DRAFT


	

	

	

	
	

	NAS Surveillance

Functional Specification 

	

	March 31, 2000



[image: image13.wmf]Multi-Function

Cockpit Display

Controls &

Input Devices

Waypoints,

Display &

DL Inputs

PILOT

Primary Aircraft

Navigation Signal

Processing

Signals in

Space

Aircraft

Motion

Aircraft

State

Baro

Altimeter

Dependent

Surveillance

Processing

ACID

Position

Velocity

Waypoints

Aircraft States

Aircraft State

Message (A/A)

Processing

Aircraft States

Own Aircraft

State

Track

Processing

Automation*

Aids & Display

Generator

Display Commands

Display  Inputs &

Waypoints

Air-side

Ground-side

Dependent

Surveillance

Processing

Aircraft

States

Aircraft States

Dependent

Surveillance Target

Correlation

Correlated

States

Track Processing

Target

Reports

Format Target

Reports

Distribute

Target Reports

ATC Facilities

Coverage Maps

To Oceanic ATM &

Automation

Aircraft

Relative States

Alternate Aircraft

Navigation Signal

Processing

Waypoints

G/A Message

Processing and

Transmission

Controller

ATC

Automation

& Wx

To Independent &

Cooperative Surveillance

Correlator

Oceanic Sector

Demand Forecast

Target

Reports

To Oceanic ATM

System

Non-Flight

Specific

Information

Voice Communications

DL

Inputs

DL

Inputs

*Automation Aids

•

 Self Separation

•

 ACAS

•

 CDM

•

 Station-keeping

•

 Altitude Change

Signals in

Space

Aircraft States

Dependent

Surveillance

Processing

Aircraft States

ATC Automation and Wx Messages

Controller

Display

Target

Reports


NAS Surveillance Functional Specification

Table of Contents

11.
Introduction and Scope

1.1
Scope of the Document
1
1.2
Objective and Intended Use
2
1.3
Background
2
1.4
Functional Specification Development Process
3
1.4.1
Operational Requirements
4
1.4.2
Functional Requirements
6
1.4.3
Functional Specification
7
1.5
Document Organization
7
2.
Applicable Documents
8
2.1
Government Documents
8
2.2
Non-Government Documents
8
3.
Operational Environment and Characteristics
9
3.1
Overview of Future Surveillance Operational Concept
10
3.2
Architectural Considerations
11
4.
Surveillance Functional Specification
14
4.1
Flight Planning (FP) Functional Specification
20
4.1.1
Flight Planning Surveillance Concept
20
4.1.2
Flight Planning Surveillance Functional Requirements
21
4.1.3
Flight Planning Surveillance Functional  Design
22
4.1.4
Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS
24
4.2
Airport Surface Surveillance Functional Specification
26
4.2.1
Airport Surface Surveillance Concept
26
4.2.2
Airport Surface Surveillance Functional Requirements
27
4.2.3
Airport Surface Surveillance Functional Design
28
4.2.4
Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS
31
4.3
Terminal Area, Approach and Departure Surveillance Functional Specification
33
4.3.1
Terminal Area, Approach and Departure Surveillance Concept
33
4.3.2
Terminal Area, Approach and Departure Surveillance Functional Requirements
34
4.3.3
Terminal Area, Approach and Departure Surveillance Functional Design
35
4.3.4
Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS
39
4.4
En Route Surveillance Functional Specification
41
4.4.1
En Route Surveillance Concept
41
4.4.2
En Route Surveillance Functional Requirements
42
4.4.3
En Route Surveillance Functional Design
44
4.4.4
Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS
48
4.5
Oceanic and Offshore Surveillance Functional Specification
51
4.5.1
Oceanic and Offshore Surveillance Concept
51
4.5.2
Oceanic and Offshore Surveillance Functional Requirements
52
4.5.3
Oceanic and Offshore Surveillance Functional Design
53
4.5.4
Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS
56
4.6
Traffic Flow Management Surveillance Functional Specification
58
4.6.1
Traffic Flow Management Surveillance Concept
58
4.6.2
Traffic Flow Management Surveillance Functional Requirements
59
4.6.3
Traffic Flow Management Surveillance Functional Design
59
4.6.4
Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS
62


APPENDIX A. ACRONYMS AND ABBREVIATIONS………………………………………………………..A-1

APPENDIX B. DEFINITIONS……………………………………………………………………………………B-1

APPENDIX C. SUMMARY OF SURVEILLANCE FUNCTIONAL REQUIREMENTS….………………..C-1

APPENDIX D. SURVEILLANCE CONOP STATEMENTS FROM ATS 2005 CONOPS…………………..D-1

APPENDIX E. SURVEILLANCE CONOP STATEMENTS FROM RTCA SURVEILLANCE CONOPS...E-1

List of Figures

Figure 1‑1 Functional Specification Development Process
4

Figure 3‑1 Mature State Information-Based Surveillance Operations for NAS Air Traffic Services
10

Figure 4‑1 NAS Surveillance Functional Flow Diagram
18

Figure 4‑2 Flight Planning Surveillance Functional Flow Chart
22

Figure 4‑3 Aircraft Surface Surveillance Functional Flow
28

Figure 4‑4 Surface ATC Surveillance Functional Flow
29

Figure 4‑5 Aircraft Terminal Surveillance Functional Flow
36

Figure 4‑6 Terminal ATC Surveillance Functional Flow
36

Figure 4‑7 Aircraft En Route Surveillance Functional Flow
45

Figure 4‑8 En Route ATC Surveillance Functional Flow
45

Figure 4‑9 Oceanic Surveillance Functional Flow
54

Figure 4‑10 TFM Surveillance Functional Flow
60



List of Tables

5Table 1‑1 Example of Operational Requirements Contained in Appendix D

Table 1‑2 Example of Operational Requirements Contained in Appendix E
5
Table 1‑3 Consolidated example of functional requirements traceability matrices
6
Table 4‑1 General Functional Requirements Traceability Matrix
16
Table 4‑2 Flight Planning Functional Requirements Traceability Matrix
24
Table 4‑3 Airport Surface Functional Requirements Traceability Matrix
31
Table 4‑4 Terminal Area, Approach and Departure Functional Requirements Traceability Matrix
39
Table 4‑5 En Route Functional Requirement Traceability Matrix
48
Table 4‑6 Oceanic and Offshore Functional Requirements Traceability Matrix
56
Table 4‑7 Traffic Flow Management Surveillance Functional Requirements Traceability Matrix
62



NAS Surveillance Functional Specification

1.  Introduction and Scope

This document is a Functional Specification based on the NAS surveillance operational requirements defined in the Air Traffic Services Concept of Operations for the National Airspace System in 2005 (ATS 2005 CONOPS) dated September 30, 1997 and in the draft Joint Government /Industry Surveillance Operational Concept for Free Flight Enhancements (RTCA Surveillance CONOPS) dated August 12, 1999.  It has also incorporated the applicable elements of the Safe Flight 21 Functional Specification, Version 2, September 14, 1999.  The Functional Specification is intended to be updated in step with modifications to the ATS 2005 CONOPS, RTCA Surveillance CONOPS, and Safe Flight 21 changes resulting from the Operational Evaluation field test results, laboratory analysis and simulation results, and/or from changes resulting from the use of new technologies. 

The Functional Specification encompasses Flight Planning, Airport Surface, Terminal Area/Approach and Departure, En Route, Oceanic and Offshore, and Traffic Flow Management operations.  In the process of addressing the surveillance functional specification for these phases of flight/domains, this document also discusses relevant new technologies that are being introduced into the National Airspace System (NAS).  As components of the Safe Flight 21 Operational Enhancements demonstration and test program to validate their operational feasibility, these new technologies include: Global Positioning System (GPS); Automatic Dependent Surveillance-Broadcast (ADS-B); Flight Information Service-Broadcast (FIS-B); Traffic Information Service-Broadcast (TIS-B); and, Cockpit Display of Traffic Information (CDTI).  This functional specification document describes these technologies in terms of their functionality rather than specific systems.

This chapter provides an overview of the NAS surveillance Functional Specification.  It establishes the scope of the document by first defining the term “surveillance” in Section 1.1.  Section 1.2 specifies the intended use of the document.  Section 1.3 summarizes related Department of Transportation tasks leading up to the generation of this document.  Section 1.4 then describes the process employed to complete the Functional Specification.  Finally, Section 1.5 outlines the rest of the document. 

1.1 Scope of the Document

In this surveillance Functional Specification, surveillance is defined to include airborne, ground-based, and space-based detection, tracking, characterization, and observation of aircraft, surface vehicles, weather phenomenon, infrastructure status, and other information for the purpose of conducting flight operations in a safe and efficient manner.  Methods of surveillance include: voice reports; visual acquisition; independent, dependent, and cooperative surveillance technologies; weather observation technologies; and, infrastructure monitoring.  Surveillance information may be used to support functions such as fleet monitoring and management, traffic flow management, separation assurance, advanced automation decision support tools, and search and rescue operations.  The quality of surveillance can be described in such terms as coverage, data currency, data refresh rate, aircraft identification, aircraft position and velocity accuracy, data reliability, data integrity, and data availability.  These characteristics are deferred to a surveillance performance specification and are not considered to be within the scope of this document.

1.2 Objective and Intended Use

The intent of this specification is to document the surveillance system functional design in a technology-independent manner.  Because surveillance plays a key role in separation assurance, collision avoidance, flight planning, traffic flow management, and collaborative decision-making, an operational concept, a functional specification, and a performance specification are needed. These documents clarify how the pilot and controller will work with the surveillance system, the extent of surveillance information needed, the surveillance system functional design and data flow, the system-wide treatment of differing levels of surveillance, and the required surveillance data quality and performance characteristics.  In many cases, operational benefits are anticipated based upon improved operations made possible by new technology.  For many of these operations, extended surveillance information is required to meet the growing needs of service providers and users. This document focuses on the functional design and data flow characteristics of the surveillance system envisaged to meet the identified operational needs.   This functional specification combined with the RTCA Surveillance CONOPS
 will provide a common understanding of the aviation community’s expectations for new surveillance functionality.  Using this understanding, investment decisions in the NAS architecture can be validated against defined operational and functional needs.
1.3 Background

The DOT Volpe Center has been supporting the SSEG and the NASA AATT project since 1997.  In the course of this work, several tasks have been performed that have a common interest to the FAA and to NASA.  Specifically, these tasks focus on the AATT CONOPS related activities, the AATT Gap/Overlap Analysis, and the FAA Surveillance Architecture to CONOPS Consistency Analysis.

A recent SSEG Task has taken advantage of work and an analysis performed to date for both FAA and NASA and provided:

· Surveillance Needs based on the ATS 2005 CONOPS;

· Weather Needs based on the ATS 2005 CONOPS;

· Architecture V4.0 Compliance Analysis with Weather and Surveillance Needs;

· Existing Surveillance and Weather  Subsystems Compliance Analysis with Architecture V4.0; and, 

· Surveillance and Weather R&D being performed in support of the Surveillance and Weather Needs.

The recommendations that resulted from this study were to:

· Initiate an ADS-B study and demonstration to validate the 1090MHz capacity analysis and multipath findings;

· Initiate a functional and performance requirements study to determine the surveillance and weather system performance needed to support future decision support tools and functional enhancements; and,

· Address the identified non-compliant inconsistencies between the CONOPS and the Architecture and modify either or both documents to eliminate the inconsistencies.

The Volpe Center as part of its support for the Safe Flight 21 Program is addressing the first of these recommendations.  The last of these recommendations will be addressed by the SSEG in a presentation to the FAA ASD organization.  The functional and performance requirements study to determine the surveillance and weather system performance needed to support future decision support tools and functional enhancements is to be addressed by the Volpe Center for the SSEG.  Furthermore, discussions with the SSEG have resulted in broadening the requirements analysis into the identification of the operational, functional, and performance requirements of each surveillance and weather subsystem needed to meet the needs of the ATS 2005 CONOPS and Architecture V4.0.  In addition, the capabilities and shortfalls of the existing surveillance and weather infrastructure elements will also be identified.  Thus, the objectives of the Volpe study for 2000 are to:

· Develop a Surveillance and Weather System Functional Specification

· Develop a Surveillance and Weather System Performance Specification

· Identify the Surveillance and Weather Subsystem Capabilities Enhancements needed to satisfy the ATS 2005 and Architecture V4.0 requirements

This document develops a Surveillance Functional Specification that includes the surveillance of aircraft, weather, and NAS infrastructure in order to addresses the first of these objectives namely: Develop a Surveillance and Weather System Functional Specification. 
1.4 Functional Specification Development Process

The process illustrated in Figure 1-1 was used to develop the surveillance Functional Specification.   The development process began with the extraction of the operational requirements (used interchangeably with CONOP statement and CONOP) for NAS Surveillance contained in the ATS 2005 CONOPS
 and the RTCA Surveillance CONOPS, respectively.  The resulting operational requirements for surveillance are used as the basis for the development of a set of functional requirements.  These functional requirements are then used to develop the detailed functional design and specification for NAS surveillance.

[image: image1.wmf]
Figure 1-1 Functional Specification Development Process

1.4.1 Operational Requirements

The process to develop the NAS surveillance Functional Specification began with the description of surveillance operations contained in the Air Traffic Services Concept of Operations for the National Airspace System in 2005 (ATS 2005 CONOPS) and the Joint Government/Industry Surveillance Operational Concept for Free Flight Enhancements (RTCA Surveillance CONOPS).  These descriptions of NAS operations were analyzed to determine those surveillance operational requirements that apply to each of the phases of flight or domains considered in the source documents.  Traceability between the source documents and the operational requirements was maintained and is presented in Appendices D and E.

Appendix D contains the set of surveillance operational requirements extracted from ATS 2005 CONOPS.  As shown in the first column of Table 1-1, the CONOP numbers maintain traceability from the operational requirements to the source document.  For example, the number “2” in CONOP Number 2.1 denotes that the operational requirement has been extracted from the flight planning chapter of the ATS 2005 CONOPS.  In general, the first digit in the CONOP number denotes the ATS 2005 CONOPS chapter from which the operational requirement has been extracted.

Table 1‑1 Example of Operational Requirements Contained in Appendix D 

	ATS 2005 CONOP Number
	ATS 2005 CONOP Statement
	Applicable Functional Requirements

	1.40
	There are improved methods and tools to measure NAS performance and to identify user requirements, including the daily archiving of the NAS wide information system.  These improvements are geared toward providing the information in a meaningful and readily accessible form.!!Key Words:  NAS performance
	4_4; 4_5; 4_6; 4_7; 4_10

	
	2. Flight Planning
	

	2.1
	The flight planning process is enhanced to provide a collaborative interaction with the user.  This interaction creates dynamic, event-driven user-preferred trajectories for individual flights.!!Key Words (or)  flight planning  collaborative  user  preferred trajectories!!
	4.1.2.1_1f; 4.1.2.1_2


The third column of Table 1-1 identifies functional requirements that satisfy each ATS 2005 CONOP statement.  The functional requirements numbering convention is explained in detail in Section 1.4.2.

Appendix E contains a set of surveillance operational requirements extracted from RTCA Surveillance CONOPS.  As shown in Table 1-2, the CONOP numbers in this list are assigned in two slightly different formats.  First, general operational requirements have been extracted from Chapters 2 and 3 of the RTCA Surveillance CONOPS, and have been assigned CONOP numbers such as 2_1 and 3_8 (shown).  Second, operational requirements specific to each phase of flight have also been extracted from Chapter 4 of the source document, and all such CONOP statements have been numbered in the format 4_m_n.  The variable “m” denotes phase of flight; the variable “n” denotes the nth CONOP statement extracted from the mth phase of flight as discussed in Chapter 4 of the source document.

Table 1‑2 Example of Operational Requirements Contained in Appendix E

	RTCA SURV. CONOP Number
	RTCA Surveillance CONOP Statement
	Applicable Functional Requirements

	3_10
	Interoperability of separation methods and surveillance equipment and tools shall be maintained on an international basis.  
	4_11

	
	4. NAS Surveillance Operations by Domain and/or Phase of Flight
	

	
	4.1 Flight Planning Surveillance Needs
	

	4_1_1
	Flight Information Services provide to pilots the necessary weather graphics and text
	4_5; 4.1.2.2_1; 4.1.2.2_2

	4_1_2
	A broadcast data link system for Flight Information Service (FIS) information shall be preferred....  
	4.1.2.1_2


The third column of Table 1-2 identifies functional requirements that satisfy each RTCA Surveillance CONOP statement.  The functional requirement numbering convention is explained in detail in Section 1.4.2.

1.4.2 Functional Requirements

The functional requirements for each phase of flight or domain considered in the ATS 2005 CONOPS and the RTCA Surveillance CONOPS were derived from the operational requirements contained in these documents.  Functional requirements that were of a general nature, such as those contained in the introductory paragraphs of Chapter 4 of this Functional Specification document, were assigned numbers 4_1, 4_2, etc.  Functional requirements that were specific to each phase of flight were identified according to the sub-sections in which they reside within this Functional Specification.  For example, the functional requirement 4.2.2.2_1b can be found in Section 4.2.2.2, and is the second subordinate bullet under the first top-level bullet.  Examples of both variations of the functional requirements numbering convention can be found in the third columns of Tables 1-1 and 1-2, and the first column of Table 1-3.

Table 1‑3 Consolidated Example of Functional Requirements Traceability Matrices
	Functional Requirement Number
	Functional Requirement Text
	Traceability to ATS2005 CONOPS
	Traceability to RTCA Surveillance CONOPS

	4. Surveillance Functional Specification
	Aircraft Surveillance Functional Requirements
	
	

	4_1
	The NAS surveillance system shall support delegation of separation responsibility to the pilot operating under a set of rules and procedures known as Electronic Flight Rules (EFR).
	1.7; 1.10; 1.11; 1.16; 1.17; 1.20; 1.35; 4.21; 4.31; 5.31; 6.20; 6.22
	3_7; 4_2_26

	4_2
	The NAS surveillance system shall support user preferred routing from airport-to-airport for all properly equipped  domestic and international flights.
	1.10; 4.39; 4.40; 4.66; 5.1; 5.2; 5.11; 5.19; 5.37; 6.4; 6.12; 6.33
	4_1_17; 4_1_18; 4_4_13

	
	.

.
	
	

	Airport Surface
	4.2.2.2 Weather Surveillance Functional Requirements
	
	

	4.2.2.2_1
	The surveillance system shall provide information to the  surface management information system including:
	3.5; 3.11 (in general terms)
	

	a
	airport environmental information
	3.6; 3.19; 3.25
	4_2_10

	b
	weather information
	3.6; 3.19; 3.25
	4_2_10


Table 1-3 is an example of traceability matrices located throughout Chapter 4 of this Functional Specification.  These matrices provide traceability from the functional requirements to the appropriate operational requirements extracted from ATS 2005 CONOPS and RTCA Surveillance CONOPS. The third and fourth columns of Table 1-3 show the operational requirements in the two source documents satisfied by each functional requirement.

1.4.3 Functional Specification

The functional specification was then developed from the functional requirements derived for each of the phases of flight or domains identified in the source documents.  The functional specification consists of a functional block diagram depicting the inter-relationship and data flow among the functions and a narrative description for each function.  The level of detail in the functional specification corresponds to the level of detail contained in the derived functional requirements.

1.5 Document Organization

Chapter 1 has provided an overview of the surveillance functional specification objectives and intended use, the development process, and the scope of the specification.  Chapter 2 lists applicable documents used for the development of the surveillance functional specification.  Chapter 3 presents an overview of the surveillance operational environment, concepts, and characteristics.  Chapter 4 presents the surveillance functional specification for each domain and/or phase of flight.  This includes an overview of the concept of operation, the functional requirements, the functional design and data flow, human factors considerations, and requirements traceability matrices for each domain and/or phase of flight.  Appendix A provides a list of acronyms and abbreviations used in this specification; Appendix B provides pertinent definitions; and Appendix C an integrated summary of the surveillance functional requirements that were derived and used in this specification. Appendices D and E show surveillance-related CONOP statements extracted from the ATS 2005 CONOPS and the RTCA surveillance CONOPS, and their relation to the functional requirements.

2.  Applicable Documents

The documents that have been used to develop this functional specification consist of government and non-government publications, and are presented below according to those categories.

2.1 Government Documents

· Federal Aviation Administration. Air Traffic Services Concept of Operations for the National Airspace System in 2005, US Department of Transportation, Washington, DC, September 30, 1997.

· Federal Aviation Administration. National Airspace System Architecture, Version 4.0, US Department of Transportation, Washington, DC, January 1999.

· Volpe National Transportation Systems Center. Safe Flight 21 Functional Specification, Version 2, Cambridge, MA, September 14, 1999.

2.2 Non-Government Documents

· RTCA Select Committee on Free Flight Implementation. A Joint Government/Industry Operational Concept for the Evolution of Free Flight, Washington, DC, December 1, 1997.

· RTCA Free Flight Select Committee Surveillance Working Group. Draft Joint Government/Industry Surveillance Operational Concept for Free Flight Enhancements, Washington, DC, August 12, 1999.

· Volpe National Transportation Systems Center, SRC, Rannoch Corp. FAA Surveillance System Engineering Group (AND-402) - CONOPS Final Report, July 1999.

· RTCA, Inc. Minimum Aviation System Performance Standards for Automatic Dependent Surveillance Broadcast (ADS-B), RTCA Document No. RTCA/DO-242. 

3.  Operational Environment and Characteristics
 
The concept of operations (ATS 2005 CONOPS) calls for surveillance of all controlled aircraft in the domestic airspace.  The CONOPS emphasizes the importance of providing effective air-air and improved ground-based surveillance and extending instrument flight rules (IFR) separation services to non-radar areas of domestic airspace.  Both of these goals directly support a move towards Free Flight.

The NAS surveillance architecture will reduce its reliance on primary radar in the en route environment, while retaining primary radar combined with digital technology for terminal airspace.  SSRs with selective interrogation (SI) capability will continue and even expand in use for both en route and terminal airspace.  SI capability provides a means for ATC automation to utilize the unique Mode-S transponder identification code permanently assigned to an aircraft.  This helps to eliminate false data from the controller’s display and support the use of Mode-S data link to provide traffic information service (TIS) to the cockpit.

SI also enables the use of Ground-Initiated Comm. B (GIC-B) messages. The accuracy of the position and intent information received from the aircraft via the GICB message is expected to significantly improve target tracking and the performance of controller tools such as conflict alert, conflict probe, and the Final Approach Spacing Tool (FAST).  The GICB will capture the aircraft’s on-board navigation information improving the surveillance data quality while providing access to other aircraft state information.  Improved surveillance data quality allows independent verification of position, supports improved separation between dissimilarly equipped aircraft (especially important during the transition), and allows the FAA to use the SSR network as part of a larger network of ground listening stations.

As the number of users equipped with advanced avionics increases, air-air surveillance as a means of self separation will be phased in for domestic and oceanic airspace.  Pilots will be expected to use improved air-air surveillance for effective situational awareness.  In oceanic airspace, such surveillance capability may be approved as a means for pilots to conduct in-trail climbs, descents and passing maneuvers.

Provision of ATC services in oceanic airspace will be based on a combination of airborne and ground-based surveillance derived from automated position reports.  Oceanic controllers may receive these position reports via several communication means including satellite communications (SATCOM), high frequency data link (HFDL), and other sub-networks.  Air-to-air surveillance will be achieved separately by Mode S or other means of exchanging an aircraft’s navigation system-derived position information.  Ground equipment and automation will display the aircraft position and track to oceanic controllers, enabling current lateral/longitudinal separation standards to be reduced.

3.1 Overview of Future Surveillance Operational Concept
 

The future concept for Free Flight in the NAS capitalizes on surveillance improvements as one of the foundations for removing flight restrictions.  Surveillance continues to be used in functions such as separation assurance, conformance monitoring, collision avoidance, and fleet management.  Improved surveillance information, combined with enhanced tools for the people who interact with the NAS, has a role in improving safety, reducing separation standards, improving performance of automation and decision support tools, and enhancing a common awareness among members of strategic and tactical traffic situations.

Use of improved surveillance information in the cockpit and on the ground evolves incrementally as operational experience is gained and as confidence increases in the system performance.  Figure 3‑1 illustrates the elements of the future NAS surveillance system.
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Figure 3‑1 Mature State Information-Based Surveillance Operations for NAS Air

Traffic Services

Traditional primary and secondary radar is still in use.  However, this is supplemented by aircraft position reporting via datalink.  These, plus any future modes of position reporting that may be developed, are transferred through a WAN that makes the data available to any facility.  The surveillance data from all sources is processed and integrated into a single view of each sector's airspace for display to that service provider.  The resulting target locations are more accurate; thereby improving the accuracy of predicted aircraft positions and predicted problems.  There are fewer missed alerts and fewer unnecessary safety-induced avoidance maneuvers.

Consequently, the combination of modernized surveillance capabilities along with problem prediction and resolution allow a shift in the service provider's role from a tactical one to that of more strategic planning.  Additionally, the more accurate location of aircraft allows reduced separation standards, and therefore increased capacity.  For the users, the benefit of this fusion of capabilities is increased user-preferred routing.  Aircraft capabilities provide improved conflict management and situational awareness capabilities to increase overall safety, flexibility, and efficiency.

3.2 Architectural Considerations

The NAS of the future evolves from today's ground-based radar system to one that is information-based, with a common surveillance picture shared among all participants in the NAS.  This common surveillance picture allows a participant to improve decision making, making the system safer and more efficient. The future system concept and architectural requirements ensure that surveillance and separation functions accommodate all normal and non-normal operational conditions and provide rapid recovery for scenarios where major service upset cannot be completely prevented.  Automation data requirements and processing are major drivers in the surveillance concept for the future.  

The NAS Architecture, Version 4.0 and the CONOPS documents refer to several functional capabilities or systems, although these systems are not fully defined.  For example, ADS-B is referred to as a system, however, it exists more as a functional concept rather than an actual system in particular since the surveillance data link has not been selected and a backup navigation system to GPS has not been recommended.  Several functional capabilities referred to in the NAS architecture include: 

· Flight Information System - Broadcast (FIS-B)

· Flight Information System (FIS)

· Automatic Dependent Surveillance - Addressed  (ADS-A)

· Automatic Dependent Surveillance - Broadcast (ADS-B)

· Traffic Information Service (TIS)

· Traffic Information Service - Broadcast (TIS-B)

· Cockpit Display of Traffic Information (CDTI)

Each of these system concepts is functionally described in the following paragraphs.  It must be emphasized that any reference to these system concepts in this document does not imply any specific hardware or software realization, but rather the functional concept upon which these systems, when implemented, will be based. Extracted sections from source documents contain references to these system concepts.  In general however, reference to these systems is avoided in order to maintain the functional integrity of this specification. 

Flight Information System - Broadcast (FIS-B): Provides broadcast information on weather and other critical navigational information for pilots in the cockpit in the form of graphics or text on a multi-function cockpit display.  The information included in the initial phase of FIS-B is based on products that exist today.  For Visual Flight Rules (VFR) operation this includes ceiling, visibility, winds and temperatures aloft, and hazardous weather advisory areas.  For Instrument Flight Rules (IFR) operation this also includes convective weather, precipitation, and lightning. The second phase of FIS-B is based on information and products that are not yet readily available or distributed.  Graphical icing products will be highly valuable in Alaska and in the Contiguous United States (CONUS).  Real-time SUA status graphics will aid in extended VFR operations.  Volcanic ash information will benefit aircraft operating in potentially hazardous areas including Alaska and the Aleutian chain and the Pacific Northwest.

Flight Information System (FIS): Provides data link information on weather and other aircraft specific critical information and alerts in the cockpit in the form of graphics or text on a multi-function cockpit display.   Information such as wake vortex advisories for specific aircraft is envisioned to be included in FIS.

Automatic Dependent Surveillance - Broadcast (ADS-B): Automatic Dependent Surveillance-Broadcast broadcasts an aircraft or vehicle's identity, position, altitude, velocity and other information for use by other aircraft, surface vehicles and ground facilities.  ADS-B air-to-air and air-to-ground technologies play a major role in realization of the free flight operational enhancements.  This technology is recognized as dependent surveillance because it requires each aircraft or surface vehicle to determine its position (by means of the on-board navigation system) and to report that position (and other data) via the yet to be selected ADS-B data link.

Automatic Dependent Surveillance - Addressed  (ADS-A): Automatic Dependent Surveillance Contract is known by the European community as ADS-C and in the United States as ADS-A.  This concept is similar to ADS-B except that the aircraft transmits its identity, position, altitude, velocity and other information to a relay satellite that sends these messages to a ground ATC facility.  This concept is particularly attractive for oceanic and offshore applications since it is not limited by line-of-sight restrictions, as is ADS-B. 

Traffic Information Service (TIS): This is a Mode S data link service that provides aircraft positions and automatic traffic advisories to pilots.  TIS products were included in the free flight operational enhancements.  Suitably equipped aircraft will be able to request and receive a display of nearby traffic.  The relative range, bearing, and altitude (if known), and a “proximate” or “threat” classification of nearby aircraft will be displayed as an alert to the pilot.  This service will help pilots “see and avoid” other aircraft.  It uses ground-derived radar surveillance data and is intended to improve safety and efficiency of flight by providing an automatic display of nearby traffic and warnings of potentially threatening conditions. The source of TIS information is the file of aircraft tracks maintained by the ground Mode S sensor providing radar beacon coverage for a region of airspace.  While TIS can provide information alerts only to Mode S equipped aircraft under surveillance, TIS has knowledge of all Air Traffic Control Radar Beacon System (ATCRBS) aircraft in coverage (and, potentially, of non-transponder-equipped aircraft if a primary radar’s coverage is integrated with the Mode S sensor).  TIS generates alerts, but does not provide resolution advisories. 

Traffic Information Service - Broadcast (TIS-B): Traffic Information Service-Broadcast service is similar to TIS surveillance information, but the method of delivery is different.  TIS-B broadcasts, the information on a suitable but yet to be determined datalink rather than by Mode S sensor selective address capabilities.  Instead of delivering individually tailored messages during the ground radar antenna beam time (antenna dwell time) on the target, TIS-B broadcasts information on all known targets using a different message format, frequency, and protocol.  

Cockpit Display of Traffic Information (CDTI): This is cockpit display capability that receives the inputs from FIS, FIS-B, TIS, TIS-B, ADS-B, Moving Maps database, weather alerts, data-link messages, clearances and the like and displays them to the pilot.  A multi-function display capability is needed and this is an especially challenging problem for the low-end General Aviation user. The Cockpit Display of Traffic Information shows the position of all nearby ADS-B-equipped aircraft.  TIS and TIS-B aircraft may also be displayed on the CDTI.  The pilot may use this display of nearby traffic as a reference for tactical maneuvering, self-separation, and station keeping.  This capability will greatly enhance situational awareness in the cockpit.  In domestic airspace, pilots are expected to use ADS-B air-to-air surveillance for situation awareness, and limited shared responsibility for separation.  In oceanic airspace and in low-density en route airspace, ADS-B may be approved as a means for pilots to conduct in-trail climbs, descents and passing maneuvers.  All of this information is presented against a background of weather, terrain, obstacles, and on a moving map.  Automation alerts are also provided for display.  

4.  Surveillance Functional Specification

This chapter provides the surveillance functional specification for the following domains and/or phases of flight:

· Flight Planning

· Airport Surface

· Terminal Area, Approach and Departure

· En Route

· Oceanic and Offshore

· Traffic Flow Management

Each section in this chapter consists of a description of the surveillance system concept in that domain and/or phase of flight, the surveillance functional requirements and the functional design including functional flow diagram(s).  A traceability matrix relating the functional requirements to operational requirements (CONOP statements) extracted from ATS 2005 CONOPS and RTCA Surveillance CONOPS is included at the end of each section.

The following functional requirements, however, generally apply to NAS surveillance independent of domain.  They are categorized according to aircraft surveillance, weather surveillance, and infrastructure surveillance functional requirements.

Aircraft Surveillance Functional Requirements

· The NAS surveillance system shall support delegation of separation responsibility to the pilot operating under a set of rules and procedures known as Electronic Flight Rules (EFR). 

· The NAS surveillance system shall support user preferred routing from airport-to-airport for all properly equipped domestic and international flights.

· The NAS surveillance system shall detect all unmanned vehicles and/or remotely operated vehicles and will support collision avoidance.

· Enhanced surveillance information including intent and aircraft performance data shall support improved trajectory prediction accuracy for ground based decision support tools.

Weather Surveillance Functional Requirements

· The NAS surveillance system shall provide graphical weather information in the cockpit.

· The NAS shall improve weather and aircraft surveillance and shall incorporate this information into the service provider display.

Infrastructure and Other NAS Surveillance Functional Requirements

· The NAS surveillance system shall support all present and future decision support tools including separation assurance, conformance monitoring, collision avoidance, problem prediction and resolution, and fleet management.

· The NAS surveillance system shall support the reduction of separation standards and restrictions.  Common/consistent standards based on system performance rather than airspace designation shall be applied. 

· Surveillance data from a variety of sources shall be integrated to provide a more accurate picture of the traffic and to enable the application of proper separation standards.

· The NAS surveillance system shall provide users and service providers a common situational awareness.

· Interoperability of separation methods and surveillance equipment and tools shall be maintained on an international basis.

Traceability of these requirements to their source documents is provided in Table 4‑1.

Figure 4‑1 provides an overview of the surveillance functional design over the entire NAS.
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Figure 4‑1 NAS Surveillance Functional Flow Diagram
Table 4‑1 General Functional Requirements Traceability Matrix
	Functional Requirement Number
	Functional Requirement Text
	Traceability to ATS2005 CONOPs
	Traceability to RTCA Surveillance CONOPs

	4. Surveillance Functional Specification
	Aircraft Surveillance Functional Requirements
	
	

	4_1
	The NAS surveillance system shall support delegation of separation responsibility to the pilot operating under a set of rules and procedures known as Electronic Flight Rules (EFR).
	1.7; 1.10; 1.11; 1.16; 1.17; 1.20; 1.35; 4.21; 4.31; 5.31; 6.20; 6.22
	3_7; 4_2_26

	4_2
	The NAS surveillance system shall support user preferred routing from airport-to-airport for all properly equipped domestic and international flights.
	1.10; 4.39; 4.40; 4.66; 5.1; 5.2; 5.11; 5.19; 5.37; 6.4; 6.12; 6.33
	4_1_17; 4_1_18; 4_4_13

	4_3
	The NAS surveillance system shall detect all unmanned vehicles and/or remotely operated vehicles and will support collision avoidance.
	1.7
	3_9

	4_4
	Enhanced surveillance information including intent and aircraft performance data shall support improved trajectory prediction accuracy for ground based decision support tools.
	1.7; 1.12; 1.23; 1.24; 1.30; 1.40; 4.26; 4.27; 4.29; 4.39; 4.40; 5.8; 5.9.1; 5.9.2; 5.15; 5.39
	4_4_11

	
	Weather Surveillance Functional Requirements
	
	

	4_5
	The NAS surveillance system shall provide graphical weather information in the cockpit.
	1.7; 1.11; 1.12; 1.17; 1.21; 1.38; 1.39; 1.40; 5.26
	2_2; 4_1_1

	4_6
	The NAS shall improve weather and aircraft surveillance and shall incorporate this information into the service provider display.
	1.7; 1.12; 1.17; 1.21; 1.38; 1.39; 1.40; 5.33
	2_4

	
	Infrastructure and Other NAS Surveillance Functional Requirements
	
	

	4_7
	The NAS surveillance system shall support all present and future decision support tools including separation assurance, conformance monitoring, collision avoidance, problem prediction and resolution, and fleet management.
	1.7; 1.10; 1.17; 1.20; 1.30; 1.33a; 1.34; 1.40; 4.21; 4.26; 4.29; 4.32; 4.33; 4.66; 5.2; 5.9.2; 5.30; 5.31; 5.35; 5.37; 6.20
	2_5; 3_3; 3_6; 4_1_18; 4_2_8; 4_2_15; 4_5_6; 4_5_7

	4_8
	The NAS surveillance system shall support the reduction of separation standards and restrictions.  Common/consistent standards based on system performance rather than airspace designation shall be applied.
	1.7; 1.10; 1.16; 1.34; 1.35; 4.21; 4.63; 5.31; 6.3; 6.5; 6.12
	3_2; 3_4; 3_8; 4_3_2; 4_4_9; 4_4_16; 4_5_1; 4_5_2; 4_5_3; 4_5_4; 4_5_13; 4_5_15; 4_5_26; 4_6_3

	4_9
	Surveillance data from a variety of sources shall be integrated to provide a more accurate picture of the traffic and to enable the application of proper separation standards.
	1.2; 1.7; 1.10; 1.17; 1.19; 1.33a; 4.21; 4.27; 5.18; 5.31; 6.6; 
	2_1; 2_3; 3_5; 4_2_12; 4_4_16; 4_5_10; 4_5_11

	4_10
	The NAS surveillance system shall provide users and service providers a common situational awareness.
	1.7; 1.10; 1.11; 1.12; 1.16; 1.21; 1.22; 1.23; 1.24; 1.30; 1.40; 5.48
	3_1; 3_4; 4_1_7; 4_2_10

	4_11
	Interoperability of separation methods and surveillance equipment and tools shall be maintained on an international basis.
	1.5; 1.7
	3_10


The design presented in Figure 4-1 necessitates a discussion of high-level human factors considerations pertaining to the means by which information is conveyed to the pilot and the service provider (represented by “Controller” in the figure).  Specifically, these considerations involve the multi-function cockpit display and the controller display.

The human factors considerations for the multi-function cockpit display primarily revolve around the design of the moving map display and the graphical depiction of the location of traffic of interest and airport map information relative to own aircraft.  This aspect may be complicated by the need to use a multi-function display that will accommodate the requirements of many of the Free Flight/SF 21 operational enhancements.  In addition, pilot interface with the display must include appropriate controls such as zoom, brightness and contrast, alert off control, display on/off controls, and display mode controls. If in fact using a multi-function display, care must be taken to include features such that if an alert comes from a mode not presently being displayed, it will still be made known to the pilot. The design of this multifunction display must also consider the low-end general aviation (GA) user.

The human factors considerations for the service provider display primarily revolve around the design of the display itself, and the graphical depiction of the location of traffic of interest, alerts, weather, and airport map information. In addition, controller interface with the display must include appropriate controls such as zoom, brightness and contrast, alert off control, display on/off controls, and display mode controls. The controller will also be expected to input an appropriate set of display coordinates.  A major challenge for this function is the methodology used for the display of targets.   Dependent surveillance target information is asynchronous and does not resemble the traditional radar presentation with a scanning beam.  Thus, it may be that the display generator will have to simulate a radar scan in order for this display to be acceptable to the service provider.

4.1 Flight Planning (FP) Functional Specification

The surveillance functional specification for Flight Planning (FP) consists of a detailed description of the surveillance concept for FP, a presentation of the FP functional requirements for surveillance, and an elaboration of the surveillance functional design for FP including a functional flow diagram. Traceability of the functional requirements to the ATS 2005 CONOPS and RTCA Surveillance CONOPS is also provided at the end of this section.  This specification is based on the information contained in the documents referenced in Chapter 2.

4.1.1 Flight Planning Surveillance Concept

This operational concept applies to the broad spectrum of aviation during the pre-flight planning phase as well as in flight.  During the flight-planning phase, airlines with AOCs and GA with AOC-like capabilities are able to file ICAO-formatted Filed Flight Plans (FPL) using the en route automation system. 

An enhanced flight plan/object that provides a much larger data set, including preferred trajectory, aircraft weight, runway preference for departure and arrival, gate assignment, and cross-border issues for international flights is available for all users.  The information within this flight profile can be updated throughout the flight, providing a common source of information to users and service providers.  An interactive flight planning capability is available for all properly equipped aircraft to aid in filing airport-to-airport flight plans with user-preferred routings.  Interactive flight planning also allows users to better monitor fleet activities during routine and non-routine operations.  

Air traffic service providers maintain a continuously updated database of airspace and flow restrictions.  The AOC and Air Traffic (AT) computers share this information.  Using this data, the AOC flight planner prepares a proposed flight plan/object, performing a probe for active or scheduled SUAs, weather, and airspace and flow restrictions.  The AOC flight planner uses this information to file the final flight plan/object. VFR flight plans, once filed, are available to all ATC service providers.  This enhances the ability of the pilot to receive and the service provider to provide VFR flight following services.

DoD flight planning continues to be performed by Military Base Operations.  The DoD user has real-time interactive flight planning capabilities, which enable more effective flight planning with respect to NAS resources.  

The Flight Information Service (FIS) provides needed flight planning information for users of the NAS.  FIS is defined as the non-control, advisory information needed by pilots to operate more safely and efficiently in the NAS and in international airspace.  FIS provides the necessary weather graphics and text, SUA information, notices to airmen (NOTAMs) and other information to pilots.  The goal is to use digital data link to deliver information to the pilot, to improve safety, reduce costs to users and increase the utility, efficiency and capacity of the NAS.  The timely provision of high quality, accurate, and consistent information is essential to support sound operational decisions by pilots, service providers, and dispatchers.  

4.1.2 Flight Planning Surveillance Functional Requirements

The following surveillance functional requirements are derived from the operational concept described above and from the CONOPS documents identified in Chapter 2.  The functional requirements are categorized according to aircraft surveillance, weather surveillance, and infrastructure and other surveillance in the following subordinate sections.
4.1.2.1 Aircraft Surveillance Functional Requirements

· The surveillance system shall observe/collect, store and retrieve the following aircraft related data elements:

· Flight plan/objects and data

· Discrete ELT ID

· Runway preference

· Aircraft weight

· Flight following information

· User preferred route

· Preferred climb profiles

· Preferred descent profiles

· Departure times

· Arrival times

· Flight plan/object closure

· Gate assignment

· Status of active and proposed flights

· Current Flight Trajectories 

· Cross-border data for international flights

· The surveillance system shall format this data for distribution to Users (GA, Commercial, and Military), Service Providers, and AOCs.  

· The surveillance system shall provide the capability to perform a flight plan/object probe for active/scheduled SUA, weather, and airspace and flow restrictions.

· The surveillance system shall provide a capability to notify SAR when a flight is overdue or an ELT is detected and shall provide SAR with all relevant flight information including last known position and time.

4.1.2.2 Weather Surveillance Functional Requirements

· The surveillance system shall observe/collect, store and retrieve the following weather related data elements:

· Hazardous weather 

· Current aviation weather

· Predicted aviation weather 

· Meteorological information 

· The surveillance system shall format this data for distribution to Users (GA, Commercial, and Military), Service Providers, and AOCs.  

4.1.2.3 Infrastructure and Other NAS Surveillance Functional Requirements

· The surveillance system shall observe/collect, store and retrieve the following  infrastructure and other related aeronautical data elements:

· Airspace, airport and flow restrictions

· SUA status

· Static constraints - terrain and advisories

· NAS Infrastructure outages and status

· NOTAMS

· Traffic density

· Demand on the NAS

· Airspace facility demands 

· The surveillance system shall format this data for distribution to Users (GA, Commercial, and Military), Service Providers, and AOCs.  

4.1.3 Flight Planning Surveillance Functional  Design

The functional design for the Flight Planning Element of the NAS Surveillance System is illustrated in Figure 4-2.
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Figure 4‑2 Flight Planning Surveillance Functional Flow Chart
This functional flow diagram illustrates the data collection function for weather, aeronautical, and aircraft and flight data elements.   These data are then transmitted to the surveillance processing function for flight planning where the products concerning weather, aeronautical information, aircraft, and flight information are used for flight planning.
4.1.3.1 Functional Description

Surveillance for flight planning has three basic modes of operation during the pre-flight and in-flight phases of flight:

· Weather Information Mode

· Aeronautical Information Mode

· Aircraft and Flight Information Mode

Sources of the data consists of ground and space based facilities /sensors as well as aircraft sensors and data.

In the weather information mode, data is collected from FAA weather sensors including NEXRAD, TDWR, LLWAS, RVR, AWOS, ASOS, and from other data collection and forecasting systems including AFSS, Met positions, ITWS, NWS, the aircraft and private industry sources such as the AOC and commercial weather suppliers.  These data are then processed and formatted for distribution to users and service providers.  It is likely that this information will also be interfaced with the NAS-WIS when this system becomes available.

In the aeronautical information mode, data is collected from all available sources including the AFSS, Airports, AOC, and ATC facilities.  This information includes all the elements listed on the line from Aeronautical Data Collection to Surveillance Processing for Flight Planning shown in Figure 4-2. These data are then processed and formatted for distribution to users and service providers.  It is likely that this information will also be interfaced with the NAS-WIS when this system becomes available.

In the aircraft and flight information mode, data is again collected from all available sources including the aircraft itself, AFSS, ARTCC, ATCT, and AOCs. This information includes all the elements listed on the line from Aircraft and Flight Data Collection to Surveillance Processing for Flight Planning shown in Figure 4-2. These data are then processed and formatted for distribution to users and service providers.  It is likely that this information will also be interfaced with the NAS-WIS when this system becomes available.

4.1.4 Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS

Table 4‑2 Flight Planning Functional Requirements Traceability Matrix
	Functional Requirement Number
	Functional Requirement Text
	Traceability to ATS2005 CONOPS
	Traceability to RTCA Surveillance CONOPS

	Flight Planning
	4.1.2.1 Aircraft Surveillance Functional Requirements
	
	

	4.1.2.1_1
	The surveillance system shall observe/collect, store and retrieve the following aircraft related data elements:
	2.7 (in general terms)
	4_1_5 (in general terms)

	a
	Flight plans and data
	
	4_1_9; 4_1_16

	b
	Discrete ELT ID
	2.20; 
	

	c
	Runway preference
	
	4_1_10; 4_1_13

	d
	Aircraft weight
	
	4_1_10; 4_1_13

	e
	Flight Following information
	
	4_1_10; 4_1_16

	f
	User preferred route
	2.1
	4_1_8; 4_1_13

	g
	Preferred climb profiles
	
	4_1_8

	h
	Preferred descent profiles
	
	4_1_8

	I
	Departure times
	2.3
	4_1_8; 4_1_14

	j
	Arrival times
	
	4_1_8

	k
	Flight Plan Closure
	
	4_1_9

	l
	Gate assignment
	
	4_1_13

	m
	Status of active and proposed flights
	
	4_1_14

	n
	Current Flight Trajectories
	
	4_1_9

	o
	Cross-border issues for international flights
	2.5
	4_1_13

	4.1.2.1_2
	The surveillance system shall format this data for distribution to Users (GA, Commercial, Military), Service Providers, and AOCs.
	2.1; 2.5; 2.7
	4_1_2; 4_1_8; 4_1_9; 4_1_13; 4_1_14; 4_1_15; 4_1_16

	4.1.2.1_3
	The surveillance system shall provide the capability to perform a flight plan probe for active/scheduled SUA, weather, airspace and flow restrictions.
	2.15
	4_1_3

	4.1.2.1_4
	The surveillance system shall provide a capability to notify SAR when a flight is overdue or an ELT is detected and shall provide SAR with all relevant flight information including last known position and time.
	2.21; 2.22
	

	Flight Planning
	4.1.2.2 Weather Surveillance Functional Requirements
	
	

	4.1.2.2_1
	The surveillance system shall observe/collect, store and retrieve the following weather related data elements:
	2.7 (in general terms)
	4_1_1; 4_1_5 (both in general terms)

	a
	Hazardous weather
	
	4_1_3

	b
	Current aviation weather
	2.15 
	4_1_11

	c
	Predicted aviation weather
	2.15 
	4_1_11

	d
	Meteorological information
	
	4_1_6

	4.1.2.2_2
	The surveillance system shall format this data for distribution to Users (GA, Commercial, Military), Service Providers, and AOCs.
	2.7; 2.15
	4_1_1; 4_1_5; 4_1_6; 4_1_11

	Flight Planning
	4.1.2.3 Infrastructure & Other NAS Surveillance Functional Requirements
	
	

	4.1.2.3_1
	The surveillance system shall observe/collect, store and retrieve the following  infrastructure and other related aeronautical data elements:
	2.7 (in general terms)
	4_1_5 (in general terms)

	a
	Airspace, airport and flow restrictions
	2.15
	4_1_3; 4_1_4; 4_1_11

	b
	SUA status
	2.15
	4_1_3; 4_1_6; 4_1_11 

	c
	Static constraints – terrain and advisories
	
	4_1_12

	d
	NAS Infrastructure outages and status
	
	4_1_3; 4_1_6

	e
	NOTAMS
	
	4_1_6

	f
	Traffic density
	2.3; 2.15
	4_1_11

	g
	Demand on the NAS
	2.17
	4_1_7

	h
	Airspace facility demands
	
	4_1_3

	4.1.2.3_2
	The surveillance system shall format this data for distribution to Users (GA, Commercial, Military), Service Providers, and AOCs.
	2.7; 2.15; 2.17
	4_1_4; 4_1_5; 4_1_6; 4_1_7; 4_1_11


4.2 Airport Surface Surveillance Functional Specification

The surveillance functional specification for the airport surface consists of a detailed description of the surveillance concept, a presentation of the surveillance functional requirements, and an elaboration of the airport surface surveillance functional design including functional flow diagrams. Traceability of the functional requirements to the ATS 2005 CONOPS and RTCA Surveillance CONOPS is also provided at the end of this section.  This specification is based on the information contained in the documents referenced in Chapter 2.

4.2.1 Airport Surface Surveillance Concept

Service providers, pilots, ramp operators, and flight planners share integrated surveillance information providing improved situational awareness. A surface management information system is fielded at some airports to facilitate coordination between decision-makers at all levels of the airport operation.  The system provides access to airport environmental information, arrival, departure, and taxi schedules, airborne and surface surveillance information, flight information, ATIS and other weather information, and traffic management initiatives.  These data are shared among users and service providers.

Eventually, the majority of users will be equipped with data link, surveillance and CDTI.  In this concept, an accurate display of weather for both user and service provider, with automatic simultaneous broadcasts of hazardous weather alerts is provided.

With the implementation of local augmentation corrections, satellite-based position information is very accurate.  With accurate position information (e.g., taxi routes), a cockpit moving map with aircraft positions, and real-time data link information, airport operations can continue to occur at near normal visual rates in near zero visibility conditions.  

Aircraft using satellite-based navigation on the airport surface are subject to conflict prediction checking by tower automation.  Tower automation predicts conflicts between aircraft as well as between aircraft and vehicles.  Tower automation also performs conformance monitoring of the aircraft’s taxi route to ensure that aircraft do not enter active runways without clearance.  Airport surface movement potentially includes the capability for very low visibility taxiing.  Properly equipped aircraft and trained flight crews are authorized to taxi and provide separation assurance solely based on electronic means.

To support low-visibility station keeping on the airport surface, the in-trail aircraft needs to monitor the position and speed of the lead aircraft, and to detect changes in speed to ensure that safe separation is maintained.  With the majority of aircraft having a cooperative surveillance capability, the pilot has immediate runway intrusion information available directly in the cockpit.  This equipage enhances safety by eliminating any time delay engendered by processing alert information through the service provider.

4.2.2 Airport Surface Surveillance Functional Requirements

The following surveillance functional requirements are derived from the operational concept described above and from the CONOPS documents identified in Chapter 2.  The functional requirements are categorized according to aircraft surveillance, weather surveillance, and infrastructure and other surveillance in the following subordinate sections.

4.2.2.1 Aircraft Surveillance Functional Requirements

· The surveillance system shall provide the pilot with graphical information in the cockpit depicting proximate traffic (including surface vehicles), a moving map of the airport surface,  obstacle locations, and the taxi routes to be taken.

· Accurate position information (e.g., taxi routes) sufficient to drive a cockpit moving map display with aircraft positions shall be provided.

· The surveillance system shall provide the tower service provider with aircraft positions and associated IDs on the surface and on short final to the runways.

· The surveillance system shall identify airport traffic, including ground vehicles as well as surface and arrival aircraft for display to the  service provider on an airport map that includes runways, taxiways, hold areas, ramp areas, and gates, as well as obstacles on the airport surface.

· The surveillance system shall have no gaps in coverage.

· The surveillance system shall provide airborne and surface surveillance information to the  surface management information system.

· Airport surveillance shall be enhanced with dependent surveillance technology .

· Surveillance information shall provide improved situational awareness for service providers, pilots, ramp operators, and crew and flight planners.

· The surveillance system shall provide the capability for very low visibility taxiing and low-visibility station keeping on the airport surface and as an immediate safety alerting system.
4.2.2.2 Weather Surveillance Functional Requirements

· The surveillance system shall provide information to the surface management information system including:

· Airport environmental information 

· Weather information

· The surveillance system shall provide the information necessary to drive an accurate display of weather for both user and service provider.

· The surveillance system shall provide the information necessary to generate automatic and timely broadcasts of hazardous weather alerts.

4.2.2.3 Infrastructure and Other NAS Surveillance Functional Requirements

· The surveillance system shall provide information to the surface management information system including:

· Arrival, departure, and taxi schedules 

· Flight information 

· Traffic management initiatives 

· Tower automation including conformance monitoring and collision avoidance

· The surveillance system shall mark locations of uncharted or temporary obstructions in and around some airports by broadcast transmitters for better obstruction avoidance.

4.2.3 Airport Surface Surveillance Functional Design
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The functional design for the Airport Surface element of the NAS Surveillance System is illustrated in Figures 4.3 and 4.4.  Figure 4-3 provides the functional flow from the aircraft perspective while Figure 4-4 provides the functional flow from the service provider  (ATC) perspective.  All functional requirements identified above are satisfied by these functional designs for the surface surveillance system.  A description of the modes of operation, and functional interfaces is provided in the following paragraphs.

Figure 4-3 Aircraft Surface Surveillance Functional Flow
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Figure 4-4 Surface ATC Surveillance Functional Flow
4.2.3.1 Functional  Description

As illustrated in the above figures, there are two basic components of the airport surface surveillance system.  The first component consists of the aircraft element while the second consists of the ground-based ATC element.  The modes and operation of each of these two elements are described in the following paragraphs.

The aircraft element has two modes of operation: surface mode; and, approach/departure mode.  These modes are identical in operation with the exception that the approach/departure mode operates under 1000 feet and uses the actual altitude of the aircraft as an element of the aircraft state.  In the surface mode, a surface indication is used in place of altitude.  With this difference noted, it suffices to discuss the functional design and relationships for both modes simultaneously. 

The aircraft surface operation begins with the reception of own aircraft position from the aircraft navigation signal processor.  Altitude is also obtained from a barometric altimeter, but if the aircraft is on the ground, an on-surface altitude code may be used.  Own aircraft state is used as the input to two functions.  The first is to distribute own aircraft state including aircraft identity to all airborne and ground-based users of this information. The second use of own aircraft state is to establish an aircraft centered coordinate system, which can be used to convert all aircraft and vehicle traffic, obstacles, weather, and airport maps to own aircraft centered coordinates.  This will then permit the weather, airport map, aircraft and other traffic to be displayed relative to own aircraft on a moving map.  

The aircraft surface surveillance system must receive the states of all surface traffic and traffic below 1000 feet.  This information is obtained from the surveillance technologies capable of producing and delivering this information.  In addition, specific airport map data is obtained from an on-board airport map database that is stored on a suitable storage medium.  It is important to have the most recent airport mapping information including runways, taxiways, ramps, holding areas, gates, and obstacles.

Given the airport map information and the states of other aircraft, surface vehicles, and temporary obstacle positions, it is possible to convert all of this information to a set of own aircraft coordinates using the knowledge of own aircraft state.  This information of own aircraft position relative to the airport map and to other aircraft and vehicles is then passed to the display generator that develops the commands needed to drive the pilot display.  The display generator also processes messages including ATC clearances and alerts, weather and airport /airspace information; and it processes the display inputs generated by the pilot.   Clearances may include taxi/gate instructions or arrival/departure instructions.  Alerts may include hazardous weather and/or warning of runway incursion or proximate aircraft or surface vehicles.  Pilot display inputs may include zoom, location of own aircraft on the display, brightness and contrast, alert off control, and display on/off controls.  On-board data link inputs include intent and aircraft performance data that may come from the pilot or the flight management system.

The primary inputs to the ATC surface surveillance system are from the surveillance sensor target reports and from the surface surveillance target reports.  A surface target correlator that reinforces some of the surface surveillance tracks processes these inputs.  Other surveillance tracks will not be reinforced and certain surface tracks will not be correlated.  These uncorrelated targets will be assumed to be ground vehicles, obstacles, or unequipped aircraft .  Once correlation has been completed, the track processing will convert the tracks to a set of display coordinates defined by the controller and the information will be forwarded to the display generator.  Airport and airspace maps will also be converted in the map processing function to the controller selected display coordinates and forwarded to the display generator.  In addition, ATC automation will provide a set of alerts for hazardous weather, traffic proximity risk, and runway incursions.  Weather data, airport/airspace data, flight information, schedules, and traffic management initiatives will also be available from the ATC automation and weather systems. These alerts and other data will be forwarded to the display generator and to the Surface Management Information System as illustrated in Figure 4-4. 

Examining the functional design illustrated in Figure 4-4, one observes that there are four major inputs. The first is aircraft and surface vehicle states and the position of temporary obstacles.   The second is the airport map information, and the third is the ATC automation information, alerts and the weather data.  The fourth input is from the controller who will input display controls such as display coordinates, zoom, brightness and contrast, alert on/off commands and the like.

4.2.4 Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS

Table 4‑3 Airport Surface Functional Requirements Traceability Matrix
	Functional Requirement Number
	Functional Requirement Text
	Traceability to ATS2005 CONOPS
	Traceability to RTCA Surveillance CONOPS

	Airport Surface
	4.2.2.1 Aircraft Surveillance Functional Requirements
	
	

	4.2.2.1_1
	The surveillance system shall provide the pilot with graphical information in the cockpit depicting proximate traffic (including surface vehicles) and the taxi routes to be taken.
	
	4_2_1; 4_2_3; 4_2_4; 4_2_15; 4​_2_22; 4_2_28

	4.2.2.1_2
	Accurate position information (e.g., taxi routes)sufficient to drive a cockpit moving map with aircraft positions shall be provided.
	3.28
	4_2_3; 4_2_4; 4_2_15; 4_2_16; 4_2_22; 4_2_28

	4.2.2.1_3
	The surveillance system shall provide the tower service provider with aircraft positions and associated IDs on the surface and on short final to the runways.
	3.21; 3.29; 3.30; 3.31; 3.32
	4_2_1; 4_2_5; 4_2_7

	4.2.2.1_4
	The surveillance system shall identify airport traffic, including ground vehicles as well as surface and arrival aircraft for display to the  service provider on an airport map that includes runways, taxiways, hold areas, ramp areas, and gates, as well as obstacles on the airport surface.
	3.29; 3.30; 3.31; 3.32; 3.42
	4_2_4; 4_2_7; 4_2_9; 4_2_17; 4_2_18

	4.2.2.1_5
	The surveillance system shall have no gaps in coverage.
	3.31
	4_2_2

	4.2.2.1_6
	The surveillance system shall The surveillance system shall provide airborne and surface surveillance information to the  surface management information system.
	3.3; 3.5; 3.7; 3.11; 3.15; 3.25; 3.31; 3.32; 3.33; 3.43
	4_2_9; 4_2_10

	4.2.2.1_7
	Airport surveillance shall be  enhanced with dependent surveillance technology.
	3.6; 3.29
	4_2_14

	4.2.2.1_8
	Surveillance information shall provide improved situational awareness for service providers, pilots, ramp operators, and crew and flight planners.
	3.23; 3.28; 3.33; 3.42
	4_2_3; 4_2_9; 4_2_17; 4_2_18; 4_2_19

	4.2.2.1_9
	The surveillance system shall provide the capability for very low visibility taxiing  and low-visibility station keeping on the airport surface and as an immediate safety alerting system.
	
	4_2_4; 4_2_12; 4_2_14; 4_2_15; 4_2_20; 4_2_22; 4_2_27; 4_2_28

	Airport Surface
	4.2.2.2 Weather Surveillance Functional Requirements
	
	

	4.2.2.2_1
	The surveillance system shall provide information to the  surface management information system including:
	3.5; 3.11 (in general terms)
	

	a
	Airport environmental information
	3.6; 3.19; 3.25
	4_2_10

	b
	Weather information
	3.6; 3.19; 3.25
	4_2_10

	4.2.2.2_2
	The surveillance system shall provide the information necessary to drive an accurate display of weather for both user and service provider.
	3.6
	4_2_21

	4.2.2.2_3
	The surveillance system shall provide the information necessary  to generate automatic and timely broadcasts of hazardous weather alerts.
	3.6
	4_2_21

	Airport Surface
	4.2.2.3 Infrastructure and Other NAS Surveillance Functional Requirements
	
	

	4.2.2.3_1
	The surveillance system shall provide information to the  surface management information system including:
	3.5; 3.11
	

	a
	Arrival, departure, and taxi schedules
	3.3; 3.8; 3.9; 3.10; 3.21; 3.25; 3.28; 3.33; 3.36; 3.40
	4_2_3; 4_2_10; 4_2_17; 4_2_18

	b
	Flight information
	3.3; 3.8; 3.9; 3.10; 3.21; 3.25; 3.33; 3.40
	4_2_3; 4_2_9; 4_2_10; 4_2_17

	c
	Traffic management initiatives (?).
	3.3; 3.10; 3.25; 3.45
	4_2_10

	d
	Tower automation including conformance monitoring and collision avoidance
	3.30; 3.36; 3.40; 3.43
	4_2_11; 4_2_23; 4_2_24; 4_2_25

	4.2.2.3_2
	The surveillance system shall mark locations of uncharted or temporary obstructions in and around some airports by broadcast transmitters for better obstruction avoidance.
	
	4_2_6


4.3 Terminal Area, Approach and Departure Surveillance Functional Specification

The surveillance functional specification for the terminal area surveillance system consists of a detailed description of the surveillance concept, a presentation of the surveillance functional requirements, and an elaboration of the terminal area approach and departure surveillance functional design including functional flow diagrams. Traceability of the functional requirements to the ATS 2005 CONOPS and RTCA Surveillance CONOPS is also provided at the end of this section.  This specification is based on the information contained in the documents referenced in Chapter 2.

4.3.1 Terminal Area, Approach and Departure Surveillance Concept

Users have the capability to display weather and surrounding traffic in the cockpit.  Also, a common data link is available that provides current weather information, hazardous weather alerts and improved understanding of the airspace environment (such as SUA and navaid status), in addition to the more routine message traffic.  With the improved surveillance accuracy and display of the weather information on the service provider’s display, users and providers share a common situational awareness. This concept must account for any potential navigational failure in order to maintain a robust operational system.  In addition, provisions must be made to ensure that equipped aircraft have a complete picture of all surrounding traffic in the terminal area, including unequipped aircraft or aircraft with an equipment failure.

For the airline category user, real time weather information and maps are received in the cockpit.  The improvement of real-time wake turbulence visualization in the cockpit is available.  The addition of enhanced collision avoidance logic based on satellite-based navigation and surveillance information has improved collision avoidance capabilities to provide protection to the ground, including on closely spaced parallel approaches. Free maneuvering operations in low-density areas are being performed.  In high-density areas, ATC provides sequencing and primary separation assurance; however, some cockpit self-separation is assigned to the flight crew by ATC when operationally advantageous.

Surveillance and automation systems automatically send some messages directly to the pilot and service provider to increase safety by eliminating the time necessary for a human to relay the message.  Examples of such messages are wind shear alerts (generated either by airborne or ground equipment), airborne collision resolution advisories, and instructions to go around in a runway incursion scenario.

Safety enhancements include improved identification of other traffic (e.g., electronic flight ID) as well as automation assistance to judge closure rates, geometry, and wake vortex separation with other traffic.  The pilot can also more accurately maintain approach and departure visual separation spacing.  With confidence in the CDTI system, visual approaches and departures may be continued even with momentary loss of visual acquisition, as long as the target is still displayed on the CDTI and the flight crew assesses that it is still a safe situation. Increased pilot situational awareness increases the safety and efficiency of approaches and departures and leads to better runway utilization. Uses of data link and cockpit displays are developed to the point that the pilot can monitor not only all the surrounding traffic but also current meteorological data and automated hazardous weather alerts.  

4.3.2 Terminal Area, Approach and Departure Surveillance Functional Requirements

The following surveillance functional requirements are derived from the operational concept described above and from the CONOPS documents identified in Chapter 2.  The functional requirements are categorized according to aircraft surveillance, weather surveillance, and infrastructure and other surveillance in the following subordinate sections.

4.3.2.1 Aircraft Surveillance Functional Requirements

· The surveillance system shall provide equipped aircraft with a complete picture of all surrounding traffic in the terminal area, including unequipped aircraft or aircraft with an equipment failure.
· The surveillance system shall provide improved identification of other traffic (e.g., electronic flight ID).

· The surveillance system shall  account for potential navigational failures in order to maintain a robust operational system.
· The surveillance system shall provide real-time wake turbulence visualization in the cockpit.

· The surveillance system shall support increased pilot situational awareness through improved surveillance information to the cockpit.
· The surveillance system shall support the display of surrounding traffic in the cockpit.
· The surveillance system shall support uses of data link and cockpit displays that allow pilot to monitor all the surrounding traffic.
· The surveillance system shall support speed control in relation to traffic of interest via a multi-function cockpit display (e.g., station keeping).
· The surveillance system shall support visual approaches and departures even with momentary loss of visual acquisition by providing the data needed for target display on a multi-function cockpit display.

· The surveillance system shall support dependent and independent approaches and departures between properly-equipped aircraft.
· The surveillance system shall support free maneuvering operations in low density areas for airline type users.

· The surveillance system shall support cockpit self-separation when assigned to the flight crew by ATC.
4.3.2.2 Weather Surveillance Functional Requirements

· The surveillance system shall have sufficient capacity to provide all users with the capability to display weather.

· The surveillance system shall support increased pilot situational awareness through better weather information to the cockpit and improved understanding of the airspace environment (such as SUA and navaid status).

· The surveillance system shall support the delivery of real time weather information and maps in the cockpit.

· The surveillance system shall support uses of data link and cockpit displays that allow pilot to monitor all the surrounding traffic, current meteorological data, and automated hazardous weather alerts.

· The surveillance system shall support improved accuracy and display of the weather information on the service provider’s display.

4.3.2.3 Infrastructure and Other NAS Surveillance Functional Requirements

· The surveillance system shall be compliant with a global standard for satellite-based surveillance.

· The surveillance system shall provide users and service providers a common situational awareness.

· The surveillance system shall support improved service provider automation and displays and the use of cockpit situation displays that enhance traffic situational awareness and allow for enhanced approaches and departures.

· The surveillance system shall support enhanced collision avoidance logic based on satellite-based navigation and surveillance information.

· The surveillance system shall support the use of a common data link that provides current weather information and hazardous weather alerts, in addition to the more routine message traffic.
· Surveillance systems and automation shall automatically send some messages directly to the pilot and service provider to further increase safety by eliminating the time necessary for a human to relay the message - e.g., wind shear alerts (generated either by airborne or ground equipment), airborne collision resolution advisories, and instructions to go around in a runway incursion scenario.
4.3.3 Terminal Area, Approach and Departure Surveillance Functional Design

The functional design for the terminal element of the NAS Surveillance System is illustrated in Figures 4-5 and 4-6.  Figure 4-5 provides the functional flow from the terminal aircraft perspective while Figure 4-6 provides the functional flow from the ground controller (ATC) perspective.  All functional requirements identified above are satisfied by these functional designs for the terminal surveillance system. 
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Figure 4-5 Aircraft Terminal Surveillance Functional Flow
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Figure 4-6 Terminal ATC Surveillance Functional Flow
4.3.3.1 Functional Description

As illustrated in the above figures, there are two basic components of the terminal area surveillance system.  The first component consists of the aircraft element while the second consists of the ground based ATC element.  The modes and operation of each of these two elements are described in the following paragraphs.

The terminal area aircraft surveillance system illustrated in Figure 4-5 has two basic modes of operation: 

· Situational Awareness Mode: In the situational awareness mode, the position of the aircraft relative to surrounding aircraft is displayed to the pilot on a multi-function display along with weather information, aeronautical information, alerts, and advisories.  

· Transmit Mode: In the transmit mode, own aircraft position, velocity, and ID messages are transmitted to all aircraft within reception range.

The aircraft terminal area surveillance system will enable pilots to improve their ability to identify aircraft in the terminal domain particularly in low visibility conditions and to perform station keeping during approach.  The aircraft system receives navigation signals to determine its own state and transmissions of other aircraft states.  Because of the necessity to  "account for potential navigational failures in order to maintain a robust operational system", an alternative navigation system is used to validate the primary navigation system.  Next, the aircraft system correlates and converts the other aircraft state information to own aircraft coordinates.  The state information may be received from air/air and/or ground/air transmissions.  These other aircraft states provide the information needed for situational awareness and station keeping.  The Station Keeping Aid and Display Generator provide the display commands to the multi-function cockpit display.  The pilot provides display and data link inputs to the multi-function cockpit display via the Controls and Input device. Pilot display inputs may include zoom, location of own aircraft on the display, brightness and contrast, alert off control, and display on/off controls.  On-board data link inputs include intent and aircraft performance data that may come from the pilot or the flight management system.

Weather and other flight information is also received in the cockpit from ground transmissions.  This information is converted to aircraft coordinates and then sent to the display generator and finally to the multi-function cockpit display.  Similarly, hazardous weather alerts, weather information, separation advisories, go-around  instructions, wind shear alerts, and wake vortex information are transmitted to the aircraft and processed for display on the multi-function cockpit display. 

The terminal area ATC surveillance system's primary inputs consist of independent, cooperative, and dependent surveillance target reports.  Independent surveillance sensor target reports are primarily used to reinforce the cooperative sensor reports and to protect against intruders and/or users with failed avionics.  Independent or cooperative target reports may be correlated with the dependent surveillance target reports.  The upper portion of Figure 4-6 shows the process used to form the dependent surveillance sensor target reports.  It is likely that the dependent surveillance transmission from a given aircraft will be received by more than one dependent surveillance ground station.  Thus, a station-to-station correlator is required in order to remove duplicate reports from the same aircraft.  These correlated messages are then formed into dependent surveillance target reports. 

Independent, cooperative and dependent target reports are then correlated to determine targets under surveillance of:

· Single Surveillance Sensors (Independent or Cooperative)

· Multiple Cooperative Surveillance Sensors

· Dependent Surveillance Only

· Cooperative and Dependent Surveillance

Once the correlator makes this determination, the target reports are distributed to the appropriate tracking algorithm.  In the case of a target under surveillance of multiple cooperative sensors, these reports are sent to a multi-sensor fusion tracker that uses the data from all sensors to increase tracking accuracy and update rate on that target.  For dependent surveillance only targets, a tracking algorithm using position and velocity information contained in the report is applied.  Finally, for targets simultaneously under dependent and cooperative surveillance a dependent/cooperative surveillance fusion tracker is applied.  This tracker uses the cooperative and the dependent data to improve not only the tracking performance on the target but also to reduce cooperative sensor bias errors through automatic calibration.

In addition to the target report and tracking information, weather and automation inputs including alerts are also provided for display to the controller in order that the pilot and the controller have the same "picture" of the situation.

4.3.4 Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS

Table 4‑4 Terminal Area, Approach and Departure Functional Requirements Traceability Matrix
	Functional Requirement Number
	Functional Requirement Text
	Traceability to ATS2005 CONOPS
	Traceability to RTCA Surveillance CONOPS

	Terminal Area
	4.3.2.1 Aircraft Surveillance Functional Requirements
	
	

	4.3.2.1_1
	The surveillance system shall provide equipped aircraft with a complete picture of all surrounding traffic in the terminal area, including unequipped aircraft or aircraft with an equipment failure.
	
	4_3_4; 4_3_9

	4.3.2.1_2
	The surveillance system shall provide improved identification of other traffic (e.g., electronic flight ID).
	
	4_3_3

	4.3.2.1_3
	The surveillance system shall  account for potential navigational failures in order to maintain a robust operational system.
	
	4_3_8

	4.3.2.1_4
	The surveillance system shall provide real-time wake turbulence visualization in the cockpit.
	
	4_3_3; 4_3_10

	4.3.2.1_5
	The surveillance system shall support increased pilot situational awareness through improved surveillance information to the cockpit.
	
	4_3_1

	4.3.2.1_6
	The surveillance system shall support the display of surrounding traffic in the cockpit.
	
	4_3_3; 4_3_4

	4.3.2.1_7
	The surveillance system shall support uses of data link and cockpit displays that allow pilot to monitor all the surrounding traffic.
	
	4_3_3; 4_3_4

	4.3.2.1_8
	The surveillance system shall support speed control in relation to traffic of interest via CDTI (e.g., station-keeping).
	4.4; 4.45
	4_3_3; 4_3_12

	4.3.2.1_9
	The surveillance system shall support visual approaches and departures even with momentary loss of visual acquisition by providing the data needed for  target display on the CDTI.
	4.23
	4_3_2

	4.3.2.1_10
	The surveillance system shall support dependent and independent approaches and departures between properly-equipped aircraft.
	
	4_3_11; 4_3_15

	4.3.2.1_11
	The surveillance system shall support free maneuvering operations in low density areas for airline type users.
	
	4_3_18

	4.3.2.1_12
	The surveillance system shall support cockpit self-separation when assigned to the flight crew by ATC.
	4.12; 4.21; 4.22; 4.23; 4.31; 4.45
	4_3_18

	Terminal Area
	4.3.2.2 Weather Surveillance Functional Requirements
	
	

	4.3.2.2_1
	The surveillance system shall have sufficient capacity to provide all users with the capability to display weather.
	4.18; 4.36
	4_3_4

	4.3.2.2_2
	The surveillance system shall support increased pilot situational awareness through better weather information to the cockpit and improved understanding of the airspace environment (such as SUA and navaid status).
	4.36
	4_3_1

	4.3.2.2_3
	The surveillance system shall support the delivery of real time weather information and maps in the cockpit.
	4.18; 4.36
	4_3_4

	4.3.2.2_4
	The surveillance system shall support uses of data link and cockpit displays that allow pilot to monitor all the surrounding traffic, current meteorological data, and automated hazardous weather alerts.
	4.6; 4.12; 4.18; 4.35; 4.36
	4_3_4; 4_3_13

	4.3.2.2_5
	The surveillance system shall support improved accuracy and display of the weather information on the service provider’s display.
	4.6; 4.18; 4.36; 4.49; 4.52
	4_3_6

	Terminal Area
	4.3.2.3 Infrastructure and Other NAS Surveillance Functional Requirements
	
	

	4.3.2.3_1
	The surveillance system shall be compliant with a global standard for satellite-based surveillance.
	
	4_3_7

	4.3.2.3_2
	The surveillance system shall provide users and service providers a common situational awareness.
	4.6; 4.20; 4.36
	4_3_7; 4_3_17

	4.3.2.3_3
	The surveillance system shall support improved service provider automation and displays and the use of cockpit situation displays that enhance traffic situational awareness and allow for enhanced approaches and departures.
	4.5; 4.9; 4.20; 4.38; 4.39; 4.40; 4.42; 4.43; 4.44; 4.46; 4.49; 4.50; 4.63
	4_3_14

	4.3.2.3_4
	The surveillance system shall support enhanced collision avoidance logic based on satellite-based navigation and surveillance information.
	4.12; 4.29
	4_3_11

	4.3.2.3_5
	The surveillance system shall support the use of a common data link that provides current weather information and hazardous weather alerts, in addition to the more routine message traffic.
	4.35; 4.36; 4.53; 4.55
	4_3_5

	4.3.2.3_6
	Surveillance systems and automation shall automatically send some messages directly to the pilot and service provider to further increase safety by eliminating the time necessary for a human to relay the message - e.g., wind shear alerts (generated either by airborne or ground equipment), airborne collision resolution advisories, and instructions to go around in a runway incursion scenario.
	4.33; 4.36
	4_3_16


4.4 En Route Surveillance Functional Specification

The surveillance functional specification for the en route surveillance system consists of a detailed description of the surveillance concept, a presentation of the surveillance functional requirements, and an elaboration of the en route surveillance functional design including functional flow diagrams. Traceability of the functional requirements to the ATS 2005 CONOPS and RTCA Surveillance CONOPS is also provided at the end of this section.  This specification is based on the information contained in the documents referenced in Chapter 2.

4.4.1 En Route Surveillance Concept

Surveillance of the entire en route domain is achieved, potentially by more than one technology.  Satellite-based navigation and augmentation systems greatly expand IFR access to low altitude airspace, enhancing operations outside of radar coverage.  Surveillance information is cross-flowed between and among the cognizant agencies and facilities to allow the creation of a common and consistent recognized air picture.  This allows all decision-makers access to all of the surveillance information necessary for each decision-maker to efficiently perform his/her function.  A common surveillance picture is shared among all ATM participants: service providers, pilots, and planning agencies. This surveillance information is used with new service provider displays to enhance the service providers’ understanding of the air picture within their assigned sector.

All aircraft that conduct IFR free-flying operations require a collision avoidance capability with at least a traffic advisory capability.  This collision avoidance capability could be achieved using any appropriate technology or group of technologies.  Likewise, the extent of the collision avoidance capability could be different for different classes of users, such as general aviation, the military, and regional, national and international air carriers. While not a collision avoidance system, low-end users have enhanced situational awareness through the limited delivery of radar information on surrounding traffic.  

Monitoring all surrounding traffic with cockpit display of traffic information increases pilot situational awareness.  Panel-mounted multi-function displays and data link capabilities become commonplace in all but the low-end GA aircraft, where hand-held units remain the equipment of choice.  In addition, satellite-based surveillance systems that enable robust multi-function capabilities begin to appear in GA cockpits. 

Both the airborne and ground-based conflict probes include the ability to account for weather systems, including their movement and growth or decay, and avoidance of Special Use Airspace, taking into account the time of activation/deactivation of such airspace relative to the future position of the aircraft.  

Airlines and high-end GA frequently perform free maneuvering operations in low-density areas.  In high-density environments, the oversight from ATC for sequencing and primary separation assurance is still required.  However, some cockpit self-separation is assigned to the flight crew by ATC when operationally advantageous.  Display of intended route of own and other aircraft, the use of trend vectors and aircraft positions at the time of closest predicted approach, along with cockpit automation, helps the pilot self-separate.  

For GA users, in all busy terminal areas, transition through Class B or C airspace is facilitated by the design of routes and surveillance procedures that allow for direct VFR and IFR flights through the airspace.   VFR flight following services are enhanced.  For aircraft automatically reporting their satellite navigation-derived positions, the inclusion of that information, coupled with access to the VFR flight’s data, reduces the workload associated with providing traffic advisories to uncontrolled aircraft and increases the availability of VFR flight following services.

DoD aircraft equipped with a cockpit display of traffic information have better situational awareness throughout the cruise phase of flight. DoD users benefit from cockpit traffic displays that allow random and flexible air refueling tracks.  

4.4.2 En Route Surveillance Functional Requirements

The following surveillance functional requirements are derived from the operational concept described above and from the CONOPS documents identified in Chapter 2.  The functional requirements are categorized according to aircraft surveillance, weather surveillance, and infrastructure and other surveillance in the following subordinate sections.

4.4.2.1 Aircraft Surveillance Functional Requirements

· The en route surveillance system shall improve situational awareness in the cockpit by supporting the display other craft in proximity to own aircraft.

· The en route surveillance system shall provide low-end users with  limited delivery of surveillance information on surrounding traffic.

· The en route surveillance system shall provide for the use of aircraft-derived position data.

· The en route surveillance system shall accommodate automatic reporting of an aircraft's state.

· Dependent surveillance systems shall support robust, panel mounted, multi-function display capabilities in GA cockpits.

· The en route surveillance system shall support multi‑function displays that include traffic information superimposed on a moving map.

· The en route surveillance system shall support on-board capabilities ranging from cockpit display of traffic and enhanced collision avoidance capabilities.

· The en route surveillance system shall support the display of all surrounding traffic to the pilot.  Display of information such as other aircraft flight ID and closure rate shall be provided.

· The en route surveillance system shall support the cockpit display of intended route of own and other aircraft and the display of trend vectors and aircraft positions at the time of closest predicted approach.
· The en route surveillance system shall support DoD users' cockpit traffic displays that allow random and flexible air refueling tracks.  

· The en route surveillance system shall support the transfer of separation responsibility from the ground to the cockpit for specific and well-defined situations based on improved situational awareness in the cockpit.

· The en route surveillance system shall support a collision avoidance capability with at least a traffic advisory capability for all aircraft that conduct IFR free-flight operations.  

· The en route surveillance system shall support collision avoidance capabilities that use any appropriate technology or group of technologies.  Harmonization activities with international civil aviation authorities shall ensure that different collision avoidance systems can safely and effectively interact.

· The surveillance system shall support the notification of the appropriate military entity of aircraft crossing Air Defense boundaries.

4.4.2.2 Weather Surveillance Functional Requirements

· The en route surveillance system shall provide information on current and projected weather to ground-based decision support systems and to the service provider’s display.

· The en route surveillance system shall support multi‑function displays that include weather information superimposed on a moving map.

· The en route surveillance system shall support both airborne and ground-based conflict probes that account for weather systems, including their movement and growth or decay, relative to the future position of the aircraft.

4.4.2.3 Infrastructure and Other NAS Surveillance Functional Requirements

· The surveillance system shall permit the AOC to monitor the status of the NAS.
· Surveillance of the entire en route domain shall be achieved by more than one surveillance technology.  

· The en route surveillance system shall use dependent surveillance systems to expand IFR access to low altitude airspace and to enhancing operations outside of independent and/or cooperative surveillance sensor coverage.
· Initiation of the elimination of independent surveillance capability shall begin after other surveillance systems are shown to meet the necessary levels of performance.

· The en route surveillance system shall provide a common surveillance picture to all ATM participants including service providers, pilots, and planning agencies. 

· Surveillance information shall be cross-flowed between and among the cognizant agencies and facilities to allow the creation of a common and consistent recognized air picture.

· The en route surveillance system shall provide aircraft intent, aircraft performance data, and improved information on SUA activation/deactivation to ground-based decision support systems and to the service provider’s display.

· The en route surveillance system shall provide surveillance information to support new service provider displays that enhance the service providers’ understanding of the air picture within their assigned sector.

· The en route surveillance system shall support the reduction of separation standards by providing common surveillance information for accurate display to both the service providers and cockpit crews.

· The en route surveillance system shall support ground-system automation enhanced conflict probe and alerting.

· The en route surveillance system shall support both airborne and ground-based conflict probes that account for avoidance of SUA, taking into account the time of activation/deactivation of such airspace relative to the future position of the aircraft.

4.4.3 En Route Surveillance Functional Design

The functional design for the en route element of the NAS Surveillance System is illustrated in Figures 4-7 and 4-8.  Figure 4-7 provides the functional flow from the en route aircraft perspective while Figure 4-8 provides the functional flow from the ground controller (ATC) perspective.  All functional requirements identified above are satisfied by these functional designs for the en route surveillance system. 

[image: image10.wmf]Dependent

Surveillance

Processing

Aircraft

States

Aircraft States

Dependent

Surveillance Target

Correlation

Correlated

States

Develop Target

Reports

Transmitted

Aircraft States

Independent &

Cooperative

Surveillance Processing

Targets

Target Reports

Target Reports

Target Reports

Correlate &

Reinforce Target

Reports

Dependent /Cooperative

Reports

Multi-Sensor

Cooperative

Reports

Single Sensor

Reports

Cooperative &

Independent Single

Sensor Tracking

Multi-Sensor

Fusion Tracking

Dependent/Cooperative

Fusion Tracking

Targets

Cooperative Surveillance Sensor Calibration Corrections

Tracks

Tracks

Tracks

ATC

Surveillance

Track File

Dependent

Surveillance  Target

Tracking

Dependent

Only Reports

Display

Generator

Map

Processing

Controller

Display

Controls &

Input Device

ATC Alerts &

Weather Processing

Track Processing

Tracks

ATC Automation

Alerts & Wx

Airport &

Airspace Maps

Maps

Alerts & Wx

Tracks

Display Coordinates

CONTROLLER

To Automation

& Decision

Support Tools

Dependent

Surveillance

Processing

Independent &

Cooperative

Surveillance Processing

Tracks

Display

Commands


Figure 4-7 Aircraft En Route Surveillance Functional Flow 
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Figure 4-8 En Route ATC Surveillance Functional Flow
4.4.3.1 Functional Description

Comparison of Figures 4-7 and 4-8 with Figures 4-5 and 4-6 shows a distinct similarity between the en route and the terminal area systems with some differences that have been introduced to accommodate the en route requirements.

As illustrated in the above figures, there are two basic components of the en route surveillance system.  The first component consists of the aircraft element while the second consists of the ground based ATC element.  The modes and operation of each of these two elements are described in the following paragraphs.

The en route aircraft surveillance system illustrated in Figure 4-7 has two basic modes of operation: 

· Situational Awareness Mode: In the situational awareness mode, the position of the aircraft relative to surrounding aircraft is displayed to the pilot on a multi-function, moving map display along with weather information, aeronautical information, alerts, and advisories.  

· Transmit Mode: In the transmit mode, own aircraft position, velocity, and ID messages are transmitted to all aircraft within reception range.

The aircraft en route surveillance system will enable pilots to improve their ability to identify aircraft in the en route domain, to perform station keeping, and self-separation.  The aircraft system receives navigation signals to determine its own state and transmissions of other aircraft states.  Because of the necessity to  "account for potential navigational failures in order to maintain a robust operational system", an alternative navigation system is used to validate the primary navigation system.  Next, the aircraft system correlates and converts the other aircraft state information to own aircraft coordinates.  The state information may be received from air/air and/or ground/air transmissions.  These other aircraft states provide the information needed for the aircraft automation functions that include self-separation, station keeping, collision avoidance advisories, and conflict probe.  The Aircraft Automation Aids and Display Generator provide the display commands to the multi-function cockpit display.  The pilot provides display and data link inputs to the multi-function cockpit display via the Controls and Input device. Pilot display inputs may include zoom, location of own aircraft on the display, brightness and contrast, alert off control, and display on/off controls.  On-board data link inputs include intent and aircraft performance data that may come from the pilot or the flight management system.

Weather and other flight information is also received in the cockpit from ground transmissions.  This information is converted to aircraft coordinates and then sent to the display generator and finally to the multi-function cockpit display.  Similarly, hazardous weather alerts, weather information, separation advisories, self-separation instructions,  collision avoidance advisories, clearances and other information are transmitted to the aircraft and processed for display on the multi-function cockpit display. Both weather and other aircraft are displayed relative to own aircraft and referenced to a moving map.

Figure 8 shows that the en route ATC surveillance system's primary inputs consist of independent, cooperative, and dependent surveillance target reports.  Independent surveillance sensor target reports are primarily used to reinforce the cooperative sensor reports and to protect against intruders and/or users with failed avionics.  Independent or cooperative target reports may be correlated with the dependent surveillance target reports.  The upper portion of Figure 4-8 shows the process used to form the dependent surveillance sensor target reports.  It is likely that the dependent surveillance transmission from a given aircraft will be received by more than one dependent surveillance ground station.  Thus, a station-to-station correlator is required in order to remove duplicate reports from the same aircraft.  These correlated messages are then formed into dependent surveillance target reports. 

Independent, cooperative and dependent target reports are then correlated to determine targets under surveillance of:

· Single Surveillance Sensors (Independent or Cooperative)

· Multiple Cooperative Surveillance Sensors

· Dependent Surveillance Only

· Cooperative and Dependent Surveillance

Once the correlator makes this determination, the target reports are distributed to the appropriate tracking algorithm.  In the case of a target under surveillance of multiple cooperative sensors, these reports are sent to a multi-sensor fusion tracker that uses the data from all sensors to increase tracking accuracy and update rate on that target.  For dependent surveillance only targets, a tracking algorithm using position and velocity information contained in the report is applied.  Finally, for targets simultaneously under dependent and cooperative surveillance a dependent/cooperative surveillance fusion tracker is applied.  This tracker uses the cooperative and the dependent data to improve not only the tracking performance on the target but also to reduce cooperative sensor bias errors through automatic calibration.

In addition to the target report and tracking information, NAS Infrastructure information and weather and automation inputs including alerts are also provided for display to the controller in order that the pilot and the controller have the same "picture" of the situation.  All surveillance data is provided to the AOCs and to cognizant agencies as well as to the automation systems in order that all parties use the same information to create a common and consistent air picture.

4.4.4 Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS

Table 4‑5 En Route Functional Requirement Traceability Matrix

	Functional Requirement Number
	Functional Requirement Text
	Traceability to ATS2005 CONOPS
	Traceability to RTCA Surveillance CONOPS

	En Route
	4.4.2.1 Aircraft Surveillance Functional Requirements
	
	

	4.4.2.1_1
	The en route surveillance system shall improve situational awareness in the cockpit by supporting the display other craft in proximity to own aircraft.
	5.39
	4_4_2

	4.4.2.1_2
	The en route surveillance system shall  provide low-end users with  limited delivery of radar information on surrounding traffic.
	5.39
	4_4_3; 4_4_5

	4.4.2.1_3
	The en route surveillance system shall provide for the use of aircraft-derived position data using satellite-based navigation and surveillance data.
	5.14; 5.35; 5.39
	4_4_17

	4.4.2.1_4
	The en route surveillance system shall accommodate automatic reporting of an aircraft's  satellite navigation-derived position.
	5.7; 5.14; 5.39; 5.40; 5.41
	4_4_3; 4_4_21

	4.4.2.1_5
	Satellite-based surveillance systems shall enable robust, panel mounted,  multi-function capabilities in GA cockpits.
	5.39
	4_4_6; 4_4_29; 4_4_30

	4.4.2.1_6
	The en route surveillance system shall support multi‑function displays that include traffic information superimposed on a moving map.
	
	4_4_3; 4_4_6

	4.4.2.1_7
	The en route surveillance system shall support on-board capabilities ranging from cockpit display of traffic and enhanced collision avoidance capabilities.
	5.35
	4_4_3

	4.4.2.1_8
	The en route surveillance system shall support the display of all surrounding traffic to the pilot.  Display of information such as other aircraft flight ID and closure rate shall be provided.
	5.39
	4_4_18; 4_4_19

	4.4.2.1_9
	The en route surveillance system shall support the cockpit display of intended route of own and other aircraft and the display of trend vectors and aircraft positions at the time of closest predicted approach.
	5.35; 5.39
	4_4_33

	4.4.2.1_10
	The en route surveillance system shall support DoD users' cockpit traffic displays that allow random and flexible air refueling tracks.
	
	4_4_22

	4.4.2.1_11
	The en route surveillance system shall support the transfer of separation responsibility from the ground to the cockpit for specific and well-defined situations  based on  improved situational awareness in the cockpit.
	5.31
	4_4_4; 4_4_32

	4.4.2.1_12
	The en route surveillance system shall support a collision avoidance capability with at least a traffic advisory capability  for all aircraft that conduct IFR free-flying operations.
	
	4_4_26

	4.4.2.1_13
	The en route surveillance system shall support collision avoidance capabilities that use any appropriate technology or group of technologies.  Harmonization activities with international civil aviation authorities shall ensure that different collision avoidance systems can safely and effectively interact.
	
	4_4_12; 4_4_27; 4_4_28

	4.4.2.1_14
	The surveillance system shall support the notification of the appropriate military entity of aircraft crossing Air Defense boundaries.
	6.30
	

	En Route
	4.4.2.2 Weather Surveillance Functional Requirements
	
	

	4.4.2.2_1
	The en route surveillance system shall provide information on current and projected weather to ground-based decision support systems and to the service provider’s display.
	5.28; 5.33
	4_4_11

	4.4.2.2_2
	The en route surveillance system shall support multi‑function displays that include weather information superimposed on a moving map.
	
	4_4_6

	4.4.2.2_3
	The en route surveillance system shall support both airborne and ground-based conflict probes that account for weather systems, including their movement and growth or decay, relative to the future position of the aircraft.
	5.32; 5.33; 5.52; 5.71
	4_4_31

	En Route
	4.4.2.3 Infrastructure and Other NAS Surveillance Functional Requirements
	
	

	4.4.2.3_1
	The surveillance system shall permit the AOC to monitor the status of the NAS.
	5.60
	4_4_1

	4.4.2.3_2
	Surveillance of the entire en route domain shall be achieved by more than one technology.
	5.7; 5.12; 5.13
	4_4_23; 4_4_29

	4.4.2.3_3
	The en route surveillance system shall use satellite-based navigation and augmentation systems to expand IFR access to low altitude airspace and to enhancing operations outside of radar coverage.
	5.13
	4_4_20

	4.4.2.3_4
	Initiation of long-range primary radar elimination shall begin after other surveillance systems are shown to meet the necessary level of performance.
	
	4_4_10

	4.4.2.3_5
	The en route surveillance system shall provide a common surveillance picture to all ATM participants including service providers, pilots, and planning agencies.
	5.4; 5.50; 5.60
	4_4_14; 4_4_25

	4.4.2.3_6
	Surveillance information shall be cross-flowed between and among the cognizant agencies and facilities to allow the creation of a common and consistent recognized air picture.
	5.4; 5.66; 5.71
	4_4_8; 4_4_24

	4.4.2.3_7
	The en route surveillance system shall provide aircraft intent, aircraft performance data, and improved information on SUA activation/deactivation to ground-based decision support systems and to the service provider’s display.
	5.9.2; 5.15; 5.18; 5.43; 5.45; 5.58; 5.71
	4_4_11

	4.4.2.3_8
	The en route surveillance system shall provide surveillance information to support new service provider displays that enhance the service providers’ understanding of the air picture within their assigned sector.
	
	4_4_7

	4.4.2.3_9
	The en route surveillance system shall support the reduction of separation standards by providing common surveillance information for accurate display to both the service providers and cockpit crews.
	
	4_4_15

	4.4.2.3_10
	The en route surveillance system shall support ground-system automation enhanced conflict probe and alerting.
	5.35; 5.37
	4_4_17

	4.4.2.3_11
	The en route surveillance system shall support both airborne and ground-based conflict probes that account for avoidance of Special Use Airspace, taking into account the time of activation/deactivation of such airspace relative to the future position of the aircraft.
	5.10; 5.37; 5.43; 5.45; 5.52; 5.60
	4_4_31


4.5 Oceanic and Offshore Surveillance Functional Specification

The surveillance functional specification for the oceanic and offshore surveillance system consists of a detailed description of the surveillance concept, a presentation of the surveillance functional requirements, and an elaboration of the oceanic and offshore surveillance functional design a including functional flow diagram. Traceability of the functional requirements to the ATS 2005 CONOPS and RTCA Surveillance CONOPS is also provided at the end of this section.  This specification is based on the information contained in the documents referenced in Chapter 2.

4.5.1 Oceanic and Offshore Surveillance Concept

Airspace users make use of surveillance data via ADS-B air-air, Airborne Collision Avoidance System (ACAS) and Cockpit Display of Traffic Information (CDTI) to identify, accurately measure distance from other aircraft and efficiently resolve conflicts.  Virtually all aircraft in oceanic airspace are equipped with ADS-A air-ground and ADS-B air-air surveillance technologies. The improved pilot situational awareness obtained from use of ADS-B and cockpit display of traffic information (CDTI) enables procedures and rules to be developed to conduct operations like cruise-climb flight profiles, in-trail climb maneuvers, and limited station-keeping (either laterally or in trail)  between pairs of equipped aircraft.  Use of cockpit self-separation and free maneuvering operations are also being performed in more complex situations, such as merging and crossing situations or an aircraft operating at or through another flight’s altitude. Self-separation is dependent upon aircraft equipage (i.e., ADS-B and cockpit display of traffic information).  In general, self-separation requires the imposition of horizontal and vertical deviation limits, airspace-sensitive system conformance checking, and requirements for pilot intent information.  The service provider clears pilots for self-separation between their flight and a single opposing flight identified.   Potential conflicts or traffic of concern may be uplinked to the cockpit or the pilot may be notified by voice. The ATM system also provides appropriate information to the aircraft on future traffic situations, and meters aircraft through some very complex or high-density traffic situations.  ATC oversight is still required for sequencing and separation assurance, but collaborative decision making has greatly increased among the service provider, AOC, and the aircraft. 

The oceanic ATM system makes effective use of airborne surveillance information in monitoring aircraft conformance to the intended flight profiles.  Flight progress monitoring and conformance checking is automated, allowing service providers to focus on addressing the exceptional situations.   Service providers are confident in the capabilities of automated tools to predict and suggest resolution options for conflict situations. Conflict resolution options for aircraft encountering SUA or severe weather are also available to the service provider. Dynamic random routing for individual user-preferred trajectories is the norm; oceanic fixed routes have been eliminated. Display capabilities enable the service provider to visualize airspace, aircraft progress, and intent; to confirm times and distances between aircraft; to review and amend flight plan/object data; and to analyze the impact of projected and actual changes in aircraft flight profiles.  In addition, display capabilities enable the service provider to identify, analyze and resolve potential or actual aircraft-to-aircraft, aircraft-to-airspace, and aircraft-to-terrain conflicts. 

4.5.2 Oceanic and Offshore Surveillance Functional Requirements

The following surveillance functional requirements are derived from the operational concept described above and from the CONOPS documents identified in Chapter 2.  The functional requirements are categorized according to aircraft surveillance, weather surveillance, and infrastructure and other surveillance in the following subordinate sections.

4.5.2.1 Aircraft Surveillance Functional Requirements

· Virtually all aircraft in oceanic airspace are equipped with dependent surveillance technologies.
· The surveillance system shall support the use of cockpit self-separation, free maneuvering operations, and collaborative decision making.
· The surveillance system shall use dependent surveillance to identify, accurately measure distance from other aircraft, display other aircraft, and efficiently resolve conflicts.
· Aircraft equipped with  dependent surveillance shall downlink position reports at specified intervals, as well as times at a specified waypoint and provide estimated times for the next and next plus one waypoints.
· The surveillance system shall support pilot self-separation for a flight performing station-keeping (either laterally or in trail) within a traffic flow, an aircraft operating at or through another flight’s altitude, and an aircraft separating itself from a flight in an interacting traffic flow.

· The surveillance system shall provide airspace users with the support needed to maintain situational awareness and to perform limited tactical resolutions after notifying the service provider of their intent and receiving appropriate service provider instructions.
· The surveillance system shall support the notification of the appropriate military entity of        aircraft crossing Air Defense boundaries.

4.5.2.2 Weather Surveillance Functional Requirements

· The surveillance system shall provide weather changes in real-time to support the dynamic adjustment of sector boundaries.
· The surveillance system shall support automated tools to predict and suggest resolution options for aircraft encountering severe weather.
4.5.2.3 Infrastructure and Other NAS Surveillance Functional Requirements

· Differences between separation standards, data processing protocols, surveillance operations, and other technological issues, are harmonized via ICAO to better ensure seamless transitions from a global perspective. 

· The surveillance system shall support automated tools to predict and suggest resolution options for conflict situations including aircraft encountering SUA.

· The surveillance system shall support dynamic random routing for individual user-preferred trajectories.

· The surveillance system shall provide the ATM system with the capability to predict future traffic situations, and to meter aircraft through some very complex or high-density traffic situations. 

· Airborne surveillance information shall be made available to the oceanic ATM system to  monitor aircraft conformance to intended flight profiles.

· The surveillance system shall provide the ground ATC system with  full and accurate knowledge of the aircraft’s intent.

· The surveillance system shall provide airspace planners with several types of non-flight-specific information that enables them to assess traffic demand in oceanic airspace.

· The surveillance system shall provide dynamic measurements and near-term predictions of each sector’s traffic density.
· The surveillance system shall provide the ground automation system with the information necessary for automatic conformance monitoring.
· The surveillance system shall support user-preferred routing.
· The surveillance system shall support display capabilities that enable the service provider to identify, analyze and resolve potential or actual aircraft-to-aircraft, aircraft-to-airspace, and aircraft-to-terrain conflicts.
· The surveillance system shall provide the capability for better prediction of future aircraft position based on knowledge of pilot intent.
· Oceanic surveillance capability maintains interface with other FAA surveillance systems as needed.
4.5.3 Oceanic and Offshore Surveillance Functional Design

The functional design for the oceanic and offshore elements of the NAS Surveillance System is illustrated in Figure 4-9.  The top portion of the figure provides the functional flow from the oceanic aircraft perspective while the bottom portion of the figure provides the functional flow from the ground controller (ATC) perspective.  All functional requirements identified above are satisfied by these functional designs for the oceanic and offshore surveillance system. 

4.5.3.1 Functional Description

As illustrated in Figure 4-9, there are three basic components of the oceanic surveillance system.  The first component consists of the aircraft element, the second a mechanism to relay oceanic dependent surveillance transmissions to the ground based ATC system,, and the third consists of the ground based ATC element.  The modes and operation of each of these elements are described in the following paragraphs.

The primary inputs for the airside are the transmissions of aircraft state from other aircraft.  The airside mode also calculates own aircraft state from the primary navigation signal source and from the alternate navigation system. The primary navigation information is then validated 
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Figure 4-9 Oceanic Surveillance Functional Flow
against the alternative navigation system.  The validated aircraft state including waypoints that are input by the pilot or the FMS is then transmitted for use by the ground based ATC system and by other aircraft. The airside then uses own state to convert the states of the other aircraft to a set of coordinates relative to own aircraft.  This information is then forwarded to the Automation Aid and Display Generator for the development of appropriate display driver commands.  Other inputs to the display generator are in the form of display commands from the pilot, and ATC automation and weather messages from the ground system. This information must also be converted to own aircraft coordinates for display.  The pilot commands include items such as zoom control, location of own aircraft on the display, brightness and contrast, on/off controls, alarm controls, and waypoints.  Airborne automation aids include self-separation aids, collaborative decision making aids, airborne collision avoidance alerts and advisories, station-keeping aids, and altitude crossing aids.  Ground based automation messages include clearances, self-separation instructions, alerts and advisories.

The groundside mode of the oceanic surveillance system starts with the reception of the dependent surveillance aircraft state messages. Since there may be situations in which the same state messages is received from the same aircraft, a dependent surveillance message correlation must be performed.  The correlated aircraft state messages are then formed into a set of dependent surveillance target reports, which are formatted for distribution to the oceanic ATM system and to the en route dependent to independent/cooperative surveillance target report correlation process (see Figure 4-8).  In order that the facilities with responsibility for the dependent surveillance covered airspace receive the proper target reports, it is necessary that the groundside compare the target reports to ATC facilities coverage maps and send the proper reports to the appropriate facilities.  In addition, the target reports and non-flight specific information such as weather and winds aloft are used to forecast oceanic sector demand.  Voice communications is maintained between pilot and controller when possible.

4.5.4 Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS

Table 4‑6 Oceanic and Offshore Functional Requirements Traceability Matrix
	Functional Requirement Number
	Functional Requirement Text
	Traceability to ATS2005 CONOPS
	Traceability to RTCA Surveillance CONOPS

	Oceanic
	4.5.2.1 Aircraft Surveillance Functional Requirements
	
	

	4.5.2.1_1
	Virtually all aircraft in oceanic airspace are equipped with dependent surveillance technologies.
	6.6; 6.7; 6.24
	4_5_20; 4_5_29

	4.5.2.1_2
	The surveillance system shall support the use of cockpit self-separation,  free maneuvering operations,  and collaborative decision making.
	6.7; 6.20; 6.22; 6.33
	4_5_31; 4_5_32; 4_5_39; 4_5_41

	4.5.2.1_3
	The surveillance system shall use dependent surveillance to identify, accurately measure distance from other aircraft, display other aircraft, and efficiently resolve conflicts.
	6.7; 6.23
	4_5_7; 4_5_23; 4_5_33

	4.5.2.1_4
	Aircraft equipped with  dependent surveillance shall downlink position reports at specified intervals, as well as times at a specified waypoint and provide estimated times for the next and next plus one waypoints.
	6.24
	4_5_12

	4.5.2.1_5
	The surveillance system shall support pilot self-separation for a flight performing station-keeping (either laterally or in trail) within a traffic flow, an aircraft operating at or through another flight’s altitude, and an aircraft separating itself from a flight in an interacting traffic flow.
	6.7; 6.20; 6.22; 6.26; 6.27
	4_5_14; 4_5_31; 4_5_35; 4_5_41

	4.5.2.1_6
	The surveillance system shall provide airspace users with the support needed to maintain situational awareness and to perform limited tactical resolutions after notifying the service provider of their intent and receiving appropriate service provider instructions.
	6.22; 6.25; 6.26
	4_5_24

	4.5.2.1_7
	The surveillance system shall support the notification of the appropriate military entity of aircraft crossing Air Defense boundaries.
	6.30
	

	Oceanic
	4.5.2.2 Weather Surveillance Functional Requirements
	
	

	4.5.2.2_1
	The surveillance system shall provide weather changes in real-time to support the dynamic adjustment of sector boundaries.
	6.2; 6.12; 6.34; 6.36
	4_5_38a

	4.5.2.2_2
	The surveillance system shall support automated tools to predict and suggest resolution options for aircraft encountering severe weather.
	
	4_5_17

	Oceanic
	4.5.2.3 Infrastructure and Other NAS Surveillance Functional Requirements
	
	

	4.5.2.3_1
	Differences between separation standards, data processing protocols, surveillance operations, and other technological issues, are harmonized via ICAO to better ensure seamless transitions from a global perspective.
	6.40
	4_5_16; 4_5_27; 4_5_28

	4.5.2.3_2
	The surveillance system shall support automated tools to predict and suggest resolution options for conflict situations including  aircraft encountering SUA.
	6.2; 6.4; 6.20; 6.36
	4_5_17

	4.5.2.3_3
	The surveillance system shall support dynamic random routing for individual user-preferred trajectories.
	6.2; 6.4; 6.12; 6.33; 6.34
	4_5_5; 4_5_15; 4_5_30

	4.5.2.3_4
	The surveillance system shall provide the  ATM system with the capability to predict future traffic situations, and to meter aircraft through some very complex or high-density traffic situations.
	6.2; 6.4; 6.25; 6.36
	4_5_6; 4_5_7; 4_5_20; 4_5_22; 4_5_34

	4.5.2.3_5
	Airborne surveillance information shall be made available to the oceanic ATM system to  monitor aircraft conformance to intended flight profiles.
	6.7
	4_5_6; 4_5_7; 4_5_36; 4_5_40

	4.5.2.3_6
	The surveillance system shall provide the ground ATC system with  full and accurate knowledge of the aircraft’s intent.
	6.4
	4_5_38; 4_5_40

	4.5.2.3_7
	The surveillance system shall provide airspace planners with several types of non-flight-specific information that enables them to assess traffic demand in oceanic airspace.
	6.2; 6.4; 6.36; 6.39
	4_5_18; 4_5_21

	4.5.2.3_8
	The surveillance system shall provide dynamic measurements and near-term predictions of each sector’s traffic density.
	6.2; 6.4; 6.37; 6.39
	4_5_18; 4_5_19; 4_5_21

	4.5.2.3_9
	The surveillance system shall provide the ground automation system with the information necessary for automatic conformance monitoring.
	6.7
	4_5_25; 4_5_37

	4.5.2.3_10
	The surveillance system shall support user-preferred routing.
	6.2; 6.4; 6.12; 6.33; 6.34
	4_5_5; 4_5_30

	4.5.2.3_11
	The surveillance system shall support display capabilities that enable the service provider to identify, analyze and resolve potential or actual aircraft-to-aircraft, aircraft-to-airspace, and aircraft-to-terrain conflicts.
	6.2; 6.4; 6.15; 6.20; 6.21; 6.27; 6.36
	4_5_6; 4_5_7; 4_5_42

	4.5.2.3_12
	The surveillance system shall provide the capability for better prediction of future aircraft position based on knowledge of pilot intent.
	6.2; 6.4; 6.7; 6.25; 6.36
	4_5_8

	4.5.2.3_13
	Oceanic surveillance capability maintains interface with other FAA surveillance systems as needed.
	
	4_5_9


4.6 Traffic Flow Management Surveillance Functional Specification

The surveillance functional specification for traffic flow management surveillance consists of a detailed description of the surveillance concept, a presentation of the surveillance functional requirements, and an elaboration of the traffic flow management surveillance functional design including a functional flow diagram. Traceability of the functional requirements to the ATS 2005 CONOPS and RTCA Surveillance CONOPS is also provided at the end of this section.  This specification is based on the information contained in the documents referenced in Chapter 2.

4.6.1 Traffic Flow Management Surveillance Concept

TFM is the strategic view of the NAS.  It includes long-term planning done to assure proper staffing and locations on a seasonal basis, daily planning at the national level, and local planning on an hourly basis.  Increased accuracy, coverage, and distribution of surveillance data help provide a complete and more accurate basis for planning.

Improved information exchange among users and service providers enables shared insight about weather, demand, and capacity conditions and allows for improved understanding of NAS status and TFM initiatives. As users receive better knowledge of the intent of traffic flow initiatives, they may arrange their own resources to help solve the flow problems.  

Service providers at the national TFM level monitor traffic, weather, and infrastructure across the NAS, manage and implement traffic restrictions of a broader scope, facilitate coordination among other domestic and international service providers, and interact with AOC facilities and other NAS users.  National TFM service providers also monitor NAS performance and adjust traffic management strategies as needed.  

Improved surveillance capabilities and shared information help the system to become more efficient.  Downlinking of winds and temperatures aloft provide a more accurate picture of current conditions, allowing aircraft to avoid turbulence and other adverse weather conditions.  Improved weather surveillance and prediction capabilities allow institution of the minimum flow strategies to handle the conditions.  Improved surveillance capabilities, including downlinking of aircraft position and intent provide more accurate tracking and projection, with implementation of reduced separation standards, thereby increasing capacity of the system. 

A common situational awareness among all NAS participants is critical for strategic planning.  Expanded FAA/Industry data exchange allows the FAA to share estimated en route flow constrained areas, projected sector densities and fix saturation with the NAS operator.  Collaborative technologies and client/server architectures facilitate the interaction between user and service provider making it possible to share intent and constraint information as part of strategic planning.

4.6.2 Traffic Flow Management Surveillance Functional Requirements

The following surveillance functional requirements are derived from the operational concept described above and from the CONOPS documents identified in Chapter 2.  The functional requirements are categorized according to aircraft surveillance, weather surveillance, and infrastructure and other surveillance in the following subordinate sections.

4.6.2.1 Aircraft Surveillance Functional Requirements

· The aircraft surveillance system shall downlink aircraft position and intent information

4.6.2.2 Weather Surveillance Functional Requirements

· The aircraft surveillance system shall collect and downlink  winds and temperatures aloft, turbulence, and adverse weather data.

· The surveillance system shall provide service providers at the national TFM level with the capabilities to monitor weather across the NAS.

· Improved weather surveillance and prediction capabilities will support the institution of minimum flow strategies to handle adverse conditions.

4.6.2.3 Infrastructure and Other NAS Surveillance Functional Requirements

· The surveillance system shall provide a common situational awareness among all NAS participants by making all surveillance data available to all NAS users.
· The surveillance system shall provide information that is timely, accurate and available to all parties involved in flow decisions.

· The surveillance system shall provide increased accuracy, coverage, and distribution of surveillance data.

· The surveillance system shall provide improvements in surveillance data gathering and distribution.

· The surveillance system shall monitor actual and planned flight information, real-time flight plan/objects, traffic, NAS traffic flows, departure and arrival lists, demand/capacity balance, user and international service provider information, NAS performance, and  the infrastructure across the NAS.
· The surveillance system shall support automated resource allocation mechanisms and algorithms that produce routing allocations and departure runway balancing.

· The surveillance system shall support prediction of traffic congestion.

· The surveillance system shall support collaborative decision-making capabilities.

4.6.3 Traffic Flow Management Surveillance Functional Design

The functional design for the traffic flow management element of the NAS Surveillance System is illustrated in Figure 4-10.  This figure provides the functional flow from the TFM perspective.  All functional requirements identified above are satisfied by the functional design for the TFM surveillance system.
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Figure 4-10 TFM Surveillance Functional Flow 

4.6.3.1 Functional Description

The functional and data requirements listed below contribute to collaborative management of resources.

Flow Constraint Area Determination and Dissemination
Defined by weather and projected traffic are collected, processed, and disseminated to FAA facilities and NAS service providers in a timely manner to provide the foundation for collaborative decision making in traffic flow management.  
Output:  Dissemination of airspace volume parameters affected by known constraints.

Projected Traffic Processing and Display
Defined by projecting aggregate intent information to determine predicted congestion.  This information is the basis for one case of flow constrained area definition.  
Output:  Predicted traffic congestion.

Weather Forecast Processing and Display
Defined by weather forecast information to determine weather avoidance.  This information is the basis for one case of flow constrained area definition.
Output:  Predicted weather avoidance airspace volumes.

Flight Planning Intent Processing
Defined by the ability to collect actual and planned flight planning intent information for processing by traffic management services.  
Output:  Simultaneous display of actual and planned flow status of the NAS.

Real Time Status of Impacted Flights
Provides status of impacted flights, particularly those affected by a flow management strategy or event.  
Output:  Impacted flights.

Resource Allocation Mechanisms
Provides procedural and logical distribution of constrained resources based on agreed upon “business rules.”  
Output:  Fair and efficient allocation of resources for planing and re-planning purposes.

Impact Assessment Tools
Evaluates a proposed traffic flow management strategy given knowledge of flow-constrained areas and aggregate flight planning information.
Output:  Real time evaluation of proposed flow strategies.

Post Operational Assessment Tools
Evaluates traffic flow management strategies based on archived operational data.
Output:  Post operational evaluation of executed flow strategies.

4.6.4 Functional Requirements Traceability to ATS 2005 CONOPS and RTCA Surveillance CONOPS

Table 4‑7 Traffic Flow Management Surveillance Functional Requirements Traceability Matrix
	Functional Requirement Number
	Functional Requirement Text
	Traceability to ATS2005 CONOPs
	Traceability to RTCA Surveillance CONOPs

	TFM
	4.6.2.1 Aircraft Surveillance Functional Requirements
	
	

	4.6.2.1_1
	The aircraft surveillance system shall downlink aircraft position and intent information.
	7.57; 7.66
	4_6_3

	TFM
	4.6.2.2 Weather Surveillance Functional Requirements
	
	

	4.6.2.2_1
	The aircraft surveillance system shall collect and downlink  winds and temperatures aloft, turbulence, and adverse weather data.
	5.27; 7.57; 7.66
	4_6_1

	4.6.2.2_2
	The surveillance system shall provide service providers at the national TFM level with the capabilities to monitor weather across the NAS.
	7.5; 7.33; 7.53; 7.54
	4_6_23

	4.6.2.2_3
	Improved weather surveillance and prediction capabilities will support the institution of minimum flow strategies to handle adverse conditions.
	7.66
	4_6_2

	TFM
	4.6.2.3 Infrastructure and Other NAS Surveillance Functional Requirements
	
	

	4.6.2.3_1
	The surveillance system shall provide a common situational awareness among all NAS participants by making all surveillance data available to all NAS users.
	5.6.2; 7.53 
	4_6_5; 4_6_6; 4_6_8; 4_6_15; 4_6_17; 4_6_18; 4_6_19

	4.6.2.3_2
	The surveillance system shall provide information that is timely, accurate and available to all parties involved in flow decisions.
	5.6.2; 7.33; 7.66
	4_6_6; 4_6_7; 4_6_11; 4_6_14; 4_6_15; 4_6_18; 4_6_19; 4_6_20; 4_6_21; 4_6_25

	4.6.2.3_3
	The surveillance system shall provide increased accuracy, coverage, and distribution of surveillance data.
	7.57; 7.66
	4_6_16

	4.6.2.3_4
	The surveillance system shall provide improvements in surveillance data gathering and distribution.
	7.57; 7.66
	4_6_22

	4.6.2.3_5
	The surveillance system shall monitor actual and planned flight information, real-time flight plan/objects, traffic, NAS traffic flows, departure and arrival lists, demand/capacity balance, user and international service provider information, NAS performance, and  the infrastructure across the NAS.
	5.6.2; 5.52; 7.5; 7.7; 7.36; 7.41; 7.57
	4_6_6; 4_6_9; 4_6_10; 4_6_12; 4_6_14; 4_6_18; 4_6_23; 4_6_24

	4.6.2.3_6
	The surveillance system shall support automated resource allocation mechanisms and algorithms that produce routing allocations and departure runway balancing.
	7.41
	4_6_13

	4.6.2.3_7
	The surveillance system shall support prediction of traffic congestion.
	7.36; 7.54; 7.57; 7.62
	4_6_10; 4_6_15; 4_6_20; 4_6_21

	4.6.2.3_8
	The surveillance system shall support collaborative decision-making capabilities.
	5.6.2; 7.2; 7.32; 7.33; 7.66
	4_6_4; 4_6_11; 4_6_15; 4_6_17; 4_6_23; 4_6_25


Appendix A. Acronyms and Abbreviations

	A/A
	Air/Air

	AC (A/C)
	Aircraft

	ACID
	Aircraft Identification

	ADS
	Automatic Dependent Surveillance

	ADS-A
	Automatic Dependent Surveillance-Addressed

	ADS-B
	Automatic Dependent Surveillance-Broadcast

	AFSS
	Automated Flight Service Stations

	AOC
	Airline Operations Center

	ARTCC
	Air Route Traffic Control Center

	ASDE
	Airport Surface Detection Equipment

	ASOS
	Automated Surface Observing System

	ATC
	Air Traffic Control

	ATCRBS
	Air Traffic Control Radar Beacon System

	ATCT
	Air Traffic Control Tower

	ATM
	Air Traffic Management

	AWOS
	Automated Weather Observing System

	CDTI
	Cockpit Display of Traffic Information

	CONOPS
	Concept of Operations

	CONUS
	Contiguous United States

	DL
	Data Link

	DoD
	Department of Defense

	DOT
	Department of Transportation

	EFR
	Electronic Flight Rules

	ELT
	Emergency Locator Transmitter

	FAA ASD
	FAA’s Office of System Architecture and Investment Analysis

	FAA ATS
	FAA Air Traffic Services

	FAST
	Final Approach Spacing Tool

	FP
	Flight Planning

	FPL
	Filed Flight Plans

	FIS
	Flight Information System

	FIS-B
	Flight Information Service-Broadcast

	G/A
	Ground/Air

	GA
	General Aviation

	GICB
	Ground-Initiated Comm.  B

	GPS
	Global Positioning System

	HFDL
	High Frequency Data Link

	I/O
	Input/Output

	ICAO
	International Civil Aviation Organization

	IFR
	Instrument Flight Rules

	ITWS
	Integrated Terminal Weather System

	LLWAS
	Low-Level Windshear Alert System

	NAS
	National Airspace System

	NAS-WIS
	NAS-Wide Information System

	NASA AATT
	NASA Advanced Air Transportation Technologies (AATT) Project Office

	NEXRAD
	Next Generation Weather Radar

	NOTAM
	Notices to Airmen

	NWS
	National Weather Service

	RTCA
	Radio Technical Commission for Aeronautics (now simply RTCA Inc.)

	RVR
	Runway Visual Range

	SAR
	Search and Rescue

	SATCOM
	Satellite Communications

	SF21
	Safe Flight 21

	SI
	Selective Interrogation

	SSEG
	Surveillance Systems Engineering Group

	SSR
	Secondary Surveillance Radar

	SUA
	Special Use Airspace

	TDWR
	Terminal Doppler Weather Radar

	TFM
	Traffic Flow Management

	TIS
	Traffic Information Service

	TIS-B
	Traffic Information Service-Broadcast

	TM
	Traffic Management

	VFR
	Visual Flight Rules

	WAN
	Wide Area Network

	Wx
	Weather


Appendix B. Definitions

System  - the combination of people, hardware and software, rules and procedures, and facilities required to produce a desired output or service to the user.
Requirement Definitions

· Operational Requirements - Statements that describe the services that a system and its elements must provide, the environment in which they are provided.

· NAS Functions - The top level NAS functions are defined as Communications, Navigation, Aircraft Surveillance, Weather, Automation, and Management.
· Functional Requirements - Statements that describes what a system and its elements must do to produce the required operational behavior.  

· Functional Design - A definition of the required inputs, outputs, states and processes of the system that satisfies the functional requirements.  

· Functional Specification - The combination of the set of functional requirements of a system and its functional design.
· Performance Requirements - Statements that describe the physical characteristics of a system and how well the system and its elements must operate in quantitative terms.  They establish the physical interfaces among operators, users, hardware, and software elements of the system. 
Surveillance - the detection, tracking, characterization and observation of aircraft, surface vehicles, weather phenomenon, infrastructure status and other information for the purpose of conducting safe and efficient flight operations.

Aircraft Surveillance Definitions

· Independent Surveillance: Independent surveillance consists of a methodology for obtaining the position of an aircraft or vehicle without the cooperation of the object. The use of primary radar to independently detect and determine the range and azimuth (2-dimensional position) of aircraft by means of reflected radar energy. Airport surface detection equipment (ASDE) primary radars are used to determine the position of aircraft and vehicles operating on airport taxiways and runways. Primary radar surveillance is independent because aircraft or ground vehicles need not be equipped with any enabling avionics or equipment to be detected.

· Cooperative Surveillance: Cooperative surveillance obtains the position of an aircraft or vehicle by means of the object responding to an interrogation by the cooperative surveillance sensor.  The use of secondary surveillance radar (SSR) to determine the position, assigned beacon code (4,096 codes are currently available), and in most cases, the barometric altitude of an airborne aircraft by interrogation of a transponder onboard the aircraft. Because the aircraft must be equipped with a transponder, SSR technology is deemed to provide cooperative surveillance. Mode-3/A transponders reply with only the assigned code. Mode-C transponders (the most common type) reply with both assigned code and altitude. Mode-Select (Mode-S) transponders reply with assigned code and barometric altitude to all SSR interrogators and also include a discrete, permanently assigned address when replying to Mode-S interrogators. The Mode-S system also permits additional data to be exchanged between aircraft and Mode-S radars. 

· Dependent Surveillance: Dependent surveillance obtains the state of an aircraft or vehicle based on other on-board equipment, such as a navigation system, and then transmits its state information to the dependent surveillance sensor.  Types of dependent surveillance include:

- Automatic Dependent Surveillance (ADS): The use of ADS information by ground facilities to perform surveillance of airborne aircraft and aircraft or vehicles operating on the airport surface. This technology is deemed to provide dependent surveillance because it relies totally on each aircraft to determine its position (by means of the onboard navigation system) and report that position (and other data) via ADS-A or ADS-B communications equipment.

- Automatic Dependent Surveillance Addressed (ADS-A): A specific form of ADS, designed to support oceanic aeronautical operations, based on one-to-one communications between aircraft providing ADS information and a ground facility requiring receipt of ADS reports. The term “ADS-A,” as used here is equivalent to “ADS” or "ADS-C" as discussed in International Civil Aviation Organization (ICAO) documentation.

- Automatic Dependent Surveillance Broadcast (ADS-B): The function on an aircraft or surface vehicle that broadcasts position, altitude, vector, and other information for use by other aircraft, vehicles, and ground facilities and can receive similar information from other aircraft and vehicles.

Free Flight is defined as a “safe and efficient flight operating capability under instrument flight rules (IFR) in which the operators have the freedom to select their path and speed in real time. Air traffic restrictions are only imposed to ensure separation, to preclude exceeding airport capacity, to prevent unauthorized flight through special use airspace (SUA), and to ensure safety of flight.” Restrictions are limited in extent and duration to correct the identified problem. Any activity that removes restrictions represents a move toward Free Flight.

Appendix C. Summary of  Surveillance Functional Requirements
Aircraft Surveillance Functional Requirements


General

· The NAS surveillance system shall support delegation of separation responsibility to the pilot operating under a set of rules and procedures known as Electronic Flight Rules (EFR). 

· The NAS surveillance system shall support user preferred routing from airport-to-airport for all properly equipped  domestic and international flights

· The NAS surveillance system shall detect all unmanned vehicles and/or remotely operated vehicles and will support collision avoidance.

· Enhanced surveillance information including intent and aircraft performance data shall support improved trajectory prediction accuracy for ground based decision support tools.

Flight Planning

· The surveillance system shall observe/collect, store and retrieve the following aircraft related data elements:

· Flight plan/objects and data

· Discrete ELT ID

· Runway preference

· Aircraft weight

· Flight Following information

· User preferred route

· Preferred climb profiles

· Preferred descent profiles

· Departure times

· Arrival times

· Flight plan/object Closure

· Gate assignment

· Status of active and proposed flights

· Current Flight Trajectories 

· Cross-border data for international flights

· The surveillance system shall format this data for distribution to Users (GA, Commercial, and Military), Service Providers, and AOCs.  

· The surveillance system shall provide the capability to perform a flight plan/object probe for active/scheduled SUA, weather, and airspace and flow restrictions.

· The surveillance system shall provide a capability to notify SAR when a flight is overdue or an ELT is detected and shall provide SAR with all relevant flight information including last known position and time.

Airport Surface
· The surveillance system shall provide the pilot with graphical information in the cockpit depicting proximate traffic (including surface vehicles), a moving map of the airport surface,  obstacle locations, and the taxi routes to be taken

· Accurate position information (e.g., taxi routes) sufficient to drive a cockpit moving map display with aircraft positions shall be provided

· The surveillance system shall provide the tower service provider with aircraft positions and associated IDs on the surface and on short final to the runways

· The surveillance system shall identify airport traffic, including ground vehicles as well as surface and arrival aircraft for display to the  service provider on an airport map that includes runways, taxiways, hold areas, ramp areas, and gates, as well as obstacles on the airport surface

· The surveillance system shall have no gaps in coverage

· The surveillance system shall provide airborne and surface surveillance information to the  surface management information system 

· Airport surveillance shall be  enhanced with dependent surveillance technology 

· Surveillance information shall provide improved situational awareness for service providers, pilots, ramp operators, and crew and flight planners.

· The surveillance system shall provide the capability for very low visibility taxiing  and low-visibility station keeping on the airport surface and as an immediate safety alerting system
Terminal Area, Approach and Departure

· The surveillance system shall provide equipped aircraft with a complete picture of all surrounding traffic in the terminal area, including unequipped aircraft or aircraft with an equipment failure.
· The surveillance system shall provide improved identification of other traffic (e.g., electronic flight ID) 

· The surveillance system shall  account for potential navigational failures in order to maintain a robust operational system
· The surveillance system shall provide real-time wake turbulence visualization in the cockpit 

· The surveillance system shall support increased pilot situational awareness through improved surveillance information to the cockpit
· The surveillance system shall support the display of surrounding traffic in the cockpit.
· The surveillance system shall support uses of data link and cockpit displays that allow pilot to monitor all the surrounding traffic
· The surveillance system shall support speed control in relation to traffic of interest via a multi-function cockpit display (e.g., station keeping).
· The surveillance system shall support visual approaches and departures even with momentary loss of visual acquisition by providing the data needed for  target display on a multi-function cockpit display

· The surveillance system shall support dependent and independent approaches and departures between properly-equipped aircraft 
· The surveillance system shall support free maneuvering operations in low density areas for airline type users

· The surveillance system shall support cockpit self-separation  when assigned to the flight crew by ATC 

En Route

· The en route surveillance system shall improve situational awareness in the cockpit by supporting the display other craft in proximity to own aircraft.

· The en route surveillance system shall  provide low-end users with  limited delivery of surveillance information on surrounding traffic 

· The en route surveillance system shall provide for the use of aircraft-derived position data 

· The en route surveillance system shall accommodate automatic reporting of an aircraft's state 

· Dependent surveillance systems shall support robust, panel mounted,  multi-function display capabilities in GA cockpits 

· The en route surveillance system shall support multi‑function displays that include traffic information superimposed on a moving map 

·  The en route surveillance system shall support on-board capabilities ranging from cockpit display of traffic and enhanced collision avoidance capabilities

· The en route surveillance system shall support the display of all surrounding traffic to the pilot.  Display of information such as other aircraft flight ID and closure rate shall be provided.

· The en route surveillance system shall support the cockpit display of intended route of own and other aircraft and the display of trend vectors and aircraft positions at the time of closest predicted approach
· The en route surveillance system shall support DoD users' cockpit traffic displays that allow random and flexible air refueling tracks.  

· The en route surveillance system shall support the transfer of separation responsibility from the ground to the cockpit for specific and well-defined situations  based on  improved situational awareness in the cockpit

· The en route surveillance system shall support a collision avoidance capability with at least a traffic advisory capability for all aircraft that conduct IFR free-flight operations.  

· The en route surveillance system shall support collision avoidance capabilities that use any appropriate technology or group of technologies.  Harmonization activities with international civil aviation authorities shall ensure that different collision avoidance systems can safely and effectively interact.

· The surveillance system shall support the notification of the appropriate military entity of aircraft crossing Air Defense boundaries

Oceanic and Offshore Surveillance

· Virtually all aircraft in oceanic airspace are equipped with dependent surveillance technologies.
· The surveillance system shall support the use of cockpit self-separation,  free maneuvering operations,  and collaborative decision making
· The surveillance system shall use dependent surveillance to identify, accurately measure distance from other aircraft, display other aircraft, and efficiently resolve conflicts.
· Aircraft equipped with  dependent surveillance shall downlink position reports at specified intervals, as well as times at a specified waypoint and provide estimated times for the next and next plus one waypoints
· The surveillance system shall support pilot self-separation for a flight performing station-keeping (either laterally or in trail) within a traffic flow, an aircraft operating at or through another flight’s altitude, and an aircraft separating itself from a flight in an interacting traffic flow  

· The surveillance system shall provide airspace users with the support needed to maintain situational awareness and to perform limited tactical resolutions after notifying the service provider of their intent and receiving appropriate service provider instructions
· The surveillance system shall support the notification of the appropriate military entity of aircraft crossing Air Defense boundaries

Traffic Flow Management

· The aircraft surveillance system shall downlink aircraft position and intent information

Weather Surveillance Functional Requirements

General

· The NAS surveillance system shall provide graphical weather information in the cockpit 

· The NAS shall improve weather  and aircraft surveillance and shall incorporate this information into the service provider display

Flight Planning

· The surveillance system shall observe/collect, store and retrieve the following weather related data elements:

· Hazardous weather 

· Current aviation weather

· Predicted aviation weather 

· Meteorological information 

· The surveillance system shall format this data for distribution to Users (GA, Commercial, and Military), Service Providers, and AOCs.  

Airport Surface

· The surveillance system shall provide information to the  surface management information system including: 

· airport environmental information 

· weather information

· The surveillance system shall provide the information necessary to drive an accurate display of weather for both user and service provider

· The surveillance system shall provide the information necessary to generate automatic and timely broadcasts of hazardous weather alerts.

Terminal Area, Approach and Departure

· The surveillance system shall have sufficient capacity to provide all users with the capability to display weather

· The surveillance system shall support increased pilot situational awareness through better weather information to the cockpit and improved understanding of the airspace environment (such as SUA and navaid status).

· The surveillance system shall support the delivery of real time weather information and maps in the cockpit.

· The surveillance system shall support uses of data link and cockpit displays that allow pilot to monitor all the surrounding traffic, current meteorological data, and automated hazardous weather alerts 

· The surveillance system shall support improved accuracy and display of the weather information on the service provider’s display

En Route

· The en route surveillance system shall provide information on current and projected weather to ground-based decision support systems and to the service provider’s display.

· The en route surveillance system shall support multi‑function displays that include weather information superimposed on a moving map 

· The en route surveillance system shall support both airborne and ground-based conflict probes that account for weather systems, including their movement and growth or decay, relative to the future position of the aircraft.

Oceanic and Offshore Surveillance
· The surveillance system shall provide weather changes in real-time to support the dynamic adjustment of sector boundaries 
· The surveillance system shall support automated tools to predict and suggest resolution options for aircraft encountering  severe weather
Traffic Flow Management

· The aircraft surveillance system shall collect and downlink  winds and temperatures aloft, turbulence, and adverse weather data 

· The surveillance system shall provide service providers at the national TFM level with the capabilities to monitor weather across the NAS

· Improved weather surveillance and prediction capabilities will support the institution of minimum flow strategies to handle adverse conditions

Infrastructure and Other NAS Surveillance Functional Requirements

General

· The NAS surveillance system shall support all present and future decision support tools including separation assurance, conformance monitoring, collision avoidance, problem prediction and resolution, and fleet management.

· The NAS surveillance system shall support the reduction of separation standards and restrictions.  Common/consistent standards based on system performance rather than airspace designation will be applied. 

· Surveillance data from a variety of sources shall be integrated to provide a more accurate picture of the traffic and to enable the application of proper separation standards

· The NAS surveillance system shall provide users and service providers a common situational awareness.

· Interoperability of separation methods and surveillance equipment and tools shall be maintained on an international basis

Flight Planning

· The surveillance system shall observe/collect, store and retrieve the following  infrastructure and other related aeronautical data elements:

· Airspace, airport and flow restrictions

· SUA status

· Static constraints - terrain and advisories

· NAS Infrastructure outages and status

· NOTAMS

· Traffic density

· Demand on the NAS

· Airspace facility demands 

· The surveillance system shall format this data for distribution to Users (GA, Commercial, and Military), Service Providers, and AOCs.  

Airport Surface

· The surveillance system shall provide information to the  surface management information system including: 

· arrival, departure, and taxi schedules 

· flight information 

· traffic management initiatives 

· tower automation including conformance monitoring and collision avoidance

· The surveillance system shall mark locations of uncharted or temporary obstructions in and around some airports by broadcast transmitters for better obstruction avoidance.

Terminal Area, Approach and Departure
· The surveillance system shall be compliant with a global standard for satellite-based surveillance

· The surveillance system shall provide users and service providers a common situational awareness.

· The surveillance system shall support improved service provider automation and displays and the use of cockpit situation displays that enhance traffic situational awareness and allow for enhanced approaches and departures.

· The surveillance system shall support enhanced collision avoidance logic based on satellite-based navigation and surveillance information 

· The surveillance system shall support the use of a common data link that provides current weather information and hazardous weather alerts, in addition to the more routine message traffic.
· Surveillance systems and automation shall automatically  send some messages directly to the pilot and service provider to further increase safety by eliminating the time necessary for a human to relay the message - e.g., wind shear alerts (generated either by airborne or ground equipment), airborne collision resolution advisories, and instructions to go around in a runway incursion scenario
En Route
· The surveillance system shall permit the AOC to monitor the status of the NAS 
· Surveillance of the entire en route domain shall be achieved by more than one surveillance technology.  

· The en route surveillance system shall use dependent surveillance systems to expand IFR access to low altitude airspace and to enhancing operations outside of independent and/or cooperative surveillance sensor coverage.
· Initiation of the elimination of independent surveillance capability shall begin after other surveillance systems are shown to meet the necessary levels of performance.

· The en route surveillance system shall provide a common surveillance picture to all ATM participants including service providers, pilots, and planning agencies. 

· Surveillance information shall be cross-flowed between and among the cognizant agencies and facilities to allow the creation of a common and consistent recognized air picture

· The en route surveillance system shall provide aircraft intent, aircraft performance data, and improved information on SUA activation/deactivation to ground-based decision support systems and to the service provider’s display.

· The en route surveillance system shall provide surveillance information to support new service provider displays that enhance the service providers’ understanding of the air picture within their assigned sector.

· The en route surveillance system shall support the reduction of separation standards by providing common surveillance information for accurate display to both the service providers and cockpit crews.

· The en route surveillance system shall support ground-system automation enhanced conflict probe and alerting.

· The en route surveillance system shall support both airborne and ground-based conflict probes that account for avoidance of SUA, taking into account the time of activation/deactivation of such airspace relative to the future position of the aircraft.

Oceanic and Offshore Surveillance
· Differences between separation standards, data processing protocols, surveillance operations, and other technological issues, are harmonized via ICAO to better ensure seamless transitions from a global perspective. 

· The surveillance system shall support automated tools to predict and suggest resolution options for conflict situations including  aircraft encountering SUA 

· The surveillance system shall support dynamic random routing for individual user-preferred trajectories

· The surveillance system shall provide the  ATM system with the capability to predict future traffic situations, and to meter aircraft through some very complex or high-density traffic situations. 

· Airborne surveillance information shall be made available to the oceanic ATM system to  monitor aircraft conformance to intended flight profiles

· The surveillance system shall provide the ground ATC system with  full and accurate knowledge of the aircraft’s intent

· The surveillance system shall provide airspace planners with several types of non-flight-specific information that enables them to assess traffic demand in oceanic airspace.

· The surveillance system shall provide dynamic measurements and near-term predictions of each sector’s traffic density 
· The surveillance system shall provide the ground automation system with the information necessary for automatic conformance monitoring 
· The surveillance system shall support user-preferred routing
· The surveillance system shall support display capabilities that enable the service provider to identify, analyze and resolve potential or actual aircraft-to-aircraft, aircraft-to-airspace, and aircraft-to-terrain conflicts.  
· The surveillance system shall provide the capability for better prediction of future aircraft position based on knowledge of pilot intent.
· Oceanic surveillance maintains interface with other FAA surveillance systems as needed
Traffic Flow Management

· The surveillance system shall provide a common situational awareness among all NAS participants by making all surveillance data available to all NAS users
· The surveillance system shall provide information that is timely, accurate and available to all parties involved in flow decisions.

· The surveillance system shall provide increased accuracy, coverage, and distribution of surveillance data

· The surveillance system shall provide improvements in surveillance data gathering and distribution  

· The surveillance system shall monitor actual and planned flight information, real-time flight plan/objects, traffic, NAS traffic flows, departure and arrival lists, demand/capacity balance, user and international service provider information, NAS performance, and  the infrastructure across the NAS
· The surveillance system shall support automated resource allocation mechanisms and algorithms that produce routing allocations and departure runway balancing 

· The surveillance system shall support prediction of traffic congestion

· The surveillance system shall support collaborative decision-making capabilities 

Appendix D. Surveillance CONOP Statements from ATS 2005 CONOPS

	ATS 2005 CONOP Number
	ATS 2005 CONOP Statement
	Applicable Functional Requirements

	
	1. Introduction
	

	1.2
	Migration of the NAS from a ground-based infrastructure to one that encompasses both ground and airborne systems.!!Key Words: separation
	4_9

	1.5
	Develop an air traffic environment which provides… flexibility and efficiency through development of a global airspace system incorporating the International Civil Aviation Organization’s communication, navigation and surveillance (CNS/ATM) concept.  !!Key Words:  global (or) ICAO
	4_11

	1.7
	The air traffic system must evolve in the areas of airspace and procedures, roles and responsibilities, equipment, and automation.. !!Key  Words: (or)  airspace  procedures  roles  responsibilities  equipment  automation
	4_1; 4_3; 4_4; 4_5; 4_6; 4_7; 4_8; 4_9; 4_10; 4_11

	1.10
	2005 marks the end of the first phase of transition to the technologies and airspace structures required for Free Flight.  Subsequent development is under way to complete the transition to a full Free Flight environment in the post-2005 era.!!Key Words:  Free Flight
	4_1; 4_2; 4_7; 4_8; 4_9; 4_10

	1.11
	A human-centered approach to maximize the efficient delivery of air traffic services to users.
	4_1; 4_5; 4_10

	1.12
	System processes and workstations are designed to expedite the exchange of information between NAS information systems, service providers, and users.!!Key Words:  information (within 10 words of) exchange!!
	4_4; 4_5; 4_6; 4_10

	1.16
	Controller workload under peak traffic remains equivalent to the workload controllers absorbed in the 1990s under lighter traffic demand.  This increased ATC efficiency has been achieved through the implementation of decision support systems for traffic management and control, dynamic alteration of airspace boundaries, reduced vertical separation minima, improved air/ground communications and coordination, and enhanced ground/ground coordination aids.!!Key Words:  decision support systems  airspace boundaries  vertical separation  communications  coordination   
	4_1; 4_8; 4_10

	1.17
	Air safety has been increased through the implementation of conflict detection and resolution tools, the inclusion of the flight deck in some separation decision-making, and greatly enhanced weather detection and reporting capabilities.  !!Key Words:  conflict detection  resolution separation  weather !!
	4_1; 4_5; 4_6; 4_9; 4_7

	1.19
	Phased Technology Implementation.  The evolution of the operational environment is based on an incremental implementation of new technologies.  This approach maintains safety as the first priority, while also increasing capacity, efficiency, and flexibility in a balance with environmental considerations.  !!Key Words:  safety  capacity  efficiency  flexibility
	4_9

	1.20
	Redistributed Roles and Responsibilities.  Separation assurance remains the responsibility of the service provider.  However, that responsibility is shifted to the flight deck for specific operations.
	4_1; 4_7

	1.21
	Human Factors Considerations.  The evolution of the NAS utilizes a clear transition  strategy for each operational capability, and employs a human-centered approach for implementing new operational concepts and supporting technologies.
	4_5; 4_6; 4_10

	1.22
	Human capabilities and limitations of users and service providers remain a primary consideration in systems development.
	4_10

	1.23
	Information Distribution.  A NAS-wide information system distributes timely and consistent information across the NAS, for both user and service provider planning.  !!Key Words:  NAS wide information system!!
	4_4; 4_10

	1.24
	This information system serves as an avenue for a greater exchange of electronic data and information between users and service providers.  The system contains the following information:
	4_4; 4_10

	1.30
	The system allows increased collaboration between users and service providers for resolving strategic problems.  !!Key Words:  collaboration
	4_4; 4_7; 4_10

	1.33a
	Aircraft progress is tracked electronically with all critical functions provided for in the backup systems.  !!Key Words:  track (or) backup
	4_7; 4_9

	1.34
	These tools reduce the burden of routine tasks while increasing the provider’s ability to evaluate traffic situations and plan the appropriate response.  This increases productivity and provides greater flexibility to user operations, with potential  reduced vertical separation minima and increased traffic density.
	4_7; 4_8

	1.35
	Procedural changes are developed, evaluated, and instituted to meet technology as it arrives, rather than post-deployment. !!Key Words:  procedures
	4_1; 4_8

	1.38
	There is increasingly accurate weather data available to the service provider and user. !!Key Words:  weather
	4_5; 4_6

	1.39
	Enhanced steps for avoiding convective weather are made as weather tools are improved and integrated into the decision support tools.!!
	4_5; 4_6

	1.40
	There are improved methods and tools to measure NAS performance and to identify user requirements, including the daily archiving of the NAS wide information system.  These improvements are geared toward providing the information in a meaningful and readily accessible form.!!Key Words:  NAS performance
	4_4; 4_5; 4_6; 4_7; 4_10

	
	
	

	
	2. Flight Planning
	

	2.1
	The flight planning process is enhanced to provide a collaborative interaction with the user.  This interaction creates dynamic, event-driven user-preferred trajectories for individual flights.!!Key Words (or)  flight planning  collaborative  user  preferred trajectories!!
	4.1.2.1_1f; 4.1.2.1_2

	2.3
	Real-time trajectory updates reflect more realistic departure times, resulting in more accurate traffic load predictions, and increased flexibility due to the imposition of fewer restrictions.    Key Words: (or)  trajectory analysis  traffic load
	4.1.2.1_1i; 4.1.2.3_1f

	2.5
	Standardized domestic and international trajectory information improves the interaction between the NAS, NAS users, and domestic and international service providers.!!Keywords: (or)  domestic  international!!
	4.1.2.1_1o; 4.1.2.1_2;

	2.7
	The year 2005 sees significant changes in the planning data available to users, and in the flight plan itself. …  In 2005, planners and service providers have automated access to this information from the continuously and automatically updated NAS-wide information system.  The scope of information is expanded to include items such as:!!Key Words:  NAS-WIS
	4.1.2.1_1; 4.1.2.1_2; 4.1.2.2_1; 4.1.2.2_2; 4.1.2.3_1; 4.1.2.3_2

	2.15
	As the planner interactively generates the flight profile, information regarding current and predicted weather conditions, traffic density, restrictions and status of SUAs is  available.!!Key Words:  flight Profile!!
	4.1.2.1_3; 4.1.2.2_1b; 4.1.2.2_1c; 4.1.2.2_2; 4.1.2.3_1f; 4.1.2.3_1a; 4.1.2.3_1b; 4.1.2.3_2

	2.17
	a) Potential problems are automatically displayed to the planner for reconciliation.     Key Words: (in the same paragraph as)  roblems  display  econcile!!!!!!!!!!Upon filing, the flight object is updated as necessary, along with all affected projections of NAS demand.!!Key words:  (in the same paragraph as)  flight object  update
	4.1.2.3_1g; 4.1.2.3_2

	2.20
	Improved emergency locator transmitters (ELTs) are in use with corresponding new standards and rule making. These ELTs utilize discreet codes and satellite based navigation positioning information.!!Key words: (or)  emergency locator transmitters  ELT!!
	4.1.2.1_1b

	2.21
	For aircraft equipped with these systems, the NAS-wide information system either identifies the successful completion of the flight or provides its last known position.!!Key words: (or)  emergency locator transmitters  ELT
	4.1.2.1_4; 

	2.22
	When a flight is overdue and no ELT signal is detected, the flight’s information is readily available to search and rescue organizations through the NAS-wide information system to verify the need to initiate search procedures.!!Key words: (or)  emergency locator transmitters  ELT
	4.1.2.1_4

	
	
	

	
	3. Airport Surface
	

	3.3
	Elimination of system constraints minimizes the overall ground delay of arrivals and departures through implementation of the following system enhancements:!!Key Words: (or)  ground delay  constraints!!
	4.2.2.1_6; 4.2.2.3_1a; 4.2.2.3_1b; 4.2.2.3_1c

	3.5
	communications are increasingly automated through the growing availability of datalink, while coordination and planning are aided by new decision support systems.  Together, these systems enhance airport safety, improve efficiency and accommodate user preferences.!!Key Words: (or)  datalink  decision support systems
	4.2.2.1_6; 4.2.2.2_1; 4.2.2.3_1 (all in general terms)

	3.6
	Airport safety and efficiency is enhanced by terminal weather radar, automated weather observation systems, integrated systems to detect and predict hazardous weather, and improved surface detection equipment.!!Key Words:  weather
	4.2.2.2_1a; 4.2.2.2_1b; 4.2.2.2_2; 4.2.2.2_3; 4.2.2.1_7 

	3.7
	Surface-movement decision support systems provide real time data to the NAS-wide information system.!!Key  Words: (in the same paragraph as)  surface   decision support
	4.2.2.1_6

	3.8
	Upon pushback, the flight’s time-based trajectory is updated in the NAS-wide information system, based on the average taxi time at the airport under prevailing traffic conditions.!!Key Words:  pushback
	4.2.2.3_1a; 4.2.2.3_1b

	3.9
	At wheels-up, this trajectory is again updated.!!Key Words:  wheels up
	4.2.2.3_1a; 4.2.2.3_1b

	3.10
	continuous updating of the flight object improves real-time planning for both the user and the service provider  …  improves the effectiveness of ongoing traffic management initiatives and the collaborative decision making.!!Key Words: (within 10 words of)  update  flight object
	4.2.2.3_1a; 4.2.2.3_1b; 4.2.2.3_1c

	3.11
	Surface-movement decision support systems are also an integral part of the total NAS automation system. !!Key Words:  surface movement
	4.2.2.1_6; 4.2.2.2_1; 4.2.2.3_1 (all in general terms)

	3.15
	Aeronautical information …  continue to be acquired by service providers and disseminated to users to aid in their planning and conduct of flight operations … this acquisition and dissemination is expedited by the NAS-wide information system.!!Key Words:  aeronautical Information!!
	4.2.2.1_6

	3.19
	Weather advisories are handled in a similar fashion.!!Key Words:!!Weather Advisories
	4.2.2.2_1a; 4.2.2.2_1b; 

	3.21
	automation functions utilize these departure clearances, along with aircraft location and aircraft type, to generate taxi schedules. … departures will be spaced more efficiently than they are today, resulting in reduced taxi times and improved airborne departure traffic flows.
	4.2.2.1_3; 4.2.2.3_1a; 4.2.2.3_1b

	3.23
	A surface management information system is fielded at some airports to facilitate coordination between decision-makers at all levels of the airport operation.!!Key Words:!!Surface Management Information System!!
	4.2.2.1_8

	3.25
	The system provides access to airport environmental information, arrival, departure, and taxi schedules, airborne and surface surveillance information, flight information, ATIS and other weather information, and traffic management initiatives.
	4.2.2.2_1a; 4.2.2.3_1a; 4.2.2.1_6; 4.2.2.3_1b; 4.2.2.2_1b; 4.2.2.3_1c

	3.28
	Separation assurance on the airport surface … benefits from increased information to improve situation awareness, support taxi planning, and improve ramp control to match surface movement with the departure and arrival phases of flight.!!Key Words: separation
	4.2.2.1_2; 4.2.2.1_8; 4.2.2.3_1a

	3.29
	Visual cues that service providers currently rely upon are augmented with enhanced situation displays and surface detection equipment.!!Key Words: separation
	4.2.2.1_3; 4.2.2.1_4; 4.2.2.1_7

	3.30
	Service providers can display satellite-derived position data transmitted by selected flights upon request, while ground-based surveillance data is shared with users as a safety enhancement for preventing incursions.
	4.2.2.1_3; 4.2.2.1_4; 4.2.2.3_1d

	3.31
	Situation displays are available for airborne and surface traffic, with appropriate overlaps for viewing arriving and departing traffic.
	4.2.2.1_3; 4.2.2.1_4; 4.2.2.1_5; 4.2.2.1_6

	3.32
	The surface situation display depicts the airport and nearby airspace, with data tags for all flights and vehicles
	4.2.2.1_3; 4.2.2.1_4; 4.2.2.1_6

	3.33
	Taxi planning … has timely traffic activity information.
	4.2.2.1_6; 4.2.2.1_8; 4.2.2.3_1a; 4.2.2.3_1b

	3.36
	As the aircraft prepares to taxi, service providers use decision support systems to determine taxi sequencing, and to perform conformance monitoring and conflict checking.
	4.2.2.3_1a; 4.2.2.3_1d

	3.40
	improved knowledge of aircraft intent allows automatic monitoring of taxi plan execution and provides alerts to the potential for runway incursion.
	4.2.2.3_1a; 4.2.2.3_1b; 4.2.2.3_1d

	3.42
	In 2005, ramp service providers, where used, sequence and meter aircraft movement at gates and on ramps, using situation displays that interface with decision support systems and personnel in the control tower.!!Key Words: separation
	4.2.2.1_4; 4.2.2.1_8

	3.43
	Traffic flow service providers oversee the surface automation by analyzing the operational situation and establishing initial parameters for surface movement planning.!!Key Words:  traffic flow
	4.2.2.1_6; 4.2.2.3_1d

	3.45
	The service provider evaluates results and adjusts parameters as needed.  Both the initial values and subsequent adjustments are incorporated into the surface management information system
	4.2.2.3_1c

	
	
	

	
	4. Departure and Arrival
	

	4.4
	Improved procedures eliminate the need for many speed and altitude restrictions, including the 250 knot speed restriction below 10,000 feet.!!Key Words:  restrictions!!
	4.3.2.1_8

	4.5
	Automatic exchange of information between flight deck and ground-based decision support systems improves the accuracy and coordination of arrival trajectories.
	4.3.2.3_3

	4.6
	Increasingly accurate weather displays are available to service providers.  In addition, automatic broadcast of hazardous weather alerts for wind shear, microbursts, gust fronts, etc., are delivered simultaneously to the flight deck and service provider.
	4.3.2.2_4; 4.3.2.2_5; 4.3.2.3_2

	4.9
	Decision support systems assist the service provider in providing runway assignments and in merging and sequencing traffic, based on accurate traffic projections and user preferences.!!Key Words:  (or)  decision support systems   automation
	4.3.2.3_3

	4.12
	Satellite-based position data, broadcast by properly equipped aircraft, are used in cockpit traffic displays to increase the pilots’ situation awareness for aircraft-to-aircraft separation. These avionics allow an increasingly frequent transfer of responsibility for separation assurance to the flight deck for some types of operations.!!Key Words:  self separation!!
	4.3.2.3_4; 4.3.2.2_4; 4.3.2.1_12

	4.18
	disruption in departure and arrival traffic is minimized by improved weather data and displays. Available to service providers and users, these data and displays enhance safety and efficiency by disclosing weather severity and location.!!Key Words:  weather
	4.3.2.2_5; 4.3.2.2_1; 4.3.2.2_3; 4.3.2.2_4

	4.20
	Decision support systems help service providers to maintain situation awareness, identify and resolve conflicts, and sequence and space arrival traffic.!!Key Words:   decision support systems –or-  automation   in the same paragraph as)  conflicts –or- separation –or- sequence!!
	4.3.2.3_2; 4.3.2.3_3

	4.21
	Separation assurance has undergone changes in the following areas: aircraft-to-aircraft separation, aircraft-to-airspace and aircraft-to-terrain/obstruction separation, and departure and arrival planning services.!!Key Words: separation
	4_1; 4_7; 4_8; 4_9; 4.3.2.1_12

	4.22
	Aircraft-to-aircraft separation remains the responsibility of service providers  …  in most traffic situations, it remains solely their responsibility.
	4.3.2.1_12

	4.23
	Visual separation by pilots in terminal areas is expanded  to allow all-weather pilot separation when deemed appropriate by the service provider.
	4.3.2.1_9; 4.3.2.1_12

	4.26
	Situation displays and conflict alert functions have evolved to provide more information, based on expanded data acquisition capabilities and improved trajectory modeling and analysis!!Key Words:  display (in the same paragraph as) conflict!!
	4_7; 4_4

	4.27
	Expanded data acquisition results from inputs by the flight deck, airline operations center, service provider, and interfacing NAS systems..
	4_9; 4_4

	4.29
	With these data, improved trajectory models and analyses benefit the service provider through highly accurate conflict detection functions, and reliable conflict resolutions !!Key Words: (or)  conflict detection  conflict resolution
	4_7; 4_4; 4.3.2.3_4

	4.31
	Aircraft-to-airspace and aircraft-to-terrain separation also remains the service provider’s responsibility.
	4_1; 4.3.2.1_12

	4.32
	The service provider maintains separation between controlled aircraft and active SUAs, and between controlled aircraft and terrain/obstructions.
	4_7

	4.33
	An automated safe-altitude warning function enables the service provider to keep aircraft safely above terrain and obstructions.!!Key Words: (or)  altitude warning  terrain
	4_7; 4.3.2.3_6

	4.35
	The service provider has improved tools to assist pilots in avoiding hazardous weather.!!Key words:  hazardous weather (or) HIWAS (in the same paragraph as ) avoid
	4.3.2.3_5; 4.3.2.2_4

	4.36
	Enhanced weather data and weather alerts are output on service provider displays, and simultaneously uplinked for display on the flight deck. !!Key Words:  weather (in the same paragraph as) flight deck
	4.3.2.2_5; 4.3.2.3_5; 4.3.2.3_2; 4.3.2.3_6; 4.3.2.2_1; 4.3.2.2_2; 4.3.2.2_3; 4.3.2.2_4

	4.38
	Departure and arrival planning services involve the sequencing and spacing of arrivals, and the integration of departures into the airborne traffic environment.!!Key Words:  departure planning  arrival Planning
	4.3.2.3_3

	4.39
	Improved departure flows are achieved through tools that provide more efficient airport surface operations, improved real time assessment of traffic activity in departure and en route airspace, and expanded usage of flexible routes based on RNAV, satellite navigation, and FMS.!!Key Words:  departure flow
	4_2; 4_4; 4.3.2.3_3

	4.40
	Arrival operations also benefit from these tools!!Key Words:  arrival Flow
	4_2; 4_4; 4.3.2.3_3

	4.42
	The user’s runway assignment preference is available through the flight object within the NAS information system, and is used in conjunction with departure and arrival decision support systems and the integrated surface management tool to coordinate an optimal assignment.
	4.3.2.3_3

	4.43
	In the final portion of the arrival phase, decision support systems facilitate the use of time-based metering to maximize airspace and airport capacity.
	4.3.2.3_3

	4.44
	Other tools generate advisories to the service provider that aid in maneuvering flights onto the final approach in accordance with the planned traffic sequence.
	4.3.2.3_3

	4.45
	On final approach, the service provider may give the pilot responsibility for station keeping to maintain the required sequence and spacing to the runway.
	4.3.2.1_8; 4.3.2.1_12

	4.46
	The traffic flow service provider … receives increased assistance from decision support systems for managing arrivals and departures.!!Key Words:  TM DSS!!
	4.3.2.3_3

	4.49
	service providers utilize the decision support systems to monitor traffic flows, NAS performance, and weather.
	4.3.2.3_3; 4.3.2.2_5

	4.50
	They also use these tools to report on departure/arrival resources, and to identify airspace and airport congestion problems.
	4.3.2.3_3

	4.52
	Improved weather tools and displays are used to assess the effect of weather on departure and arrival airspace capacity.
	4.3.2.2_5

	4.53
	Through the NAS-wide information system, service providers also remain informed on distant weather conditions in order to anticipate changes to the daily traffic flow, and requests from other facilities.
	4.3.2.3_5

	4.55
	Arrival flows and departure queues are planned around projected times for configuration changes that cause the least traffic disruption.
	4.3.2.3_5

	4.63
	Augmentation systems have the accuracy, availability, integrity, and continuity necessary for precision approaches.  Separation standards are set in accordance to the accuracy of the positional information.!!Key Words:  precision approach
	4.3.2.3_3; 4_8

	4.66
	More flexible departure routes are possible … as more aircraft are equipped with advanced navigation systems, and the service provider has automated support to verify adherence to the selected profile. !!Key Words:  flexible (within 10 words of) routes  monitor (within 10 words of) aircraft  surveillance (in the same paragraph as) automation
	4_2; 4_7

	
	
	

	
	5. En Route/Cruise
	

	5.1
	En route airspace structures and boundary restrictions are unconstrained by communications and computer systems, and aircraft are no longer required to fly directly between navaids along routes defined by the FAA.  !!Key Words:  free flight!!
	4_2

	5.2
	Improved decision support tools for conflict detection, resolution, and flow management allow increased accommodation of user-preferred trajectories, schedules, and flight sequences.!!Key Words:  DSS or automation) in the same paragraph as (conflict or flow)
	4_7; 4_2

	5.4
	The airspace structure is adjusted to meet user needs.  Tools and procedures are in place for frequent evaluations of the airspace structure (probably daily), and anticipated traffic flows are accommodated by adjustments to sector boundaries.!!Key Words:  airspace (in the same paragraph as) evaluation  sector boundary
	4.4.2.3_5; 4.4.2.3_6

	5.6.2
	Demand and capacity imbalances are resolved, in collaboration with the users, via voluntary changes in trajectories or through the establishment of temporary routes and transition points in the affected area.!!Key Words:  TM initiatives
	4.6.2.3_5; 4.6.2.3_8; 4.6.2.3_1; 4.6.2.3_2

	5.7
	Surveillance of all positively controlled aircraft is provided by a combination of primary and secondary radar, and the broadcast of satellite-derived position information by individual flights.!!Key Words:  surveillance
	4.4.2.3_2; 4.4.2.1_4

	5.8
	The NAS-wide information system is continually updated with changes in airspace and route structures, and with the positions and predicted time-based trajectories of the traffic.
	4_4

	5.9.1
	The goal is to allow turbojet and turboprop aircraft to fly higher, remaining high closer to the airport.  This  … releases lower altitude airspace for use by lower performance aircraft.
	4_4

	5.9.2
	New displays are operational in all en route facilities and the service provider has access to more accurate forecasts of potential conflicts.!!Key Words:  display (in the same paragraph as) conflict
	4_4; 4_7; 4.4.2.3_7

	5.10
	Decision support systems such as the conflict probe assist the provider in developing safe and effective traffic solutions.!!Key Words: (or)  decision support systems  DSS  automation
	4.4.2.3_11

	5.11
	decision support systems allow more aircraft to operate on routes according to the most favorable winds …  with additional available altitudes.
	4_2

	5.12
	En route surveillance is accomplished through a combination of primary radar, beacon interrogation, and broadcasts of aircraft position and speed.
	4.4.2.3_2

	5.13
	As more forms of position data become available, more traffic is under some form of surveillance.
	4.4.2.3_2; 4.4.2.3_3

	5.14
	An increasing number of aircraft are equipped with satellite based navigation, digital communications, and the capability to automatically transmit position data.
	4.4.2.1_3; 4.4.2.1_4

	5.15
	Additional pilot intent and aircraft performance data are provided to decision support systems, thus improving the accuracy of trajectory predictions. This information is combined and presented on the service provider’s display.
	4_4; 4.4.2.3_7

	5.18
	Separation standards depend on the flight’s equipage and the quality of the positional data, service provider displays indicate the quality of the resulting aircraft positions and the appropriate equipage information. !!Key Words:  separation Standards
	4_9; 4.4.2.3_7

	5.19
	flights routinely operate on user-preferred trajectories, with fewer aircraft constrained to a fixed route structure. These trajectories are accommodated earlier in the flight and continue closer to the destination than is currently allowed.!!Key Words:  user-preferred trajectories
	4_2

	5.26
	The pilot in en route airspace has better downstream weather data information in digital form, both through automated means and through request/reply datalink.
	4_5

	5.27
	More aircraft provide real-time winds and temperatures aloft, resulting in better weather information for forecasting and traffic planning.!!
	4.6.2.2_1

	5.28
	Weather data are distributed to decision support systems for processing and presentation to service providers, resulting in a more accurate and common awareness of meteorological conditions.
	4.4.2.2_1

	5.30
	As in the departure and arrival operations, increased decision support allows significant improvement in en route separation assurance.
	4_7

	5.31
	Changes are seen in both aircraft-to-aircraft separation and in aircraft-to-airspace separation.
	4_1; 4_7; 4_8; 4_9; 4.4.2.1_11

	5.32
	There is improved coordination between the service provider and the flight deck to aid the flight in weather avoidance.
	4.4.2.2_3

	5.33
	Improved weather information allows service providers to be more effective in controlling aircraft in airspace that contains hazardous weather and in providing weather advisories to pilots.
	4_6; 4.4.2.2_1; 4.4.2.2_3

	5.35
	Decision support systems assist in conflict detection and the development of conflict resolutions.
	4_7; 4.4.2.1_7; 4.4.2.1_3; 4.4.2.1_9; 4.4.2.3_10

	5.37
	Improving the provider’s ability to identify conflicts also reduces the number of occasions when there is intervention, allowing the user to fly the trajectory proposed with higher frequency.
	4_2; 4_7; 4.4.2.3_10; 4.4.2.3_11

	5.39
	Flight data is available for all flights via the NAS-wide information system.   …….
	4_4; 4.4.2.1_1; 4.4.2.1_2; 4.4.2.1_3; 4.4.2.1_4; 4.4.2.1_5; 4.4.2.1_8; 4.4.2.1_9

	5.40
	There are also improved flight following services for VFR traffic.!!
	4.4.2.1_4

	5.41
	For VFR aircraft automatically reporting their satellite-derived positions … coupled with access to the flight’s data via the NAS-wide information system, reduces the workload associated with providing traffic advisories to uncontrolled aircraft.!!Key Words:  traffic advisories
	4.4.2.1_4

	5.43
	The activation of a SUA results in the reevaluation of all flight trajectories in the NAS-wide information system, to determine which flights will penetrate the SUA.!!Key Words:  SUA
	4.4.2.3_7; 4.4.2.3_11

	5.45
	When flights are in close proximity to the newly activated SUA, the provider uses aircraft-to-aircraft conflict detection tools as aids to prevent them from entering the restricted airspace. … earlier intervention and the closer-proximity resolution
	4.4.2.3_7; 4.4.2.3_11

	5.48
	The service provider has access to the NAS-wide information system
	4_10

	5.50
	The profile is produced through improved information sharing, collaborative decision making, and the projection of flows based on weather and wind patterns.
	4.4.2.3_5

	5.52
	Any capacity problems due to SUA schedules, staffing, or weather are identified.!!Key Words:  capacity!!
	4.4.2.3_11; 4.4.2.2_3; 4.6.2.3_5

	5.58
	By resetting parameters …  the probe becomes a density tool which the service provider uses to identify areas and times of higher density.
	4.4.2.3_7

	5.60
	The service provider is also involved in the coordination of modified flight trajectories for active flights.!!Key Words:  Flight Trajectories
	4.4.2.3_1; 4.4.2.3_5: 4.4.2.3_11

	5.66
	increased information exchange between the en route, arrival, departure and surface decision support tools enables better coordination of cross-facility traffic flows with fewer constraints.
	4.4.2.3_6

	5.71
	The airspace structure is frequently evaluated and adjusted in anticipation of expected traffic flows, or in response to weather and NAS infrastructure changes.
	4.4.2.3_6; 4.4.2.2_3; 4.4.2.3_7

	
	
	

	
	6. Oceanic
	

	6.2
	Improvements in navigation, communication and the use of surveillance are paramount enablers of capacity enhancement in oceanic airspace.!!Key Words:  capacity
	4.5.2.2_1; 4.5.2.3_2; 4.5.2.3_3; 4.5.2.3_4; 4.5.2.3_7; 4.5.2.3_8; 4.5.2.3_10; 4.5.2.3_11; 4.5.2.3_12

	6.3
	Procedural reductions in separation standards are facilitated through the improved infrastructure.!!Key Words:  separation Standards
	4_8

	6.4
	Automation and procedural changes help service providers to be strategic in solving potential conflicts, traffic congestion, and demand for user preferred trajectories.!!Key Words:  automation
	4_2; 4.5.2.3_2; 4.5.2.3_3; 4.5.2.3_4; 4.5.2.3_6; 4.5.2.3_7; 4.5.2.3_8; 4.5.2.3_10; 4.5.2.3_11; 4.5.2.3_12

	6.5
	Oceanic separation minima are significantly reduced.
	4_8

	6.6
	Satellite navigation systems and datalink allow more accurate and frequent traffic position updates; datalink and expanded radio coverage provide direct air-to-ground communications (both digital and voice).!!Key Words:  navigation
	4_9; 4.5.2.1_1

	6.7
	Real time position data and continuously updated trajectory projections virtually eliminate manual control procedures in Oceanic airspace … Oceanic separation standards and procedures are derived from radar control techniques.
	4.5.2.1_1; 4.5.2.1_2; 4.5.2.1_3; 4.5.2.1_5; 4.5.2.3_5; 4.5.2.3_9; 4.5.2.3_12

	6.12
	Reduced separation minima and dynamic management of route structures help the user formulate and request a preferred flight profile.
	4_2; 4_8; 4.5.2.2_1; 4.5.2.3_3; 4.5.2.3_10

	6.15
	Service providers use visual displays to monitor the traffic situation!!Key Words:  display
	4.5.2.3_11

	6.20
	Changes in both aircraft-to-aircraft and aircraft-to-airspace separation assurance occur in 2005!!Key Words:  separation.
	4_1; 4_7; 4.5.2.1_2; 4.5.2.1_5; 4.5.2.3_2; 4.5.2.3_11

	6.21
	The oceanic service provider has a display of traffic in the oceanic airspace, ensuring separation in the same manner as in domestic airspace, although the separation criteria may be different.
	4.5.2.3_11

	6.22
	The oceanic environment creates opportunity for the transfer of separation assurance to the pilot for specific operations.
	4_1; 4.5.2.1_2; 4.5.2.1_5; 4.5.2.1_6

	6.23
	Pilots have situation awareness of nearby traffic through a cockpit display of traffic information.!!Key Words:  CDTI
	4.5.2.1_3

	6.24
	Aircraft position updates are supplied by the aircraft’s broadcast of satellite navigation-derived position data transmissions.!!Key Words:  position reports
	4.5.2.1_1; 4.5.2.1_4

	6.25
	pilots may coordinate with service providers for clearance to conduct specified maneuvers while the pilot’s view of nearby traffic supplements the service provider’s big picture of longer term traffic flow.
	4.5.2.1_6; 4.5.2.3_4; 4.5.2.3_12

	6.26
	pilots may obtain approval for special maneuvers such as station keeping with reduced spacing.!!Key Words:  stationkeeping
	4.5.2.1_5; 4.5.2.1_6

	6.27
	The pilot’s ability to support climbs, descents, crossing and merging routes is supplemented by the service provider’s conflict probe decision support system.!!Key Words:  conflict Probe
	4.5.2.1_5; 4.5.2.3_11

	6.30
	Aircraft crossing Air Defense boundaries are reported to the appropriate military entity.
	4.5.2.1_7; 4.4.2.1_14

	6.33
	Full surveillance, better navigation tools, real-time communications and automated data exchange between the pilot and service provider via datalink facilitate the transition away from tracks and toward trajectories in oceanic airspace.
	4_2; 4.5.2.1_2; 4.5.2.3_3; 4.5.2.3_10

	6.34
	The airspace structure may change dynamically based on weather, demand and user preferences.!!Key Words:  airspace
	4.5.2.2_1; 4.5.2.3_3; 4.5.2.3_10

	6.36
	Service providers, aided by supporting automation and electronic visual displays, are able to acquire and view timely and reliable flight information to dynamically address necessary changes to the airspace or trajectories.   !!Key Words:  automation
	4.5.2.2_1; 4.5.2.3_2; 4.5.2.3_4; 4.5.2.3_7; 4.5.2.3_11; 4.5.2.3_12

	6.37
	Adjustments must be made to the airspace structure and/or trajectories when demand exceeds capacity.
	4.5.2.3_8

	6.39
	The service provider has access to the NAS-wide information system as well as projected demand for the day.!!Key Words:  demand
	4.5.2.3_7; 4.5.2.3_8

	6.40
	The NAS service provider collaborates with international service providers to determine the daily airspace structure, identify and explore alternatives to potential capacity problems, and manage traffic over fixes including gateway entries.
	4.5.2.3_1

	
	
	

	
	7. NAS Management
	

	7.2
	Through collaborative decision making, service providers focus on providing the best, seamless service to users.!!Key Words:  collaborative decision making (or) CDM
	4.6.2.3_8

	7.5
	Air traffic service providers at the ATCSCC monitor traffic, weather and infrastructure across the NAS.!!Key Words:  ATCSCC
	4.6.2.2_2; 4.6.2.3_5

	7.7
	Continuous evaluation of traffic management initiatives, to determine their effectiveness and their impact on users!!Key Words:  TM initiatives
	4.6.2.3_5

	7.32
	Collaboration is used to negotiate a revised flight trajectory, in real-time.
	4.6.2.3_8

	7.33
	Increased collaboration among local facilities, the ATCSCC and NAS users is augmented by decision support systems that enable a shared view of traffic and weather with all parties.
	4.6.2.2_2; 4.6.2.3_2; 4.6.2.3_8

	7.36
	Improved decision support systems help service providers visualize demand and manage the more complex traffic flows.
	4.6.2.3_5; 4.6.2.3_7

	7.41
	Acting under guidance from the national center, infrastructure management service providers assure NAS infrastructure service delivery by directing and prioritizing infrastructure management from a user perspective. They monitor the NAS infrastructure performance and determine actions needed.
	4.6.2.3_5; 4.6.2.3_6

	7.53
	Service providers at the ATCSCC develop a composite understanding of NAS weather and capacity conditions and make appropriate updates to the NAS-wide information system.
	4.6.2.2_2; 4.6.2.3_1

	7.54
	Service providers at the ATCSCC monitor multi-source weather information  … used to predict NAS element capacities and traffic flow patterns.
	4.6.2.2_2; 4.6.2.3_7

	7.57
	The demand-capacity balance of major traffic flows across the NAS is monitored by the ATCSCC with a broader strategic focus than local service providers. …  makes extensive use of predictive capabilities,  …  more comprehensive and current information from users and international service providers.
	4.6.2.1_1; 4.6.2.2_1; 4.6.2.3_3; 4.6.2.3_4; 4.6.2.3_5; 4.6.2.3_7

	7.62
	To anticipate where and when demand might exceed capacity, both local and national traffic flow managers rely on decision support systems
	4.6.2.3_7

	7.66
	ATCSCC service providers continue to manage capacity control programs (CCPs); more accurate, real-time data and user collaboration reduce the frequency of such initiatives. The programs are primarily used in the case of infrastructure outages or inclement weather.
	4.6.2.1_1; 4.6.2.2_1; 4.6.2.2_3; 4.6.2.3_2; 4.6.2.3_3; 4.6.2.3_4; 4.6.2.3_8


Appendix E. Surveillance CONOP Statements from RTCA Surveillance CONOPS

	RTCA SURV. CONOP Number
	RTCA Surveillance CONOP Statement
	Applicable Functional Requirements

	
	2. NAS Surveillance Operational Needs and Services
	

	2_1
	The surveillance system must be adapted to accept data from surveillance sources other than radar and remove dependencies on specific surveillance sensors. 
	4_9

	2_2
	Weather information shall be made available in the cockpit in the form of easily understood graphics.
	4_5

	2_3
	Flight Service Stations (FSS) shall obtain modern surveillance data about aircraft in their respective area of responsibility in order to provide efficient, effective service to these aircraft thereby avoiding any incident.
	4_9

	2_4
	Weather surveillance shall be improved and incorporated into controllers' traffic displays.
	4_6

	2_5
	Improved set of surveillance data shall be developed for safety reasons and to increase airport capacity.  
	4_7

	
	
	

	
	3. Future Operational Environment and Characteristics
	

	3_1
	The surveillance system shall provide uniform availability of shared, rich and reliable data to service providers and users of the NAS. 
	4_10

	3_2
	Common, consistent separation standards will be applied based on total system performance, rather than by airspace designation. 
	4_8

	3_3
	Surveillance continues to be used in functions such as separation assurance, conformance monitoring, collision avoidance, and fleet management.
	4_7

	3_4
	Surveillance information shall help improve safety, reduce separation standards, improve performance of automation and decision support tools and enhance a common awareness among NAS members of strategic and tactical traffic situations.
	4_8; 4_10

	3_5
	The surveillance data from all sources, independent of sensor location or type, shall be processed and integrated into a single view of each sector's airspace for display to that service provider. 
	4_9

	3_6
	the combination of modernized surveillance capabilities along with problem prediction and resolution allow a shift in the service provider’s role from a tactical one to that of more strategic planning.
	4_7

	3_7
	Some of these procedures result in delegation of separation responsibility to the pilot, codified as a set of EFR.
	4_1

	3_8
	Application of improved surveillance data to separation standards is focused first on improving methods of separating aircraft from aircraft while requiring fewer restrictions on aircraft for airspace access.
	4_8

	3_9
	While operating in civil airspace, unmanned vehicles or remotely operated vehicles are required to participate in collision avoidance and must be “visible” to allow detection and collision avoidance.
	4_3

	3_10
	Interoperability of separation methods and surveillance equipment and tools shall be maintained on an international basis.  
	4_11

	
	
	

	
	4. NAS Surveillance Operations by Domain and/or Phase of Flight
	

	
	
	

	
	4.1 Flight Planning Surveillance Needs
	

	4_1_1
	Flight Information Services provide to pilots the necessary weather graphics and text
	4_5; 4.1.2.2_1; 4.1.2.2_2

	4_1_2
	A broadcast data link system for Flight Information Service (FIS) information shall be preferred....  
	4.1.2.1_2

	4_1_3
	All users shall be able to probe against system constraints such as hazardous weather, SUA, flow restrictions (airspace facility demands), and infrastructure outages so that the flight planner has an improved awareness of conditions along the proposed route and whether the flight may need to be rerouted after departure. 
	4.1.2.1_3; 4.1.2.2_1a; 4.1.2.3_1a; 4.1.2.3_1b; 4.1.2.3_1d; 4.1.2.3_1h

	4_1_4
	Collaborative flight planning begins as the air traffic service provider and the AOCs use visual collaboration media supported by automation capabilities to exchange real-time information regarding airspace or flow restrictions.  
	4.1.2.3_1a; 4.1.2.3_2

	4_1_5
	For GA pilots, access is provided to flight planning and filing tools via an air traffic service provider who can provide the weather and system briefings necessary for the flight.
	4.1.2.2_1; 4.1.2.2_2; 4.1.2.3_1; 4.1.2.3_2

	4_1_6
	FIS products for delivery to the cockpit include information on the status of the NAS, such as Notices to Airmen and Special Use Airspace, as well as meteorological information, both in textual as well as graphical format. 
	4.1.2.3_1d; 4.1.2.3_1e; 4.1.2.3_1b; 4.1.2.2_1d; 4.1.2.3_2; 4.1.2.2_2

	4_1_7
	The flight planning process includes the improvements made in the near term with capabilities further enhanced due to real time sharing of information regarding system demand on the NAS.
	4_10; 4.1.2.3_1g; 4.1.2.3_2

	4_1_8
	Users shall have the information, tools and an interactive capability necessary to create a flight profile that can be as simple as the user's preferred route or as detailed as a time-based trajectory, including preferred climb and descent profiles. 
	4.1.2.1_1f, 4.1.2.1_1g, 4.1.2.1_1h, 4.1.2.1_1i, 4.1.2.1_1j; 4.1.2.1_2

	4_1_9
	Flight plan information shall be automatically available electronically to all service providers until the termination of the flight. 
	4.1.2.1_1a, 4.1.2.1_1k, 4.1.2.1_1n; 4.1.2.1_2

	4_1_10
	Information such as runway preferences and aircraft weight, or information to support flight following, can be added during the planning phase.
	4.1.2.1_1c; 4.1.2.1_1d; 4.1.2.1_1e

	4_1_11
	As the user generates the profile, information regarding current and predicted weather conditions, traffic density, restrictions, and status of SUAs is available.
	4.1.2.2_1b, 4.1.2.2_1c; 4.1.2.3_1f, 4.1.2.3_1a, 4.1.2.3_1b; 4.1.2.2_2; 4.1.2.3_2

	4_1_12
	When the profile is filed, it is automatically checked against these conditions and any static constraints such as terrain and advisories.  Potential problems are displayed automatically to the user for reconciliation.
	4.1.2.3_1c

	4_1_13
	For all users, an enhanced flight plan shall be made available and provide a much larger data set, including preferred trajectory, aircraft weight, runway preference for departure and arrival, gate assignment and cross-border issues for international flights.  The information within this flight profile shall be updated throughout the flight, providing a common source of information to users and service providers.
	4.1.2.1_1f, 4.1.2.1_1d, 4.1.2.1_1c, 4.1.2.1_1l; 4.1.2.1_1o; 4.1.2.1_2

	4_1_14
	The status of active and proposed flights, as well as real-time updates to reflect more realistic departure times (e.g., the latest planned departure times) are available to NAS users.
	4.1.2.1_1m; 4.1.2.1_1i; 4.1.2.1_2

	4_1_15
	In the transition period, the GA user has the capability to access the same flight data used by all other system users and service providers via personal computer, FBO, or service provider computer.
	4.1.2.1_1; 4.1.2.1_2

	4_1_16
	VFR flight plans, once filed, are available to all ATC service providers.  This enhances the ability of the pilot to receive and the service provider to provide VFR flight following services
	4.1.2.1_1a; 4.1.2.1_1e; 4.1.2.1_2

	4_1_17
	User preferred routing from airport-to-airport is available to all properly-equipped aircraft for domestic and international flights.
	4_2

	4_1_18
	An interactive flight planning capability shall be available for all properly-equipped aircraft to aid in filing airport-to-airport flight plans with user-preferred routings and allows user to better monitor fleet activities during routine and non-routine operations.  
	4_2; 4_7

	
	
	

	
	4.2 Airport Surface Surveillance Operations
	

	4_2_1
	Safety shall be increased via a capability that provides the pilot with graphical information in the cockpit depicting proximate traffic and the taxi routes to be taken, increases taxiing efficiency by eliminating the uncertainty that occurs in low visibility, and provides the tower service provider with aircraft positions and associated IDs on the surface and on short final to the runways aids efficiency and safety in the future with a potential for reducing runway incursions.
	4.2.2.1_1; 4.2.2.1_3; 4.2.2.1_10

	4_2_2
	Surveillance shall be seamless, with no gaps in coverage.  
	4.2.2.1_5

	4_2_3
	Improved cockpit capabilities and safety capabilities free the service provider to do planning of aircraft routing on the surface, and sequencing of aircraft for departure.... 
	4.2.2.1_1; 4.2.2.1_2; 4.2.2.1_8; 4.2.2.3_1a; 4.2.2.3_1b

	
	
	

	
	Near Term (Airport Surface)
	

	4_2_4
	Technologies such as CDTI shall provide an increased situational awareness of other equipped aircraft and ground vehicles in the movement area, as well as in the traffic pattern, thereby giving the flight crew decision support information to eliminate the potential for runway and taxiway incursions and ramp incidents, especially at night and in low visibility conditions.
	4.2.2.1_1; 4.2.2.1_2; 4.2.2.1_4; 4.2.2.1_9

	4_2_5
	The same surveillance information shall also provide the service provider with a flight ID associated with those ground targets on the tower display.  
	4.2.2.1_3

	4_2_6
	Locations of uncharted or temporary obstructions in and around some airports are marked by broadcast transmitters for better obstruction avoidance.
	4.2.2.3_2

	4_2_7
	Service providers have an integrated display of both aircraft on final approach and the movement of vehicles and aircraft on the airport surface.  These aircraft are identified on the display.
	4.2.2.1_3; 4.2.2.1_4

	4_2_8
	In the near term, prediction and resolution of runway incursions remains primarily the responsibility of service providers using current tools to augment existing procedures.
	4_7

	
	
	

	
	Transition Period (Airport Surface)
	

	4_2_9
	Timely and current flight information, together with the integration of service provider surveillance and surface automation with departure and arrival automation shall provide the ability to establish an efficient use of runways, taxiways and ramps for departures, arrivals and surface traffic, thereby allowing reduction of taxi times, takeoff delays and idle time spent on the airport surface.  
	4.2.2.3_1b; 4.2.2.1_4; 4.2.2.1_6; 4.2.2.1_8

	4_2_10
	A surface management information system shall provide complete data connectivity between the service provider, flight deck, airline operations center, ramp, airport operator, and airport emergency centers and  access to airport environmental information, arrival, departure, and taxi schedules, airborne and surface surveillance information, flight information, ATIS and other weather information and traffic management initiatives.
	4_10; 4.2.2.2_1a; 4.2.2.3_1a; 4.2.2.1_6; 4.2.2.3_1b; 4.2.2.2_1b; 4.2.2.3_1c

	4_2_11
	Conformance monitoring and problem prediction capabilities in the tower, supported by accurate surveillance data, notify the service provider of any problems among any of the aircraft or other vehicles or obstructions.
	4.2.2.3_1d

	4_2_12
	The tower service provider is to be aided by integrated surveillance and automation systems to ensure safe separation in all visibility conditions, including low visibility or nighttime conditions, without significant degradation of services. 
	4_9; 4.2.2.1_9

	4_2_14
	During the transition period, airport surveillance is enhanced with the continuing growth of ADS-B equipage.  Cockpit surveillance systems offer an alternative that can serve as an immediate safety alerting system.
	4.2.2.1_7; 4.2.2.1_9

	4_2_15
	ATC shall continue to provide separation services and pilots continue to maintain visual vigilance in collision avoidance, pilots begin to rely on surveillance means for conflict avoidance.  The pilot, on the other hand, will have a moving map display of the airport surface, with the aircraft's current location, location of other aircraft and obstacles displayed.
	4_7; 4.2.2.1_1; 4.2.2.1_2; 4.2.2.1_9

	4_2_16
	Cockpit display of position information from other aircraft further contributes to better situation awareness for the pilot, resulting in increased safety.
	4.2.2.1_2

	4_2_17
	Ramp service providers, who manage aircraft in non-movement areas of an airport, shall have the capability to sequence and meter aircraft movement at gates and on ramp areas using situation displays that interface with decision support systems and personnel in the control tower. 
	4.2.2.1_4; 4.2.2.1_8; 4.2.2.3_1a, 4.2.2.3_1b

	4_2_18
	airborne and surface traffic as well as information from the local information system…aids in preparing for gate operations and in sequencing gate arrivals and departures in concert with the ground taxi planning system.
	4.2.2.1_4; 4.2.2.1_8; 4.2.2.3_1a

	
	
	

	
	Mature State (Airport Surface)
	

	4_2_19
	The integrated surveillance information providing improved situational awareness is shared by all parties:  service providers, pilots, ramp operators and crew and flight planners. 
	4.2.2.1_8

	4_2_20
	Users shall be equipped with data link, surveillance and CDTI realizing safety and efficiency benefits at more airports, particularly in low visibility conditions.  
	4.2.2.1_9

	4_2_21
	Accurate display of weather shall be made available to both user and service provider, with automatic simultaneous broadcasts of hazardous weather alerts.
	4.2.2.2_2; 4.2.2.2_3

	4_2_22
	Accurate satellite-based position information (e.g., taxi routes), cockpit moving map with aircraft positions, and real-time data link information, shall enable airport operations to occur at near normal visual rates in near zero visibility conditions.  
	4.2.2.1_1; 4.2.2.1_2; 4.2.2.1_9

	4_2_23
	Aircraft using satellite-based navigation on the airport surface are subject to conflict prediction checking by tower automation.
	4.2.2.3_1d

	4_2_24
	Tower automation predicts conflicts between aircraft as well as between aircraft and vehicles.
	4.2.2.3_1d

	4_2_25
	Tower automation also performs conformance monitoring of the aircraft’s taxi route to ensure that aircraft do not enter active runways without clearance.
	4.2.2.3_1d

	4_2_26
	Aircraft shall be properly equipped and flight crews trained accordingly to be authorized to taxi and provide separation assurance solely based on electronic means.
	4_1

	4_2_27
	To support low-visibility station keeping on the airport surface, the in-trail aircraft needs to monitor the position and speed of the lead aircraft, and to detect changes in speed to ensure that safe separation is maintained.
	4.2.2.1_9

	4_2_28
	Pilot shall have immediate runway intrusion information available directly in the cockpit. 
	4.2.2.1_9; 4.2.2.1_1; 4.2.2.1_2

	
	
	

	
	4.3 Terminal Area, Approach and Departure Surveillance Operations
	

	4_3_1
	Pilot situational awareness shall be increased through improved surveillance information to the cockpit, as well as by better weather information to the cockpit and understanding of the airspace environment.
	4.3.2.1_5; 4.3.2.2_2

	4_3_2
	Procedures shall be developed for reduced visual approach and departure minima.  
	4_8; 4.3.2.1_9

	4_3_3
	Safety enhancements shall include improved identification of other traffic (e.g., electronic flight ID) as well as automation assistance to judge closure rates, geometries and wake vortex separation with other traffic.  
	4.3.2.1_2; 4.3.2.1_4; 4.3.2.1_6; 4.3.2.1_7; 4.3.2.1_8

	
	
	

	
	Transition Period (Terminal Area)
	

	4_3_4
	Improved area navigation capabilities and the growing number and increasing quality of cockpit displays shall enable all users to display weather and surrounding traffic in the cockpit.
	4.3.2.1_1; 4.3.2.1_6; 4.3.2.1_7; 4.3.2.2_1; 4.3.2.2_3; 4.3.2.2_4

	4_3_5
	A common data link shall provide current weather information and hazardous weather alerts, in addition to the more routine message traffic.
	4.3.2.3_5

	4_3_6
	With the improved accuracy and display of the weather information on the service provider’s display, users and providers share a common situational awareness.
	4.3.2.2_5

	4_3_7
	With the introduction of a global standard for satellite-based navigation and surveillance, aircraft position is provided to ATC and other users to provide a common traffic picture to pilots and ATC service providers.
	4.3.2.3_1; 4.3.2.3_2

	4_3_8
	Such a concept must account for any potential navigational failure in order to maintain a robust operational system.
	4.3.2.1_3

	4_3_9
	Provisions must be made to ensure that equipped aircraft have a complete picture of all surrounding traffic in the terminal area, including unequipped aircraft or aircraft with an equipment failure.  
	4.3.2.1_1

	4_3_10
	Improvement of real-time wake turbulence visualization in the cockpit shall be made available.  
	4.3.2.1_4

	4_3_11
	The addition of enhanced collision avoidance logic based on satellite-based navigation and surveillance information shall improve collision avoidance capabilities to provide protection to the ground, including on closely spaced parallel approaches.  
	4.3.2.1_10; 4.3.2.3_4

	4_3_12
	Surveillance capabilities shall allow for the lift of the routine 250 knot speed restriction by service providers in more Class B airspace for both departures and arrivals within environmental constraints. 
	4.3.2.1_8

	4_3_13
	Uses of data link and cockpit displays shall be developed to the point that the pilot can monitor all the surrounding traffic, current meteorological data and automated hazardous weather alerts.  
	4.3.2.2_4

	4_3_14
	Improved service provider automation and displays and the use of cockpit situation displays shall enhance traffic situational awareness and allow for enhanced approaches and departures.  
	4.3.2.3_3

	4_3_15
	Dependent and independent approaches and departures in IMC may be performed at many airports between properly-equipped aircraft and by a properly trained flight crew. 
	4.3.2.1_10

	
	
	

	
	Mature State (Terminal Area)
	

	4_3_16
	Surveillance systems shall be capable of automatically sending messages (such as wind shear alerts, airborne collision resolution advisories and instructions to go around in a runway incursion scenario) directly to the pilot and service provider.
	4.3.2.3_6

	4_3_17
	All aircraft provide their position to ATC and other users.  
	4.3.2.3_2

	4_3_18
	Free maneuvering operations in low density areas shall be made possible.  In high density areas, some cockpit self-separation may be assigned to the flight crew by ATC when operationally advantageous.
	4.3.2.1_11; 4.3.2.1_12

	
	
	

	
	
	

	
	4.4 En Route Surveillance Operations
	

	4_4_1
	The AOC monitors the status of the NAS
	4.4.2.3_1

	4_4_2
	Situational awareness in the cockpit shall be improved through the equipage of avionics that displays other craft in proximity to the aircraft. 
	4.4.2.1_1

	4_4_3
	This new avionics could either do the detection autonomously or in conjunction with systems on the ground which provide the information to the avionics for display to the crew.
	4.4.2.1_4; 4.4.2.1_2; 4.4.2.1_6; 4.4.2.1_7

	4_4_4
	Procedures must be developed and employed to allow for the transfer of separation responsibility from the ground to the cockpit for specific and well-defined situations.  
	4.4.2.1_11

	4_4_5
	While not a collision avoidance system, low-end users have enhanced situational awareness through the limited delivery of radar information on surrounding traffic.
	4.4.2.1_2

	4_4_6
	For GA users, multi-function displays begin to appear in GA aircraft, including weather and traffic information superimposed on a moving map.
	4.4.2.1_5; 4.4.2.1_6; 4.4.2.2_2

	4_4_7
	surveillance information is used with new service provider displays to enhance the service providers’ understanding of the air picture within their assigned sector.
	4.4.2.3_8

	4_4_8
	New service provider automation tools, such as a conflict probe capability, shall use the surveillance information to enhance efficiency of the air traffic flow, reduce unnecessary vectoring and improve service provider-to-service provider coordination.
	4.4.2.3_6

	4_4_9
	Minimum separation standards will be implemented.
	4_8

	
	
	

	
	Transition Period (En Route)
	

	4_4_10
	Dependence on Ground-based long-range primary radars shall be eliminated and they will be phased out.  
	4.4.2.3_4

	4_4_11
	Additional information intent and aircraft performance data is provided to ground-based decision support systems, thus improving the accuracy of trajectory predictions.  This includes intent and aircraft performance data, improved information on SUA activation/deactivation, and information on current and projected weather.  This information is integrated on the service provider’s display.
	4_4; 4.4.2.2_1; 4.4.2.3_7

	4_4_12
	Harmonization activities with civil aviation authorities around the world shall ensure that different collision avoidance systems can safely and effectively interact.  
	4.4.2.1_13

	4_4_13
	Cockpit technology improvements shall allow more user-preferred routings.  
	4_2

	4_4_14
	A common surveillance picture is shared among all ATM participants: service providers, pilots, and planning agencies.
	4.4.2.3_5

	4_4_15
	Separation standards shall be reduced through common surveillance information and the capability to accurately display the information to both the service providers and cockpit crews. 
	4.4.2.3_9

	4_4_16
	Any separation standard reduction is based on performance-based operational criteria such as RSP, RNP, RCP and RTSP, rather than an equipage-specific technological solution.
	4_8; 4_9

	4_4_17
	Aircraft-derived position data, satellite-based navigation and surveillance data shall be used by ground-system automation for enhanced conflict probe and alerting.  
	4.4.2.1_3; 4.4.2.3_10

	4_4_18
	Monitoring all surrounding traffic with cockpit display of traffic information increases pilot situational awareness.
	4.4.2.1_8

	4_4_19
	Display of information such as other aircraft flight ID and closure rate is used intrinsically in metering activities.
	4.4.2.1_8

	4_4_20
	Enhanced surveillance compliments continuous earth referenced navigation systems Satellite-based navigation and augmentation systems greatly expand IFR access to low altitude airspace, enhancing operations outside of radar coverage.
	4.4.2.3_3

	4_4_21
	For aircraft automatically reporting their satellite navigation-derived positions, the inclusion of that information, coupled with access to the VFR flight’s data, reduces the workload associated with providing traffic advisories to uncontrolled aircraft and increases the availability of VFR flight following services.
	4.4.2.1_4

	
	
	

	
	Mature State (En Route)
	

	4_4_22
	DoD users benefit from cockpit traffic displays that allow random and flexible air refueling tracks.
	4.4.2.1_10

	4_4_23
	Surveillance of the entire en route domain shall be achieved by several technologies. 
	4.4.2.3_2

	4_4_24
	Surveillance information is cross-flowed between and among the cognizant agencies and facilities to allow the creation of a common and consistent recognized air picture.
	4.4.2.3_6

	4_4_25
	This allows all decision-makers access to all of the surveillance information necessary for each decision-maker to efficiently perform his/her function.
	4.4.2.3_5

	4_4_26
	All aircraft that conduct IFR free-flying operations shall have a collision avoidance capability with at least a traffic advisory capability. 
	4.4.2.1_12

	4_4_27
	This collision avoidance capability could be achieved using any appropriate technology or group of technologies.
	4.4.2.1_13

	4_4_28
	Harmonization has continued between global aviation authorities to ensure that civil mandates for collision avoidance equipage is based on performance requirements and not a specific equipage solution.
	4.4.2.1_13

	4_4_29
	Panel-mounted multi-function displays and data link capabilities become commonplace in all but the low-end GA aircraft, where hand-held units remain the equipment of choice.
	4.4.2.1_5; 4.4.2.3_2

	4_4_30
	satellite-based surveillance systems that enable robust multi-function capabilities begin to appear in GA cockpits.
	4.4.2.1_5

	4_4_31
	Airborne and ground-based conflict probes shall have the ability to account for weather systems, including their movement and growth or decay, and avoidance of Special Use Airspace.  
	4.4.2.2_3; 4.4.2.3_11

	4_4_32
	Airlines and high-end GA shall be enabled to perform free maneuvering operations in low-density areas.  In high-density environments, cockpit self-separation is to be assigned to the flight crew by ATC when operationally advantageous. 
	4.4.2.1_11

	4_4_33
	Display of intended route of own and other aircraft, the use of trend vectors and aircraft positions at the time of closest predicted approach, along with cockpit automation, helps the pilot self-separate.
	4.4.2.1_9

	
	
	

	
	4.5 Oceanic Surveillance Operations
	

	4_5_1
	Separation reductions shall be implemented independently of ground automation infrastructure or service provider-pilot data link communications and automatic dependent surveillance. 
	4_8

	4_5_2
	FAA initiatives...include phased implementations of 50 nautical miles (nmi) lateral separation, reduced vertical separation minima (RVSM).
	4_8

	4_5_3
	Advanced ground automation, more timely and accurate surveillance data will allow implementation of improved separation standards.  
	4_8

	4_5_4
	There are separation reductions to 50 nmi longitudinal, to seven or eight minutes longitudinal in specified airspace, and 30 nmi lateral and longitudinal in oceanic areas for RNP-4 approved aircraft.
	4_8

	4_5_5
	Improved communication and distribution of data on the ground shall allow users to choose more desirable route profiles and utilize more flexible tracks and user-preferred profiles (UPPs).
	4.5.2.3_3; 4.5.2.3_10

	4_5_6
	The service provider will focus on cognitive tasks such as analyzing traffic, granting user requests and monitoring changing air traffic situations.
	4_7; 4.5.2.3_4; 4.5.2.3_5; 4.5.2.3_11

	4_5_7
	Display capabilities shall enable the service provider to visualize airspace, aircraft progress and intent; to confirm times and distances between aircraft; to review and amend flight plan data; and to analyze the impact of projected and actual changes in aircraft flight profiles, analyze and resolve potential or actual aircraft-to-aircraft, aircraft-to-airspace, and aircraft-to-terrain conflicts.
	4_7; 4.5.2.3_11; 4.5.2.1_3; 4.5.2.3_4; 4.5.2.3_5

	4_5_8
	One of the major improvements to the ground automation is better prediction of future aircraft position based on knowledge of pilot intent.
	4.5.2.3_12

	4_5_9
	the modernized oceanic surveillance capability maintains, as needed, levels of interface with other FAA surveillance systems.  This includes the ability to interface with, process, and display primary and secondary (mode A/C) surveillance radar, Mode S, ADS, and voice or data reported surveillance data.
	4.5.2.3_13

	4_5_10
	Surveillance data from a variety of sources (e.g., radar, satellite-relayed data position reports, high frequency [HF] or satellite voice [SATVOICE] relayed position reports) are integrated to enable the service provider to apply proper separation standards.
	4_9

	4_5_11
	Integration of available surveillance products and capabilities provides a more accurate picture of the traffic situation to service providers, offers FAA an opportunity to increase the capacity of its airspace, and supports automated tools that allow more route flexibility.
	4_9

	4_5_12
	Aircraft equipped with data link and ADS-A shall be able to downlink position reports at specified intervals, as well as times at a specified waypoint and estimated times for the next and next plus one waypoints. 
	4.5.2.1_4

	4_5_13
	Longitudinal separation standards between suitably equipped aircraft shall be reduced to 30 nmi.
	4_8

	4_5_14
	ADS-B and cockpit display of traffic information (CDTI) shall enable procedures and rules to be developed to conduct operations like cruise-climb flight profiles, in-trail climb maneuvers and limited station-keeping between pairs of equipped aircraft.  
	4.5.2.1_5

	
	
	

	
	Transition Period (Oceanic)
	

	4_5_15
	Further reductions in lateral and longitudinal separation standards and expanded use of dynamic routings shall be adopted.
	4_8; 4.5.2.3_3

	4_5_16
	The use of air/ground data link communications in oceanic airspace expands to include additional types of data link (e.g., aeronautical telecommunications network or ATN) and additional capabilities (e.g., expanded message sets) in order to provide data link service to a larger variety of airspace users.  This enables a seamless air/ground data link environment and better surveillance for aircraft flying between U.S. and international flight information regions (FIRs) and between oceanic and domestic airspace, as well as a common approach to air/ground data link communications for oceanic and domestic service providers.
	4.5.2.3_1

	4_5_17
	Conflict resolution options for aircraft encountering SUA or severe weather are available to the service provider.
	4.5.2.2_2; 4.5.2.3_2

	4_5_18
	Automation helps to determine dynamic traffic densities.  Airspace planners receive several types of non-flight-specific information that enables them to assess traffic demand in oceanic airspace.
	4.5.2.3_7; 4.5.2.3_8

	4_5_19
	Dynamic measurements and near-term predictions of each sector's traffic density shall be available for each sector.  
	4.5.2.3_8

	4_5_20
	The increased use of ADS-A and air-air ADS-B, along with the display of conflict resolution advisories to the service provider, allow improvements in airspace and route design to allow sectors and routes to be better aligned so as to reduce the complexity of conflict situations.
	4.5.2.1_1; 4.5.2.3_4

	4_5_21
	Based on the flight plans, the airspace planners also determine projected traffic densities in various airspace segments and use automated tools to allocate service provider workload equitably.
	4.5.2.3_7: 4.5.2.3_8

	4_5_22
	In those situations where projected traffic density exceeds allowable corridor thresholds, aircraft continue to be metered or restricted to assure that separation criteria are met.
	4.5.2.3_4

	4_5_23
	Corridor users are equipped with ADS-B and are able to view relevant aircraft on their CDTI.
	4.5.2.1_3

	4_5_24
	Airspace users shall be responsible for maintaining situational awareness and can perform limited tactical resolutions after notifying the service provider of their intent and receiving appropriate service provider instructions.
	4.5.2.1_6

	
	
	

	
	Mature State (Oceanic)
	

	4_5_25
	Conformance monitoring is performed automatically by the ground automation.
	4.5.2.3_9

	4_5_26
	Longitudinal separation may be reduced to 15 nmi for aircraft operating under self-separation within corridors.
	4_8

	4_5_27
	Separation standards, procedures for flight planning, coordination and transfers in U.S. domestic and oceanic airspace shall evolve in concert with updates to ICAO standards and recommended practices enabling seamless transitions between en route, oceanic and non-U.S. airspace. 
	4.5.2.3_1

	4_5_28
	Differences between separation standards, data processing protocols, surveillance operations, and other technological issues, are harmonized to better ensure seamless transitions from a global perspective.
	4.5.2.3_1

	4_5_29
	Ground-based and airborne communications and automation equipment shall be capable of supporting timely and accurate data link communications and ADS-A air-ground and ADS-B air-air surveillance.
	4.5.2.1_1

	4_5_30
	Dynamic random routing for individual user-preferred trajectories shall become the norm
	4.5.2.3_3; 4.5.2.3_10

	4_5_31
	Use of cockpit self-separation and free maneuvering operations shall be enabled in more complex situations, such as merging and crossing situations.
	4.5.2.1_2; 4.5.2.1_5

	4_5_32
	ATC oversight is still required for sequencing and separation assurance, but collaborative decision making has greatly increased among the service provider, AOC, and the aircraft.
	4.5.2.1_2

	4_5_33
	Airspace users shall use surveillance data via ADS-B air-air, Airborne Collision Avoidance System (ACAS) and Cockpit Display of Traffic Information (CDTI) to identify, accurately measure distance from other aircraft and efficiently resolve conflicts.
	4.5.2.1_3

	4_5_34
	in order to prevent situations from developing which could be too difficult for realizing air-derived separation assurance, the ATM system provides appropriate information to the aircraft on future traffic situations, and meters aircraft through some very complex or high-density traffic situations.
	4.5.2.3_4

	4_5_35
	Potential conflicts may be uplinked to the cockpit, to advise the pilot of traffic of concern.
	4.5.2.1_5

	4_5_36
	The oceanic ATM system makes effective use of airborne surveillance information in monitoring aircraft conformance to the intended flight profiles.
	4.5.2.3_5

	4_5_37
	Flight progress monitoring and conformance checking is automated….
	4.5.2.3_9

	4_5_38
	The ground system has full and accurate knowledge of the aircraft’s intent, there is a fast and reliable communication link between the ground and airborne systems, and there is immediate notification of any change intent.
	4.5.2.3_6

	4_5_38a
	Using automated tools and procedures to evaluate airspace structure, anticipated traffic flows, and weather changes in real-time, sector boundaries are dynamically adjustable
	4.5.2.2_1

	4_5_39
	Pilot self-separation shall be applied whenever it can reduce traffic-driven restrictions on user-preferred routings or improve airspace efficiency by allowing more timely and precise aircraft maneuvering.  
	4.5.2.1_2

	4_5_40
	In general, self-separation requires the imposition of horizontal and vertical deviation limits, airspace-sensitive system conformance checking, and requirements for pilot intent information.
	4.5.2.3_5; 4.5.2.3_6

	4_5_41
	Pilots are cleared for self-separation between their flight and a single opposing flight identified by the service provider.
	4.5.2.1_2; 4.5.2.1_5

	4_5_42
	The service provider notifies the pilot of any traffic of which he needs to be aware.
	4.5.2.3_11

	
	
	

	
	4.6 Traffic Flow Management Surveillance Operations
	

	4_6_1
	Downlinking of winds and temperatures aloft provide a more accurate picture of current conditions, allowing aircraft to avoid turbulence and other adverse weather conditions.
	4.6.2.2_1

	4_6_2
	Improved weather surveillance and prediction capabilities will allow institution of the minimum flow strategies to handle adverse conditions. 
	4.6.2.2_3

	4_6_3
	Improved surveillance capabilities, including downlinking of aircraft position and intent shall provide more accurate tracking and projection, with implementation of reduced separation standards.
	4.6.2.1_1; 4_8

	4_6_4
	Sharing information with users provides the means to collaborate in the decision-making process, increasing the accommodation of user preferences.
	4.6.2.3_8

	4_6_5
	A common situational awareness among all NAS participants is critical for strategic planning.
	4.6.2.3_1

	4_6_6
	Expanded FAA/Industry data exchange allows the FAA to share estimated en route flow constrained areas, projected sector densities and fix saturation with the NAS operator.
	4.6.2.3_1; 4.6.2.3_2; 4.6.2.3_5

	4_6_7
	The traffic flow management service updates the constraint information and disseminates it.
	4.6.2.3_2

	4_6_8
	Increased universal situational awareness is achieved as a result of common data shared by all NAS users.
	4.6.2.3_1

	4_6_9
	Actual and planned flight planning information shall be made available to improve the prediction of airport demand, arrival and departure fix loading and flow constraints.  
	4.6.2.3_5

	4_6_10
	Access to real time flight plan data coupled with improved trajectory models aid in the prediction of traffic congestion.
	4.6.2.3_5; 4.6.2.3_7

	4_6_11
	Collaborative technologies and client/server architectures facilitate the interaction between user and service provider making it possible to share intent and constraint information as part of strategic planning.
	4.6.2.3_2; 4.6.2.3_8

	4_6_12
	aggregate departure and arrival lists set the stage for improved predictability of the system.
	4.6.2.3_5

	4_6_13
	Automated resource allocation mechanisms and algorithms shall be developed to produce routing allocations and departure runway balancing solutions.
	4.6.2.3_6

	4_6_14
	Traffic flow management services shall provide the ability to rapidly assess proposed routing strategies for impact on pre-existing conditions.
	4.6.2.3_2; 4.6.2.3_5

	4_6_15
	Deployment of collaborative decision-making capabilities shall provide the users with increased flexibility and predictability, while providing the FAA with the control required to monitor and resolve efficient NAS flows through collaborative routing.
	4.6.2.3_1; 4.6.2.3_2; 4.6.2.3_7; 4.6.2.3_8

	4_6_16
	Increased accuracy, coverage, and distribution of surveillance data help provide a complete and more accurate basis for planning.
	4.6.2.3_3

	4_6_17
	Information exchange and collaboration continue to be critical components of traffic management in the near term.
	4.6.2.3_1; 4.6.2.3_8

	4_6_18
	Improved information exchange among users and service providers shall enable shared insight about weather, demand and capacity conditions and allows for improved understanding of NAS status and TFM initiatives.  
	4.6.2.3_1; 4.6.2.3_2; 4.6.2.3_5

	4_6_19
	Users shall be the key participants in the planning process of traffic flow initiatives.  
	4.6.2.3_1; 4.6.2.3_2

	4_6_20
	As users receive better knowledge of the intent of traffic flow initiatives, they may arrange their own resources to help solve the flow problems.
	4.6.2.3_2; 4.6.2.3_7

	
	
	

	
	Transition Period (TFM)
	

	4_6_21
	Local service providers have access to the projected demand information for the day, as well as tools to strategically identify areas and times of higher density
	4.6.2.3_2; 4.6.2.3_7

	4_6_22
	Improvements in surveillance data gathering and distribution increases the effectiveness of this planning.
	4.6.2.3_4

	4_6_23
	Service providers at the national TFM level shall monitor traffic, weather and infrastructure across the NAS, manage and implement traffic restrictions of a broader scope, facilitate coordination among other domestic and international service providers and interact with AOC facilities and other NAS users.  
	4.6.2.2_2; 4.6.2.3_5; 4.6.2.3_8

	4_6_24
	National TFM service providers also monitor NAS performance and adjust traffic management strategies as needed.
	4.6.2.3_5

	
	
	

	
	Mature State (TFM)
	

	4_6_25
	TFM and users shall be able to create, evaluate and adjust traffic management strategies interactively in real time.  Therefore, the needs of all NAS participants can be satisfied in the most efficient manner.  
	4.6.2.3_2; 4.6.2.3_8
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