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Evaluation of Iconic vs. F-map
Microburst Displays

Mark Salzberger
Dr. R. John Hansman and Craig Wanke
Aeronautical Systems Laboratory

Department of Aeronautics and Astronautics
Massachusetts Institute of Technology

Presentation to Attendees of the
5th (and Final) Combined Manufacturers’
and Technologists’
Airborne Wind Shear
Review Meeting

28 September 1993
Radisson Hotel, Hampton, VA

Abstract:

Previous studies have shown graphical presentation methods of hazardous wind
shear to be superior to textual or audible warnings alone. Positional information and the
strength of the hazard were observed to be and were cited by pilots as the most important
factors in a display.

In this experiment the use of three different graphical presentations of hazardous
wind shear are examined. Airbome predictive detectors of wind shear enable the
dissemination of varying levels of information. The effectiveness of iconic and mapping
display modes of different complexities are addressed through simulation and analysis.
Different positional and time-varying situations are presented in a *“‘part-task™ Boeing 767
simulator using data from actual microburst events. Experienced airline pilots fly
approach profiles using both iconic and F-map wind shear alerting displays. Microburst
events employed are based on recorded data from Orlando and Denver. Theweather that
accompanied each event is also shown to the pilot.

Mapping display types are expected to be found exceptionally efficient at
conveying location comparison information while iconic displays simplify the threat
recognition process. Preliminary results from the simulator study will be presented.
Recommendations concerning the suitability of multilevel iconic and mapping displays
will be made. Situational problems with current display prototypes will also be
addressed.
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M Microburst Alerts
B# ATC Amendments

T T
S x ¢ -t =
{10 Ine)
- sadesaay - squnrey on

SUOISIIN(] 1D31a07) Jo 134

Verbal  Graphical

Presentation Mode

Textual

Verbal Graphical

Presentation Mode

Textual
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Pilot Ratings

Decision-making

GRAPHICAL FORMAT SUPERIOR

Wanke & Hansman 1990
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Session 3:

AIRBORNE WINDSHEAR
DETECTION SYSTEMS.

Chair: S. Harrah,

NASA Langley Research Center.
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Session 3:
AIRBORNE WINDSHEAR DETECTION SYSTEMS.

Chair: S. Harrah, NASA Langley Research Center.

I iction of Low Level Win . P. Adamson, Turbulence Prediction Systems

i ighli - iti i AR 3000, B. Mathews, F. Miller, K. Rit-
tenhouse, L Bamett, and w. Rowe, Westmghouse Elecmc Corp [Because it deals primarilly with certifica-
tion issues, the text portion of the material furnished for this presentation has been moved to Session 4, under
the title “Certification of Windshear Performance with RTCA Class D Radomes.”)

Wind Hazard Detection with a CO, Airborne Laser Radar, R. Targ, Lockheed Research and Development Co.,
P. Robinson, Lockheed Engineering and Sciences Co., and R. Bowles and P. Brockman, NASA Langley
Research Center

idar Ai : i ecti em. P. Forney and L. Celmer,
Lockheed Mlssﬂes and Space Co R. Calloway and P. Brockman NASA Langley Research Center, and F.
Austin, Lockheed Engineering and Sciences Co.

RDR-4B Doppler Weather Radar with Windshear Detection Capability. D. Kuntman, Bendix-Allied Signal
Co.

The Collins Windshear Program. R. Robertson, Rockwell-Collins Co.
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Successful Infrared Prediction
of Low Level Windshear.

P. Adamson,

Turbulence Prediction Systems
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TDWR Shear Map Event B490

SHEAR IN “"A" IS 2.5 m/s/km
SHEAR IN "B" IS 6.7 m/s/km

SHEAR IN “C" IS MORE THAN 10 m/s/km
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Event B555 Data Distribution

NASA 1992 Deployment Event BS5S

F Index Distribution
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Overview and Highlights from

Super-position Testing of the MODAR 3000,

B. Mathews, F. Miller,
K. Rittenhouse, L. Barnett,
and W. Rowe,
Westinghouse Electric Corp.

[Because it deals primarily with certification issues, the text
portion of the material furnished for this presentation has been

moved to Session 4, under the title Certification of Windshear
Performance with RTCA Class D Radomes. What appears on
the following 13 pages is the set of visuals depicting the
appearance and attributes of the hardware used]
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System Features for Windshear
Beneflt Weather Performance

From Orlando Flight Tests 7/92
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MR-3000 Operational Modes

e Standby (Default)
e Weather

e Weather plus turbulence

e Map

e Windshear

e Test (BIT)
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A Modern Solution to a Difficult Problem







Wind Hazard Detection with a
CO; Airborne Iaser Radar.

R. Targ,

Lockheed Research and Development Co.,

P. Robinson,

Lockheed Engineering and Sciences Co.,

and
R. Bowles and P. Brockman,
NASA Langley Research Center
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PROGRAM OVERVIEW

THIS $5M NASA-SUPPORTED INVESTIGATION IS PART OF THE
NASA/FAA NATIONAL INTEGRATED WIND SHEAR PROGRAM

FLIGHT-VALIDATION WIND SHEAR DATA WERE COLLECTED
FROM DEPLOYMENTS AT DENVER AND ORLANDO USING A CO2
LASER RADAR

THESE HAZARD DATA WERE ANALYZED AND SENT FORWARD
TO THE PILOT IN REALTIME AS A RANGE AZIMUTH F-FACTOR
MAP

LOCKHEED MISSILES & SPACE COMPANY WAS THE SYSTEM
INTEGRATOR

THE LIDAR TRANSCEIVER WAS BUILT BY UNITED TECHNOLOGY
OPTICAL SYSTEMS (WEST PALM BEACH, FLORIDA)

THE SIGNAL PROCESSOR AND DISPLAY SYSTEM WERE BUILT
BY LASSEN RESEARCH (MANTON, CALIFORNIA)
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(¢) CO, lidar hazard index (d) Ho:YAG lidar hazard index

(¢) True hazard index without vertical wind (f) True hazard index with verti. al wind

Radial Wind Velocity, V (m/s) Hazard Index, F

Vs -13 F:013
-1310 -11 0.1110 0.13
-11w-9 0.09 10 .11
-9to -7 0.07 to0 0.09
-7t0 -5 0.05 10 0.07
~S5to -3 0.03 w 0.05
-3to -1 0.01 10 0.03
-1to 1 ~-0.01 t0 0.01

1103 -0.03 10 -0.01

3ws -0.05 to -0.03

Sw7 -0.07 10 -0.05

Tto9 -0.09 to -0.07

Pto 11 -0.11 0 -0.08

11t013 -0.13t0 -0 11

V213 013 F

Fig 8 Range azimuth scan of a dry microburst at Denver/Stapleton Airport. Simulated wind velociy mciasurements e <hown tor 0
lidar o tad and 1or Ho YAG lidar in (b} simulated lidar measurements of hazied index for the two lidars are <hownmceorand oy the trae haz
ard index is shown in ted swith LOS wind only. and i (03, with 1LOS and vertioal wined
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(b) Ho:YAG lidar wind velocity

S

(¢) CO; lidar hazard index (d) Ho:YAG lidar hazard index

(e) True hazard index without vertical wind (f) True hazard index with vertical wind

Radial Wingd Velocity, V (m/s) Hazard Index, F

F z 013

0.11 t0 0.13

0.09 to 0.11

hunad 0.07 to 0.09

- 0.0S to 0.07

- 0.03 0 0.05

[ 0.01 10 0.03

- -0.01 10 0.01
L] -0.03 to -0.01
[ -0.05 to -0.03
-0.07 o -0.05
et -0.09 to -0.07
[ -0.11 to -0.09
- -0.13t0 -0.11

-0.13 s F
fo T Range aamuth s« arol g wel mscraburst i Dallas Fort Worth Airport. Simutated wind velocits measurements are shown tor CO- i

oo o and tor Ho Y AG hdar ino b simulated lidar measurenients of hazard index lor the two hdars areshown i rerand 1) the true hazard
indes 1= shown i te), swath LOS wind onty and as o0 with LOS and vertbieal wind
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CLASS (Coherent Lidar Airborne Shear
Sensor) Windshear Detection System.

P. Forney and L. Celmer,
Lockheed Missiles and Space Co.,

R. Calloway and P. Brockman,
NASA Langley Research Center,

and
F. Austin,

Lockheed Engineering and Sciences Co.
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5th (and Final)
Combined Manufacturers' and Technologists'
Airborne Wind Shear Review Meeting

- CLASS
(Coherent LIDAR Airborne
Shear Sensor)

Wind Shear Detection System

By:

Paul Forney and Lon Ceimer
Lockheed Missiies and Space Company
Research and Development Division
Palo Alto, CA

Raymond Calloway and Philip Brockman
NASA Langiey Research Center
Hampton, VA

Fred Austin

Lockheed Engineering and Sciences Company
Hampton, VA

September 28 - 30, 1993
Hampton, VA
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OPERATORS CONSOLE

MENU DRIVEN SYSTEM
+ SYSTEM CONTROL SCREEN ON LARGE MONITOR
« PRODUCT DISPLAYS ON SMALL MONITORS
« KEYBOARD AND TRACKBALL USER INPUTS
« CONTROL / DISPLAY SCREENS FOR :
« SCAN MODE / DISPLAY CONTROL
SYSTEM STATUS AND CONFIGURABLE STATUS LIMITS
DISPLAY MODIFICATION
SIGNAL PROCESSING AND DATA MANAGEMENT
ALGORITHM CONFIGURATION AND OVERRIDES
STATUS PARAMETER (HOUSEKEEPING) DISPLAY
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PURPOSE

IN A RLIGHT LIKE CONFIGURATION, PERFORM EXPERIMENTAL FLIGHT AVICNICS HARDHARE AND
SOFTHARE. SYSTEMS INTEGRATION TESTS TO VALIDATE THEIR COMPATIBILITY AND DEMONSTRATE THEIR
READINESS FOR RESEARCH FLIGHT CPERATIONS.
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SUMMARY
= S EEASSST0 " - o————

CLASS 10 SYSTEM SUCCESSFULLY MEASURED 13 WINDSHEAR DATA EVENTS

O 7 RESEARCH FLIGHTS DURING DENVER DEPLOYMENT
O 8 RESEARCH FLIGHTS DURING ORLANDO DEPLOYMENT

- O 10 LOCAL TESTS FLIGHTS

SYSTEM HAD POTENTIAL TO MEASURE MORE EVENTS, BUT PERFORMANCE
WAS DEGRADED BY
O REDUCED LASER ENERGY

O INTERMITTENT ERRATIC SCANNER BEHAVIOR
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RDR-4B Doppler Weather Radar
with Windshear Detection Capability.

D. Kuntman,
Bendix-Allied Signal Co.
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OUTLINE

BACKGROUND

'STATUS OF DEVELOPMENT ACTIVITIES
CERTIFICATION ACTIVITIES

LESSONS LEARNED

RECOMMENDATIONS FOR FUTURE ACTIVITIES
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BACKGROUND

= ALLIEDSIGNAL MADE A COMMITMENT TO THE
DEVELOPMENT AIRBORNE WEATHER RADAR
WITH FORWARD LOOKING DETECTION
CAPABILITY |

= RDR-4B DEVELOPMENT ACTIVITIES STARTED IN
EARLY 1990

= BASED ON EVOLUTION OF THE RDR-4A DOPPLER
WEATHER RADAR, IN SERVICE SINCE 1980
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The Collins Windshear Program.

R. Robertson,
Rockwell-Collins Co.
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