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The Metropolitan Airports Commission (MAC) owns and operates a Nois®©pedtions Monitoring network
System (MACNOMS) that includes 39 Remote Monitoring ToR&3 ¢) equipped with sound lewekters/data
loggers, software that processes NextGen flight track data, and software that corretasesavents measured ¢
the RMBto actual flight tracks. This network is a complex system that is the backbone of the technology u
the MAC Noise Program Office for reports, maps, statistics, aircraft noise event tracking, the sound presst
of events and the time and duratioof an evenreading This study found strong correlation in noigenoise (0.9
dB), noiseto-track (92.1%), and operatieto-operation (97.1%gtomparingfield observationsvith the MACNOMS
data outputs.
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Introduction and Background

Periodically, the Mtropolitan Airports GCommission (MACYonducts a validation analysis to
ensure the data collected are representative of the conditions measured in the Relat. to

this report, he most recent validation study of thigletropolitan Airports Commission Noise
and Operations SystefMACNOM¥Pwas done in 2006. Given community interest in airport
noise issues, the Noise Oversight Committee (NOC) approved a 2014 Work Plizuc|tiukzd
completingthe MACNOMS Validation Study, as well as allowing for community representation
and participation in thevarious steps and methods used for the analysis.

In 1992, the MAC Noise and Satellite Programs Office installed one of the most sophisticated
and comprehensive Airport Noise and Operations Monitoring Systems (ANOMS) of .itBhiend
system became the cémal element of an evolving noise and airspace analysis program that has
been used extensively for reporting and analyzing aircraft operations and related noise levels
around MinneapolisSt. Paul International Airport (MSP).

In 1998, the Metropolitan Airaft Sound Abatement Council (MASAC) focused on increasing
the noise monitoring coverage of the Airport Noise and Monitoring System (ANOMS),
predicated on existing runway geometry, existing initial system site installations, associated
aircraftoperationalpatterns, and the utilization of increased spatial analysis capabilities. At that
time, 24 Remote Monitoring Towers (RMTs)d beeninstalled andwere collecting data on all
sides of MSP. Following a thorough and analytical process, the RMT Locatiofofesk
established the location o&dditional new sites via the use of objective data sets, which
enhanced thenoise monitoringi @ a 1 SYQ&a FoAf Ade (G2 YSIF&adzNB | AN
residential areasurrounding MSPAs a result of analyst®nducted by the RMT Location Task
Force, five new RMTs were addiedl999 bringing the total number of sites to 29. Three of the
five new RMT sites were located north and west of MSP.

In 2001, an additional 10 RMTs were added to coincide with developofem fourth runway
(Runway 17/35at MSP¢ three in Bloomington, two in Burnsville, one in Apple Valley and four
in Eagan. With the addition of the 10 RMTs themer ANOMSsystem reached its presétotal
configuration of 39 towers.

[ AYAGFEGAZ2YyEa 2F !'bha{ YR ySgSNI G6SOKy2t23A0lIf
identifying new methods of collecting aircraft noise and flight tracking data. In 2009, the MAC
moved from an ofthe-shelf ANOMS product to downloading and procegdiight tracks and

noise data internally, which provided for increased reporting and analysis capabilities and an
improved level of service to the community. The new MAC Noise and Operations Monitoring
System (MACNOMS) was fully deployed by July 2008eAime, MACNOMS was comprised of

flight track data from a Multilateration (MLAT) system and 39 RMTs which provided noise data.



In November2013, theMLATTflight tracking data sourcevas replaced by Next Gen datafeed
under a contact withthe ExelisCorporation The Next Gedatafeed isthe source for the flight
tracking datacurrently used by MAC stafffor noiseto-track matching, spatial analysis,
monitoring aircraft operations counts, runway use percentages atad perform similarly
detailed reseech and inquiries of the MACNOMS data brief, the use of Next Gen data
represents the current state of the art with respect to flight tracking information provided by
Exelidor activity withinthe National AispaceSystem

Purposeof the MACNOMS

The MACNOMSis usedcontinuouslyin the assessment of noise reduction measures and
operational procedures at the airporf.he components ofMACNOMSallow for sophisticated
noise and operations data analysis and provide an objective tool for assessing airspased
noise impacts. Each montMAC staffassesses and reports the collected noise and operations
information in the monthly reports that are made available to the public.

MAC staff usethe MAOQNOMS for such detailed analysis because of its capatulitprrelate
data sets taken from two different sourceShe Exelis data feecorrelation functions match
aircraft flight tracks with information specific to the operation, such as aircraft type and flight
number. ThReMACNOMSystem correlates this infornti@n with noise levels recorded by the
Remote Monitoring Towers. Theesulting information provides an accurate flight track
displayed on a geceferenced map with specific flighihnformation and the noise levels
generated by the aircraft around the airgat the noise monitoring sites.

The MACNOMS dataare used to monitor compliance with approved noise abatement
procedures at MSP as wellalsthea ! / Q&4 &a@ &G SY 2 TheMANAMSEVEsNIsd A N1J2
used in the compatible land use analysisd the noise impact chaptersof the MSP 2020
ImprovementsEnvironmental Assessment (E&)vironmental Assessment Worksheet (EAW)

System Architecture

Noise Data

The noise datassociated with MSBre collected by a series of 39 RMTs that have been placed
strategicallyaround MSP Each site consists of laborategyality noise monitoring equipment
manufactured by Larson Davis Incorporated (LD). The main components making up each RMT
consist of a Typd LD 81 noise analyzer, ra LD 426A12 preamplifier and a LD 2541
microphone This equipment undergoes annual calibration and certification by an independent
accredited laboratory.

The analyzer in each RMT monitors noise legslstinuously,utilizing slow response with-A
weighting as directed bif K S~ C4AQR®Part 150. The analyzer is set to record an event when
the sound pressure level (SPL) reaches 65dBA and remains at orthisolevelfor at least

eight seconds. These recorded events are then later correlated with radar flight track data to



determine whether the noise source was a specific aircraft event or a community event. Each
noise event and the associated informati@re stored in the individual RMT until it is
transferred intothe MACNOMS on a nightly basis. The analyzer also provides hourbjadynd
data.

Each nightthe MACNOMS dials in to each Rlddtomaticallythrough a modem connection

Once a connection is established, various checks are performed to ensure the monitors are
functioning adequately and the data associated with the noise events are downloaded and
imported into the MACNOMSInformation about the status of the RMTs is also downloaded
and imported intothe MACNOMS allowing MAC staff to perform daily checks to ensure the
integrity of bah the monitors and the noise data they collect.

Flight Track Data

TheExelis NextGen Datae a multisensor based surveillance fused data feed available for the
National Airspace Systerithe NextGen data feed contaiAstomatic Dependent Surveillance
Broadcast ADSB) data derived directly from the national AEESNetwork owned by Exelis, and
U.S. governmentsourced data including but not limited to: FAA en route and terminal
secondary surveillance data, airport surface surveillance data from the FAArtABurface
Detection Equipment Model X (ASBE Wide Area Multilateration (WAM) from the FAA
deployed WAM systems, and flight plan data from the FAA host system.

Data processing

Noise Data

Noise data are processed in a number of s/agesulting in thecalculationof metrics that
indicate the communityand aircraftgenerated noise levels in the vicinityafi RMT However,
before these calculations can be performedbise events generated by aircraft must be
distinguished frormon-aircraft eventsthat are generated within the communityThe function
within the MACNOMS that makes this distinction possiblesitedd y 2-to-fra8k matching ®

The noiseo-track function defines the source of noise events by analyzing the aircraft activity
in the vicinity ofan RMT at the time the event was recordetihese two variables, time and
distance from the RMT, are crucial to defining the noise soaccerately:.

The primary way in which the noie-track function matches a noise event with the noise
source is by analyzing the time the event occurié@n aircraft is operatingn the vicinity of a
RMTat the same time a noise event is generated, frassible the aircraft could have been the
saurce that generated the eventlowever, such a generalization would lead to noise events
being attributed to aircraft operating at distances beyond the ilglcoverage area @nRMT.
Therefore, parameters restting the distance an aircraft can be froam RMT and still be
considered to have caused the noise event must be defined.



Within the MACNOMS each RMT is assigned a coverage area that is a function of the
capabilities of the monitor, the geometric natuoé flight tracks in the area, and the geaghy

of the surrounding landThis area is referred to as the Area of Influence, and is used in the
filtering of aircraft operating at the same time a noise event is generated. The Area of Influence
filter provides the noisdo-track function with the capability to determine whether an aircraft
could be responsible for the noise that caused a noise event.

In the event the noise source is determined to be an aircraft, the noise data recorded by the
RMT are matchetb that aircraft and calculated to determine noise values and metrics relative
to aircraft operations There are instances, however, when the noise data matched to the
aircraft have been influenced by one or more other noise sourSash instances occwhen
multiple aircraft are operating in the vicinity @in RMT and contributing to the same noise
event, or when a community noise source is contributing to or causing a noise event when an
aircraft is operatingvithinanwa ¢ Qa ! NS 2F Ly Tt dzSyO0S o

Becausescenarios such as the ones described above exist, parameters within thetoxiaek
function and the RMTs are defined to minimize the probability that noise data are matched to
an incorrect noise sourc& he simplest restriction that prevents the matebiof incorrect data

isthat of the noise event parameter within the RMT its€lor a noise event to be considered a
prospective aircraft noise event the level at a specific RMT site must reach 65 dB and remain at
or above & dB for at least eight seconds. The significance of the 65 dB threshold is that normal
urban areas surrounding major airports such as MSP have community noise events that reach
an Luax of 65 dBregularly affecting normal speech communication. As suchcraft noise
events do not begin to affect metropolitan urban lgegnificantlybelow 65 dB. The threshold
provides a necessary function to filter erroneous community noise.

The situation becomes more complicated, however, when a noise source does geaem@ise

event while one or more aircraft are flying thi@lK 'y wa ¢ Qa | MBke evenF Ly Ff
that two aircraft are flying through the Area of Influence at the same time a noise event is
generated, the noiséo-track function is programmed to ref to a static databaseof
predetermined aircraft noise values to determine which aircraftsinbkely generated the

event.

However, it is possible the noise source generating the event was not an aircraft, but aather
source inthe community.When a mise event is generated from a source in the community and
there are no aircraft operatingianwa ¢ Qa ! NS 2F Ly ¥fdzSyO0Ss (GKS Vy;
event are attributed to a source within the communityin some cases, when an aircraft is
operatingin the Area of Influence at the time of the commundgnerated event, the noise
data associated with the event can be attributed to the aircraft.

! The database referred to contains average noise values of aircraft that have been determined and published under
the auspices of Federal Aviation Regulation Part 36.
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Flight Track Data

Flight Track Data are th®ur-dimensional positioal information of an aircraf(X/Y/Z and a
time value for where the point is along the track lin€he Eglis Next Gen data feed used by
the MACNOMS flightrack data processing includeenroute radar,terminal secondary
surveillance dataAirport Surface Detection Equipment Model (XSDEX), and Automatic
Dependent SurveillaneBroadcast (ADB)data. The ASDK dataare a new feature of the Next
Gen data andare used to track movements of aircraft and vehicles on the airontface
movement area and from aircraft transponders. TABSB is a satellitebased geographical
positioning system (GPS) that is intended to replace rdaed positioning systesiwithin the
National Airspace System the future.

Next Gendata used by the MACNOMBe O 2 y & A R S NB Rtimé. YHereidl&20-ridiite
delay of actual aircraft operations loaded into the data fded public applicationsThe Next

Gen data feed includes the unique flight identifier, a time stamp, a message type (flight start,
amended, flight end), the flight ID number, trarci F {cdll &ign, aircraft type, latitude,
longitude, altitude, heading, airspeedecondary surveillance radar Mode3/A (aircraft within
the range of the radar signal), the particular radar/satellite tracking source used, the aircraft
category (unknown, ligt, small, large, heavy, rotorcraft or other), the filed flight routbe
departure fix,and alerts (gch as radio failure or emergeyc

The data coming from the Exelis NextGen data feed consist of théimealdata feed and a

nightly file download. Té reattime dataare broadcastfrom external servers at Exelis over a
secure connection fed into the database and displayed on th&cnoise.comwebsite
FlightTracker application with a Z@inute delay. The nightly file download provides complete

flight track data from the pevious24 hours delivered through a secure file transfer protocol

and imported into the MACNOMS database each morning. The flight tracks from the nightly
data file are then correlated with noise datiownloaded fromi KS a! / QA RMIBa (i SY
located in the communities surroundiMdgSP

Data Checks

Following the nightly import of theircraft noise datafrom the RME acheck of the data
completeness and accuracycsnductedby MAC staffOn occasionan interruption of the RMT
data collectiondue to hardware and connection outagesn occur, as was the case May
2014whenan RMT was struck bightningand a phonenodemhad to be replaced. It is rare
for RMT data to be unrecoverable, as each meteresthe noisedatameasuredwhichcan be
downloadedmanually

MACNOMS-unctiorality

MACNOMSdata are the backbone of many of thd 2 A & St NP I MissioncriicRlF A OS Qa
functions such as interactive flight tracking, RMT noise lef@lsa single flight track,and
customized useRSFAY SR RFEGF NBINASOlIE AyljdzZANASE dzy RS



www.macnoise.comThe MACNOMS data can be queried to provide: counts of all aircraft and
carrier jet ogerations by runway and runway percentage of use, nighttime counts of all aircraft
and jet carrier operations by runway and runway percentage of, aseraft type counts,
aircraft noise events summaries by aircraft ty@md the daily noise evensummary ér a
specific RMT. Many of these inquiries can be retrieved from the MACNOMS data base going
backto the year 2001.

DataPublishing

Other MACNOMS data processes tag aircraft events to specific aiguuatsunways record
runway use, determine complianc&ith noise abatement procedures, and calculate noise
impacts with various metrics such as ENight Average Sound Level (DNLjne Above and
Numberof EventsAbove

The MACNOMS data and tools have proven to be valuable for investigating specifaftaircr
operations and associatetbise. MAC Noise Program Office staff are able to analyze flight data
and aircraft noise to identify trends, view activity for specific locations, research runway use
and fleet mix information, and to conduct sophisticated rebdg and analyses associated with
environmental assessments, planning studies, and aircraft flight proeedonitoring and
development.

Many of the MACNOMS data described abare published in the Monthly Technical Advi€or

Report,the EagasMendota Heights Corridor Report, the Runway 17 Depee Analysis Report

and the Crossing in the Corridor Analysis. These regoméB L2 a0 SR dzy RSNJ (i KS
w S LJ2 didp dcivn menuat www.macnoise.com

Tools

MAC Noise Program Offistaff are able to retrieve and investigateoisecomplaints, and track

aircraft noise complaint trends through a specialized velsed application called Aircraft

Noise Complaint and Communications Record System (ANCCRS). ANCCRS provides MAC staff
with a compreheniwe suite of internallyused noise complaint investigation tools. Complaint
details and communication records are stored for each address recorded. The ANCCRS mapping
function integrates spatial flight track and geographical complaint location informadiah
displays weather, flight activity, aircraft noise events and documented aircraft maintenance
run-ups that occurred during the reported complaint date and time. ANCCRS will also display
other complaint locations if there are any that were filed durirg treported time period.
ANCCRS uses the MACNOMS data as the primary source for these analytical, mapping, and
technical outputs.

SupplementaMACNOMST echnology Software, and Infrastructure

The MACNOMS system incorporates a wide variety of softwaretédagy and applications in
the processing of the RMT and Exelis Next @Gsa. Programming languages include: Python,


http://www.macnoise.com/
https://www.macnoise.com/faq/what-time-above-noise-metric
https://www.macnoise.com/faq/what-number-above-noise-metric

Structured Query Language (SQL), JavaScript, PRRygRRmming Language, Shell Script,
JavaScript Object Notation (JSQ&)dComma Sepated Variables (CSV).

Sdtware includes: Apache Web Server, MapServer, GeoServer, ESRI ArcGIS, the CRON
A0KSRdzf Ay3d dziAf AlGeX DA GKdJz serieddd telRtadAPytBon sczis G & = |
developed bythe MAC for processing data provided byeks).

Additional computer infrastructure includeBata Base Servers, Linux Operating Systems and a
Storage Area Network.

The technology, software, and infrastructure of the MACNC&viSsupported by up to 10
computer servers

Previous MACNOMBSalidation Reports and Results

Periodically,the MAQNOMS is tested to verify that it continues to meg high standard of
accuracy.The validation othe MAONOMS accuracy is prudent since it is relied upon daily for
analysis of noise issues around the M@ities metropolitan area.

Evaluating the accuracy of the data extracted frdme MAONOMS requires evaluation of the
accuracy of the datprocessing functions. To record and match the data associated with the
MANOMS noisgo-track functionindependenty, MAC staff recordedhoise eventsin close
proximity to the RMTs. By working in the vicinity of an RMT with an independent noise monitor,
staff was able to determingisually and aurallyand record the sources that were creating the
noise events.

In the 2001 and 2004 studies, MAC staff spent several days at RMT sites arouktEkhe
working with an independent noise monitor and recordingually and making an aural
determination of the actual noise sources that were creating the noise events énattaft and
community events). The data collected in the field were processetependently and
compared to the actual data extracted frattme ANOMSfor the same time period to determine
the accuracy of theANOMSnoiseto-track function and the validity fothe calculated noise
values and metrics. In addition, several days were spent ilAth&raffic Control ToweATCT
collecting independent data in order to analyze the aircraft flight track and specific information
processing functions withithe ANOMS Staffutilized the vantage point of theiir traffic control
tower to record the approximate start or stop time of actual aircraft operations and the specific
information of each aircraft operation (aircraft type, airline, runwayd arrivaldeparture).

This information was then compared to actual aircrgipecific information fronthe ANOMSto
determine the accuracy of the aircraft radar flight track data and the airgpécific
information processing functions withthe ANOMS

In the summer of 2001MAC staff collected both sets of data (RMT noise data and ATCT
operations data) simultaneouslyover a threeday period. Approximately 39.7 hours of
monitoring was conducted in the ATCT, and approximately 48.2 hours of monitoring at the RMT



sites was perfamed. During this study, ovdr3 different RMT sites were used in the community
monitoring.

In the summer of 2004, MAC staff collected the same data over a-thmggeriod. During that

time approximately 36 hours of monitoring in the ATCT, and appmeiyn 29 hours of
monitoring at RMT sites was performed. Seven different RMT sites were used in the
community monitoring.

In 2005, MAC Noise Progrdbfficestaff decided to expand the scope of the ANOMS validation
study to more thoroughly assess the amacy of the data extracted from ANOMS and to
identify any possible areas or situations that may need to be monitored, enhanced or further
investigated. To accomplish this, the Noise Progré@iiice employed a fulime noise
monitoring position for the mortts of June, July and August 2005 total 218 hours of noise
monitoring was conducted at the 39 RMT sites and a total of 82 hours of monitoring was
conducted in the ATCT.

The results for all three studies were similar. For the 2005 study, 95.9% obhbberved
operations from the ATCT correlated with ANOMS (flight track and specific information) and
94.3% of the total number of noise events observed at the RMT sites correlated with ANOMS
(aircraft noise event information). For the 2004 study, 96.8%hefdbserved operations from

the ATCT and 89.1% of the total number of noise events observed at the RMT sites correlated
with ANOMS. In 2001, 97.8% of the observed operations from the ATCT and 90.9% of the total
number of noise events observed at the RM&sstorrelated with ANOMS.

Validation Methodology

Noise Data

2014RMT Selection Criteria

Due to limited staffing resourceB)ACstaff determined that in field validation tests, not all of
the 39 RMTs ould be monitored. The following criteria were used to establish the list of
candidate RMT sites:

1. The RMT location must be easily accessible and have sufficient space to
accommodate MAC staff and a team of observers.

2.  Where multiple RMTs exist in a community, selection shoulddmed upon the
frequency of eventandthe proximity of flight tracks, anthe location shouldbe
subjected to departure operations, arrival operations, or both.

Based on these criteria, the followiright RMT sites were included in trsgudy:



Table 1

RMT # | Location

28 Richfield 6645 16th Ave. S.

27 Minneapolis Anthony School 5757 Irving Ave. S.
5 Minneapolis 12th Ave. & 58th St.

30 Bloomington 8715 River Ridge Rd.

23 Mendota Heights End of Kenndon Ave.

16 Eagan Avalon Ave. & Vilas Ln.

36 AppleValley Briar Oaks & Scout Pond

33 Burnsville North River Hills Park

Field Testing/lethods

Fieldmonitoring was conducted at each individual RMT siteompile data foran Observation
Logmatrixas showrbelow.

Table2

Observation Log Details

EventDate

StartTime of Event

EndTime of Event

LMAX

Aircraft Type or Description of Community Noise Sou
Arrival or Departure

Runway

RMT

Comments about th&vent

Observation Notes to include:

A Date of Observation

Start Time oMonitoring Period
Stop Time oMonitoring Period
RMT

Arrival/Departure

Temp (At Site)

Relative Humidity (At Site)
Wind Direction (At Site)
Wind Speed (At Site)

Meter Serial #

< I K I KK KKK KKK

> D> D> D> > D
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Calibrator Serial #

Pre Cal Check/Change Level
Post Cal Check Level

Pre Ambient

Post Ambient

Obsenrer Names

> > > > D D

Upon completion of the field data collection, the field computer entries and the sound level
meter data were downloaded into a software spreadsheet application for additional data
comparison and analysis with the noise event and flight traciet@ recordedindependently

by the MACNOMS for the same time period.

For the purpose ofomparingthe noise datatwo parametersvere established. First, MAC staff

recorded the l4ax sound level of the flight as captured by the portable sound level meter (a

Model LD 824 Type I) for comparison with the MACNOWMsbund level recorded by the

sound level meter on the RMT tow@rD 831 Type.lSecond, the portableound leveimeter

was programmednanuallyto recognize a noise signal greater than a threshdlé% decibels
flragAay3a +d I £S@St ANBIGSNI 6Ky co RSOA6Sta 1
Yy2AaS S@OSyilé¢d ¢KS ASO2YR LI NFYSGSNI A4 ARSYUGAC
the permanent sound level meters placed on the 34TR. There arehowever, community

noise eventssuch as loud vehicles that can generate noise events that meet the aircraft noise

event threshold decribed in the second parameteferefore, matching the noise event to an

aircraft track provides a secondacheckthat the noise event may have been caused by an

aircraft.

Table 3 provides the date, times, duration, and pre/post ambient sound leveisgithe field
observation in2014.

11



Table 3

Pre/Post | Runway
Date Start Stop Duration RMT A/D Ambient
41712014 | 9:12:44 10:46:31 | 1:33:47 23 A 54/52 30R
4/7/2014 | 13:44:00 | 15:02:36 | 1:18:36 36 A 52/57 35
4/10/2014 | 12:55:09 | 14:59:01 | 2:03:52 30 A 64/54 35
4/11/2014 | 13:43:40 | 15:08:29 | 1:24:49 5 D 45/48 30L/R
4/14/2014 | 9:25:52 11:27:38 | 2:01:46 28 D 55/53 30L/R
4/15/2014 | 12:31:44 | 14:38:01 | 2:06:17 27 D 43/49 30L/R
4/15/2014 | 8:45:59 10:51:14 | 2:05:15 23 D 57/52 12L
4/15/2014 | 13:57:43 | 15:29:54 | 1:32:11 5 A 55/55 12R
4/17/2014 | 9:29:45 11:02:29 | 1:32:45 16 A 56/54 30L/R
4/21/2014 | 9:48:00 11:48:31 | 2:00:31 33 A 45/48 35
4/21/2014 | 13:33:56 | 15:03:40 | 1:29:44 30 A 54/58 35
4/22/2014 | 9:56:07 11:05:52 | 1:09:45 36 A 57157 35
4/22/2014 | 12:23:14 | 14:30:35 | 2:07:21 27 D 45/48 30L/R
Total
Duration 22:26:37

Note: the preambient of 64 at RMT 30n 4/10/14was caused by high wind speeds during the observation period
Sound Level Meter Event Detection

Transient noise events dnot always begin or end abruptly. Bothe LD 824 and the LD 831
sound level meterdlave a method to continue the measurement of an event as it is ending to
avoid losing data and to eliminate multiple records for a single event.

The portable sound level meter LD 824gged an event when the sound pressure level
exceeded 65 dB and remaith@bove 63 dB for more than eight second$e event detection
was defined by three basic parametessthreshold level (65 dB), a minimum duration (8 sec.),
and hysteresis (2 dB).

The permanent sound level meter, LD 83While using the same parametefsr event
counting, ha an improved methodof detection for event historyRather than utilizing a
hysteresis of the sound pressure level to define how an event ends, adafeable
continuation period is employedThe continuation period defines how Igrthe analyzer will

wait after the threshold level is no longer exceeded to ensure that the sound pressure level
does not reexceed the threshold levelThe threshold and minimum duration parameters
remain the same as thgortable sound level meters

To recap, the new analyzers log an event when the sound pressure level exceeds 65 dB and
remains above B dB for at least eight seconds. When the sound pressure level no longer
exceeds the threshold the continuation period begins. If within that time the squnedsure

level reexceeds the threshold, then the event continyes not it ends when the sound
pressure level dropbelow 65 dB.

12



Figurel
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Lvax Comparison

The Maximum ANeighted Sound Levelya, measures the highest root mean square sound
level that occurs during a single event in which sound level varies with time yLh@etric can

be used to describe argjle aircraftnoiseevent and is measured itecibels During the field
measuremehdata collection, the portable soundvel meterLyaxwas captured after the sound
level reached 65 decibels for eight secomldsing an aircraft operationThese Lax levels were
then compared to thesoundlevel captured by the sound level meten the RMTfor the same
event at the same timéy querying the MACNOMS databa3ée results ofhe comparisorare

shownin Tabled.

Table 4

RMT# | Events| Over | Under | AVE
5 61 1.5 -1.8 0.8
16 30 1.1 -0.8 0.5
23 36 3.8 -1.4 1.1
27 15 2.1 -1.5 1.1
28 17 3.4 -1.5 1.0
30 11 1.7 -1.3 0.6
36 27 1.4 2.3 1.0

Total 197 0.9

Note: TheOvervalue represents the maximum variation when the portable sound level meter reading was above
the RMT sound level reading for all of the events recorded at the specific RMTUnder valugepresents the

13


http://www.noisequest.psu.edu/communitytools-glossary.html#lmax
http://www.noisequest.psu.edu/communitytools-glossary.html#noise
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maximum variation when the portable sound level negtreading wadelowthe RMT sound level reading for all of
the events recorded at the specific RMIhe average (AVE) is the absolute value of both the Over and Under
variations

The close agreement in theydxaveragelevels is consistent with acoustigaérformance levels

for laboratory grade Type | sound level meters. While it is rare for two sound level meters to
give exactly identical readings when placed side by side and exposed to a variable noise source
(such as an aircraft overflight), average agrent within 0.9 of a decibel ighe result of the
precision of the sound leVeneters, which are calibrated annually the manufacturer andby

MAC staffas needed In addition, early every morning, each RMT perforras automated

calibration checkThis¢ ft A6 NI G A2y OKSO]l dziAft Al Sa |y St SO0NZ

microphoneto generate a precision leverlhis daily level is then checked against an established
NEFTSNBYyOS tS@St (2 RSGSN¥YAYS OKI y3aSophdny, (KS
instrumentation, cabling or the electrostatic actuator itself.

There was one everdt RMT 3 for whichthe portable sound level meter and the RMT sound
level meter varied by 8.decibels Areview of thefield observation logduring the events
determined that community noiséatruck) was the cause of the measured \amte. Similarly,
there was one event at RMT 28r whichthe portable sound level meter and the RMT sound
level meter varied by 3.4 decibels. A review of thddfiebservation log during the events
determined that community noise (a motor vehicle braking) was the cause of the measured
variance. These two events had the greatest variance of the 197 events examined.

When community noise and aircraft noise are prasg&multaneouslat an RMT, the J4ax Of the
louder of the two sources is recorded the MACNOMSTherefore there may be a small
number of instances ithe MACNOMS where thegyl attributed to the aircraft flight isslightly
greater than that generatedybthe flight itself due to the community noise that occurred at the
same time

Flight Tracks

Airfield operationobservationstook place at theMSP Orange Parking Ramp, located next
Terminal 2¢ Humphrey one of the tallest structures on the M&8mpus with a height of 979

feet above sea levelThetop of the OrangeParkingRamp offes good sightlines to Runway

4/22, Runway 17/35 and Runway 30L/12R. Views of Runway 30R/12L are acceptable for the
observation purposes dhe 2014MACNOMS Validatioriugly.
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Airfield ObservationMethods

Observations were takeduring normal MAC business hows April 23-25, 2014for a total of
8 hours and29 minutes. Tableés shows the documented datesnd times of airfield operation
observations.

TaHe 5

Orange Ramp Field Observation Duration Summary

Date Start Time Stop Time Duration

4/23/2014 10:12:20| 11:33:11| 1:20:51
4/23/2014 12:37:14| 13:07:30| 0:30:16
4/24/2014 12:22:21| 13:48:42| 1:26:21
4/24/2014 14:05:58| 15:24:36| 1:18:37
4/25/2014 10:03:54| 11:54:08| 1:50:14
4/25/2014 13:09:24| 15:12:42| 2:03:18
Total 8:29:37

MAC saff visually observe each aircraft operatiorand recordedthe followinginformation for
each operationdate, time of operation aircrafttype, runway, arival ordeparture.

During the documented airfield operatiorobservation periods there were a total of 4
operations: 28 arrivals and366 departures. Table6 shows the number of operans
documented for each runway.

15



Table 6

Count of Observations by Runway

Date 17 35 12L 12R 30L 30R Grand

Total
Arrivals 57 73 83 25 45 283
4/23/2014 25 33 58
412412014 48 50 08
4/25/2014 57 25 45 127
Departures 104 61 5 118 78 366
412312014 | 42 20 64
412412014 62 41 106
41252014 118 78 196
Grand 104 57 134 88 143 123 649

Total

Note: There were no aircraft observations for Runway 4d2#ing the observation periad

The doserved datavere compaed to actual data fronthe MACNOMS for the same period to

determinethe accuracy of th&IACNOMS flight tradkformation.

Table 7
Observations Observations %
Number of . .
. that that did not | correlation
Date Operations _
Observed matched match =observed/
MACNOMS| MACNOMS| MACNOMS
4/23/2014 122 118 4 96.7%
4/24/2014 204 199 5 97.5%
4/25/2014 323 313 10 96.9%
Totals 649 630 19 97.1 % ave

Note: Several of the observations that did not mathe MACNOMS were military flighteat, generally are not
includedin the Exelis Next Gen data feed.
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MACNOMS/Observedorrelation

The findings from the observed operations at each RMTwséee compared to the noise data

that were obtained fromthe MAQGNOMS for the same monitoring period. Each observed noise
event was compared tadhe actual MAONOMS data for the same moaiing period to
determine if the event correlated with the field observations made at the RMT sites. In
addition, the findings also present the number of single noise eventearMAQNOMS that

were observed in the field to be created by multiple aircradise sources and/or observed to

be created by both aircraft and community noiged(,loud truck driving by while an aircraft is
flying over a RMT). This additional information helps to assess the overall noise environment
and what type of activity (aircraft and community noise) may be occurring at each RMT site that
is not attributed to an aircraft noise eventihe MAOGNOMS.
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RMT #5i 12" Avenue & 58" Street, Minneapolis

1
2 8 29 1 RAMSEY St. Paul
! 9 M
4 | > ) \
Minneapolis 3 | /('/ l
' 10 Li y}a’é‘{
* 12 /
27 & West St. Paul ﬁ
- 2 |
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i é_g Mendota Heights *"T{:*f‘)")‘- L
% Richfield 3 15 \\‘ r
i HENNE 13 sunfish Lake r
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“ | } Inver Géozve Heights
Bl 3 L g’ . &

WE "\:VIYG#ORTLANDM 62N & :

i Apple Valley I

Aircraft operations correctly identified as aircraft events 58
Multiple aircraft operations correctly identified as aircraft events 4
Community sources correctly identified @ammunity events
Multiple aircraft operationgorrectlyidentified as aircraft events but tagged
to the other aircraft 3
Aircraft operations incorrectly identified as community events 1
Community sources incorrectly identified as aircraft events 0
Wind noise incorrectly identified as aircraft event 0
Wind noise incorrectly identified as community event 0
All events 67
Correlation with wind events 94.0%
Correlation without wind events 94.0%
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RMT 5

m Aircraft operations correctly identified
as aircraft events

m Multiple aircraft operations correctly
identified as aircraft events

m Community sources correctly identified
as community events

® Multiple aircraft operations correctly
identified as aircraft events but tagged
to the other aircraft

m Aircraft operations incorrectly
identified as community events

m Community sources incorrectly
identified as aircraft events

= Wind noise incorrectly identified as
aircraft event

m Wind noise incorrectly identified as
community event
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RMT #1617 Avalon Avenue & Vilas Lane, Eagan

Minneapolis 3

11

RAMSEY St. Paul

—\ 27 West St. Paul
i
Edina | — 7 Z Fouth st. Paull
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I Mendota Heights _“'T__“")"—'}_,_‘
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| LoNE S B
Savage j L, 36
SCOTTI 4 Rosemount
| Apple Valley
Aircraft operations correctly identified as aircraft events 30
Multiple aircraft operations correctly identified as aircraft events 0
Community sources correctly identified as community events 2
Multiple aircraft operationgorrectlyidentified asaircraft events but tagged
to the other aircraft 0
Aircraft operations incorrectly identified as community events 0
Community sources incorrectly identified as aircraft events 1
Wind noise incorrectly identified as aircraft event 0
Wind noisencorrectly identified as community event 0
All events 33
Correlation with wind events 97.0%
Correlation without wind events 97.0%
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RMT 16

m Aircraft operations correctly identified
as aircraft events

m Multiple aircraft operations correctly
identified as aircraft events

m Community sources correctly identified
as community events

m Multiple aircraft operations correctly
identified as aircraft events but tagged
to the other aircraft

m Aircraft operations incorrectly
identified as community events

m Community sources incorrectly
identified as aircraft events

m Wind noise incorrectly identified as
aircraft event

m Wind noise incorrectly identified as
community event
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RMT #2317 End of Kenndon Avenue, Mendota Heights

1
2 8 29 19 RAMSEY st. Paul
inneapolis |
} M pol 3 yyd ' \
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Aircraft operations correctly identified as aircraftents 29
Multiple aircraft operations correctly identified as aircraft ever 4
Community sources correctly identified as community events 3
Multiple aircraft operationsorrectlyidentified as aircraft events
but tagged to the other aircraft 1
Aircraft operations incorrectly identified as community events 1
Community sources incorrectly identified as aircraft events 1
Wind noise incorrectly identified as aircraft event 0
Wind noise incorrectly identified as community event 0
All events 39
Correlation with wind events 92.3%
Correlation without wind events 92.3%

22




RMT 23

m Aircraft operations correctly identified
as aircraft events

® Multiple aircraft operations correctly
identified as aircraft events

m Community sources correctly identified
as community events

m Multiple aircraft operations correctly
identified as aircraft events but tagged
to the other aircraft

m Aircraft operations incorrectly
identified as community events

m Community sources incorrectly
identified as aircraft events

= Wind noise incorrectly identified as
aircraft event

m Wind noise incorrectly identified as
community event
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RMT #2717 Anthony Middle School, 5757 Irving Avenue South, Minneapolis

OLIVER
ORGAN

HUMBOLOT

GIRARD
RFREMONT

25

NEWTQON

KNOX

IRVING

DUPONT

EMERSON

24
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Aircraft operations correctly identified as aircraft events 14
Multiple aircraft operationorrectly identified as aircraft event: 1
Community sources correctly identified as community events 0
Multiple aircraft operationcorrectlyidentified as aircraft events
but tagged to the other aircraft 0
Aircraft operations incorrectly identified @mmunity events 0
Community sources incorrectly identified as aircraft events 1
Wind noise incorrectly identified as aircraft event 0
Wind noise incorrectly identified as community event 0
All events 16
Correlation with wind events 93.8%
Correlation without wind events 93.8%
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RMT 27

m Aircraft operations correctly
identified as aircraft events

= Multiple aircraft operations
correctly identified as aircraft
events

= Community sources correctly
identified as community events

® Multiple aircraft operations
correctly identified as aircraft
events but tagged to the other
aircraft

m Aircraft operations incorrectly
identified as community events

= Community sources incorrectly
identified as aircraft events

= Wind noise incorrectly identified
as aircraft event
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RMT #28 1 6645 15" Avenue South, Richfield
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Aircraft operations correctly identified as aircraft events 12
Multiple aircraft operations correctly identified as aircraft ever 2
Community sourcesorrectly identified as community events 9
Multiple aircraft operationgorrectlyidentified as aircraft events
but tagged to the other aircraft 0
Aircraft operations incorrectly identified as community events 0
Community sources incorrectly identifie@ aircraft events 7
Wind noise incorrectly identified as aircraft event 0
Wind noise incorrectly identified as community event 0
All events 30
Correlation with wind events 76.7%
Correlation without wind events 76.7%



RMT 28

m Aircraft operations correctly identified
as aircraft events

B Multiple aircraft operations correctly
identified as aircraft events

m Community sources correctly
identified as community events

B Multiple aircraft operations correctly
identified as aircraft events but
tagged to the other aircraft

m Aircraft operations incorrectly
identified as community events

= Community sources incorrectly
identified as aircraft events

= Wind noise incorrectly identified as
aircraft event

= Wind noise incorrectly identified as
community event
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RMT #3071 8715 River Ridge Road, Bloomington
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Aircraft operations correctly identified as aircraft events
Multiple aircraft operations correctly identified as aircraft event
Community sources correctly identified as community events
Multiple aircraftoperationscorrectlyidentified as aircraft events
but tagged to the other aircraft

Aircraft operations incorrectly identified as community events
Community sources incorrectly identified as aircraft events
Wind noise incorrectly identified asrcraft evens

Wind noise incorrectly identified as community event

All events

Correlation with wind events

Correlation without wind events
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47
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RMT 30

m Aircraft operations correctly identified
as aircraft events

m Multiple aircraft operations correctly
identified as aircraft events

m Community sources correctly identified
as community events

m Multiple aircraft operations correctly
identified as aircraft events but tagged
to the other aircraft

m Aircraft operations incorrectly
identified as community events

m Community sources incorrectly
identified as aircraft events

= Wind noise incorrectly identified as
aircraft event

m Wind noise incorrectly identified as
community event
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RMT #3371 North River Hills Park, Burnsville
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Aircraft operationsorrectly identified as aircraft events

Multiple aircraft operations correctly identified as aircraft events
Community sources correctly identified as community events

o O

Multiple aircraft operationgorrectlyidentified as aircraft events

but taggedto the other aircraft

Aircraft operations incorrectly identified as community events

Community sources incorrectly identified as aircraft events
Wind noise incorrectly identified as aircraft event
Wind noise incorrectly identified ammmunity evens

All events
Correlation with wind events

Correlation without wind events

o O O o o

0
100.0%
100.0%

Note: There were no flight tracks or noise events observed or in the MACNOMS for this site dimertgne

period of the field observation.
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RMT #36 1 Briar Oaks & Scott Pond, Apple Valley
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Aircraft operations correctly identified as aircraft events 27
Multiple aircraft operations correctly identified as aircraft event 0
Community sources correctly identified as community events 0
Multiple aircraft operationgorrectlyidentified as aircraft events
but tagged to the other aircraft 0
Aircraft operations incorrectly identified as community events 0
Community sources incorrectly identified as aircraft events 0
Wind noise incorrectljdentified as aircraft eveist 0
Wind noise incorrectly identified as community event 0
All events 27
Correlation with wind events 100.0%
100.0%

Correlation without wind events
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RMT 36

m Aircraft operations correctly identified
as aircraft events

® Multiple aircraft operations correctly
identified as aircraft events

= Community sources correctly identified
as community events

® Multiple aircraft operations correctly
identified as aircraft events but tagged
to the other aircraft

m Aircraft operations incorrectly
identified as community events

m Community sources incorrectly
identified as aircraft events

= Wind noise incorrectly identified as
aircraft event

= Wind noise incorrectly identified as
community event
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Summary Al | RMTO s : 5,,3313b, 23,

Aircraftoperations correctly identified as aircraft events
Multiple aircraft operations correctly identified as aircraft events
Community sources correctly identified as community events
Multiple aircraft operationgorrectly identified as aircraftvents
but tagged to the other aircraft

Aircraft operations incorrectly identified as community events
Community sources incorrectly identified as aircraft events
Wind noise incorrectly identified as aircraft event

Wind noise incorrectijdentified as community evest

All events

Correlation with wind events

Correlation without wind events

27, 30

181
11
18

11

30
259
81.1%
92.1%

All RMTs

| Aircraft operations correctly identified as
aircraft events

m Multiple aircraft operations correctly
identified as aircraft events

m Community sources correctly identified
as community events

® Multiple aircraft operations correctly
identified as aircraft events but tagged to
the other aircraft

m Aircraft operations incorrectly identified
as community events

m Community sources incorrectly identified
as aircraft events

= Wind noise incorrectly identified as
aircraft event

m Wind noise incorrectly identified as
community event
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Discussion

Soundpropagation from aircraft is the result efbrations in air that are causegrimarily by the

I A NOjutledgine3.dHowever, there are also many instances when sound is propagated by a
community source which is audible and detectediy RMT sound level meteran even more

complex situation arises when elevated wind speeds cause air pressure changesrehat

detected by theRMTmicrophonel & 'y & S@Sy ¢ eighfsecandsSWiatl events R. T 2 |
FNE oFNBfeé | dZRAGES 2y (KS | daesaundldiel metetdodsa | Y R
not distinguish aircraft noise events, community noise events, ordwevents from one
another.Thedissimilarityof noise patterns from wind and aircraft is shown in the charts below:

Figure 2
Wind EventSoundPattern at RMT 30

| /u WM} ) it

Figure 3

A320 Arrival Event Sound Pattern at RMT 5

Thesechartsillustrate theimportance of correlating the noise event to a flight track within the
MACNOMS systeras initially, based on noise levels derivextlusivelyfrom the RMT data,
both patterns shown abov&r Si G KS aS@Syilié¢ GKNBakKz2fR

Matching thenoised S@Sy (G ¢ &k i$ a fdnttibrdok the MIACNOMS software that
merges the Exelis data feed with the noise data sent by the RMT modems. In the current
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