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NASA-FAA Forward-Looking Turbulence Detection System Certification Mtg.
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Notes*

(*These notes represent those taken by Shari Nadell during the workshop; any inaccuracies, missed items, confusing items, etc., are the fault of the note-taker and are unintentional.)

January 17, 2001

Shari-Beth Nadell (NASA Glenn Research Center) presented an introduction and meeting objectives.


Meeting Objectives:

1. Understand the NASA-FAA-Industry-Airline working relationship needed for sensor system development, certification and implementation

2. Understand airline perspective on the evolutionary development path of forward-looking, airborne turbulence sensor (X-band, infrared, etc.) systems

3. Assess the potential cockpit effects of a sensor system

4. Review the NASA-FAA-Industry schedule for sensor system development and certification

5. Define the function as well as draft requirements for a sensor system

6. Identify target thresholds, hazard metrics, certification scenarios for a sensor system

7. Review turbulence sensor system marketing study and development activities, including plans to determine warning time requirements to secure a cabin

· Comment regarding priority of desired response to turbulence warning:

· First priority is avoidance

· Second priority is mitigation

Shari-Beth Nadell (NASA Glenn Research Center) presented an overview of Workshop #1

Rod Bogue (NASA Dryden Flight Research Center) presented an overview of the Turbulence Detection & Mitigation Element of the NASA Weather Accident Prevention Project.

· Question regarding availability of CAST Turbulence JSAT Interventions
( Rod will check into ability to distribute presentation charts (Action Item #1)

Roland Bowles (AeroTech Research, Inc.; NASA Langley Research Center, retired) presented a graphical depiction of an Airborne Turbulence Detection System (ATDS) development methodology. 


-
We need to understand the gaps in our knowledge.

Kirk Baker (FAA) presented a graphical depiction of turbulence system concept development and certification relationship model. Discussion during and after Kirk’s presentation included the following points:

· We are working toward a safety improvement by 2004.

· ( Kirk and Shari have an outstanding action item from Workshop #1 to present status and issues to NASA-FAA-NWS Advocacy Group (Workshop #1 and #2 Action Item #2)

· Question: Can we challenge our thinking – interface not just to the cockpit but also to the cabin?

· Flight deck and cabin interface – this is a time critical warning system; time spent in the cockpit alerting the cabin may be eliminated with direct cabin alerting system

· But the ATDS would detect turbulence not just along the flight path; how do you translate only those in the flight path to a cabin alert?

· Can integrate graphical display in the cabin with moving map; who would control it?  Should there be awareness for the passengers too?

· That may be the end goal, but we shouldn’t jump there too fast.  Use stepped phase.  ~4 years to integrate the system

· Not just a sensor, but a whole system

· Operators may be willing to accept more nuisance alerts than manufacturers think

· 4 years for an integrated system is very optimistic

· 2 phase approach –  need something now to improve safety: ~2 minute warning

· We don’t have that yet

· Training can help (flight attendants)

· Northwest has had no turbulence accidents in the last 4 years

· Lots of things result in that: forecasts, precedures, etc.  NWA is not immune to encounters.

· Focus is needed on sensor development

· FAR 25 Appendix G contains gust load requirements

· In some ways this is an industry induced problem related to procedures.  Also a marketing problem – food service, etc., help sell seats.  

· Phased approaches:

· Next system – “More better magenta”  Is this worthwhile?  It would be non-interfering, more accurate, greater reliability, better display?  More education?

· Phase I roles: NASA and industry – research, increasing reliability; operators/airlines – training?  Is training part of the JSIT/CAST process?

· Need to understand airline input; what will the airlines accept?

· Strategic problem – government function: sensors on aircraft, data link information to ground for processing then back up to aircraft, normalizes data

· Tactical problem – approach with training, display, what level is information displayed

· Data link equipment not on airplanes yet – it is available but expensive

· Need operational concept for whole system

· Objective – focus on airborne forward-looking turbulence system – tactical solution

· Focus on near-term, short-term needs

Rod Bogue presented overview of NASA Secure Cabin Exercise. Discussion during and after Rod’s presentation included the following points:

· We need to figure out how many cameras to use during the exercise and where to put them; need a time-code generator on the cameras

· Use load factor average?

· Could lose cabin lighting as a result of a turbulence encounter – study is pre-encounter, not post  

· Lesson learned – use videos from exercise as training aids?  

· What does “secure” really mean?  

· Scenarios should include passengers using laptops, etc.

Paul Kauffman (Old Dominion University) presented a preliminary marketing study for forward-looking turbulence sensing systems. Discussion during and after Paul’s presentation included the following points:

· Competitive drivers for technologies not considered.

· Doesn’t take into account impact on reducing system risk (severe encounters but no injuries don’t make it in to statistics; things that “could have been” accidents or incidents).  

· Did the study correlate turbulence injuries with non-turbulence cabin injuries?

· Key question: What do systems need to cost in order to be marketable?

· Study will be repeated later in the program to update assumptions

· For a fleet of 600 aircraft, it takes ~5 years to retrofit all with a new piece of equipment (such as LIDAR), though that amount of time depends somewhat on difficulty of retrofit

Tom Fahey (Northwest Airlines) presented an overview of NWA turbulence detection system requirements. Discussion during and after Tom’s presentation included the following points:

· NWA Goal: reduce the costs of aircraft damage and passenger injuries.

· Flight attendant injuries biggest driver with respect to injuries and costs; Delta data corroborates this

· Integrated approach: on-board sensor plus imporved forecast and data link to aircraft

· NWA supports the development and certification of airborne sensor provided also increased emphasis on preflight and en-route [planning?]

· Optional install for retrofit

Joe Burns (United Airlines) presented an overview of UAL turbulence detection system requirements. Discussion during and after Joe’s presentation included the following points:

· Sensor requirements:

· 10-15 minutes of lead time – driven by flight attendant injuries

· high degree of accuracy

· standardized intensity indication with selectable threshold “red light”

· Product availability – X-band already on airplanes, ADS-B using onboard or EPIREP sensors; down link via VDL-2 EPIREP (Honeywell’s FIS)

· Graphical products via cockpit display (part of electronic flight bag)

Additional topics of discussion during day #1:

· More costs and fee’s are associated with diversions, lost seats on connections, passenger “ill-will” costs

· Intended function of an ATDS to protect flight attendants
· “time critical” from perspective of AC 25.1322 – leads to requirement for aural and visual alerts
· Certification criteria:
· Missed detection
· Nuisance alerts
· False alerts
· Detect and alert the flight crew
· Procedures/guidance relative to warning lead times
· 0-30 seconds (0-10 seconds?)
· 10-30 seconds
· 30-60 seconds

· 60-180 seconds

· Reliability – related to capability

· 70-80% correlation of probability of detection?

· Max false alarm rate 20%?

· What do we need to do for safety?

· In 6-18 months, what do airlines want in their cockpit?

January 18, 2001

Discussion of ATDS Functional Requirements.  During the discussion, the following points were made:


-
Short term requirements:



-
Assumption – 30 seconds of warning, 4 miles ahead of aircraft, altitude greater than 10,000 ft.



-
Optional system



-
Within 1 year – aural alert?  Would be expensive.


-
Cockpit effect – is icon adequate


-
Is there enough information to determine impact on safety?


-
Barriers for near-term implementation:



-
Legal implications (goes back to Action Item #2)



-
No funding on manufacturer side for data recording


-
Formation of group to address issue of data collection – technical aspects


-
Database of number of events in radar observable range and out of range



-
Help collect information on nuisance rate



-
Real alerting-times – characterize system


-
NASA research ( validating technology

Discussion of Cockpit Effect.  During the discussion, the following points were made:


-
“Cockpit effect” means and alert that requires an action


-
Integration with other alerts required? – none required



-
Alert needs to be evaluated in conjuction with other alerts



-
Retrofit issue – already guidelines for prioritizing alerts


-
Simulation exercise for flight crew not really valuable if only 15-30 seconds warning



-
Yes valuable if there is an opportunity to manuever


-
Icons more valuable with longer warning time



-
Consistent symbology for turbulence required


-
Consistency of cockpit alerts for new products with meteorology displays


-
Is a discrete light required?

Steve Harrah (NASA Langley Research Center) presented preliminary results from the NASA B757 flight test of a turbulence radar.   Roland Bowles presented preliminary results from the NASA B757 flight test of turbulence in-situ algorithms.  Discussion during and after the presentations included the following points:


-
Should the turbulence threshold be at the worst point in the cabin (aft) or the flight deck? 

Larry Cornman (NCAR) presented atmospheric and sensor issues related to certification.  Discussion during and after the presentation included the following points:


-
Design issue (from atmospheric model)


-
Issues using simulated data for certification


-
How to define an event – what constitutes a “hit” or a “miss”

Bob Sharman (NCAR) presented methods of verifying turbulence model data for use in sensor system certification.

Discussion of turbulence hazard metric.  During the discussion, the following points were made:


-
Roland Bowles presented a graphical model of the challenges in defining hazard metrics and thresholds


-
Aircraft independent measure/index?


-
Atmospheric measure – numerical scale related to radar observable rather than relying on subjective interpretation


-
What do “light” and “moderate” mean with respect to injury-producing loads/impacts?


-
Should consider current definitions based on airspeed/control responses


-
How to pick the threshold?


-
What creates risk for people?  Not aircraft specific, e.g. RMS


(Diagram on blackboard)
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-
Aircraft specific metrics can be done if simulation verification only?


-
Need to do analyses to take into account specific aerodynamic differences of different aircraft designs


-
With respect to alerts – securing cabin; only need 1 threshold (no gradations required for an action)

January 19, 2001

Wrap-up discussion of turbulence hazard metrics included the following points:


-
With respect to aircraft specific metrics – may have difficulties getting good aircraft models



-
Need model for data collection (to identify FOQA needed)



-
Also needed for in-situ



( Shari will talk with John White, project manager for Single Aircraft Accident Prevention 
 


(SAAP); SAAP is trying to get models to support controls work; these may be available to us  
 


too? (Action Item #3)

Kirk Baker led discussion of certification scenarios.  Discussion included the following points:


-
Concern regarding making the hazard metric aircraft dependent – should focus on generic aircraft model


-
1st certification scenario – need “must not alert” event, “may alert” event, and “must alert” event



( Shari will ensure 4 turbulence cases selected by Turbulence Characterization PDT get 
 


distributed to ATDS working group (Action Item #4)


-
Need to choose cases to get ones that will reach the limits of the hardware


-
Need list of parameter space the system is trying to cover – start with NASA B757 test matrix?



( Steve Harrah to send B757 test matrix to Shari for posting on website with workshop 
 


information (Action Item #5)


-
Turbulence Detection PDT wo work out questions regarding distributions, work out approach


-
Certification approach – require few flights tests, supplement with simulation


-
In-service evaluation data – use toward certification?



-
All part of flight data, but not certification requirement



-
Use to support final requirements demonstration



-
Use to help validate simulation models


-
Building blocks of certification:

1) Analytical modeling – models based on accidents, flights

2) Simulations

3) Flight data – missed detections, false alert calculations, nuisances


-
Would a product of the ATDS working group be an AC like DO-220?


-
How much nuisance will flight attendents be willing to tolerate?



-
Next question for Secure Cabin team


-
Starting point – continuous light turbulence – needs to be quantified


-
Simulation study?  NASA Ames Research Center vertical motion simulator?  


-
Important thing is alerting that a change is coming suddenly (from smooth to turbulent)

Discussion of next steps:


-
Worshop #3 Possible topics:



-
Secure Cabin Exercise report



-
In-service data implementation plan/status



-
Progress toward evaluating functional requirements



-
Lidar/combined system requirements discussion


( Honeywell and Rockwell Collins will make a first cut at a certification plan to give to Kirk at 
 
Workshop #3 (Action Item #6)


-
First phase – TSO for increased functionality?


-
Tentative dates: May 1-3, @ CAMI (Oklahoma City)


-
Ken Larcher, Julie Larcher, Victoria Briscoe, and Shari Nadell will plan


-
Shari and Kirk will develop agenda


-
Objective for Workshop #3: clearer picture of vender certification plans/matrix for advocacy

