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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 monitoring 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
monitoring of aircraft noise. Part 2, this part, 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 temporary 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 airports and general-aviation
airports.

The guidance in Part 1 of this document is intended for application to airport 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 2 are identified in six subsections. Sections 2 and 3 give References and
Definitions. Section 4, Post-Installation Screening Tests, identifies tests that may be conducted immediately after a
system has been installed and is operational. These tests use only data directly from the system and should efficiently
identify any major short-comings, such as missing significant numbers of operations, missing or erroneous aircraft noise
event data. These tests may also be run at any time that some major portion or type of system reported data is in
question.

Section 5, System Validation for Special Studies, provides more rigorous and time consuming methods for quantifying a
permanent system’s capabilities when special needs require detailed, quantitative analysis of system data. It describes
metrics, tests and calculations that can be used to determine how well the system is: (1) capturing all aircraft flight
tracking information, (2) matching captured tracks to runways, aircraft types and flights, (3) capturing aircraft noise events,
(4) matching those events with correct tracks, runways and aircraft, (5) measuring aircraft sound levels, and (6) properly
locating aircraft flight tracks.

Section 6 - Data Analysis and Reporting - Suggests what general steps can be taken to improve system operation and
how measured data should be reported to provide sufficient information so that reviewers can easily judge data quality.

Appendices provide related and additional information.

2. REFERENCES

1. |EC 81672-1:2002, “Electroacoustics - Sound Level Meters - Part 1: Specifications.”

2. |EC 80942:2003, “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,
1966.

5 Lland, C. E 1973. Standard confidence limits for linear functions of the normal mean and variance. J. Am. Stat
Assoc. v. 68, pp. 960-963.
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6. Parkin, T. B. 1999. LSTATS, a program for parameter estimation and confidence interval calculation (Land's method),
at www.nstl. gov/personnel/sy/parkin/softw-saldmanual. html.

7. 1SO 9613-2:1966 Acoustics, Attenuation of sound during propagation outdoors - Part 2. General method of
calculation.

3. DEFINITIONS
1. AIRCRAFT NOISE EVENT: See aircraft sound measurement.

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

3. AIRCRAFT SOUND MEASUREMENT: 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
of 20 pPa.

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 cutput 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 CONTROL (ATC): A system and service for controlling the flow of air traffic, both enroute and at air
terminals, based on voice communications between ATC centrollers and pilots.

8. AUTOMATED WEATHER OBSERVING SYSTEM (AWOS): One of a number of stations installed at airports, each
consisting of various 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 contrel 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).
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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. |n aircraft noise monitoring, essentially the same as
"community sound level."

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 sound level
designated by "A" and from the general or total sound level 'T."

13. DAY-NIGHT AVERAGE SOUND LEVEL (DNL or Lg, 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 PCSITIONING SYSTEM (GPS): A system that relies on signals transmitted from satellites in orbit around
the earth to determine the longitude and latitude of a position on earth or the coordinates of a position relative to
another position.

22. GROUND TRACK: The projection of an aircraft flight track onto a horizontal 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 of a
transponder and continucus 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 cperate in the IFR mode at all times.

28. LATERAL DISPERSION: See ground track dispersion.
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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 from an aircraft.

30. MODE: See airport mode.

31. MODE-S: 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, 42.)

32. NATIONAL WEATHER SERVICE (NWS). A system of weather stations throughout the U.S.A., 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. S (SLOW) TIME-WEIGHTED SOUND 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
instantanecus A-weighted sound pressure for a specific period of time such as the duration of an aircraft scund
measurement and relative to the reference sound exposure of (20 pF’a)2 (1 8). The letter symbol for A-weighted scund
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,
— 10
Averagell } = L. = =37 (L) (Eg. 1)

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

S E | wh
; ,)w ere (Eq.2)

Z|=

LEavg = 10 logm(

E, = 10%

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

38. SCUND PRESSURE LEVEL: Twenty times the logarithm to the base ten of the ratic 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-monitering 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 to 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, Lat, over the time interval T, in seconds,
is related to the level of the total A-weighted sound exposure, Lag, that occours in the interval by:

Lat =Lag —10logyo(T/to) (Eq. 3)
where tg is the 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 uniquely 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 nanosecond (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 phenomena. 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 synchronize 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 this Part 2, used to determine the statistical uncertainty of system reported
data, when compared with alternative data sources.

46. 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.

4. POST-INSTALLATICN SCREENING TESTS

4.1 Introduction

After a monitoring system has been installed, some basic tests should be used to confirm that the system is operating
effectively. This section describes several tests that use only information available from the system and that will reveal

any significant system data deficiencies. These screening tests can be applied after the system has accumulated several
weeks to a month or more of data.
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4.2 Balance of Tracks and Events

In an ideal installation, all tracks and events (aircraft nocise events) will be matched pairs; each aircraft noise event will
have an associated track and vice versa. However, complete matching is not expected, but a lack of matches can reveal
improvements that may be made to the operation of the system.

421 Tracks with Associated Events

Determine the number of flight tracks documented by the system that have no corresponding aircraft noise events.
Tracks having no events should be examined to determine the locations of the tracks, the monitors overflown, if any, the
type of operation {(departure, arrival), the runway used, and the aircraft type. There may be patterns that reveal possible
causes, such as event detection algorithms needing adjustment at specific monitors, an inherent inability to capture
aircraft noise events for specific aircraft types that are too quiet for capture in a specific background noise environment, or
monitor/runway relationships that prevent clear distinction between events.

422 Events with Associated Tracks

Determine the number of aircraft noise events that have no corresponding tracks. Examination of the monitors for which
these events were registered may show that local noise sources are loud enough to be categorized as aircraft noise
events, or that incomplete tracks occur in the vicinity of certain monitors. An attempt should be made to either adjust the
noise event capture parameters of the monitor, or to quantify how often tracks are missed and whether there are any
adjustments that can be made to improve the number of tracks captured.

4.3  Match of Arrivals and Departures

The number of arrivals captured should match the number of departures. Significant differences (more than 5 to 10%
difference) should be analyzed to determine how the discrepancy arises and how it might be reduced.

4.4  Operations with No Aircraft

Checks should also be made to determine whether many operations (tracks with events) have no associated aircraft.
This type of discrepancy is likely to focus on the consistency of the data that provide aircraft information, or the software
and algorithms that match the aircraft information with the operation.

4.5 Operations with No Runway

Operations with no runway association are most likely with parallel runways, or when flight track plotting (whether radar
based or not) is discontinuous in the vicinity of the runway end. Missed runway identifications may be difficult to correct if
they are a function of radar coverage.

46 Data Plots

When sufficient data are collected, graphic presentations may readily identify system conditions that warrant further
analysis and trouble-shooting.

461  Sound Exposure Level Versus Slant Distance
One easily produce plot is that of aircraft Sound Exposure Levels, SEL, for a single aircraft type versus slant distance

from the point of closest approach to the monitor that registered the SEL.  Figure presents A320 aircraft operations SEL
values plotted against slant distance.
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SEL versus Slant Distance
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FIGURE 1 - ARRIVAL AND DEPARTURE SEL VERSUS SLANT DISTANCE, A320 AIRCRAFT

The SEL values should lie along a downward sloping line, decreasing with increasing slant distance.

In Figure 1,

departure SEL values are reasonably distributed, as are most of the arrival SEL values. Values group by monitcring site,

and it appears that one of the

sites reports unusually low values for arrivals.
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FIGURE 2 - ARRIVAL SEL VALUES VERSUS SLANT DISTANCE FOR A320 AIRCRAFT
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Figure shows some of the arrival SEL values. All monitors shown are along the arrival tracks to Runway 15L/15R.
Monitor 1 is the furthest, monitor 2 is closer and monitor 4 is closest to the runway. The values reported by monitor 2 are
clearly lower than would be expected at the slant distances reported. Such results indicate that the settings at monitor 2,
and perhaps its calibration, should be checked. Such a discrepancy can also indicate incorrect aircraft type identification.
Also, monitor 1 may be identifying a few 15L arrivals as 15R arrivals, suggested by the few large slant distance values.

4862 Distribution of Sound Exposure Levels

One additional check that can be made graphically is the total distribution of SEL values for selected aircraft types.
Figure shows two distributions, one for monitor 3 that captures arrivals to Runway 15R, and one for monitor 4 that
captures arrivals to Runway 15L.  Both monitors are approximately the same distance from the arrival runway ends.
From the figure, the distributions appear reasonable, with only a few outliers. It is possible that the very low values
captured by monitor 3 are arrivals to 15L, or they may be simply unusually quiet arrivals. These distributions appear
reasonable. (Alsc, the slant distances associated with the outliers are not significantly different from the other slant
distances for the monitors.)

Arrival SEL Distributions
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FIGURE 3 - DISTRIBUTIONS OF A320 SEL, MONITORS 3 AND 4
5 SYSTEM VALIDATION FOR SPECIAL STUDIES
51 Overview

This section describes how to validate the proper operation of cne or more monitors of a permanent airport monitoring
system for special studies.

For example, a system monitor may be suspected of under-counting the number of aircraft operations for a particular
airport mode of operation. A study of that monitor's data, using methods in this section, will determine if such an under-
count is occurring. As ancther example, high-quality measured aircraft Sound Exposure Levels (SELs) may be desired to
assess the accuracy of computer-predicted SELs. For such a study, this section can be used to identify which system
monitors are capable of providing such high-quality SELs - and for which aircraft types under which airport modes of
operation.
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This section is not intended as a requirement for acceptance or periodic testing of an airport monitoring system. It will be
far too costly if applied to all aircraft types, at all airport monitors, for all airport modes of operation. It may be used at
reasonable cost under selected conditions, if desired.

In the text that follows, Section 5.2 describes in general the system validation process, including brief descriptions of the
test methods and their resulting metrics. Section 5.3 then offers guidance, by example, on the selection of test method
and validation metrics for several specific system purposes. The remaining sections, 5.4 through 5.9 then describe each
test method in detail, including data acquisition and computation of the method’s validation metrics. (Appendix A provides
explanations of the confidence interval equations used for quantifying the uncertainty of the validation metrics.) Reporting
guidelines are given in Section 6.

5.2 The System Validation Process

The system validation process uses a hierarchical series of test methods to derive system validation metrics. In most
cases, the metrics compare data from the monitoring system with data collected through direct human cbservation. The
test methods are generally designed to provide field data - data collected or observed in the field. The tests encompass
simple to complex methods. The more complex test methods require more labor and greater expertise in system
operation, measurements and airport operaticn, but generally should vield higher levels of certainty and more detailed
information for system validation. This approach to acquiring comparison data through human observation is based on
the experience that conscientious application of measurement techniques by trained observers usually provides results
that are highly reliable in terms of the metrics of interest. Humans have little trouble identifying whether or not an aircraft
overflight occurred, and whether or not the noise from that overflight may have been altered by local or other noise
sources.

For any evaluation of a system, the specific purposes of the monitoring system should be considered when selecting
appropriate test methods and validation metrics. For example, a system used to provide flight-by-flight sound levels, for
comparison with specific sound-level limits (e.g., for enforcement purposes) will need a mere thorough evaluation than
would a system used only to determine annual-average values of DNL.

System validation involves six test methods (Table 1), which yield six major types of validation metrics (Table 2). In their
right-most columns, both these tables show their interconnection with the other.
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TABLE 1 - THE TEST METHODS
Associated
Validation
Metrics
Test Method Further Details Table 2)
Test of flight-track capture against a Compares total system counts, over an 1a
maore-accurate source of information extended duration, against counts from
an alternative (more-accurate) source of
information.
Test of flight-track capture/matching Compares total system counts and flight | 1b

against airfield observations

details against logged airfield
observations, during sampled time
intervals.

2a through d

Test of aircraft-event capture against Estimates a slant-distance threshold for | 3a
airfield observations each monitor, then compares system

counts against map-based counts from

plotted flight tracks.
Test of aircraft-event capture/matching Compares total system counts and flight | 3b
against observations at individual details against logged observations that | 4a, 4b, 4c, 4d
maonitors were seen and heard at individual

monitors.
Test of aircraft-event capture/matching, Does the same as Test Method D. In 4a, 4b, 4c, 4d
sound levels, and radar track position addition, compares system sound levels | 5a, &b
against observations/measurements at and slant distances against measured Ba
individual monitors values at individual monitors.
Test of track-position uncertainty against | Uses GPS-equipped aircraft, flying 6b
GPS data representative approaches and

departures, to assess flight-track

uncertainty.
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TABLE 2 - THE VALIDATION METRICS

Associated
Test Methods
Validation Metric Further Details (Table 1)
Track Capture Ratios: Measures system-wide success in capturing
1a. Extended Duration total numbers of operation, cver an extended A
pericd of time.
1 1b. Sampled Times Measures the same as Metric 1a, but only
during sampled times. This metric is for shorter B
durations than Metric 1a, but provides more
accurate system validation.
Track Matching Ratios: Separately by monitor, airport mode, and
2a. To Flight Corridor aircraft type/operation, measures success in
2 2b. To Runway assignment of system flight tracks to correct B
2c. To Aircraft Type flight corridor, correct runway, correct aircraft
2d. To Flight Number type, and correct flight number.
Aircraft Event Capture Ratios: Estimates system-wide success in capturing c
3a. Screening aircraft noise events.
3 3b. Measured Separately by monitor, airport mede, and
aircraft typefoperation, measures success in D
capturing aircraft noise events.
Aircraft Event Matching Ratios: Separately by monitor, airport mode, and
4a. To Flight Corridor aircraft type/operation, measures success in
4 4b. To Runway assignment of aircraft noise events to correct D E
4c. To Aircraft Type flight corridor, correct runway, correct aircraft
4d. To Flight Number type, and correct flight number.
Sound Level Uncertainties: Separately by monitor, airport mode, and
Sa. Aircraft SEL Uncertainty | aircraft type/operation, measures system E
5 uncertainty in measuring aircraft SELs.
5b. Time-period DNL (or Estimates system uncertainty in measuring DNL E
CNEL) Uncertainty over any particular period of time.
Track Position Uncertainty Compares aircraft-track slant distances to E
6 6a. Slant distances system values.
6b. GPS mapping Compares system track location to tracks flown E
with GPS receivers.

In general, the test methods increase in complexity from A through F. Except for Test Methods A and C, all methods
collect data that are independent of system operation. Test Methods A and C identify the most obvious of system
difficulties capturing aircraft operations or aircraft noise events, without requiring time-consuming field collection of data.

Once a test method is chosen, a data sampling protocol is needed. Depending upcn the use made of system data, the
sample size and the periocd(s) of data collection will need to be defined. Each test method provides this guidance as well.

53 Guidance on Selection of Test Method and Validation Metrics

How a system is tested depends upon the uses made of the system and the time and staffing available to conduct the
testing. This section offers suggestions about which tests to conduct and which metrics to determine, based on possible
system uses or on suspected monitoring problems.

Full document details: SAE ARP4721_2

Documents

Document Sharing Hub


http://avadocuments2026.com/doc/sae-arp4721-2
http://avadocuments2026.com/doc/sae-arp4721-2

SAE ARP4721/2 Page 14 of 60

5.31 System Used for Reasonableness Check of Annual DNL Contour Values
Use: Test Method A (low labor requirements) or Test Methed B (more labor required)

If a monitoring system is used primarily to provide annual aircraft-produced DNL values for comparison with contours, if
differences between monitor values and contour values are generally £1 to +2 dB, and if a few monitors can be tolerated
with larger differences, then a general check that the system is capturing most operations should be adequate. Test
Method A or B (to estimate Track Capture Ratios) should provide confidence that the system is capturing the vast majority
of operations, and hence the measured sound levels have a gocd chance of being relatively reliable.

5.3.2 Monitor DNL Used to Verify Contours

Use: Test Method D or E

If it is important that the monitor values either compare favorably with contour values (1 to £2 dB) or that greater
differences are well understood, then Test Method D will identify events that are missed or are included and contaminated
(Aircraft Event Capture Ratios, metric 3b), and Test Method E will, in addition, provide all information necessary to
determine whether monitored levels are biased and whether scatter in monitored levels may account for differences
between monitored levels and contours. Further, Test Method E determines whether the assumed aircraft sound levels in
the contouring medel are significantly different from those produced by the aircraft that are measured by the monitor.

5.3.3 DNL Values at One cr More Monitcrs Differ Significantly from Contour Values

Use: Test Method C (less labor) or Test Method D (more labor)

If a monitor's reported DNL values are much different than expected (more than 4 or 5 dB different from contour values),
a first check may be Test Method C, which uses system plots or reports to estimate which aircraft tracks were close
enough to the menitor to produce a measurable event (Aircraft Event Capture Ratio, Metric 3a). This method should
identify any serious deficiencies in the event capture process. If this method does not provide sufficient information, Test
Method D will reveal which events are missed or contaminated by other sources of noise - the most likely causes of
significant differences between monitored and contour values.

5.3.4 Parallel Runways or Possible Mismatching of Tracks with Runways

Use: Test Method B

If there are indications that the system is not matching flight tracks with the correct runways, Test Method B is the most
efficient means for checking this assignment (Track Matching Ratio to Runways, Metric 2b).

5.4  Test Method A: Compare Flight-Track Capture with a Reference
In this method, a “reference” source for cperations numbers is identified. This source determines the numbers of
operations that should have occurred during a specific time period, and these numbers are compared with system-

generated numbers of like operations.

This test method determines the following validation metric:
+ Metric 1a: Track Capture Ratio (extended duration).
In brief, a Track Capture Ratio is the number of flight tracks (aircraft operations) registered by the system, divided by an

alternative count of operations. In this method, this capture ratio is for the airport as a whole over an extended period of
time - for example, “January 2005"
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As input, this method compares total system counts of flight tracks (aircraft operations) to corresponding counts of total
operations from an independent source of information. It thereby judges only the system's ability to capture each radar
track/operation, not its ability to determine more detailed information about the track/operation - information such as its
matching flight corridor, runway, aircraft type, or specific flight number. With this method, it is possible that aircraft missed
by the system are balanced by false alarms - system registered operations that did not occur.

For this method, an independent source of information is used for system validation. Possible sources include the Official
Airline Guide, tower counts (ATADS - Air Traffic Activity Data System), accounting of landing fees, etc. These various
sources of independent information may have varying degrees of uncertainty, and therefore may be variously better or
worse for system validation. Therefore, this section’s judgment will depend upon the independent source chosen for use
here. Note that some independent sources might be inherently less accurate than the system itself, and therefore very
poor for system validation.

5.41 Data Acquisition

a. Determine and document which independent source of information to use for this system assessment.

b. Decide and document the time period of interest for this assessment.

c. From the system, determine NSys - the total number of flight tracks (aircraft operations) over that time period of
interest.

d. From the independent source of information, determine N,,4 - the total number of aircraft operations over the same
time period.

5.4.2 Computation of Validation Metric

win i i

Subsections “I” and “ii” pertain to just one time period of interest. Then subsection “iii” assembles the results for all time
periods.

i) Computation input {one time period):
. NSys = the total number of flight tracks (aircraft operations), per the system.
¢ N_4 = the total number of aircraft operations, per the independent source of information.

i)  Computation steps (one time period):

» Compute the Track Capture Ratio (extended duration):

N
Track Capture Ratio (extended duration) = =% (Eq. 4)
ind

iy Computation results (all time periods):

» Assemble all results from above into the following table:
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TABLE 3 - TRACK CAPTURE RATIO (EXTENDED DURATION):
INDEPENDENT SOURCE OF INFORMATION = XXX

Time Time
period of Track Capture Ratio period of Track Capture Ratio
interest (extended duration) interest (extended duration

» Ratios less than unity indicate tracks/operations that were missed by the system. Ratios greater than unity may
indicate system “false alarms” - operations identified by the system, but not counted in the independent source of
data. Alternatively, ratios greater than unity may indicate that the system is more reliable that the independent
source. Ratios equal to unity may indicate zero missed operations and zero false alarms - but may indicate that
some false alarms have substituted for some missed operations. A reasonable system should, over an extended
period (6 to 12 months), have Track Capture Ratios between and

5.5 Test Method B: Compare Flight-Track Capture/Matching with Airfield Observations

In this method, one or more observers are located on or near the airfield, such that all flight operations, by runway, can be
seen and logged. Times of operations, with flight number and aircraft type are also logged. Logged values are then
compared to system values.

This test method determines the following validation metrics:

Metric 1b: Track Capture Ratio (sampled times)

Metric 2a: Track to Flight Corridor Matching Ratio

Metric 2b: Track to Runway Matching Ratio

Metric 2¢: Track to Aircraft Type Matching Ratio

Metric 2d: Track to Flight Number Matching Ratic

This test method determines a Track Capture Ratio for the airport as a whole. Unlike Test Method A, however, this test
method judges the system against operations observed in the field, during relatively short sampling periods. Because
these aircraft operations are observed in detail in the field, this methed can also determine four other, more detailed
validation metrics related to track matching.

This method requires observing and logging of operations for the entire airport. In comparison, Test Methods D and E
also provide similar information, but do so in more detail, one monitor at a time.

5.5.1 Data Acquisition

a. Equipment/materials required:
¢ GPS unit or comparable reliable timepiece for logging of times
+ Air-band radio or alternative for aircraft flight identification

+ Test Method B log sheet (Appendix B).
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b. Identify cne or more locations where an observer can view field operations, identify the runway used, the aircraft type
and liftofftouchdown time or other appropriate time. Locations should be where all of the field can be observed, or
two or more locations may be necessary for simultaneous observations in order to observe the entire field.

c. Observe and log operations for several hours probably during several days of each mode of airport operation (e.g.,
east v. west, north v. south, etc.). The objective is to observe a number of operations equal to or exceeding 50% of
the daily operations. If one or more modes are very infrequent, it may not be possible or necessary to validate
system data during those modes. Modeling can reveal the contribution of infrequent modes to annual average DNL.
Observations should be made on different days, during different times of day. The clock times logged will depend
upon the clock times recorded by the monitoring system. For example, the best time to use may be the time the
operation passes over a specific monitor. Coordination with Air Traffic Control (ATC) to determine the times provided
by the radar system may be necessary.

d. Note that the log sheet provides a column for entering “corridor.” This column permits distinguishing between, for
example, departing aircraft that have turned to the left versus those that have turned to the right. For this test method,
this information may assist in matching observed operations with system recorded operations and will permit
determination of whether the system has associated the correct track/corridor with time, runway, aircraft type and
flight number.

e. For the observation periods, print out monitoring system reports that provide the “System Data” required by the log
sheet.

f.  Match and log system operations that correspond to the observed operations. The combination of time, aircraft type
and runway information should be sufficient to determine which system-recorded operation matches the observed
operation.

Because the times logged by the observers may not correspond exactly to times reported by the system, scme effort
is required to be certain the observed operaticns and system operations are correctly matched. Two timing offsets
may occur. First, either because of incerrect timing (either in the system or by the observer's time piece) or because
the observer logged a time different from that available in the system data, there may be a constant offset between
the system time and the observer's logged time. The data must be examined to determine whether such an offset
exists and correct for it.

Second, there will likely be an unavoidable difference in times simply due to system, aircraft flight time (speed) or
observer variability. This difference, however, in most cases should be no mere than 10 to 15 seconds. Exact
matching of times is not expected, but once any offset is taken into account, the timing differences should be no
greater than matters of seconds.
Finally, timing differences, whether for offset or variability, may be different for departures and arrivals.

5.5.2 Computation of Validation Metrics

n

These validation metrics may depend upon the airport mode of operation. For this reason, subsections “I" through fiii

pertain to just one airport mode. Then subsection “iv’ assembles the results for all airport modes.
i)  Computation input (ocne airport mode):

* Logsheets for Test Method B
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iy Further input preparation (one airport mode):

o Check to ascertain that, if more than one observer at a time collected data, both logged no operations
simultaneously.

*» Supplement each log sheet with its corresponding system data (see guidance given in 5.5.1). Enter each system
operation in the same row as its matching field-observed cperation.

» On separate log sheets, enter all unmatched system operations - that is, the ones left over after time matching.

iy Computation steps (one airport mode):
Include all log sheets in all computations, without regard to their date or time period.

» Compute the following system-validation ratios:

Track Capture _ number of matched operations
Ratio ™ total number of field-observed operations
False Alarm _ number of unmatched system operations
Ratio ™ total number of system operations, including the unmatched ones
Track to Flight Corridor  _ number of matched operations with correct flight corridor
Matching Ratio ™ total number of field-observed operations Eq. 5
Track to Runway _ number of matched operations with correct runway (Eq-9)
Matching Ratio ™ number of matched operations
Track to Aircraft Type _ number of matched operations with correct aircraft type
Matching Ratio — number of matched aperations
Track to Flight Number _ number of matched operations with correct flight number
Matching Ratio ™ number of matched operations

» Separately for each of these ratios, compute upper and lower 95% confidence increments (see Appendix A for a
discussion of this method):

R= Mo = Ratio
denom
(to.os;Nnum—1 )2
(Nnum )eﬁ' = Noym + T
2
(Ndenom )eﬁ' = Naenom + (t0-05;Nnum*1) (Eq. 6)
(Nnum )eff

R.,.=——7/81
o (Ndenom )eff

and then... CoanE%Upper = (Reff - R) + (t0-05;Nnum—1 )JReff (1 —Reg )/(Ndenom )eff

Confggssiower = (Rer —R) = (t0-05;Nnum’1)\/Reff (1- Reff)/(Ndenom )eff
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