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1. SCOPE

This SAE Aerospace Recommended Practice (ARP) provides engineering methods that can be applied to monitoring
aircraft noise and operations in the vicinity of airports using either attended or unattended menitoring systems, as well as
methods for validation of measurement results from permanent systems. Part 1 provides guidance on the components,
installation and administration of permanent systems and guidance on analysis of data collected from temporary
monitering of aircraft noise. A separate document, Part 2, describes both system screening tests and detailed test
methods for validating the data reported by permanently installed systems. This document is intended as a guide toward
standard practice and is subject to change with experience and technical advances.

Potential users include: airport proprietors, airport neighbors, federal, state and local government agencies, equipment
vendors and other public bodies and officials. Potential applications include: Part 1 - development of a basis for
communication among concerned parties for acquisition, installation and operation of a permanent monitoring system,
and reduction of sound level data collected through temperary monitoring; Part 2 - initial system testing and detailed
system validation and improvement.

The recommended practices included here are intended to apply to commercial air carrier airperts and general-aviation
airports.

The guidance in Part 1 of this document is intended for application to airpert noise-monitoring systems that are designed
and installed (or refurbished) after the publication date of the document. Part 1 also provides methods for analyzing data
from temporary noise monitoring. The methods and information in Part 2 may be used for any permanent monitoring
system.

The primary topics addressed in this Part 1 are identified in seven subsections. Sections 2 and 3 give References and
Definitions. Sections 4 through 6 provide guidance and information intended for those who have had little experience with
the design, installation and use of permanent aircraft noise and operations monitoring system. Section 4, System
Description, describes the basic components of a complete airport noise and operations monitoring system and gives
minimum requirements. Section 5, Site Selection and Installation, describes what steps should be taken in locating noise
monitors, and provides minimum requirements for monitor and microphone installation. Section 6, System Administration,
describes basic administrative and maintenance activities necessary to ensure an installed system performs as intended.

Section 7 provides detailed guidance for making and reporting on aircraft noise measurements made using unattended
portable noise monitors.

Appendices provide related and additional information.

2. REFERENCES

1. |IEC 61672-1:2002, “Electroacoustics - Sound Level Meters - Part 1: Specifications.”

2. |EC 60842:2003, “Electroacoustics - Sound Calibrators.”

3. SAE AIR1845, “Procedure for the Calculation of Airplane Noise in the Vicinity of Airports,” March 1986.

4. SAE AIR902, "Determination of Minimum Distance from Ground Observer to Aircraft for Acoustic Tests," May 15,
19686.

5 Land, CE. 1973. Standard confidence limits for linear functions of the normal mean and variance. J. Am. Stat. Assoc.
v. 68, pp. 960-963.

6. Parkin, T.B. 1999. LSTATS, a program for parameter estimation and confidence interval calculation (Land's method),
at www _nstl.gov/personnelfsy/parkin/softw-saldmanual . html.

7. 1SO 9613-2:1966 Acoustics, Attenuation of sound during propagation outdoors - Part 20 General method of
calculation.
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3. DEFINITIONS
1. AIRCRAFT NOISE EVENT: See aircraft sound measurement.

2. AIRCRAFT CPERATION: A departure or arrival of an aircraft with respect to a specific airport. A missed approach or
touch-and-go constitutes one arrival and cne departure.

3. AIRCRAFT SCUND: The sound produced by an aircraft at a specific monitoring location during a continuous time
period, defined by the rise and fall of the sound level above and below a pre-selected sound level threshold or by
other means of discrimination between aircraft and non-aircraft sounds as appropriate.

4. AIRCRAFT AVERAGE SOUND LEVEL: Time-average A-weighted sound level of aircraft noise at a noise monitoring
site in a specified period of time such as an hour, day, month, or year.

a. NOTE 1: Aircraft average sound level is determined from the A-weighted sound exposure levels produced by
aircraft operations during the stated time interval.

b. NOTE 2: Aircraft average sound levels are expressed in decibels (dB) relative to the standard reference pressure

~FON 1 Da
Ul LU pra

c. NOTE 3: Aircraft-associated levels are often distinguished by the use of an "A" prefix or suffix from levels
encompassing all noise present ("T" for total) and from all noise exclusive of aircraft ('O" for other sound sources
or “C” for all non-aircraft, community sound levels). The period is also often indicated by an "H," "D," "M," or "Y"
prefix or suffix. For a period longer than an hour, a time-of-day weighting may be applied. Thus "HLA" or "AHL"
represents hourly average aircraft sound level. "YDNLO" would indicate annual day-night average level for all
noise sources present. In aircraft noise monitoring, abbreviations are often used in all-upper-case format like the
preceding to enhance clarity in large data arrays or because the display and/or output devices lack the capability
to handle subscripts, and in some cases even lower case, characters.

5. AIRPORT MODE: A specific combination of runways in use for arrivals and departures at an airport at a particular
time.

6. AIR TRAFFIC ACTIVITY DATA SYSTEM (ATADS): The official source of historical air traffic operations for center,
airport, instrument and approach counts. Daily, monthly and annual counts are available by facility, state, region, or
nationally.

7. AIR TRAFFIC CONTROCL (ATC): A system and service for controlling the flow of air traffic, both enroute and at air
terminals, based on voice communications between ATC controllers and pilots.

8. AUTOMATED WEATHER OBSERVING SYSTEM (AWOS): One of a number of stations installed at airports, each
consisting of varicus sensors, instrumentation, a voice synthesizer, and a transmitter, which relays real-time local
weather information to pilots. Data are also accessible by telephone.

9. AUTOMATIC RADAR TERMINAL SYSTEM (ARTS). A local system, which is part of the air traffic control system and
is used for control in the vicinity of a major air terminal. The ARTS includes radar which tracks transponder-equipped
aircraft and a computer system, which contains a variety of information regarding aircraft operations, airport
operations, weather, and other items important for air traffic control functions.

10. AUTOMATIC TERMINAL INFORMATION SERVICE (ATIS): A service provided at major airports which broadcasts
information that is updated once per hour on local weather conditions and other topics related to aircraft operations
(such as runways in use and runway closures).

11. BACKGROUND NOISE: The noise from all sources, with the exception of noise generated by aircraft, and including

sources of electrical noise within the acoustical instruments. In aircraft noise monitoring, essentially the same as
"community sound level."
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12. COMMUNITY SOUND LEVEL: The sound level, averaged over a period of time, attributable to non-aircraft sources.
Community sound level is usually designated by the character "C" and is distinguished from the aircraft scund level
designated by "A" and from the general or total scund level "T."

13. DAY-NIGHT AVERAGE SOUND LEVEL (DNL or Ly, in notation): The time-average sound level, in decibels, for one
or more days, with a weighting of 10 decibels added to the sound level during the periods 0000 to 0700 hours and
2200 to 2400 hours in each 24-hour day.

14. DISCRIMINATION: The process of distinguishing sound measurements produced by aircraft from those produced by
non-aircraft sound sources.

15. FLIGHT CORRIDOR: A general region of airspace containing the flight paths of aircraft performing the same or
similar flight procedures in arriving to or departing from an airport.

16. FLIGHT EVENT: A set of measurements of aircraft sound at different locations by the same aircraft operation,
combined with identification of the aircraft operation responsible (such as air carrier and flight number).

17. FLIGHT PATH: The general area or corridor of airspace through which aircraft fly.
18. FLIGHT TRACK: The three-dimensional trajectory of an aircraft in flight.
19. FLIGHT STRIPS: See "transponder code."

20. FLIGHT SERVICE STATION (FSS): One of a number of communications centers that provide useful flight information
to pilots, such as pre-flight weather briefings and scheduled aviation weather broadcasts.

21. GLOBAL POSITIONING SYSTEM (GFPS): A system that relies on signals transmitted from satellites in orbit around
the earth to determine the longitude and latitude of a positicn on earth or the coordinates of a position relative to
another position.

22. GRCUND TRACK: The projection of an aircraft flight track onto a herizontal ground plane.

23. GROUND TRACK DISPERSION: The difference between the ground tracks of a flight or group of flights laterally with
respect to a nominal or average ground track.

24. HEIGHT PROFILE: The height of an aircraft in flight above ground level as a function of distance along its ground
track.

25. IDENTIFICATION: The process of associating an aircraft sound measurement or set of measurements with a known
aircraft operation, including aircraft operator, aircraft type, and flight number if applicable.

26. INSTRUMENT FLIGHT PLAN: A plan containing specific information relating to the intended flight of an aircraft under
instrument flight rules (IFR), filed orally or in writing with Air Traffic Control.

27. INSTRUMENT FLIGHT RULES (IFR). A set of rules for aircraft operation which involve, among other things, use cof a
transponder and continuous radar tracking. IFR operation is mandated by weather conditions below the minimum
required for visual flight rules (VFR). However, IFR operation may be used in clear weather also. For example, all air-
carrier aircraft and many business aircraft operate in the IFR mode at all times.

28. LATERAL DISPERSION: See ground track dispersion.

29. MAXIMUM SOUND LEVEL: At an airport noise-monitoring site, the greatest A-frequency-weighted and S (slow) time-
weighted sound level, in decibels, that occurs during a measurement of the sound frem an aircraft.

30. MODE: See airport mode.
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31. MODE-8: The Mode Select Transponder (Mode S Transponder) is an avionics system that responds to interrogations
from ground-based sensors or Traffic Alert and Collision Avoidance System (TCAS) airborne avionics with replies
containing aircraft identification, altitude, and other selected data. The aircraft information includes the Mode-S code,
which is a unique identifier that can be correlated with the aircraft registration number and therefore identify aircraft
ownership and exact aircraft model and engine model. (See also Transponder, 41.)

32. NATIONAL WEATHER SERVICE (NWS): A system of weather stations throughout the USA, that serves as the
primary means for determining current weather and predicting future weather. The system includes extensive
communications facilities, which provide weather information, including pilot briefings where there is no FSS or
aircraft control tower.

33. PROFILE OF AIR TEMPERATURE AND HUMIDITY: Variation of air temperature and relative humidity as a function
of height above ground at a specified location.

34. PLANE PROGRESSIVE SOUND WAVES: Sound waves that propagate in a region free of reflecting surfaces and are
in phase in a plane normal to the direction of propagation.

35. SINGLE AIRCRAFT NOISE MEASUREMENT: See aircraft sound measurement.

36. 8 (SLOW) TIME-WEIGHTED SCUND LEVEL: Sound level, in decibels, measured with the standardized A weighting
and standardized S (or slow) time weighting.

37. SOUND EXPOSURE LEVEL (SEL or Lg in notation): The level, in decibels, of the time-integral of the square of the
instantaneocus A-weighted sound pressure for a specific period of time such as the duration of an aircraft sound
measurement and relative to the reference sound exposure of (20 pPa)2(1 8). The letter symbol for A-weighted sound
exposure level is Lag. When it is clear from the context the indication of frequency weighting A may be omitted

a. Average sound exposure level — the arithmetic average of a series of SELs - that is,

N

2 (L) (Eq. 1)

i=1

Averagel } = L. =

Z|l =

b. Level of the average exposure - the average sound exposure, converted to a level - that is,

il

> E,], where

Z|=

i=1

Lewg = 10 Ig[

E = 10°%)

Note that this combination of SELs is sometimes called their “energy-average.”

38. SOUND PRESSURE LEVEL: Twenty times the logarithm to the base ten of the ratio of the root-mean-square of a
given sound pressure to the reference sound pressure of 20 micropascals, pPa.

39. THRESHOLD: For an aircraft noise-monitoring system, a user selectable A-weighted sound level such that a
measurement of aircraft noise is initiated when the sound level exceeds the threshold and is terminated when the
sound level becomes less than the threshold. Often, threshold exceedances are timed, so that sound levels that are
either very briefly above threshold, or too long above a threshold are not identified an aircraft noise event. Some
systems also examine radar data and other flight information tc determine whether an aircraft operating in the vicinity
of the monitor could have produced the threshold exceedance.
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40. TIME-AVERAGE SOUND LEVEL: Twenty times the logarithm to the base 10 of the ratio of the root-mean-square
sound pressure during a stated time interval to the reference sound pressure, sound pressure being obtained with a
standard frequency weighting. Note: Time-average, A-weighted sound level, Lar over the time interval T, in seconds,
is related to the level of the total A-weighted sound exposure, Lag, that occurs in the interval by:

Ly =Le —1019(T /1) (Eq. 3)
where:
to = Reference duration of 1 s for the reference sound exposure

41, TRACK CAPTURE RATIO: The number of flight tracks (aircraft operations) registered by the monitoring system,
divided by an alternative reliable count of operations.

42. TRANSPONDER: The airborne part of the air traffic control radar beacon system (ATCRBS) or secondary radar; a
device carried by aircraft which responds automatically to coded interrogation signals from a ground radar by
returning a coded signal. Mode C transponder operation includes automatic altitude reporting. Mode S, a more-
advanced system, provides more accurate position information and can provide a digital data link to exchange
information between aircraft and various ATC functions and weather databases.

43. TRANSPONDER CODE: A four-digit code assigned by air traffic control that is imbedded in the aircraft transponder
return signal, thereby permitting short-term identification and reliable tracking of the aircraft radar target. For air carrier
aircraft, information is available within the air traffic control system to relate this identifier to carrier and flight number.
Such information is available on flight strips and in other formats. Aircraft operating under VFR conditions normally all
utilize the same code (1200) and, therefore, are not uniguely identifiable.

44. UTC — COORDINATED UNIVERSAL TIME: The basis for the worldwide system of civil time keeping. This time scale
is kept by time laboratories around the world and is determined using atomic clocks. The International Bureau of
Weights and Measures makes use of data from the timing laboratories to provide the international standard UTC,
which is accurate to approximately a nanocsecond (billionth of a second) per day. The length of a UTC second is
defined in terms of an atomic transition of the element cesium under specific conditions, and is not directly related to
any astronomical phencmena. GPS time and UTC were the same at midnight on January 6, 1980. Since that time
GPS time has not been adjusted as leap seconds were inserted into UTC approximately every 18 months. These leap
seconds keep UTC approximately coordinated with the Earth’s rotation. Be aware that a GPS receiver used to report
time or synchrenize time in a noise monitoring system may report either GPS time, UTC, or both and that GPS time
and UTC differ by the number of leap seconds inserted in UTC.

45. VALIDATION: The process, described in Part 2, used to determine the statistical uncertainty of system reported data,
when compared with alternative data sources.

45. VERTICAL DISPERSION: The vertical difference in the height profile of a flight or group of flights with respect to a
nominal or average height or climb profile.

3. SYSTEM DESCRIPTION

Basic Requirements: An aircraft noise and operations monitoring system, consists at a minimum of an integrated set of
instruments, computer hardware and software that automatically collects sound level data from one or mere permanently
located or portable sound monitoring units andfor data on flight operations, which may include numbers and types of
aircraft flight operations and graphic depictions of the flight tracks flown by these operations. This section describes the
basic components and requirements for:

MNoise Monitering
Operations Monitoring
System Integration
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3.1 Noise Monitoring

Most systems will include several “permanent” ncise monitors, installed on poles in selected locations around the airport.
These monitors are situated so that the microphones should have an unobstructed view of the airspace, include
microphones of high quality, and usually instrumentation that processes the signal before transmission to a central
database, often located at the airport, but may be located elsewhere. A portable noise monitoring system will include one
or more portable noise monitors that may collect data as stand alone systems or may transmit data to some central data
collection location. The following subsections describe minimum requirements for the noise monitors.

3.1.1  Electroacoustic Requirements

The electroacoustical performance of an airport noise-monitoring system shall conform to the applicable class 1
requirements of IEC 61672-1:2002 [1].

The requirements of IEC 61672-1:2002 shall apply to each channel of the airport noise-monitoring system from the
windscreen-microphone assembly to the display device or devices. A windscreen-microphone assembly generally
includes a windscreen with anti-bird-perching and lightning-protection devices, a microphone often with a built-in
electrostatic actuator or voltage-insert device, a rain-protection device, if any, a microphone preamplifier, and all support

devices
gevices.

Special requirements for an airport noise-moenitoring system, in addition to the general requirements of IEC 61672-1:2002,
include the following.

The system shall be able to measure A-frequency-weighted, S (slow) time-weighted sound level and the
corresponding A-weighted sound exposure level (SEL) of aircraft noise. The system shall be able to display and store
the maximum A-weighted, S-time-weighted sound level and the A-weighted sound exposure level of the sound
incident on the microphone. (Additional display and storage requirements are given in subsequent Sections of this
ARP.)

The reference direction of sound incidence for the specification of directional response and frequency weighting shall
be along the principal axis of the microphone and inward toward the diaphragm of the microphone for frontal or 0°
sound incidence.

The linear operating range (that is, the range of indicated A-weighted sound levels over which level linearity errors are
within the class 1 tolerance limits of IEC 61672-1:2002) shall extend at least from 30 to 120 dB for a 1-kHz electrical
signal applied to the input device substituting for the microphone.

There shall be only one level range.

For each measurement channel, the system shall incorporate a user-selectable threshold and other appropriate
means to distinguish the sound of an aircraft from sounds produced by other sound sources in the vicinity of the
microphone.

There shall be publicly available evidence from an independent testing laboratory to demonstrate that the complete
measurement system has been tested in accordance with the requirements of IEC 61672-2:2003 to verify that the models
or types of instruments envisioned for the system will conform to the class 1 requirements of IEC 61672-1:2002, including
the requirements noted above that are specific to airport noise-monitoring systems.

Any portable sound-measuring device that is used to audit or check the measurements of A-weighted sound exposure
level or maximum A-weighted, S-time-weighted sound level, or to verify the operation or setting of a sound-level
threshold, or to validate the capability to correctly identify a measurement of a sound as originating from an aircraft, or to
collect aircraft noise data as part of an attended or unattended measurement program shall alsc conform to the class 1
requirements of IEC 61672-1:2002. (For example, in conducting measurements made for validation of system data,
Section 5.8, ARP4721, Part 2.)
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Any sound calibrator (or acoustical calibrator) that is used for periodic checking of the acoustical sensitivity of a channel of
an airport noise-monitoring system shall conform to the class 1 requirements of IEC 60942:2002 [2].

3.1.2 Microphone Requirements

Microphone orientation: The microphone assembly normally shall be mounted with its axis of symmetry vertical and with
the microphone diaphragm up. An alternative microphone orientation may be used if there is only one principal flight path
and it can be shown by analysis that the alternative orientation vields measurements of aircraft noise with less total
uncertainty.

Microphone Height: The microphone for permanent noise monitoring purposes in a fixed system shall be placed at least
6 m above the ground level or at least 3 m above neighboring rooftops, whichever is higher above the ground. Where a
rooftop location is necessary, location near the center of a flat roof is preferred to ensure that reflection effects are more-
or-less uniform throughout the measurement duration. Portable or temporary noise monitoring may use microphone
heights ranging from 1.2 to 6 m in height or higher as necessary to meet the obstruction criteria presented in the next
paragraph. In the case where a portable system is used in parallel with a permanent microphcne for purpeses of
validation of system data (per Section 5.8, Part 2), the portable microphone shall be at the same height as the permanent
microphone.

Cbstructions in the Sound Field: There should be no solid objects within a conical region around a microphone that would
significantly interfere with the measurement of the sound from an aircraft. The conical region is one with its apex centered
on the microphene and extending upwards to a height of at least 13 m above the microphone. The included conical angle
is 90°,

NOTE: Practical considerations may mean that some large solid objects within the conical region are unavoidable.
Reflections from such objects within the conical regicn around the microphone may increase the uncertainty of
the measurements which may be determined as described in Part 2, Section 5.

3.1.3 Accessories

Windscreen: A suitable windscreen shall be provided and shall always be installed around the microphone at each noise-
measurement site.

A complete and newly constructed windscreen-microphone assembly shall be installed in a suitable test facility and
exposed to steady wind incident on the assembly from a direction equivalent to grazing incidence on the microphone
diaphragm. With no wind in the test facility, the 60-s-average, A-weighted level of the background noise in the vicinity of
the microphone shall not exceed 45 dB.

Over the range of steady wind speeds from 2 to 10 m/s, the time-average A-weighted sound level indicated by the display
device shall not exceed 60 dB. The averaging time shall be at least 30 s. The results of the windscreen tests shall be
documented.

In general, sound level data measured in wind speeds greater than 10 m/s shall be considered suspect. While it is
common to include such data as part of continuous noise monitoring stations, specific studies of aircraft noise should use
such data with caution. In addition, sound level data collected in wet weather with temperatures near freezing may be
suspect because of ice formation on the windscreen. Specific studies of aircraft noise should use such data with caution.

3.2  Operations Monitoring

Many modern airport noise monitoring systems now include aircraft position data acquisition and reporting systems or
these “operation monitoring systems” may be stand-alone systems. The aircraft position data may be used to provide
graphic depiction of aircraft routes into and out of the airport, to document aircraft altitudes in the vicinity of the airport, to
determine numbers of aircraft operations by runway and by flight corridor, to aid in associating an aircraft with specific
noise events and to assist in computer modeling of aircraft sound levels. This section provides guidelines for processing
aircraft position data in an airport noise and operations monitoring system. It outlines the measures used to describe the
operation of such systems and the use of these data to assist in determining the existence of an aircraft noise event.
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This section is organized to guide the user in acquiring, processing, and using aircraft position information as part of an
airport noise measurement program. Guidance is presented in the following areas:

+ Methods of acquiring pesition data and processing aircraft position data into continuous flight tracks, including
processing data that includes incomplete tracks, and smoothing raw track data.

+ Using aircraft position data to describe and quantify airport operations.

+ Correlating flight track data with noise event data.
3.2.1 Methods of Acquiring Position Data

There are multiple methods of acquiring aircraft position information. The most commen scurce of aircraft position data for
permanent noise monitoring systems is air traffic control radar data. These data are obtained from air traffic control
authorities either by direct connection to the air traffic system or digital storage device transfer such as optical disk.

Another method is to acquire passive radar data acquisition which uses electronic ‘eavesdropping’ on communication
between the ATC radar sensor and the aircraft transponder. Passive collection of radar data uses a sensor that receives
both radar-antenna interrogations and aircraft-transponder responses, permitting computation of aircraft position by
means of timing differences. This passive system requires line of sight to the radar antenna and the aircraft.

Aircraft Situation Display, ASD, is ancther data source derived from ATC radar sources, though this information does not
include VFR operaticns or local IFR operations. While typical radar data consist of data points approximately 5 seconds
apart, ASD data consist of data points that are spaced 30 seconds to 2 minutes apart, which can translate into position
information of considerable uncertainty.

Another method of acguiring aircraft-position data is multilateration. Multilateration determines aircraft position by using
several antennae that receive only the aircraft transponder transmissions and determine position by using the time
differences between receipt of the transmission at the various antennae. Both the passive and multilateration methods
can provide Mode-8 information from aircraft that are so equipped.

In the United States, acquisition of ATC radar data is controlled by FAA Order 1200.22C, "Use of National Airspace
System (NAS) Computer and Radar Data or Equipment by Outside Interests.” This order contains limits on the use of the
data, mandatory ‘aging’ of the data pricr to release, and procedures for acquiring access to the data. Outside of the U.S |
airports generally have direct access to air traffic control data.

There are additional means of acquiring aircraft position data that may be used during short term monitoring efforts.
These methods include optical tracking systems and digital aircraft flight data recording systems (FDR). Data from digital
FDR systems may include position data from GPS or inertial navigation equipment. Digital FDR data are accessible only
with the cooperation of the aircraft operator.

3.2.2 Incomplete Flight Tracks

Raw radar data consist of time sequenced position information and aircraft identification data. The raw data contain
additional information that may include messages between facilities and other information that is of no use for noise and
operations monitoring purposes. Once the data are obtained and sorted by flight, there are several possible problems that
must be addressed. One of these problems is incomplete flight tracks. There are numerous reasons for missing track
information, including late initiation of transponder communication by the pilot, ATC system downtime or processing
errors, radar reflections or obstacle interference and radar blind spots.
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The magnitude of the problem depends on the amount of missing data and the location of the aircraft during the time of
missing data. There are at least seven categories of missing data that can be identified:

1. Departure data start well after the aircraft has left the runway
2. Departure data are missing in the middle of the flight track

3. Departure data end soon after takeoff

4. Approach data end prior to aircraft reaching runway

5. Approach data are missing in the middle of the flight track

6. Approach data are missing at the start of the flight track

7. Aircraft overflight data are missing in the middle of the flight track

Data processing methods may provide for filling in the missing data for each of the categories identified above. For
example, for Category 1, the first category listed above, the system may locate the first data point, assume a runway
used, and connect the data point to the end of that runway. The method of assuming which runway was used is
problematic in itself, especially for closely spaced parallel runways. The problem can range from simple to correct, if the
first radar point is near a runway end, to difficult or impossible to resolve, if the first radar point is downstream during or
after a turn. The case of a flight track beginning during or after a departure turn is cne of the more difficult problems, in
particular, where the missing data are near a noise monitor and there is a desire to asscciate the noise at that monitor
with the appropriate flight. A similar problem may occur when approach radar data terminates before the aircraft reaches
the runway end.

Incomplete flight tracks affect the process by which noise events are associated with a particular flight when the portion of
the flight track near a noise monitor is missing. Small numbers of missing data points can be ignored by simply
connecting the points that are available. Given typical aircraft ground speeds of 120 to 250 knots, aircraft will traverse
distances of about 60 to 130 meters per second (200 to 420 feet per second). When several segments of a flight track are
missing, the issue of whether or not to connect points provided for the missing middle segments, or connecting the first or
last data point to a runway end is complex. The best procedure for handling incomplete flight track data may be different
for different airports, and may vary by runway and by type of aircraft operation for a given airport.

This section does not address all possibilities that may occur when processing incomplete flight track data and provide
solutions. Rather, the goal of this document is to present guidelines for evaluating how well a system performs in
accommodating partial or incomplete flight tracks. The following guidelines are provided:

Several missing radar points can be filled in by connecting the available data points or connecting the first or last data
point to a runway end. The size of the gap that may be filled depends on the airpert and the operation. Straight flight
tracks may be filled for large distances. Curved flight tracks may be filled for the straight segments into and out of the
curve and for several points within the curve, provided that the general shape cof the curve is preserved. If the curve
cannot be reasonably filled in then it should be left blank or marked as incomplete in the database. As a guideline for
determining whether the shape of a curve may be reascnably filled in, the gap that is being filled should probably
represent no more than 1000 to 2000 feet of data. This is a general guideline that may be exceeded at times or excessive
in other circumstances. The following guidance may be helpful in determining the size of the gap that may be reasonably
filled in for a curved flight track:
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1. If the data are to be used solely to correlate flights with noise events, the actual distance from the monitor to the
aircraft is not critical; data may be filled in more liberally, since the key to matching flights to noise events is the time
that the aircraft was nearest the noise monitor (i.e., the question which must be answered is whether or not the
aircraft was within some defined distance of the monitor).

2. Ifthe data are used to determine noise versus slant range distance relationships, then gap filling should be minimal or
the track not used for that purpose.

3. Anytime the flight track contains more than approximately 1000 feet that have been filled in, the database should flag
these data so that a user knows that the data have been generated in such a manner.

Part 2, Section & describes a method for determining the uncertainty of the flight track position reported by the monitoring
system.

3.23 Smoothing Raw Flight Track Data

Radar data may vary in quality based on a number of factors including distance from the radar sensor, presence of
reflective surfaces (including the ground for aircraft at lower altitudes), location of the aircraft transponder on the aircraft
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meteorology. It is common for radar returns to show some form of irregularity along pertions or all of the flight track,
particularly when the radar sensor is far from the aircraft. In cases where tracking data, whether from radar returns or
tracks generated by alternative technology, it may be acceptable to employ a mathematical means to construct a smooth
flight track through the available points. Such smoothing may actually improve the quality of the data as it allows the
random errors associated with individual data points to be averaged. The actual smoothing algorithms are not specified
here, and some methods may be proprietary to a particular system. When data smocthing is provided as part of the noise
moenitering system, it is recommended that the pre-smoothed data be preserved in the system so that an independent
investigator can review the smocthing process if necessary.

3.2.4 Using Aircraft Position Data to Describe Airport Operations

Aircraft position data can be used to count airport operations by aircraft type, time of day, runway, and flight track. Such
operations counts are dependent on the reliability of the aircraft position acquisition system and of the processing of the
data. The following issues should be considered when using aircraft position data to describe airport operations:

It is common for General Aviation aircraft operating in the U.S. under Visual Flight Rules {(VFR) to broadcast a
transponder code of 1200 during such operations. An automated position acquisition system will not be able to identify
such aircraft types.

Aircraft type is provided by most radar systems in the form of a four character designator such as ‘B752’ for a Boeing 757-
200 aircraft and ‘A320' for an Airbus A320 aircraft. This designation may be sufficient for many airport users. However, if
the noise data collected are being used for detailed aircraft comparisons by aircraft type, more detailed aircraft description
data may be needed. Many aircraft models such as the Boeing 757 and the Airbus 320 are available with different engine
packages that may significantly affect aircraft performance and noise level. For detailed studies of noise level by aircraft
type, it may be necessary to know the engine package on a given aircraft. These data can be obtained from the airline if
the flight number is known, or a system that acquires Mode S transpeonder codes can be used to provide better aircraft
identification data. Mode S data include detailed information about the aircraft type including the aircraft registration
number. The aircraft registration number can be used with an aircraft registration database to determine the aircraft model
and the engine package on that aircraft.
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A problem related to filling in gaps in flight track data or the smoothing of track data is that of assigning a runway to a flight
track where there are closely spaced parallel runways. The radar data may not be of sufficient accuracy to pinpoint the
correct runway for some flights. The runway assignment may be based on one of several techniques including, use of the
prevailing runway or use of the runway that previous and subsequent flights used (if those are clear in terms of runway
used). Use of the prevailing runway as the assumed runway used is acceptable where, as is the typical case, one of the
closely spaced parallels is used for departures and the other is used for arrivals. If both runways are used simultanecusly
for arrivals or both for departures, then the aircraft assignment to a runway must be based on the relative position of
seguential aircraft, i.e., the track of an aircraft located right of the preceding or subsequent aircraft track is assigned the
runway on the right side, etc.

Some airports may employ complex methods for flight track building and runway assignments based on the pattern of
operations and airport geometry. These are acceptable metheds, provided that the methods are documented and may be
reviewed for adequacy by an independent investigator.

Section & of Part 2 provides methods for validation of a system’s ability to match flight tracks to runways.

3.3 Meteorological Data

Meteoroloaical data may be included in a permanent noise monitoring system. Meteoroloaical data may be used to
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understand runway use, normalize noise data to standard conditions for use in special studies, exclude data that may be
contaminated by wind noise or noise that may be unduly influenced by wet, frozen wind screens, or other special studies
that may aid in the understanding of airport operations, sound propagation, or aircraft noise.

Meteorological data that are typically collected include hourly average wind speed, wind direction, air temperature,
pressure and relative humidity. It is common to use data from cne source, usually located at the airport. Such data are
commonly available from the local weather reporting service (National Weather Service in the U.S., NWS). Local weather
stations are commonly found at airports and serve as a good data source for noise monitoring systems.

It may be useful to determine the height of the wind sensor above ground level when using wind data collected from a
local weather service. Wind data are normally collected at a nominal height of 10 m, but at some airports the actual height
of the wind sensor may be other than 10 m.

While it is not common, there may be uses for more than one weather reporting station when local conditions may vary
around the airport environs and local propagation effects can cccur. While runway use is determined by the wind
conditions at the airport, sound propagation in the community can be affected by the weather local to that community. If
an airport elects to locate meteorological stations around the airport, such stations should be designed to collect and
report data consistent with the quality of the data collected by the local weather service. It is beyond the scope of this
document to provide specifications for such weather staticns. Guidance on weather station design can be found in data
published by the World Meteorological Organization (see Appendix E, Reference 14).

3.4  Complaint Menitoring

Necise complaint data management is typically part of an integrated permanent noise monitoring system. The advantages
of integrating noise complaint data in the noise monitoring system are the ability to correlate noise complaints with flights
and noise levels, to facilitate the mapping of noise complaints on local area maps, and to permit the airport to provide a
service to complainants. An airport or noise office can choose to respond to the complaint with a letter acknowledging
receipt, by attempting to identify the event/aircraft that produced the complaint, or with other information about aircraft
operations at the time of the complaint. Some systems offer web-based entry of complaints for complainants who have
internet access.

Noise complaint data typically include the time of the complaint, nature of the complaint, and opticnally, the name,
address and telephone number of the complainant. Note that the time of the complaint is the usual, but not exclusive, key
to correlating the complaint with a specific flight or noise level. If the complaint is delayed or the complainer dees not
provide an accurate time, the complaint cannot be accurately correlated to a flight or noise level using time as the key to
correlaticn. In general, the user of the system will have to judge whether or not to correlate a noise complaint with a flight
and/or noise event based on the user's assessment of the quality of the time information that is available to make such a
correlation. Other metheds for correlating a complaint to a noise event or flight may include use of aircraft type, airline, or
other distinguishing factor provided in the noise complaint. Documents
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3.5 System Integration
351 Time Clock

Unattended monitoring systems must contain a master clock to identify the times and dates of measured noise events
and related phenomena. Clock time should be within 2 s of actual time of day at all times. This requirement may be
satisfied by periodic updating from an external time reference. When power loss occurs, clock operation should be
sustained by an auxiliary power source or stop until reset. In either case, a clear indication of interruption of timekeeping
must be given.

3.5.2 Transmission of Data

Transmission of data from the variocus microphone locations to a central location may be by any appropriate type of data
link and may be either continuous or intermittent. The transmission hardware and software generally provide for a
resolution of at least 0.1 dB for all acoustic data and for validity checking of all transmitted data. In an unattended system,
there should be a capability to store and transmit the last sound level response to application of a sound calibrator to the
microphone as well as the date of the last check of acoustical sensitivity and specific periods of lost data caused by
memory overflow, power l0ss, or equipment malfunction.

3.5.3 Hardware for Storage

Airport noise moenitoring systems usually include capabilities for both interim and archival storage of all sound level and
operations monitoring data. For unattended noise monitoring systems, all individual sound measurements and hourly
average sound levels are retained in memory or on accessible media for a period sufficient to apply all discrimination
tests and also for association of measured sound levels with flight events if that capability exists in the system.

If data are stored at remote stations for periodic transmission to the central processor, each remote station should have
storage capacity sufficient to retain all basic sound level measurements and sound exposure levels for a period at least
twice the normal time between transmissions and not less than 24 hours. Systems should be fail-safe to prevent
permanent loss of more than 24 hours of data. The fail-safe system may require implementation of backup procedures.

3.5.4 Software
3.5.41 Event Detection

Threshold Sound Level: For each monitoring site, a method should be provided to discriminate and quantify aircraft and
non-aircraft dominated sound levels. The most common method is by means of an cperator-selectable sound level
threshold and other related operator-selectable variables that can be set to identify the sound from most aircraft
operations in the vicinity of an airport. Default values for the variables are selected at the time of monitoring set-up, but
several days of testing and evaluation are generally required to optimize variables for identification of aircraft noise
produced events.

For noise monitoring sites under or close to flight paths or corridors, and within about 12 km (40,000 feet) of the nearest
runway end, use of thresholds together with a few other variables such as time above the threshold and time between
threshold exceedance is usually sufficient to distinguish the sound produced by most aircraft from the sound caused by
other sound sources. Outside or beyond these locations, other means of discrimination will generally be required. Use of
aircraft position data, including aircraft type, slant distance, type of operation, etc. may assist in identifying aircraft
produced sound levels. Guidelines for threshold sound level selection are given in Appendix A.

Aircraft Noise Discrimination for Unattended Monitoring Systems: The threshold sound level, as provided above, may not
be sufficient to exclude non-aircraft sounds in some cases. Therefore additional means can be employed as necessary to
maximize the likelihood that each measurement of aircraft noise has a high probability of representing the sound from an
aircraft and not the sound from non-aircraft noise sources. The following means should be considered in addition to the
selection of a sound level threshold:
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a. Limits on maximum sound level or sound exposure level
b. Limits on measurement duration
¢. Limits on measurement rise and/or fall time
d. Auxiliary means for aircraft detection such as runway sensors or transponder receivers
e. Aircraft position tracking data
If aircraft tracking data are not available, then the following additional means may be used:
f.  Time durations established with respect to times at reference monitor stations or other aircraft detection devices
g. Pattern recognition of noise-level measurements at contigucus monitoring stations

MNoise monitoring systems may also include detection thresholds that vary with ambient conditions, commonly called
floating thresholds.” The use of floating thresholds may be particularly useful for necise monitors that are located where
the ambient noise levels are highly variable.

In any system with a floating threshold capability the system store the 1 second Leq data for each second of the day.
Further, the system should also store the level of the floating threshold used for each noise event that is identified. These
data can then be reviewed by the user or by an independent investigator to determine the quality of the aircraft data that
is collected.

Use of the floating threshold feature may enhance the a system’s ability to correctly measure more aircraft noise by
lowering the threshold during periods of the day when ambient noise levels are low. However, there also exists the
possibility that the floating threshold will move to high levels for long periods at locations with high ambient noise levels
and collect very little aircraft noise data.

It should be noted that trade-offs exist in implementing aircraft sound level detection methods. Systems designed to
virtually never miss an aircraft produced sound level will necessarily occasionally include non-aircraft sound in the results
(false alarms). Systems designed to virtually never include non-aircraft sound in the aircraft results, will necessarily miss
some of the true aircraft events.

3.5.42 Correlating Noise Events and Aircraft Position

Aircraft position data derived from airport radar systems can be used to verify that a noise event is associated with an
aircraft movement as well as to associate a noise level with a particular flight. The ability to accomplish this matching is
highly dependent on the quality of the aircraft position data (see 4.2 on missing and incomplete flight track data) and on
the time clock synchronization between the noise monitors and the aircraft position data acquisition system (see 4.5.1).

The method used to correlate noise events with flight tracks will vary from system to system. The ability to correlate a
noise event with a particular aircraft event may lead to ambiguous associations in some cases. For example, a noise
monitor located between simultaneous arrival or departure streams will likely show multiple aircraft that may have
contributed to a noise event. Another ambiguity arises when a quiet aircraft type operates near a noise moenitoer while a
more distant but louder aircraft type is operating at the same time.

Dealing with these ambiguities is difficult and requires that the system correlation parameters be carefully set and tested
to determine if the parameters work as intended. In some cases it may not be possible to resolve ambiguous correlations,
and such noise event correlations should be flagged in the system database as potentially involving noise from more than
one aircraft. If such flags occur it should be possible for the user to report noise data using only data not flagged as
potentially ambiguous or using all data. Part 2, Section 5 provides detailed procedures for determining how well a system
matches aircraft operations with corresponding noise events.
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