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PREFACE

The purpose of this document, and of the descriptions of the other AATT decision support tools (DST), is to provide a current description of the  tools in a consistent format for the AATT Project Office, the tools developers, the NASA AATT contractors, the FAA, and other interested parties.  The objective is to document available information, not to invent new information.  The exception to this rule is the generation of a functional flow chart for each tool.  These were needed to support the AATT DST Safety Assessment activity that is also being conducted for the AATT Project Office. 

ACKNOWLEDGEMENT

The majority of the descriptions presented in this document have been taken directly from NASA documents shown in the bibliography. Minor modifications have been made to the text to provide readability. The En route Spacing Tool (ErST) flow chart has however been independently developed for this description. This approach to the development of this document was taken in order to remain faithful to the efforts that are presently being undertaken by the NASA AATT Project Office, the ErST tool developers and the associated NASA AATT contractors.  The graphics for the ErST System Overview and for the ErST Functional Flow are new additions to the previous documentation.

Thanks go to Steve Green of NASA Ames Research Center for his help in understanding the ErST concept and in his careful review of the drafts of this document.

Table of Contents

1. Description
1

2. Operational Concept
2

3. Functional Flow
6

4. Bibliography
8

List of Figures

1. ErST System Overview
3

2. En route Spacing Example: CP without spacing conformance
5

3. En route Spacing Example: CP with spacing conformance
5

4. En route Spacing Example: Conflict-free spacing conformance
6

5. ErST Functional Flow
7

AATT EN ROUTE SPACING TOOL (ErST)

OVERVIEW DESCRIPTION

1. DESCRIPTION

Purpose

A fundamental goal for en route decision support tool (DST) automation is to assist the controller in providing better air traffic control (ATC) service (i.e., greater flexibility to airspace users and fewer ATC-related deviations to user’s preferred trajectories) while increasing safety and productivity (i.e., reductions or shifts in controller workload that enable additional productivity). Specifically, the En route Spacing Tool (ErST) has the following objectives:

· Provide en route controllers a system and method to efficiently conform to miles-in-trail (MIT) spacing restrictions and to provide appropriate advisories to the controller;

· Provide en route controllers with a system and method that is integrated with conflict probe to reduce its false-alarm and missed-alert rates; and 

· Minimize aircraft deviations needed to comply with an en route MIT spacing requirement imposed during air traffic control operations. 

Users

· En route air traffic controllers.

Overview 

The En route Spacing Tool (ErST) consists of an en route spacing system and method to help en route controllers efficiently conform to MIT spacing restrictions. Integration with conflict probe reduces the probe’s false-alarm and missed-alert rates due to better knowledge of the controller’s intended actions for spacing conformance. Integration further reduces workload and fuel consumption by reducing the number of corrective clearances needed to achieve flow-rate conformance while avoiding conflicts.

ErST has the capability to generate automatic “meet-spacing” advisories to reduce controller workload in manually trial planning spacing conformance solutions. CTAS currently can provide controllers with automation advisories to meet a time for any one aircraft (using speed, altitude changes, and path-stretch vectoring) and automated speed advisories for the spacing of arrival flights. ErST introduces automated advisories (similar to EDA Milestone 5.10 techniques[4]) to advise combined speed, altitude, and/or path-stretch vectors to achieve spacing conformance, applying the “meet-time” capability developed for EDA “meet-time” to the en route spacing problem. The capabilities of ErST include: 

1) Speed advisories for which the automation calculates adjustments in climb, cruise, and/or descent speed (as appropriate) to meet the spacing requirement; 

2) Graphical advisory display indicating the speed-control envelope (i.e., a graphical display showing the range of spacing that can be achieved with speed for each flight (which depends on the path/distance, speed, and performance capability of each flight); 

3) Automated path-stretch advisory to compute the “added” path to absorb delay needed (above that absorbable with speed and altitude) to conform with spacing; 

4) Semi-automated altitude advisories to determine what new altitude will bring a flight into spacing conformance, and if altitude change is not enough, to determine how much spacing delay is achieved with an altitude change (and thus provide information for the controller to combine altitude changes with speed and path control advisories; and

5) Manual (trial plan) capability to direct/constrain the set of speed/altitude/path advisories to be consistent with controller desires (essentially this gives the controller the ability to adapt the advisories, on a per flight basis, to their individual preferences and practices). 

Another important feature of ErST is the ability to specify the streams of aircraft that are being monitored by a controller. Typically, the flights are identified by a combination of noting specific call-signs and/or a stream (e.g., all flights with a common flight plan element such as a common destination or routing).  ErST helps to automate the stream/aircraft identification process, by permitting an appropriate traffic manager to input the stream characteristics. The impacted flights are identified at the traffic manager level, permitting distribution of the appropriate data for display at each impacted sector. Preferably, the set of all controlled traffic is continually analyzed (such as via standard ATC host computer all-flight-all-track (AFAT) interface communications) and flights belonging to a stream defined by the traffic manager are continually updated. Additional flights outside the envelope of a traffic manager’s stream definition can also be added by direct identification of flights via keyboard input of flight identification and/or graphical selection on a plan view display of traffic. 

2. OPERATIONAL CONCEPT

Traffic management coordinators (TMCs) within each ATC facility are responsible for coordinating MIT-spacing initiatives within their facility when needed. Dynamic initiatives are generated within the facility (e.g., local arrival spacing to a non-metered airport), received from neighboring facilities, or coordinated through the ATCSCC.

MIT initiatives have a significant operational advantage in that they are relatively straightforward to delegate (within and between ATC facilities), implement, and monitor. When flights are formed into in-trail streams, controllers are able to visualize and control spacing at the sector without automation assistance. 

From the ATM point of view, current-day spacing procedures present several disadvantages. First is the workload required to establish the stream. Second, controllers must rely on tactical techniques to establish spacing based on experience and trial and error. Third, in-trail techniques force flights into streams that concentrate traffic density and workload in the “spacing” sectors as opposed to distributing flights across sectors. Finally, the spacing sectors are impacted in terms of conflict detection and resolution because the tactical nature of current-day spacing techniques negatively impacts the operational use of Conflict Probe (CP) tools.

Two near-term enhancements to CP technology provided by ErST can go far in reducing user deviations from their preferred trajectories. First, a tool is provided to help en route controllers efficiently conform to flow-rate restrictions. This will enable controllers to strategically plan conformance actions resulting in reduced workload, flight deviations and fuel consumption. The second enhancement to CP involves the integration of conflict detection and resolution capability with flow-rate conformance. Integration will further reduce fuel consumption and workload by reducing the conflict-probe false alarm and missed-alert rates. This improved accuracy, due to better knowledge of the controller’s intended conformance actions, will reduce the number of corrective clearances needed to achieve flow-rate conformance while avoiding conflicts. 
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Another enhancement provided by ErST is the addition of automatic “meet-spacing” advisory capabilities to reduce controller work in manually trial planning spacing conformance solutions. ErST provides for automated advisories (a la EDA milestone 5.10 techniques) to advise combined speed, altitude, and/or path-stretch vectors to achieve spacing conformance. Figure 1 illustrates the system overview of ErST. The ErST system uses aircraft flight plans and position data from the host computer through the Display System Replacement (DSR) to produce advisories to assist controllers in managing and controlling traffic.  An alternative configuration is a direct interface between the DSR and ErST and between the Host and ErST.

Figure 1.  ErST System Overview

Initially, CP technology (in the form of the User Request Evaluation Tool (URET)) is being deployed as a “D-side” tool under the FAA’s Free Flight Phase 1 program. Each en route sector has two primary controller positions/roles: the R-side and D-side. The R-side monitors the plan view radar display and issues all clearances to the aircraft in the sector. In general, the D-side complements the R-side by analyzing the flight plans of incoming traffic, coordinating upstream changes to protect the sector (R-side) from high workload situations, and other duties to allow the R-side to focus on the tactical situation. During light traffic periods, one controller performs both positions; during heavy periods, additional controllers may help the sector team to handle the workload. 

Initial CP problem-resolution capability is based on a “manual” trial-planning process. The controller uses a graphical user interface to trial plan changes in route, altitude, and speed. Problems include the predicted loss of separation between two flights (i.e., a conflict) and penetration of special use airspace. Compared to the manual process that D-side controllers perform with flight plans, CP represents a significant improvement to the operational system. However, the time consuming nature of the trial-planning process may reduce its usability during high-workload-density-traffic situations.

The display of spacing-conformance analysis may be accomplished in a variety of ways depending on the operational considerations of the ATC facilities and controllers using the tool (or the operational limitations of the ATC computer/display infrastructure capabilities). One display alternative is illustrated in the Figures 2 - 4.  This alternative places the spacing-conformance data in a spacing list and via graphical spacing markers. Alternative display methods include, but are not limited to, the display of the alphanumeric spacing data on: 

(1)  the primary traffic (“R”-side) display on the flight data tags (as an optional field within one of the 3 standard data-tag lines, or an optional 4th line); 

(2)  the primary traffic (“R”-side) display on or near the aircraft target; 

(3)  flight-progress strips (either current-art paper strips and/or future-art “electronic” strips; 

(4)  URET CCLD displays (“graphic” or “plans” displays); or 

(5)  similar display implementations on controller display features developed in the future.

Spacing-conformance data may be displayed in terms of each flight’s projected spacing position (absolute or relative spacing) and/or projected spacing-conformance error (i.e., the difference between the desired spacing, according to the flow restriction, and the projected spacing of each aircraft). For example, the fourth flight in a stream restricted to 20 nm spacing must either be “absolutely” spaced at 60 nm (with the first flight establishing the “0” nm spacing position) or “relatively” spaced 20 nm behind the preceding third aircraft. If the fourth flight was perfectly spaced, it would have a spacing error of 0 nm. If the flight were projected to have a spacing position of 55 nm (absolute) or 15 nm (relative), the spacing error would be +5 nm (5 nm ahead of the conformance position. Display of this projected spacing-error state provides the controller with a direct indication of the “residual” spacing error that remains to be addressed.
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Figure 2 - En route spacing example: CP without spacing conformance
Figure 3 - En route spacing example: CP with spacing conformance
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Figure 4: En route spacing example: conflict-free spacing conformance
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3. FUNCTIONAL FLOW 

Figure 5 illustrates the detailed functional flow of ErST operating in the ARTCC and depicts the functional interfaces with external data sources. The input/output sources, appearing in double boxes, are shown in the figure. The major functions within ErST are: 

· Data Acquisition and Processing

· Data Formatting and Distribution

· Trajectory Generation

· Spacing Planning

· Advisory Generation

· Conflict Detection

· Display Message Processing


Figure 5. ErST Functional Flow

The interfaces required for ErST include:

· Display System Replacement (DSR) - To provide data to/from the Host Computer and to provide Erst Display to the controller

· Host Computer System - This interface is through the DSR and is required for proper operation of ErST.  This interface provides ErST with flight data, radar tracks, TM Constraints, and Airspace and Sector configurations from the ARTCC's HCS via the DSR.  An alternative is a direct interface with the Host.

· Weather data

· Controller and TMC I/O

Functionally, ErST collects information from the Host and en route weather sources using the CTAS displays, trial planning, trajectory generation, and conflict probe capabilities to interactively assist the controller in solving en route MIT spacing problems. Speed, path stretching, and altitude advisories are also generated by ErST and displayed to the controller.
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