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Foreword

A dramatic improvement in the flight safety of transport aircraft worldwide has
become possible through the development of sensor systems that detect hazardous wind
changes miles ahead of an aircraft. This development--the result of a unique cooperation
among NASA, the FAA, industry, and academia--involved fundamental breakthroughs in
the understanding and measurement of commercial aviation’s most lethal weather threat:
microburst windshear.

One purpose of the meeting reported in these Proceedings was to spread the word:
we were challenged with a need, joined forces to meet that need, and were enormously
successful. U. S. avionics manufacturers small and large have capitalized on the results of
our research and consulting guidance, and now have mounted independent sensor devel-
opment efforts in the best entrepreneurial tradition. The technology applications include
Doppler radar, lidar (laser radar), and infrared systems, each of which required ground-
breaking advances in state-of-the-art design and signal processing. Many systems are now
in the final stages of FAA production certification and commercial sales.

The meeting had another purpose: to open the next chapter in interagency and
industry cooperation--this time for the development and application of sensors for wake
vortices and for synthetic and enhanced vision systems. This too is reported in these Pro-
ceedings.

The windshear research reported here is the result of NASA and the FAA in 1986
setting a timetable for developing and demonstrating a solution to a problem then respon-
sible for more than half the U. S. commercial aviation fatalities of the preceding decade.
The success of this research, with flight tests completed two years ahead of schedule,
ensures that, in the very near future, all airline passengers will travel with the threat of avi-
ation’s worst weather hazard effectively removed.
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The Fifth (and Final)
Combined Manufacturers' and Technologists’
Airborne Wind Shear Review Meeting

OBJECTIVES

The Fifth (and Final) Combined Manufacturers' and Technologists’ Airbome Wind Shear
Review Meeting, co-sponsored by the National Aeronautics and Space Administration
(NASA) and the Federal Aviation Administration (FAA), provided a forum for the transfer
of information from the NASA/FAA Airborne Wind Shear Sensors Program to industry.
Furthermore, the meeting provided an opportunity for all participants to pose and discuss
developments and problems of current interest. This was the final such meeting, marking
the conclusion of the NASA/FAA Airborne Wind Shear Sensors Program.

Tremendous advances in product development and certification methodologies had
occurred since the previous meeting; the final meeting covered these and other efforts
throughout the breadth of windshear technology. Future sensor technology applications, in
addition to wind shear detection, were also discussed.

ORGANIZATION

General Co-Chairpersons
Dr. Roland L. Bowles Mr. Robert H. Passman
NASA Langley Research Center Federal Aviation Administration

Technical Program Chairperson
Dr. Victor E. Delnore
Lockheed Engineering and Sciences Company

Conference Manager
Ms. Doris B. Stroup
The Bionetics Corporation

Audio Tape Transcriber
Ms. Nancy Hale
Kelly Services
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Compiler’s Notes

This publication is the Conference Proceedings from the Fifth (and Final) Combined Manufac-
turers’ and Technologists’ Airborne Windshear Review Meeting. Long-limers will recall that there had
been five earlier meetings, held in 1984, ‘87, ‘88, ‘90, and '92. Because the ‘92 had for some reason
been called the Fourth, the next one (the onc reported here) is called the Fifth. Over all six meetings, the
numbers of papers given were 21, 12,42, 39, 38, and 37, respectivcly. These meetings were attended by,
again in order, 58, 45, 126, 186, 143, and 132 rescarchers, regulators, technologists, manufacturers, and
aircraft operators from around the world.

This meeting is called the Final one, because it serves as a wrap-up of completed research and
a transfer of the technology to the marketplace. Over the years, the tone of the meetings has shified from
tentative questioning of how we might go about measuring windshear from an airplane operaling close
to an airfield, through commitments of cooperation among workers from the wide range of disciplines,
to, finally, here’s what we’ve accomplished and now let’s see what certification issucs remain. Also, the
closing day of this Final meeting anticipated the development and applications of sensors for wake vor-
tices and for synthetic and enhanced vision systems.

Layout of these Proceedings

The printed material for each formal presentation consists here of a uniform title-and-author
sheet, followed by copies furnished by the presenter of his or her transparencies. No attempt was made
by the compiler to edit the material provided, other than to obtain black-and-white halftones of any
color prints furnished. For several presentations the title on the fumished material differed from that
given in the agenda; in these cases an explanatory note is given on the title-and-author sheet.

Following the materials from the formal presentations are the transcriptions from the audio
recordings of the discussions which followed each moming or afternoon of presentations.

Acknowledgments
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also of NASA, provided much valuable advice based on his experience as compiler for two of the previ-
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Session I1:
WINDSHEAR FLIGHT TEST OVERVIEW,

Chair: R. Bowles, NASA Langley Research Center.

Flight Test of AWAS IIL B. McKissick, NASA Langley Research Center

Research Center



Flight Test of AWAS III.

B. McKissick,
NASA Langley Research Center
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Flight Test of AWAS III

Outline

L. Introduction
Il. 9 Strong Events

A.Scatter Plots Analysis

B.Look Distances

C.Cross Correlation Analysis
III. 21 Events

A. Scatter Plot Analysis

B. Contingency Tables

C. Look Distances
IV.Conclusions



' NASA'S EFFORT WITH TPS IN
SYSTEM DEVELOPMENT

Phase | SBIR (1987) determined that a passive infrared
system is feasible for windshear detection

Phase Il SBIR (1989-1991)
> Flight test of AWAS | on NASA 515 in 1989-1990
> Development of AWAS I

Flight test of AWAS Il on NASA 515 at Orlando and
Denver in 1991 resulted in numerous changes to AWAS Iii

Flight test of improved AWAS Ill on NASA 515 at Orlando
and Denver in 1992



II'S IMPROVEMENTS

TPS redesigned periscope
> pressurized periscope
> periscope and reflector installation similar to others
> heated reflector

New method of compensating for lapse rate effects

Filtered AWAS lll hazard indices
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AWAS III'S DATA RESTRICTIONS

AWAS lil's hazard indices are applicable for approach
speeds only.

In situ f-factor was transformed to an approximation of
in situ f-factor at 140 knots ground speed in order to
compare to AWAS lil's indices.

AWAS Il does not scan.

Only events where aircraft motions were "small” (stable
events) were analyzed.



m

STABLE FLIGHT CRITERIA

An event is defined as a "stable event" if during the time
interval 40 seconds prior to a peak in situ F-factor
measurement

> max. heading - min. heading < 15 degrees
> max. pitch - min pitch. < 10 degrees and

> altitude < 1400 feet AGL.
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MNEMONICS AND SYMBOLS

AWASFF- wind shear hazard index based on infrared
temperature measurements,

AWASFT- wind shear hazard index based on
temperature measured at the aircraft,

AWAS I[ll- Advanced Warning Airborne System version
i,

D2- infrared measurement of far field minus near field
temperature from detector 2,

FE3- total in situ f-factor,

FE4- transformation of FE3 for ground speed of 140
knots,
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DATA FOR #5533
FLIGHT 665 ON 8/17/92 AT ORLANDO
FOR A MICROBURST PENETRATION
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Advanced Detection Times for
Stable Events with FE4 > 0.07*

Event Number | Advanced detection | Advanced detection
time based on time based on
AWAS III's look correlation
distance** coefficients
438 17.064 seconds 53 seconds
454 21.044 seconds 11 seconds
464 17.714 seconds 8 seconds
465 16.202 seconds not computable
483 14.976 seconds not computable
484 12.956 seconds 55 seconds
490 15.948 seconds 28 seconds
553 10.226 seconds 28 seconds
555 8.883 seconds 37 seconds
Mean (Standard 15.001 (1.263) 31.428 (6.972)
Error)***

*The cross correlation coefficient (-0.440) for the two detection
times is not significantly (p=0.323) different than zero.
**Calculations of advanced detection times use a ground speed of
230 knots and mean look distances.
***The mean of column three is significantly larger (p=.0365 for a
paired t-test) than the mean of column two.
Note that the test excluded the data from events 465 and 483.
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Contingency Tables for Stable

1992 Events
FE4<0.105 | FE4>0.105| TOTAL ROW #
AWASFT<| 61.11% 5.56% 66.67% 12
0.105
AWASFT>| 16.67% 16.67% 33.33% 6
0.105
TOTAL 77.78% 22.22% 100.00%
COLUMN 14 4 18
#
FISHER EXACT TEST (TWO-TAIL)
P-VALUE=0.083
FE4<0.105 | FE4>0.105| TOTAL ROW #
AWASFF<| 76.19% 14.29% 90.48% 19
0.105
AWASFF> 4.76% 4.76% 9.52% 2
0.105
TOTAL 80.95% 19.05% 100.00%
COLUMN 17 4 21
#

FISHER EXACT TEST (TWO-TAIL)
P-VALUE=0.352
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LOOK DISTANCES FOR STABLE EVENTS

FOR 1992 DEPLOYMENTS

5.0
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Conclusions

Conclusions

The correlation analysis shows that AWASFF is
a predictive index base on temperature
measurements from 11 to 55 seconds before
peak in situ f-factor values.

The scatter plots indicate that AWAS llI's wind
shear hazard indices were not reliable
predictors of in situ f-factor in this experiment.

AWAS llI's indices look promising but the
transformation from temperature measurement
to a reliable windshear hazard index is not
complete.
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Flight Test Evaluation of a
Data Link and Aircraft Integration of

TDWR Wind- shear Information.

D. Hinton,
NASA Langley Research Center
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A Performance Evaluation of Airborne

Coherent Lidar Wind Shear Sensors,

P. Robinson,

Lockheed Engineering and Sciences Co.
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FAIRING

CLASS - 10 Installation
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Choose rainshaft
rain rate/reflectivity

Coherent Lidar SNR
Equation
SNR(R)

Y

Velocity Error
Gy(R)

'

F-factor Error

or(R)

:

F Error

or(R)

v

PDF of F,,, , p(Fy,)

Y

Pm(Fm; R), Pe(F m; R)

Y

Cumulative forms of

Pm(Fm; R), Pe(Fiy; R)

«—— P(F,)

-@¢—— P(Z), Orlando and Denver
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Signal-to-Noise Ratio Variation with Range
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Measurement Error Standard Deviation of F
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False Detection Probabilities of a 0.085 Hazard
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Missed Detection Probabilities of a 0.13 Hazard
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Cumulative Probabilities for Orlando and Denver

False Detection Probabilities
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Westinghouse MODAR
3000 Flight Test Results.

W. Patterson and M. Eide,
Westinghouse Electric Corp.
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NASA’s Airborne Doppler Radar

for Detection of Hazardous Windshear.

E. Bracalente,
NASA Langley Research Center
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DRY MICROBURST DETECTION

Radar Detected Dry Microburst, event 464, Denver CO, 25 sec. Before A/C
Penetration. Display of measured wind speed. White Dots Indicate A/C Track.

o

'8 velocity, m/s

Eventaeda [



DRY MICROBURST DETECTION

Radar Detected Dry Microburst, event 464, Denver CO, 25 sec. Before A/C
Penetration. Display of 1 km average F-factor, showing multiple alert areas.
White Dots Indicate A/C Track.

-30° . 30°
'8  F-Factor
0.15
0.105

-0.15

Date: 7/23/92 k&
Time: 1:42:03§
Alt.: 1014’
Tilt: 0°
Event 464

e
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DRY MICROBURST DETECTION

Radar Detected Dry Microburst, event 462, Denver CO, 15 sec. Before A/C
Penetration. Display of measured wind speed. White Dots indicate A/C Track.

Denver Rwy. 17L

-30¢ T ' ’ o 30"
: B S Velocity, m/s

l20

-20

Date: 7/23/92 E
Time: 1:26:07
Alt.: 923’
Tilt: -3°
Event 462
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DRY MICROBURST DETECTION

Radar Detected Dry Microburst, event 462, Denver CO, 15 sec. Before A/C
Penetration. Display of 1 km average F-factor, showing alert area.
White Dots indicate A/C Track.

Denver Rwy. 17L

OG

Date: 7/23/92 k
Time: 1:26:07 £
Alt.: 923
Tilt: -3° g
Event 462
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WET MICROBURST DETECTION

Radar Detected Wet Microburst, event 553, Orlando FL, 37 sec. Before A/C
Penetration. Display of measured wind speed. White Dots Indicate A/C Track.

00

30°¢
8
Velocity, m/s

'20

-30°,

Date: 8/17/93 &
Time: 22:28:28
Alt.: 1025’
Tilt: 0°
Event 553
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WET MICROBURST DETECTION

Radar Detected Wet Microburst, event 553, Orlando FL, 37 sec. Before A/C
Penetration. Display of 1 km average F-factor. White Dots Indicate A/C Track.

OC

F-Factor
0.15

¥ 0.0

-0.15

Date: 8/17/93 &
Time: 22:28:28
Alt.: 1025’
Tilt: 0°

Event 553

i
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Session 2:
WINDSHEAR MODELING, FLIGHT
MANAGEMENT, AND GROUND-
BASED SYSTEMS.

Chair: D. Vicroy,

NASA Langley Research Center.
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Session 2:
WINDSHEAR MODELING, FLIGHT MANAGEMENT, AND GROUND-BASED SYSTEMS.

Chair: D. Vicroy, NASA Langley Research Center.

Mi Avoi W ed for F -Look Sensor-Equi Airg D. Hinton and R.
Oseguera, NASA Langley Research Center

Pil imulator Evaluation of Forward-I.ook Windshear Crew . R. Oseguera and D. Hinton,
NASA Langley Research Center
Vertical Wind Estimation from Horizontal Wind Measurements. D. Vicroy, NASA Langley Research Center
C ristics of Pulsating Microburst at Denv leton Ai F. Proctor, NASA Langley
Research Center
F En nd-B Microburst ion. M. Matthews, S. Campbell, and T. Dasey,
Massachusetts Institute of Technology

ining F-Factor Using Ground-B. ) : Validation and Results. D. Elmore, D. Albo, and

R. Goodrich, National Center for Atmos-pheric Research

Evaluation of Iconic vs. F-Map Microburst Displays. M. Salzberger, R. Hansman, and C. Wanke, Massachu-

setts Institute of Technology
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Microburst Avoidance Crew Procedures for

Forward-Look Sensor-Equipped Aircraft.

D. Hinton and R. Oseguera,
NASA Langley Research Center
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Microburst Avoidance Crew Procedures for Forward-L.ook Sensor
Equipped Aircraft

David A. Hinton
Rosa M. Oseguera

Abstract

NASA and the FAA have conducted a joint program since 1986 to perform the hazard characterization,
sensor development, and flight management research required to eliminate the threat of low-altitude
windshear to transport aircraft. A series of NASA flight tests in 1991 and 1992 have demonstrated the
practicality of forward-look windshear alerting, and industry has initiated development and FAA
certification of windshear detection systems based on this technology. Commercially produced forward-
look windshear sensors may be available to the airlines by the end of 1993.

No industry consensus or training program currently exists to provide crews with procedures for the use
of forward-look sensor information 1o avoid windshear threats. Effective use of these sensors will require
standardized performance and display requirements, industry consensus on crew procedures, and pilot
training to provide confidence in the alerts and in the performance capabilities of the airplane in forward-
look alert situations. This presentation presents a summary of microburst, airplane, and sensor
characteristics relevant to the development of crew procedures as well as preliminary sensor performance
standards developed by industry working groups. A crew procedure and elements of a required training
program are suggested. More detailed rational and suggested training objectives/scenarios are contained
in AIAA 93-3942, "Microburst Avoidance Crew Procedures for Forward-Look Sensor Equipped Aircraft”
by Hinton and Oseguera, which was presented at the ATAA Aircraft Design, Systems and Operations
Meeting, August 11-13, 1993, Monterey, Ca.
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Piloted Simulator Evaluation of

Forward-L.ook Windshear Crew Procedures.

R. Oseguera and D. Hinton,
NASA Langley Research Center
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