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AUTOMATIC DEPENDENT SURVEILLANCE – BROADCAST (ADS-B) 

IN-TRAIL PROCEDURES (ITP) OPERATIONAL 

FLIGHT TRIAL PROJECT STATUS
(Presented by the Federal Aviation Administration)

1. Introduction

1.1.   The FAA is developing a number of airborne Automatic Dependent Surveillance - Broadcast (ADS-B) applications to provide benefits to operators that choose to equip their aircraft with appropriate avionics, including "ADS-B In" (i.e. the ability to receive, process, and display ADS-B data from surrounding aircraft). One such airborne ADS-B application being developed is ADS-B In-Trail Procedures (ITP).
1.2. Aircraft operating in oceanic airspace are, at times, held at non-optimal flight levels due to conflicting traffic either at the desired flight level or at flight levels between the existing flight level and the optimal flight level. The use of flight level changes enabled by ADS-B ITP can supplement existing oceanic procedures, creating greater operational efficiency.
1.3. The purpose of this paper is to provide an update on results from the ADS-B ITP operational trial that began in August 2011.
2. Concept Overview

2.1. ADS-B ITP is comprised of a set of six flight level change geometries with each geometry dictated by whether the ITP aircraft desires to climb or descend and its proximate relationship with the other aircraft: 

• Leading climb 

• Leading descent

• Following climb 

• Following descent

• Combined climb

• Combined descent

While there is no limit on the total climb authorized in the ADS-B ITP flight level change, the other aircraft cannot be more than 2,000 feet above or below the ADS-B ITP aircraft’s altitude. ADS-B ITP maneuvers may be conducted with up to two other aircraft

2.2. For ADS-B ITP, the maneuvering (trailing or leading) aircraft obtains the flight identification (ID), altitude, position and ground speed transmitted by proximate ADS-B equipped non-maneuvering aircraft. Based on the ADS-B data from the non-maneuvering, or reference aircraft, a pilot can request clearance for an ITP altitude change to air traffic control (ATC). The controller verifies that the ITP and reference aircraft are same direction traffic and that the maximum closing Mach differential is less than or equal to a Mach Number of 0.06. If the controller determines that the requesting aircraft will maintain standard separation minima with all aircraft other than the ITP reference aircraft, a clearance for the climb or descent may be issued. After re-validating that the ITP initiation criteria are still valid, the maneuvering aircraft may then vertically transition through the altitude of the non-maneuvering aircraft. Amendment 6 to Doc 4444 (PANS-ATM), effective 13 November 2014, contains provisions for ITP in section 5.4.2.7 and ICAO Circular 325 provides more information on ADS-B ITP.
3. ADS-B ITP Operational Evaluation
3.1. In 2008, the FAA SBS program established a project for the purpose of enabling an operational evaluation of ADS-B ITP by aircraft operating in revenue service. The objectives of the project were to a) validate the operational performance and economic benefits of ITP; and b) develop and validate ADS-B ITP Minimum Operational Performance Specifications (MOPS). 

3.2. The entire ITP system was certified for use on a United Boeing 747 in June 2011. United Airlines subsequently received Operational Approval from FAA Flight Standards to commence ITP operations on 15 August 2011. 

3.3. FAA En Route and Oceanic Safety and Operations Support authorized Oakland Air Route Traffic Control Center (ARTCC) to initiate the operational evaluation in the South Pacific (SOPAC) airspace on 15 August 2011. This authorization was expanded to include the entire Oakland Oceanic Flight Information Region (FIR) in December 2011. The original authorization was scheduled to expire in August 2012. The authorization was amended to permit ADS-B ITP operations in the Oakland Oceanic FIR until August 2013 and then again until 29 September 2014. 
3.4. United Airlines replaced Boeing 747 service to Australia with Boeing 777 service on March 30, 2014. As a result, even though ITP operations are still permitted in the SOPAC region of the Oakland Oceanic FIR, the SOPAC portion of the operational flight evaluation is essentially discontinued at this time (due to lack of equipped aircraft with qualified flight crews operating in this region).

3.5. The FAA worked with the air navigation service providers (ANSPs) for New Zealand and Fiji to expand the ITP operational evaluation into the Nadi FIR and the Auckland Oceanic FIR in 2014. Airports Fiji Ltd and Airways Corporation New Zealand conducted operational evaluations of ADS-B ITP and offered ADS-B ITP services in their flight information regions until March 30, 2014. The FAA has also held discussions with the Civil Aviation Bureau, Japan (JCAB) about the potential for offering ITP in the Fukuoka FIR at some point in the future.
3.6. FAA Order JO 7110.661, effective 30 September 2014, established air traffic procedural guidance and requirements applicable to apply reduced longitudinal separation aircraft-to-aircraft during altitude change maneuvers between appropriately authorized and equipped aircraft during operational trials for ADS-B ITP throughout the Oakland ARTCC Oceanic Control Area (CTA). That order enabled ADS-B ITP operations to be conducted by manually applying ADS-B ITP requirements (through use of a checklist) without requiring changes to ATOP. This was done to evaluate and achieve benefits of ADS-B ITP during a trail period. 
3.7. ATOP software was recently modified to allow controllers to evaluate and approve ADS-B ITP clearance requests using an automated procedure. These modifications were based on experience gained during the manual trial and the FAA and ICAO safety assessments and standards.  The associated controller procedures were incorporated into FAA Order JO 7110.65 in May 2016 which authorized the use of these ATOP modifications for evaluating ITP clearance requests. These were recently put into operational use at the Oakland ARTCC and have been used to evaluate and clear aircraft for ADS-B ITP. The same ATOP modifications will be put into operational use at Anchorage ARTCC and New York ARTCC in the future.
4. Operational Evaluation Results

4.1. The operational evaluation is currently being conducted using 11 ITP-equipped United Airlines Boeing 747-400’s operating in the Oakland Oceanic FIR. Initially there were 12 aircraft but one aircraft has since been retired from operational service. There has been a designated data collection activity for both United Airlines and Oakland ARTCC (ZOA). The data collected is being used to enhance the understanding of the economic, safety and operational impact of ADS-B ITP. Specifically, this data is used to validate operational performance and economic benefits of ITP, validate safety requirements and assumptions and monitor operational hazards. Any significant adverse operational issues that may be discovered (such as communication or workload), which cannot be safely mitigated, will result in an immediate suspension of the operational evaluation. The data is collected, analyzed and used to address key higher-level metrics and hazard tracking. 

4.2. The operational evaluation began on 15 August 2011. On the first day of the operational evaluation there were 9 ITPs performed by the two United Airlines flights that were flying from the United States to Sydney, Australia. Data collected from those flights were reported in IPACG/36 IP-05.
4.3. The FAA has just completed the fifth year of data collection for the ITP operational flight evaluation. Attachment A and B are examples of the monthly reports that are generated as a result of the data collection process. Attachment A is a summary of the resulting “application validation metrics” and Attachment B is a summary of the “safety measurements” for July 2016. The tables are divided into three different time periods. The middle of the tables include data from the current month (in this case July 2016). The columns on the right side of the tables are for the fifth year of the operational evaluation (July 2015 – July 2016) and the entire operational evaluation completed to date (August 2011 – July 2016).

4.4. The application validation metrics demonstrate how often ITP requests are being made and the results of the requests. This was done for flights in the South Pacific region as well as the Northern Pacific region of the Oakland Oceanic FIR. As mentioned above, United Airlines has discontinued Boeing 747 service in the SOPAC as of March 30, 2014 so there were no results in the SOPAC for the after March 30, 2014. 

4.5. For the month of July 2016, there were 5 ITP requests. The 5 ITP requests resulted in one ITP climb and two limited climbs (defined below) and two requests that were denied for operational reasons.

4.6. The last three rows of the chart were added during the third year of the operational evaluation in order to capture occasional non-standard situations. Previously these situations would have been included in the number of denials. A detailed analysis of the data revealed that, while flight crews did not receive an ITP or standard climb to their requested altitude, in many cases they did receive a partial climb or received a delayed climb to their desired altitude or intermediate altitude. In order to more accurately reflect the data, the following additional categories were added to the list of potential outcomes from an ITP request:

· Immediate limited climb using standard separation techniques: ITP request results in an immediate standard climb, but not to the ITP requested altitude. An example would be a clearance for a 1000 foot climb that resulted from request for a 3000 foot ITP climb with traffic 2000 feet above the ITP aircraft and the first 1000 is free of traffic conflicts.

· Climb after moving the reference aircraft: controller moves the reference aircraft and then clears the ITP aircraft to the altitude that the reference aircraft vacated
· Standard climb after period of time: a climb (either to the desired altitude or an intermediate altitude) that was issued after the initial request was made and the ITP aircraft was initially told “stand by” -- after which the conflicting aircraft moved to eliminate the conflict (or at least part of the conflict). An example of this would be a situation where an ITP flight crew was told “stand by” and then the conflicting aircraft requests and is granted a climb, enabling the ITP aircraft an opportunity to climb. 

4.7. For the fifth year of the operational flight evaluation (7/2015 – 7/2016) there were a total of 61 ITP requests. These requests resulted in 8 ITP clearances, 26 standard flight level clearances, 15 denied flight level changes, 5 immediate limited standard climbs, 1 climb after a reference aircraft moves out of the way and 6 standard climbs after a period of time. Since all but the denials involved at least a partial climb, United Airline 747s participating in the trial received at least a partial climb resulting from climb requests approximately 75% of the time (46/61).

4.8. From the last column of attachment A, the data demonstrate that for the entire operational evaluation (August 2011 to July 2016), there have been a total of 332 ITP requests made by pilots of ITP equipped aircraft. Out of the 332 requests made over the five-year period, there were 60 ITP maneuvers performed, 139 standard flight level changes, 76 denied requests, 26 immediate limited standard climbs, 14 climbs after the reference aircraft moved and 17 standard climbs after a period of time. Aircraft participating in the operational evaluation received at least a partial climb resulting from their climb requests approximately 77% of the time (256/332). 

4.9. The safety measurements (attachment B), show the safety related data resulting from ITPs that have been performed. For the ITP maneuver conducted in July 2016, the ITP initiation distance between the ITP aircraft and the reference aircraft was 29.7 NM. When the ITP aircraft were at the same altitude as the reference aircraft, the ITP distance was 33.0 NM. Additionally, the time from ITP initiation to level off at the new altitude was 2 minutes (approximately a 1000 foot per minute climb). 
4.10. For the entire fifth year of the operational evaluation the minimum initiation distance was 27.6 NM, the maximum distance was 47.3 NM and the average initiation distance was 32.3 nautical miles. At co-altitude the minimum distance was 27.9 NM, the maximum distance was 47.7 NM and the average was 32.9 NM. Similar numbers are seen for the entire four years of the operational evaluation. A key point is that all the values are more conservative than assumed in the safety analysis.

4.11. The ITP system developed by Honeywell, and installed on the original 12 United Airlines Boeing 747-400s, includes a Honeywell traffic computer that has the potential for capturing detailed, electronic surveillance information. The data that is recorded includes ITP related parameters, signal-in-space data and ITP system health and status data. The data that is processed by the traffic computer is recorded on to a removable PCMCIA card. United Airlines and United Airline Pilots Association (ALPA) developed an acceptable process for collecting, de-identifying and analyzing the electronic data. This electronic data is used to validate how the ITP system and procedure is working, and also to advance the understanding of ADS-B for future ADS-B In applications. Beginning in mid-July 2013, United Airlines initiated a regular install/remove process for these data cards on the ITP-equipped aircraft. 
4.12. The traffic computer data collected to date indicates that the maximum range that can typically be seen by the ITP aircraft is on the order of 250 nm with most of the ranges being reported between 150 nm and 200 nm with an average range of 175 nm. Additionally, the traffic computer data is being used to evaluate key ITP MOPS criteria including the use of the TCAS system to validate ADS-B tracks that are based on version 0 or version 1 ADS-B reports. The data collected indicates that the ITP system developed by Honeywell meets the ITP MOPS criteria and that the standards defined in the ITP MOPS material appear to be appropriate.

4.13. Although ITP operations in the Fiji and New Zealand FIRs were only conducted between January and March of 2014, there were a total of four ITP requests made in those regions; two in Fiji’s airspace and two in New Zealand’s airspace. Of the four requests, two resulted in ITP climbs and two were denied for operational reasons.

4.14. Additional anecdotal data indicate that pilots of ITP equipped aircraft are making good use of the increased situation awareness they receive from the ITP system. Pilots can now see traffic within approximately 200 nm of their current position. This allows them to manage their flight and make more informed climb requests, which results in more efficient and safe operations.
4.15. Detailed results for the entire ADS-B ITP Operational Evaluation will be released in November 2016 by the FAA in a report entitled “Automatic Dependent Surveillance - Broadcast In-Trail Procedures (ADS-B ITP) Operational Flight Evaluation Data Report.” Once released, a copy of this report can be obtained from the Quick Links section of the FAA web page located at: http://www.faa.gov/nextgen/programs/adsb.
4.16. The FAA and United Airlines conducted a study to analyze situational awareness (SA) fuel benefit values for all valid flights inbound and outbound in both the Trans-Atlantic and Trans-Pacific regions. The SA fuel savings average benefit was 573 lbs for flights in both the Trans-Atlantic and Trans-Pacific regions. This was the improvement of ITP-equipped aircraft over Non-ITP-equipped aircraft measured between the pre-ITP operations period and the ITP operations period. The SA fuel savings average benefit for flights in the Trans-Atlantic sector was 670 lbs and for the Trans-Pacific sector was 521 lbs. Note that these are average benefit values with significant standard deviations in the per flight data. Details of this analysis can be found from the Quick Links section of the FAA web page located at: http://www.faa.gov/nextgen/programs/adsb/media/ADS-BITPOpFlightEvalBenefitsReport.pdf.
4.17. The FAA and United Airlines also conducted human factors assessments of the equipment and procedures from the users’ perspective. During the first assessment, conducted in September 2013, user comments were solicited from both pilots and controllers who have used, or were in a position to use, ITP. This information revealed that pilots were reluctant to request an ITP maneuver (and the reasons for that reluctance) and identified controllers’ concerns for approving the ITP requests (Lennertz, Cardosi, & Donohoe, 2013) . The discussions helped to identify a number of potential training issues for both pilots and controllers that were inhibiting the full realization of ITP benefits.

4.18. A second assessment was conducted in January 2016. The second set of assessements indicated that the attitudes toward ITP have changed, with marked improvements in both pilots’ and controllers’ acceptance of the ITP maneuver. While pilots are not requesting an ITP maneuver at every opportunity, they accept the ADS-B traffic display (including both “plan view” and “ITP view”) as a valuable tool for situation awareness and use it to increase flight efficiency and safety. While they are quick to suggest more interactive training for ITP, they are also comfortable interacting with the display. Controllers, though somewhat unfamiliar as a function of the infrequency of requests, are no longer confusing ADS-B ITP with the ADS-C CDP, nor are they reluctant to approve a valid ITP request. Controllers’ concerns have been largely addressed with additional training and/or will be addressed with planned changes to the automation platform (so controllers do not need to override the conflict probe to approve an ITP request). Both pilots and controllers welcomed the information that the fuel savings as a result of ITP equipage has been measured and averages around 573 pounds of fuel per flight. 
4.19. Details of the human factors assessment can be found from the Quick Links section of the FAA web page located at: http://www.faa.gov/nextgen/programs/adsb/ and clicking on the link entitled “Report on Human Factors Considerations for ADS-B In-Trail Procedure” or going to the following link: http://ntl.bts.gov/lib/59000/59300/59357/DOT-VNTSC-FAA-16-08.pdf.

5. Summary

5.1. The FAA began an operational evaluation of ADS-B ITP along SOPAC routes in August 2011 which was expanded to all oceanic airspace controlled by KZAK in December 2011. Airports Fiji, Ltd and Airways Corporation New Zealand joined the operational evaluation in 2014, which expanded the availability of ADS-B ITP to the Nadi and Auckland FIRs. There is a comprehensive designated data collection activity for the operational evaluation. The data collected is being used to enhance the understanding of the economic, safety and operational impact of ADS-B ITP.
5.2. For additional information on the operational evaluation, please contact Mr. Ken Jones at Kenneth.M.Jones@bluemountainaero.com or +1 (757) 812-0076.

6. Conclusion
6.1. The meeting is invited to note the information provided.
ATTACHMENT A

	Application Validation Metric
	July 2016
	Totals

	
	
	7/2015 – 7/2016
	8/2011 - 7/2016

	Number of ITP requests
	5
	61
	332

	Number of ITP maneuvers performed
	1
	8
	60

	Number of "standard" flight level changes
	0
	26
	139

	Number of denied flight level changes
	2
	15
	76

	Number of immediate limited standard climbs
	2
	5
	26

	Number of climbs after moving reference aircraft
	0
	1
	14

	Number of standard climbs after period of time
	0
	6
	17


ATTACHMENT B

	Safety Related Parameter
	Measurements
(July 2016)
	Measurements
(7/2015 – 7/2016)
	Measurements
(8/2011 - 7/2016)

	
	Min
	Mean
	Max
	Min
	Mean
	Max
	Min
	Mean
	Max

	ITP Initiation Distance
	29.7
	29.7
	29.7
	27.6
	32.3
	47.3
	17.6
	29.2
	88.4

	ITP Distance at Co-altitude
	33.0
	33.0
	33.0
	27.9
	32.9
	47.7
	17.6
	29.7
	88.5

	Time From ITP Initiation to Level Off at New Altitude
	2.0
	2.0
	2.0
	2.0
	3.6
	7.0
	2.0
	4.5
	8.0

	Percentage of ITPs where a wake encounter occurred and a wake incident was reported
	
	
	
	
	
	
	
	
	

	Wake Turbulence Incident Severity (5-1)
(5 is minimal, 1 is catastrophic)
	
	
	
	
	
	
	
	
	


SUMMARY


The purpose of this information paper is to present the U.S. Federal Aviation Administration (FAA) activities associated with the ADS-B In-Trail Procedures (ITP) operational trial being conducted in the Pacific.
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