An Operational Systems Vision for
Aviation Weather-in-the-Cockpit Data Link

Purpose
The vision provided in this document provides a basis from which to develop a common understanding of what is a realistic near-term concept of operational use of various aviation weather products, both preflight and in-flight.  This vision will support the implementation of weather in the cockpit.  It is intended to guide AVS in developing near-term (present to 2010) research requirements, aviation weather product approvals, operational approvals, and supporting guidance.
AVS-1 has suggested the following concept for weather in the cockpit:
Employ the aircraft as a node in the National Airspace System’s communications, navigation, and surveillance (CNS) network.  Enable flight deck weather information technologies that allow pilots and aircrews to engage in shared situational awareness and shared responsibilities with controllers, dispatchers, Flight Service Station (FSS) specialists, and others, pertaining to preflight, en route, and post flight aviation safety decisions involving weather.
The system envisioned will combine and present various types of weather information obtained through multiple data-link sources, on-board sensors, and sensors installed on aircraft to aid crews with effective flight management.
The introduction of data link weather in the past few years using satellite- and ground-based data linked systems has provided an influx of numerous non-standard, non FAA approved weather products in the cockpit.  The FAA recognizes that some weather vendors are providing weather products to the cockpit via data link with limited safety oversight.  Historically, proliferation of these products has been driven by the perceived benefits provided to users and by vendors wanting to market their proprietary products.
The FAA field and Headquarters offices within AVS responsible for approving weather products for use onboard aircraft see a pressing need for a common vision for weather in the cockpit.  While the Joint Planning and Development Office is developing a common vision for the future called the Next Generation Air Transportation System (NGATS), the AVS need for a common vision for weather in the cockpit is more immediate, reflecting a realization that weather data link in the cockpit is becoming more common, and operational guidance is needed.
Historically, weather products for preflight briefing or ground control use have been developed by the FAA Air Traffic Organization’s Aviation Weather Research Program (AWRP).  These products, which address air space capacity needs, were designed to serve the needs of the controller, the FSS specialist, and the dispatcher, not the in-flight needs of the pilot.  This approach to weather product design needs to change so that weather products can be used in a cockpit environment.  With the expectation that many weather products will be private sector developed and delivered, the FAA now has an opportunity to work with the private sector to collect good operational performance data to optimize existing and, as needed, develop new weather products.
Technical Background

A need exists for common pilot, controller, and dispatcher situational awareness to achieve an optimum level of flight safety, efficiency, and airspace capacity.  In general aviation, the dispatcher function is assumed by the pilot, consulting with FSSs, Direct User Access Terminal Systems (DUATS), and other pre-flight briefing sources.  Lockheed-Martin under FAA contract provides weather and aeronautical data briefings to general aviation pilots.
From an operational, weather-centric perspective, the integrated weather collection, processing, and dissemination system envisioned would provide the end user with enhanced decision-making capability based upon use of global positioning system (GPS) data and data link communications.  Enhanced cockpit situational awareness will make a significant impact on aviation safety by sharing aviation weather information between controllers, dispatchers, FSSs, and pilots.  As envisioned, data link weather-in-the-cockpit information can be used for tactical, strategic, and/or controlling (e.g., altimeter setting or runway visual range (RVR)) functions.
Scope
Weather data link is one system in an overall system of systems.  Weather data link requires functionality on participating aircraft along with a supporting ground infrastructure, including use of various air traffic control (ATC) and National Weather Service (NWS) automation systems.  This document describes an overall end-to-end weather data collection, processing, and dissemination system, with a compilation of first and second generation weather products intended for cockpit use.  First generation products are those that have already been implemented and second generation weather products are defined as future products that go beyond the basic first generation meteorological products.  The end state (or target) for weather-in-the-cockpit research is to provide knowledge that can be used by FAA’s Aircraft Certification Service (beyond existing Advisory Circular (AC) and Technical Standard Order guidance) to support design approvals for weather data link systems, by FAA’s Flight Standards Service to issue appropriate operational approvals, and by FAA’s Office of Accident Investigation to develop ways to archive the data for accident or incident investigation purposes.  The end state also includes knowledge that can be used by system developers.
Operational Concept of Use
Data-linked weather in the cockpit is a cockpit-oriented operational concept of use.  This concept of use focuses on certification design requirements, flight technical standards, training, and procedures, within the context of emerging GPS and weather data link, tied together by System Wide Information Management (SWIM).  SWIM is a network-centric enabled operation used in the U.S.  Globally, SWIM would be one node of a secure, Internet-based world-wide global information management system.
Use of various weather-in-the-cockpit products assumes use of either portable or installed displays, supported by effective flight training.  Weather data link provides the pilot with appropriate flight essential and flight critical weather products.  These products enable sound decision-making and, as necessary, appropriate coordination with controllers, dispatchers, and FSSs.  (The provision of aeronautical information is not within the scope of this vision.)
Rapidly evolving data link technologies include airport surface gatelink services, secure airborne Internet, terrestrial- and satellite-based broadcast services, and request and reply data link.  These data link types provide multiple ways to access weather information in the cockpit.  While this AVS vision is not dependent on the type of data used, it enables the NGATS Weather Concept of Operations (version 1.0, May 13, 2006) and International Civil Aviation Organization’s (ICAO) vision for the Future Air Navigation System.
Weather-in-the-cockpit data link products should be user friendly and highly intuitive to use and understand.  But the concept of use goes further.  It is also based on having similar information with similar technical attributes shared among pilots, dispatchers, FSSs, and controllers, resulting in a minimum of miscommunications.
Operational and Safety Benefits
When implemented, the weather-in-the-cockpit operational concept can lead to increased safety, efficiency, and capacity for all airspace users—general aviation (GA), air carriers, public use aircraft, and the military—with the use of emerging state-of-the-art technologies and, at the same time, aid air traffic service providers, pilots, and dispatchers.  Weather accidents are the largest cause of fatal GA fatalities in the U.S., accounting for 200 deaths annually.  Weather is cited as the causal factor more than twice as often as any other factor in GA fatal accidents.
The most common GA weather-related accidents occur during takeoff and landing when there are crosswinds in daylight visual flight rule (VFR) conditions.  (It is postulated that automated weather collection sensors and a graphical thumbnail depiction of the wind vector—similar to the wind vector depicted on a navigation display on a Flight Management Systems (FMS)-equipped aircraft—will be able to assist pilots in landing safely day and night.)
Data linked weather information provides for increased flexibility in VFR and instrument flight rule (IFR) flight operations and allows pilots, controllers, and, in the case of 14 Code of Federal Regulations (CFR) Part 121 operations, dispatchers to make better shared operational decisions; decisions based on mission needs and cost index considerations, potential conflicting traffic, significant weather, airport conditions, terrain, equipage and aircraft performance characteristics, and so forth.
Data linked weather information should enhance air traffic management efficiencies by providing GPS-based, real-time data to controllers during terminal and en route operations.  Processed weather data should aid crews in selecting the optimum route, altitude, and speed to meet their specific mission needs.
To enable this operational concept, the limited weather data acquisition functions of existing ground-based surveillance radars would be assumed by other, more advanced weather data acquisition systems such as NEXRAD (Next Generation Weather Radar), Terminal Doppler Weather Radar, the Integrated Terminal Weather System, the Geostationary Operational Environmental Satellite system.  Airborne weather radar with turbulence detection and wake vortex modeling functionality and ADS-B (Automatic Dependent Surveillance-Broadcast) weather data downlink would be used along with these advanced weather data acquisition systems.
These more advanced weather data acquisition systems with their multi-function display capabilities, along with weather- in-the-cockpit data link, in part, create the opportunity for an entirely new CFR 91 sub-part entitled “Electronic Flight Rules” (EFR).  Such a new sub-part could be a compilation of performance-based rules, combining the airspace and operational benefits to be derived from these more advanced weather data acquisition systems and related functional applications into a single, combined set of operating rules.  Suitably equipped aircraft would be permitted to proceed with due regard for each other, ground obstacles, hazardous weather, and airspace restrictions, resulting in significant benefits—providing, of course, that EFR pilots (like their VFR and IFR counterparts) agree to accept the additional pilot-in-command responsibilities.
Under EFR, advanced sensors (such as enhanced and synthetic vision sensors) would allow for lower landing minima and other rule-based operational credits.  Additionally, because of the decreased maneuverability of very large aircraft compared with smaller, more maneuverable aircraft, right-of-way rules would need to be revisited as most (if not all) aircraft and air vehicles, under this concept, would become cooperative or compatible targets with on-board traffic awareness or avoidance software.  EFR and the more broad features of the overall operational system would, of necessity, flow from guidance in ICAO Document No. 4444, “Rules of the Air and Air Traffic Services” and related documents.  International coordination and harmonization is therefore an important and essential part for the provision and use of weather products globally.
As a result of implementing weather and aeronautical services data link, errors such as pilot deviations resulting from entering adverse weather beyond their capabilities or that of their aircraft, wandering into controlled or special use airspace due to disorientation, or landing at the wrong airport or on the wrong runway or taxiway would be significantly reduced.  Aviation accidents and incidents attributed to poor navigation, poor tactical decision making, lack of adequate situational awareness, and sub-standard human factors design would be reduced, with a resulting improvement in aviation safety.
Training and Human Factors Considerations

Weather data link embraces the flight training disciplines of crew resource and risk management and aeronautical and pilot decision-making.  These flight training disciplines are predicated on seamless training starting at the student pilot level, with the pilot gaining competence and basic skill with a limited number of applications.  Then, during the course of his or her flying career, the pilot would transition through minimal initial and differences training to the higher-end applications installed on particular aircraft.
The implementation of weather in the cockpit must be based on sound human-centered automation.  The supporting ground infrastructure would provide appropriate flight essential as well as flight critical information to the pilot, to the controller, and when applicable, to the dispatcher (especially during operations involving terminal, hub, and oceanic operations), allowing all concerned to make better, more balanced, operational decisions leading to increased benefits in terms of flight safety, efficiency and airspace capacity.
Obtaining Weather Information
Weather information would be obtained through an overall flight planning and flight execution process in two steps:
Pilots would obtain an integrated Pilot Information Bulletin (PIB) briefing prior to flight.  This briefing (called a standardized weather briefing in the U.S.) would be provided by any number of private and public sector sources approved to provide a PIB.  An integrated PIB contains both meteorological and aeronautical information.
Once in the aircraft, the pilot would access and rely primarily on weather and aeronautical information received from multiple sources, including request and reply systems, a network-enabled Internet connection, and weather broadcast services, as examples.  A specific aircraft may have multiple data link options available to access the same information.  Voice communications would be used to supplement data link, with voice becoming secondary.
Possible Cockpit Implementations

From a human-machine interface perspective, weather-in-the-cockpit products embrace the synergistic combination of a user friendly, icon oriented, and intuitive interactive display hosted on either a portable or installed computer or display system.  Operating software would allow for modular installation and replacement of the software needed to display each product.  The supporting hardware platform (based upon the integrated modular avionics concept) would be based upon common human factor functional design standards to facilitate ease of training and use.
Use of track balls, touch screens, and voice recognition modules for hazardous weather alerting might make use of the keypad an option, not a necessity.  Because the system would be highly intuitive, time for initial training (to proficiency) over conventional glass cockpit systems would be significantly reduced, with a minimum of head-in-the-cockpit time to program and use the system being a major design objective.
The operational concept for weather-in-the-cockpit data link is based, to a large degree, on the use of GPS and time data combined with layered and translucent visual displays to create enhanced cockpit situational awareness.  Multiple weather and related applications would be able to be displayed at the same time, at the option of the pilot, using a technique called selective layering.  (For preliminary guidance on multi-function display design, see SAE G-10’s ARP ARP5364, Human Factor Considerations in the Design of Multifunction Display Systems for Civil Aircraft).
Such layered multi-function displays could serve as both a means to display electronic moving maps, terrain and obstacle data, weather, and aeronautical information, as well as traffic—a concept the air traffic services providers have long supported.  Displays would provide at least two-dimensional terrain data in conjunction with GPS aircraft position, reducing the risk of controlled flight into terrain accidents.
Larger general aviation and air carrier aircraft could have more advanced three-dimensional terrain and obstacle hazard displays, including access to on-board, high resolution airport obstacle data.  In essence, flight operations would be predicated on enhanced situational awareness of actual ATC clearances (including what ATC may likely want the aircraft to do as a result of weather delays, facility equipment outages, etc.), along with graphical presentations of traffic, weather, terrain, and own-ship flight path dynamics.  When combined with advanced pilot decision-making training, pilots will be able to make better, more informed, tactical decisions during all phases of flight.
Implementation of Weather-Related Products and Applications
The basic implementation strategy suggested is to allow for the ordered introduction of technologies and applications while, at the same time, providing incremental benefits to those who are willing to invest in the enabling technologies, procedures, and standards, in concert with worldwide development and harmonization.
Introduction of functional capabilities in both low- and high-end aircraft would be done by the judicious installation of one (or more) multi-function displays designed to accept hardware and software inputs.  For 14 CFR Part 91 operators, display systems could be either portable or installed at the owner’s option.
Low-end avionics systems (intended for recreational GA use, including aircraft without electrical systems) should be designed to less stringent fault tolerant standards.  Systems for these low-end users could be either installed or portable although certain supporting hardware, such as an external GPS antenna, may need to be permanently installed in the aircraft.
High-end general aviation avionics systems (intended for corporate GA aircraft use in aircraft certified to 14 CFR Part 23 standards) could consist of either portable or installed equipment designed to more stringent standards.  (See AC, 120-76A, Guidelines for the Certification, Airworthiness, and Operational Approval of Electronic Flight Bag Computing Devices).  Affordable retrofit systems, especially those for transport category aircraft with older installed electromechanical displays and limited panel space, will likely not be economically feasible unless an electronic flight bag display system is used, assuming there is sufficient space in the cockpit for such a device.
For larger transport category aircraft designed to 14 CFR Part 25 standards, avionics should be designed to fail safe operational or higher standards.  Additionally, some of the weather products envisioned may go beyond a simple graphical depiction to include, for example, gridded wind, temperature, and turbulence data geospatially referenced.  Such data may need to be integrated with the aircraft’s FMS and flight navigation computer to assist the flight crew in both routine and mission critical operations.  Flight crew and dispatcher communications would be facilitated by having shared graphical weather products in the cockpit, resulting in less one-on-one voice and use of the Aircraft Communications Addressing Reporting System (ACARS).
Selected weather product applications could be added and implemented in stages, with each new product capability being built upon the capabilities of the previous stages.  The same is true of associated hardware and software.
Potential Data Link Weather Products and Applications
Many weather products and applications are in various stages of development and/or implementation.  For the purposes of this vision, first generation products and applications are those that are already implemented and in use.  This would include present product offerings of Honeywell’s FISDL, WSI, WxWorx, Jeppesen, as well as present and proposed FAA ADS-B Services products.
The primary objective of these first generation products is to provide the flight crew with limited access to textual and graphical weather information (e.g., Aviation Routine Weather Reports (METARs), Terminal Area Forecasts (TAFs), Significant Meteorological Information (SIGMETs) advisories, Pilot Reports (PIREPs), and NEXRAD).  Conveying the information in these products is not easily done by voice; detail may be lost and considerable time and attention expended in exchanging information, diverting the pilot from his or her primary flight duties.  The value of a graphical weather product is determined by the type of aircraft, the flight crew’s capabilities, and the specific weather hazards present on any given day.  These products are safety- and/or capacity-based and are not necessarily mutually exclusive.
First generation weather-in-the-cockpit data link products make use of available basic weather products that were easy to format for transmission and display in the cockpit, with limited consideration to their utility in a cockpit environment.  From a technical standpoint, the inclusion of first generation, dynamic products such as NEXRAD looping will be more challenging.  Additionally, forecast products go beyond observations and thus may pose a certain amount of liability to the provider.
In the context of this vision, second generation products are those that build upon knowledge gained from using the first generation products, including trending and probabilistic weather products.  The suite of second generation products includes graphical predictive convective, turbulence, icing, ozone, and volcanic activity.  Second generation products also provide valued added information on what pilots may expect when they arrive at their primary, alternate, and emergency use airports.
Use of Aircraft to Collect and Disseminate Weather Data
This vision would be incomplete if it did not recognize the unique and synergistic opportunity and benefits possible if aircraft were used to collect then downlink and crosslink weather data.  As envisioned, the downlink data collected by onboard sensors would be sent to a supercomputer to be processed into a suite of gridded weather products (i.e., wind, temperature, turbulence, and icing), then transmitted to any data-link-equipped aircraft.  These processed data could be either displayed or used by the FMS.  In contrast, crosslinked data is exchanged directly between aircraft that are within data link range.  Crosslink data communicates in-situ wind, temperature, turbulence, and icing conditions, along with potentially other ADS-B message set elements.

Downlink and crosslink weather data has the potential to enhance other applications such as in-trail climb/descent, constant descent arrivals, and wake vortex visualization.  Already, a number of ACARS-equipped aircraft collect and downlink weather data at a modest per message cost, which limits its widespread use.  However, given enabling technical standards along with a free message transaction data link, additional aircraft could collect meteorological data.  These additional data could be used to develop improved aviation-specific and general public-sector forecast products.  New in-flight weather-in-the-cockpit products based on this downlinked data, as well as data shared real-time with nearby aircraft, can be used to improve in-flight operations and enhance cockpit decision-making.
Data collected could include wind, temperature, turbulence, and atmospheric water vapor content, among others.  Data samplings could be taken at variable rates during various flight segments to ensure an accurate characterization of the air mass, while not consuming excessive amounts of data link bandwidth.
Different data link options are possible to downlink and crosslink these data, including use of ACARS, Iridium, and any of the several ADS-B data links.  For example, using the ADS-B implementation, data would be appended to the basic ADS-B message set and transmitted to both nearby aircraft and to a ground-based surveillance server.  Once received on the ground, the data would be merged with similar data from other aircraft and processed into a new series of specially tailored weather products.
As envisioned, several new aviation weather products (that would be more like reports of current conditions aloft rather than conventional forecasts) could be created.  These new reports would depict the state of the atmosphere at a given time and location and could be layered or stacked by flight level.  These processed data would be provided to data linked equipped aircraft, and onboard software would convert these data into meaningful visual depictions.
Candidate users of these new or improved aviation weather products include airline operations centers, ATC automation systems (such as the Center TRACON Automation System), controllers, FSSs, and flight crews.  Raw data would also be used to assist in producing more accurate atmospheric models and forecasts benefiting both aviation interests and the general public.
Aviation benefits anticipated through use of this down linked weather data include:
Minimize fuel consumption en route (maximize nautical miles per gallon of fuel burned)
Smoothest ride (i.e., least turbulence).  Flight attendant cabin and passenger injuries would likely be decreased, a safety benefit.
Minimized icing encounters, another safety benefit.
Avoidance of other known or expected weather hazards.
Wake vortex visualization modeling.  (Requires broadcast of the wind field and approximate landing weight of the aircraft ahead.)
Enabling Weather in the Cockpit:  AVS Weather Data Link-Related Documents
The following is a representative list of the AVS guidance, outreach, and training that will need to be developed to support the implementation and operation of the weather-in-the-cockpit vision:
Design approval guidance for
Weather products and enabling depiction hardware for use in small and large aircraft
Weather product software for use in small and large aircraft
Archiving weather data
Operational approval guidance for new products and non-government vendors
Guidance for airman training and airman evaluation criteria

FAA Safety Program pilot outreach training
FAA air carrier pilot outreach on data link weather
This list is not intended to be all inclusive, but is included to provide the reader an indication of the scope of documentation that will need to be developed by AVS.

Summary

The vision of the FAA’s Office of Aviation Safety (AVS) for weather-in-the-cockpit data link is presented.  This vision defines a realistic, near-term concept of operational use for various aviation weather products, both preflight and in-flight.  The implementation of this vision will provide weather information to the cockpit that will allow pilots and aircrews to engage in shared responsibility with controllers, dispatchers, Flight Service Station specialists, and others, regarding preflight and en route aviation safety decisions involving weather.  This vision is intended to guide AVS in developing near-term (present to 2010) research requirements, aviation weather product approvals, operational approvals, and supporting guidance.   The implementation of weather in-the-cockpit data link will have a significant impact on aviation safety by sharing timely aviation weather information between controllers, dispatchers, Flight Service Station specialists, and pilots.
It is intended that this AVS vision of weather-in-the-cockpit data link will be presented to other stakeholders, government, industry, and academia, to help formulate a shared, global vision of weather-in-the-cockpit data link.  The shared vision will form the basis of collaboration with the other stakeholders to implement weather-in-the-cockpit data link.
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