Revision 10,2
Jamuary 1995

AIRBORNE SHORT AND LONG RANGE
WINDSHEAR PREDICTIVE SYSTEMS

(FORWARD LOOKING WINDSHEAR SYSTEMS)

Interim Certification Requirements

Revised by: FAA Cettification Team



Revision 10.2
Tanuary 1995

FREFACE
This document was drafied by the Forward Looking Windshear Working Group involved in exemption # 5256,
The requirements listed in this document utilize and reflect the thought process currently expressed or implied in; FAR
121.358, SAE document 4102: Amnex 11; Windshear Detection System for Air Transport Aireraft, Advisory Circular 23,777
and the Road Map to Certification for Forward Looking Windshear Detection Systems. Where no requirements previously
existed for this application, the working proup has provided the necessary requirements 1o achieve the certification objectives.

It is anticipated that the applied technologies to this system will require on-going version of this document to reflect the
requirements for a specific application.
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Section 1
Introduction

The Development and Certification of a Forward Looking Windshear system has raised new cc;ﬁﬁc.ation isgues. This document
was developed to help aid the FAA and industry in approaching these issues systematically. It is 'amicipatcd that the
certification of these systems will greatly increase aviation safety. : ' '

Background

On April 9, 1990 FAR 121,358 “Low-altisude windshear system equipmen: requirements” was amended to include airborne
detection and avoidance systems (predictive), as a recognized alterpative to airborne windshear warning and flipht guidance
systems (reactive). Reactive windshear systems (RWS) recopnize a windshear encounter once the airplane has encountered
the event, while a predictive windshear system (FWS) recognizes a windshear before the airplane has encountered it. Because
the predictive systems would provide pilots with an opportunity to aveid an encounter of increase the airplanes energy siate
before the encounter, the FAA amended 12).358 to allow the nse of predictive systems as S00n as they became available and
cerified. :

As 2 1esult, four airlines applied to the FAA for a time extension to the compliance date listed in EFAR 121.358, to complete
an evaluarion and certification program of predictive systems. American, Contmental, Eastern, and Northwest Airlines
submitted a comprehensive plan which included their stated objectives of the evaluation and a time schedule for completion.
The FAA subsequently approved each of the four applications under Exemption No. 5256 on December 12, 1990. The

' exemption granted a two year extension to the compliance schedule under FAR121.358, and placed a series of requirements

on the operators to achieve specific milestones iu order to preserve their exemption starus.

Representatives of te Federal Aviation Administration(FAA), National Aeronantics & Space Administration (NASA), airplane
and PWS manufacturers, and the airlines named in Exemption No. 5256, were then organized as the Forward Looking
Windshear Desection Systern Working Group. The airlines along with the FAA and NASA first conducted a series of techoieal
meetings that established a "Road Map To Certification”. As 2 continuation of these meetings, jr was determined thar this
working group should create a draft of a top level systems requirement document and establish certification guidelines for
Forward Looking Windshear Detection Systems.

In order 1o develop this criteria the group began by reviewing the certification requirements for RWS. The review showed
that some of the criteria and basic methodology could be used, but becanse of the predietive nature of the new systems some
new methods would also have to be used. RWS detection function can be demonsirated by subjecting the windshear computer
to aircraft type simulations that have incorporated simple wind field data sets. These data sets were designed to exceed
predetermined thresholds that were based on aircraft available energy during takeoff and approach/go-around flight scenarios.
Since the detection is based on the RWS ahility to sense the real time performance loss generated by the winds along the flight
path, it is a simple mater to determine when a given performance loss has occurred and if an alert i piven. While RWS are
able to measure the winds effect directly by its reaction on the airplane a PWS must remotely measure, or mfer, armospheric
conditions ahead of the airplane and estimate a predicted performance loss along the flight path. Applying the RWS rype of
certification methodalogy to a forward looking system initially seemed reasonable, bue it became apparent that due to the
forward looking sensors detection characteristics, an entirely new methodology for certification using simulation would be
required and 2 new atmospheric dara set would have to be developed. This data set would have to include not only wind
veetors but the meteorological conditions present during a windshear event that are used, or may effect the PWS detection
capability. Furthermore, since predictive systems would be looking ahead of the aircraft, a larger spatial orientation of the
meteorological environment around the windshear would be required to simulate intervening condirions.
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The measure of the systems required performance, in terms of missed evenrs, was a difficult issue. Very dry events could he
missed by radar, and very wet events could be missed by lidar. Evenis with non representative thermal signatures could be
missed by 2 infrared sensor. However, it was agreed that even with certain shortfalls a predictive system could provide
improved safety over a RWS. But at what performance levels could the PWS stand alone and at what levels would a combined
system be required. Therefore, it was recognized early on that some events conld be missed by a PWS. Likewise, it is not
too difficult to show that even assuming a 100 percent detection rate for reactive windshear systems (which is not the case),
jts probability of preventing a windshear accident is on the order of 50 pereent due to latency (Martin Marietta Analysis).
Therefore, it was agreed that a better criteyia is not whether some events can be missed but whether a particular PWS will be
at least as effective in preventing windshear accidents as an RWS which is the only system which has been certified 10 meet
FAR 121.358.

Even a simplistic approach would show that if a PWS missed 10 percent of all windshear events, it would be a more robust
system than an RWS . This is becauvse the advanced warning for 90 percent of the events will allow either safe penetration
at thher “available airplane energy (thlf.: execoting a missed approach) or avoidance. Such a system haz on the order of a
90 percent chance of preventing a windshear accident even ignoring its on the runway protecuon capability which most RW3
lack. However the windshear team considers the windshear detection system an essential system since a missed windshear
event could reduce the flight crew’s ability to cope with the adverse operating conditions. Therefore, in accordance with FAR
25.1309 the probability of 2 missed defined windshear threat event must be 10, or less, per windshear threat event. There
is no equivalent requirement for the reactive windshear system.

However, as discussed earlier for this to be a realistic criterion (not applying to all possible events), a data set of reasonable
windshear event characteristics was established by the team based on historical data. This set contains events thar if detecred
will provide a significant windshear accident risk reducrion in compliance with FAR 121.358. This set does not encompass
all possible events, but certainly more than 90 percent of them overall based on data obtained from Terminal Doppler Weathe
Radar (TDWR) sites at Denver, Kansas City, and Orlando (Appendix D). Those that are missed may be deal with in a manner
similar to how they are dealt wirh for airplanes with a RWS without flight path guidance, e.g., FAA Windshear Training Aid
pilot techniques. However, using the RWS as a bench mark, a PWS meeting the criteria of this document will provide a hisher
accident reduction factor than the RWS. Additionally, vo further enhance this accident reduction factor the PWS provides
windshear protection before and during the takeoff roll. This function is not required for reactive systems, but has been offered
as an opton by some manufaciures. However, due o the RWS design characteristics which could cause an unwanted rejecred
takeoff Jate in the takeoff roll, this option has generally not been activated by the airline operators.

In conclusion the group has developed these new requirements and a centification methodology that is based on fundamental
scientfic and enpineering principles. The data sets included in this document are based on historical data that includes the
threar inrensiry, shear length, and meteorolopical atmospherics in and around the events. As mentioned earlier the daia sets
are not based on detecting all known windshear evenrs, but a reasonable set of events that will provide a level of safery thar
is better than that of the RWS.

g Descrint
A Forward Looking Windshear System provides the flight crew with an advanced warning or advisory of a windshear condition
by sampling the atmosphere ahcad of the airplane. Thigugh a process of direct and inferred measurements of the air mass
dynamics, these systems will identify the severe weather signature associated with a hazardous windshear phenomena and warn

the flipht crew.

Several echnolopies are involved in the research and development effort:
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Infrared

Doppler radar

Millimeter wave radar

LIDAR. (Lighr Detection and Ranping)

S o o0

System Design Goals
The Forward Looking Windshear Detection System design goals represent and reflect the intent of FAR 121.358. It is
recognized that forward looking windshear detection systems should not detect benign windshear condifions that are clearly
no threat to transport category airplanes. The intent of the stated goals is to develop systems that ensure operational safery by
alerting the flight crew so they can as appropriate avoid windshear accidents by using normal operating procedires, or perform
a windshear escape maneuver earlier than would be possible with a reactive system if avoidance is impossible. This should
be accomplished while minimizing false and nuisance alerts.
1.3.1 Detect the Windshear threat:

The system shall be capable of detecting the windshear threat as defined in paragraph 4.1.9 and 4.1.21.
1.3.2  Annunciate the windshear threat:

The system shall clearly annunciate to the flight crew the detected hazard and appropriate alert level.
1.3.3  Simahonal display of the windshear threat:

Systems capable of displaying the windshear threat shall provide:

a. A display free from ambiguity

b. A display of the hazard relative to the airplanes projected longitudinal axis.
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Section 2
Certification Methodology

!i;!!ﬂ! E.!

The windshear threat has been defined in measurable scientific terms of F-factor, discussed in Appendix B, along with defined
mathemaltical wind field models and sighamre characteristics. Windshear field strength, size and volume paramerers are
described in Table 9 of Appendix A, and define both dry and wet windshears and dry and wet intervening conditions.

Systems should be analyzed and tested to demonstrate capabiliry in detecting the windsbear threat in the defined models in
accordance with the requirements of this document. If an individual system is not fully capable of detecting the windshear
threat, a combination of systems may be required to fully satisfy the detectfon requirements contained herein and envisioned
by FAR 121.358.

Simulati

NASA windshear simmularion data sers in Table 9 of Appendix A mathematically represent the windshear threat definition, and
should be used along with medels of spurious conditions, e.g. ground clutier, range ambignous returns and radome effects,
to verify the sensor set and windshear detection algoritims. These simulations should be conducted in accordance with Table
9 of Appendix A.

The Simulated windshear detection system used for these tests should be shown to perform in a manner equivalent to the actual
sysiem hardware. ’ ‘

The models of ground clutter should be representarive of severe clutter environments. These data should be obtained using
mzaneuvers and look angles consistent with the flight phases shown in able 10 of Appendix A, These data should be gathered
at Denver Stapleton runway (26L), Newark (4R/221), and Washington National (18) airports, or equivalent, at a rime of day
which maximizes returns from moving traffic. The clutter data used with the NASA windshear simulation data sets should
be obtained from actual flight measurements, and properly merped with the simulated windshear detection dynamic range
capabilities of the system.

Elight Test
2.3.1  Basic System Certification.
Flight rests shall be conducted by the PWS manufacturers as follows for certification of new, or modificarions to,
windshear detection computers, software, radar transmatter units, and radome/antenna combinations that may change
the windshear detection capability.
2.3.1.1 The detection capability shown during the simulation tests shall be verified by flying in areas of convective
activity that can be validated by Terminal Doppler Weather Radar (TDWR), or equivalent. In-sim
measurements may be used in lizu of TDWR. for verification. Provided it is shown that these measurements

represent the actual (un-biased) windshear conditions.

2.3.1.2 The system fault detection and EMI/RMI effects from and to other systems shall be evaluated.
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2.3.1.3 The systems ability to reject spuricus conditions shall be evaluated, e.g. ¢lurter suppression, bi/multi-stasic
signal interference, range ambiguous returns, and radome effects. This evaluation shall be conducted at a
minimum of three airports such as Washington National R/W 18, Denver Stapletor RfW 26L., and Newark
R/W 4R airporis or aitpons providing eguivalent.

2.3.1.4 The system's situational displays, alerts, annumciators, and controls shall be evaluated for appropriateness
in day and night lighting conditions. Night lighting evaluations may be conducted by other suitable methods
in lieu of flight tests.

232 Follow-on System Certification.

Flight tests shall be conducted as follows for certification of basic windshear detection systems when installed on
different airplane types.

2.3.2.1 The system shall be evaluaied in aceordance with paragraph's 2.3.1.2, 2.3.1.3 at one 2irport with a
chttrer-rich environment, and 2.3.1.4.

© 2322 The radome/antenma performance must be maintained o a level equal to or better than that demonstrared for
the basic windshear system certification.

Sofiware Testing - DO178E Leval C

Envi ¢l Testing - DO160C

pape: 2-2
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Section 3
Definitions

31 Systemg
3.1.1  Airborne Short or Long Range Windshear Predictive Systems:
Systems which sense and identify a windshear threat before the phenomenon is encountered.
3.1.1.1 Airborme Short Range Windshear Predictive System:

A minimum system which senses and identifies a windshear alert shortly before the phenomenon is
encountered such that pilot action sufficient to negate the hazard may precede the encounter.

3.1.1.2 Airborne Long Ranpe Windshear Predictive System:

A system which senses and identifies a windshear threat sufficiently far in advance of the phenomena o
significantly reduce the hazard of an encounter by providing the pilot with the opportunity to increase the
airplane's energy state, teduce the airplane's drag, or in some cases to maneuver the airplane so as o avoid
the windshear phenomena. A situational display to assist the flight crew with the location of the hazardous
ares is required.

3.1.2 AR Auto Pilot

3.13 EFIS: Elecoonic Flight Instrument System

3.1.4 GPWS: Ground Proximity Warning System

3.1.6 MFD: Multiple Function Display

3.1.7 ND: Navigation Display

3.1.8 TASS: .Terminal Area Simulation System

3.1.9 TCAS Traffic Alert and Collision Avoidance System

‘3.2 Alerts and Annunciators

321 Windshear Warning Alert:

An alert for a detected windshear threat requiring immediate corrective action by the crew.(Emergency Condition,
Level Three, ARP4102/4).

3.2.2 Windshear Caution Alert:

An alert for a detected windshear threat requiring immediate crew awareness. Possible corrective action may be
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required. (Abnormal Cendition, Level Two, ARP4102/4)
Windshear Advisory Alert:

An alert for a detected windshear threat requiring crew awareness and may require crew action (Advisory Condirion,
Level One, ARP4102/4)

False Alert:
An alert which occurs when windshear conditions do not exist.
Nuisance Alert:

An alert which occurs when a windshear phenomena is encountered which does net exceed the defined windshear alert
critetia.

Missed Event:

An event is encountered that eéxceeds the windshear Must Alert Warning as defined in 4.1.9 , but is not detected
and/or the system does not issue a Level Three Warning Alert in accordance with paragraph 4.2.] or 4,3.1,

Mode Apnunciation:
The method of displaying the system's current mode.
Unanmunciated Failure:

A failure in the windshear system, or a faflure of the system to arm when required, that is not detected and/or
annunciated.

ear Simational Displays.

Dedicated - A display which only shows information sent from the windshear detection system, but may also include
the normal radar weather reflectvity and mrbulence.

Time-shared - A display which shows windshear information plus additional information from other systems (£.g. an
EFIS/ND/MFD).

Icon - A symbol used on a situarional display to represent windshear threats.
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Section 4
System Requirements

The system shall provide an advance warning of the windshear threat as specified in paragraphs 4.2 and 4.3.

The system shall be able to detect dry and wet windshear threats in both dry and wet meteorological conditions as
specificd in paragraphs 4.1.21, 4.2.1, 4.3.1, and 4.3.3.

System may be designed to interface with other systems; e.g., GPWS, TCAS, AP.
Systems shall not adversely affect the functioning of, or be adversely affected by, other airplane systems.

Systemsmghall not be adversely affected by systems outside the airplane, e.g. from other aircraft or ground radar
systems.

The system shall have no emissions harmful to people or wildlife under normal or expected operational conditions,

The computed severity of 2 windshear threat shall consider both the horizontal and vertical wind components as
specified in paragraph 4.1.10.

The system shall meet the performance requirement of this specification in terminal area clutter environments, whera
the effects of other RF, terrain, buildings, vehicular traffic, heat sources, ete., may be present.

The system shall detect and annunciate a windshear threat of 2n F-factor greater than or equal to Q.13 averaged over
one kilometer radial distance, i.e., FBAR, throughoue the Weipht, Altitude and Temperature Envelope approved for
takeoff and landing as specified in Table Il Alert thresholds must be placed below 0.13 in order to achieve the
detection performance of 4.1.21.

F - factor:
poe
T v
Where:
w, = The horizoneal component of the wind velocity relative to the airplane horizontal flight path.
w, = The vertical component of the wind velocity.
g = Gravity.
v = Alrplane true airspeed. This may be assumed to be fixed at 150 knots for caleulation of FBAR by

the system for turbojet powered airplanes and 100 knots for propeller driven airplanes.
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The system must operate satisfactorily with all approved takeoff, takeoff climb, approach, go-around, and landing
configurations, and the respective airspeeds expecied.

The system shall be capable of manual activation prior to the start of the takeoff roll. It shall be automatically
activated no later than the start of the takeoff roll.

The system’s aural and visual windshear alerts shall be inhibited Jate in the wakeoff roll until afier liftoff. The system's
display(s) shall be inhibited at the same point unless a windshear icon js displayed. The inhibit scheme shall consider
hazardous events located just beyond the liftoff point, and shall allow the system to issue 2 warmning for those events
prior to inhibition. '

New technology airplanes that have the capability of programming V1 speeds should use this capability to set the
inhibit point 1o approximately 20 kis below V1.

The system performance must be satisfactory within the range of normal flight path angles.

During the final approach, the system shall provide automatic range scaling/or suitable system capability to prevent
aural and visnal warning alerts of a windshear threat beyond the Touchdown Zone as .

The system shall reset to normal operation in the event of a go-around or tonch and go.

The PWS manufacnurers shall accomplish the quantitative probability analysis as speciiied in paragraphs 4.1.18
through 4.1.21.

The probability of an unannunciated failure shall be 10 per flight hour of system operation, or less.

The probability of a false warning alert for systems without a display, or the display of a false windshear jcon for
systems with a display, shall be 10, or less, per takeoff, approach, or go-around.

The probability of 2 nuisance waming alert for systems without a display, or the display of 2 nuisance windshear icon
for systems with a display, shall be 10" or less, per windshear event. This shall be determined in accordance with
Appendix D, or equivalent procedure, for System critical event reflectivity of between O dBz and 60 dBz.

The probability of a missed windshear threat event shall be 107, or less, per windshear threar event. This shall be
determined in accordance with Appendix D, or equivalent procedure, for system critical event reflectivity of berween
0 dBz and 60 dBz.

Airborne Short Ranee Windshear Predictive Sysiem

4.2

4.2.2

The system shall issue a warning alert of a windshear threat existing 25 deprees either side of the nose of the airplane,
at least 3378 feet (10 seconds x 200 KTAS) before FBAR of paragraph 4.1.9 of the phenomenon is encountered. For
the purposes of establishing alerting distance, a central F-factor average shall be used to compure FBAR, i.e., compute
the value of FBAR at a point using a spatial interval beginning 500 meters prior to the point and ending 500 meters
beyond the point. The wamming alert shall be demonstrated as described in Table 9 of Appendix A.

The system shall izsue visual and aural annunciation’s without pilot intervention as described i Tables 1 and 2 of
Appendix A .

page: 4-2



4.3

Revision 10.2
Jamary 199.‘-"'-“@

4.2.3  The system shall be enabled automatically without pilot intervention below a minimum of 1500 feet AGL. No alerts
should be given above 1200 feet AGL. '

4,24 A windshear sitwational display is optional for short range windshear predictive systems.

e Windshear Predictiv tem
4.3.1 Thc system shall conform to the reqﬁiremems of paragraphs;4.2.l., 422  and 4.2.3.
4.3.2 The windshear simational display shall conform io the requirements of paragraph 5.5.
4.3.3  The system shall issue a caution alert of a windshear threar, existing 25 degrees either side of the extended sircraft

longitudinal axis. This should gceur at Jeast 3 nautical miles before the phenomenon is encountered. This shall be
demonstrated as deseribed in Table 9 of Appendix A.
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Section 5
Alerts/Annunciators/Displays '

Alents
5.1.1 Woarning Alerts

5.1.1.1 A warning alert shall be indicated by a red annunciation in each pilot’s primary field of view in conjunction

with a voice that says -*Go-around Windshear Ahead” once for approach and go-around, and "Windshear
Ahead” twice for takeoff roll and climb, as described in tables 1 and 2 of Appendix A.
These apnunciators shonld flash and then become steadily illuminated in accordance with the puidelines
contained in Report DOT/FAA/RD-81/38, II, dated January 1981, However, they may be steadily
illuminared if such is consistent with the alerting scheme of the basic cockpit, i.e. "dark quiet design
concept.” This design philosophy results in few or no irrelevant background lights illwminated in the cockpit
for normal gperation. : )

5.1.1 .2. The visual alert armupciations shall not be readily cancelable by the pilots. The alerts shall be antomarically
canceled following the longer of the aural message eompletion or when the measured threat dissipates below
threshold or exits the area protected by the system.

5.1.1.3 Prioritization should be provided with the aural reactive windshear warming as the first priority followed by
forward looking windshear system. However, GFWS modes 2 through 4 should be available following the
forward looking windshear aural alert. If simultaneous aural alerts can be given, then the words must be
understandable.

5.1.2 Caution Alerts

5.1.2.1 A caution alert shall be mdicated by an amber ammunciation in each pilot's primary field of view In
conjunciion with two attenson chimes or other appropriate aural alert, as described in Tables 1 and 2 of
Appendix A. The amber annunciators shall remain illuminated until the measured threat dissipates below
threshold, moves into the warning region, or exits the area protected by the system.

5.1.2.2 The caution alert annunciations may be cancelable after alerting.

5.1.2.3 If a reactive windshear system is also mstalled its caution alert must be disabled.

eserved -
d
%ﬂ bww
eserved i?? pl_ﬂ’\
Wi ea remn Failure
5.4.1 The annunciation of the failure of the windshear detection system shall be readily visible to the flight crew. This alert
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may be cancelable.

Windshear Situagional Displavs

5.5.1

5.5.2

553

554

General

5.5.1.1 Situational displays used to show the size and location of the windshear threat shall use an icon as deseribed
in paragraph 5.5.4. If the ranpe selected by the pilet for the display is greater than 5 miles, which may not
allow the pilot to recopnize the event from other displayed information, amber radial lines shall extend from
the left and right radial boundaries of the icon extending to the upper edge of the display.

Qther symbology may be used provided the applicant uses human factors technology to demonstrare thar a
clear and substantial benefit can be derived by its use.

5.5.1.2 These displays shall depict the windshear threat, including position, with respect to the nose of the airplane,
in an unambiguous and easily understandable manner, in aceordance with the criteria contained in 3 through
2 of Appendix A.

5.5.1.3 An indication of the relative moton of the windshear threar with respeet to the airplane ground track is
optional.

5.5.1.4 These displays should be selectable by the pilot, e.g., before system epabling conditions during rakeoff,
without a windshear alert being present, or above the automatic enabling altitude. Icons only may be
displayed above 1200 feet AGL. This mode should be snitably annunciated.

Dedicated Windshear Situational Displays

5.5.2.1 When a windshear threat is detected the display of it shall be antomatically presented and should use a range
scale of approximately 5 miles, overriding ranges previously selected by the pilot, if applicable. Pilot
selections of other ranges may then be made available.

Time-ghared Displays

5.5.3.1 When a windshear threat is detected, the corresponding display may be automatically presented or selected
by pilot action. Pilot workload necessary for its presentation should be minimized and should nort take more
than one action when the cockpit is configured using the normal operating procedures.

Icon Characteristics

5.5.4.1 The icon consists of alternacing red and black bars. The bars shall be oriented such that they are circular arcs
centered on the apex. The depth of each bar shall make the icon conspicuous from other displayed

information. The area displayed corresponds to the criteria contained in appendix C.

5.5.4.2 While the windshear F-factor is above the alert threshold the icon shall change in size at each updare cycle
to reflect changes in the detected/computed threat area.

5.5.4.3 Once an icon is displayed, and the computed windshear F-factor decays below the alert threshold value, the
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icon shall remain displayed in its proper position relative to the airplane, until its F-factor decays below the
MUST NOT ALERT value. The size of the icon shall be maintained at the value computed just prior 1o
decaying below the alert threshold. See Appendix C for the MUST-ALERT/MUST-NOT-ALERT criieria.
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TABLE 1
Visual Annunciation
Takeoff Roll and Climb, Approach and Go-Around
Alert Level Cockpit Presentation . Word Colar Characteristics
Advisary Windshear display ICON aliermating Red
Level 1 only. None and Black with Yellow ICON display only.
radial lines.
Caution EFIS Primary Flight “Wingshear" Should follow basic
Level I Display or dedicated or cockpit alerting philosophy.
annuneiator in both "Windshear-Ahead” Amber Can be steady, flashing, or
pilots primary field or flashing then steady. (See
of view. *W/S-Ahead” 5.1.1.1)
Warning EFIS Primary Flight "Windshear" Should follow basic
Level III Display or dedicated ar cockpit alerting philosophy.
apnunciator in both "Windghear-Ahead” Red Can be steady, flashing, or
pilois primary field or flashing then steady. (See
of view. "W/5-Ahead" 5.1.1.1)
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TABLE 2
Audio Annunciation
Alert Level | Aircraft Operations _ Description
Caution Takeoff prior to brake release, takeoff- Distipctive Aural Alert:
Level IV roll, climb, approach, and ga-argund
Chime or appropriate message, not
confaining the word windshear.
mple:
"Monitor Radar Display™
Takeoff prior to brake release, Voice alert sajd twice;
Warning takeoff-roll and climb
Level HI "Windshear Ahead™, "Windshear Ahead®

Approach and go-around Voic

"Go-around windshear ahead”

Revision 10.2-,‘?’%
January 1995
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FIGURE A pu"
WINDSHEAR ALERT REGIONS

ADYISORY
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TABLE 4
Display & Alert Operational Characteristics
Windshear Present During Takeoff-roR and Climb

Aijreraft
Operation

Weather Display

Visual and Auwdio
Ammunciation (Table 1&32)

Below 1200" AGL

Normal weaiher display and scan, but windshear detection scan can
delay weather update rate up to 12 seconds. Weather remains
displayed between updates, but may be removed from the displayed
ICON sectar. When alert's are issued prior to the inhibit point weather
display will not be  required, and the takeoff should not be ecnducted.

Example Display:;

6NM Ragne Scala

Adyd Cauti y
Warmning Alerts; Must be
engzbled no later than the
beginning of the takeoff roll,
through 1200 AGL, Should
be inhibited late in the takeoff-
roll and reactivated at 50°
AGL.

ICON Display: ICON must
be displayed o 1200' AGL.

ICON may be displayed up to
1500'. If the ICON is
displayed prior to the takeoff-
roll inhibit point, it should
remain on the display
threuoghout the inhibit function.
ICON must track windshear.

must pop-up

Time-shared Display: ICON
may be prezented with one
pilet action,
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TABLE 5
Display & Alert Operationnl Characteristics
Normal Appreach and Go-Around
Alreraft Weather Display ¥isoal and Audio
Operation Annunciation (Table 1532)
All Alttodes Mone.

Mormal weather display and scan with basic system update rate
down fo 1500’ AGL. Normal weather display and scan below
1500' AGL, but windshear scan can delay weather update up

up to 12 seconds, Weather remains displayed between updates.

Example Display:

BMM Range Scalz
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TABLE 6
Display & Alert Operztional Characteristics
Windshear Present Durlng Approach and Go-Around
Alreralt Weather Display Visual and Audio
Operation Annunciation {Tehle 1&2)
Above 1500" AGL : Advisory, Caution, and
Normal weather display and scan with basic system update rate. E%ﬁm.ﬂhﬂﬂoﬂﬁmw be
. enabled above ! ’

Weather dispaly must not be affected, ICON display only,
mkmﬂﬂ_gm D_mg.mu__ . | ICON Display: ICOM display
: is cptional above 1500 AGL.,

If TCON is displayed it most

track the windshear,

Dedicated Display: ICON
may pop-up, or be presented
with one pilot aciton.
Time-Shared Display: 1CON
may be presented with one
pilet aciten.

5NM Range Scale
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TABLE 7
 Display & Alert Operational Characteristics
Windshear Present During Approach and Go-Around

Aircraft Weather Display ¥isual and Audio
Operatlon Annunciation (Table 1&2)
Between 1500 davi .
AGL and 1200" i i : Warning Alerts: Must not be
ormal weather d and s w ction scan ¢
AGL Normal weather display can, but windshear detection scan ¢an enabled ahove 1200° AGL.

delay weather update rate up to 12 seconds. Weather ramaing
displayed between updates, but may ba removed from the displayed
ICON sector. When alert's are issued prior to the inhibit point weather
display will not be required, and the takeoff should not be conducted.

Example Display:

5MNM Ragne Scale

1 [CON Display: ICON display.

ICON display only.

{5 optional above 1200" AGL.
If ICON is displayed it must
track the windshear.

Dedicated Display: ICON
mzy pop-up, or be presented
with one pilot aciton.

isplay: ICON
may be presented with one
pilot aciten.
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A ata Set

DFW ACCIDENT CASE
Data Set; 1
Time: 11 min.

056/20/91
NASA RESEARCH FLIGHT
ORLANDO, FLORIDA
Data Sar: 2
Time: 37 min.

07/11/38
INCIDENT CASE
DENVER, COLORADO
Daca Se: 3
Time: 49 min.

51 min.

07/14/32
TEMFPERATURE
INVERSION CASE
DENVER, COLORADIOQ
Dama Ser: 4
Time: 36 min.

07/8/94
WEATHER SOUNDING
DENVER, COLORADO

Dara See- 5
Time: 40 min.
45 min.

DERIVED WEATHER
SOUNDING
FLORIDA,
Data Ser- 6
Time: 14-min.

08/2/81
ADIUSTED XNOWLTON
WEATHER SOUNDING

MONTANA
Dam Set: 7
Time: 27 min.

NASA TASS Data Sets Justification

‘This is the best documented aceident case with dara from a multichannel flight data recorder on the Delta L1011 which
crashed in Dallas, Texas Augnst 2, 1985, Itis probably one of the most studied and debated amospheric events in
aviarion history. Thercforc, it is sensible that it be demonsirated that a detection system will give advanced warning of
this event, This cvent, represcns the most severs, very wet microburst likely ta be encounterad in service incorporadng
rzin and hail. The event produced a prorounced temperature drop.

This event's characteristics have been well documented from its penetration by the NASA 737 airplane. This airplans
incorporated radar and IR forward look scnsors, 2 reactive windshear detsction systam, aod the avant was correlarsd by
# ground based rescarch Terminal Doppler Weather Radar (TDWR). It is of moderate to strong intensity incorporating 2
wet core along with some iniervening rain. Evaluation of the system's performance againse this model will provide a
traceable link between airborne and ground TDWR measurements, '

‘This cvent is a well sudied Incident east and represents a multiple microburst event. The made] includas low to
maderate reflectivity microbursts, a severe lpw mflectivity microbursr, wide and marrow downdiafis with asymmerry,
and expands into 2 macroburst with embedded microbursts with multiple dewndraft centers within one of the microburst
cores. This model is included in order to stress the delecon system  dettrmine if stronger events may be hidden by
claser weak wet microbursis. Alsa, the asymmetry will stress the alporitim caleulating the F-factor. This i* o be
shown by penctrating the model using several headings as described in appendix E. Also see Table 10, Note 2,

Microbursts can penetrate a temperamre inversion stmbile layer causing a non typical temperamre signapre. This case
also produces a high F-factor in 2 small ar¢a with a shallow outflow. These characteristics will stress the derection
system's asscisment of hazard in terms of range bin size and azimuth averaging or other nuizanes rejection schemes.

‘This mode! will determine the syst=m’s abiliey to deect "dry” microbursts, The second pulse very dry 5 dBz core cvent
was chosen as a compromise between wet and exwremely dry (less than 0 dBz core) but of low probabiliry, and the
technology needed w nor miss such events at the 10-5 probability level. Also see Table 10, Nate 4,

Microburses are pot necessanily symmetric: therefore, the assumption that along track radial ootflow is directly relazd ©
downflow 15 only an approximation. This windficld model will stress the system's ability to assign a proper F-facior 1o
microburste that are highly asymmetric when petetrated every 45 degrees of azimuth.  Also sec Table 10, Note 2,

Convection actvity gust fronts can produce hazardous windshears, Even though gust fronts can be safely penctrarsd
while in flight, since the wilwind cnergy loss is preceded by a headwind &necgy gain. if they occur during the rmkeoff roll
they can be considerably more hazardons. This pecurs iF the headwind inctease is encountered during the mkeoff roll
beforc VR, As 500n as the aitplans is airborne, the mpid loss of the headwind shear of the gust front can then pose
serious performance shoralls which have not been offsct by the earlier headwind increase,

This medel is to determine tha (he systém can also detect these cvents if their F-factor is above the hazard threshald.
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Flisht Seetari

ALIGNED FOR TAKEOFF
Da Set: 1,3.4,7

TAKEOQFF GEAR UP HEIGHT
Data Sct: 3,5

-1 PEGREES
STRAIGHT IN
APPROACH
Data Scts: All

Flight Scenario Justification
usrificagi

This takeoff scenaria is (0 avaluate conditions similzr to those existing in the Continental aceident in Denver on Augu=s 7,
1975, and the Pan Am accident in New Orleans on July 9, 1982, This evaluation will also detenmine the system's abilier
0 scan ahead using update rates high enough to provide the crew with dmely informarion on harardous windshear
conditions prior to brake relcase. The specific microburst of Model 3, and Model 4 were selected because if not
detecied, the pilot may mistakenty take off into the windshear becavse of its benign appearance due to being dry.
Additionally, Model 4 was sclccted as being critical for detection at closs range bacanse jts shallow outflow and small
diameter would not necessarily pose much of a, threat during later stages of the takeoff. To requite its deteetion at 3.0
NM fom brake relesss was considered fo be unpecessarily severe in evaluation of (he system. Model 7 (pust fronr) was
salected sinee the tabeaff is the enitical flight phaes for hazardous effects from this event. See discussion for NASA Tha
£o1 number 727, .

The windchear hazard located such that the airplane= is in the headwind outflow closcly matches the reference accident
cases and would reduce the sysiem's capability to determine the relative velocity change or relative temperatre
differenes across the ourflaw. This is beeause the alrplane Is essentially lecated in a portion of the increased headwind
puse frone o stare with, ™

The windshear hazard located such thae its Ieading edpe is at 3.0 NM is to show that the system will issuze 3 windshear
warning prior 10 mkeoff. Model 1 was selected since it wonld pose considerable hazard o the airplans, even ar the most
nose down dircetion relative w the airplanc.

This scenario represents the next sahilized phase of flight and is significantly dificrent than brake leass. This case will
cvaluate the system's capability to 5can in the most nosc down dircction rolative o the airplane.

Model 5 is large cnongh to be a threat, 2nd due to fis benign appearance due to being dry would be a challengs for the
crew o detect without a windshear detection system. ’

For justification of NASA TASS Dara Ser, see ahove discussion for Alipned for Takeoff.
For justification of 150 KTAS, see Table 10, Note 3.

The windshear hazard leading edge at 3 NM from brake release puts the event at approximarely 1.5 NM from the gear
tp point.  This is the distance recomrmended for the eraw o be given a windshear waming in flight. This event should
have also produced a windshear warning at brake releace using the minimum 3 NM range criteria in paragraph 4.3.2 far
a long range pradicrive sysem.

‘This scenario represents the fypical nominal operational approach condition. The leading edge of the hazard is chosen a
the middle marker. This assurcs that when the sysicm aleris are enzabled ap 1200 feer AGL (paragraphs 4,23 and 4.3.1)
that-approximately four miles {o the hazard are available for system detection and display evaluation. In this case, the
hazard is located only about 10 sctonds from the runway threshald.

It was considered sensible for evaluation to be able to compare the system's performance for windshear detection over 1
range of windshear events, whils holding other variables more or less fixed. The straighe-in approach provides the
longess stabilized flight phase 1o make this cvaluation and therefare has been chosen 1o evaluare all windfield modets.

For justification af 150 KTAS, st Table 10, Note 3.
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Flight Scenarin

1000 " AGL
LEVEL FLIGHT
STANDARD RATE TURN TO
THE LOCALIZER
Daca Sets: 3,56

-3 DEGREES
AFFROACH
25 DEGREES
DRIFT ANGLE
Daea Sets: 4.5

Flight Scenario Justification
Tustifigation

This scenario assesses the sysiem pecformance during an approach in which e sirplane, inktially with is flight path
offset from the windshear, mrns it it while lining up on the Jocalizer. Having the leading edge of the windshear hazard
located ac the paint where the airplanc intcreepts the localizer represents the worst case for advanced waming. The
system must have eneugh azimuth scan to give at least 10 seconds advanced waming (paragraphs 4.2.1 and 4.3.1) ag the
girplans tums inco the hazard.

Since this evaluation is only to assess the system’s ability 1o derect windshears as the airplane turns into them, only a
limited number of windfield models need (o be evaluated. Models 3, 5, and 6 have been chosen as representing a
reasonable sample with F-factor values close to the systsm MUST ALERT boundary.

During the Model 3 event, ant of the airplancs that actually encountered this windshear mpde a mming approach inw it.
This made] then forms a historical basis for demonstration. Model 5 is a small microburst that will swess the sysiem's
ability tg detect the windshear's oudlow in a timely manner since the airplane is initally approaching offser from it.
Model &, being highly asymmenric, will stress the system's ability to accurately ealeulare the event's F-facror since the
microburst's perspective will be constandy changing as the girplane tums into il. Since it is assymed that a higher initial
lareral affsrt from the windshear is the critical condition, only the 200 KTAS case Las been picked. This will produce an
initial lat=ral offsct of 7600 feet for a standard rate (3 degrees / second as limited by 25 degrees bank anpls) mm w
mrereept. For justificadon of 200 KTAS, see Tables 10, Note 3.

The altitude of 1000 feet AGL was chosan to assure that the windshear detection systern alerts are active (1200 feer AGL
per Paragraph 4.2,3 and 4.3.3),

It has been determined that microbuests are driven along the pround by upper winds. Their downflows , panctrate the
Iower air mass, which concins the airplans, and can therefore have relative morien within the local airmass. Relative
drift obtincd from data during TDWR. sting shows that windshear cvents either side of a fixed narrow beam (+/- 5
degrees) sensor, that just looks along the airplana’s projected bongiteding] axis or ground track, could be missed,
However, with the alert boundary cxtended to 1/4 nautical mile ejther side of the airplane projeered langitudinal axis,
adequate warning will be given. An event approaching along the cuter edge of the display, due w a 25 degree drift
angle, should generate a wamning alect 10 scconds prior to the encounter with the afrplace fiying at 200 KTAS. Thess
requirements are specified in paragraphs 4,2.1, 4.3.1, and 4.3.3.

The 25 degree drift angle specification was established by determinitig the demonstrared crosswind values for a number
of currcnt large transport airplanes from their airplans flight macuals. Thirty knots at 50 feer AGL represented a
reasonable consensus, with none higher than 31 knots. This value was extrapolated to 1200 feet AGL using the standard
correction method of the height ratio 1o the ope-seventh power. The 47.2 knot crosswind at 1200 fes; AGL will produce
423.2 degree drifi angle for a 120 KTAS approach speed. The 25 degres requiresnent will provide margin to allow
s0me variation in actoa| conditions. .

The windshear event bas been Tocated at the threshold 10 give the longest possible time from the system alerts crabling
aldoude (1200 fect AGL minimum per Paragraph 4.2.3 and 4.3.1) to evaluare e derecrion and displays.

Since this cvaluation i5 only to assess the sysicm's ability 10 dewect windshears with the worse case drife angle, it is
sensible that only a limited number of windficld models nced 10 be evaluated. Models 4 and 5 were selected as they have
small diamerer ourflows, and being on the edgs of the system's scan, they will stress the system's ability o detecr,
display, and issue timely alerts.

Since for a given value of crosswind low airspeed will give a higher drift angle than high airspeed, only the 120 KTAS
case has been picked for evaluation. For justification of 120 KTAS, see discussion for Table 10, Note 3.

s
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Flight Scenaria

GO-AROUND @ 100" AGL
Data Sets: 2,5

Flight Scenario Justification
-
This scenario i o avaluate the system mode transidon from approach to po-around. Alering ranges (Paragraph 4.1_15),
logic changes, system pains and biases, antenna scan elevation, ete., are possible effects that need to be evaluarsd
(Paragraph 4.1.16). the laading edge of the hazard is located 1.8 NM from the go-around point as this provides a
reasonably low altitude encounter which could be hazamdous,

Models 2 ind 5 were sclecied because of their benign appr.al;imr. (5 especially being diy) and the pilot may mistekenly
assume they ace safe w fly inta.

For justification of 150 KTAS, stc diséusSiun for Table 10, Note 3.
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TABLE 9
Greneral Notes

These testing scenarios are chosen in general o evaluare the General system’s detcetion capability in sitaations Tikely 10 be encountered in service, Each is
differcne enough from cach other in terms of airplane configuration, aldude, pirch angle, and windshear location tha it would be difficult to infer acceptable
system performance by & more limited testing matrix. However, as more experience it gained in the charcteristics of these syst=ms, a mare simplistic testing
approach may be possible.

The testing matrix distributes the possible combination of conditions, £.g., windfield models, airspeeds, intervening rain, &tc_, 1o eritical flight phases in licu
of applying all combinations to all flight phazes, This reduces the number of individual muns from 570 to approximately 36. The rationale for the selecton
iz covered under the justificadon for each fight phase.

A

Cermin detection sysiems may use biascs, gain detays, cir., based on events pot contained in these reference windfield models, If this it the case,
thesz effects should be introduced into the simulation system to aceurarely dememstrate overall system performance.

If atmasphere aut side of the logal environment of these models affects the detection schemes it must be accounted for when demoastrating
Windzhear detection, ¢.g. Temperature lapse rate history during approach.

Foor radome design and mainenance can seriously degrade radar performance.  Since the windshear dewetion is an assantial system, addidonal
considerarions must be inroduced, as compared o the fypical weather radar sysem. Some cutrent maintenance procednres have reduced the
radome efficiency o as low at 60 percent due o moisture content, and thickness changes durdng repair, which change the radomes slecoical
properties, :

Therefore, it is sengible 1o inthide accounmbility for the real world maintenance standards in atsessing a given windshear system's performance.

These standards are being addressed by RTCA SC-173 and will be contained in MOPS DO-213, Also, the adome lighming protection system
may affect the cluner rejecdon and other detsction characteristics; therefore, the simulation must properly assess thess characteristios.
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TAEBLE %
General Notet (Continued)

The NASA TASS Windshear Simulation Data Scts were intended b represemt the minimum reflectivity of 0 dBz at the outflow region.
Data set cases 436, 540 and 545 have gutflow regions that are less than 0 dBz and represent the extreme case,

As a result the following adjusmments may be made to Data Sets 436 and 540 to beger reprasenc (o minimum reflacnvity of (0 dBz:

Temperarz Inversion In order o qualify for this adjustment this case should firse be
Case: 434 © mum as originally deliversd, bur without radae ground clumer
model
Then add 15 dBz with 28 dBz limit and run with -spe:iﬁed radar
pround cherrar model,
‘Weather Sounding Add 10 dBz with 23 dBz limit and run with specified radar
Caze: 540 ground clucter.

Dt s2f case 545 should be mun as a limidng case. It represents the extreme dry microburst and will not be considered in the pass/fail
criteria, '
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TARLE 9
General Notes (Continued)
D. FLIGHT SCENARIO'S o )
Flight phase with NASATASS Location of F-factor Radar clurer Airspeed
paths as deseribed in Data Set No field leading edge model KTAS
Appendix E
(1
Aligned for Takeoff 34,7 Such that the aicplane Newark 4R/221. 0
is in the headwind
conditions of the
outflow
Aligned for Takeoff 1.3 © 3.0 NM from brake Newark 4R/221. [1]
' Telcase
Takeaff - Gear up Height 35 3.0 NM from brake Mewark 4R22L 150
clease .
-3 Degrees straight in appmach All Middle Marker (1/2 NM) Newark 4R/22L 150
) from runway threshold,
1000" AGL level flighr seandard rare, 3.5.6 At localizer intercept 3,5 Denver 26L 200
as limited by 25 degree bank, (1000" AGL) & Wash. Nadl.
90 degree turn to localizer
-3 Degrees siraight in approach 4.5 At umway threshold Newark 4R/22L, 120
258 depree dnft anple
Go-aronnd @ 100" AGL . 2.5 1.8 NM from 100" paine Wewark d;Rj?_'ZL 150
TABLE NOTES:
(1) All tests should be conducted using sensor/airplane pitch angles
critical for system performance.
(2) Windshear data sets 3 and 6 are penetrated using several headings

as described in Appendix E.
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MASA Terminal Aren Howrz, prid 211 Dyl Now Approa, Girerwth Apprc, Inmrvening Temp. Symmelry Padlar Fliha Seezaria
Simulvtion Syaem spacing reflecinliy reflecalvizy diamsler ol abge penk 1 m naln lapee clunier Lacition and Almpeed
{TASS) {me1eds} [dBa} {dDz} oulflow @ EBAR mie made
Thain ScL m Y (km) el Al 4]
OFW Accldenl 1m 55 35 dl 3.5 NI L1} Mo Adletatlc Asym Memark Allgned foc whe-aff 1o the easl whh the mksebars keading
4RS2IL edge 30 NM from brake releass,
DATA SETITIME: 111
Wieq hliorobune with rain Alrspead: O klns L)
and hail .
DFW Accidera = 53 14t 1.5 BiA 14 Mo Adivtark Asym Mewark =3 degres praight in approch s the enst wlth tha et
ARIEEL loated ut (e mbidls murker 1.2 MM from musway
DATA SETSTIME: KL threshold.
Wel hicrobuen wich rzin
and hall Afrrpesd; 190 ko
RN 1] 10 17 o 45 ER] WA o Yra Adlsbuk Reugh Mewark -3 degres praipht {n approach o the pouth with the
HASHA Reteanch Flighy 4RS2LL microhur fecared aLthe middle mueker 1,2 MM fmm
Orlando Flocids runiay threhatd,
DATA SET/TIME: 137 Alrpeed: 150 ktax
Wer Micwobami
DEr2orsl 114 L4 37 in 45 15 Drevelopheg 006 Tea et Rough Mewark =3 depree ptraight In appesich b e eant with he sxierobun
MASA Research FEgh 1R7IL lotared ul the midde murker 1.2 NM from puaway
Ortards Florih Below threshold.
uregbold
DATA SETYTIME: 137 =11 Alrpeed: 150 kma
Wen kiambora 11
M| 1m $0 M mds s A ols e Audlabmle Rough Mewark Te-Around ar 100 i 1o the weit wlih rhe miceobang L2
MASA Besarch Flight ARIIL N (roam the 00 b, palncae the 2nd Ehe far end of he
Criundo Floridy TRy,
DATA SET/TIME: 2X7 Alrpead: 190k
Wel MicroturiL
TrLIme 1 35 Wm s 1 Drevelopley 0.083 Light . Adlabuic Varies Mewark =3 degres srafpht n approch to the east with the microhuree
Tecldene Ciaae beswezn AR botated 3t the middlz murker 072 WM from runway
Trenver Colormdo Belaw microburaL threshald.
threnhald
DATA SETTIME: M7 eane Alrpeed: 150 %ma
Hlultiplz Microben 9
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Ma, MASA Termioal Ares torz, grid Max Cuitlow Appron, Grrwih Appoea, leserrening Tamp, Symmetry Fadar Flight Sczrarky
Simutatian Syitem wpacing rflectiviy reflectlvicy dismeter of [T perk | bm nln Inpse ehritep Leesdfon wnd Alrspeed
{TASE} {melers) fdBz} fdizh sutltow § FBAR e modd
Dkin St [H] peak_¥ fkm) [ ]} o)
1 THIME 00 31 LR L] 1 Developlng 013 Y Adlbatie Varka Mewark -3 degres siralght In appmich s the north with the
Enzider Case beiwtan AR2L mrohuni lecsied il the middie murer 12 ¥ fmom
Derer Colesndo Below misrohund runway Breahald,
threshold
DATA SETITIME: 149 aue Almpecd: 190 ks
Madiighe Micrebual Il
] I [ {n+] n 131037 1.5-30 Cuveloping ot Yes Adinbuk Yirla Hesmrk Alipned for mke-oTin the sonth with the microtumat leading
Tecldem Cuse betwmen ARIL eatge placed wuch that the aleplane 1 in the bendwind
Depver Colorada Must Alert micoburat candilons of the oulflow.
threshald
DATA SET/TIME; 351 cue Atrspeeds 0 ltax 5
Mulilple Micrburmt L]
9 T L[] 25 D27 1.5-14 HiA 0.19 Yo Adnbulle Varks Newark Allgead for tde-olf o e east with the mkrobund feading.
Imakdent Caza beaween ARZIL edie placed such thul the slrplane E |n the headwend
D:ever Colormda microbunt eondlitemy of the cutftow,
DATA SETTIME: 318 Alrpeeds & oy (1]
Mubiiple Bf kereburs R
1 s 109 4 w7 1.3.340 Mis 019 e Adlnbalke Varki Mewark Take-olf an gear up belpht 10 dhe exst with the misrobumt
Incilso Cpse between AL Teadlng edge 3.0 HM from bake relewse. w
Demeer Colande micTobuni
Alnpsed: 10 kha m
PATA SETTIME: 13! . .
Htultiple Microburt
1 TrLE 1] ATt 1340 37 1220 NrA 0,k§ Yes Adlutaile YVirla Hewark =1 degres airight [n approach 1o the north at & 160 dagree
Inci&ent Cuie between $R21L heiding. The microburs b bocaled at the miSale marcker 112
Demer Calersdo micobars, HM from rameay threshald,
BATA SET'TIME: 351 Afngeod: 170 keu
Multipde Microbutal
11 MR hLii] A 131027 15-30 HiA LINE] Ter Adiahwile Varlet Newark =3 degrez 1omlght [mapprosch 1o the nocdiewd ot 43 degres
Itcidenl Cisa between AL haading. The mkrobast Tt bocaled atthe middie marker 172
Theaver Colordo mlcroburat Mk [rom runwsy threshold,
DATA SETITIME: 251 Alrpead: 150 ks
Mulilple ¥fizsaburn
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Mo, HASA Terminal Arex tarz, guid Max OutRow A, Orwwih Anproa, Tatzrvening Teamp, Symmetry Radur FTight Sceraria
Simulwion Sysiem apacing refkecilvily refleciivliy dlemepzr al sape peak | km rln lapie ebotizr Lavnilos a1d Alrpesd
{TASS} {melurap i 11 dia) wutfllow & FEAR s maodsl
Data Sed ]} peak ¥ fkm) 1] £l 11
13 T11ER L] £ ) B! 1.5-10 MA 017 Yea Adlubatle Virla " Hewark -3 degree ptrulght In appraach (o the esal nt o 33 deproe
Incldeni Cuae " belwesn ARSEIL headlng, The mierohurit s bocared a1 the middfe murker 172
Derver Colorade kel MM fram nameay thrahold.
DATA SETITIME: 149 Alrpeed: 130 ictas
buliple Micnotari .
I TLIEL 1] 40 1127 1.5-3.0 Mk .13 Yea Adlstimle Yrla Hewarkc <A degree ttralght In spproach o the southesas ol 1 135
Treldenr Case bepween 4RM7IL depres beading, The miombarst s bomai=d wethe middle
Trenveer Codorado mbrohunt rarker 152 MM from nymway threshed,
DATA SETITIME: 351 Alrpead: 150 s
Mubilple MEcrobunt
15 F11ER 103 4l 131027 1y-10 KA o7 Yea Achiaik Varkes Mewnrk «X degrea 1wk In wpprosch s the weu wln 270 degres
Incidenl Cuae balween: 1RFIL hexding. The mienstural b losaied ni (he mkHle marker 172
Bemeer Calorado mEcrabunn MM from runwey drarhobd,
DATA SETSTIME: 331 Abrspesd: 150 ki
kfaliple Microbant
16 IS 10 4 131027 LY-30 NiA 0.3 Yia Adldbitle Varks Newark =3 degree pralpht in approsch to dhe pocckavest 1 n 313
Tockfeny Caxe hetwesn AR degree heading, The mioobime b locuted u the middle
Denver Cofende microbuny murker 112 WM Ffram roreay theeshold,
DATA SET/TIME: 151 Atrspeed: 150 ki
Mubilpl: Microhumn .
17 Fr1lse a 40 130027 1.5-10 Mt a1 e Adinbule Yohks + Demeer 000" AL level Night parderd rate tumn o the el =,
lacldent Cuse bepween AL tnii=d by 29 deprest oFbank, The microbarm stwld be
Denver Calorde mkrcbam) platesd gty that L diresily s Frontof tha aircralk when
Incxlizer bt cwphured,
DATA SETITIME: 311 .
Multiple Microburs, Alrpeed; 200 km m
1z Trlar L] ol Ota O (K1} Ni& 0.23 No Stable Anym Newwrk " hIyred for kol w0 the esa) whh the microborm feadleg
Temperajure leverilos Tayer AR edpe placsd such (hat the slplane 1 In the headwind
Berver Cedoride conditions of the cxtflow,

DATA SET/TIME: 436
Malllple Micrshumi

L Alrmpeed: 130 dax
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TABLE 9 - Windshear Simulation Data Sets (Contlnued)
Ho. MASA Termbnl Aren oz, grid Mix Crillow Approa. Growih Appron. [tervening Temp. Symmeiry Radar Fitght Scerario
Simulaon Syaiem spacing nefleciivily meflectiviy damzicr of [T peik 1 km nin [apre luier Locutlon ard Alnpeed
(TASS) {meiern) {doz} [i]sE]] oulflow & FBAR ne model
D 5L |31 perk_Y (km) 2 M M
19 TiL4m2 L] 7 Qe [0 1.0 HiA ekl ] L] Suble Asym Hewark | -3 degree sinlght B pproach b the ew| with the microburk
Temperziure Imveralon Luyer 4RIIL locared a1 the m¥dle macker H2 WM from the rumeay
Denver Caterado 1hreshodd,
DATA SETITIME: 436 Alnpeed: 13 ks
Klultiple klkeebar :
b3 MidrEt L} 7 RUTTE] A0 HrA 0,24 Mo Swhle Aaym Mewark =] degeee ntrulghi in nppemach ta e spt ok 029 degree
Temperature [avenfon Layer ARML - | driftangle. The microbunt Teading edge s pliced u che
Deswer Colorado Turway hreshald.
DATA SET/TIME: 436 Alrpesd: 120 ks - o - : L]
Mudlpde Microburac i Sl o . :
1
k3| AR m [T 20 -0 -4 A HIA L8] Mo Adlntwile Rough Mewnrk Tuke-ofT ot gear up helght 1 the weal with the microhure
Sounding AR1L tesding edps 1.0 M foom brake relese,
Denvar Eoloredo
Alripods 150 i . m
DATA SETITIME: $40
Very Dry Miootam  (10]
n EED 107 |Tw 20 HUITE] LN ] NIA 01§ Ne Adinbntl Rough Mewrk <3 degree aralght In wpproach eo thernorth whth the
Sounding AL kb, located 11 tha middle merker 172 MM from the:
Demver Colordn Y| rumemy chmesold.
DATA SETYTIME: M0 Alripeod: |50 kua
Vary Dry Micreburt {107 '
3 TS 100 171610 =101 4 10 HrA o - Mo Adbyhnile Tough - Mewark =1 degrze 1trulghd In apprcach to the nonth with 079 degrez
Soundlng {23 drift angla, The mierobunt leading edge s pluced K he
Dunwer Coderado runveny shreshold.
DATA SETITIME: H4 Alrmpecd: 1 s &
Very Ty blscrohuma [10] . T .
Ll THBEY 104 [Tix1d =10 34 HIA a7 Mo Adisbeile Rough Tewark Go-arcemd at 100, & e north with i misrobunt 1.8
Sounding 1221 MM From the 100 fo pofm st the fur end of (he nuewsy,
Denver Colondo '
" Almpeed: 150 ks
DATA SET/TIBLE 54 )
Very Dry Miombare 110]
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No. HAEA Terminal Ares Her, grid Mn Crlflow Appror. Trowih Apprer, Inizrvening Temp- Symmedry Redar Fligh Seemario
Simulalion Syrem mucing reeciiviiy reflectiviy dlumeser af 1lnp peak 1 ke min hpie cluner Loculon end Alripeed
ITASS) [metera) [dAz) {0z ot Mene & FAAR e model
Dary &1 111 peak_¥ {km) 1] 11 [T
" TR 100 1Taedd | -4 14 R 018 Mo Adibark Rourgh Demesr 1000 AGL keva! Aight sianderd rate turm b the Eealfrer, 1=
Soundleg 6L [imfeed by 29 daprees of bank, The mksohum thonld be
Diemwer Colordo plactd such thit i b dlreedly In frant of vhe xlramf when
localkeer b exptured.
DATA SET/TIME: Rt
Vary Dry Miercbard 10 Alrpests 200 fus m
16 TPEIED {11 5 -n 24 N o ] Adtabaibe Rough MNewark <1 dugree xmaleld bn appreach inothe north with the
Soundirg dRTIL mb¢rmbemat Incated ut the m3le maurker 172 MM from te
Denver Colonida runwy threahald,
DATA SET/TIME: M5 Almpecd: 150 kess
Eavemely Dy Microbursi
Seeond Pelee 10
7 Derivrd Sounding 1 30 d0n 4T 10 ML L8] Light Adlsbuile Asym Wih, 100" AQL level Nigha uindurd rate barn b the docalleer, 2s
Flarkix MNulomat ilmlied by 25 degrect of bank, The micnobarl should be
18 placed sucl dha [ I direeily | fom of the siecro when
DATA SETITIME: €14 locatiezr v cxprured.
Highly Arpmmearie ’
Microburat Alrspeed; 10 ktwy 1]
LS Derived Sounding [ i} ] Al 4T Lo Hfh 15 Light Adiabutke Asym Newark <3 degres siralght Ir approach 1o the noeth with n 340 degrea
Flntids LLTrei N heading. The microburat s locamd ax the mEdde mucker 112
MM freem tha runway threhald, .
DATA SETITIME: &[4 :
Highly Aaymme mic Alrmpeed 130 heax
L]
1% Derived Soundlng co L] 40 1o 47 1.4 Hih 0.7 Light Adiabalk: Aspm Hewark -3 degres atealght b approach ihe portheast with » 45
Florkdn ARMIL degres headng, The micrmbund b focaled t the middle
marker [7 MM fimen e nigwwy thregbeld,
DATA SETITIME: 612 \
Righly Arymmenrk Alrpesd: 10 keas
leradur
W Therlved Seamding [ [x] L] 40 10 47 14 HiA . DS Llgha Adhbalke Azym Hewark <) depres giraight [n spproach 1o tha wosrth with o |89 depres
Florida {RfTIL ‘heading. Tha ralernbuent [t Incated ar the: mMdfle mackar 12
M Fram the ruony Baeihald,
DATA SETITIME: 614
Mighly Asymmeirie Alrspeed: 153 s
Miseohuee
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TABLE 2 - Windshear Simulatlon Data Seis (Contlnued)
Ho. HASA Termiul Area Horz, grld Hax Crutflow AppreT, Greath Apprar, [mersenieg Temp. Symmeiry Tadr Flight Scanarte
Slmuacion Syslem tpacing reftecilvity eefleatlvity dlusteter af alupe prak | km raln gz B clultr Lacar|on and Alrpesd
{TASS) {melers} {diTke} {dBzk oulllew FEAR 11 medy
Dialn Sat [ petc_¥ (km) [¢1] I 8 [4r
k] Drerived Sounding 5a 50 4d 47 1.0 WA LA Light Adledarle A1ym Newark | -1 degree arnlght In spnmosch o the southwest with u 213 depres”
Florida ARMEEL | hending. The micrbers b focted o b middle murkzr 12 NM
Iram the runmay fireshald,
DATA SETVTIKE: 414 .
|Tghly Asymmeiri Alerpeed: 150 hicss
Miercburit
n Derived Seunding 50 10 1047 1D Hin 0,13 Lighi Adbatie Arym Newark | <3 degree nirslght |n approach bo the west with » 270 degres
Florida 2L |heading. Themierobunt s locited 2 the middle muker 12 KM
from the runsay threshedd, .
DATA SETITIME: 814
Highly Asymmeric Alrpeed: 190 kma
MEcrohurit
Ea ] Terlved Seundlng o i 40 o 47 Lo HA LA Liehi Adisbale Aaym Mewark | -3 depres sinvlpht o approsch to the mondmer with 2 313 degree
Floridy ARZIL | heading. The mirobun ks loceted mi ihe middle sarker 172 MM
fram the runway thresheld, .
DATA SETITIME: 614 .
Highly Asymmeuric Almpesd: 0 kmr
Microbuene -
b1 Aril 100 20 LR Y0 HiA Ni& 0.1z Mo Adiabuike Anm Mawwrk | Allgned for Wine-pdT b the weat with the mberoberst kading edpe
Adjuiled Knawlhen Sconding SRR2L | placad poch (et the alrplene |5 In the headwind condlilan of the
Montmna In amn * | ouiflos. .
of lurpest ’
DATA SET/TIME: 121 FIAR Mrpeeds 0 kas : m
Gun Froar -
L1} 22541 ea n td o 1} HYA HiIA 0.13 L3 Adlabxife Asym Mewark =3 depree pmalghi In approwch 1o the war with the micnebume
Adfiwieed Xnowieon Snunding ' £A2IL ocared 2t he middbe meskar 12 MM from tie rameay threshold,
Mo [n wren
af larges Alrspeed: 150 kim
DATA SETITIME: T2 FRAR . .
Gzl From ' ‘ '
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TABLE 9
[Notes]

1 MNASA TASS data sets will all be delivered with 50 meter resolution.

[ F-factors will differ in the data sets developed for airspeeds of 120 , 150, and 200 KTAS. Since the calculation of
F-factor is weakly dependent on the tme airspesd (TAS) of the airplane, a typical airspeed of 150 knots has been
chosen to standardize the evalnation of these systems. However, the windshear system algorithms may be sensitive
to true airspeed, and high airspeed is cnitical for system update rate evaluation relative to minimum detection time and
Iow airspeed should be evaluated simply to show that the system will in fact actually work at low aigspeeds.
Therefore, a lirnited pumber of runs are to be evaluated at 120 KTAS and 200 KTAS. The 120 KTAS chosen is 2
typical minimum for lightweight maximum flap takeoffs and Jandings at sea level standard day, and the 200 KTAS
is a typical maximum for heavyweight minimum flap operation at high altimde airports on a hot day_ (Reference
Paragraph 4.1.11) '

[3] Intervening rain may adversely affect system, performance, The system should be able to detect a hazardous
windshear with at Jeast 10 seconds advance warning to be classified as a forward locking system {"short or long
range*). Since windshears can be contained in an environment with heavy rain, they should be detectable in thege
conditions. ‘

Analysis of TDWR data obtained at Orlando has shown that the largest difference in reflectivity seen between two
microburst-produciog cells within 5 kilometers of each other was 10 dBz. At Denver this number increased to a
maximum of 30 dBz, which was only seen twice, Therefore, for the purpose of testing sensor performance in
intervening rafn, the flight paths depicied in Appendix E have been, where appropriate, oriented such that they pass
through significant areas of rain prior to reaching the microburst hazard.

Flight paths as described in Appendix E have been oriented, where appropriate, to achieve areas of intervening rain
prior to reaching the windshear hazard.

4] These detection systems may have vertical lock strategies that are fixed or variable. Since the airplane’s pirch angle
is a funcrion of excess thrust, configuration, and flight mode, the system must perform satisfactorily over all expected
circumstances (Reference Paragraph 4.1.11 and 4.1.14).

To require the entire: fest matrix o be evaluated for each configuration would be contentious; therefore, it is sensible
for the system manufaciure o determine and justify the critical condifions (relative to detection, clutter suppression,
display, etc.) for their sysiems.

Radar ground clurrer collection flights should be conducted using the flight phases and characteristics described in
appendix E. All flight tests should be conducted esing sensor/airplane pitch angles eritical for system perfonmance.

[51 These flight scenarios are designed (o demonsirate windshear detection prior to brake release_ If detection 13 not
achieved prior to brake release, the takeoff roll should be initiared and continued up to the detection point.
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Performance-Bascd Threat:

The threat to be detected and avoided is an airplane performance or energy loss, expressed in terms of potential climb
capability, due to flight through a sustained horizontal wind pradient and/or downdrafi, The loss of potential ¢himb angle is
quamtified by the F-factor equation given in4.1.10. Events such as turbulence, which cause only passenger discomfort or short-
period disturbances, are not considered a threat for the purpose of setting requiremenis for windshear detection and avoidance
systems.

Threat Intensity and Shear Length:

To qualify a5 a threat to airplane performance, a significant Jevel of F-factor must be sustained over a shear length sufficient
to cause a critical loss of energy (airspeed and/or altitude) and for that energy change to result in 4 change of airplane flight
path. Figure B-1 depicts the results of an energy tradeoff analysis used to determine the average F-factor required at various
shear lenpths to realize a specified, critical energy loss for 2, 3, and 4-engined transport category airplanes in takeoff and
landing sitvations. The derivation of the curves assumes that the F-factor is zero both before and after the shear length under
consideration, that is, performance pains that may he experienced before or after the windshear encounter are not modeled.
Table B-1 shows the airplane related assumptions and specified energy losses nsed to produce the curves. The assumptions
used represent the most critical airplane, flap settings, temperatures, and weights as selected from a set of representative
airplanes. Also plotted is a mrbulence eurve, which shows the mamamum F-factor due to trbulence that will oceur over the
indicated shear lengihs with a probability of 10 (Reference 1). The figure shows that, over shear lengths of approximately
1000 meters or greater, the specified energy loss is cansed by F-factor levels of preater than about 0.1.

Given the atmospheric and airplane assumptions used in the analysis, a hazardous windshear event could be defined as any
windshear that produces an average F-factor that exceeds the applicable hazard definition curve in Figure B-1. This definition
must be modified, since realizable phenomena of short shear lengths penerally do not obey the assumption that F-factor 1 zero
before and after the windshear event, These short shear length events tead to be followed by performance increasing shears
before the airplane flight path can be altered, and are perceived as turbulence. Below about 600 meters shear length,
phenomena can be found that exceed the hazard definition eurves but do not threaten airplane performance, as evidenced by
the turbulence curve merging with the hazard curves. Below about one kilometer shear length, the potential of finding a
realizable windshear phenomena that does threaten the airplane rapidly diminishes as shear length decreazes. In fact, reacrive
system certification criteria do not require those systems 1o detect events less than about 400 meters in shear length, regardless
of F-factor intensity. At shear lengths greater than about 3000 to 4000 meters, the probability of finding 2n atmospheric
phenomena to sustain hazardous F-factor levels (thar does not also exceed the hazard curves ae shorter lenphis) becomes
exceedingly small.

Threat Definition:

A working definition of the windshear threat to transport catepory airplanes can be described as any windshear that produces
an average F-factor that exceeds the applicable hazard definition curve in Figure B-1, at shear lengths approaching one
kilometer or greater. -

Practical Considerations for Hazard Definition:

Pracrical windshear detection does not require determination of the average F-factor over each shear length. Alihough very
severe shears of shear lengths near one kilometer, 900 meters for example, may exceed the hazard definition curve levels and
present a risk, these phenomena will also exceed or be very close o the hazard definition curve Jevels over a one Klometer
shear length. Likewise, nature does not produce constant shear values over long distances, and a 2000 or 3000 meter shear
that exceeded the hazard definition curve would also likely have a higher one kilometer average F-factor somewhere within
the event. This relationship is illustrated by figure B-2, which shows an estimate of the average F-factor for a ranpe of shear
lengths for four hazardous actual microburst encounters. The most severe shear shown represents the 1985 Dallas-Fort Worth
accident microburst; the other three curves represent a research airplane peretration and two air carrier microburst encounters
that resuleed in very low-altitude go-around mancuvers. An average F-factor taken over a one kilometer averaging inerval
may therefore be used as a practical hazard measurement parameter. The rapid decrease in average F-factor with increasing
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scale length, for these hazardous shears, also supgesis that detection systems should not use large shear length averaging
schemes.

This hazard definition do¢s not represent an alerf threshold,  Additional factors such as existing crew windshear training,
installed reactive system thresholds (Reference 2), and other operational factors, such as uncertainty in sensor measurements

and prevention of destabilized approaches, must be considered in the establishment of an alert threshold.

References

1. Dempster, John B.; Bell, Clarence A.: Summary of Flight Load Environment Data Taken on B-52 Fleet Aireraft,
Jourpal of Aircraft, p.p. 398-406, Volume 2, No. 5, Sept,-Oct. 1965,

2. . Federal Aviation Administration: Technical Standard Order TSO C-117, Avborne Windshear Warning apd Escape
- Guidance Systems for Transport Airplanes, July 24, 1990.
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TABLE B-1: HAZARD DEFINITION CURVE ASSUMFTIONS

Assumptions
Airplane Still Air Climb Gradient Capability (radians)

2-engine:
3-enpgine:
4-engine:

Initial Flight Path Angle (deg):
' Pilot Response Time to Windshear (sec):
Enpine Spool Up Time (3ec¢):

Initial Airspeed (krots true airspeed)
2-enpine:
3-engine:
4-enpine:

Specified Energy [oss

Airspeed Loss (knots irue airspeed):
2-enpine:

3-engine:

4-engine:

Required Flight Path Angle (deg):

[akeoff Case

(takeoff flaps, gear
up)

0.152

0.104

0.075

1.72
o
0

143.1
147.0
176.5

27.8
325
274
1.72
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din e

(landing flaps, gear
down)

0.076

0.042

0.032

-3 v
5
8

145.9
135.6
170.1

26.9
29.9
35.2
=2.3
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Criteria Guidelines/Attributes

The following candidate criteria is intended to be used for comparison of the output of windshear forward-look systems
underpoing certification testing, against the Terminal Area Simulation System (TASS) medel certification data sets. The
following guidelines or attributes were considered in the development of these criteria:

1. The criteria must accommedate both short and long range systems.
The output of the system under test may consist of an alert only, or an alert and jcon. Range/azimuth plots
of F-factor may not be available. '

ER - The eriteria must not be dependent on the technology under test. The criteria will be stated in terms of the
‘TASS data set "truth”, :

4. Fractical criteria must include a "must alert™, “tay alert®, and "must not” alert region 1o accommedate
measurement uncertainties,

3. Definition of the must-alert region should be driven by the airplane performance hazard definition F-factor
levels.

6. The size of any icon drawn on a display should be sufficient to allow the pilot to avoid the threat, provided

that the pilot does not fly through any area depicted by the icon, while minimizing the size of the depicted
threat region to avoid overwarning. :

Note that a certification success criteria cannot be derived analytically from the physics of windshear or detection systems.
Although a logical basis must be established for any criteria, by necessity some judgment must be used in the criteria
development, In some cases, quantitative requirements may be reasonable estimates rather than numbers that ¢an be supporied
by analysis. For this reason, the success criteria must be flexible and should be allowed to evolve as lessons continue 1o be
learned ahout windshear detection and threat quantification.

Basis for Criteria

The *truth”, or measurement standard, against which the output of candidate sensors will be compared will be a function of
contours of one-kilometer FBAR, taken from the TASS data set in use, at the altitude that the airplane would encounter the
threat if not given a forward-look alert. A one-kilometer FBAR, for this purpose, indicates an average F-factar, taken over
a ona-kilometer window along any radial from the sensor through the wind field, A one-kilometer FBAR at any point in space
is the average F-factor over a distance of 1000 meters length, centered at the point in question, along a straight path through
the shear. The NASA documentation of the TASS data sets will include one-kilometer FEAR contours along constant alttude
parallel lines in the direction of flight, but the “truth® FBAR. plot should be computed, by the applicant, along the sensor line
of sight from the viewing position of the sensor in the data base. Contour intervals of 0.01 F should be plotied. Note that
FRAR can be taken over averaging intervals other than one kilometer. The FBAR of the hazard definition curves, which will
be used to establish the success criteria, are calculated over the averaging interval specified by the abscissa of the plot. An
approximate technique for correlating these FBAR. values to a standard one-kilometer FBAR will be suggested. If the sensor
under west measures the hazard along shear lengths slighdly different from one Kilometer, the applicant will need o compute
truth contour maps at the different shear length. -

The threshold for reactive system alerting is an F-factor of 0.105. This value bas been suggested as a candidaie one-kilometer
FBAR alerting threshold for forward-looking systems. In this case an alert would be given if the average F-factor excesded
0.105 over any interval of one kilometer or preater. At one-kilometer shear lengths, however, considerable margin exists
between the candidate threshold value and the most critical hazard definition curve. The hazard definition curve depicts the
average F-factor, as a function of shear length (averaging interval) to produce a criical airplane energy loss. That hazard curve
sugpests that an FBAR of about 0.13 is required for a one-kilometer shear to produce the specified energy loss for the lowest
performance airplane considered. As shear length increases, lower FBAR values become hazardous. Given the unaveidable
errors in forward-look windshear hazard estimation, a requirement to detect any one-kilometer FBAR exceedances of 0.105
would be imnecessary and would create many nwisance alarms. The success eriteria will therefore map a “must-alert” region
of F-factor and shear lengrh using the most critical hazard definition boundary, For certification testing, the term "must alert”
applies only to the FBAR contour intensity. Before the system must actually alert, that microburst region must have entered
the appropriate alerting region relative to airplane position. The alert is not required on each scan or sensor measurement
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update, but must be given prior to the microburst region reaching the specified minimum alerting range to the airplane. ,3

The shear length over which FBAR is taken must also be related to the FBAR contours that will be pmclucéd from the TASS
data gets. The TASS data set FEAR contour plots will always use a one-kilometer averaging interval to compute FBAR. If
the TASS FBAR plot shows a threshold exceedance at only one point, this indicates that the average F-factor over a one
kilometer distance excesds that threshold. Likewise, if a particular contour of one-kilometer FBAR (0.11 for example) is two
ilometers deep along the line of flight, and the contour does not enclose contours of lower suength, then the average F-factor
over a 3 kilometer distance equals or exceeds the 0.11 F-factor value, (Since the three-kilometer averaging interval begins
500 meters prior to reaching the 0.11 contour line, and continues 500 meters beyond the far side of the contour.) Note that
the opposite is not generally tme. An actual FBAR of 0.11 over three-kilometers may produce a contour of one-kilometer
FRAR = Q.11 that is less than two kilometars deep, depending on the value of the peak F-factor within the contour, Since
significant deviations from this relationship between one-kilometer FRAR contonr depth and the hazard definition curve FBAR
shear lengths would require peak F-factors well above the FEAR value, and the one-kilometer FBAR contours are being ploted
at ntervals of 0.01 F, an FBAR shear length of X distance on the hazard definition curve may usually be approximated by a
one-kilometer FBAR eontour of (X-1000) meters in depth.

Must-Alert Criteria

Given that the hazard definition curves are based on the most critcal airplane apd conditions, a “mmst-alext™ boundary line can
be drawn at the lowest of the hazard definition curves. This boundary line is not the lowest of any of the six individual hazard
definition curves, but 15 a new curve based on the minima of the other six curves at each shear lepgrh. At shear lengihs of
approximately 2000 meters and greater, the boundary eurve falls below the baseline reactive system threshold of 0.105.
Requiring a system to alert at F-factors below 0.1 would produce many nuisance alarms, and is not necessary given the
relationship of FBAR i shear length for any given shear. As shown in figure C-1, a given microburst will generally praduce
lower FBAR values as the averaping interval (shear length) is increased. -The events that exceed 0.105 at two to three kilomerer
shear lengths also exceed the 0.13 boundary at one kilometer. For the small rading microburst evenrs, FEAR decreases 50
rapidly with shear length that FEAR values are below reasonable thresholds at averaging intervals of two to three kilometers.
To avoid excessive nuisance and missed alert problems in actual operations, certification testing should take place only within
a limited range of shear lengths, preferably within about 200 meters of one kilometer. The final must-alert boundary is a
straight line approximation to the houndary line resulting from the hazard definition curves. The boundary line of lowest
hazardous F-factor, the must-alert boundary, and plots of FBAR for four hazardous microburst encoumnters are shown in figures
-1 and C-2. Figure C-2 shows the same data and boundaries as figure C-1, but the shear length axis has been aliered o
emphasize the acceptable testing region. The must-alert boundary is defined by the following puints.
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FBAR Shear Length | FBAR at which TASS 1 km FBAR Contour Depth to - :
{meters) alert must be given | Approximate the FBAR Shear Length (meters)
=< 700 Not tested, N/A

700 0.15 N/A (700 m FBAR contours would be reqmred)
1000 0.13 Smallest resolution of data set

1500 0.12 500

> 1500 i Not tested. N/A
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Note that these numbers do oot represent sensor thresholds or relate to internal alporithms. For example, this table does not
sugpest that a single pixel of FBAR = 0.14, as sensed by the detection system, should generate an alert. The table does
indicate that 2 TASS data set event, that produces a single FBAR contour of 0.13, must be detected by the sensor within the
time or distance required. The must-alert region also represents minimum acceptable performance. While not required,
forward-look systems should warn of evenis with one-kilometer FBAR values of approximately 0.11 to 0.12, to avoid exposing
the airplane to simiations that would activate reactive windshear systems. A one-kilometer shear of 0.12, while within the
performance capabilities of transport airplanes, would likely cause a pilot to execute a go-around, should activate an installed
reactive gystem, and could lead to a hazardous 51tuatmn Below 0.11, reactive syste.ms may or may not alert, depending on
the shear length of the hazard.

Must-Not-Alert Criteria

The must-noi-alert boundary is driven by the peed to minimize nuisance alerts. At very small shear lengths, less than abour
500 meters, the turbulence curve shown with the hazard definition indicates that very large FBAR levels may be exceeded.
The namre of turbulence is such that these performance decreasing shears are followed by performance increasing shears before
the airplane flighe parth can respond, hence no performance loss hazard is created. For this reason the must-not-alert boundary
will exclude all shear lengths less than 500 meters regardless of FBAR. In terms of a maximom FBAR thar may activare an
alarm, an assumed standard deviation of 0.02 for forward-look F-factor estimation was subtracted from the baseline reactive
system threshold of 0.105. The resulting boundary is FBAR = 0.083, regardiess of shear length. The composite of these rwo
areas is the final must-not-alert region.

May-Alert Criteria

The may-alert region is simply the area berween the must-alert and must-not-alert regions. At 1000 meters shear length, a
sensor may alert if the TASS data set FBAR is between 0.085 and 0.13, and must alert if FBAR exceeds 0.13. AT this shear
lenpgth, the marpin berween the must-alert and must-not-alert boundary is 0.045 F.

As described above, any given windshear event will generally contain higher FBAR levels over short shear lengths and lower
FBAR levels over large shear lengths. A plot of FBAR and shear length for a given microburst may then fall into all three
repions (mmst-nor, may, and must-alert). For example, a severe microburst may have an FBAR. of 0.25 over 400 meters (must-
-not-alert), 0.20 over %00 meters (may alerr), and 0.14 over 2000 meters (must alert). For the purposes of certification resring,
the highest region applies and the alert must be given. Figure C-1 shows the relationship between the alert regions, the lowest
of the hazard definition curves, and average F-factor for four actual microburst penetrations.

Icon Size Criteria

"The icons should be sized to depict the shear region forward of the airplane that would cause a well-trained pilot to execute
a go-around or would have a high likelihood of activating a reactive windshear system if penetrated. The icon size must also
ba limited to avoid unnecessary missed approaches or takeoff delays when microbursts are to the side of the intended path.
Icon size requirements can be related to TASS data set one-kilometer FBAR contours. The relationship between (he one-
kilometer FBAR contours and the required icons will be expressed both in terms of the percent of the contour area covered
by the icon and the azimuth extent of the contour, as observed from the airplane, that is depicted by the icon. The requirement
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for azimuth coverage should be more rigorous than the contour areal coverage, sinee a pilot may use the display to cnordiuat"ﬂ}

latcral avoidance with ATC, but would not likely use a display in an atempt to fly very close to the threat before wmning. The
requirements specified here do not include other practical requirements that may be superimposed, such as a minimum jeon
size for display legibility. The requirements described below are in terms of the TASS data set "truth® contours and not in
terms of sensor estimates of the hazard.

As a minimum rcqlm'cmem the icons depicted shall cm:lnsc the entire microburst area, both in remge and azimuth, that contain
FBAR values in the “must-alert* repion. Shear lengths from 800 meters to 1200 meters may be used in this FBAR calenladon.

Provided that a micraburst is detected, slightly larger icon shape.s are desirable. For TASS one Kilomeater FRAR contours of
0.12, 100 percent of the azimuth extent and at Jeast 90 percent of the areal extent should be enclosed by the icon. This added
coverage is desirable to avoid exposing the airplane 10 shear Jevels that would activate reactive systems, if the airplane just
missed the shear Tegion depicted by the icon. For 0.11 contours, the icons should enclose at least B0 percent of lhc contour
azunuth extent and at least 70 percent of the areal extent.

In terms of the maximum size of icons, at least 80 percent of the azimuth extent of an icon shall comain a TASS one-kilometer
FBAR contour of 0.09 or greater. Since FBAR contour shapes may be irregular or elongated, the areal extent is expressed
in terms of ranpe. At least 20 percent of the icon range coverage (distance from near edge of icon to far edge of icon) should
be occupied by FBAR regions of 0.09 or greater. The attached sketch shows the approximate acceptable range of icon sizes
for an example set of FBAR contours. The arc-shaped microburst icon shapes specified for forward-look displays have been
approximated in this skeich by rectangles.

An exception to the icon size requirements should be made for shears that might produce multiple icons close together.
Microbarsts frequently occur in lines, and arempted flight between two closely spaced icons could produce an encounter with
a developing downdraft core. Closely spaced shears that would otherwise produce icons separated in azimuth by approximarely
2 to 4 kilometers or less, should be represented as one icon. This concept is depicted in an atrached sketch.
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of icons for given FBAR. contours, arc-shaped icons
approximated with rectangles in sketch.

Example of one icon used to enclose two closely-spaced shear
areas, that might otherwise produce two small icons.
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Note

Appendix D is an analysis based on the NASA Windshear Detection System. The reference to "false" alert
is equivalent to "nuisance" alert in Section 3.2.5 of this Sysiem Level Requirements Document.
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: Detection and False Alert Probabilities
for the NASA Airborne Pulsed Doppler Windshear Radar

INTRODUCTION.

This memo summarizes a method for ealculation of the detection probability for the NASA windshear radar. The method
follows the peneral procedure given in [ref.1]. However, several of the equations in [ref. 1] have been replaced by equations
felt w be more applicable for the techniques used in the NASA system. It should be noted that the effect of ground clutter is
not considered in these calculations. It is expecied that in most cases, ground clutter will define the limits of sysiem
performance. :

The equations used in the calculations are associated with the specific signal and data processing techniques used in the NASA
experimental radar system. For caleulations on radar systems using different parameters and processing techniques, the
equations must be modified accordingly.
SINGLE PULSE SNR.
The single pulse signal-to-noise ratio as a function of the system parameters and the rain reflectivity is given by:

P.G276 ¢ ARU®|k |?Z_107F

SNR- (1)
4R*N(4m) * (KT F ) L

Where:
P, = Transmitted power (walts).
G = Anterma Gain.
A = Wavelength (m).
T = Pulse width (s).
By = Antenna beamwidth - azimuth.
dg = Antenna beamwidth - elevation.
AR = Range bin size (m).
k| = Rain dipole moment constant = .92.
z, = Reflectivity factor (mm® / m”).
R = Radar Range (m)-
KT, = 4 x 104 (watt - sec5).
L = System losses.
F, = System noise figure.

VELQCITY MEASUREMENT ERROR

The variance of a single power weighted mean velocity measurement as a function of SNR (using FFT processing) is derived
in [ref. 2] as
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This equation is.an approximation and assumes Gaussian signal spectra of narrow width relative to the Nyquist frequency.
ERRORS IN HAZARD FACTOR ESTIMATION USING THE LEAST-5QUARES AL.GORITHM

The least-squares horizontal hazard estimaror estimates the slope of the velocity measurements valves along a range line. An
expression for the stapdard deviation of the slope [ref. 3] can then be related o the standard deviation of the total hazard factor,

giving:
1{ Hﬂ - |
T v (3)

F A[(Ns-l) (N-1) Ne]“"

3.464

v

g

Where:

Radar range bin length {m).

Number of points used in L.s. estimaror.

Aircraft ground speed = aircraft air speed (m/s).

Acceleration of gravity (m/s%).

Alritude of the measurement (m).

Standard deviation of an individual velocity measurement (from eq. 2) (m/s).
Standard deviation of the total hazard factor.

SR A

b
T

ERRORS IN AVERAGING THE HAZARD FACTOR ESTIMATES ALONG AN AZIMUTH LINE

The process of averaging several least-square hazard factor estimates over a range of 1000 m to provide an averaged hazard
factor (F) can be considered as providing a weighted sum of the individual measurements of velocity over the averaging
distance. An expression can be derived for the variance of ¥ as:
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13
[».r.E (Ns1) (N-1) ]N_!2 J 1
Where:
N, = Number of samples in least-square estinate.
M, = Number of individual F-Factor measurements averaged.
of = Variance of individual F-factor measurements.
A = distance between velocity measurements.
C,=x/A normalized weighting factor of I* measvrement at a distance x; from the
measurement at i = 0.
2
(ZC) = Sum of weights of j* velocity measurement squared.
J
2
E(zC) = Total of squared weights of all measurements used.
i

For N, and N, odd (N, > N, there will be a tatal of N, + N, - 1 velocity measurements used to calewlate E, sach with a
weighting factor associated with the measurement.

For example, for N, = 5 and N, = 7, there are 11 velocity measurements involved. For an averaged ¥ with index 0, the
velocity measurements used will ranpe from V; to V., and the squared normalized weights on each measuremenr are:

(ZC)2 =4 (EC): = (EC): =0 (EC,)E =0
©C)3 =9 (2C)3 =0 (=C)} = 4 (BCR =
(zC)3 =9 (EC); =0 (zCH =9
so that

E; (2C)} = 52.

thus, the calculation using eq. (4) is:

Op= .BZGF
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For this case, the averaging has improved the standard deviation of the least-squares measuwrements by a facior of .32,
AVERAGING THE F OVER ADJACENT AZIMUTH LINES

If the measurements are taken over several adjacent azimuth lines, it will be assumed that the measurement errors are not
correlated, and the variance of the averaged F will be reduced as [ref. 1]

Tt . (5)

0 o

Where:.

Dy is the number of lines over which the measurement is averaged.

MISSED DETECTION AND DETECTION PROBABILITY (SINGLE SCAN)

If ir is assumed that the probability density of rhe hazard estimate f(F) is normally distributed (F,, v ;), then the probability of
detection of a hazard of level £, on a sinple scan as a function of range is (see fipure 5)

PLJv(R/’F’a,:z.’)-f:T FLF/F,,2) d F F»rr =~ (6)

‘Where:
f{(FIE,, 2) Probability density function of the 1000 m averaged F-Factor (F) for given values of true
averaged F-facror £, and reflectivity value Z (conditional probability density).

Truee value of hazardous F-factor..

1

Y

F.

a
FT = Hazard detection threshold.
24 = Range.
A = Standard deviation of measurement error.
Z = Reflectivity.

The probability of a missed detecrion on a single scan is therefore:

FM(R/F,, 2Z)=1-FD(R/F_, Z} F >FT ) (7)
& d F-1

FALSE ALERT PROBABILITY

A false alert will be given if the system alerts on a hazard with a true £ less than the threshold value FT. In this case, if KF)
is normal (F_, a ,), the probability of a false aler in a single scan is
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PP(R/F, z;-f;r £{F/F ,2) d F F_<FT (8)

Where:
Fo = True value of nop-hazardous F-factor.
o) = Standard deviation of measorement error.
FT = Hazard detection threshold.

MULTIPLE PIXEL DETECTION REQUIREMENTS

In the NASA system, a detection on a single pixel will not trigger an alert. Instead, an area threshold iz nzed such that several
adjacent pixels must indicate a hazard in order to declare an alert (i.¢. the sum of the areas of the individual pixels indicating
a hazard mst exceed the area threshold). This feature is incorporated to reduce the possibility of a false alert due to noise or
ground clutter,

To take this fearre into account in the detection probability calenlations, it is necessary to estimate the probability of a hazard
detection or false detection in M pixels sitanltaneously. This ealculation is difficult because the pixels in the range direcrion

are highly correlated (due to the hazard averaging process). If averaging over adjacent pixels in the azimuth direction is done,
correlations will also exist in this direction.

To avoid extremely complex calculations, the assumption will be made that pixels in the range direction are 100% correlated
and the pixels in the azimuth direction represent independent measurements.

The probabilities of simultaneous detection and of false detection in M independent pixels are:

PD(R) = [PD* (R)]™ )
PE(R) = [PF* (R (10)

where the nomenclature indicating the probabilities are conditional on values of F, and Z has been omitted for simplicity in
writing and:

M Number of adjacent pixels within area threshold m the azimuth direction.
PI¥R) = Probability of detection in a single pixel.
PF(R) = Probahility of a false detection in a single pixel.

and as an approximation,

a 172
M= INT T .1
RAB

Where:
Ap = Pizel area threshold (m?).
Ab = Pixel angular width (rad).
R = Range to pixel (m).
INT = Integer pperator.

The errors caused by the above approximation should be small since with the ranges and area threshold used (.2 sq km), the
value of M will be small (= 2 - 4) over the ranges of interest.
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REQUIREMENT FOR HAZARD DETECTION ON MORE THAN ONE AZIMUTH SCAN H?g

To reduce false alerts due to clutter, the NASA radar has a provision to require detection of a hazard on N, consecutive scans
of the radar, with N, usually set to a value of two. This requirement has the effect of reducing both the detection and false
alert probabilities as compared to the single scan values.

When detection on N, scans is required prior to declaring an alert, the probability of declaring the alert can be written as
NS

[(PD! (R)1;= ¢ [PP(R)] ., (11)
k-1 s :

and the probability of 2 missed alert is

[PM' (R)1; - 1-[ED'(R}]; (12)

In the above equations,

i sean number starting at injtial scan, i = 1, 2._..N. -
probability of detection on scan 1,

scan index, 1 s k= N,.

nrn

i
[PDR)}
k

Similarly, the probability of a false alert on scan i is piven by

N
=

[BF/ (R)],~ ¢ [PF(R)],,, (13)
kel
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CUMULATIVE PROBABILITY OF DETECTION AND FALSE ALERT

With each azimuth sweep of the radar, the system has a new opportunity to detect a hazard. With multiple scans, the
cupmlative probability of at least one detection in N scans is:

N .
(FD(R))}; =1 - 7 [&M(R})1;,, . (14)
Where: '
[PM'(R)]; is the probability of a missed detection on scan i, (from eq. (12)).

Similarly, the cumulative probability of at least one false alert in N scans of a non-hazardous windshear is

N
[PE(R)1,-1- 7 [1-PF'(R}]; ., . (15)
kel ’
Where:
[PEER)]; is the probability of a false alert on scan i.

[l - PF'(R)]; is the probability of no false alert on scan i.

The NASA system does not start making measurements of velocity and hazard factor until the SNR of the system exceeds 2
threshold level SNR;. Thus, the total number of scans observed after closing to 4 range R from an approaching hazard is

RR
N(R)=INT |—o— |+ 1 R,s R s R, (18)
-]
Where:

INT = integer operator.

Rt = range at which SNR > SNR; (m}.

v = aircraft ground speed (m/s).

T, = scan interval (s).

Ry = minimum radar range (m).
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Equations (14), (15) and (16) permit the calculation of the cumulative probabilities of detection and false alarm for given valucs-g”%
of “must-not-alert” and “must alert” hazard, SNR threshold, weather reflectivity, and system parameters.

PROBABILITIES AVERAGED OVER THE POPULATION OF MICROBURSTS.

The previous equations have been developed based on an encounter with an idealized microburst with 2 given averaged hazard
factor (£) and reflectivity (Z). Hence, the probabilities are conditional probabilities based on a given F and Z.

Ta develop probabilities of detection and false alert per microburst encounter, use can be made of the empirical probability
functions given in [ref. 1] for microburst hazard intensity and reflectivity. From [ref. 4], the probability that a randomly
encountered microburst will have a hazard value F less than a value x is given by:

Pr(F < X) = 1-exp [(x.1231 an

Because of the lack of datz on averaged hazard factor, it is necessary to assume that the ahove probability funetion also applies

to the 1000 m. averaged E-factor (F)

The corresponding probability density funetion for F is:

N " {F/.123)%
£,0F) - 2 F exp [ (.E'/2 )41
(.123)

{18)

In [ref. 1], expressions are also developed for the probability density functions of outflow reflectivity at three locations. The
ourflow reflectivity data were obtained from Steve Campbell at M.I.T. Lincoln Laboraiory [ref, 5]. These density functions
are, for 20 < Z < 60,

a. Denver
d
£P(z)- — (19)
cosh<[d,(2-10)]
b. Kansas City
£E(2) =k, (60-2) 1% exp [_k2(50-3)2-5] ' : (20)
c. Orlanda
£°(2)-0,160-2) 1% exp [0,(60-2)%-* (21)
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"Where: |

cosh (x)-% [exp (x)+exp (-x) ]

d, - 3.4250 x 10
d, - 6.8515 x 107%
k, = 3.B655 x .10"
k, - 1.5462 x 10%
0, - 5.7028 x 10%

0. - 2.2911 x 10

and 20 « Z < 60. The assumption is made that eq. (19) to (21) characterize the microburst population and that the hazard
factor a.ud reflectivity are independent variables.

The detection probability averaged over a population of mierobursts is given by

z’”f"""""’ BD(R/F,, 2) £ (F) £, (2) dF dZ
FOLC=ET

<ED{R)>= e — — (22)
£ F dz
[ o falF) £ (2) dF,
The probability of a missed detection on a single scan is
<EM(R)>-1 - <BD({R)> (23)
Similarly, the averaged false alert probability is
sz:me‘” PF(R/F_, Z) £, F ) £, (2) dF dZ
<EF(R) > T - @9
f f T F ) £, (2)dF a2
ELO 4 FFLO

The averaged cumulative probabilities can be obtained using eq. (23) and {24) with the cumulative probabilities used i the
equations in place of the single scan probabilities.
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‘The integration Jimits ZLO, ZHI, FDLO, FDHI, FFLO, and FFHI define the population of microbursts to be used in the ""g
averaging process. For example, to determine the averaged probability of detection of F, > = .13 microbursts with reflectivity
greater than 0 dBz, the integration linirg are:

—

ZLO = 0. FDLO = 0.13
ZHl = 60. FDHI = 0.30

For the averaged probability of false detection of ¥, < = .085 microbursts with reflectivity greater than 0 dBz, the limirs are:

ZLo = 0. FFLO = 0.0
ZHI = 60. FFHI = 0.085

Tt should be noted that the conditional probabilides PD(R/E, Z) and PF(R/F,, Z) are calculated using a fixed F-factor detecrion
threshold (FT) of .105. . . .

CALCULATIONS
a) Discusgion

A FORTRAN program has been developed to make the calculations described above. The calculations have been
made for the NASA system both with and without the special techniques used to reduce false aleris due to chutter.
These techniques include the use of an area threshold (requiring hazard detection in mote than one pixel) and the
requirement for the deiection of a hazard on two consecutive scans of the radar prior to declaring an alert.

The NASA system also uses a power Jevel threshold such that no velocity or hazard messurements are tmade if the
received power is less than this threshold. The value of this threshold strongly effects calculations of cumulative
probabilities, since the threshold determines where the aceumulation of probabilities starts. The threshold also effects
the single-scan probability calculations, since the probability of a detection (or false detection) is zero ynless the power
(or SNR) is above the threshold. To provide maximum information on the plots calculated, the power threshold is
not used in single-sean probability calewlations, The threshold is used for the cumulative probability calenlarions and
the value selected is shown on the associated plot.

All hazard factor calculations are based on an airerafi groundspeed of 80 m/s and an altintde of 100 m.
B) Caleulation of SNE and Measurement Errors

Figure I provides a list of system parameters used in the calculations. The single-pulse SNR (eq. 1) of the svsiem
is plotted versus range in figure 2 for three values of rain reflecrivity,

Figure 3 plots the resulting standard deviation of velocity (eq. 2) versus range for a weather spectral width of 3 m/s.

Figure 4 plots the standard deviation of the averaged F-factor (egs. 3, 4 and 5). In this plor, it is assumed thar no
averaging over adjacent azimuth lines is used (i.e. n, = 1).

()] Probability Calculations
A sketch showing the technique for calculation of detection and false alert probability is piven in figure 5. The mean

averaged F-factor for detection of a hazard is selected as .130 (must alert value) and the mean averaged F for false
alert calculations is .085 (must-not alert value). The system hazard factor threshald iz .105.

b-10
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Based on the above values, the probability of a missed detection of a .130 microburst is plotted vs. radar range in
fipure 6 for three values of weather reflectivity. Figure 7 shows the probability of a false detection of a .085
microburst vs, range. Neither of these plots show the effect of an SNR threshold. The threshold would make the plot
of missed detection go to one and the plm of false detection po to zero at ranges where the signal level was below the
threshold value.

Figure 8 plots the detection and false alert probability vs. the single-pulse SNR level. At low SNR, both curves
approach an asymptatic value of .5 due to the nature of the caleulation (see figure 5).

Figure 9 plots the ratio of the detection probability to the false alert probability vs. single-polse SNR. Figure 10 is
a stmilar plot except that the post-processed SNR. (based on 128 pulses) is used as the ordinate. These curves permit
selection of an SNR. threshold that will provide a desirable single scan ratio of detection to false alert. A value of log
1 for this ratio (i.e. ] false alent per 10 true aleris) will be attained vsing an SNR threshold of approximarely -3dB
(single pulse SNR) or +7.5 dB (processed SNR). This value is used for the following cumulative probability
calculations.

Cumulative probability calculation using equarions 14 and 15 are shown in figeres 11 to 13 for -3, 0, and +35 dBZ
respectively. The detection probability rapidly goes to unity just after the SNR threshold is reached. The false alert
probabilities reach an asymptotic value as shown.

Averaged Probabilities for Denver, Orlando and Kansas City

Using eqs. 13 to 23, the probability functions are averaped over a selected population of microbursts at three locations,
These averaped probahilities may be interpreted as the probabilities of a missed or false alert on a randomly
encountered microburst with a reflectivity greater than O dBz at the given location. It is assumed that the microburst
F-factor and outflow reflectivity are independent parameters. The calculations are based on an SNR threshold of -3dB
(single-pulse) and a F-factor threshold of .105. The must aleri F-factor 15 .13 and the must-not afert F-factor is .085.
Thus, the integration limirs are the same as the example in section XII.

Figure 14 plots the probability density furcrions for reflectivity (egs. 19, 20 & 21) used m the caleulardon. Figure
15 is a plor of the hazard factor probability density.

Figures 16 to 18 show the averaged probabilities of a missed and false alert on a single radar scan for Denver,
Orlando, and Kansas City respectively for the selected population of microbursts.

Figures 19 to 21 are similar plots showing the averaped cumulative probabilities vs. radar range.
Probability Caleulations with the NASA Clutter Suppression Techniques Considered

The above calcuiation were made assuming no hazard area threshold or multiple scan derection was used. Caleularions
using these features have also been made and are ploted in fipures 22 to 32,

Figures 22 and 23 plot the probability of missed detection and false detection for the NASA system using hazard
detection on two tadarscans prior to declaring an alert and a hazard area threshold of 0.2 5q. km. The steps in the
plots are caused by the multiple scan detection requirement and the hazard area thresholding effect.

The associated cumulative probability plots using an SNR threshold of -3 dB (single pulse) are shown in figures 24
1o 26. Natice that at a given range the probability of a falze alert has been reduced considerably, and the probabilicy
of a missed detection has been reduced somewhat at the closer ranges.

Fipures 27 to 32 plot the averaged probabilities vs. range for Denver, Orlando and Kansas City using the clurer
suppression technique and the selected microburst population (Z = 0 dBz).
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SUMMARY & CONCLUSIONS - : : - : «E

The equations and calculations discussed above provide a useful exercise in determining the expected radar system performance
as limited by receiver noise. They also can provide a gutide o fhreshold settings and the effect of these t.hresholds on detection
performance.

The threshold settings used in the calewlations have not been optimized, and further caleulations will be made to adjust the
thresholds to provide an optimized tradeoff between detection and false alert performance,

The noise-limited performance of the system averaged over the selected microburst populations (Z = 0 dBz) at Denver, Kansas
City and Orlando indicates that a missed alarm probability of 10 per encounter will be achieved at ranges less than 2.5 km.
If the total microburst population is included in the calculation, however, (-20 = Z < 60 dBz), the detection performance
degrades mgmﬁca.m.[y. pamcula.rly at Denver where a significant percentage of microbursts have reflectivities legs than ¢ dBz.
It sheuld I:u: emphasized again that the calculations de not conslder the effects of ground clutter or of bias on velociry
measurements 2t low SMR, values. For realistic pradiction of system detection performance, theSe factors shonld be taken into
account.
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TRANSMITTED POWER (WATTS) 200.
FREQUENCY (GHY) 9.3
PULSE WIDTH (MSECS) 1.0
PULSE REP. RATE 3755.
SYSTEM NOISE FIGURE (DE) . 4.0
SYSTEM LOSSES (DB} 1.0
ANTENNA BEAMWIDTH - AZ (DEG) 3.5
ANTENNA BEAMWIDTH - EL (DEG) 3.3
ANTENNA GAIN (DB) 40
NO. OF F-FACTORS AYERAGED : 7.0
NO. OF MEAS. IN LEAST- SQUARES EST. _ 5.0
NO. OF AZ LINES AVERAGED 1.0
NO. OF PULSES PROCESSED . 128,
ATRSPEED/GROUNDSPEED (M/S) 80.
RAIN REFLECTIVITY (DBZ) 0.
RAIN SPECTRAL WIDTH (M/5) 3.
HEIGHT OF MEASUREMENT (M) . 100.
SUM OF SQUARED WTS - AVR F-FACTOR EST. 52.
F-FACTOR THRESHOILD 103
MUST ALERT F-FACTOR 13
STARTING RANGE (M) 12000.
ANTENNA SCAN INTERVAL (85) 4.2
MUST-NOT ALERT F-FACTOR 085
SNR THRESHOLD FOR DETECTION (DB) -3.
HA ALERT AREA THRESHOLD (SQKM) 2
AZ PIXEL ANGULAR SPACING (DEG) 2.
CITY (1=DENVER, 2=KC, 3=0RLAND(O) 1.
NO. OF SCANS FOR DETECTION 2.
DO AVERAGED PROB CALC (1.=YES) 0.
Figure 1 - List of System Paramerers Used in the FORTRAN Program for Calculation of Detection and False Alert

Probabilities.
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RADAR SNR VS RANGE

Single Pulse
20 ‘
15 \'\ =
‘%’ . --l- ‘\\\ 0 dBz
% 5 \ -t\ .\\““"- s
o \ l‘-. s, "..a“.- 5 dBZ
» 0 \\\‘h". T
n:- E \ nlh--I., ey - --.-"..-..-
2 ° ‘rh"““l.l.m -F--IHII‘-~-tI--I
E —1 G \“_\‘.- "‘.ll‘.""l.“r = —
m *'llllllillllll-l\ Pikay,
-1 5 -y Rt
— -""-q..__--'_"-n—._‘_‘
=20
| | 4 : 8 10 12
Range (meters)

Figure 2 -

Radar Single Pulse Signal-to-Noise Ratio wversus Radar Range
for Three Values of Rain Reflectivity.
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STANDARD DEVIATION OF VELOCITY
FFT Processing, 128 Samples, SW = 8 m/s
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Figure 3 - BStandard Deviation of a Velogity Measurement Based on FFT
Processing of 128 Pulses. The weather spectral width is

aszsumed to be 3 meters per second.
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FFT Processing, 128 Samples, SW = 3 m/s

STANDARD DEVIATION OF AVR. F-FACTOR
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Figure 4 - Standard Peviatien of 1000 meter Averaged F-Factor Using FFT

Processing of 128 Samples.
lines is used.
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PROBABILITY FUNCTIONS
Detection and False Alert Probability
30 ; ; :
o i [THRESHOLD
z . o5 | a3 _
£ 20 : /\ 5 :
a )\ | |DETECTION
ERE EALSE ALERT. L.\ _ I PROBABILITY
S 10 : . .
£ MISSED/LERT |
sl N N\ R R
oA =
0 0.05 0.1 0.15 0.2 0.25
F-Factor
Figure § - Sketch Indicating the Technigque for Calculation of Detection

and False Alert Frobakility. The must alert F-Factor is
aszsumed to he .13 and the must-not alert F-Factor is .0B5.
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PROBABILITY OF MISSED DETECTION
F-Factor = .13, Threshold = .10%
-4
=] :
o .3 - "
< P ]
[ [
5 B 5 ; ; ;
] 2 4 G 8 10 12
- Range (meters)
(Thousands)
Figure 6 - The Probability of a Missed Detection of a .13 Averaged Hazard
Plotted Versus Range For A Single Range/Azimuth Bin.
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PROBABILITY OF FALSE DETECT[ON

F-Factor = .085, Threshold = .105
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Figure 7 -

The Probability of a Falge Detection of a .085 Averaged Hazard

Plotted wversus Range For A Single Range/Azimuth Bin.
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DETECTION & FALSE ALERT PROB VS SNR

Hazard Threshold = .105
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Figure 8 =

Detection and False Alert Probability Plotted Versus the
Single-Pulse Signal-to-Noise Ratio.
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F-Factors=.085 and .13, Thres. = .105

PROB. RATIO - DETECTION/FALSE ALERT
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Figure 9 -
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PROB. RATIO - DETECTION/FALSE ALERT

F-Factors=.085 and .13, Thres. = 105
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Post-Processed Signalto-Noise Ratio
Figure 10 - Ratio Plot Similar 1o Figure 9 Except that the Postprocessed Signal-to-Noise Ratio is Used as the Ordinate. A

signal-to-noise ratio threshold of approximately 7.5 dB must be used to maintain the ratio of ane false alert per 10 oue

alerts.
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CUMULATIVE DETECTION PROBABILITY
-5 dBz Reflectivity, -3 dB SNR Thres,
0 _
- Missed .13 Alert
—- -3 : I;;;s-a ,085 Alert
S 4 :
- I
L .
g
10
2 4 6 8 " 10 12
Range {meters)
{Thousands)

Figure 11 - Cumulative Probability of Missed and False Detection for -5
dBRz Weather Reflectivity and an SNR Threshold of -3dB.
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CUMULATIVE DETECTION PROBABILITY
- 0 dBz Reflectivity, -3 dB SNR Thres.

I O I Litanne Missed .13 Alert

False .085 Alert

Probabllity (Jog)
in

o]
P e T AR L E R L LELE LR

-7
-8
10
0 2 4 6 8 10 12
Range (meaters)
{Thousands)

Figure 12 - Cumulative Probability of Missed and False Detection for -0
dBz Weather Reflectivity and an SNR Threshold of -3 dB.
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CUMULATIVE DETEGTION PROBABILITY
+5 dBz Reflectivity, -3 dB SNR Thres.

Missed .13 Alert

False .085 Alert

Probabillity {log)
1]

-
T L L R Lapr o e

2 4 5 8 10 12
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. Figure 13 - Cumulative Probability of Missed and False Detection for +5
dBz Weather Reflectivity and an SNR Threshold of -3 dB.
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PROBABILITY DENSITY FUNGCTIONS

Reflectivity @ Denver, Orlando, & KC
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PROBABILITY DENSITY FUNCTION

Hazard Index (F-factor)

Probabllity Density

Hazard Index

Figure 15 - Plot of the Probability Density Function of Hazard Factor
(from Reference 4). It iz assumed that this density functien
applies to the 1000 meter averaged F-Factor.
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MISSED AND FALSE ALERT PROBABILITY
Averages, Denver, -3 ¢<B SNR Threshold
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Figqure 16 - Averaged Probabilities of a Missed and False Alert on a Single
Scan at Denver for Microbursts Exceeding 0 dBz Reflectivity.
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MISSED AND FALSE ALERT PROBABILITY
Averages, KC, -3 dB SNR Threshold
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Figure 17 - Averaged Prcbhabilities of a Missed and False Alert on a Single
Scan at Kansas ity for Microbursts Exceeding 0 4Bz
Refleqkivity.
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MISSED AND FALSE ALERT PROBABILITY
Averages, Orlando, -3 dB SNR Threshold

]
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i False Alert

Averaged Probabliittes {log)
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Figure 18 - Averaged Probabilities of a Missed and False Alert on a Single
Scan at Orlando for Microbursts Exceeding 0 4Bz Reflectivity.
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AVERAGED CUMUIATIVE PROBABILITIES
Denver, -3 dB SNR Threshold

] Missed Alert

’JJ_ False Alert

Averaged Cumulative Probability {log)
v

4
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-6 : : : i
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Figure 19 - Averaged Cumulative Probabilities of a Missed and False Alert
- at Denver Using an SNR Threshold {Single-Pulse) of -3 4B for
Microbursts Exceeding 0 dBz Reflectivity.
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AVERAGED CUMULATIVE PROBABILITIES
Kansas City, -3 dB SNR Threshold
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Figure 20 - Averaged Cumulative Probabilities of a Missed and False Alert
at Kansas City Using an SNR Threshold (Single-Pulse) of -3 4B
for Microbursts Exceeding 0 dBz. Reflectivity.
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AVERAGED CUMULATIVE PROBABILITIES
Orlando, -3 dB SNR Threshold -
@ 0 . . . —
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Figure 21 - Averaged Cumulative Probabilities of a Missed and Falge Alert
at Orlando Using an SNR Thresheold (Single-Pulse) of -3 48 for
Microbursts Exceseding 0 dBz Reflectivity.
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PROBABILITY OF MISSED DETECTION

F-Factor = .13, Threshold = .105
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Figurs 22 -

Probability of a Missed Detecticn of a

.13 Hazard for the

NASA System Using a Hazard Area Thresheld of .2 =sq. km. and
Requiring Two Consecutive Scans Prior to Declaring an Alert.
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PROBABILITY OF FALSE DETECTION
F-Factor = 085, Threshold = ,(105
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Figure 23 - Probability of a False Datection of a .085 Hazard for the NASAH
System Using a Hazard Area Thresheold of .2 sg. km. and
Requiring Two Consecutbive Scans Prior to Declaring an Alert.
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CUMULATIVE DETECTION PROBABILITY
-5 dBz Reflectivily, -3 dB SNR Thres.
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Figqure 24 - Cumilative Probability of & Missed and False betection for the
MASA System with an SNR Threshold of -3 dB and a Weather

Reflectivity of -5 dB=.
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CUMULATIVE DETECTION PROBABILITY
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Figure 25 - Cumulative Probability of a Misszed and Falge Detection for the
NAR5A System with an SNR Threshold of -3 4B and a Weather
Reflectivity of 0 4Bz,
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CUMULATIVE DETECTION PROBABILITY
+5 dBz Reflectivity, -3 dB SNR Thres.
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Figure 2& - Cumulative Probability of a Missed and False Detection for the
’ NASA System with an SNR Threshold of -3 dB and a Weather
Reflaectivity of +5 dBz.
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MISSED AND FALSE ALERT PROBABILITY
Averages, Denver, -3 dB SNR Threshold
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Figure 27 - Averaped Probability of Missed and False Detection at Denver for the NASA System with Hazard Area Threshold
and Mulriple Scan Detection for Microbursts Exceeding 0 dBz Reflectivity. The plor of false alert probability is less
than 10 (off scale).
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MISSED AND FALSE ALERT PROBABILITY
Averages, KC, -3 dB SNR Threshold
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Figure 28 - Averaged Probability of Missed and False Detection at Kansas City for the NASA System with Hazard Area

Threshold and Multiple Scan Detection for Microbursts Exceeding 0 dBz Reflectivity. The plot of false alert
probability is less than 10 (off scale).
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Figure 29 -  Averaged Probability of Missed and False Detection at Orlando for the NASA System with Hazard Area Threshold

- and Multiple Scan Detection for Microbursts Exceeding O dBz Reflectivity. The plot of false alert probability is less

than 10 (off scale).
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Figure 30 - Averaged Cumnularive Prabability of Missed and False Detection at Denver for the NASA Systemn wirth Hazard Area
Threshold and Multiple Secan Detection for Microbursts Exceeding O dBz Refleciivity. The plot of false alert
probability is less than 10 (off scale).
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Figure 31 - ..Averaged Cumulative Probability of Missed and False Detecrion at Kansas City for the NASA System with Hazard

" Area Threshold and Multiple Scan Detection for Microbursts Exceeding 0 dBz Refleciivity. The plot of false alert
probability is less than 10* (off scale).
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Figure 32 - Averaged Cumulative Probability of Missed and False Detection at Orlando for the NASA System with Hazard Area

Threshold and Multiple Scan Detection for Microbursts Exceeding O dBz Reflectivity. The plot of false alent
probability is less than 10 (off scale).
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Assumptions used for path definition: “?
1. Glide slope angle = 3 degrees (gamma = -0.0524).
p Runway lengik = 3 km (9840 feel).
3. Glide path intercept point = 300 meters down runway.
4. Middle marker is 900 meters from nunway fhreshold.
5. The above conditions produce a glide parh height of 63 meters at the middle marker.
6. " Go around maneuvers are begun at an altitide of 30 meters, at a position 300 meters from runway threshold.
1. Takeoff ground roll length = 2 km.
8. Flight path angle after takeoff or go around = 0.10 (5.73 deprees).
9. Rading of tum, 25 depree bank, at 200 knots (103 m/s} = 2.32 km.
1. Aligned for takeoff, near miergburst: The icon leading edge Is near the liftoff point (2 kan from brake release).
2. Alipned for takeoff, far microburst and Takeoff, gear up height: The icon leadiug edge is abour 5.5 km (3 nm) from
brake release.
3. ILS approach: The icon leading edge is near the middle marker.
4, Curved approach at 200 knots: The icon leading edge is near the localizer intercept point.
5. Worse-case drift approach: The icon leading edpe is near the runway threshold.
6. Go-around maneuver: The icon leading edge is about 3.3 km (1.8 nm) from initiation of missed approach.

Faths are specified by direction of takeoff or approach, X or Y coordinate of flipht path, and runway threshold coordipates,

Coordinares are specified with respect 1o the microburst data ser. Positive X is true east, positive Y is true nenh, positive
Z 15 altitude above ground. All coordinates are expressed in metric units.

Microbursts are staric during each simulation nin. Drift angle runs are accomplished by biasing the orientation of the seasor,
not through the presence of any ambient crosswind.
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Paths:

Scenario:

Fevision 10.2
Jaouary 1995

jeroburst, Time = i ] mlat

Aligned for takeoff, Far microburst, and Takeoff, gear up height.

Takeoff toward east alomg Y = 0 axis.

Brake release at X,Y = =6.8.0 km.
Liftoff at X,Y = -4.8,0 km.
Peak FBAR along path: _ about 0.2.
Peak reflectivity along path: about 57 dBZ.

Note: The takeoff roll oceurs outside the domain of the data set, with the sensor looking into the data ses.

ILS approach.

Approach toward east slong Y = 0 axis.

Place runway threshold at X, Y = 0,0.

Peak FEAR along path: . about 0.14.
Peak reflectivity along parh: about 55 dBZ_

Notz:  Due to the proximity of the microburst to the edge of the data set domain, the approach may begin -
outside the boundary of the dara set.
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Scenario:

Scenario:

Scenario:

il

Pevition 10,2

Janoary 1995
vent 143, Time = i ....}
ILS approach.
Approach toward south along X = -1.8 km line.
Place the runway threshold at 3,Y = -1.8, -1.9.
Peak FBAR on path: abaout 0.14.
Peak reflectivity on path: 2bout 50 dBZ.

This path produces about 4 km of intervening rain on the path prior to encountering the shear hazard, the
reflectivity of the intervening rain varies from 25 to 50 dBEZ.

Go-around maneuver.

Approach toward west along Y = -1.4 km line.

Place runway threshold at XY = 22,14,
Go-around point is X,Y = 2.5, -1.4.
Peak FEAR along path: about 0,19,

This path places the runway touchdown zone in clear air, with the microburst and 50 dBZ precipitation at the far
end of the runway.
ILS approach through below alert threshold shear,

Approach woward east along Y = 1.1 ¥ line.
Place ninway threshold at X, Y = -1.8, 1.1.

The path passes through an FBAR of about 0.06 with 0.08 FBAR about 500 meters to right of path, and 0.17
FBAR about 2.5 kun right of runway touchdown zone. The peak reflectivity on the path is about 50 dBZ.
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Data Set 3, Denver 7/11/88 event, Time = 49 and 51 min.
Scenario: Aligned for takeoff, near microburst.

Scenario;

Scenario:

Use time = 51 min. data set.
Takeoff toward porth along X = 16.2 Jan )ine.
Brake release at X,Y = 16.2, -7.6.
Lifioff at X,¥ = 16.2, -5.6.

Peak FBAR along path: about 0.17.
Peak reflectivity along path: about 24 dBZ.

Aligned for takeoff, far microburst and Takeoff, gear-up height.

Use time = 51 min. data set.
Takeoff toward east aZlong Y = -5.0 kom line.
Brake releasc at X, Y = 8.5, -5.0.
Liftoff at X,¥ = 10.5, -5.0.

The takeoff will be in a very weak shear with 20 to 35 dBZ precipitation, followed by about 1 km of clear air
befare encountering a (.19 FBAR shear in 25 dBZ precipitation.

LS approach, ¢ paths, 45 degree azimuth changes.

Use time = 51 min. data set.
Place runway threshold at X,Y = ~ 12.2, -3.0,

At this point, FBAR is about 0.17 in the north-south direction and 0.18 in the east-west direction, with 40 dBZ
precipitation. Orient the munway on true headings of 360, 043, 090, 135, 270, and 315 to achieve 6 irajectories.

Characteristics of each path:

Track 360: This path provides a mostly ¢lear view of the threar, with rain on each side of the path.
Peak FBAR = 0.13.

Track 045: The approach path is between two small rain cells (about 30 to 35 dBZ) about 3 km short of
the runway. Peak FBEAR = (.18 along path.

Track 090: The path passes through an intervening cell for the last 4 km of the approach to the primary
threat. This intervening cell contains reflectivity of about 20 to 30 dBZ and shear of about 0.08 FBAR
along path. The primary shear produces an FBAR of about 0.17. This scenario will test both the ability
to detect through intervening rain and the ability to reject weak shears.

Track 135: The path passes along the edge of an adjacent precipitation cell beforc reaching the primary
threat. A strong shear exists at the far end of the runway. Peak FBAR along path is about 0.13.

Track 270: About 3 km from the runway the path touches the edge of a strong shear to the south of the
path, which produces a very weak shear and about 5 to 10 dBZ reflectivity on the path, with stronger
shear and reflectivity to the left of the path. The primary shear produces an FBAR of about 0.17.

Track 315: The path penetrates a strong shear (FBAR about 0.2) 3 to 4 km short of the mnway. The
initial shear contains 25 dBZ precipitation. The primary shear has a peak FBAR of about (.13 and
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Seenario:

Scenario:

Secenario:
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reﬂa:c_tivity of about 40 dBZ alonp the path. A windshear sensor should detect hoth threars.

Curved approach at 200 knots.

Use time = 51 min. data set.
Localizer course 15 toward easton Y = -3.1 km line.
Place center of arm at X,Y = 11.5, -5.42.

Fly north on X = 9,18 km line 1o X, Y = 9.18, -5.42; then tum right to intercept localizer at X, Y = 11.5, 3.1,
The path encounters precipitation about 1 km prior to beginning the nurn and completes the turn in moderate 1o

heavy precipitation. The turn carries the sensor through a shear region of FBAR near 0,12, which approximates
the "must-zlert™ level, prior to the primary threat. The primary threat has an FBAR of ahout 0.15.

ILS approach, microburst strength helow alert threshold.

Use time = 49 min. dara set.
Approach toward ease along Y = ~4.5 ¥m line.
Place runway threshold at XY = 8.6, -4.5 km.
Peak FBAR along parth: about 0.08,
Peak reflectivity along path: about 25 dBZ.

ILS approach, developing microburst with sirength approximating "must-alert".

Use time = 49 min. data set.
Approach toward north along X = 5.5 km line.

Place rnway threshold at XY = g.5, 1.9 lon.

Peak FBAR along path: " abour 0.13.

Peak reflectivity along path: about 37 dBZ.

The path encounters light precipitation about 2 km from the event, with moderate to heavy precipitation geeurring
about 1 km 1o the right of the maximum shear.

Note:  Other interesting above and below alert thresheld encounters can be constructed from the 7/11/88 daa
sets, including a 0.11 w 0.12 FBAR encounter near X,Y = 15.5, -5.0 kon in the time = 4% minnte data
set {whijch ideally would be detected even thongh below the 0.13 "must alert” level).
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ata 4:

Scenario:

Scenario:

Scenario:

Aligned for takeoff, near microburst.

Takeoff toward east along Y =
Brake release at X, ¥ =
Liftoff point at X,Y =

Peak FEAR along path:
Peak reflectivity along path:

Revision [0.2
January [995

0 axis.
-2.7, 0 km.
0.7, 0 km.

about 0.23.
about 27 dBZ.

This microburst presents a very small rain shaft. The diameter of the 5§ dBZ precipitation contour is slightly less

than 1 km at 50 meters altitude.

ILS approach.

Approach toward east along Y =
Place runway threshold at XY =

Peak FBAR along path:
Peak reflectiviry along path:
‘Worse-case drift ILS at 120 knots,

Approach woward east along Y =
Place runway fhreshold at X,Y =

Feak FEAR along path:
Peak reflectivity along path:

E-6

0 axis.
0.2, 0 Jan.

about 0.24.
about 27 dBZ.

0 axis.
0.7, 0 km.

about 0.19.
about 27 dBZ.
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Scenario:

Scenario:

Scenario:

Scenario;

Scenario:

Alipned for takeoff, far micraburst.

Use time =
Takeoff toward west along Y =
Brake release at X, Y =

Peak FBAR along path:
Peak reflectivity along path:
Diameter of 5 dBZ contour:

Revision 10.2
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40 min. daea set.
10.6 lan line.
10.1, 10.6 km.

about'0.18.
about 22 dBZ.
about 1.6 km.

About 1 ki to each side of the primary shear is a shear of about 0.12 to 0.15 FBAR, in reflectivity regions of less

than O dBZ.

ILS approach.

Use time =
Approach toward north along X =
Flace ronway threshold at X, Y =

Peak FBAR along path:

Peak reflectivity along path:
Worse-case drift TS at 120 knots.
Use time =

Approach toward porth along X =
Place rinway threshold at X, ¥ =

Pealkc FEAR along path:
Peak reflectivity along parh:

40 min. data set.
3.3 km line.
3.8, 10.9 km,

about 016,
about 17 dBZ.

40 min. data sct.
3.8 km line.
3.8, 10.0 km.

abour 0,12.
shout 17 dBZ.

The peak along-path FBAR value occurs after landing, with little or no vertical F-factor component. A sensor
scanning the shear during approach would likely see the higher FEAR values above the rumway.

Go-around maneuver.

Use time =

Approach toward porth along X =
Place runway threshold at X,Y =
Go-arpund point is at X,Y =

Peak FBAR, along path:
Peak reflectivity along path:
Curved approach at 200 knots.

Use time =
Localizer course is toward weston'Y =

40 min. data set.
3.8 km line.
3.8, 6.8 km.
3.8, 6.5 km.

about 0.17.
about 22 dBZ,

40 min. data sct.
10.6 km line.
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Scenario:

Fevision 10.2

Janwary 1995

Flace center of mun at X, Y = 4.4, 8.28 for a left tun or at XY = 4.4, 12.92 for a right turn.

Fly north or south on X = 6.72 km line until abcam turn center point; then turn to intercept localizer at XY =
4.4, 10,6 km. -

Peak FBAR along path: aboot 0.16.
Peak reflectivity along path: about 20 dBZ.

ILS approach, Second Microburst Pulse, Extremely Dry.

Use time = 45 mnin. data set.
Approach toward north along X = 4.67 km line,
Place runway threshold at X, Y = 4.67, 12.2 km.
Peak FEAR along path: about 0.15.
Peak reflectivity along path: about 7 dBZ.

The contour of 0 dBZ reflectivity is less than 1 km in diameter. The given runway placement will provide a core
penetration altitude of about 100 meters.
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Scenario:

Scepario:
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metri icr t, Ti = 14 i '»3

Curved approach at 200 knots.
Localizer course is toward south on X = 14.33 km line.
Place center of turn at X,Y = 12.01, 1.08 for a right turn toward the south.

Fly east on Y = 3.4 kim line until abeam turn center point; then rn to intercept lecalizer at XY =14.33,1.08
Km. -

Peak FBAR along path: about 0.11 with higher values (0.15) 200 meters left of localizer.
Peak reflectivity along path: about 50 dBZ.

The localizer is offset slightly from the microburst core to bring the core into 25 degree minimum field of view
early in the mrn. :

ILS approach, 7 paths, one each 45 degrees of azimuth.

The runway will be placed such that the approximate core of the microburst (XY = 14.2, 0.5) is penetrated at an
alimde of about 60 to 300 meters. The core position varies with altitude, which is taken into consideration in the
path definitions. The lower encounter altitudes are used for the east/west paths, where the core will be placed
near the middle marker location. This location is used since the east/west FBAR values are very close to likely
system alert thresholds at 300 meters (about 0.11), but at lower altitdes are in the range where alerts should be
given (over 0.12). Higher altimde encounters are used for other directions of flight, to stress the sensor vertcal
wind estimation and, in some cases, to achieve FBAR values close to the "must-aleri” value. Ina few cases the
peak FBAR along path is about 0.12. This Jevel presents a reasonable test, since the must-alert F-factor value of
0.13 represents a worse-case for difficult-to-detect events. Forward-look systems should alert at levels starting at
about 0.11 to prevent exposing the aircraft 1o threats that would activate a Teactive detection system or that would
canse a pilot, using the FAA Windshear Training, to execute a missed approach. At the core location the peak
one-kilometer F-factor varies with direction of flight and altirude approximately as:

Nonh/South ast/West

50 meters AGL 0.167 0.126
150 meters AGL 0.163 0.123
00 meters AGL 0.156 0.115

The runway will be oriented on true headings of 360, 045, 090, 180, 225, 270, and 315 degrees to achieve 7
trajectories. The 135 degree path is not used, as the peak FBAR in this direction is only 0.10. The reflectivity at
the microburst core is about 50 dBZ. Tn the microburst simulation, the storm driff 5 towards the east at abour 35
knots. A static wind field is assumed for these trajectories. In a few of these paths the runway may be outside
the domain of the wind field dara set. The testing in these cases will end after the sensor has compleied transit of
the microburst.

Definition of each path:

Track 360:
Localizer on X = 14.6 km line.
Runway threshold at X,Y = 14.6, 4.9 km.
Peak FBAR = 0.15.
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The sensor has a clear view of the windshear during approach.

Track 045: ' ' :
Localizer on Y = (¥-13.9) km line.
PFunway threshold at X,Y = 17.2, 3.3 km.
Peak FBAR = 0.17.

Track 090:
Localizer on Y = 0.5 km line.
Runway threshold at X,Y = 15.1, 0.5 km.
Peak FBAR on path: about 0.10 with 0.12 near path.

The path encounters an area of intervening rain about 2.5 km priar to peak shear.

Track 180:
Localizer on X = 14.5 ko line.
Runway threshold at X,Y = 14.5, -3.5 km.
Peak FBAR = 0.15.

The path encounters about 2 lan of intervening rain prior to the peak shear.

Track 223:
Localizer on Y = (X-13.9) km line.
Runway threshold at X,Y = 11.6, -2.3 km.
Peak FRAR = 0.15.

The sensor has 2 clear view of the windshear during approach.
Track 270:
Localizer on Y = 0.5 km line.

Runway threshold at X, Y = 13.3, 0.5 km.
Peak FBAR along path: about 0,12 to 0.13.

The sensor has a clear view of the windshear during approach.
Track 315:

Locatizer on Y = -(X-14.67) kmn line. .

Runway threshold at X, ¥ = 12.87, 1.80 km.

Peak FBAR. along path: about 0.13.

The sensor has a clear view of the windshear during approach.
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Scenario:

Scenario:

ust Front, Tima = 27 min

Aligned for takeoff, gust front near departure end of runway.

Takeoff taward west along Y = . LOkmline. -
Brake release at X,Y = 25.5, 1.0 km.
Liftoff at X,Y = 23.5, 1.0 km.

Peak FBAR, along path: about 0,12 at approximately X= 22.3 km.

Reflectivity along path in region of shear: about 20 dBZ.

TLS approach.

Approach toward west along Y = 1.0 km line.

Place Tunway threshold at XY = 21.5, 1.0 km.
Peak FBAR along path; abaut 0.13.
Peak reflectivity along path: about 20 dBZ.
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