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1.0
Introduction

This document is created and maintained by TPAWS Systems Engineering.  The TPAWS Concept of Operations (Con Ops) description serves as a decision-making framework for research and technology development planning.  It is intended for use by the project team.  The concept will outline the project overview for program level 3 TPAWS element. 

1.1  Background

Atmospheric turbulence poses a hazard to all flight vehicles.  Turbulence is found in varying degrees at all altitudes where flight vehicles operate.  Turbulence in the presence of convective storms has long been a recognized hazard since the early days of flight.  In fact, turbulence was the subject of the first report published by the National Advisory Committee for Aeronautics (NACA) in 1917 shortly after its founding.  With the advent of high altitude jet operation in the 1950’s, so-called Clear-Air Turbulence (CAT) was recognized as a problem, particularly troublesome because it frequently provides no visual cues to warn pilots of the hazard.  Dangerous turbulence conditions, those capable of causing in-flight injuries, are caused from natural atmospheric processes resulting largely from Convective storms, JetStream Activity, and Mountain wave Activity.  Further discussion of these atmospheric processes is contained in Appendix A.

It has been estimated that turbulence-related costs to the airline community amount to over $100M per year (Reference: Cabin Crew Safety, Jan-Feb, 2001 - Flight Safety Foundation).  Research into turbulence hazards is underway in both government and academic centers.  

The Federal Aviation Administration through its Turbulence Product Development Team (PDT) activity provides major funding for turbulence research.

1.2 Aviation Safety Program

In August 1996, a White House Commission on Aviation Safety and a national goal was set to reduce the aviation fatal accident rate by 80% within 10 years in response to the Commission’s recommendations.  The White House Commission recommended as a part of its report that NASA should establish a focused safety program.  The resulting NASA Aviation Safety Investment Strategy Team (ASIST) conducted industry and government workshops to identify research having the greatest potential impact for reducing accidents and recommended that a project be established within the Aviation Safety program to reduce injuries from aircraft encounters with atmospheric turbulence.  The ASIST activity recommended that the following areas be considered to receive attention in the Turbulence portion of the Aviation Safety Program.  X marks in the cells indicate activity in the Turbulence Detection and Mitigation element.
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Figure 1 – ASIST Recommendations for Turbulence Investigations

1.2.1 Turbulence Accident Overview

The US air carrier system is exposed to an inordinately high frequency of turbulence encounters that result in injuries. This exposure is due to several factors, including the convergence of jet streams over North America and the influence of the Caribbean and the Gulf Stream in the Southern and mid-Atlantic Regions. There is also a high exposure risk along the western rim of the Pacific, where U.S. carriers provide Asian services. In contrast, Western Europe tends to be a region of low turbulence frequency and exposure there is low.

Turbulence data extending from 1980 to 1999 shows an average of 6 or 7 accidents and 8 injuries per year through 1995. The average then rises suddenly and peaks in the late 1990’s at 12 accidents and 16 injuries per year, demonstrating a three fold overall increase. This trend, coupled with the increase of commercial travel predicted for at least the next decade, generates a higher risk level for serious injury or fatality for passengers and cabin crewmembers.  In the future, increasing use of Free Flight routing is likely to decrease the effectiveness of turbulence Pilot Reports and thereby increase the frequency of turbulence encounters

During the 16 year period ending in 1999, US air carriers experienced 131 turbulence related accidents, with a total of three passenger fatalities (one each in 1987, 1990 and 1997).  In addition to the three fatalities, 83 passengers and 93 flight attendants suffered serious injuries, while 423 passengers and 121 flight attendants suffered minor injuries. 

1.3  Scope

This document presents high level NASA concepts of operation for the Turbulence Prediction and Warning System (TPAWS).
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1.5 Glossary

ACARS: Aircraft Communications Addressing and Reporting System 

ADS-B: Automatic Dependent Surveillance-Broadcast

AOC:  Airline Operations Center

ARINC: ARINC, Inc., formerly Aeronautical Radio Incorporated

ASOS:
Automated Surface Observing System
ASIST: Aviation Safety Investment Strategy Team 

ATC: Air Traffic Control

ATIS:
Airport Traffic Information System

AvSP: Aviation Safety Program

AWIN: Aviation Weather Information 

AWOS:  Automated Weather Observing System

CDM:  Collaborative Decision Making

EWxR: Enhanced Weather Radar

FAA: Federal Aviation Administration

FAR: Federal Aviation Regulation

FIS: Flight Information Services

FIS-B: Flight Information Services-Broadcast

FISDL: Flight Information Service Data Link

FSS: Flight Service Station

GA: General Aviation

HIWAS:  Hazardous In-flight Weather Advisory Service

IMC: Instrument Meteorological Conditions

LIDAR:  Light Detection and Ranging

MDCRS: Meteorological Data Collection and Reporting System

METAR: Aviation Routine Weather Report

NAS: National Airspace System

NASA: National Aeronautics and Space Administration

NCAR: National Center for Atmospheric Research

NEXRAD: Next Generation Weather Radar

SATCOM: Satellite Communication

SIGMETS: Significant Meteorological Observations

TPAWS:  Turbulence Prediction and Warning System

VFR: Visual Flight Rules

VMC: Visual Meteorological Conditions

WxAP:  Weather Accident Prevention

2.0  TPAWS Objectives and Approach

The Turbulence Prediction and Warning Systems (TPAWS) element will develop technologies and methods for providing flight crews with hazardous turbulence position information with a 90% level of confidence at least thirty seconds prior to severe turbulence encounter during the en route phase of flight.  Achieving these objectives is expected to enable a 20% to 50% reduction in accidents attributable to lack of turbulence situational awareness.

2.1

TPAWS Approach  

The TPAWS element will develop technologies and methods for providing flight crews with hazardous turbulence position information with a 90% level of confidence at least two minutes prior to encounter during en-route phase of flight. Achieving these objectives is expected to enable a 50% reduction in accidents attributable to lack of turbulence situational awareness.

The TPAWS will provide an advisory and warning of an impeding hazardous turbulence ahead of the aircraft on the flight path. This warning will be in addition to the advised weather hazards from the ground based weather stations / sources and the aircraft radar display. The pilot will rapidly comprehend potential impacts on the intended route of flight and take appropriate actions including securing the cabin. (Figure 3-4)

The TPAWS is intended to provide advisory and warning to the aircraft flight crew for en-route detected turbulent weather. The basic system architecture involves the aircraft weather radar. The basic TPAWS capabilities will be added by software change to the radar of the aircraft. Advance TPAWS interfaces involve communication data link between other aircraft flying in proximity, and communication of turbulence data to the ground based weather stations utilizing the existing on board the aircraft data links Future enhancements of TPAWS detection are:

1. The addition of LIDAR (LIDAR technology components to enhance the radar turbulence detection).

2. Autopilot redesign for turbulence loads alleviation.

3. Wake vortex detection

4. TPAWS function in all phases of flight     

For aircraft equipped with air to air and / or air to ground data links, the TPAWS will provide turbulence weather information to other aircraft and to the ground weather stations. This will result in more accurate weather reports and forecasts and subsequent providing more efficient ATC routes. Consistency of the TPAWS products will include use of color schema (magenta), Symbology, hazard levels and display format. Guidelines for the human –centered presentation of TPAWS information developed by NASA will be followed
3.0  Concept of Operations

The near-term focus is to address business jet and commercial transport needs.  The available resources and time available to accomplish results preclude the development of low-cost solutions for general aviation aircraft.  It can be foreseen that when robust turbulence detection technology is proven for high-end users, further maturing of this technology will produce detection capability able to address the general aviation segment of the aircraft spectrum.  Wide availability of turbulence reporting from high-end aircraft will permit general aviation users to avoid encounters from improved forecasting and nowcasting.  High-end spectrum requirements are similar to those enunciated for the low-end applications, and in addition require reliable turbulence detection capability with a high probability of detection and a low false alarm rate.

The NASA Aviation Safety Program is addressing only tactical concepts for turbulence avoidance and the mitigation of turbulence effects when penetration of turbulent regions has occurred.  This mitigation activity is at an early stage of maturity and is not expected to be placed in operational applications for several years.  Tactical concepts are required to provide alert/warning information and may be coupled with other technology or procedures to mitigate turbulence injuries.  Strategic concepts are more concerned with turbulence avoidance in the planning stage of a flight operation usually prior to departure.  Forecasting is an obvious area where the major benefits are both strategic and tactical in nature, providing assistance in route management for safer operations.  

The information is received by the equipped aircraft and displayed in color as text and graphics in the cockpit. The system utilizes the latest technology data-link and cockpit graphical display systems to inform the pilot of the weather situation along his selected course. As the flight progresses, updated weather information is displayed in the cockpit for the pilot to use in collaborative decisions with appropriate ground weather sources (such as FSS) to continue on course or alter course for turbulence and other weather hazard avoidance. Commercial aircraft will have additional on-board radar sensors for real-time turbulence detection and warning, as well as weather radar sensors. Within the FAA NAS system, a pilot proceeding on an IFR flight plan will additionally be informed by radio transmission from the ground (Tower, ATC, ATIS, HIWAS, ASOS, AWOS) of weather hazards and turbulence at the destination airport..

3.1

TPAWS Operational Concept

3.1.1 TPAWS System Architecture








 TC "Figure 3-2 - AWIN element chart "\f F Fig. 3-1 – TPAWS Architecture

The TPAWS system is intended to provide turbulence warning advisory and automatic PIREP flight information to aircraft pilots while en route.  The basic system architecture involves both ground-based and airborne components that exchange information over one or more digital data links (Fig. 3-1).  Private companies own and operate the ground components and sell information to the aircraft pilots, who equip their own aircraft.  The airborne components create informational displays from data received from both ground and onboard systems and manage the pilot interface.  The data link(s) deliver weather products and flight information to pilots by creating an automatic PIREP at the appropriate times to facilitate use of the TPAWS system in a collaborative decision environment with ATC.

4.0
Operational Environment

4.1 Collaborative Decision-Making Environment

4.1.1 Collaborative Decision-Making (CDM) Conditions

Collaborative Decision Making related to weather should occur within three environments: between ground-side NAS operators for pre-operational planning and operational planning purposes, (2) between pilots and weather service providers during pre-flight for pre-operational planning purposes, and (3) between airborne pilots and weather service providers for en-route operational planning purposes. The TPAWS CONOPS addresses the enroute segments of these operations.

4.1.2  En-route Pilot—Weather Service Provider CDM

Once enroute, pilots collaborate with weather service providers by radio to update their pre-flight weather information and to plan for hazardous weather avoidance tactics for conditions that have changed since their pre-flight weather briefing. FSS in-flight specialists and operations specialists provide weather updates and suggested re-routings, and Flight Watch (FW) specialists provide En-route Flight Advisory Service (EFAS) and PIREPS.

4.2 Operating Environment

The TPAWS environment is in flight, enroute at airline operating altitudes, in the National Airspace System (NAS) during instrument meteorological conditions (IMC).

5.0

User Classes and Modes of Operation

5.1 Category of User

The TPAWS system is designed for use by Air Transport pilots. The Transport operations typically involve two pilots per airplane and fly RADAR equipped aircraft.. 

5.2 SYSTEM OPERATIONAL SCENARIOS

5.2.1 Scenario overview

The following scenarios illustrate TPAWS system features in operational use to promote safety of flight and efficiency. The scenarios are typical operations that benefit from the TPAWS system. Most transport aircraft have onboard weather radar and other sensors, while most general aviation aircraft do not. The TPAWS system will provide information to other aircraft via automatic PIREP reports sent via datalink to promote pilot improved situational awareness to all equipped aircraft. The Air transport pilots will utilize the onboard Wx Radar.  The system is currently intended to be used as tactical warning information in locating turbulence and for avoiding areas of bad weather. 
5.2.2 Transport Transcontinental and Oceanic Aircraft

5.2.2.1
Convective weather and Turbulence Scenario

A Boeing 757 operated under part 121 by a major airline with an airline operations center (AOC) and an established route structure.  The flight is scheduled for a late afternoon flight from Dulles Virginia (KIAD) to Kansas City, Missouri (KMCI).  A line of slow moving thunderstorms from Chicago to Louisville has been causing some traffic delays.  Most aircraft have climbed over the line of storms but they have encountered turbulence above FL300.  The flight crew obtains a standard preflight weather briefing from the AOC approximately one hour prior to the planned departure.  There is a potential for a weather impact on the flight but the reported tops are below the planned cruise altitude of FL310.  The possibility of encountering moderate to heavy turbulence at the planned cruise altitude is the primary weather concern.  

Passengers are boarded and the flight crew activates the WxAP system during the pre-departure checklist.  The WxAP system automatically retrieves updated weather information during the climb out and continues to update the weather information as the flight progresses.  As the flight climbs through 5000 feet the flight crew activates the on-board weather radar. The weather forecast is generally accurate, however, pilot reports of heavy turbulence in the Indianapolis area above FL300 continue and there are many requests for ride reports.  The WxAP air-to-air data link of turbulence information from other equipped aircraft confirms that aircraft above FL300 are experiencing a “bumpy” ride.  Consulting trend data for the up-linked NEXRAD and satellite data, the flight crew determines that the storms may be dissipating.  The WxAP overlay of NEXRAD images with the ships’ onboard radar allows the flight crew to look hundreds of miles in front of the aircraft for hazardous weather in addition to a real-time assessment of weather immediately ahead.  The flight crew determines that they can safely descend to FL280, for heavy turbulence avoidance, and use the combined ship’s onboard weather radar and up-linked NEXRAD data to monitor for hazardous weather.  The onboard turbulence radar and AWIN hazard processor will assist the flight crew in detecting convective weather or turbulence ahead, should any exist.  The flight crew asks Indianapolis center for FL280 and is given clearance to descend.  

As the flight continues, turbulent conditions are identified on the radar in the turbulence mode within 40 miles of the aircraft on the planned flight route.  The flight crew tries to avoid the areas of heavy turbulence, however, the turbulence amber alert signals the crew of an impending turbulence encounter. The flight crew alerts the cabin crew to secure the cabin and seat all passengers. The flight encounters moderate turbulence, but the cabin has been secured within the two-minute warning period. Safety is enhanced because potentially hazardous turbulence is avoided and the cabin was secured prior to an expected moderate turbulence encounter so that there are no injuries or impact on the flight schedule.  Passengers are pleased with airline’s ability to avoid injuries and provide a smoother flight.
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