare toe shortto

permit accurate source identification and

i b) Time compressionratiosgreaterthan 25:1 are inaccurateand

_'_ unnecessarilyhigh

" c) The peak levelsof the extremelyloud intrusivesources,though
_,- infrequent,contributesignificantlyto annoyanceif not to the

Leq, Thus the upperlevelpercentileswere deemedimportant.
'ij Choiceof which percentileto set the thresholdlevel is arbitrary

_- but usuallymust lie betweenthe L4 and the LO.1 or levels

:_I_, exceededapproximatelyone hourper day and 1 I/2 minutesper day

for practicaltimeconsiderations.The L1 levelwas deemedsignif-

r_ icantin that it representsthe loudestsoundsoccurring14.4

minutes per day and still allows a 3O:l time compression periodic

[_ (orrandom)samplingto accompanyit for an overallsamplingrateof 24:1. Choice of mix of demand time and periodic (or random)

_ timeis arbitraryand the tradeoff dependson whetherone is

L_ interestedin recordingall of the sourcesor the loudestsource(s).

d) One should be able to time compress and record at least one

,, day'sdata on a tapewithouta changeof reelor recalibration

(1800-3600ft tapel mil thickat 3-3/4 ips). This keepstimein

'_ the fieldfor calibrationand time in the lab for data reductionto
I

" a reasonableeconomicallevel,

! F_ Consistentwith the guidelinesfor experienceabovethe followingtypes

_:L_ of microsampletapeswere constructed::i

!_'_ a) Periodic(PI)- two secondsubsamplefor 20 secondduty cycle(2/20)-

a I0:I time-compression.

.... b) Periodic(P2)- four secondsubsamplefor 90 secondduty cycle

._ (4/go}- a 22-I/2:1timecompression.

f
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c) Demand (D) - demandthresholdset at the L5 percentilelevel
of each continuous, full time tape - a 20:I time compression

-- d) Random(R) - four secondsubsamplefora 40 secondaverage

,' duty cycle (onestandarddeviation- 20 sec). A lO:lcompression.

-- e) Demand- Periodic(DP)- four secondsubsamplefor a 120second

.... duty cycle plus all levelsabovea demandthresholdset at the L1
_ percentilelevelof eachcontinuous,fulltime tape - a time

compression comprised of a 30:I and a lO0:l or approximately 23:1 or

more depending upon overlap,

f) Demand-Random (DR) - four second subsample for an average 130 second

.... duty cycle (77 secondstandarddeviation}plus all levelsabovea

demandthresholdset at the LI percentilelevelof each continuous

.... full time tape - a timecompressionof 33:1 averageand IO0:lor

i_ about 25:1or more on the averageor moredependingon the overlap.

h,,. MicrosampleEquipment

,-, The microsample tapes were constructedby playingback the full time,

l_i continuoustapeson the Nagra SJ tape recorderto anothermagneticrecorder

underthe controlof a programmedmicrosampler.

I_ The microsampletape recordermust have in additionto the usualgood

recordingfeaturessuch as goodamplitudeand phaseresponse,low distortion,

i_ and wide dynamic range - the propertyof being able to be startedand stopped
quickly by an electrical signal. This usually means the recorder must have

I_ solenoidcontrolsand servocontrolleddrivemotors. The recorderusedin all•_ microsamplingreported here was a Sony T850 dual channel. Numerous tests

i_ were conducted with this recorder to establish its start-stop characteristics

and anyerrors introducedintothe microsampletapedue to tape "dropout"caused

by startingand stoppingthe tape. A typicalmeasurementof the startand stop

bu responsetime of the recordercan be seen i_ Fig 2 in whicha constantIOOOHz

signal recorded every 1.5 seconds by microsampling _,lasplayed back through a

graphiclevel recorder. As the graph shows the stop time is 5 times longer
(50 milliseconds) than the start time (lO milliseconds) and the total dropout

I! time is about 60 millisecondscomparedto a subsamplelength of 1.5 seconds-
" a ratioof about 260:I. Errors inducedinto the recordedanalog signal on the

!, tapeobviouslydependon this ratioof subsamplelengthto dropoutlength.
_. The dropout errors result from two sources:- loss of amplitude during the dropout

I,
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and Dopplershiftsin the recordedfrequenciescausingby the tapespeeding

up and slowing down. The amplitude errors are immediately obvious and should

result in lower levels in general. The frequency shift errors are not so obvious

and depend on the frequency content of the recorded signal and the fact that the

playbackis made throughan A-weightingnetwork(filter)the outputof vlhich

depends on the input frequency. This effect can be understood by study of

- Fig 3 in which frequencyshifts are superposedon the A-filter response curve

as the recorder would playback due to Doppler shifts of low (LF), medium (MF),

-.. and high (HF)frequencysignals. As the recorderstops and starts,the tape is

moving slower than normal; therefore a Doppler shift upward in frequency is induced

upon playback. Played through an "A" filter this becomes an apparent gain in

amplitudeat low frequencies,no change at middle frequencies,and a loss at

the higher frequencies (see Fig 3). For environmental noise with most of

i_ the spectralenergy between 50 Hz and 5000 llzthis would translate to a slight

" gainor positiveerror. This gain would oppose the amplitudeloss. How

_, much total error to be expected for a given microsample length can be predicted

_, fromthe graph in Fig 4. This graph shows that errorsless than about ± I d_.

are to be expected in the energy decibel level for the tape recorder starts

!; and stops providedthe subsamplelength is two secondsor longer. (This graph

was determined experimentally For a l second subsample and extrapolated analyti-

I'_ cally for the other subsample lengths). Since subsamplelengths used were two

secondsor longer,thesestart-steperrorsare shownto be negligible.

!7 Several differentmicrosamplercontrollerswere used during this work
_" dependingon the samplingstrategy. For periodic,demand,and demandperiodic

,_, strategiesa specialcontrollerspecifiedby the authorsand designedand

constructedby a graduateelectricalengineeringstudentwas used. This unit

had the capability of selection of a subsample length and a duty cycle from

l secondto lO0 hours each in l second incmmmentsand a demand threshold selection
accurateto m 0.5 dB. In addition,in the demandmode, it had selectivedelay

i.¢

times (time constants) in turning on and off so as to eliminate errors caused

" by recordingsubsamplelengths(andevents)of durationless thanI/2 second

"'_ abovethe threshold. For randomsamplingand demand-randmmsamplingthe equip-

-_ ment arrangementcan be seen in Figure 5 in which a pseudorandombinary pulse

generator(PRBPG)is connectedto a rectangularpulsegenerator(RPG)which is

' set to deliver a rectangularpulse of four_econds duration to a meter relay upon

_ ' receivingthe shorter pulsefrom the PRBPG. The thresholdof the meter relay

: Ig



m_

was set below the outputpulse levelof theRPG, Therefore,when the PRBPG

produceda randompulse,the RPG produceda four secondsignalvshichcausedthe

: meter relay to turnon the tape recordertransportfor fourseconds. In the

' demand-randommode, a secondmeter relaycontrollerwas used in parallelwith

'- the randomsamplerand also turnedon the tapetransportwhenthe A weightedout-

put of the log voltmeterconverter (signalanalagousto LA "fast")exceeded the

-- predeterminedmeter relay threshold. (See Fig 5). During all demand sampling,

the accumulated time of demand recording was measured by means of an automatic

_ timer. The total demand time was neededinput to the data reductionscheme

devised for demand data.

_ DemandSamplingDataReduction

_ Vlhendemand-periodicor demand-randommicrosampletapesare playedback

throughthe automaticstatisticalanalyzer(CERL)the resultingnoise level

vs sample bin count (noiselevel density function)is a distortedversion of

the parent distribution being sampled. In Fig 6 this distortion is represented

conceptually. Part (a)of this figureshowsthe parentdistributionbeing

i_i sampled;part (b) shows the theoreticaldistributionof subsamplesexpected

(one expects reasonable agreement with the parent distributioneverywhere

I_ except above the demand threshold level where extreme skewness and a bimodal

character is expected.); and part (c) shows the actual distribution obtained

I_ experimentally. Due to time delays in equipmentand circuit responses all

samples below the demand threshold are not instantaneously cut off when the
FJ
_i demandsubsamplelevelsuddenlydrops belowthreshold.Thus, somedemand

subsamples get mixed in with the periodic or random subsamples below thres-

l._ hold. Of course there is also a probabilityof periodicor random subsamples

i_ being mixed in with demandsubsamplesabove the thresholdwhen bothsamplers

L_ are on coincidentally.In order to reducea demand-periodic/_ndomdistributionto a proper

sampledistributionresemblingthe parentdistribution,a mathematicalmodel
I,
W_ must be employedto deflatethe numberof samplesaroundthe demandthreshold

level. TIeDsuch modelswere used in thiswork: a lineardatamodel and an

exponentialdata model (Fig 7). The exponentialmodel proved to be more
accurate thanthe linearone; however,it isbelievedbettermodelscould

_'_ have been obtained if more development time had been available.

p-!
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Resultsof NicrosampleTapeAnalyses

-- The noise level statisticalresults of playing themicrosample tapes back

through the digital statistical analyzer (CERL) system can be seen in Tables 2

through7 for eachmicrosamplingstrategyemployedand foreach of the twenty-

-" two continuous tapes sampled. The demand-only strategydoes not yield a

...._ sample distribution which resembles the parent distribution except for the

"- 'partof the parent distribution above the demand threshold(here the L5).

..... Tilereforepercentile levels (except above the threshold level percentiles)

-- resulting from analysis of demand-only microsample tapes are almost meaningless

.' and are not included(Table0). An Leq (or noise energyanalysis)can be done
if only to compare what the contribution to the overall noise energy is above

-_: the threshold level. The demand Leq data for "edited" excludesall demand
samples obtained incidentally below the threshold level due to time delays of

-_ sampling. The "unedited"data includesthese samples.

_" Comparisonsof the microsampletape analyseswith theanalysesof the

continuous tapes yields error,differencesin the derived percentile levels;

,_ i.e. _Lx where Lx = (Lx)continuous- (Lx)microsampled.Tables 8 through 13

., _ show these error differencesfor each strategy,for each continuous tape

sampled,and for the noise level percentilesLeq, Ll, Llo,LgO, and LO.
Figures 8 through 12 depict the average error and _one standard deviation

F_
i_ about the averageerror of each percentilelevel for all 22 tapes sampled

for each microsample method. For example Fig. 8 indicates that the average
p_

errors in the percentiles are less than _I dBA (black dots) and that the

one standard deviations (solid lines) indicate about a J l - 2 dBA range except

I_ for L99 and LO. Thus one expectsgoodaccuracywith theP1 (2/20,lO:l}
i_ strategyexceptfor the extremepercentiles.Figures8-1Oshow the sametype

of er?or bounds for random or periodic sampling. Figures 11 and 12 which show
I

6i demand-periodicand demand-random errors do-not show similarbounds. These

show similar errors and bounds for the Lgoand L99 percentiles but less_a

average errors and smaller error ranges for the Ll and L0 percentiles,as_m

expected. However, they also show slightly larger average errors in the Lgo

Jr_. and much larger ranges of errors for the LBO and Llo. InFigure 13 are shown

_" the average Leq errors ± one standarddeviation for all 22 tapes for each
I? microsamplingstrategy. Clearly,the demand-periodicmethodis superiorfor

, !

_- this description. Overall, from Figures 8-13 it is evidentthat unless the

!! peak noise level is needed that any of the methods are accurateenough for
6, most applicationswhile the demand-periodicor demand-randommethodsare best

6_



for Leq and upper levelpercentilelevelsat the expenseof the accuracy
of the mid-percentile levels,

: Table 14 shows the average mean-square errors associated with each micro-

sample strategy for each percentile level and eacb source type, Mean-square

error is definedas follows

Mean Square Error

- of the Pth percentile= (Mean of ALp)2 + (standarddeviationof ALp)2

where ALp = (Lp)continuous - (Lp)microsampled

-: and where the mean and the standarddeviationare averagedfor each sourcegroup.

_ Which method is best for each source type depends on which percentileis

.. regardedas most important. Table 15 showsa rank orderingof eachmethodby

i accuracy (mean-squareerror) for each description or combination of descriptors

required for some expected criterion. Again, except for mid-percentiles the

_ methods whichare more accurate for most source types and overall are theL,

demand-periodic and demand-random methods with the dense (IO:l) periodic a

close third. The columnshowingthe orderingfor the combinationof Leq
!'_ and Ll accuracieswas regardedas the most importantby the authorssince

[3 the Leq is the EPA designateddescriptor and the Ll percentile usua]lyreflects the infrequent loud, intrusive source levels which occur 14.4 minutes

per day; furthermore Lland Leq were called for in the contract,i:
Accuracyof Methodin RepresentingSources

.a In this phase of the study an evaluationof each microsamplestrategywas made to determineits accuracyin representing(1) total number of all

I_ the differentsources and (2) the rank order of dominanceof all the sources
_ as determinedfrom the full-timecontinuoustape.

First, the full-time continuous tapes were heard by an expert. During

L_ the playback a graphic level recording was.made and the source symbol marked
on the recording. At the end of each tape playback a determination was made

I_! as to the numberof differentsourcespresentand theirrank orderof dominance,

This orderingwas based on the expert'sopinion as to the effect each source

,., had on the overallnoiseenergy,i.e,the effecton the Leq. This was done[
_- for all 22 tapes.

i.9 Second,each microsampledtapewas playedback in a similarmannerto
I

i the fu11-timecontinuoustapes,as many timesas necessary,until the expert

,l_ 22



felt an accurate determination of the number and rank of sources on the tape
i

had been made. This was done for all 132 tapes.

-" Third,a tableof the numberof differentsourcetypesand rankorder of

; each sourcetypewas made (seeAppendixA-2) for each tape. Then the micro-

- samplestrategywas gradedon a fivepoint scaleA:g, B:4,C:3, D:2, F:I as to

its accuracy in representing the number and rank of dominance of the sources on

-_ the full-time continuous tape being microsampled, From this table average

numericalgrades were assigned for each strategy and source type, and a general

overall average was determined for all strategies, These averages are reflected

: in Table 16. On the whole it appearsthat in the expert'sopinion the methods

reflect approximately 80% accuracy in representing the number and rank of sources.

Generallyspeaking,all of the methodswere more successfulat representing

_" the rank order of dominanceof the sourcesrather than the total numberof

-- different, individualsources. This would be expected from any sampling scheme.

-- The averages also reflect the time compression of sampling with the lower time

.. compressionmethodologiesPl and R (lO:l)showinggreateraccuracythanthe

J_ D (20:I),P2 (23:1),DR (25:1),or DP (23:1), The gradesalso reflectthe degree_t

of homogeneityof the mix of sources, The accuracyfor Aircraft(airport)

l_ noise was highest and for "Other",the lowest. The aircraft noise tapes indicate

only 3 or 4 sources most of the time while "Other" tapes indicate 6 or 7

I_ differentsources. The averagegradesfor construction,transportation,and
stationary were all about the same overall. Some of the tapes had only three

I_ sourcessome had sevenor eight. On the averagetheyshowedless sourcesthan
!!_ "Other"and more than "Aircraft",Therefore,it appearsthatas the

i!.:_ numberof differentsourcesincreasesthe accuracyof microsamplingdecreases

ii_ in accuracyboth in identificationof the number of sourcesand in rank
orderingthem as well. This is, of course,expectedin any samplingmethodology.

_!_ The results indicatethat for accuratesource identificationthemicro-

sampling methodology should be to either (1) sample often with short duration

I'_ subsamples(2 sec)or {2) samplefrequentlywith shortdurationsubsamples
_" and on demand. Infrequent,longdurationsubsamplesor demand-onlysubsamples

I? appear to yield loweraccuracies,
Table17 showsan orderingof themicrosamplemethodsas to theirgrades

of sourcesfor eachsourcetype and overallfor all sourcetypes.
It

.. One must be carefulin usingTable 17 as a solecriterionin selecting

a microsamplemethod, Just becausea methodcan be employedwhich can capture
,I

IL
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al_Zlof the importantsourcesdoesn'tnecessarilymean it is the best choice.
, l

Anotherconsiderationwhichmust be made is thatof whetheror not

" a listenercan actuallyidentifythe sourcesfromthe micresampletape. For

'' example,a methodof microaamplingcan be employedin whichsamplesI/2 second

-- in durationare taken every ten seconds. This method, if the listener were

,,_ good enough and fast enough, would be better than any of those reported

._ above in its representationof sources. However. no one is capable of

:,; listeningto sucha tape playedbackwitha continuousbombardmentof one

I/2 secondsampleafter anotherand identifythemaccuratelyover an hour's

i,i time.
The complexreactiontimeof humanbeings(I/2-Iseconds)simplydoes not

,_ permit such identifications. For these reasons the methods were further
"' testedwith humanlisteners.

F" Listener Accuracy in Source Identification

Seven student listeners were recruited from the University student body

!_ to participate in the source identificationphase of the study. The students'
_t ages ranged from 19-24 years of age. Four were engineeringmajors and three

Fa were socialsciencemajors,
i I:_ Each studentwas tested for hearingability at the Universityspeech and

!:_ hearingclinicand all testedout normalas reflectedby the audiograms

i [_ shownin TablesA-3 to A-IO. An expert(ListenerNo. 8)was alsotested.
', Eachlistenerwas requiredto listento a two-hourtrainingtapewhich

ilIz was a compositetape of all of the identifiablesourceson the 22 full-time
:r 19

continuous tapes furnished by EPA. At the end of the training tape an aural

_J exam was givenwhich each studenthad to passwitha gradeof 85% or better

i: L' before advancing to the next test stage, that of identifyingmicresampled sources.

i;i_ The microsampledtapeswere played back to each studentindividuallyin
''_m_ a quiet room through good quality earphone_ The studenthad control of

earphone loudness, At the beginning of each listening period, the student

was required to listen to the first portion of the tape for a few minutes in

order to "clear his mind" and become mentally focussed on the aural environment.

! i Then the tape was rewound and the level recorderturned on when the tape was
-" started. Duringa sourceidentificationtest the listenerhad to listento the

'i sound, watch the graphic recorder level, identify the source,and mark a special

I:_ sourcesymbolon the paper levelrecordinghear the trace. Each listenerdid

i,, this for all I17 microsampledtapes and listened to each tape only once.

m_
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Afterwardsthe microsampledtapeswere gradedforlistenerinaccuracy.

The measurechosenfor inaccuracywas the percentof misidentificationsof

sourcesper tape. There were,of course,somenon identificationsof sources

but tilenumber of these were very small since the listeners were asked to

-- identify all sources. The results of the grading, the percent listener inac-

_ curaciescan be seen in TablesA-3 throughto A-IO foreach listener,method,

and source type. Scores for each microsampling method averaged over all source
i

.... types and scoresfor each sourcetypeaveragedoverallmethodsare also shown.

The same results are listed in Tables A-ll through A-15 by source types and

i permitcomparisonsof listenersas well as methodsof sampling. The average

percent inaccuracies for all eight listeners are compiled into Table 18 in

" which the average listener inaccuracyfor each method and source type is

'_' shown. This table shows that aircraft were more accuratelyidentifiedthan

!_ stationarysourceswith construction,other,and groundtransportationin
11

I_ 'the middle and that the average overall inaccuracyof the group of listeners

was 15.6% with a standard deviation of 3.5%. The table also shows that all
F_
Ii of the demandmethodswere more accuratethan the purelyperiodicor random

methods.

I_ Mostof the errorsof identificationwere causedby mistakingone source
for another of similar characteristics. For example autos, trucks, and buses

{I were oftenmistaken one for the other, or prop jets and pure jets, but it was
rare thata truck was mistakenfor a jet. Sourceswithuniquespectralor

I_ temporal characteristics such as aircraft, motor cycles, and helicopterswere almost never misidentified. _lachineswith similar power sources such

_ as earthmovers, trucks, concretemixers, etc. were oftenmisidenbified.

l'i) _ Multiplelisteningsto microsampledtapescouldof coursereducethese errors.

A few subjects,includingthe expert,were made to repeata few tapesto see

:L_ if multiple listenings yielded any better r_sults. In every case some
improvement was attained in accuracy and none lost. However, there was not

I_ enoughtimeor funds to fullyexplorethe effectof multiplelisteningson
mm the accuracyof each listenerfor each method.

l.! Summeryof Overall Results

_" The resultsof all tests on microsamplingmethodsare summarizedin

_a Table 19 below in which the rank order of the best microsamplecomparison:
I

=- (l) listener accuracy (2) capabilityof representingthe number of different

_t
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sources(3) capabilityof representingthe rankof dominanceof each source

' (4) capability of representingnoise level percentilesLeq and LI, As this
-- and previoustableshaveshown: (l)listenerinaccuracyoverallwas

approximately 16% and that this could be improved a few percentage points by

-- employinga microsamplingmethodthatincludessome formof demandsampling,

(2) overall accuracyof representationof the number and dominance of sources

by the severalmethodsis approximately70%-80%in eachcaseand thiscan be

i.i improved by sampling with shortduration subsamp]es more often, (3) accuracies

of the methods to represent the Leq and Lx percentiles varied greatly though
" demand-periodic and demand-randommethods are more accurate in determining

Leq, Ll, and LO, (4) no one single method is a standout in all categories.

i.._ Conclusionsand Recommendations

This test program has shown that microsampling can be employed as a method

for reductionof cost of dataacquisitionand of time and cost of data reductionbl
by the reductionof the amountof personneland expensiveautomaticdigital

acquisition equipmentwhich must be placed at each monitoring site. Micro-
sampling is accurate both in representing the Leq and the noise level percentiles

_ and in representingthe typesand dominanceof the noise sources. However,

[_ there is no one microsamplingmethod which is universal for all source types.

The proper method must be chosen judiciously.

_t In Table 20 are the recommendedmicrosamplingmethods for each source

type. The choiceof the recommendedmethodin most casesviasa trade-

Ii_ off between the best method forquantitative results and the best method for
• qualitativeresults(sourceidentification).Overallthe bestmethodappeared

to be the Demand/Random4/130-L1 method,whichhas the capabilityof compressing-
24 hours of data on one hourof tape. Althoughthe Periodic2/20 appears

_., to be superiorin severalsourcecategories,it has a low time compression,

_, storingonly 15 hoursof dataon a l-I/2ho_rtape. However,one must keepin

mind that periodicmicrosamplersare easierand inexpensiveto constructand

_ employwhile demand and randomsamplersare not. Furthermore,in the case

of demandsamplers,one must havean educatedestimateof the thresholdlevel.

This would require prier know]edgeof the types of major sources and their

' expected noise levels and durationat the microphone location. This is not pro-

I .... hibitiverequirementsince oftensome sourceinformationisavailablefor a site

-- inadvance.

i
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,_ Furthermore, one day of purely digital monitoring automatically provide

good estimates of the percentiles for threshold level selection.

i [i In the course of the work, it was found that sonieform of electronic

i aid would perhapsassistgreatlyin sourceidentification.A keyboardwith

source symbols on each key, connected electronicallyto switching circuits

i i,{ which would shunt the source level signals to separate storage cells would

I "_ in the readout process reveal the energy contributionof each source type

I _,i_ and permit the rank orderingof the dominanceof each source and the

II_ determinationof its contributionto the Leq. It is proposed that this

i,J be done.
' At the end of the work, timedid not pe_nitthe desiredfield testing!.
''i_ of each of the recommended microsamplingmethods. This work should also

i be done in the near future.
_ On the basisof thiswork, the authorsexpectthatotherswill employ

i,_ microsamplingmethodssuch as thosedescribedhereinand assistin the

i!_ establishment of microsampling methods as important, economical monitoring
_ I_I tools in the businessof controllingenvironmentalnoise.

I-I
, [
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Table 1

COIITIFIUOUSFULL TIME STATISTICS (dgAl

1EPA L1 LO DESCRIPTION-- TAPENO, Leq LIO Lgo

1 72,3 81.67 75.50 59.14 86 FillSite Ft.Carson

2 73.99 80.02 76'65 67.73 95 FillSite

- 3 64.03 73.01 69.70 I 53.99 B2 BlockMasons

-' 4 71.04 79.53 76.39!61.46 87 Foundation "_i

' 5 60"79 70'35 64.10 I 54"76 77 Hammer,Saw
I

90,00 99.31 94.94I 81.18 I06 ARL Construction
6 I

L

,j 7 78.03 93.18 77.4 59.3 102 Railroad Humpyard

8 68.52 79.98 72.76 56.67 lOB _74 _

_' 9 67,26 77.00 60.14 60.05 86 Street

75.2364.69 92_! 10 72.40 82,79 Intersection

11 7_,44 86.37 84.03 56,31 91 Maloney'sConcrete !

12 85.32 91.64 Bg.21 64.81 g6 BatchPlant

I_ 13 87.17 99.67 90.52 77.45 108 FencingPlant

i_ 14 84'03 91"98 88"41 73"41 99 Hyman Construction

r_ 15 68'87 80"66 73"63 55'62 86 AirportOper.

16 73"13 84"64 78"77 58'30 90 AirportOper.

17 79'83 93'36 82'37 58.70 I01 AircraftTakeoffs

,, i8 81.70 96.24 77.49 69.01 I06 AircraftLandings

"' 19 63.46 ..71"91_66"53! 68.61 81 UrbanaBusine:ss'_ 20 58.55 70.70 60.49 47.53 83 Mid Class Dist.

21 68.84 73.82 70,31 I 57.22I 9g ChampaignBusiness

,.T

22 77.61 89.34 81.15 66,27 97 Bus garage
,I
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Table 2

PERIODIC(20:2)STATZSTICS(dBA)

• EPA l [TAPENO. Leq i LI LIO LgO LO DESCRIPTION
i

1 72.85 8Z 77 60 85 FillSite Ft.Carson

2 74-49 82 77 68 89 FillSite

B 65.37 76 69 i 54 83 BlockMasons __

4 72.1 79 76 ! 62 82 Foundation

i B 62.67 71 66 I 56 80 Hammer,Saw
;4

6 91"61 98 95 ] 87 lOl ARLConstruction7 76.46 gO 76 59 96 Railroad Humpyard

• B 68"67 80 73 56 84 174 _

B 68-72 79 71 61 85 Street

I0 71.89 81 75 64 86 Intersection

II 78.68 86 84 5B 88 Maleney'sConcrete

12 84"88 91 BB 66 84 BatchPlant

, I_ 13 85.43 99 87 76 104 FencingPlant

!_ 14 83"67 gl 87 73 96 BymanConstruction m
r_A

IB 69.38 81 73 56 84 AirportOper.]I

16 72-56 84 77 58 86 AirportOper.

_ 17 81"75 94 83 60 103 AircraftTakeoffs

I-_ 18 83.6 98 7g 71 104 Aircraft Landings
ii

19 63.55 71 66 58 80 UrbanaBusiness

i-! 20 57.28 67 58 47 81 Mid Class Dist.

21 64-65 73 70 57 90 ChampaignBusiness

! 22 78.26 90 81 ] 67 I. 96 Bus Garage-- !

I
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Table 3
i

,, PERIODIC(90:4)STATISTICS(dBA)

= : EPA I

-- TAPE NO. Leq Ll LIO L�O LO DESCRIPTION I

_ 1 74.00 81 79 61 83 Fill Site Ft. Carson
]

2 73.13 78 76 67 83 FillSite

R
-_ 3 63.05 74 66 54 79 BlockMasons

- 4 69.42 76 74 61 77 Foundation i'_

"_ 8 60.79 68 65 54 72 Hammer,Saw

6 87.53 95 92 78 97 ARL Construction i

L_i 7 75.63 89 77 . 59 92 Railroad Humpyard

8 68.39 78 74 56 80 174

9 64.38 84 67 60 75 Street

i_ I0 68.76 74 72 64 75 Intersection

II 78.11 85 83 58 ! 86 Maloney'sConcret_

12 87.22 96 90 66 102 Batch.Plant

[_ 13 87.94 102 89 76 105 FencingPlant14 83.62 90 88 73 94 BymanConstruction

!'_ 15 71.29 82 76 57 84 AirportOper.

16 72'91 83 78 58 86 AirportOper.r

17 76.25 89 80 56 91 AircraftTakeoffs

18 79.30 90 78 69 lOl AircraftLandings

19 62.27 69 65 59 72 UrbanaBusinEss

I"I 20 87.03 68 61 47 72 Mid ClassDist. zE:

21 66.96 72 69 56 91 ChampaignBusiness
i

22 79.81 90 82 67 . 97 Bus Garage
-- !

rT
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Table 4

RANDOM(40:4) STATISTICS (dBA)

; EPA
TAPE NO. Leq L1 LIO L90 LO DESCRIPTION

I
i

1 78.75 82 77 59 83 Fill Site Ft. Carson

,_j 2 71.85 77 75 66 79 FillSite ::

3 63.15 71 67 54 75 BlockMasons
J

•(=:

"°' 4 70.31 78 75 60 83 Foundation _-

-_ 5 60.35 69 63 54 74 Hammer,Saw

6 88.77 97 93 BO I01 ARL Construction

: 7 68"98 82 70 67 96 Railroad Humpyard _

8 68.21 78 72 54 86 174 F-

!_ 9 68.43 81 70 60 82 Street

. (_ I0 70.I0 77 73 65 78 Intersection __

II 78.28 86 83 66 87 Maloney'sConcrete

12 85.49 92 89 65 97 BatchPlant

[_j 13 85.87 97 89 76 106 FencingPlant
14 83.58 90 88 73 97 HymanConstruction m

I_ 16 70.97 82 75 56 84 AirportOper.

16 72.82 84 77 58 86 Airport Oper. ,K-

17 70,67 93 8B 61 99 AircraftTakeoffs

i8 80,52 95 78 69 lO0 Aircraft Landingst•i
" 19 63.36 72 66 57 83 UrbanaBusineTss

,20 59.42 70 60 47 82 idClassDist,

21 64.18 73 70 57 78 ChampaignBusiness

] 22 77.01 89 80 66 91 BusGarage

r
I
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Table 5
i

'' DEMAND(L5)STATISTICS(dBA)

' EPA I
TAPENO. Leq Le LIO L90 L0

DESCRIPTION
q

, :T (umed.) (ed}

1 78.67 80,4 85 FillSite Ft. Carson

_ 2 77.56 80.4 93 FillSite

-- 3 66.53 74.02 88 BlockMasons

"_ 4 75.91 78.12 80 Foundation
0

5 66.26 69.67 77 Hammer,Saw
L_ .....

6 91"91 97"85 ID4 ARL Construction

i_J 7 87"11 90"59 99 Railroad Humpyard z

, 8 76,4477.88 l 85 I74

9 75.79 78.12 87 Street
Z

f_ I0 81.38 83.11 91 Intersection

II 84,62 85.69 90 Malaney'sConcre_

tC I12 90.13 92.45 IO3 BatchPlant

_ 13 97.88IOl.O3 107 FencingPlant

l_i 14 86.34 92.67 97 HymanConstruction

_'J 15 78.24 79.34 86 AirportOper.

16 82.03 84.06 90 AirportOper.

t! =
17 90.72 92.36 I01 AircraftTakeoffs

IB 92.41 94.86 103 AircraftLandings

Ig 70.21 71.96 80 UrbanaBusineTss

' 20 68.00 70.25 80 MidClassDit.

21 82.56 85.22 I 99 ChampaignBusinessI

22 87.97 89.52 _ 99 Bus Garage
!

i" I
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Table 6

DE_ND-PERIODIC(120:4+ Ll) STATISTICS(dBA)

7 TAPE NO. Leq

l 71.6_ 84 FillSite Ft.CarsonJl-_ 74'2 g3 Fill Site

-- _ 62'9 71.02_67.ggi54"50 83 BlockMasons
J

'_ --_ 69.4 _ 80 Foundation

-5 61.8 /0._87_)__L 54.68 78 Hammer,Saw

6 87.6 IOl ARLConstruction

I_ 7 78.3 Railroad Humpyard

B 676 6 381
i g 67,6 78." 1 69.85{6g.76 ', 86 Street

,_ 18 "72.3 63.68 93 Intersection
II 79,6 Maloney'sConcre_

12 84.8 BatchPlant

:_ 13 85.8 FencingPlant

I_ 14 82.5 HymanConstruction

i_ 15 69.4 AirportOper.

16 74'0 AirportOper.
17 8O.l AircraftTakeoffs

!i_ 18 82.3 AircraftLandings19 62,8 UrbanaBusineiss

F"I 20 67.3 Mid Cla_s Dist.

21 69.0 ChampaignBusiness

,-'T

-i 2_ 78,3 BusGarage

!)
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Table 7

DEI_AND-RN_DON(130:4+ LI) STATISTICS(dBA)
_ (EXPONENTIALMODEL)

' EPA I

-- TAPE NO. Leq L1 LIO L90 L0 DESCRIPTION 1

_ 1 73.6 82.04179,3960,72 85 FillSite Ft.Carson

L

2 74.7 82.12 79.0868.20 94 FillSite

-- 3 64.5 71.9469.6755.21 81 BlockMasons

-: 4 68.5 79.5( 71,24 60,53 81 Foundation I'

; 5 81.2 70.82 64.67 54.62 73 Haolmer,Saw u

6 87.8 95,92 91.57 81.40 I04 ARL Construction

_.; 7 79.5 93,10 81.22 57.44 i lOS Railroad Humpyard

B 66.7 80,38 68.66 55.48 89 174
r: z

I °_' 9 68.3 79,0270.8861,03 87 Street

74,4 84.8 77.35]68.23i_ 10 i!92 Intersection _

II 79,2 86,16 84.89 56.65 89 Maloney'sConcrete

I_ 12 83,9 93.07 89.7064,88 I01 BatchPlant

!j 13 84"6 97'38 86'63 76'52 I07 FencingPlant

i_ 14 81,6 90,28 86.9873,45 96 HyillanConstruction

!'_ 15 68.4 81.96 71.I056.26 87 AirportOper.

16 76.3 86.06 81.9459,71 90 AirportOper.

17 Bl.l 94.89 80,4058,05- IOl AircraftTakeoffs

I) 18 82.8 97.03)83,5068.28 103 AircraftLandings
19 63.7 73,69 66.12 58,71 82 UrbanaBusine;ss

r_i 20 58,2 71.OO 59.86 47,74 83 Mid ClassDist.

, 21 69,1 74.66 64,4007,10 lO0 ChampaignBusinessI' 22 78.7 90.26 80.1567.78 99 BusGarage

I' T
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Table 8

PERIODIC(20:2) ERRORS(dBA)

TAPEEPANO. _Leq ALl _LIo _Lgo AL0 DESCRIPTION4

1 - .55 - .33 - .5 -0.86 2 FillSite Ft.Carson

2 - .54 -1.98- .35-0.27 6 FillSite

3 -1.34 -2.99 0.70i-O.Ol - 1 BlockMasons I

4 -1.06 0.53 o.3gI-0.54 5 Foundation I'_

5 -1.88 -.65 -1.9I-1.24 -3 Hammer,Saw

6 -1.61 1.31 - .06 -5.82 3 ARL Construction

7 2.37 3.18 1.4 0.30 6 Railroad Humpyard I

8 - .15 - .02 - .24 0.67 16 174
Q

g -1.46 -2.00 - .86 -0.95 l Street

lO 0.51 1.79 0.23 0.59 5 Intersection

II - .lO 0.37 0.03 -I.69 3 Maloney'sConcrem

12 0.44 0.64 1.21-1.19 2 BatchPlant

13 1.74 0.67 3.52 1.45 4 FencingPlant

14 0.48 0.98 1.41 0.41 3 HymanConstruction

15 .51 .34 0.63-0.38 2 AirportOper.- .

16 0.57 0.64 1.77 0.30 4 AirportOper.

17 -1.92 - .64 -0.63 -1.30 -- 2 AircraftTakeoffs

18 -I.90 -I.76 -l.Sl -l.g9 l AircraftLandings

19 -0.09 0.9l 0.53 0.61 l UrbanaBusine_ss

st.20 1.27 3.70 1.49 0.53 2 Mid Cla_sDi _

21 4.19 0.82 0.31 0.22 9 ChampaignBusiness

I
22 - .61 - .66 0.15 -0.73 . l BusGarage
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Table 9

: PERIODIC_90:4)ERRORS(dBA)

EPA _Leq ALl ALIo AL90 _L0 DESCRIPTION._ TAPE NO.
.... r

1 -1.7 0.67I -2.5 -1.86 4 FillSite Ft.Carson

. 2 0.82 2.02 0.65 0.73 12 FillSite
:m:

-- 3 0.98 -0.99 3.70i-0.01 3 BlockMasons

4 1.62 3.53 2.39 0.46 lO Foundation

_" 5 0 2.35 -0.8 0.76 5 Hammer,Saw

B 2.47 4.31 2.94 2.18 7 ARLConstruction
I,

_ l 3.2 4.18 0.4 0.30 I0 Railroad Humpyard
F_ • 8 0.13 l.g8i -1.24 0.67 20 174

0
i_ 9 2.88 -7.00 3.14 0.05 II Street =-

IO 3.64 8.79 3.23 0.59 16 Intersection

II 0.33 1.37 1.03 -1.69 5 Maloney'sConcrete

12 -1.90 -4.36 -0.79-I.19 - 6 BatchPlant

13 -0.77 -2.33 1.52 1.45 3 FencingPlant

I_ 14 0.63 1.98 O.41i0.41 6 HymanConstruction

I! 15 -2.42 -1.34 -2.37 -I.38 2 AirportOper.

16 0.22 1.64 0,77-0.70 4 AirportOper.

17 3.58 4.36 2,37 2.70 I0 AircraftTakeoffs

_;_L_ 18 2.4 6.24 -0.51 0.01 4 AircraftLandings19 1.19 2.91 1.63 -0.39 9 Urbana BueineTss

;:_I,: 20 1.62 2.70 -0.51 0.53I II MidClassDist. _m=

ci,., } ::
' 21 1.88 1.82 1.31 1.22 8 ChampaignBusiness o_-

i _,-'' : 22 -2.03 -0.66 -0.85 -0.73 'I" 0 Bus Garage
I

r_
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Table 10

• DEMANDSAMPLING(L5) ERRORS (dBA)

EPA I A, l iZ_LI(]AL90 DESCRIPTI(]N I(] JTAPE,(]l(__e_enI_ _' _L
l -6.57 -8.1 2 FillSite Ft.Carson

2 -3.76 -6.451 2 FillSite )

3 -2.53 -9.99 l BlockMasons i

! .... l;'_ 4 -4.71 -7.(]8( 7 Foundation i

" 5 -5.76 -8.88 I (] Hammer,Saw

'_' -1.51 ! -7.85 ) (] ARL Construction6

,_ 7 -8.21 !-II.76I .I 3 Railroad Humpyard =

B 9851 IBI o
9 -8.89 !-I(].861 - 1 Street

10 -8.98 __ (] Intersection___

II -6.02 -7.25 1 Maleney'sConcrete

12 -4.38 -7.13 i - 7 BatchPlant

,_, 13 -10.68 -13. B6 i I 1 FencingPlant

14 -2.44 -8.641 --)2"- Hyman
Construction

)-T 15 -9.14 -I0.471 AirportOper. -

16 -8.63 -I(].931 1 (i) Airport(]per.

-10.72 -IB.531 o'- AircraftTakeoffs17

-l IB -10.61-13.161 2 AircraftLandings

( 19 -6.71 -8.5 i I 1 UrbanaBusiness
l

...............r- T-I'] 20 -9.3 -11.71 MidClassDist.
r i :Z:

-- 21 -13.86-16.38I i O ChampaignBusiness
--.+ ....

-: 22 -I0.47-II.911 i - 2 BusGarage

' T '.
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Table 11

RAIIDOM(40:4) ERRORS(dBA)

_Leq I all ALIo z_L90 ALo

I£PA
DESCRIPTION

_ TAPENO.. I

-0.5_ l -0.45 -0.33 0.14 4 FillSite Ft.Carson

_ 2 2.10 3.02 1.65 1.73 16 FillSite I
_E

-- 3 0.88 2.01 2,70 -0,01 7 BlockMasons iI

• 4 0.73 1.53 1.39 1,46 4 Foundation

" I:) 5 0.44 1.35 1.10 0,76 3 Hammer,Saw

6 1.23 2.31 1.94 1,18) 3 ARL Construction

_i 7 9.85 11.18 7.4 I 2.30 ] ,,_, . 6 Railroad Humpyard

_ . 8 0.31 1.98 0.74 2.67 i 14 174
'==

g -1.17 -4.00 0.14 0.05! 4 Street :=
J :2:

t 3I0 2.30 5.79 2.23 -0.41 _ l Intersection __

II 0.16 0.37 1.03 0.31 i 4 ! Maloney'sConcrete

_ 12 -0.17 -0.36 0.21 -0.19 - 1 i BatchPlant

13 1.30 2.67 1.52 1.45 2 FencingPlant

14 0.57 1.98 0.41 0.41 2 llymanConstruction ! _

_" 15 -2.10 -1.34 -1.37 -0.38 2 AirportOper.

16 0.31 0.64 1.77 0.30 4 AirportOper. h.

.. 17 0.16 0,36 0.37 -2.30 2 AircraftTakeoffs

I18 1.18 1.24-0.51 O.Ol 5 AircraftLandings

i i ...._ 19 0.II -0.09 0.53 1.61 - 2 UrbanaBusiness

_T 20 -0.87 0.70 0.49 - 1 Mid Class Dist. c:

0.22 21 ChampaignBusiness21 4.66 0.82 0.31 _ I
q

_ 22 0,64 0.34 1.15 ] 0.27 i 6 Bus Garage
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Table 12

DE_'_ND-PERIODIC(120:4 + L1) ERRORS(dDA)

EPA aLeq [ALl IALIo ALgo ALo DESCRIPTION '-- TAPENO. ,

i

1 0.5 -0.14I-0.13-0,01 2 FillSite Ft.Carson

__ 2 -0.4 -1.90I-0.48 -1.24 2 Fill Site I
0

-- 3 l.l 1.99 1.77 -O.Bl - l BlockMasons

" 4 1.8 0.62 3,52 -0,39 7 Foundation I'

"i 5 -1.3 -0.52-2.88! 0,08 - 1 Hammer,Saw

6 2.8 4.76 3.13 1.15 5 ARL Construction

7 0.6 0.59 0,16 2,16 I 3 Railroad Humpyard

I8 1.5 -0.78 3,63 1.28 i 14 174

9 -0.6 -1.94 0.49[ 0.29 0 Street :-

_ I0 O.l -1.55 2,35 I 0.91 - 1 Intersection
ll -1.0 -0,55 -1.58 -0,74 l Maloney's Concrete

12 0.5 -I.54 -I,08 -0.09 - 7 BatchPlant

[_ 13 1.4 0.09 3,0g 1.49 1 Fencing Plant
14 1.4 1.77 0,78 0.06 0 Hyman Construction m

15 -0.3 -I.88 0.62 O.lO - 3 AirportOper,

16 -0.6 -1.43 0.46 -0.41 1 AirportOper.

I_ 17 -0.I -1.56 2.95 1.25 O AircraftTakeoffs

18 -0.5 -0.76 -l.61 0.63 3 Aircraft Landings

19 0.7 -1.41 1.43 1.14I"1 UrbanaBusiness

"_ 20 1.4 0.32 1.89 0.18 1 Mid ClassDist. :_

_ _ i_

21 0.I -0.79 5.17 0.07 )-2 ChampaignBusiness

I22 -0.8 -I.08 0.3 1.47.-2 BusGarage

l" T

": 40
: r

i
I



' ' Table !]

: ; DENAND-RANDON(130:4 + L1) ERRORS(dBA) •

DESCRIPTION

....1--4-1.5 1 FillSite Ft.Carson

_j FillSite

-. -0.5 ! 1 BlockMasons

-_ Foundation

,] . .- ..... ..... Hammer,Saw

6 2.6]__3g!_3.3,i°22;2 ARLCoostr,,_tien
i_ RaiIroed Humpyard

- ; _ I-_.--_--T..,4i-O.gG_-_ stroet
i P_ 10 -2.0 -3.64 _ 0 Intersection

; II -0.6 Maloney'sConcrete
f

_r_,I '_ 12 1._ -o.o_i-B ] oetc_FIant

•i 2.3 llymanConstruction

_!_,_,_!_"_ 0.7 AircraftUrbanaAiAirportAirportrcraftBusinessOper.Oper.TaLandingskeoffs-- i_._
I

_ 0.5 0 Mid ClassDist. I _

O 0.12 - 1 ChampaignBusiness

22 -1.2 -1.51 Bus Garage

,.r

' 41
}--
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TABLE14

-- HICRORAHPLE

MEA_-SQUAREERRORS(dBA)

-- PERIODIC(20:2) OEMANO-PERIODIC(120:4+ L = 23:1)

-" TAPENO. _Leq AL1 _L10 _LO0 _L0 N.eq AL1 _LIo _L90 _L0

i I I- 0 1.66 2.00 0,91 6.08 16 2.76 6,05 6.64 0.6_ 15,71 COfiSTR,
_ 7-10 2.643 5.50 0.93 0.59 80.67 0,04 2.09 5,41 1.96 63.33 TRA_S.

11-14 1.017 0.51 4,40 2.16 0,67 1.61 l.g4 4,50 o.g_ 16.40 STAT,

_" 15-18 3,333 1,252 2.07 1,72 7,111 0.19 1.93 3,73 0.66 6.31 AIR

• _ lg-22 6,044 4,73 0.75 0.40 25.48 0.09 1.11 9,2 1.00 3.00 OTHER

TOTAL 2,312 2.500 1.523 2,462 25.803 0.922 2.63 5.2 0.89 17.58 OVERALL
f_
r_

TAPENO. PERIODIC(90:4) DEPt_NO-RAflOOH(130:4 ÷ L1 = 25:1)

i 1- 0 2.55 7.63 6.89 1.08 09.26 3._5 3.47 10.45 1.01 10.55 CONSTR

7-10 8,50 47,9 6.69 0.24 234,65 3.97 2.45 12.01 6.31 42.65 TRAt_S

11-14 1,,46 g,85 1.29 2.16 30.65 4.11 3.2g 6.03 0,32 12.90 $TAT.

• _ _ 15-18 7,86 18,34 4,03 3.22 37 3.33 1.69 18,36 l.ll 0.25 AIIt

_ 19-22 3.66 5,55 J 1,63 0.81 72,33 0.56 1.20 10.85 0.72 1,67 OTHER

l_! TOTAL 4,0107 ]4."2661 3,729 1.385 79.459 2.516 6.6 0.7 1.47 11.62 OVERALL

TAPE_0 RANOOH(40:4)
!_
_'_ I- 6 1,39 4.0l 3.05 1.27 63.39 CONSTR,

7-10 31.94 54.83 17.8 3.75 110.48 TRArIS.

rl'_ II'14 0.62 3.32 0,99 0.72 7.31 STAT.
[:

15-18 1.97 I._7 1.8 1.72 12.81 AIR
Ig-EE OTHER

'_ TOTAL OVERALL
1i

i-T

iI
i i

l : " 4 2
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_. TABLE16
r

i ,

Average Grades of
-- NoiseSourceRepresentationon Microsample

Tapes by Microsample Method and Source Type
(Grading: A=5, B=4, C=3, D=2, F=l)

od !Averages& GradesSo Pl P2 D R DP DR All
Type_ Methods

Construction

3.0 3.0 4.2 3.8 3,5 3.6_.Number 4.2
i

'- Rank 4.7 3.5 3.8 4.2 4.3 3.7 4._

Transportation

; Number 3,B 3.0 3.5 3.8 3,5 3.5 -_:i'_"+

H

C
Rank 4,3 3.5 4.0 4.0 4.3 4.0 4._.i

OverallAverages&
Stationary Grades

Number 4.0 3,3 3.8 B.B 3.0 3.0 3"_r+

3_ Number= 3.6 = B-Rank 4.7 3.8 3.8 4.3 3.5 3.3 Rank = 4.0 = B

!
Aircraft

3.8 4.5 3.8 4.8 4,2/_-Number 4,5 4.0
f _

Rank 4.5 4.3 4.0 4.5 4.3 4.3 4._,_-_-

Other

Number 4.0 3.7 2.7 3.5 3.0 3.3 3.4//C

Rank 4.0 4.0 3.3 B.O 3.0 3.7 3.5/f C+

Method Averages
and Grades

Number _B 3'3/13"4/fC,fC _B 3'_C+

Rank 4_B+3_. __4'_B 4"_B 3_B "

-- 44
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TABLE17

Rankingof Microsampling_IothodsinAbilityto Representthe _lumberof
._ DifferentSources and RankOrder of Dominanceof each Source. In Des-

cending order of accuracy.

SourceT>.pe tJumberof Sources Dominanceof Sources

_-- P1,R P1
i

,,.l Construction DP DP, R

DR D

I

Pl,R Pl,DP

Transportation DP, DR D, DR, R,!

P1 PlStationary D,R R

• _ P2, D

DR P1,R

I: Aircraft P1 DR
R, DP,

I_ P1 P1

_ Other P2 P2

f._ R DR

PI,R Pl
I'i Overall DP,DR R,DP

i

i

:I

., 45
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i J Table18

_- Average Percent•Inaccuraciesfor All Eight Listeners

-- "_"-:.___ethod Source; Pl P2 D R DP DR
--J SourceType_..._ WeightedAverages

_- Construction 6.9 : 13.8 8.8 12,3 13,3 15._ ll.8

Ground 18.5 22.8 I0.2 21.3 ll.4 13._ 16.2
Transportation

Stationary 27.0 38.3 26.0 24.0 28.3 22.4 28.1

Aircraft 18.4 14.3 11.3 I0.2 6.1 3.3 7.4!(
k_

I Other lO.O 17.3 14.1 14.6 31.1 I0.4 15.2

MethodWeighted 15.3 20.8 13L6 16.1 14.8 13.1
I_ OverallAverages

Overall _ = 15.6 (12.9withoutstationarysources)
.Averages

StandardDeviation _ = 3.5 ( 2.8 withoutstationarysources)
#m

i_ Rank Average 3.4 5.4 2.4 3.4 3.8 2.6
(ScaleIto6)

[i_ 1 top

!7

i_ 46
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'' TABLE19

_" Descending Order of Best Method for Each Test of
ComparisonbyAccuracy

Source Type ListenerAccuracy Numberof Dominance Left& Ll Statistics_: Seurces RankofSources

(I) P1 PI,R P1 P1

:Construction (2) D DP R, DP R

- (3) R DR D,DR DP,DR

D,DP Pl,R Pl DP

roundTransportationDR D,DP,DR DP DR

i) -- P2 DR,D,R P1

.l

LJ oR PI Pl PI
tationary DP,R,Pl,D D,R R DP,R

-- P2 P2, D DR

DR DR PI, R DP

]_ ircraft DP R,Pl DP,DR,P2 Pl,R

R P2 -- DR

Pl,DR Pl Pl DR,DP

:her D,R P2 P2 P2
P2 R,DR DR R

• _, .J

DR PI,R Pl DP

_'_Overall DP DR R DR

PI DP DP Pl

_J

,!

*q
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PL_T

RUTOC_NN_LNT_N PL_T .'

I ,, ' "• . \1_ |0 |0 4"0 "_1_._ aO 11_ I_O I1_@" I) II'O It_ I0 |_ il I40 BO 41O 7i gO II10 I_lO IlO NOTIME (_E_[|
TIM[ (S£CO| ......

I.n
o

'_] ' railroad humpyard operations

RUT_r'ZRREL'T_ZN pL_7 i. _ ' ' tap_ no. ?. . :
CON_'rnucTION NOl|_ " ' ." " " i" _ ,

•,a, ,._, " '_ '° " ;;'"'°\';'_°g"'_ '° ,0o..__o

Autocorrelationfunctionvs.lagtimeForseveraldifferentsourcetypes.
FIGURE i, 4B minutetapes_veresampledat datarateof ] persecond.Autocorrelation

functionpTottedis r(T/r(o)as definedon page]3,



ElrlJln & Kj;:or
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................ ,.......................... z .___-z---S/_ PLE_LEtlGTH::r::nT::T;:.7__z...... :::-_:=-rzr::-:::-[" I:::r " ::::: ::: : ':
........ ': ......... i_-= .................... I_5-S_:C "i- ---

--_- .... - ....................... _-tQN__-z_/90-d b @"-_000"%TzT¢O-_b r ec°-_-d_-reve 1 ) ..... _-:::-: ........... : t:;_"

__-_'--____-z---_mzL____T:zT_rTz:xT_=CWRITINGZSPEED-Z.::_OOd___': .3-:::::_-::m:. ::__::_ z_::-_ • .: :: ; 7:r:: :]

]_&X::__O._:z_RA.PHI_::LEVEL: R_CORDER--___.:_-7_-z_----- :::_.±:_.:::_::::::uz:/_:_:::]:::.:

QP 1102

FIGURE 2, Start and stop response time of microsampling tape recorder. Sample
time lengthshownis 1.5 sec l,litha starttime of lOl,lsecand a stoptimeof 50
msec as measuredfromtbe I0 dB down points, Thus, the overall"dropouttime"is
60 msec or about 4% of total record time.
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i'

• i ............. RandomSampler-............
_ 4 sac

f Pseudor=aom 'Ree_angul_-.J--'EI M_er I

[
t.,4

Log Voltmeter

"A" ' Converter I '1 Meter Iwtd. J I RelayI
sound .....DemandSampler...................

i ,_ signal Analog Tape Recorder

i:

1

!_ FIGUR_ 5- Random and Demand-Random microsampler controller.

1

• i
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[i te_ CONTINUOUS MODEL

/

I

(b) 'DEMAND-PERIODIC I
_' THEORETICAL MODELI

I i

4°

_ E

I<'" "-_'°_°
g_

0 (c), _=_ Level-/

DEMAND-PERIODIC
: OBSERVEDMODEL

I'i

P4
.1!

r1
Decibel Level

P :

' i . . FIGL_E 6, Amplitude density ftmetions obtained from

analysis of demand-periodic and demand-random"
,.--: mierosampled, tapes compared to parent density

function.
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/
_-_'" • • • _(3X2/UR'I'I)

, pp

o t I.I.9XI/LR _....

.-- ,. F--.-x t

fflc. ,
-- P'_ LR ,,, >'P,=_---_- UR _;
;r (Iowor range) , (upper range)

DEMAN_thTHRESHOLD
LEVEL

[°i

m \ f'=^_'_ _"'_'^2/urn) '
2C °"

t- •EXP(_2.55X I¢J / LR),<

i:'_,]!i <._w_.-.N- .... _ Xl___ X2 = ',

iI' °_ o

! ,-- LR _ UR =,

'J_ (lower tango) I (upper tan_Je)! Llh

!

:; FIGURE 7. Linear and exponential math model correction
• ',_ factors used to deflate demand-periodic and

demand-random density functions about the
demand threshold level.
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-_ PERIODICMICROSAMPLE
8U!BSAMPLE LENGTH ,; 2 Bec _-

2 TIME COMPRESSIONRATIO=IO:I 2

"= P1 (2/ZO)

0 _r,
L

•_ I Ii o -
i

_ _-_ ',_

Lx Percentile Level

FIGURE8: Decibelerroraverage+ la of Tevel percentiles
averagedover twent_-t_amicresampletapes, Solid
linesdefine_ 1o bendaboutaverageerror (dot).



SUBSAMPLE LENGTH'= 4 sec ,N
TIME COMPRE8610N • 22._11

'=" P2 (4/90) '=
t,-

_' t_

_ Q* _ • i i i = • i = =l _ 0
:n. _ ,-'_"_ '

0J
U

,.- ?

*- I.=

.._
I i I i i i .=

o9 o'o go 70 _Jo _'o 4o _e z'o Ib )
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TABLE A-I

-- SITEDESCRIPTIONS

Tape No. Source Type Descriptionof Sourcesand Activity

-- l Construction FillSite. Trucks,earthmovers,hammering,warning
_ buzzers

2 Construction Fill Site. Trucks, earthmovers, concrete mixers,
-- warnin_buzzers

- 3 Construction WoodConstruction.Trucks,forklift,helicopter,
_ hammering,saws

4 Construction Concrete PourinB. Concrete mixer trucks, earth-
movers, saws

-" 5 Construction Wood Construction.Hammering,sawing,forklift,
_ dogs,voices,trucks,fallinglumber

6 Construction ConcretePouring. Hammering,saws,concretemixers,
-_ earthmovers,airblasts

i

" 7 Transportation RailroadHumpyardOperations. Retardersqueal,
locomotives

I i 8 Transportation InterstateHighway174. Trucksand automobiles

9 Transportation City Street. General traffic noise, trucks, cars,
busses,motorcycles,airport.

il

w_ lO Transportation Busy City Intersection. Trucks,cars,motorcycles,
busses, aircraft

II Stationary ConcreteBatchin_Plant. Mixer,trucks,publicaddress
12 Stationary Batchin9Plant. Furnace, air blast, trucks, heavy

equipment.
,)

=. 13 Stationary FencingPlant. Air blast,lumberrattle,hammering,
public address

14 Stationary ConstructionFirm. Helicopter,voices,jackhammer,
_ concretemixer,trucks,hammering,horns

_ 15 Aircraft AirportOperations.Jet takeoffsand taxi,propeller
aircraft,helicopter,propjet.

-- 16 Aircraft AirportOperations.Jet taxiand takeoffs,prop-
_: jets,propelleraircraft

17 Aircraft AirportOperationE. Jettakeoffs,propjets,
propeller aircraft takeoffs

i-I 18 Aircraft AirportOperations.Jet, propjet,and propeller
._, aircraftlandings,jet taxiing

19 Other City BusinessDistrict. Autos, busses,trucks,
" motorcycles,horns,brakes

_J 20 Other MiddleClass Neighborhood.Autos,lighttrucks,

r. motorcycles,smallai_raft, stereoradio,dogs,bell
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• TABLEA-I continued

TapeNo. SourceType Descriptionof Sourcesand Activity

-- 21 Othen City BusinessDistrict. Trucks,autos,busses,
trainpassbys,motorcycles,horn, hammering

= . 22 Other Bus Teminal Garage. Bussesidlingand accelerating,
-_ autos,trucks,voices. (Thistape was used in

statisticstests but was not used in source
= identificationtests).

i

i (

!;

:: _
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TAgLE A-2
, i

Analysis and Grading of Noise
-" SourceRepresentationon MicrosampleTapes

Symbols* of all I.lajor Symbols* of Sources Identified from
-_ Continuous and Minor Sourceson MicrosampledTapes in DescendingOrder

Tape No. ContinuousTape in of Dominanc_icrosampleTape.... DescendingOrderof
-- Dominance Pl P2 D R DP DR

l EM EM EM EM EM EM EM

-- TK TK TK TK

: BZ HM HM

_ HM

Grade-No.Sources J A A C C C B

Grade-DominanceRank A A B B B A
')

,- .2 EM EM EM EM EM EM EM
_J_. CM BZ BZ CM BZ V

TK V V TK V

BZ BZ

V

_J •'Grade-No.Sources B C B A B C

Grade-DominanceRank B B B A B B

3 S S FL S S S S

FL FL S FL FL FL FL
HC HC HM HC HC

." TK CL TK TK
L. CL HM CL
,_ HM
r_

Grade-No.Sources A C C A A C

Grade-DominanceRank A C B A A C

_ ,_ *Note: a listof symbolsand the sourcestheyrepresentcan be foundat the end
i '_ of the TableA-2

**Gradeon numberof sourceswas basedon the capabilityof methodto represent
! '•_ the numberof differentsourcesand the number a sourceof times occurred. Grade on

i ; the rankof dominancewas based on the capabilityof themethodto represeo_the
't"order in which sourcescontributedto tbe overallnoise energy,ie,the L , hls

!-: dependson the numberof occurrences,level,and durations. Minor sourc_ in number,
.F level,or durationhave littleinfluenceon eitherof thesegrades.
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TABLEA-2

Symbols*ofSourcesIdentifiedfrom
Symbols*of all Major NicrosampledTapesin DescendingOrder

Continuous andMinorSourceson of "
Tape No. ContinuousTape in D°mlnanceMicresampleTape

DescendingOrderof
nnmln_nPm Pl P2 D R DP DR

4 CTK CTK VI VI CTK CTK VI

VI VI CTK CTK VI VI EM

EM S EM EM S CTK

S

._ Grade-No.Sources B B C A B B

Grade-DominanceRank B B B B A C

i. S HM IIM FL FL HM FL FL

!_ FL TK HM HM TK HM HM
TK FL TK S TK TK

}; _ LM S S B B S
I_ S B B D V

_, D

V

,. Grade-No.Sources C F C C C C

_ Grade-DominanceRank A C B B B B

_ _ 6 HN _ HN EM CMX HN HN CMX

_ tl S CMX HN AB EM S AB

CMX S AB HN S CMX NN

p_ EM EM AB HM EM

HM HM HM HM

AB

Grade-No.Sources B D D B B B

'! Grade-DominanceRank A D C C B C

i
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-- TABLEA-2

Symbols*of all Major Symbols*of SourcesIdentifiedfrom
,, and Minor Sourceson MicrosampledTapes in DescendingOrder

Continuous ContinuousTape in MicrosampleTape
"- Tape No. DescendingOrderof
i P] P2 D R DP DR_ Dominance

"_ 7 SQ SQ SQ SQ SQ SQ SQ
, !
:_; TR TR TR TR TR TR TR

P P P P

_I HN HN

" Grade-No.Sources A C C B C B

'I_H Grade-DominanceRank A B B B B B

8 TK TK TK TK TK TK TK

C C C C C C C

Mc

Grade-No.Sources B B B B B BGrade-DominanceRank A A A A A A

9 TF TF TF TK TF TF TK

TK AP AP AP TK TK AP

AP MTC TF
AP AP

MTC
14@

rl
.- Grade-No.Sources C C B B B C

_I'I Grade-DominanceRank B C C B B C

lO TK TK TK TK TK TK TK

'_' TF TF B AP TF AP AP

AP B B D

"! MC
F

"- B

__ Grade-No.Sources C O C C C C
Grade-DominanceRank C O B C B B

6_
, i

i •



TABLEA-2
, !

;i

Symbols*ofallMajor Symbols*of SourcesIdentifiedfrom
I : and MinorSourceson MicresampledTapesin DescendingOrder

Continuous ContinuousTape in of DominanC_icrosample Tape
Tape No. DescendingOrder of

-" Dominance Pl PB O R DP DR

II CMX CMX CMX CMX CMX CMX CMX

i_ HN HN HN PA HN

TK TK

PA!i

Grade-No.Sources B C B D D C

Grade-DominanceRank A B B B B B

12 BF BF BF BF BF' BF, L!
AB AB EM AB TK AB

TK TK AB TK AB EM
r_ EM PA EM

PA

Grade-No.Sources B B A A B

I _ Grade-DominanceRank B B A B B
_C

_'N 13 AB AB RTL RTL AB RTL RTL
U RTL RTL AB AB RTL AB AB

. TK TK TK TK

I HM
PA

I

--] Grade-No.Sources B B B B B B

r_ Grade-DominanceRank A B C A C C

!
i
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-_ TABLEA-2
, !

Symbols*of all Major Symbols*of SourcesIdentifiedfrom
and Ninor Sourceson Microsampled Tapes in Descending Order

"- Continuous ContinuousTape in of DominanceMicrasample Tape
Tape No. Descending Order of

"-: Dominance P1 P2 D R GP DR

14 CMX CMX CMX CMX CMX CMX

i_ TK TK TK TK TK TK

HM HM HM HM HM

HN AP

_2 JH V

_ HC,4

' V

_p

_" Grade-No. Sources O D B D D

15 Grade-DominanceRank C C B C C

i JTO JTO JTO JTO
IS JTO JTO

i_ PJ P JTXI P JTXI P
P JTXI TJXI PJ JTXI

JTXI PJ HC
HC HC

i Grade-No.Sources B C A B A

Grade-DominanceRank B B B B B

16 JTD JTO JTO JTO JTO JTO

PJ PJ PJ PJ PJ PJ
JTXI JTXI JTXI JTXI JTXI

'I P P P P P
E_

Grade-No.Sources A B A A A
_T

Grade-DominanceRank A B A A A
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TABLE A-2

S_Ibols* of all _lajor SytRbo]s*of Sources Identified from
and MinorSourceson MicrosampledTapesinDescendingOrder

i.. Continuous ContinuousTapein of Dominanc_4icrosampleTapeTape No, DescendingOrderof
Dominance P1 P2 D R DP DR

17 JTO JTO JTO JTO JTO JTO JTO

PJ P PJ P P

P

-. Grade-No,Sources A A B A C A

Grade-DominanceRank A A B A B B

18 JL JL JL JL JL JL JL

P PJL PJL PJL PJL

PJL JTXI JTXI

JTXI

Grade-No,Sources B D B C C B

! Grade-DominanceRank B C B B B B

il 19 AU AU AU TK BUS TK TK
" BUS TK TK AU TK BUSI

I_ TK BUS r_C HN AU

]_ BSQ BSQ
_ MTC

I_ HN

Grade-No,Sources B C D C C D
I" Grade-DominanceRank B B C D C C
t

i:

I

f
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TABLE A-2

-- Symbols*of allMajor S_nbols*of SourcesIdentifiedfrom
and MinorSourceson NicrosampledTapesin DescendingOrderof

.: Continuous ContinuousTapein Dominance MicrosampleTape

Tape_o. DescendingOrderof P] P2 D R DP DR
Dominance

2D AU AU AU TK AU

i.! OG DG DG AU DG
RAg TK TK MTC TK

"_ TK RAD DG P

ii MTC P

BL

iJ p

Grade-No.Sources B C B B

Grade-DominanceRank B B C B

21 TR TR TR TR

AU AU TK TK

BUS TK AU
TK MTC NH

HN HMMTC

NM

GradeNo,Sources B D B

Grade-DominanceRank B C B

Symbol Source Symbol Source Symbol Source Symbol Sources
-i AP Airport D Dog JTXL- JetT-a'x_--- TK
.. AU Automobile EM Earthmover LM LumberRattle TR Train

B Bell PL Forklift MC,14TC Motorcycle V Voices
"q BUS Bus HC Helicopter P PropPlane
._ BSQ BrakeSqueal H_I Hammering PJ PropJet

BZ Buzzer HN ilorn PJL Prop Jet Landing

r-, C Car JH Jack Hammer S Sawing
'i CL Clanging JL JetLanding SQ Squeal
-- CM,CFIX CementMixer JTO JetTakeOff TP Traffic

-- i
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: -- TABLEA-3

Percent.Inaccuraciesof ListenerNo. 1

"__ let Sourcehod PI P2 D R DP DR

,._'-i SourceType_.,.,.._ WeightedAverages

-- Construction 6.0 I0.5 12.2 10 3._ 7.7 8.4

!,,] Ground 7.7 14.7 2.5 7 3.; 2.8 8.3Transportation

Stationary 23.3 6.0 8.5 l 9." 8.3 ll.2

Aircraft 37.0 O.O 2.5 2 ]o,_ 6.5 7,5
,,_ Other O.O 3.0 17.0 3 3." l.O 8.5

Method 14.1 14.0 8.5 5.7 4'.6 5.6

WeightedAverages

Overall _ = 8.75
Weighted Average

t_ Overall
StandardDeviation _ = 3.3

personnelData: HearingAbility

I_ Sex: Male AUDIOGRAM
Age: 21 Years FREQUENCYIN HERTZ

r" Co]legeMajor. MechanicalEngineering _e _oo:::t;:::!K zK e,!iiiiiiiiiii!iiiiiiiiii;ii!.............:::":'::::;::''_

, _ _:_-:.:_:e_:i;;i:li:i:i:ii :i;!:::iii:l::iii:i;_-: .... , ._.,.;._..._i!:_:i:'._ii:.iii!i:.!:.i!!i_:;!!i;i:.i:.iiiii;!i!::i_;:i:.;o
:i:i:i:i:i:i;i::',:_"_'::J:::!;::::::l.:i:i:::;:;:i:i'.i::lii:i:ii,i:i:i:i:i;:l:i:i:::

_ao ( I I I ,oZ

_'° I I I I" _o
l { I I °o

_: I I I ] ,o
= I I I } '°

I I I I ,o

ii 7_ ,oo I I I I co
i - Ha I I I I r_o
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! : TABLEA-B

Percent Inaccuracies of Listener No. 3

" _"__ ethed"- PI P2 D R DP DR Source
-- SourceType--.._ WeightedAverages

Construction 16.7 20.8 15.8 20.0 30.7 30.: 22.4

Ground
'- Transportation 24.3 17.8 16.8 36,0 26.[ 5.1 21.O

Stationary 56.3 52.5 38.3 47.5 40.C 2B._ 42.2

Aircraft IB.S 30.0 22.8 7.0 9.5 3.( 14.6

Other 29.0 25.0 17.3 37.0 53.C 13.3 24.7

Method 26.8 28,6 21.8 27.8 27_7 If.1
._ WeightedAverages
ii
"= 0veral1

WeightedAverage _ = 24.6

" _ 0verall G : 6.12,_ StandardDeviation

PersonnelData HearingAbility

i:F'_, Sex: Female AUDIOGRAM
E_ Age: 19 Years FREQUENCYINHERTZ

: CollegeMajor: SocialScience _so soo ,N _ _m B_

OI!!_!!!!!!iii:!!_iiii J!:ili:i!!:_i_ _:i_!:!;i:l:i:i:i;!:i !:!_
_ 0

" / " ::
=_,.s( I
o_ 6¢ I _O

I

9c ] 90
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TABLE A-6

percentInaccuraciesof ListenerNo, 4

_'-._ethod " " Pl P2 D R DP DR Source

• SourceTyP_P-.._ WeightedAverages
Construction 3.0 17.5 _3.7 1Z 14.7 19.7 15.5

i
-_ Ground

TransDorta¢ion 193 18.3 13.0 26 10.0 28.8 24.3

i-_ Stationery 10.3 io.o 3.3 IB 5.8 19.0 19,B

-- Aircraft 11.0 II.B 2,3 19 9.5 5.5 9.9

'_ Other 10,3 17.3 15.0 45 33.0 28.0 32.7

; i

Method 11.2 32.7 13.0 21.1 12.3 20.8
" Weighted Averages

Overall P = IB.9
I _ WeightedAverage .
; i {

I Overall _ = B.BStandardDeviation

I " Personnel Data HearingAbility
pl

Sex: Male AUDIOGRAMFREOUENC¥ IN H£RTZ
Age: 20 years _oo i_ 2K _ BK :

._ CollegeMajor::o_pu_erScie.:e lii!i;iii!iiiiiiiiiiiiili:::::::_'_:::::::::I ! I {.....'""""'"....... _i_!!_i::::.:::::iii

-- :::::::::::::::::::::i:::':':::",:::::::::::::::::::::_!!_!_i ii!i;so

,._ I I I 130

_o I _ I _ oo

• _,a I I i I _°
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_ TABLEA-7

Percent Inaccuracies of Listener No. 5

i

_"_t hod Source
._ P1 P2 D R DP DR WeightedAverages
,;i SourceTyp_'e_

Construction 2.3 8. 2.8 ll.3 13. 6,1 7.3

9
_., Ground 32.8 )4,1 9.0 19.0 14. 23.4

Transportation 3D.[

Stationary 35,3 ;7Ll 72.5 26.3 3].I 22.( 39.8

_- Aircraft I1.5 4.1 1.5 If.3 l.! 5.._ 5.5

i_ Other 0.0 B.( 13.3 28.0 71.( 8.Z. 18.9

I

Method 17.1 21,5 18.5 17,5 16.9 14.2
Weighted Averages

(

Overall
WeightedAverage _ --17,7

Overall _ -- 8.0Standard Deviation

PersonnelData HearingAbility

,_ AUDIOGRAMSex: Male FREOUENCY IN HERTZ
Age: .20 Years _so 5oo r_ _ s_

"= CollegeMajor" PoliticalScience !ii!ii!!i!iliiiiiii:i_i:i:_:_:,_,._':::::::__::i=i:::;':i:i:i:::i_ ':;_q:::sx::!!ii!i!iii_:iiiiiiiiii!_i:(i_!!_i;__::q,:_:

: __<:_:' _::i:i:!i:i:i_ _;!iiiyiiiiiii:::i::.I_::_,_!_

- '": .... ii iiiiiiiii::: :''............
iL) _i:ii!,::i:ii!iiii!!i:iii!_i_iil ::::: ::i:_ _ :.::.I'.::.::

i!iiiiiiiiiiiiiiiiiiiiiiii!i_iiii!ii!i!::::=_,:_,_,_,o
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TABLE A-_

Percent Inaccuracies of Listener No, 6

"_z__ethod Source

-- SourceType_ P1 P2 O R DP DR WeightedAverages

_ Construction 14.3 23.3 12.3 26 33._ 35.) 24.2

= Ground
"- Transportation 31.0 25.0 7,3 24 4.1 3.." 15.5

.-_ Stationary 28.3 44.5 21.5 41 56.: 45.6 38.7

Aircraft 36.0 20.3 B.8 16 3.1 4..'. 13.0

,_ Other 6.0 13.3 16.7 0 6.q 0.( 7.8

r_

i

Method 21.4 25.7 "13.B 24.4 22.3 17.6

WeightedAverages
Overall ]_=21.O
WeightedAverage

Overall _ = 6.6
StandardDeviation

PersonnelData HearingAbility

.AUDIOGRAMSex: Male FREQUENCY IN HERTZ

Age: 22 Years see I#_ _K _,K 8K

College Major: Social" Science !;iii:'ii!iiiiiiiiiiiii;iii!i:!:::i:i:;ili;i!i!;:i:ii:::::l:i:i:i:':_:::::::::::::::::::::!ili:_i;;:_ _::::i:i::i::li:i:!:i:i::f:::::i!i!i!iiiil!iiii!l)!i

_ i':,_;:i:i:i:i:i:i:,i:i:!:! ::::::::::::::::::::::i:i:i:ii:i:!:i:i:i:i:::i::l:i:i:i:i:::::I I
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_ TABLEA-g

Percent Inaccuracies of Listener _Jo. 7

"._""-_,_ethed Source
-- SourceType_-_ Pl P2 D R DP DR WeightedAverages

Construction 6.5 17.! 0.0 }.( 1.2 B._ 5.6

_..i Ground 21.3 8.1 6.3 i.( 18.3 I._ If.7
Transportation

i Stationary 41.0 35.( 41.3 Be.,: 48.7 _.7 38.I

Aircraft 23.0 3.: 17.8 li.E 11'.3 D.C 9.3

ii Other - 12.: 20.0 p.[ 30.0 3.7 16.5

_ ',
Method

• WeightedAverages 19.3 15.7 15.3 7.2 16.7 12.4

Overall _=WeightedAverage 14.3

Overall G = 6.I
StandardDeviation

i_ HearingA_ilit¥' PersonnelData
AUDIOGRAHk_

I! Sex: Hale FREQUENCYIN HERTZ
_ Age: 22 Years _so see i_ _K _ e_

I _I CollegeMajor: MechanicalEngineering::;i::ilii!ii!i}!i!iiiiiiiill.=============:======:::::::::t::::::::::;'""'""''!iiT:::3::::::_!i!ii__::i:i:::l:::::::::!:i[_iiiii:i::::!_:T:i_::i:::l:::_

,-_ < :::::::::::::::::::::::::::::::::::::::::::.,...........,.i:i:i:i;i,li:::::::ii:::::i::l:i:i:i:_:
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TABLEA-IO

, Percent Inaccuracies of Listener No. 8 (Expert)

t

"__ e_ethod Source
_ SourceType'-.._ PI P2 D R DP DR WeightedAverages

Construction 0.8 4.; O O 3 O.C 2.7 1.9

,_: Ground
Transportation 3,3 18.1 0 g 15 D.C 0.0 6.2

"_ Stationary 2.3 31.( 5 3 3, 3.C II.0 9.6

Aircraft 12.3 2.1 D 2, ).C 0.0 9.6

Other 14. 2.; 7 o, l).c O.O 1.9

iJ

Method
WeightedAverages 3.9 II.4 I_5 5.4 0_7 2.g

OveralI ^

WeightedAverage p = 4.4

Overal I =4.0Standard Deviation

Personnel Data Hearing Ability

Sex:Male FREQUENCY IN HERTZ
w.J

Age: 37 Years 125 250 500 1000 2000 4000 8000

• CollegeMajor: Engineering o _6oo sooo good

•-3 1o

: 30 % ,_ ",_

_ _o
eo

ae

L; ,_ Be -I
uJ

100

, 110
"rhll audlogram II plcJttecf on bas{t of :

;t 80 AMERICAN NATIONAL STANDARD
r ; (ANSI)



TABLE A-If

_ Construction

Average Percent Inaccuracies for Each Listener
-- ForAllTwenty-twoTapes

Listener

Listener_ P1 P2 D R DP DR Average

"_ l 6.0 10.5 12.2 I0.0 3.8 7.7 8,4

L_

2 5.3 7,5 1.8 13.8 10.3 16.7 9.3

3 16,7 20.8 15.8 20.0 30.7 30 3 22.4

4 3.0 17.5 25.7 12.3 14.7 19.7 15.5

5 2.3 8.2 2.8 ll.3 13.0 6.3 7.3

6 14.3 23.3 12.3 26.7 33.0 35.7 24.2

7 5.5 17.5 0.0 0.0 1.2 8.5 5.6

8 0.8 4.2 0.0 3.8 0.0 2.7 1.9

(Expert)

Method (D) 6.9 13.8 8.8 _ 13,_ I_,9

Averages

MethodStandard 5.7 7.0 9.2. 8.4 12.6 ]2.3
Deviation (8) -P_

Normalized Errors .83 .51 1.05 .68 .95 .77
( ) -

_J

OverallAverage _ = If.8
OverallStandardDeviation _ = 8.1
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TABLEA-I2

Ground Transportation

Averaoe Percent Inaccuracies for Each Listener
-- ForAIl Tiventy-t_voTapes

Listener
_ _.q_hod Pl P2 D R DP DR Average

Listene_

_ 1 7.7 14.7 2.5 7.5 3.7 2.8 8.3

"" 2 7.3 8.3 19.8 39.0 19.5 23.4 18.7

3 24.3 17.8 16.8 36.0 26.0 5.0 21,0

4 19,3 48.3 13.0 26.8 lO.O 28.8 24.3
?3

5 32.8 34,8 g.O 19.0 14.3 30.5 23.4

6 31.0 25.0 7.3 24.3 4.3 3.3 15.6

7 21.3 8.0 6.3 5.0 10.3 11.3 11,7

8 3.3 18,8 0.0 15.0 O.O 0.0 6.2
(Expert)

Method

!7 .Averages (13) 18.5 22.8 0.2 21.3 11,4 1.3.2_

_" MethodStandard 11.2 13.8 6.9 12.4 _,l 12.5
Deviation (8)

" NormalizedErrors 0.61 0.61 0,68 0.58 0,80 0.95

(sic,)

-- OverallAverage _ = 16.2
i

-" OverallStandardDeviation _ -- 6.9
i
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TABLE A-l 3

Construction

Average Percent Inaccuracies for Each Listener
For All Twenty-twoTapes

Listener
-_ P1 P2 D R DP DR Average

__ Ltste ne_..._,,

]

'-J 2 12.0 29.0 16.8 28.7 33.3 22.5 23.6

"I 3 56.3 52.5 38.3 47.5 40.0 28.7 42.2
i

4 I0.3 50.0 3.3 18.0 5.8 19.0 19.8

5 35.3 47.8 72.5 26.3 31.O 22.8 39.8

6 28.3 44.5 2].5 41.3 56.3 45.5 38.7

_ .
7 41.0 35.5 .41.3 33.5 48.7 26.7 38.1

8 2.3 31.0 5.8 3.5 0.0 ll.O 9.6

'_" (Expert)

Method
Averages (_) 27.0 3s.3 2_.n p4_n JR _ _

_' Method Standard 17.9 12.6 23.5. ]6.7 20.8 11,5
Deviation(0) • _

! NormalizedErrors., 0.6,6 0..33 0.91 0.70 0.7.4 0.52
(o/_ )

,J OverallAverage _ = 28.1

Overall StandardDeviation _ = 13.4
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TABLE A-14

Aircraft

Average Percent Inaccuracies for Each Listener
"3 ForAllTwenty-twoTapes

Pl P_ O R DP DR Listener

Listene_ Average

': --' 1 37.0 I0.0 2.5 2.3 1.5 6.5 7.5
I
-' 2 2.8 B8.8 43.3 11.8 4.5 1.8 I86

3 16.s 30.0 22.8 7.0 9.5 B.O 14.6
4 II.0. 11.8 2.3 19.8 9.5 5.5 9.9

"_ 5 II.5 4.8 1.5 If.3 1.8 5.5 5.5

6 36.0 20.3 9.8 16.3 3.0 4.3 13.0
_" 7 " 23.0 3.3 .17.8 10.8 II.3 0.0 9.3

I _ B 14,8 2,7 2,7 0.0 13.0 0.0 1.9
(Expert)

I

!; Method
_ . Averages (i1) 18.4 14.3 1.I,3 10.2 _.l 3.3

_:[_ )4ethodStandard 12.3 II.9 12,2 6.7 4.7 2.8
i Deviation(a)

_. NormalizedErrors 0.67 0.83 1.I 0.65 0.76 0.78
1 (sly) ....

_ OverallAverage _ = 7.4

OverallStandardDeviation _ = 5.3

]; 4
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