UAT-WP25-03

14 – 16 July 2009

RTCA Special Committee 186, Working Group 5, Meeting #25
for the
Maintenance  of  the  ADS-B  UAT  MOPS  

RTCA, Washington DC
14 – 16 July 2009

Potential Change Candidates for the UAT MOPS

Summarized by: Gary Furr

Engility Corporation supporting the FAA ATO-P organization at the FAA Technical Center

	Summary

	In December 2006 Change 2 to DO-260A was published.  Very soon thereafter I started collecting additional proposed changes to the 1090ES MOPS as a result of errors found in test procedures, and in conjunction with errors found in ICAO SARPs documents which required correction in both 1090ES documents and Transponder MOPS documents.  In November 2007 WG-3 held a teleconference as Meeting #23 and a draft of Change 3 to DO-260A, plus additional Working Papers, were presented, discussed and agreed upon.  Since the publication of Change 2 to DO-260A, the FAA has also published a draft of their Notice of Proposed Rule Making (NPRM).  Discussions and comments on the NPRM have also led to some discussions of proposed changes to the 1090ES MOPS.  Additionally, the contract for the lay-down of the FAA SBS ADS-B Ground Stations was awarded and some work leading to that effort has produced yet other additional proposed changes to the 1090ES MOPS.  Last, but not least, the RTCA/Eurocae Requirements Focus Group (RFG) has been developing the requirements for the use of ADS-B in both Non-Radar and Radar controlled Airspace.  These efforts have also led to several proposed changes to the 1090ES MOPS.  During previous meetings of WG-3 and EUROCAE WG-51, SG-1, versions of this Working Paper have been presented and it became clear early in the process that some of the changes would additionally require changes to the ADS-B MASPS, and hence, therefore to the UAT MOPS as well.

This Working Paper summarizes all of these proposed changes and updates that might affect the ADS-B MASPS and the UAT MOPS and will continue to be carried forward with updates during and after each meeting with respect to these changes for the UAT MOPS.  


Change Candidates for the UAT MOPS

Proposed as DO-282B
Change Classifications: (As originally described in Working Paper 1090-WP24-21)

Class 1: Needed for ADS-B OUT (RAD/NRA) and Completed ATSA Applications, or for known errors in the MOPS.

Class 2: Not in Class 1 but mature with consensus achievable within the update’s schedule.

Class 3: To be collected for planned subsequent MOPS update in 2012-2015 and to be matured in 2010-2011 to be ready for incorporation in that update.

Class 4: Not to be adopted.

	#
	Class
	Status
	MASPS
	Change Title
	Source / Discussion

	1
	1
	Done
	Yes – While MASPS states that the Address is supposed to be unique – each link must handle the exception case.

See IP61 –authored by Tom Mosher on topic.  Recommend an update of IP61 accordingly, change status to “OPEN” – Dean Miller to “own” this issue paper.
	Duplicate Addresses
	This issue surfaced during the development of the specification for the FAA SBS ADS-B Ground Stations.  It has been discussed at numerous RTCA SC-186 Plenary and ICAO Aeronautical Surveillance Panel (ASP) Technical Subgroup (TSG) sessions.  A note was added in ICAO Doc 9871 §A.2.7.3, which allows manufacturers the option to detect, process and output a duplicate aircraft address flag.  It is proposed that DO-260B resolve the issue in the airborne receiver, OR at least insert the same note as in ICAO Doc 9871, thus allowing manufacturers the option to detect, process and output a duplicate aircraft address.  Even though the issue is not the same in UAT, this issue remains to be discussed and potentially resolved for UAT.  WG-5 agrees that a note be included and Action Item 23-01 was accepted to craft the note.

Working Paper UAT-WP24-05R1 contains a proposed note.  
    
[image: image1.emf]UAT-WP24-05R1.pdf

           

	2a
	1
	Done
	Yes – Nothing definite here, but any revision of the MASPS will need to examine all latency requirements defined in new application SPR/Interop docs, ASAS MOPS & FAA AC’s.  DRAFTED IP75
	Total and Uncompensated Latency requirements
	As part of the original work on resolving issues with the STP MOPS, it was recognized that the issue of Total and Uncompensated Latency must be dealt with.  Working Paper 1090-WP25-11R1 was presented and revised as a proposed resolution to the issue of Total and Uncompensated Latency in the ADS-B system.  Working Paper UAT-WP24-08 proposed a new section to deal with Total Latency.   WP24-08R1 and WP24-17 submitted.
    
[image: image2.emf]1090-WP25-11R1.pd f

    
[image: image3.emf]UAT-WP24-08R1.pdf

      

	2b
	1
	AI-
24-01
	No
	STP MOPS definitions integrated
	It was recognized that the material in the current revision of the STP MOPS (RTCA/DO-302) is guidance material that represents a way to integrate navigation sources, but is not the only acceptable way to integrate navigation sources.  Additionally, there are some specific details of the STP MOPS that may not hold true for all instances of a given sensor type (i.e., RNP FMS or WAAS GPS).  During the RTCA SC-186 Plenary on 24 April 2008, a small Ad Hoc Group was tasked to review the STP MOPS for possibly including some of the requirements in Change 3 to DO-260A, and potentially Change 2 to DO-282A.  This task also included the review of Latency in the ADS-B system and the production of proposals for any changes to FAA Advisory Circulars (AC).  Working Paper 1090-WP24-08R1 was presented and revised as a matrix which proposes to allocate specific paragraphs of the STP MOPS to (1) the Navigation AC, (2) the ADS-B OUT AC, or (3) Link MOPS.
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	3
	1
	AI

24-04
	Yes – An examination of ADS-B RAD and other standards, as well as plans to phase out use of Mode A Codes will be needed and a determination reached as to whether provision of Mode A Codes is an ADS-B system requirement as well as the potential inhibit of such a provision.

DRAFTED IP76
	Mode 3/A code: broadcast message location and increased transmission rate upon change of the Mode 3/A code
	Operational requirements for the ADS-B-RAD application being specified by the RFG require that the Mode 3/A code be broadcast at a higher rate when there is a change in the code.  Analysis of the method in which the Mode 3/A code is being broadcast in DO-260A in the TEST Message resulted in the conclusion for WG-3/SG-1 that it would be desirable to eliminate the TEST Message and incorporate the Mode 3/A code into the Emergency/Priority Message, and revise the broadcast rates accordingly.

In the UAT MOPS, WG-5 should analyze whether or not the Mode 3/A Code is being broadcast at the correct rate and whether or not there should be a change in that rate when a change occurs in the Mode 3/A Code.

If WG-5 agrees to comply with the ADS-B-RAD document, then the Mode 3/A Code will have to be transmitted at a higher rate when there is a change.  Action Item 23-02 was accepted by Larry Bachman to review the ADS-B RAD update interval requirements and report back to WG-5 if there might be MOPS changes.  Working Paper UAT-WP24-15 reports the result of the review of the ADS-B RAD and indicates that the broadcast should be at a higher rate.
Working Paper UAT-WP25-04 proposes a resolution and test procedures.
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	4
	1
	Done
	Yes - See proposed change #5 above and drafted IP76.
	Mode 3/A code: future method of inhibiting broadcast
	The ICAO ASP Working Group review of Working Paper ASP04-15 in May 2008 resulted in a requirement to propose a method by which a Mode 3/A code could be set which would then terminate the transmission of the Mode 3/A code.  It was further agreed in Working Paper ASPWGW.1.WP.004R2 that the 1090ES SARPs would set a Mode 3/A code value of (????) as the universal code to accomplish this requirement.  When this (????) Code is set, the ADS-B transmitter would no longer include the Mode 3/A Code in the broadcast message.

In the GDL-90 for Capstone there already exists a configuration bit to turn off the broadcast of the Mode 3/A Code in a setting referred to as the “Capstone option.”   The description of this does not exist in the MOPS.  

Working Paper UAT-WP24-06 suggests proposals, which were agreed upon and implemented.  
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	5
	1
	AI

24-07
	Yes – Obviously, any redefining of NACV values is an ADS-B system issue.
DRAFTED IP77
	Allowable NACV determination; Remove scaling NACV from HFOM
	Issues relate to the appropriateness of setting NACV based on HFOM.  Changes were made in DO-253 (LAAS MOPS) and DO-310 (GRAS MOPS) which will require deleting the connection of HFOM and NACV in DO-260A.  Working Paper 1090-WP24-10 was an FAA policy reference for approving velocity output data from GPS, GPS/SBAS, and GPS/GBAS equipment for use with ADS-B.  Working Paper 1090-WP26-08R1 was presented as proposed changes to DO-260A for removing the connection of NACV from HFOM, and serves as the basis for discussion of potential changes in UAT. Being presented as UAT-WP23-04.  WG-5 agrees with the proposal in UAT-WP23-04 to insert a Note in the MOPS in the section describing NACV and to add the proposed Appendix modified for UAT.  Stan Jones accepted Action Item 23-04 to complete the proposed Appendix.  Bernald Smith asked about the definition of “normal maneuvers” and further investigation or a change in language will be considered.  WP24-16 was presented by Stan Jones, but resulted in Action Item 24-07 being accepted by Stan and George Ligler for further proposals.  
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	6a
	1
	Done
	Yes – Dean to complete IP78 to discuss how the vertical quality metrics might be separated from current NAC/NIC/SIL definitions (but not removed from ADS-B data content).
	Remove vertical component from NACP, NIC and SIL
	During the RTCA SC-186 Plenary in September 2007, Boeing representatives presented an Issue Paper which proposed the removal of the dependency of the vertical component of the NIC, NAC and SIL parameter definitions.  This issue was again presented by the Co-Chair of the ASSAP MOPS Subgroup in a Working Paper to the RTCA SC-186 Plenary in January 2008, and again in an Issue Paper from Boeing during the September 2008 RTCA SC-186 Plenary.  It was presented again as Working Paper 1090-WP24-03 and serves as the basis for continuing discussions in WG-3 and will need to be followed and resolved for the UAT MOPS.  Working Paper 1090-WP27-15 proposed removal of vertical components and was accepted by WG-3 to be implemented into the draft of DO-260B.  
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	6b
	3
	
	No – not directly.  However, removal of the vertical component from the NIC, NACP & SIL fields along with the removal of BAQ and NICBARO means no characterization of the quality of altitude data is defined for 1090 ES.  Is this acceptable for ADS-B systems?  See MASPS Issue Paper #39 for that topic.  
	Find/specify the bits for broadcasting the required information including the broadcast rate component in the future.
	Working Paper 1090-WP27-11 was presented to WG-3 by Don Walker as a review of the need for vertical metrics by existing MASPS and MOPS documents.  
WG-3 Action Item 27-05 was accepted by Don Walker of Honeywell to produce required document changes.  Don presented 1090-WP28-24R1, which was accepted by WG-3/WG-51 during the Paris meeting to be implemented into DO-260B.  This WP needs to be reviewed and accepted by WG-5.   
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	7
	1
	
	Yes

Need to draft Issue Paper – is SIL both system and measurement integrity, or ONLY the measurement integrity as now proposed?
Tony’s WP24-04 is ASA IP which we will switch to 242 IP after getting Word version from Gary.
	Revise SIL definition?
	Tony Warren from Boeing has developed an Issue Paper and presented it to the RTCA/Eurocae RFG RAD Subgroup for review proposing to revise the definition of the SIL parameter.  It was presented to Meeting #24 as Working Paper 1090-WP24-04.  Discussions have continued during WG-3 meetings and a recent revised proposal was presented as 1090-WP26-30 by Jorg Steinleitner as a possible compromise.  Chip Bulger offered a modification to the 3-bit proposal from Jorg and this was presented as UAT-WP23-07.  

During the Paris WG-3/WG-51 Meeting, Working Paper 1090-WP28-18R1 was presented and accepted as the final agreed upon resolution to redefining the SIL parameter.  WG-5 needs to review and agree.  
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	8
	1
	Done
	Yes

Began drafting of IP79 – will copy from WP 25-05 once gotten from Gary-

IP should ask the question whether or not MASPS should define the subtypes implemented in UAT and 1090 MOPS or just the major categories as currently done.
	Add A1S non-diversity equipage class
	With the release of the draft of the Notice of Proposed Rule Making (NPRM) by the FAA, numerous comments were received based on the topic of antenna diversity.  Subsequent to, and in conjunction with, the review of these NPRM comments, the ADS-B Aviation Rulemaking Committee (ARC) stated in their final report to the FAA, in Recommendation #18, that:  

“The ARC, based upon analysis it has performed, urges the FAA to allow non-diversity antenna installations for visual flight rules (VFR) aircraft flying through high-density airspace, for example class B and C and below 15,000 feet (1090) or below FL 180 (UAT) but not landing at the primary airports.  Additionally, the FAA should continue to resolve the barriers (as identified by the ARC) to permit single-antenna installations on low altitude, slow moving aircraft.  The ARC recommends that the FAA conduct the necessary testing to identify appropriate solutions.”

Working Paper 1090-WP26-11 was presented by Kurt Schueler of Garmin to specify all of the proposed changes required to implement the new A1S and B1S equipment classes.  WG-5 will need to consider and discuss these same additional equipment classes.  

WG-5 agrees that an equipment class of A1S will be inserted into the UAT MOPS as the same power as A1H (medium power).  Action Item 23-05 was accepted by Warren Wilson to identify MOPS changes.  Action Item 23-06 was accepted by Larry Bachman for the performance analysis.

Working Paper UAT-WP24-04 identifies locations in the MOPS to change, and was agreed upon and implemented
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	9
	2
	AI

23-07
	Yes. 

Need to draft Issue Paper if implemented.

The CDTI Capability flag was incorporated into DO-242A based on Issue Paper 12.  Undoing this decision for the 1090 Link MUST be justified at the MASPS level in a follow-on MASPS Issue Paper.
	Change CDTI Installed/Operational to ADS-B IN capable
	A requested change is based on Working Papers presented previously to RTCA SC-186 and WG-3 in SC186-WP43-02.  The subject was presented to WG-3/SG-1 Meeting #24 in Working Paper 1090-WP24-06R1.  Also, more efficient spectrum usage (FAA SBS Ground Station TIS-B/ADS-R transmissions) would be possible by a change to this subfield.  (Check IP-53 from the ADS-B MASPS on Receiving ATC Services.) 

Working Paper 1090-WP26-13 was presented by Tom Pagano to propose redefining the CDTI bit to the ADS-B IN bit and to propose an additional bit to define the UAT IN capability.  
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WG-5 agrees with the proposal to revise the CDTI Installed and Operational bit to mean that you have a receiver on the ADS-B link on which we are transmitting, and to add a bit to define that we have a receiver on the opposing ADS-B data link.  Tom Pagano will accept an Action Item 23-07 to provide a proposal for modifying the UAT MOPS.

	10
	4
	
	Yes. 

Need to draft Issue Paper if implemented.

The ATC Services Flag was incorporated into DO-242A based on Issue Paper 53.  Changing the meaning of this flag for the 1090 Link MUST be justified at the MASPS level in a follow-on MASPS Issue Paper
	Address the proposal for deleting or reserving the “Receiving ATC Services” flag
	With discussions during WG-5 Meeting #22 being relayed to WG-3/SG-1, it was agreed during WG-3/SG-1 Meeting #26 that DO-260B would set the “Receiving ATC Services” Flag to “Reserved for Receiving ATC Services.”  

Working Paper UAT-WP24-07 contains proposed changes.  This Working Paper was review and rejected.  
WG-5 agreed to leave this bit in the MOPS as it is with no change.

	11
	1
	
	No
	Test procedure updates and/or corrections
	It is possible that there will be updates or corrections to test procedures as part of the process of updating to DO-282A. 

	12
	3
	AI

23-09

24-02
	Yes – Given current agreement to add this as appendix to 1090 and UAT MOPS does not seem appropriate.  
This Con Ops should be captured in an Issue Paper for incorporation into the MASPS.  New uses for ADS-B should not be introduced in the link MOPS – JSS 
	Broadcast of Wake Vortex Weather Information
	RTCA SC-186 Co-Chair Rocky Stone, Chief Technical Pilot of United Airlines is also a member of an Ad Hoc Subgroup of another RTCA Special Committee dealing with wake vortex.  During the SC-186 Plenary meeting in September 2008, Rocky expressed a request for the Plenary and WG-3 to consider broadcasting wake vortex avoidance information via a 1090ES Message.  Working Papers 1090-WP24-19 and 1090-WP24-20 presented the case for this new information being broadcast.  Should the same request be made for UAT?  George Ligler reported that he is working with a Team to create an Appendix for both DO-260A and DO-282A.
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	13
	2
	AI-
24-03
	Yes – any change to use of intent information will need to be handled at the DO-242A+ level
Began drafting IP80
– R. Saffell & D. Mills to complete.
	Selected Altitude Broadcast

(revision to Target State and Status)
	A request was initiated via email directly from Air Services Australia to WG-3 Co-Chair Tom Pagano.  This subsequently was followed up with a Working Paper presented to the ICAO Aeronautical Surveillance Panel (ASP) Working Group of the Whole meeting in Montreal in December 2008 in Working Paper ASPWGW.1.WP.019.  The subject was presented separately again to Meeting #24 in Working Paper 1090-WP24-13.  A specific proposal was put forward on how to revise the parameters in the Target State and Status Message in Working Paper 1090-WP25-08R1.  In Working Paper 1090-WP26-22R1, Bob Saffell revised his proposal for changes to the parameter formats, which was not agreed to.  However, it was agreed to propose a new Subtype=1 Message containing the requested parameters for review in Chicago.  
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If changes are made to the Target State and Status Message in 1090ES, then changes must be made to the Target State Report, and hence the definitions in UAT and the ADS-B MASPS.  WG-5 agrees to wait for the final resolution for the broadcast in the 1090ES Message to look at the specific data and format.  

Working Paper 1090-WP28-05 contains the final approved format for the contents of the Target State and Status Message for Version 2 for DO-260B. 

Working Paper UAT-WP25-10 is presented to WG-5 to agree with the changes proposed to DO-260B.  
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	14
	4
	
	No
	TCAS RA Broadcast in Emergency/Priority Message 
	Agreed during UAT Meeting #23 that this is not an issue for UAT.  

         

	15
	2
	
	No
	Impact of GPS Alarm on NIC Determination

(Agreed during WG-3/SG-1 Meeting #24 to at most, write a clarifying note for the 1090ES MOPS)
	Taken from Chris Moody email of 12/17/2008:

Setting NIC apparently should involve more than just applying the containment radius to our lookup table.  In the case of a (non-excludable) satellite failure a GPS sensor will also set an alarm discrete that is apparently SEPARATE from the computation of the containment radius.  This nuance was news to me but it seems to be the case.  So, I think at a minimum we need some notes somewhere near the discussion of the NIC parameter to explain that ADS-B needs to immediately set NIC to ZERO if the sensors alarm discrete is set regardless of RC (or some such words).   But an actual SHALL might be better.

and the Stan Jones response:

Your point on GPS fault condition and NIC is exactly so (see page 16 of the GPS RAIM Fault Behavior paper I gave you when you were here).  A non-excluded GPS fault condition is indicated by a RAIM fault flag output, not a change in RC as we had previously assumed.  And it’s not mentioned in any ADS-B document I’m aware of (other than an ARINC 743 document I’m told).

	16
	1
	AI-
24-05
	No
	Updates required because of changing to Version 2.
	Appropriate changes are to be determined as a function of WG-5 discussions.  Discussions and decisions made during the WG-3/SG-1 meetings indicate that DO-260B will be published, and that the ADS-B Version Number will be set to TWO (2).  With proposed ADS-B MASPS changes, this leads to the requirement that DO-282B be published as well with Version=2.  

	17
	2
	Done
	No
	Validation of air-ground status
switching air to ground to air
	Eurocae WG-51, SG-1 presented their view of the proposed changes that were identified in Working Paper 1090-WP24-17.  This issue was taken from that Working Paper.  Airborne status to be independent of the Emitter Category.  Alignment with ED73C/DO181D?   Working Paper 1090-WP25-16R1 addresses the specifics of the consistency of the validation of the on-the-ground status between the 1090ES MOPS and the Mode S transponder MOPS and recommends changes in DO-260B.  UAT needs to double check the air-ground validation text and make a decision as to whether to add a Note as specified for DO-260B in 1090-WP25-16R1.  Double check was performed and WG-5 agreed to implement the additional note.  
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	18
	2
	AI

23-11
	No
	Fail/Warn Declaration on loss of ADS-B?
	This issue was initiated during discussion in WG-3/SG-1 Meeting #24 in Phoenix.  Bob Saffell of Rockwell Collins had an action to write this up for the February WG-3/SG-1 meeting in Brussels.  Further discussions have indicated that there is not clear agreement between the FAA and EASA with regard to a requirement for this Fail/Warn.  Action Item 25-06 was reasserted for discussion between the FAA and EASA.  This issue needs to also be addressed by WG-5 for UAT.   

WG-5 is in a wait-and-see position for a solution based in the 1090ES community.  Tom Pagano and Rich Jennings accepted Action Item 23-11 to propose to WG-5 a solution based on a resolution coming out of the WG-3 meeting in Chicago/Paris.  Working Paper 1090-WP28-22R1 was agreed upon by WG-3/WG-51 in Paris as the resolution to the Fail Annunciation in DO-260B.
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	19
	???
	
	Yes
	Addition of a NIC value between NIC=7 and NIC=6 for 0.3 NM to match the addition of a NIC Supplement in 1090ES for NIC=7
	Based on discussions held in the Brussels meeting of the ADS-B RAD Subgroup in February 2009, Tony Warren of Boeing produced Working Paper 1090-WP26-07 to add another NIC Supplement for NIC=7.  
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WG-5 will inform WG-3 that a new NIC value can be included as long as it provides benefit to the airspace.  The NIC value can be added as the next available NIC reserved encoding.  Garmin suggests inserting it as bit encoding of decimal 15.  

	20
	2
	Done
	No
	Review of Table 2-64 and Table 2-98 issues
	Table 2-64 mostly refers to data elements that are part of the transmitted payload.  However, some of the elements are in fact required control inputs that are not transmitted, such as (a) Address Type Selection, (b) Altitude Type Selection, and (c) Pressure Altitude Disable.  Propose considering splitting Table 2-64 into two separate tables, one for transmitted data elements, and a second for control elements that are not transmitted.  

Working Paper UAT-WP24-14 proposed a simple solution to this issue, which was accepted and implemented.
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	21
	2
	Done
	No
	Update Table 2-7 Frame Types
	Update Table 2-7 Frame Types to match what ITT is broadcasting for TIS-B service status.  

WG-5 agrees that Table 2-7 will be revised to make it consistent with the implementation by ITT.  Working Paper UAT-WP24-09 contained a proposed change, which was agreed upon and implemented.  
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	22
	2
	
	No
	Rescale Table 2-23 for Ground Speed
	Rescale Table 2-23 for Ground Speed for more LSB resolution (1/8 kt) for improved support for surface alerting and to match what 1090ES does.  Currently LSB is 1 knot.  

Working Paper UAT-WP24-10 contained proposed changes, but it was not agreed during Meeting #24 to implement the changes.  WG-1 indicated after the conclusion of Meeting #24 that they did not require a resolution of 0.25 knots as has been implemented in DO-260A.  Further discussion of this issue at WG-3/WG-51 Paris Meeting indicates that further discussion is required for resolution.  

	23
	2
	Done
	No
	Review ADDRESS QUALIFIER
	Use reserved fields of ADDRESS QUALIFIER to also distinguish ADS-R from ADS-B and TIS-B.  

Working Paper UAT-WP24-11 contained a proposed change, which was agreed upon and implemented.  
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	24
	4
	
	No
	Notes for §2.2.11.1 for switching
	Need notes for §2.2.11.1 that antenna switching time must be faster for a combined transponder/UAT implementation.  

	25
	1
	Done
	No
	Clarify that Geometric altitude is HAE
	We need to make very clear that Geometric Altitude is HAE.  

WG-5 will copy the text from a section of chapter 3 and place it under Table 2-16 as a Note.

	26
	3
	
	Yes
	Guidance on vertical rate source logic
	We need more guidance on vertical rate source logic.  And if vertical rate derived from barometric is a requirement for a minimum installation, some guidance on the filtering expected would be nice.  Otherwise the response will vary from mfg to mfg.  

Requires ADS-B MASPS changes.

	27
	2
	AI

23-17
	Yes
We are defining a new equipment class (A1S)
	Equipment Class or Antenna Diversity Flags?
	Do we need some means for a receiver to determine the equipment class or at least if using antenna diversity?   Hopefully we don’t but it is difficult to infer currently from payload.  

	28
	4
	
	????
	Guidance for receiver to prioritize uplinks?
	We may need guidance for the receiver to prioritize uplinks to ensure that the interface can provide all from at least the most proximate GBT first.  

The request has gone ot the FAA SBS Program Office to include this in a separate air interface document.

	29
	???
	AI

24-08
	No
	Total number of FIS-B receptions?
	We may need some simple feedback mechanism for avionics to periodically indicate the total number of FIS-B receptions from a randomly selected GBT using existing spare payload.   This will enable the ground system—over time—to make inferences about the health of the GBT transmitters/antennas.  This is one aspect lacking in the current monitor concept.  
UAT-WP24-13 made some proposals and Action Item 24-08 was accepted to further specify changes.  Working Paper UAT-WP25-05 proposes specific changes.
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Summary 
It is the view of the FAA that the material in the current revision of the STP MOPS (RTCA/DO-302) is guidance material that 
represents a way to integrate navigation sources, but is not the only acceptable way to integrate navigation sources.  Additionally, 
there are some specific details of the STP MOPS that may not hold true for all instances of a given sensor type (i.e., RNP FMS or 
WAAS GPS).  During the RTCA SC-186 Plenary on 24 April 2008, a small Ad Hoc Group was tasked to review the STP MOPS 
for possibly including some of the requirements in Change 3 to DO-260A, and potentially Change 2 to DO-282A.  This task also 
included the review of Latency in the ADS-B system, and the production of proposals for any changes to FAA Advisory Circulars 
(AC).  This Working Paper is presented as a matrix which proposes to allocate specific paragraphs of the STP MOPS to (1) the 
Navigation AC, (2) the ADS-B OUT AC, or (3) ADS-B Link MOPS.  Working Paper 1090-WP24-09 is presented as proposed 
resolution to the issue of Total and Uncompensated Latency in the ADS-B system.   
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Proposed STP MOPS Requirements Restructuring 


 
Dispensations: 
(1) If the paragraph provides no obvious value, it will be discarded. 
(2) If the paragraph provides useful guidance for an acceptable means to integrate navigation sensors with ADS-B Link Equipment, it will be 


integrated into an FAA Advisory Circular (AC) on position sources (e.g., RNP FMS or GNSS) or ADS-B OUT installations. 
(3)  If the paragraph involves a requirement that will need to be implemented into ADS-B Link Equipment, it will be captured in Change 3 to 


DO-260A, and if required, in a possible Change 2 to DO-282A. 
 


Despensation STP MOPS 
Section # Section Title Link 


MOPS 
Nav Src


AC 
ADS-B


AC 
No 


Value 
Remarks 


1.5 Assumptions  X X   
1.5.1 GNSS Assumptions  X X   


1.5.1.1 GNSS Position Output     Will be addressed by the 
latency definition 


1.5.1.1.1 Position Accuracy    X Heading with no text 
1.5.1.1.1.1 HFOM  (definition)  ?X? ?X?   
1.5.1.1.1.2 VFOM  (definition)  ?X? ?X?   
1.5.1.1.2 GNSS Position Integrity     X Heading with no text 
1.5.1.1.2.1 HPL or HIL   ?X? ?X?   


1.5.1.1.2.2 VPL or VIL  X X  
Clarify the accepted 
operational usage of this 
parameter 


1.5.1.2 GNSS Velocity Accuracy  X X  
Strike current paragraph and 
replace with reference to 
GRAS MOPS (DO-310) 


1.5.1.3 GPS Receiver Mode Annunciations   ?X?   
1.5.2 Flight Management System (FMS) Assumptions  X X   
1.5.2.1 FMS Position Output  X X   
1.5.2.1.1 Position Accuracy – ANP, EPU, and EPE Assumptions  X X   
1.5.2.1.2 Position Integrity  X X   
1.5.2.2 FMS Velocity Accuracy  X X   
1.6  Test Procedures    X  
       
2.2 STP Subsystem Requirements    X Heading with no text 
2.2.1 Introduction    X No shall statements 
2.2.2 General Requirements for STP    X No shall statements 
2.2.3 Reserved    X Heading with no text 
2.2.4 State Data Processing    X No shall statements 
2.2.4.1 Position Accuracy (HEPUSTP and VEPUSTP)    X No shall statements 
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Despensation STP MOPS 
Section # Section Title Link 


MOPS 
Nav Src


AC 
ADS-B


AC 
No 


Value 
Remarks 


2.2.4.1.1 HEPUSTP    X Heading with no text 
2.2.4.1.1.1 Definition of HEPUSTP    X No shall statements 
2.2.4.1.1.2 Requirements for the Determination of HEPUSTP    X  
2.2.4.1.1.2.1 Case 1: Position Accuracy Metric(s) Reported by the Selected Position Source  X X   
2.2.4.1.1.2.2 Case 2: Position Accuracy Metric(s) not Reported by the Selected Position Source  X X   


2.2.4.1.1.3 Conditions for Limiting the Reported HEPUSTP X    
limiting will be replaced by 
latency work in DO-260A 
Change 3 


2.2.4.1.1.4 Requirements for the Delivery of HEPUSTP    X Heading with no text 
2.2.4.1.1.4.1 STP and ADS-B Transmit Subsystem Are Not Integrated  X X   
2.2.4.1.1.4.2 STP and ADS-B Transmit Subsystem Are Integrated  X X   
2.2.4.1.2 VEPUSTP    X Heading with no text 
2.2.4.1.2.1 Definition of VEPUSTP    X No shall statements 
2.2.4.1.2.2 Requirements for the Determination of VEPUSTP    X  
2.2.4.1.2.2.1 Case 1: Position Accuracy Metric(s) Reported by the Selected Position Source  X X   
2.2.4.1.2.2.2 Case 2: Position Accuracy Metric(s) not Reported by the Selected Position Source  X X   
2.2.4.1.2.3 Conditions for Limiting the Reported VEPUSTP    X No shall statements 
2.2.4.1.2.4 Requirements for Delivery of VEPUSTP    X Heading with no text 
2.2.4.1.2.4.1 STP and ADS-B Transmit Subsystem Are Not Integrated  X X   
2.2.4.1.2.4.2 STP and ADS-B Transmit Subsystem Are Integrated  X X   
2.2.4.2 Determination of Velocity Accuracy (HEVUSTP and VEVUSTP)    X No shall statements 
2.2.4.2.1 HEVUSTP    X Heading with no text 
2.2.4.2.1.1 Definition of HEVUSTP    X No shall statements 
2.2.4.2.1.2 Requirements for Determination of HEVUSTP    X  
2.2.4.2.1.2.1 Case 1: Velocity Accuracy Metric(s) Reported by the Selected Velocity Source  X X   


2.2.4.2.1.2.2 Case 2: Velocity Accuracy Metric(s) Not Reported by the Selected Velocity 
Source, but a Position Accuracy Metric is Reported  X X   


2.2.4.2.1.2.2.1 Velocity Source is a GNSS Navigation Sensor that Provides HFOM X X X  


this case covered by Barbara 
Clark work in DO-310 
Fixes needed in DO-260A 
Change 3 


2.2.4.2.1.2.2.2 Velocity Source is an RNP Compliant FMS  X X   
2.2.4.2.1.2.2.3 Other Conditions Relative to Case 2  X X   
2.2.4.2.1.2.3 Case 3: No Position or Velocity Accuracy Metrics Reported  X X   
2.2.4.2.1.3 Requirements for the Delivery of HEVUSTP    X Heading with no text 
2.2.4.2.1.3.1 STP and ADS-B Transmit Subsystem are not integrated  X X   
2.2.4.2.1.3.2 STP and ADS-B Transmit Subsystem are integrated  X X   
2.2.4.2.2 VEVUSTP    X Heading with no text 
2.2.4.2.2.1 Definition of VEVUSTP    X No shall statements 
2.2.4.2.2.2 Requirements for Determination of VEVUSTP    X  
2.2.4.2.2.2.1 Case 1: Velocity Accuracy Metric(s) Reported by the Selected Velocity Source  X X   
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Despensation STP MOPS 
Section # Section Title Link 


MOPS 
Nav Src


AC 
ADS-B


AC 
No 


Value 
Remarks 


2.2.4.2.2.2.2 Case 2: Velocity Accuracy Metric(s) Not Reported by the Selected Velocity 
Source, but a Position Accuracy Metric is Reported  X X   


2.2.4.2.2.2.2.1 Velocity Source is a GNSS Navigation Sensor that Provides VFOM  X X   
2.2.4.2.2.2.2.2 Velocity Source is an RNP Compliant FMS  X X   
2.2.4.2.2.2.2.3 Other Conditions Relative to Case 2  X X   
2.2.4.2.2.2.3 Case 3: No Position or Velocity Accuracy Metrics Reported  X X   
2.2.4.2.2.3 Requirements for the Delivery of VEVUSTP    X Heading with no text 
2.2.4.2.2.3.1 STP and ADS-B Transmit Subsystem Are Not Integrated  X X   
2.2.4.2.2.3.2 STP and ADS-B Transmit Subsystem are integrated  X X   
2.2.4.3 Position Integrity Containment Region (HPLSTP and VPLSTP)    X No shall statements 
2.2.4.3.1 HPLSTP    X Heading with no text 
2.2.4.3.1.1 Definition of HPLSTP    X No shall statements 
2.2.4.3.1.2 Requirements for Determination of HPLSTP    X  
2.2.4.3.1.2.1 Case 1: Integrity Metric(s) Reported by the Selected Position Source  X X   
2.2.4.3.1.2.2 Case 2: Integrity Metric(s) not Reported by the Selected Position Source  X X   
2.2.4.3.1.3 Conditions for Limiting the Reported HPLSTP    X All limiting will be deleted 
2.2.4.3.1.4 Requirements for the Delivery of HPLSTP    X Heading with no text 
2.2.4.3.1.4.1 STP and ADS-B Transmit Subsystem Are Not Integrated  X X   
2.2.4.3.1.4.2 STP and ADS-B Transmit Subsystem Are Integrated  X X   
2.2.4.3.2 VPLSTP    X Heading with no text 
2.2.4.3.2.1 Definition of VPLSTP    X No shall statements 
2.2.4.3.2.2 Requirements for Determination of VPLSTP    X  
2.2.4.3.2.2.1 Case 1: Integrity Metric(s) Reported by the Selected Position Source  X X   
2.2.4.3.2.2.2 Case 2: Integrity Metric(s) not Reported by the Selected Position Source  X X   
2.2.4.3.2.3 Conditions for Limiting the Reported VPLSTP    X All limiting will be deleted 
2.2.4.3.2.4 Requirements for the Delivery of VPLSTP    X Heading with no text 
2.2.4.3.2.4.1 STP and ADS-B Transmit Subsystem Are Not Integrated  X X   
2.2.4.3.2.4.2 STP and ADS-B Transmit Subsystem Are Integrated  X X   
2.2.4.4 Surveillance Integrity Level (SIL)    X No shall statements 
2.2.4.4.1 SIL Encoding X    Already in MOPS 
2.2.4.4.2 Requirements for the Determination of SIL X    Already in MOPS 
2.2.4.4.2.1 Example Means of Compliance for Determining SIL    X No shall statements 
2.2.4.4.3 Providing SIL to the ADS-B Transmit Subsystem X    Already in MOPS 
2.2.4.5 Barometric Altitude Quality (BAQ) Level X    Already in MOPS 
2.2.4.6 Barometric Altitude Surveillance Integrity Level (SILBARO)    X Not yet in DO-242A MASPS 
2.2.4.7 Management of State Data Sources    X No shall statements 
2.2.4.7.1 Horizontal Position and Navigation Data Sources X  X-   
2.2.4.7.2 Altitude Data Sources X     
2.2.4.7.3 Vertical Rate Sources X  X-   
2.2.5 STP Input / Output Data Requirements    X Heading with no text 
2.2.5.1 STP Input Data Requirements    X Heading with no text 
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Despensation STP MOPS 
Section # Section Title Link 


MOPS 
Nav Src


AC 
ADS-B


AC 
No 


Value 
Remarks 


2.2.5.1.1 Horizontal Figure of Merit, HFOM    X  
2.2.5.1.2 Estimated Position Uncertainty, EPU    X  
2.2.5.1.3 Actual Navigation Performance, ANP    X  
2.2.5.1.4 GNSS/FMS Navigation Type Information    X  
2.2.5.1.5 Vertical Figure of Merit, VFOM    X  
2.2.5.1.6 Horizontal Figure of Merit_Rate, HFOMR    X  
2.2.5.1.7 Vertical Figure of Merit_Rate, VFOMR    X  
2.2.5.1.8 Horizontal Protection Limit, HPL    X  
2.2.5.1.9 Vertical Protection Limit, VPL    X  
2.2.5.1.10 Surveillance Integrity Level, SIL    X  
2.2.5.1.11 Barometric Altitude Quality (BAQ) Level    X  
2.2.5.1.12 Barometric Altitude Surveillance Integrity Level (SILBARO)    X  
2.2.5.1.13 Ground Speed    X  
2.2.5.1.14 Altitude Select Data    X  
2.2.5.1.15 Position Accuracy and Integrity Data    X  
2.2.5.1.16 Velocity Accuracy Data    X  
2.2.5.1.17 Time Mark Synchronization Data    X  
2.2.5.2 STP Output Data Requirements    X Heading with no text 
2.2.5.2.1 Horizontal Figure of Merit_STP (HFOMSTP)    X  
2.2.5.2.2 Vertical Figure of Merit_STP (VFOMSTP)    X  
2.2.5.2.3 Horizontal Figure of Merit_Rate_STP, HFOMRSTP    X  
2.2.5.2.4 Vertical Figure of Merit_Rate_STP, VFOMRSTP    X  
2.2.5.2.5 Horizontal Protection Limit_STP, HPLSTP    X  
2.2.5.2.6 Vertical Protection Limit_STP, VPLSTP    X  
2.2.5.2.7 Surveillance Integrity Level_STP, SILSTP    X  
2.2.5.2.8 Barometric Altitude Quality (BAQ) Level_STP (BAQSTP)    X  
2.2.5.2.9 Barometric Altitude Surveillance Integrity Level__STP (SILBAROSTP)    X  
2.2.5.2.10 Selected Data Source Annunciation    X No shall statements 
2.2.5.2.10.1 Selected ADS-B Position Source Annunciation    X  
2.2.5.2.10.2 Selected ADS-B Vertical Rate Source Annunciation    X  
2.2.5.2.10.3 Selected ADS-B Altitude Source Annunciation    X  
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Summary 
This Working Paper addresses Action Item 23-01, which was to “propose a note for UAT as a caution to 
applications to look at the position for the possibility of a duplicate address.  Target the receiver part of 
the MOPS for location.”   
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Introduction: 
 
This Working Paper addresses Action Item 23-01, which was to “propose a note for UAT as a caution to 
applications to look at the position for the possibility of a duplicate address.  Target the receiver part of 
the MOPS for location.”    
 
 
Proposal: 
 
Insert a 2nd note in Section §2.2.9.1 that reads as follows: 
 
Note: Address uniqueness with UAT ADS-B Messages cannot be guaranteed.  However, this need not 


be a concern for processing of UAT ADS-B Messages by the receiver.  This is because each UAT 
ADS-B Message contains sufficient State Vector information that the surveillance tracking system 
receiving the reports is able to resolve almost all duplicate address situations.   
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Summary 
 
WP 27-15 addresses separating the vertical quality metrics from the horizontal quality metrics. This 
paper addresses the desire for vertical quality metrics in near term ASAS Applications. This second 
revision of the paper incorporates the consensus from meeting 27 and proposes an independent 
vertical position accuracy metric. 
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1. Introduction 
WP (TBD-Boeing??)27-15 addresses separating the vertical quality metrics from the horizontal 
quality metrics. If accepted, the vertical metrics will be unavailable. This paper addresses the desire 
for vertical quality metrics in near term ASAS Applications. This second revision of the paper 
incorporates the consensus from meeting 27 and proposes an independent vertical position accuracy 
metric.Future revision of this paper will propose a format for maintaining geometric altitude accuracy 
and vertical rate accuracy. Further investigation is needed to justify the quantization and transmit 
rates before making a proposal. 
 
2. Discussion 
 
ASAS MOPS Text 
 
All five of the initial applications in ASAS MOPS allow for a mode of operation using geometric 
altitude when the geometric vertical accuracy of the ownship and ADS-B traffic is better than 45 
meters. 
 
ASAS MOPS Section 2.2.4.1 Enhanced Visual Acquisition (EVAcq) states that when pressure 
altitude is unavailable, geometric altitude may be used to compute a relative altitude with the target 
when the reported vertical accuracy is better than 45 meters for both the ownship and ADS-B traffic. 
 
ASAS MOPS Section 2.2.4.2 Airport Surface Situational Awareness/Final Approach and Runway 
Occupancy Awareness (ASSA/FAROA) states that the application may be performed when either 
pressure altitude is valid or geometric vertical accuracy is better than 45 meters for ownship. ADS-B 
Traffic are considered valid for ASSA/FAROA when pressure altitude is valid or geometric vertical 
accuracy is better than 45 meters. 
 
The preliminary requirements in ASAS MOPS Section 2.2.4.3 Conflict Detection (CD) state that 
ownship and traffic vertical position requirements  may be met by geometric accuracy better than 45 
meters. 
 
ASAS MOPS Section 2.2.4.4 Enhanced Visual Approach (EVApp) states that ownship and traffic 
vertical position requirements may be met by geometric accuracy better than 45 meters. 
 
 
ASAS MASPS DO-289 Conflict Detection Requirements Summary 
 
DO-289 explores Conflict Detection in some detail and made recommendations on required and 
desired performance of the vertical metrics. Those recommendations are summarized in the table 
below. 
 Required Performance Desired Performance 
Horizontal Position Accuracy 0.5 NM (NACp >= 5) 20 m (NACp >= 9) 
Horizontal Velocity Accuracy 3 m/s (5.83 knots)(NACv >=2) 0.6 m/s (1.2 knots)(NACv >= 3)
Vertical Position Accuracy Baro Existing Specifications  
Vertical Velocity Accuracy Baro Existing Specifications  
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Vertical Position Accuracy Geo 45 m (148 ft)(NACp >= 9) 10 m (32 ft)(NACp > 10) 
Vertical Velocity Accuracy Geo Baro Equivalent 60 fpm (DO-242A)(NACv=4) 
It is interesting to note that DO-289 refers to pressure altimetry accuracy several times without 
actually documenting what the assumed performance is. I found the same issue with DO-242. 
Jonathon Hammer stated that the performance of the pressure altimetry was based on a model they 
created during the TCAS development to represent actual aircraft equipment. The model assumes that 
pressure altitude accuracy varies between 30 and 100 feet depending on the altitude. 
 
 
Air Data Computer Performance 
 
To get a data point on Air Data Computer performance, I looked up some numbers in ARINC 706-4. 
 
ARINC 706-4 paragraph 4.10.1 requires Air Data Computer (ADC) altitude accuracy to be: 
 
 Accuracy Altitude Range 
 15 ft  -1000 – 0 ft 
 20 ft  @ 10,000 ft 
 40 ft  @ 30,000 ft 
 80 ft  @ 50,000 ft 
with intermediate altitudes meeting a linear interpolation between the given points. 
 
ARINC 706-4 paragraph 4.10.4 requires ADC altitude rate accuracy to be 30 fpm. This is identical to 
the Inertial Vertical Speed Accuracy given in ARINC 738A-1. 
 
Note that the equipment performance does not include the effects of aircraft installation or 
atmospheric phenomenon deviating from the standard model (e.g. temperature inversions). So the 
actual installed performance of the equipment will be worse than that given here. These numbers 
agree fairly well with the MITRE model. 
 
The minimum performance specified in ICAO Annex 10 Volume IV is 125 ft. For reference the 
paragraph of interest is copied below. 
 
3.1.1.7.12.2.4 The digitizer code selected shall correspond to within plus or minus 38.1 m (125 ft), on 
a 95 per cent probability basis, with the pressure-altitude information (referenced to the standard 
pressure setting of 1 013.25 hectopascals), used on board the aircraft to adhere to the assigned flight 
profile. 
 
 
GNSS Vertical Performance 
 
GNSS Vertical Performance varies as a function of satellite geometry, receiver assumptions (e.g. SA 
On/Off), receiver type (e.g. SBAS, GBAS, unaugmented), as well as a host of other factors. 
Honeywell performed a short study of GPS Vertical Performance using a 24 Satellite reference 
constellation as well as using an almanac from the current constellation. Refer to the attached paper 
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for details. Based on this short study, the performance you can expect from an SA Aware fleet is 
Vertical Accuracy (95%) better than 60 meters and Vertical Velocity Accuracy better than 0.6 m/s.  
 
 
 
Desired Transmit Frequency 
 
Vertical Metrics are only interesting when an aircraft is airborne. Therefore this paper recommends 
that the vertical metrics only be included in airborne formats. Since Conflict Detection is the most 
tactical of the applications currently defined to need vertical metrics.  That is the application used to 
determine the required frequency.  The CD Application in DO-289 states that the desired update rate 
for state data is 3 seconds and tolerated update rate is 10 seconds. It is unclear but assumed that the 
quality metrics are associated with state data with respect to update rate. So the update rate for the 
vertical metrics should not exceed 10 seconds. I asked Larry Bachman to do an analysis for me using 
a 2020 interference model to help determine the required transmit frequency. If the vertical metrics 
are transmit at 2.5 second intervals, they would support a 10 second update at 15 miles in the 
modeled 2020 air-to-air interference environment. 
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Existing Vertical Metrics 
 
The following tables present the vertical metrics as they currently exist in DO-260A. 
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Proposed Vertical Accuracy Quantization Changes 
 
The existing vertical separation in the airspace ranges from 500 ft to 2000 ft depending on the altitude 
assigned. Based on 500 ft separation, it seems unlikely that there would be a use for a vertical 
accuracy metric as large as half of the 500 ft separation. However, since the SA Aware equipment 
performance is 200 feet or better 95 % of the time, it seems reasonable to make the largest 
quantization support SA Aware performance. Thus I propose that the largest Vertical Accuracy 
quantization be 200 feet or 60.96 meters. This differs from the current largest vertical metric of 45 m 
or 147.6 ft. The altitude resolution supported by the Mode S link is 25 feet. So it doesn’t make sense 
to support any quantization smaller than 25 feet. This differs from the current smallest vertical metric 
of 4 m or 13.1 ft. In the table below, I propose to use three bits to support the new Geometric Vertical 
Accuracy metric.To support the existing ASAS MOPS requirements, I propose to use the currently 
reserved BAQ field in the Aircraft Operational Status message for a geometric vertical accuracy 
metric. The main section affected by this change is 2.2.3.2.7.2.8 in the current DO-260B draft 
material. I propose replacing the existing paragraph with the following paragraph. 
 
2.2.3.2.7.2.8 “Geometric Vertical Accuracy Quantization (GVAQ)” Subfield in Aircraft 


Operational Status Messages 
 


The “Geometric Vertical Accuracy Quantization (GVAQ)” subfield of Subtype=0 
Aircraft Operational Status Message is a two-bit field (“ME” bits 49-50, Message bits 
81-82) defined in the following Table 2-XX. This field shall be set by using the 
Vertical Figure of Merit (VFOM) (95%) from the GNSS position source used to 
encode the geometric altitude field in the Airborne Position Message. 


 
Table 2-xx: “GVAQ” Subfield Encoding 


Geometric Vertical Accuracy Quantization Accuracy (m)in Feet 
0 > 200Unknown or > 45 
1 ≤ 45200 
2 150Reserved 
3 Reserved100 


4 50 
5 25 
6 RESERVED 
7 RESERVED 


 
Note:   For the purposes of these MOPS (RTCA DO-260B) values for 0 and 1 are encoded.  


Decoding values for 2 and 3 should be treated as < 45 meters until future versions of these 
MOPS redefine the values.  


 
Figure 2-11 needs to have BAQ=0 replaced with GVAQ. 
 
Table 2-88 needs to have BAQ replaced with GVAQ. The columns of the table should be populated 
as follows: Column 3: Operational Status – “GVAQ”, column 4: 49-50, column 5: 81-82, column 10: 
xxxxxxdL. The remaining columns stay the same. 
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Table 2-89 needs to have BAQ replaced with GVAQ. 
 
Table 2-90 needs to have BAQ replaced with GVAQ. 
 
Section 2.2.8.2.15 should be replaced with the following paragraph. 
 
2.2.8.2.15 SV Quality – GVAQ 
 


The ADS-B Report Assembly Function shall extract the GVAQ data from the Aircraft 
Operational Status Message (2.2.3.2.7.2.10) and map the value of the GVAQ field to 
the Mode Status Report in the format specified in Table 2-88. 


 
Table 2-102 should have row 9d replaced as follows: SV Quality – GVAQ, No, Note 2. 
 
Replace test section 2.4.3.2.7.2.8 with the following text. 
 
2.4.3.2.7.2.8 Verification of the “Geometric Vertical Accuracy Quantization (GVAQ)” Subfield in 


Aircraft Operational Status Messages (2.2.3.2.7.2.9) 
 


Step 1: Verification of GVAQ Transmission 
 


Configure the ADS-B Transmitting Subsystem to transmit Aircraft 
Operational Status Messages by providing valid trajectory information at the 
nominal update rate. 
 
Set the Vertical Figure of Merit (VFOM) field to each of the following 
values in Table 2-xx and verify that the corresponding encoding is set in the 
GVAQ field of the Aircraft Operational Status Message. 


 
Table 2-xx  GVAQ Validation Values 


 
Row VFOM (m) GVAQ Encoding
1 INVALID 0 
2 30.0 1 
3 44.5 1 
4 45.5 0 
5 327.1 0 


 
Step 2: Verification of GVAQ – Data Lifetime 


 
Rerun Table 2-xx Row 2 from Step 1. Remove the data source input for 
GVAQ for a period of at least 2 seconds. Verify that the GVAQ field of the 
Aircraft Operational Status Message is set to Zero (binary 00). 


 
Replace test section 2.4.8.2.15 with the following text. 
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2.4.8.2.15 Verification of the Mode Status Report – SV Quality – GVAQ (2.2.8.2.15) 
 


Step 1: Initialization 
 


Provide valid ADS-B Position and Velocity Messages to the ADS-B 
Receiving Subsystem such that the ADS-B Report Assembly Function enters 
the Track State and is outputting Reports to the Report Buffer. Verify that the 
Report Type Code (bits 7 through 4 of byte 0) is set to TWO (binary 0010) to 
indicate Mode Status Report. 


 
Step 2: Verification of Mapping GVAQ Data to the (MS) Report – Version Two (2) 


 
Provide valid Version Two (2) ADS-B Aircraft Operational Status Messages 
to the ADS-B Receiving Subsystem with valid TYPE Codes included in the 
messages. Verify that the GVAQ data from these messages is mapped bit for 
bit from the most recently received ADS-B Message to the Mode Status 
Report as specified in Table 2-88. 


 
Step 3: Verification of Data Not Available – Version Two (2) 


 
Provide valid Version Two (2) ADS-B Aircraft Operational Status Messages 
to the ADS-B Receiving Subsystem with valid TYPE Codes included in the 
messages. Allow 24 seconds to pass without an update and verify that the 
GVAQ field of the ADS-B Mode Status Report is set to ALL ZEROs. 


 
Step 4: Verification of Previous Versions 


 
No specific test procedure is required to validate the requirements for 
previous link versions as this field was reserved. 


 
Replace section A.1.4.10.8 with the following paragraph. 
 
A.1.4.10.8 Geometric Vertical Accuracy Quantization (GVAQ) 
 


The “Geometric Vertical Accuracy Quantization (GVAQ)” subfield of Subtype=0 
Aircraft Operational Status Message is a two-bit field (“ME” bits 49-50, Message bits 
81-82) defined in the following Table A-XX. This field shall be set by using the 
Vertical Figure of Merit (VFOM) from the GNSS position source used to encode the 
geometric altitude field in the Airborne Position Message. 


 
Table A-xx: “GVAQ” Subfield Encoding 


Geometric Vertical Accuracy Quantization Accuracy (m) 
0 Unknown or > 45 
1 ≤ 45 
2 Reserved 
3 Reserved 
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In Figure A-10, replace the BAQ=0 text with GVAQ. 
 
Something will need to be done for the BAQ entries in Table F-1. WG3 should discuss this issue and 
decide how to treat changes to the MASPS in this table. 
 
Replace the text in Row 9d of Table H-3 as follows: SV Quality – GVAQ, Aircraft Operation Status 
Message. 
 
Table N-5 references BAQ but appears to be correct and should stay the same. 
 
 
 
 
 
Proposed Vertical Velocity Quantization 
 
The existing vertical velocity quality of all existing sensors support the required accuracy of the CD 
application. WG3 decided that at this point there is no clear need to have a vertical velocity metric 
transmitted on the link. The link already transmits whether it is sending a barometric or geometric 
altitude rate. quantization is puzzling at best. What any application can do with 50 ft/s or 3000 fpm of 
error is questionable. It is unclear what system performs this poorly. Air Data Computers and Inertial 
Reference Systems provide vertical rate accuracies of about 30 fpm. Even the largest number from 
the SA Aware sensor study was on the order of 10 feet per second. It seems like the vertical rate 
quantization could use some tinkering. I propose to use three bits to support the new Vertical 
Velocity quantization in the table below. 
 
Vertical Velocity 
Accuracy Quantization 


Accuracy in ft/s Accuracy in m/s Accuracy in fpm Comment 


0 > 15 >4.57 > 900 Unknown 
1 15 4.57 900  
2 10 3.05 600  
3 5 1.52 300  
4 2 0.61 120 SA Aware 
5 1 0.30 60 Augmented GNSS
6 0.5 0.15 30 ADC, INS 
7    Reserved 
 
It would be helpful to have SC-159 comment on the existing equipment to determine what vertical 
velocity accuracy can be expected. 
 
Desired Transmit Frequency 
 
Vertical Metrics are only interesting when an aircraft is airborne. Therefore this paper recommends 
that the vertical metrics only be included in airborne formats. Since Conflict Detection is the most 
tactical of the applications currently defined to need vertical metrics.  That is the application used to 
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determine the required frequency.  The CD Application in DO-289 states that the desired update rate 
for state data is 3 seconds and tolerated update rate is 10 seconds. It is unclear but assumed that the 
quality metrics are associated with state data with respect to update rate. So the update rate for the 
vertical metrics should not exceed 10 seconds. I asked Larry Bachman to do an analysis for me using 
a 2020 interference model to help determine the required transmit frequency. If the vertical metrics 
are transmit at 2.5 second intervals, they would support a 10 second update at 15 miles in the 
modeled 2020 air-to-air interference environment. 
 
3. Recommendations 
 
WG3 is advised to consider the desire for vertical quality metrics in the ASAS MOPS. WG3 is asked 
to consider the proposals for adding Geometric Altitude Accuracy and Vertical Velocity Accuracy 
fields for inclusion in Change 3 to DO-260BA.  
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Summary 
To address Action Item 23-05 from Meeting #23 of WG-5, this Working Paper identifies changes that 
will need to be made to include a new Equipage Class, A1S.  This class transmits at a Medium power 
level (like Equipage Class A1H) and uses only one antenna (like Equipage Class A0).  Only places in the 
body of the MOPS are identified.  There may also need to be many changes in Appendix K when and if 
the performance parameters of this new Equipage Class are quantified. 
 







 
This Working Paper includes a marked up copy of the current draft of DO-282B, identifying suggested 
changes that would be necessary to add a new Equipage Class called A1S.  This class transmits Medium 
Power and uses only one antenna.  It is assumed that the transmit performance lies somewhere between 
that of Classes A0 and A1H.   Thus, the transmit performance is assumed to be the same as Class A1L 
equipment.  The receive performance is assumed to be the same as Class A0.  Ideally, these performance 
estimates will be verified via simulation.  If such verification is done, the results should be documented in 
a revised version of Appendix K.  
 
It is assumed that there should also be a new Equipage Class called B1S, which would have transmission 
properties the same as Class A1S, but with no receiver.  If this is not the case, the associated changes can 
easily be removed. 
 
The proposed changes are all highlighted in gray.  To aid the reader, the locations of the changes are 
listed below. 
 
SECTIONS TABLES 
2.1.11 2-1 
2.2.6.1.2 2-63 
2.2.8.2.4 2-64 
2.2.8.2.5 2-65 
2.2.8.2.7 2-66 
2.4.8.2.4 2-67 
2.4.8.2.5 2-68 
2.4.8.2.7 2-96 
2.4.10.2 2-98 
3.2.1.1 2-101 
3.4.1.7.3 2-103 
3.4.1.8 3-1 
 
 
In addition, there are two editorial comments on pages 16 and 80, which are highlighted in green. 
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2.1.8 Effects of Test 


The equipment shall be designed so that the application of specified test procedures shall 
not be detrimental to equipment performance following the application of the tests, 
except as specifically allowed. 


2.1.9 Integration with Other Avionics Equipment 


In the event that UAT functions are partially or wholly incorporated within other avionics 
equipment, the design shall be partitioned such that any abnormal equipment operation 
does not adversely affect other function unrelated to UAT.  Loss of UAT capability shall 
not inhibit other functions of the equipment. 


2.1.10 Design Assurance 


The equipment shall be designed to the appropriate design assurance level(s) based on 
the intended application of the equipment and aircraft class in which it is to be installed.  
The appropriate design assurance level(s) are determined by an analysis of the failure 
modes of the equipment and a categorization of the effects of the failure on the operation 
of the aircraft.  For the purpose of this analysis, a failure is defined as either a loss of 
function or the output of misleading information.  Guidance can be found in AC 23.1309-
1C and AC 25.1309-1A.   


Software included as part of the equipment shall be developed in compliance with the 
appropriate software level as defined in RTCA DO-178B.  


2.1.11 Equipage Classes 


UAT equipment is categorized into aircraft system equipage classes as defined in Table 
3-1 of RTCA DO-242A (ADS-B MASPS).  For UAT equipment, the installed 
performance of these equipment classes shall be defined by Table 2-1. 


The ADS-B MASPS “A1” equipment has been divided into three classes, based on the 
maximum altitude that the aircraft is operated under.  For A1 aircraft that always operate 
below 18,000 feet MSL, the “A1 Low” class and “A1 Single Antenna” class are created, 
and abbreviated throughout this document as “A1L” and “A1S,” respectively. For A1 
aircraft that have no altitude operating restrictions, the “A1 High” class is created, and 
abbreviated throughout this document as “A1H.”  The only equipment performance 
difference between classes A1L and A1H is the Transmitter RF output power, as shown 
in Table 2-1. 


The remainder of the interactive aircraft/vehicle classes (A0, A2, and A3) are as defined 
in RTCA DO-242A.  


For “B” class aircraft that always operate below 18,000 feet MSL, the “B0” and “B1S” 
classes are created.  For “B” class aircraft that have no altitude operating restrictions, the 
“B1” class is available.  The ADS-B MASPS “B0” class (broadcast-only aircraft) is 
defined as having transmitter characteristics and payload capability identical to the UAT 
A0 interactive aircraft class.  The ADS-B MASPS “B1S” class (broadcast-only aircraft) 
is defined as having transmitter characteristics and payload capability identical to the 
UAT A1S interactive aircraft class. The ADS-B MASPS “B1” class (broadcast-only 
aircraft) is defined as having transmitter characteristics and payload capability identical 
to the UAT A1H interactive aircraft class. 
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The characteristics of the ADS-B MASPS “B2” class (broadcast-only ground vehicle) are 
defined in Table 2-1. 


The characteristics of the ADS-B MASPS “B3” class (broadcast-only fixed or moveable 
obstacle) are defined in Table 2-1.  The payload capability supports the surface position, 
height of highest point, and identification (including Emitter Category) of the obstacle, so 
that both State Vector and Mode Status reports must be supported.  Moveable obstacles 
require a position source.  A moveable obstacle is one that can change its position, but 
only slowly, such that its horizontal velocity may be ignored.  See §2.2.6.1.2 of this 
document for the payload characteristics. 


Requirements for Class ‘C’ ground-based receive-only equipment are not addressed in 
this document.  See Appendix D for guidance in ground-based receiver performance. 


Table 2-1: UAT Installed Equipment Classes 


Intended Antenna Diversity 
(when Airborne for Classes A & B0-B1) Description Equipage Class 


Tx RF Power 
Delivered to 


Antenna System 
Transmit Receive 


A0 Single Antenna 
(see Note 4) 


Single Antenna 
(see Note 4) 


A1L 


Low Power 
(Altitude always 


 below 18,000 feet) Alternating 
every 2 sec. 


Alternating 
every second 


A1S 
Medium Power 
(Altitude always 


 below 18,000 feet) 


Single Antenna 
(see Note 4) 


Single Antenna 
(see Note 4) 


A1H Medium Power Alternating 
every 2 sec. 


Alternating 
every second 


A2 Medium Power Alternating 
every 2 sec. Dual Receiver 


Aircraft 


A3 (extended range) High Power Alternating 
every 2 sec. Dual Receiver 


B0 
Low Power 


(Altitude always 
 below 18,000 feet) 


Single Antenna 
(see Note 4) n/a 


B1S Medium Power Single Antenna 
(see Note 4) 


Single Antenna 
(see Note 4) 


Tx-Only Airborne 
Vehicle 


 


B1 Medium Power Alternating 
every 2 sec. n/a 


Surface Vehicle B2 +28 to +32 dBm Single Antenna n/a 


Obstacle B3 +30 dBm (minimum) Single Antenna n/a 


 


Notes: 


1. See §2.1.12 for definition of Transmitter RF power levels. 
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2. Transmitter RF power requirement depends on the aircraft maximum altitude 
capability.  Low-altitude aircraft (< 18,000 feet max altitude) need not support the 
higher-power transmitter requirements due to line-of-site limitations. 


3. Top antenna is not required if use of a single antenna does not degrade signal 
propagation.  This allows for single antenna installation on radio-transparent 
airframes. 


4. For a single-antenna installation, antenna gain pattern performance should be 
shown at least equivalent to that of a quarter-wave resonant antenna mounted on the 
fuselage bottom surface. 


5. See §2.2.6.1.2 for definition of payload transmission requirements for each 
equipment class. 


6. Equipment Classes A1S and B1S define aircraft with medium power and a single 
antenna on the bottom. [I don’t think this note is necessary.] 


2.1.12 Transmitting Subsystem 


A UAT Transmitting Subsystem is classified according to the unit’s range capability and 
the set of parameters that it is capable of transmitting.  Table 2-2 shall define the 
transmitter power levels.  Power levels are measured in terms of power presented to the 
transmitting antenna. 


Table 2-2: Transmitter Power Requirements 


Power Classification Minimum Power at Antenna Maximum Power at Antenna 


Low 7.0 watts (+38.5 dBm) 18 watts (+42.5 dBm) 


Medium 16 watts (+42 dBm) 40 watts (+46 dBm) 


High 100 watts (+50 dBm) 250 watts (+54 dBm) 


 


Note:  These transmitter power requirements are referenced to the power delivered to 
the antenna, and assume transmit antenna gain of 0 dB.  Alternate means that 
demonstrates equivalent performance can be approved.  Refer to Appendix E for 
guidance. 


Performance is specified over full environmental range for desired equipment 
application. 


2.1.13 Receiving Subsystem 


No distinction in receiver sensitivity by category is made; all receivers have the same 
sensitivity requirements.  The receiver sensitivity is –93 dBm at the receiver antenna for 
90% Message Success Rate for Long ADS-B Messages, and –91 dBm at the receiver 
antenna for 90% Message Success Rate of Ground Uplink (ground-to-air) messages. 


Performance is specified over full environmental range for desired equipment 
application. 
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2.2.6.1.2 ADS-B Payload Type Allocation 


One of the ADS-B Payload Type Codes in the range of “0” through “6”specified in Table 
2-10 shall be assigned to each of the 4 Payload Selections (PS) as shown in Table 2-63. 


Table 2-63: Payload Type Code Allocation 


Equipment Class PS-A PS-B PS-C PS-D 


A0,A1L,A1S,A1H,B0,B1S,B1 1 0 2 0 


A1H, B1 (see Note 2) 3 6 0 6 


A2 1 4 4 4 


A3 1 4 5 4 


B2, B3 1 0 0 0 


Notes:  


1. This schedule is to be followed regardless of the unavailability of any payload fields. 


2. Optional Payload Type Code assignment if the installation can support transmission 
of Target State information. 


2.2.6.1.3 Message Transmission Cycle (Transmitter Diversity) 


A message transmission cycle of 16 seconds is defined to ensure a proper mix of message 
payloads for installations that support ADS-B Message transmission from dual (diversity) 
antennas (§2.1).  When an aircraft is determined to be in the AIRBORNE condition 
(§2.2.4.5.2.5.1), transmissions shall occur through Top (T) (if so equipped) and Bottom 
(B) antennas each Message Transmission Cycle as shown in Figure 2-8. 


 


Antenna T T B B T T B B T T B B T T B B 


PS # A B C D D A B C C D A B B C D A 


Seconds 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


Time


Message Transmission Cycle


 


Figure 2-8: Transmitter Antenna Use for Diversity Installations 


Notes:  


1. There is no requirement that transmission cycle boundaries be aligned among A/Vs; 
it is used only to ensure proper mix of transmitted message types. 


2. For receivers with antenna diversity provided by switching according to §2.2.8.1, 
this transmission pattern ensures that each payload type is communicated via each 
possible transmit/receive antenna combination (T/T, T/B, B/T, B/B) once during each 
16 second cycle.  It also minimizes the maximum spacing between any two 
transmissions of the same type. 
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Table 2-64: UAT ADS-B Transmitter Input Requirements 


Applicable UAT Equipment Class 
E


le
m


en
t #


 
Input Data Element Relevant 


Paragraph 


Data 
Lifetime 
(seconds) A0, 


B0 


A1L 
A1S
B1S 


A1H, 
B1 A2 A3 B2 B3 


1 ICAO 24-bit Address 2.2.4.5.1.3.1 n/a M M M M M M(1) M(1) 


2 Address Selection (ICAO vs 
Temporary) 


2.2.4.5.1.3.1 
2.2.4.5.1.3.2 60 Input required only if installation is to have selectable 


address 
3 Latitude (2) 2.2.4.5.2.1 2 M M M M M M M 
4 Longitude (2) 2.2.4.5.2.1 2 M M M M M M M 


5 Altitude Type Selection 
(Barometric vs Geometric) 2.2.4.5.2.2 60 O O O O O n/a M 


6 Barometric Pressure Altitude 2.2.4.5.2.3 2 M M M M M n/a n/a 
7 Geometric Altitude 2.2.4.5.2.3 2 M M M M M n/a M 
8 NIC 2.2.4.5.2.4 2 M M M M M M M 


9 Automatic AIRBORNE / ON-
GROUND Indication 2.2.4.5.2.5 2 O O M M M n/a n/a 


10 North Velocity (2) 2.2.4.5.2.6.1 2 M M M M M M M 
11 East Velocity (2) 2.2.4.5.2.6.3 2 M M M M M M M 
12 Ground Speed 2.2.4.5.2.6.2 2 O O M M M O n/a 
13 Track Angle 2.2.4.5.2.6.4 2 O O M M M n/a n/a 
14 Heading 2.2.4.5.2.6.4 2 O O M M M n/a n/a 


15 Barometric Vertical Rate 2.2.4.5.2.7.1.1 
2.2.4.5.2.7.1.3 2 M M M M M n/a n/a 


16 Geometric Vertical Rate (2) 2.2.4.5.2.7.1.1 
2.2.4.5.2.7.1.3 2 O O O O O n/a n/a 


17 A/V Length and Width, and POA 2.2.4.5.2.7.2 n/a M M M M M M M 
18 UTC 1 PPS Timing (2) 2.2.4.5.2.8 2 M M M M M M M 
19 Emitter Category 2.2.4.5.4.1 n/a M M M M M M M 
20 Call Sign 2.2.4.5.4.2 60 M M M M M O O 


21 Emergency / Priority Status 
Selection 2.2.4.5.4.4 60 M M M M M O n/a 


22 SIL 2.2.4.5.4.6 60 M M M M M M M 
23 NACP 


(2) 2.2.4.5.4.9 2 M M M M M M M 
24 NACV 


(2) 2.2.4.5.4.10 2 M M M M M n/a n/a 


25 NICBARO 2.2.4.5.4.11 2 
Can be 
internally 
“hard coded” 


M M M n/a n/a 


26 CDTI Traffic Display Capability 2.2.4.5.4.12.1 60 M M M M M n/a n/a 
27 TCAS Installed and Operational 2.2.4.5.4.12.2 60 M M M M M n/a n/a 


28 TCAS/ACAS Resolution Advisory 
Flag 2.2.4.5.4.13.1 18 


Required only if ADS-B Transmitting Subsystem is 
intended for installation with TCAS/ACAS; otherwise 
can be “hard coded” 


29 IDENT Selection 2.2.4.5.4.13.2 60 M M M M M M n/a 
30 “Receiving ATC Services” Flag 2.2.4.5.4.13.3 60 M M M M M M n/a 
31 “True/Magnetic Indicator” Flag 2.2.4.5.4.14 60 n/a n/a O M M M n/a 
32 Heading / Track Indicator 2.2.4.5.6.1.1 60 n/a n/a O M M n/a n/a 


33 Target Source Indicator 
(Horizontal) 2.2.4.5.6.1.2 60 n/a n/a O M M n/a n/a 


34 Horizontal Mode Indicator 
(Horizontal) 2.2.4.5.6.1.3 60 n/a n/a O M M n/a n/a 


35 Target Heading or Track Angle 2.2.4.5.6.1.5 60 n/a n/a O M M n/a n/a 
36 Target Altitude Type  2.2.4.5.6.2.1 60 n/a n/a O M M n/a n/a 
37 Target Source Indicator (Vertical) 2.2.4.5.6.2.2 60 n/a n/a O M M n/a n/a 
38 Mode Indicator (Vertical) 2.2.4.5.6.2.3 60 n/a n/a O M M n/a n/a 
39 Target Altitude Capability 2.2.4.5.6.2.4 60 n/a n/a O M M n/a n/a 
40 Target Altitude 2.2.4.5.6.2.5 60 n/a n/a O M M n/a n/a 
41 Radio Altitude 2.2.4.5.2.5.1 2 O O O O O n/a n/a 
42 Pressure Altitude Disable 2.2.4.5.2.2 n/a M M M M M n/a n/a 
43 Airspeed 2.2.4.5.2.5.1 2 O O O O O n/a n/a 
44 Flight Plan ID 2.2.4.5.4.2 60 M M M M M n/a n/a 


O = Optional M = Mandatory (the equipment must have the ability to accept the data 
element) 


Notes: (1) Non-Aircraft Identifier may be assigned by Regulatory Authority. 
(2) If input is not directly accessible, a means to verify the encoding must be 
demonstrated. 
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 [Note: Columns for A0, B0, A1L, A1S and B1S could be combined since the entries are 
identical.] 


2.2.7.2 Time Registration and Latency 


This subparagraph contains requirements imposed on the ADS-B Transmitting 
Subsystem relative to two parameters.  The first relates to the obligation of the transmitter 
to ensure position data in each ADS-B Message relates to a standard Time of 
Applicability (TOA).  The second relates to the obligation of the transmitter to reflect new 
ADS-B Message data available at the transmitter input into the transmitted ADS-B 
Message itself.  This requirement is expressed as a cutoff time by which any updated data 
presented to the UAT transmitter should be reflected in the message output.  Rules for 
Time of Applicability and cutoff time vary depending on the quality of SV data being 
transmitted and whether the transmitter is in the UTC Coupled state.  The Precision or 
Non-Precision condition for reporting SV data is determined according to the criteria 
below: 


a. Precision condition is in effect when: 


1. The “NACP” value is “10” or “11,” or 


2. The “NIC” value is  “9,” “10” or “11” 


b. Otherwise, the Non-Precision condition is in effect. 


2.2.7.2.1 Requirements When in Non-Precision Condition and UTC Coupled 


When the UAT Transmitting Subsystem is in the Non-Precision Condition, and is UTC 
Coupled: 


a. At the time of the ADS-B Message transmission, position information that is encoded 
in the “LATITUDE” and “LONGITUDE” fields, and in the “ALTITUDE” field, 
when it conveys a Geometric Altitude, shall be applicable as of the start of the 
current 1 second UTC Epoch. 


b. All other updated ADS-B Message fields that are provided at the ADS-B equipment 
input interface at least 200 milliseconds prior to the time of a scheduled ADS-B 
Message transmission that involves those fields, shall be reflected in the transmitted 
message. 


Notes:   


1. Specifically, any extrapolation of position performed should be to the start of the 
1-second UTC Epoch and not the time of transmission. 


2. Velocity information cannot be extrapolated and may therefore have additional 
ADS-B imposed latency (generally no more than one extra second). 


2.2.7.2.2 Requirements When in Precision Condition and UTC Coupled 


When the UAT Transmitting Subsystem is in the Precision Condition, and is UTC 
Coupled: 







  85 


  © 2009, RTCA, Inc.  


Table 2-65: Selectivity Rejection Ratios 


Minimum Rejection Ratio 
(Undesired/Desired level in dB) Frequency Offset 


from Center Equipment Class A0, 
A1L, A1S, A1H, A2 


Equipment Class A3 


-1.0 MHz 10 30 


+1.0 MHz 15 40 


(±) 2.0 MHz 50 50 


(±) 10.0 MHz 60 60 


Note: This requirement establishes the receiver’s rejection of off channel energy. 


2.2.8.2.4 Receiver Tolerance to Pulsed Interference 


The receiver shall be capable of receiving messages in the presence of interference from 
on channel and off channel sources of pulsed interference, such as DME/TACAN and 
JTIDS/MIDS.  Informative Appendix G indicates, in Table G-2, the levels and pulse 
density of interference scenarios, against which UAT has been designed to operate 
effectively, as reported in Appendix K.  The UAT receiver must also be tolerant of pulsed 
interference from other L-Band systems operating and located on the aircraft.  These may 
include 1030 MHz ATCRBS/Mode S interrogation signals from on-board TCAS and 
1090 MHz ATCRBS/Mode S reply signals from on-board ATCRBS/Mode S 
Transponders. 


The UAT receiver may experience pulsed interference from DME/TACAN channels 
operating in the internationally allocated 978 MHz to 1215 MHz frequency range.  The 
receiver shall be tolerant to pulsed interference from DME/TACAN.  The receiver shall 
meet the reception probability dictated under the following conditions: 


a. For all equipment classes: 


The receiver shall be capable of achieving 99% reception probability of ADS-B 
Messages when the desired signal level is between –90 dBm and –10 dBm when 
subjected to DME/TACAN interference under the following conditions:  
DME/TACAN pulse pairs at a nominal rate of 3,600 pulse pairs per second at either 
12 or 30 microseconds pulse spacing at a level of –36 dBm for any 1 MHz channel 
frequency between 980 MHz and 1215 MHz inclusive. 


b. For the A0, A1L, A1S, A1H, and A2 equipment classes: 


1. The receiver shall be capable of achieving 90% reception probability of ADS-B 
Messages when the desired signal level is between –87 dBm and –10 dBm when 
subjected to DME/TACAN interference under the following conditions:  
DME/TACAN pulse pairs at a nominal rate of 3,600 pulse pairs per second at a 
12 microseconds pulse spacing at a level of –56 dBm and a frequency of 979 
MHz. 


 
2. The receiver shall be capable of achieving 90% reception probability of ADS-B 


Messages when the desired signal level is between –87 dBm and –10 dBm when 
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subjected to DME/TACAN interference under the following conditions:  
DME/TACAN pulse pairs at a nominal rate of 3,600 pulse pairs per second at a 
12 microseconds pulse spacing at a level of –70 dBm and a frequency of 978 
MHz. 


c. For the A3 equipment class: 


1. The receiver shall be capable of achieving 90% reception probability of ADS-B 
Messages when the desired signal level is between –87 dBm and –10 dBm when 
subjected to DME/TACAN interference under the following conditions:  
DME/TACAN pulse pairs at a nominal rate of 3,600 pulse pairs per second at a 
12 microseconds pulse spacing at a level of –43 dBm and a frequency of 979 
MHz. 


 
2. The receiver shall be capable of achieving 90% reception probability of ADS-B 


Messages when the desired signal level is between –87 dBm and –10 dBm when 
subjected to DME/TACAN interference under the following conditions:  
DME/TACAN pulse pairs at a nominal rate of 3,600 pulse pairs per second at a 
12 microseconds pulse spacing at a level of –79 dBm and a frequency of 978 
MHz. 


d. For all equipment classes, following a 21 microsecond pulse at a level of 0 dBm and 
at a frequency of 1090 MHz, the receiver shall return to within 3 dB of normal 
sensitivity level within 12 microseconds. 


Note: A receiver meeting the requirements of the above paragraphs will perform 
adequately in the presence of DME/TACAN, JTIDS/MIDS, and co-site 
interference as reported in Appendix K. 


2.2.8.2.5 Receiver Tolerance to Overlapping ADS-B Messages (Self Interference) 


A Successful Message Reception rate of 90% or better, for the stronger of two 
overlapping desired messages, shall result when the level of the stronger message is no 
weaker than -80 dBm and the stronger message is at least X dB above the weaker 
message, when the stronger message and weaker message are aligned in time. 


Where the value of X is: 


4 dB for Equipment Classes A0, A1L, A1S, A1H, and A2 


9 dB for Equipment Class A3 


Notes:  


1. The different values across equipment classes reflect the fact that Class A3 receivers 
will utilize a narrow filter that degrades demodulation performance slightly in order 
to gain added rejection from adjacent channel DME ground stations. 


2. Signal values ensure both the desired and undesired signal levels are above the noise 
floor. 


2.2.8.2.6 Rate of False “Trigger” 


a. With no signal input, the ADS-B Receiver shall experience no more than 50 ADS-B 
Message triggers per second. 
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b. With no signal input, the ADS-B Receiver shall experience no more than 2 Ground 
Uplink Message triggers per minute. 


Note: Detection of either the ADS-B or Ground Uplink synchronization sequence is 
referred to as a “trigger.” 


 


2.2.8.2.7 Trigger Processing Rate 


Receiver trigger processing rate requirements are as follows: 


a. Equipment Classes A3, A2 and A1H receivers shall be capable of successfully 
processing at least 1000 trigger events per second. 


b. Equipment Classes A1S, A1L and A0 receivers shall be capable of successfully 
processing at least 900 trigger events per second. 


 


2.2.8.3 Receiver Message Processing 


2.2.8.3.1 Criteria for Successful Message Reception 


2.2.8.3.1.1 ADS-B Messages 


Upon detection of the ADS-B synchronization sequence, the receiver shall decode the 
ADS-B Message according to the procedure specified below: 


a. The receiver shall attempt to decode the message in the Long format using hard 
decision decoding with no erasures allowed.  The decoder shall correct no more than 
7 errors.  If the RS decoder determines that there are no residual errors after 
completing the decoding process, then a Successful Message Reception shall be 
declared. 


b. Otherwise, the receiver shall attempt to decode the message in the Basic format using 
hard decision decoding with no erasures allowed.  The decoder shall correct no more 
than 6 errors.  If the RS decoder determines that there are no residual errors after 
completing the decoding process, AND the first 5 bits of the payload (the 
“PAYLOAD TYPE CODE” field) are ALL ZEROS, AND the Long decoding 
process fails, then a Successful Message Reception shall be declared. 


c. Otherwise, no message reception shall be declared. 


Notes: 


1. This procedure discriminates the Basic versus Long Message format by using the 
characteristics of the RS code without an explicit length indicator. 


2. To avoid misinterpreting the contents of Long Message reception declared to be 
successful, the receiver should discard any Message that has a “PAYLOAD TYPE 
CODE” field equal to ZERO.  See Appendix M for the probability of such an event 
occurring (the probability is less than 10-9). 


3. Appendix M provides the analytic determination of the Undetected Message Error 
Rate (UMER) achieved through use of the RS coding.  Due to the straightforward 
calculation of the UMER and the fact that the UMER is quite low, no explicit 
requirement/test is needed for a “False Message Reception Rate” test. 







92 


© 2009, RTCA, Inc. 


 


2.2.10.2 Capacity for Successful Message Reception 


Receiving subsystems shall demonstrate the ability to perform Successful Message 
Reception at the message input rates specified in Table 2-66. 


Table 2-66: Message-to-Completed Report Assembly Throughput Requirements 


Required Number of Input 
Messages 


Equipment 
Class of ADS-B 


Receiving 
Subsystem 


Measurement 
Interval  Ground 


Uplink 
Basic/Long 


ADS-B 


1 second 32 600 A0, A1L, A1S 10 milliseconds N/A 20 
1 second 32 700 A1H, A2, A3 


10 milliseconds N/A 20 


Note: A random mix of non-overlapping 20% Basic Messages and 80% Long Messages 
should be used in the assessment of this requirement. 


2.2.10.3 Applicable Messages 


Applicable Messages are defined as those requiring Report Assembly.  Successful 
Messages are deemed to be Applicable Messages according to the criteria below: 


a. For Successful Message Reception of ADS-B Messages of PAYLOAD TYPE ZERO 
(binary 0 0000) through TEN (binary 0 1010), one of the following two criteria shall 
apply: 


1. All Successful Message Receptions are Applicable Messages, OR 


2. All Successful Message Receptions are from targets within the “Range Limit” (in 
NM) for up to the “Target Limit” number of targets, where “Range Limit” and 
“Target Limit” are listed in Table 2-67 by equipment class.  If the “Target Limit” 
number of targets is exceeded within the “Range Limit,” such that ADS-B 
Messages are discarded, then all such discarded ADS-B Messages shall be at 
greater range than any reported ADS-B Messages. 


Table 2-67: Range Criteria for ADS-B Messages 


Equipment 
Class 


Range 
Limit 
(NM) 


Target 
Limit 


A0/A1S 15 250 
A1L 30 300 


A1H/A2 60 500 
A3 150 650 
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b. For Successful Message Reception of Ground Uplink Messages, one of the following 
two criteria shall apply: 


1. All Successful Message Receptions, OR 


2. Only those Successful Message Receptions from ground stations within the range 
criteria from Table 2-68. 


Table 2-68: Range Criteria for Ground Uplink Messages 


Equipment 
Class 


Minimum Number of 
Ground Uplink Reports 
Required (per second) 


A0/A1S 16 closest to ownship 
A1L 16 closest to ownship 


A1H/A2 16 closest to ownship 
A3 16 closest to ownship 


 


2.2.10.4 Message Reception-to-Report Completion Time 


All ADS-B Applicable Messages shall be output from the Report Assembly Function 
within 200 milliseconds of message input. 


All Ground Uplink Applicable Messages shall be output from the Report Assembly 
Function within 500 milliseconds of message input. 


2.2.11 Special Requirements for Transceiver Implementations 


2.2.11.1 Transmit-Receive Turnaround Time 


A transceiver shall be capable of switching from transmission to reception within 2 
milliseconds. 


Note:  Transmit to receive switching time is defined as the time between the optimum 
sampling point of the last information bit of one transmit message and the 
optimum sampling point of the first bit of the synchronization sequence of the 
subsequent receive message. 


2.2.11.2 Receive-Transmit Turnaround Time 


A transceiver shall be capable of switching from reception to transmission within 2 
milliseconds. 


Note:  Receive to transmit switching time is defined as the time between the optimum 
sampling point of the last information bit of one receive message and the 
optimum sampling point of the first bit of the synchronization sequence of the 
subsequent transmit message. 
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Table 2-96: Payload Type and Tx Antenna Selection versus Equipment Class 


Equipment 
Class  


A0, A1S,  
B0, B1S A1L, A1H, B1 A1H, B1 


(w/TS) A2 A3 


Time (sec) Antenna Bot Top Bot Top Bot Top Bot Top 
1 1  1  3  1  1 
2 0  0  6  4  4 
3 2 2  0  4  5  
4 0 0  6  4  4  
5 0  0  6  4  4 
6 1  1  3  1  1 
7 0 0  6  4  4  
8 2 2  0  4  5  
9 2  2  0  4  5 


10 0  0  6  4  4 
11 1 1  3  1  1  
12 0 0  6  4  4  
13 0  0  6  4  4 
14 2  2  0  4  5 
15 0 0  6  4  4  
16 1 1  3  1  1  


 


2.4.6.2 Verification of ADS-B Message Transmit Timing (§2.2.6.2) 


No specific test procedure is required to validate §2.2.6.2. 


2.4.6.2.1 Verification of The Message Start Opportunity (MSO) (§2.2.6.2.1) 


Purpose/Introduction: 


ADS-B Messages shall be transmitted at discrete Message Start Opportunities (MSO) 
chosen by a pseudo-random process.  The specific pseudo-random number (R) chosen by 
an aircraft depends on the aircraft’s current position and on the previously chosen random 
number R(m-1).  Let: 


N(0) = 12 L.S.B.’s of the most recent valid “LATITUDE” 
N(1) = 12 L.S.B.’s of the most recent valid “LONGITUDE” 
 
where the “LATITUDE” and “LONGITUDE” are as defined in §2.2.4.5.2.1. 


Using N(0) and N(1) the procedure below shall be employed to establish the transmission 
timing for the current UAT frame m. 


When m = 0, R(0) = N(0) mod 3200 
 


When m >= 1, R(m) = { 4001 R(m-1)  + N(m mod 2) } mod 3200 


1. When in the first frame after power up, and whenever the Vertical Status is 
determined to be in the AIRBORNE condition, the transmitter shall be in the full 
MSO range mode, where the MSO is determined as follows: 


MSO = 752 + R(m) 
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Table 2-98: UAT ADS-B Transmitter Input Requirements 


Applicable UAT Equipment Class 
E


le
m


en
t #


 
Input Data Element Relevant 


Paragraph 


Data 
Lifetime 
(seconds) A0, 


B0 


A1L 
A1S 
B1S 


A1H, 
B1 A2 A3 B2 B3 


1 ICAO 24-bit Address 2.4.4.5.1.3.1 n/a M M M M M M(1) M(1) 


2 Address Selection (ICAO vs 
Temporary) 


2.4.4.5.1.3.1 
2.4.4.5.1.3.2 60 Input required only if installation is to have selectable 


address 
3 Latitude (2) 2.4.4.5.2.1 2 M M M M M M M 
4 Longitude (2) 2.4.4.5.2.1 2 M M M M M M M 


5 Altitude Type Selection 
(Barometric vs Geometric) 2.4.4.5.2.2 60 O O O O O n/a M 


6 Barometric Pressure Altitude 2.4.4.5.2.3 2 M M M M M n/a n/a 
7 Geometric Altitude 2.4.4.5.2.3 2 M M M M M n/a M 
8 NIC 2.4.4.5.2.4 2 M M M M M M M 


9 Automatic AIRBORNE / ON-
GROUND Indication 2.4.4.5.2.5 2 O O M M M n/a n/a 


10 North Velocity (2) 2.4.4.5.2.6.1 2 M M M M M M M 
11 East Velocity (2) 2.4.4.5.2.6.3 2 M M M M M M M 
12 Ground Speed 2.4.4.5.2.6.2 2 O O M M M O n/a 
13 Track Angle 2.4.4.5.2.6.4 2 O O M M M n/a n/a 
14 Heading 2.4.4.5.2.6.4 2 O O M M M n/a n/a 


15 Barometric Vertical Rate 2.4.4.5.2.7.1.1 
2.4.4.5.2.7.1.3 2 M M M M M n/a n/a 


16 Geometric Vertical Rate (2) 2.4.4.5.2.7.1.1 
2.4.4.5.2.7.1.3 2 O O O O O n/a n/a 


17 A/V Length and Width, and POA 2.4.4.5.2.7.2 n/a M M M M M M M 
18 UTC 1 PPS Timing (2) 2.4.4.5.2.8 2 M M M M M M M 
19 Emitter Category 2.4.4.5.4.1 n/a M M M M M M M 
20 Call Sign 2.4.4.5.4.2 60 M M M M M O O 


21 Emergency / Priority Status 
Selection 2.4.4.5.4.4 60 M M M M M O n/a 


22 SIL 2.4.4.5.4.6 60 M M M M M M M 
23 NACP 


(2) 2.4.4.5.4.9 2 M M M M M M M 
24 NACV 


(2) 2.4.4.5.4.10 2 M M M M M n/a n/a 


25 NICBARO 2.4.4.5.4.11 2 
Can be 
internally 
“hard coded” 


M M M n/a n/a 


26 CDTI Traffic Display Capability 2.4.4.5.4.12.1 60 M M M M M n/a n/a 
27 TCAS Installed and Operational 2.2.4.5.4.12.2 60 M M M M M n/a n/a 


28 TCAS/ACAS Resolution Advisory 
Flag 2.4.4.5.4.13.1 18 


Required only if ADS-B Transmitting Subsystem is 
intended for installation with TCAS/ACAS; otherwise 
can be “hard coded” 


29 IDENT Selection 2.4.4.5.4.13.2 60 M M M M M M n/a 
30 “Receiving ATC Services” Flag 2.4.4.5.4.13.3 60 M M M M M M n/a 
31 “True/Magnetic Indicator” Flag 2.4.4.5.4.14 60 n/a n/a O M M M n/a 
32 Heading / Track Indicator 2.4.4.5.6.1.1 60 n/a n/a O M M n/a n/a 


33 Target Source Indicator 
(Horizontal) 2.4.4.5.6.1.2 60 n/a n/a O M M n/a n/a 


34 Horizontal Mode Indicator 
(Horizontal) 2.4.4.5.6.1.3 60 n/a n/a O M M n/a n/a 


35 Target Heading or Track Angle 2.4.4.5.6.1.5 60 n/a n/a O M M n/a n/a 
36 Target Altitude Type  2.4.4.5.6.2.1 60 n/a n/a O M M n/a n/a 
37 Target Source Indicator (Vertical) 2.4.4.5.6.2.2 60 n/a n/a O M M n/a n/a 
38 Mode Indicator (Vertical) 2.4.4.5.6.2.3 60 n/a n/a O M M n/a n/a 
39 Target Altitude Capability 2.4.4.5.6.2.4 60 n/a n/a O M M n/a n/a 
40 Target Altitude 2.4.4.5.6.2.5 60 n/a n/a O M M n/a n/a 
41 Radio Altitude 2.4.4.5.2.5.1 2 O O O O O n/a n/a 
42 Pressure Altitude Disable 2.4.4.5.2.2 n/a M M M M M n/a n/a 
43 Airspeed 2.4.4.5.2.5.1 2 O O O O O n/a n/a 
44 Flight Plan ID 2.4.4.5.4.2 60 M M M M M n/a n/a 


O = Optional M = Mandatory (the equipment must have the ability to accept the data 
element) 


Notes: (1) Non-Aircraft Identifier may be assigned by Regulatory Authority. 
(2) If input is not directly accessible, a means to verify the encoding must be 
demonstrated. 
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Table 2-101: Selectivity Rejection Ratios 


Continuous Wave Interference Level 
(dBm) Center Frequency 


Offset, f0 Equipment Class 
A0, A1L, A1S 


A1H, A2 
Equipment Class  


A3 


Vector Signal 
Analyzer Range 


-1.0 MHz -83 -63 -50 dBm 
+1.0 MHz -78 -53 -45 dBm 
±2.0 MHz -43 -43 -35 dBm 


±10.0 MHz -33 -33 -25 dBm 
 


2.4.8.2.4 Verification of Receiver Tolerance to Pulsed Interference (§2.2.8.2.4) 


Purpose/Introduction: 


The receiver shall be capable of receiving messages in the presence of interference from 
on channel and off channel sources of pulsed interference, such as DME/TACAN and 
JTIDS/MIDS.  Informative Appendix G indicates, in Table G-2, the levels and pulse 
density of interference scenarios, against which UAT has been designed to operate 
effectively, as reported in Appendix K.  The UAT receiver must also be tolerant of pulsed 
interference from other L-Band systems operating and located on the aircraft.  These may 
include 1030 MHz ATCRBS/Mode S interrogation signals from on-board TCAS and 
1090 MHz ATCRBS/Mode S reply signals from on-board ATCRBS/Mode S 
Transponders. 


The UAT receiver may experience pulsed interference from DME/TACAN channels 
operating in the internationally allocated 978 MHz to 1215 MHz frequency range.  The 
receiver shall be tolerant to pulsed interference from DME/TACAN.  The receiver shall 
meet the reception probability dictated under the following conditions: 


a. For all equipment classes: 


The receiver shall be capable of achieving 99% reception probability of ADS-B 
Messages when the desired signal level is between –90 dBm and –10 dBm when 
subjected to DME/TACAN interference under the following conditions:  
DME/TACAN pulse pairs at a nominal rate of 3,600 pulse pairs per second at either 
12 or 30 microseconds pulse spacing at a level of –36 dBm for any 1 MHz channel 
frequency between 980 MHz and 1215 MHz inclusive. 


b. For the A0, A1L, A1S, A1H, and A2 equipment classes: 


1. The receiver shall be capable of achieving 90% reception probability of ADS-B 
Messages when the desired signal level is between –87 dBm and –10 dBm when 
subjected to DME/TACAN interference under the following conditions:  
DME/TACAN pulse pairs at a nominal rate of 3,600 pulse pairs per second at a 
12 microseconds pulse spacing at a level of –56 dBm and a frequency of 979 
MHz. 


 
2. The receiver shall be capable of achieving 90% reception probability of ADS-B 


Messages when the desired signal level is between –87 dBm and –10 dBm when 
subjected to DME/TACAN interference under the following conditions:  
DME/TACAN pulse pairs at a nominal rate of 3,600 pulse pairs per second at a 
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2.4.8.2.5 Verification of Receiver Tolerance to Overlapping ADS-B Messages (Self 
Interference) (§2.2.8.2.5) 


Purpose/Introduction: 


A Successful Message Reception rate of 90% or better, for the stronger of two 
overlapping desired messages, shall result when the level of the stronger message is no 
weaker than -80 dBm and the stronger message is at least X dB above the weaker 
message, when the stronger message and weaker message are aligned in time. 


Where the value of X is: 


4 dB for Equipment Classes A0, A1L, A1S, A1H, and A2 


9 dB for Equipment Class A3 


Notes:  


1. The different values across equipment classes reflect the fact that Class A3 receivers 
will utilize a narrow filter that degrades demodulation performance slightly in order 
to gain added rejection from adjacent channel DME ground stations. 


2. Signal values ensure both the desired and undesired signal levels are above the noise 
floor. 


This test verifies the compliance of the UAT receiver with the requirements for reception 
of overlapping Long ADS-B Messages. 


Equipment Required: 


Desired Message Signals: 


Provide a method of supplying the UUT with two sources of desired Long ADS-B 
Messages that are aligned in time to within 5 microseconds, with the following 
characteristics: 


 Message Source 1 


• RF Power Level:  -80 dBm 
Message Contents:  
• Payload Type Code = 1  
• Address Qualifier = 0 
• ICAO address: 0x000001 
• Fill remaining payload with pseudo-random payload data, and valid FEC Parity 


field per §2.2.3.1.3. 
• Message Rate: 100 per second 


 Message Source 2 


• RF Power Level: -68 dBm 
Message Contents:  
• Payload Type Code = 1  
• Address Qualifier = 0 
• ICAO address: 0x000002 
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Measurement Procedure: 


This test procedure requires monitoring the trigger signal from the receiver.  This is an 
output that occurs upon detection of the synchronization sequence of an input message.  
Separate outputs are required for the synchronization trigger resulting from an ADS-B 
Basic or Long Message synchronization sequences and Ground Uplink Message 
synchronization sequences. 


Step 1: ADS-B Message Trigger Rate Verification 


Disconnect all connections to the receiver antenna port of the ADS-B 
Receiving System.  If diversity receiving is implemented, disconnect all inputs 
to both antenna ports.  For an interval of 5 minutes, count the number of ADS-
B Message Triggers.  Verify that the rate is 50 per second or less. 


Step 2: Ground Uplink Message Trigger Rate Verification 


Disconnect all connections to the receiver antenna port of the ADS-B 
Receiving System.  If diversity receiving is implemented, disconnect all inputs 
to both antenna ports.  For an interval of 10 minutes, count the number of 
Ground Uplink Message Triggers.  Verify that the rate is 2 per minute or less. 


 


2.4.8.2.7 Verification of Trigger Processing Rate (§2.2.8.2.7) 


Purpose/Introduction: 


Receiver trigger processing rate requirements are as follows: 


a. Equipment Classes A3, A2 and A1H receivers shall be capable of successfully 
processing at least 1000 trigger events per second. 


b. Equipment Classes A1S, A1L and A0 receivers shall be capable of successfully 
processing at least 900 trigger events per second. 


Desired Message Signals: 


Provide a method of supplying the UUT with two sources of desired Long ADS-B 
Messages.  Each signal source generates messages according to a periodic schedule based 
on a 28 MSO period for Equipment Classes A3, A2 and A1H and a 24 MSO period for 
Equipment Classes A1S, A1L and A0.  For each Equipment Class the period must be 
repeated exactly 101 times each second.  The contents of the messages are as follows: 


Message Contents for All Message Sources: 


• Payload Type Code = 1 


• Address Qualifier = 0 


• ICAO Address = see below 


• Payload is filled with pseudorandom data.  The pseudorandom generator should 
have a long enough period so that no data is repeated during the course of this 
test. 
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Note: It is acceptable to employ a limited set of “canned” messages based on 
pseudorandom number generator.  The number of stored messages 
should be somewhat larger than the number of messages required for a 
second’s worth of testing.  If the number of each type of stored message 
is prime with respect to the number of messages needed each second, the 
overlap between two sources will be randomized on a second-by second 
basis. 


• Valid FEC Parity is provided. 


 


Transmission Schedule and Power Level for Each Message Source: 


For Equipment Classes A3, A2 and A1H 


Table 2-102: Tx Schedule and Power Level for A3, A2 and A1H Message Sources 


Message Source 
Transmission Schedule


(MSO within each 
28 MSO period) 


ICAO Address Power Level 
(dBm) 


1 0, 4, 8, 12, 16, 20, 24 0x000001 - 80 
2 5, 13, 21 0x000002 - 65 


 


For Equipment Classes A1S, A1L and A0 


Table 2-103: Tx Schedule and Power Level for A1S, A1L and A0 Message Sources 


Message Source 
Transmission Schedule


(MSO within each 
28 MSO period) 


ICAO Address Power Level 
(dBm) 


1 0, 4, 8, 12, 16, 20 0x000001 - 80 
2 5, 13, 21 0x000002 - 65 


 


Measurement Procedure: 


In each case the beginning of the first transmission period is MSO = 752.  (This causes 
all the ADS-B Messages to fall within the ADS-B segment of each second.) 


For Equipment Classes A3, A2 and A1H verify that the UUT reports reception of at least 
400 messages with ICAO address 0x000001 and at least 300 messages with ICAO 
address 0x000002 per second. 


For Equipment Classes A1S, A1L and A0 verify that the UUT reports reception of at 
least 300 messages with ICAO address 0x000001 and at least 300 messages with ICAO 
address 0x000002 per second. 


 


2.4.8.3 Verification of Receiver Message Processing (§2.2.8.3) 


No specific test procedure is required to validate §2.2.8.3. 
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2.4.10 Verification of Receiver Subsystem Capacity and Throughput Requirements 
(§2.2.10) 


Appropriate test procedures required to validate the requirements in §2.2.10 are included 
in §2.4.10.2, §2.4.10.3 and §2.4.10.4. 


2.4.10.1 Verification of Fundamental Principals of Report Assembly (§2.2.10.1) 


No specific test procedure is required to validate §2.2.10.1. 


2.4.10.2 Verification of Capacity for Successful Message Reception (§2.2.10.2) 


Purpose/Introduction: 


Receiving subsystems shall demonstrate the ability to perform Successful Message 
Reception at the message input rates specified in Table 2-66. 


Equipment Required:  


Provide a means to generate an RF test signal consisting of the appropriate number and 
proportion of unique, valid Long and Basic ADS-B Messages, and Ground Uplink 
Messages, for the equipment class, with the following characteristics: 


a. Number of messages: 


The messages consist of 32 Ground Uplink Messages per second, and either 600 
ADS-B Messages per second (for equipment classes A0, A1S and A1L), or 700 
ADS-B Messages per second (for equipment classes A1H, A2, and A3). 


b. Proportion of ADS-B Messages: 


The ADS-B Messages should be proportioned such that 80% are Long messages 
(approximately 10% each for Payload Type Codes 1 through 6, and 5% each for 
Payload Type Codes 7 through 10), and 20% are Basic messages (Payload Type 
Code 0). 


c. Message Spacing: 


One Uplink message is placed in each Uplink time slot. 


During each 1-second interval, 20 of the ADS-B Messages should be uniformly 
spaced without overlap over a 10 millisecond “peak” interval.  The remaining portion 
of the ADS-B Messages should be uniformly spaced over the remainder of the ADS-
B Segment of each second.  The start time of the peak interval in the first second of 
the test is 200 milliseconds after the UTC time mark signal.  In each subsequent 
second, the start time of the peak interval is delayed by an additional 100 
milliseconds.  The start time of the peak interval is reset to 200 milliseconds after 
every 8th second. 


Measurement Procedures:  


The equipment under test must provide a means to confirm the reception of each of the 
messages contained in the RF test signal.  Suitable means could include the delivery of 
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responsible for resolving incompatibilities between the ADS-B equipment and 
previously installed equipment in the aircraft. 


3.1.11 Mutual Suppression 


UAT ADS-B equipment shall interface to the mutual suppression bus.  The UAT shall 
drive the mutual suppression bus during UAT transmissions so that other L Band systems 
installed in the aircraft can desensitize their receivers during UAT transmissions.  
Installations with ATCRBS or Mode S transponders shall insure that the transponder is 
connected to the mutual suppression bus to prevent unsolicited replies from being 
generated by the transponder during UAT transmissions.  UAT equipment shall not 
receive from the mutual suppression bus. 


3.2 Installed Equipment Performance Requirements 


The installed equipment shall meet the requirements of §2.1 and §2.2 in addition to, or as 
modified by, the requirements stated below. 


3.2.1 Antenna Installation 


3.2.1.1 General Considerations 


Antenna gain and pattern characteristics are major contributors to the system data link 
performance.  The location and number of antennas required for aircraft ADS-B systems 
is determined by the equipage class.  Classes A1L, A1H, A2, and A3 require antenna 
diversity and must have transmit and receiving capability on both the top and bottom of 
the aircraft.  Exceptions may be made for installations on radio-transparent airframes.  
Class A0 and A1S installations do not require antenna diversity.  Compliance of the 
installed antennas with the requirements of §2.1.11 may be demonstrated by analysis. 


If the ADS-B Transceiver shares antennas with a Mode S or ATCRBS transponder, the 
antennas shall additionally comply with the requirements of the applicable transponder 
standards (currently for Mode S – RTCA Document Number DO-181C, and for 
ATCRBS, TSO-C74C), and the Diplexer shall comply with the requirements of §2.2.14.3 
of this document.  


3.2.1.2 Transmission Lines 


Transmission lines between the equipment and the antennas shall have impedance, power 
handling, and loss characteristics in accordance with the equipment manufacturer’s 
specifications.  The VSWR at 978 MHz, as seen through the transmission lines to the 
antenna(s), shall not exceed 1.7:1. 


All minimum installed system performance requirements stated in §2.2, must be met with 
the transmission line installed.  Test results provided by the equipment manufacturer may 
be accepted in lieu of tests performed by the equipment installer. 


3.2.1.3 Antenna Polarization 


The ADS-B Transmit and Receive antennas shall be predominantly vertically polarized. 
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3.2.1.4 Antenna Location 


Antennas shall be mounted as near as practical to the centerline of the fuselage.  
Antennas shall be located to minimize obstruction to their fields in the horizontal plane.  
Antenna locations should be selected such that, with the aircraft configured in a level-
flight attitude, at least one antenna should be visible at all times over the full range of 360 
degrees of azimuth, to the fullest extent possible.  Viewing distance for this action should 
be appropriate for the airframe, and clear of all aircraft extremities, such as twice the 
wingspan. 


Note: The potential of UAT sharing existing transponder antennas is discussed in 
Appendix E of this document.  Further validation of this potential is required. 


3.2.1.5 Minimum Distance from Other Antennas 


The spacing between any ADS-B antenna and any DME antenna shall be sufficient to 
provide a minimum of 20dB of isolation between the two antennas. 


Note: If both antennas are conventional omni-directional matched quarter-wave stubs, 
20 dB of isolation is obtained by providing a spacing of at least 51 cm (20 in.) 
between the centers of the two antennas.  If either antenna is other than a 
conventional stub, the minimum spacing must be determined by measurement.  


3.2.1.6 Minimum Reception Range 


Antenna(s) shall be located such that a receiving system reliably receives data from the 
transmitting aircraft at the minimum range appropriate to the equipage category, as stated 
in Table 3-1.  If a traffic display is installed, reliable data reception is indicated by traffic 
target acquisition range and smooth movement of traffic targets, without excessive “pop-
up,” “drop-out,” or position “jumps.” 


Note: Typical ADS-B antennas have areas of reduced gain, directly above or below the 
antenna, such that signals from transmitters in these areas are substantially 
reduced.  Reliable data reception from these areas is not required. 


Table 3-1: Minimum Ranges for Receiving Capability 


Equipage 
Class Type 


Required 
Range (NM) 


A0 Minimum 10 
A1L, A1S, 


A1H Basic 20 


A2 Enhanced 40 


A3 Extended 90  
(120 desired) 


Note: The range values shown in Table 3-1 correspond to encounters between like-
equipped aircraft.  See RTCA DO-242A Table 3-2(b) for range values between 
other combinations of equipment classes.  The Class A3 required range is for 
head-to-head encounters.  A3 equipment is allowed to have reduced range at 
other encounter angles.  See RTCA DO-242A Table 3-2(a) for allowed range 
reductions. 
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Sexp = power density of exposure (mW/cm2) 
Slimit = appropriate power density MPE limit (mW/cm2) 
texp = allowable time of exposure for Sexp 
tavg = appropriate MPE averaging time 
Taking into the consideration that the ADS-B Transmitting Subsystem will 
never exceed a transmitting duty cycle of .05% (one message per second, which 
does not exceed 500 microseconds duration), the allowable time of exposure is 
computed from the above equation as follows: 
 
(0.221 mW/cm2)*X*(0.0005) = (978/300 mw/cm2)(6 minutes) 


X  = (978/300 mw/cm2)(6 minutes) 
  (0.221 mW/cm2)(0.0005) 


X = 177 x 103 minutes 


 or  


X = 2,950 hours 


   These calculations have demonstrated that the expected power density of the 
ADS-B Transmitting Subsystem at 3 meters is well within the allowable MPE. 


Step 2: Measure the Output Power of the ADS-B Transmitting Subsystem 


On the Aircraft (or other applicable installation), disconnect the ADS-B 
Transmitting Subsystem to Antenna connection at the ADS-B Transmitting 
Subsystem unit connector. 


Using appropriate attenuators, connectors, and coaxial cable of known 
attenuation of 3 dB and impedance of 50 ohms, connect the Spectrum Analyzer 
to the ADS-B Transmitting Subsystem. 


Note:  The use of attenuators is strongly recommended such that the RF 
receiver front end of the Spectrum Analyzer is not destroyed.   


Configure the ADS-B Transmitting Subsystem to transmit ADS-B Surface 
Position Messages. 


Using the Spectrum Analyzer set at a center frequency of 978 MHz, capture the 
power envelope of ADS-B Message transmission. 


Verify that the frequency is at 978 MHz ±20 PPM. 


For Class A0 and A1L equipment, verify that the output power is at least 7 
watts (i.e., +38.5 dBm).  Log the measurement as P_out. 


For Class A1S, A1H and A2 equipment, verify that the output power is at least 
15.8 watts (i.e., +42.0 dBm).  Log the measurement as P_out. 


For Class A3 equipment, verify that the output power is at least 100 watts (i.e., 
+50.0 dBm).  Log the measurement as P_out. 


Step 3: Re-connect Aircraft Installation 


Disconnect the Spectrum Analyzer from the ADS-B Transmitting Subsystem. 
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Restore the normal aircraft (or other) installation connection of the ADS-B 
Transmitting Subsystem antenna to the ADS-B Transmitting Subsystem. 


Step 4: Establish Measurement Reference #1 


Refer to Figure 3-1. 


Using an appropriate strong nylon string or similar, secure the string to the 
Calibrated Sensing Antenna and to the Aircraft Antenna under test such that the 
two antenna are exactly 3 meters apart along the reference line shown in Figure 
3-1.  Make sure that the two antennas are at the same height from a relatively 
level surface.  Note this position of the Calibrated Sensing Antenna as the 
baseline position. 


Then, move the Calibrated Sensing Antenna to a point that is 5 degrees above 
the baseline position while maintaining the Calibrated Sensing Antenna 
perpendicular to the string with the string being tight but not stretched.  Note 
this position as the #1 Reference Position. 


Configure the ADS-B Transmitting Subsystem to transmit ADS-B Surface 
Position Messages. 


Using the Spectrum Analyzer set at a center frequency of 978 MHz, capture the 
power envelope of an ADS-B Message transmission.  Measure and note the 
power. 


For Class A0 and A1L equipment, verify that the output power is at least 7 
watts (i.e., +38.5 dBm).  Log the measurement as ERP_dBm. 


For Class A1S, A1H and A2 equipment, verify that the output power is at least 
15.8 watts (i.e., +42.0 dBm).  Log the measurement as ERP_dBm. 


For Class A3 equipment, verify that the output power is at least 100 watts (i.e., 
+50.0 dBm).  Log the measurement as ERP_dBm. 


Step 5: Circular Measurements 


Keeping the Calibrated Sensing Antenna at 5 degrees above the baseline 
position as specified in Step 4, move the Calibrated Sensing Antenna in the 
horizontal plane in approximately 45 degree steps such that new positions are 
established at approximately 45, 90, 135, 180, 225, 270, and 315 degrees 
relative to #1 Reference Position. 


At each new position, repeat the power measurement taken in Step 4 and log 
the results in dBw. 


Verify that the maximum deviation between any two measurements taken in 
Step 4 and this Step does not exceed 1 dBw. 


Step 6: Establish new reference #2 


Repeat Step 4 with the Calibrated Sensing Antenna moved to a position that is 
15 degrees above the baseline position.  Note this position as the #2 Reference 
Position. 
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Figure 3-2: Antenna Test Configuration 


Measurement Procedure: 


Note:  Figure 3-2, above, is exactly the same as Figure 3-1 provided in §3.4.1.7.3 with 
the exception that: 


a.  The ADS-B Transmitter in Figure 3-1 has been replaced with an ADS-B 
Receiver and an ADS-B Test Transmitter that is to be patched in for this 
test procedure. 


b.  The Transmitting Antenna under Test in Figure 3-1 has been replaced with 
a Receiving Antenna under Test. 


Step 1: Install ADS-B Transmission Capability 


On the Aircraft (or other applicable installation), disconnect the ADS-B 
Receiving Subsystem to Antenna connection at the ADS-B Receiving 
Subsystem unit connector. 


For Class A0 and A1L Receiver installations, install an ADS-B Test 
Transmitting device having a minimum RF power of at least 7 watts (i.e., +38.5 
dBm) plus 3 dB.  If additional cabling or connectors are required to make the 
connection, then the added attenuation must be accounted for when applying 
the equations given in §3.4.1.7.3 in this procedure. 


For Class A1S, A1H and A2 Receiver installations, install an ADS-B Test 
Transmitting device having a minimum RF power of at least 15.8 watts (i.e., 
+42.0 dBm) plus 3 dB.  If additional cabling or connectors are required to make 










_1308645445.pdf


1090-WP28-22R1  Page 1 of 5 


1090-WP28-22 R1ev 3 
16 – 19 June 2009 


 
  
 
 
 
 
 


RTCA SC-186 WG3 
 


EUROCAE, Paris France 
 


 16 June to 19 June 2009 
 


 
 
 


ADS-B Fail Indication 


Revision 1 of WP28-22 


 


 


 


(Prepared by: Don Walker, Honeywell) 


 
 
 


Summary 
 
The requirement for an ADS-B Fail indication needs to be clarified. This proposal separates an 
ADS-B Device Failure from an ADS-B Function Failure. This proposal defines exactly what 
functional criteria should be evaluated to assert the ADS-B Device and Function Fail signals. 
 
This is revision 3 of this document. It captures the consensus from a telecon on the criteria 
defining ADS-B Function Fail. 
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1. Introduction 
There is currently some confusion surrounding the ADS-B Fail indication in DO-260A, 
particularly with regard to the existing transponder fail indication. The requirement for an ADS-
B Fail indication needs to be clarified. This proposal separates an ADS-B Device Failure from an 
ADS-B Function Failure. This proposal defines exactly what functional criteria should be 
evaluated to assert the ADS-B Device and Function Fail signals. 
 
If accepted these requirements changes will drive changes in the corresponding test paragraphs. 
Honeywell will provide those text changes to the committee as needed. 
 
2. Discussion 
 
A telecon was held on May 27th to get consensus on the definition of ADS-B Function Fail. This 
telecon was attended by representatives from Eurocontrol, EASA, FAA, Boeing, Garmin, 
Rockwell Collins, and Honeywell.  
 
There continued to be an even split about the need for a separate indication for ADS-B Fail vs. 
Device Fail. Therefore the compromise is for the language to recommend that the indication be 
separate, but allow for a single indication. FAA added a note to clarify that the transponder is not 
to indicate a failure to TCAS due to an ADS-B Function Fail even when a single indication is 
implemented. 
 
There was nearly unanimous support for a definition of ADS-B Function fail based on losing all 
valid latitude and longitude data. Eurocontrol expressed concern that on large aircraft with non-
GPS backup sources, the ADS-B Function Fail indication would not be lit when position quality 
is being transmitted that can not support separation services. This was agreed to be a true 
statement. However, there was little support from the group on definition that included 
differentiating sources that can support separation services and those that can not. 
 
The following text is the existing text with the recommended changes included. You can use the 
MS Word View Markup feature to see the change bars and added/deleted text. The gist of the 
changes is to separate an ADS-B Device Failure from an ADS-B Transmit Function Failure and 
define the conditions for asserting those signals. 
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DO-181D Existing Text with Suggested Changes Shown (use MS Word View Markup) 
 
2.2.10.2 Squitter Monitor 


A squitter monitor shall be provided to verify that the Mode S transponder generates short 
and Extended Squitters correctly (e.g. low power, corrupt data) and at their nominal rates (see 
2.2.18.2.6 and 2.2.23.1). Event Driven Squitter rates are not required to be monitored to meet 
this requirement. The transponder shall be considered failed when the monitor has detected 
squitter failure. 


 
DO-260A Existing Text with Suggested Changes Shown (use MS Word View Markup) 
 
2.2.11  Self Test and Monitors 
 
2.2.11.1  Self Test 


If a self-test feature or monitor is provided as part of the equipment: 
a.  The device which radiates test ADS-B Messages or prevents messages from being 


broadcast during the test period shall be limited to no longer than that required to 
determine the status of the system. 


b.  The self-test message signal level at the antenna end of the transmission line shall not 
exceed -40 dBm. 


c.  If provision is made for automatic periodic self-test procedure, such self-testing shall not 
radiate ADS-B Messages at an average rate exceeding one broadcast every ten seconds. 


 
2.2.11.2  Broadcast Monitoring 
 
2.2.11.2.1  Transponder Based Equipment 


If the ADS-B Transmitting Subsystem is implemented as a non-broadcast only equipment 
installationas part of a Mode S Transponder,  the squitter monitor required by DO-181D 
2.2.10.2 is sufficient to ensure proper operation of the transmit chain. If the squitter monitor 
indicates a failure, the device failure indication shall be asserted.n a squitter monitor shall be 
provided to verify that DF=17 transmissions 
are generated at the rates specified in §2.2.3.3 through §2.2.3.3.2.10. If any of the DF=17 
message types for which the equipment is certified is not transmitted at the specified 
rates, then the equipment shall be considered as failed and the appropriate “Fail/Warn” 
indicators shall be set to the “Fail/Warn” state. 
 


2.2.11.2.2  Non-Transponder Based Equipment 
If the ADS-B Transmitting Subsystem is a broadcast only device, then a monitor shall be 
provided to verify that DF=18 transmissions are generated at the applicable rates specified in 
§2.2.3.3 through §2.2.3.3.2.101.3. Event Driven Squitter rates are not required to be 
monitored to meet this requirement. If the DF=18 transmissions cannot be transmitted 
properlyIf any of the DF=18 message types for which the device is certified is not transmitted 
at the specified rates, the device failure indication shall be asserted (see §2.2.2.11.5.1).. then 
the broadcast only device shall be considered as failed and the appropriate “Fail/Warn” 
indicators shall be set to the Fail/Warn” state. 


 
2.2.11.3  Address Verification 
 
2.2.11.3.1  Transponder-Based Equipment 


Transponder implemented ADS-B Transmitting Subsystems shall declare a device failure 
in the event that it’s own ICAO 24-bit Address (i.e., the Mode-S Address) is set to all 
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“ZEROs” or all “ONEs.” 
 


2.2.11.3.2  Non-Transponder-Based Equipment 
Non-transponder implemented ADS-B Transmitting Subsystems shall declare a device 
failure in the event that it’s own ICAO 24-bit Address is set to all “ZEROs” or all 
“ONEs.” 


 
2.2.11.4  Receiver Self Test Capability 


ADS-B Receiving Devices shall be designed to provide sufficient self-test capability to 
detect a loss of capability to receive ADS-B Messages, structure appropriate ADS-B 
reports, and make such reports available to the intended user interface. Should the 
receiving device detect that these basic functions cannot be performed properly, then the 
receiving deviceunit shall declare a device failure.  Loss of data on external interfaces 
should not cause the Receiver Device Failure to be asserted.be considered as failed and the 
appropriate “Fail/Warn” indicators 
shall be set to the “Fail/Warn” state. 
 


2.2.11.5  Device Failure Annunciation 
 
2.2.11.5.1  ADS-B Transmission Device Failure Annunciation 


An output shall be provided to indicate the validity/non-validity of the ADS-B Transmitting 
Subsystem hardware. Failure to correctly transmitgenerate ADS-B Messages  at a nominal 
rate, a failure detected by self-test,  or the broadcast monitoring function, or failure of the 
address verification shall cause the output to assume the invalidassert the FAIL state. 
Momentary power interrupts shall not cause the output to assume the invalidassert the FAIL 
state. Loss of data on external interfaces should not cause the Transmit Device Failure to be 
asserted. The status of the ADS-B Transmitting Subsystem shall be enunciated to the flight 
crew where applicable.  When the ADS-B Transmit Subsystem is integrated with a Mode S 
Transponder, the Transponder Fail signal may be used to indicate ADS-B Transmission 
Device Failure (refer to DO-181D 2.2.10.4). 
 


2.2.11.5.2  ADS-B Receiving Device Failure Annunciation 
An output shall be provided to indicate the validity/non-validity of the ADS-B receiving 
device. Failure to accept ADS-B Messages, structure appropriate ADS-B reports, make such  
reports available to the intended user interface, or failure detected by self-test or monitoring 
functions shall cause the output to assume the invalid state. Loss of data on external 
interfaces should not cause the Receiver Device Failure to be asserted. Momentary power 
interrupts shall not cause the output to assume the invalid state. The status of the ADS-B 
receiving device shall be enunciated to the flight crew where applicable. 


 
2.2.11.5.3  Co-Located ADS-B Transmission and Receiving Device Failure Annunciation 


In installations where the ADS-B transmission and receiving functions are implemented in a 
common unit, it shall be permissible to use a singe Fail/Warn output that is used in common 
to satisfy the requirements of §2.2.11.5.1 and §2.2.11.5.2. Otherwise, the Fail/Warn 
mechanisms for the ADS-B transmission function and the ADS-B Receiving Subsystem shall 
be independent. 
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2.2.11.6 ADS-B Function Fail Annunciation 
 


The ADS-B transmit and receive subsystems depend on a position source to provide the data 
to populate the ADS-B messages and reports. These sources or interconnects between them 
and the ADS-B device may fail and prevent the system from transmitting ADS-B messages 
or reports.  In this case, the ADS-B transmit/receive subsystem cannot function, but there is 
not a failure of the ADS-B device itself.  It is desirable to indicate that the ADS-B function is 
failed independently of the ADS-B Device Failure Annunciation.   
 
If the latitude or longitude is invalid, the ADS-B Function Fail Annunciation shall be 
asserted. The status of the ADS-B Function shall be indicated to the flight crew. 
 
If the conditions of setting TYPE Code equal ZERO, as per §2.2.3.2.3.1.3.2 are met, then the 
ADS-B Function Fail Annunciation shall be asserted.  The status of the ADS-B Function 
shall be indicated to the flight crew.   
 


 
Note:   Although it is desirable to have an independent ADS-B Function Fail 


annunciation, some legacy airplanes may have to share the ADS-B 
Device Failure annunciation to also indicate when an  ADS-B Function 
Fail has occurred.  In the case where the ADS-B Transmit Subsystem is 
also integrated with a Mode S Transponder (§2.2.11.5.1), caution should be 
taken to ensure that the ADS-B Function Fail is not interpreted as a Mode S 
Transponder Device Failure that could generate a subsequent TCAS Fail 
annunciation.   


 
 
3. Recommendations 
 
WG3 is requested to consider the changes in section 2 relevant for inclusion in DO-260A. 
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the Frame Type Subfield encoding for DO-282B.”   
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Introduction: 
 
This Working Paper addresses Action Item 23-14, which was to “specify the changes for Table 
2-7 for the Frame Type Subfield encoding for DO-282B.”    
 
 
Proposal: 
 
1. Change Table 2-7 as follows: 
 


Coding 
(binary) 


MSB                       LSB 


Coding 
(decimal) Frame Data Format 


0000 0 FIS-B APDU 
0001 1 Reserved for Developmental Use 


0010 2 


through through 
1110 14 


Reserved for Future Use 


1111 15 TIS-B/ADS-R Service Status 
 
 
2. Change the Note under Table 2-7 as indicated: 
 


Note: Frame Type 1 15 is intended for developmental use, such as to support on-air 
flight testing of new Ground Uplink Frame Types, prior to their adoption in future 
versions of these MOPS.   
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Summary 
This Working Paper addresses Action Item 23-16, which was to “specify the changes for Address 
Qualifier Encoding in Table 2-12 to account for ADS-R in DO-282B.”   
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Introduction: 
 
This Working Paper addresses Action Item 23-16, which was to “specify the changes for 
Address Qualifier Encoding in Table 2-12 to account for ADS-R in DO-282B.”    
 
 
Proposal: 
 
Update Table 2-12 as follows:   
 
1. Change the row corresponding to Address Qualifier “2” to “TIS-B or ADS-R target with 


ICAO 24-bit address” 
 
2. Change row corresponding to Address Qualifier “6” to “ADS-R target with non-ICAO 


address”   
 
 


Address Qualifier 
(binary) 


Bit 6 Bit 7 Bit 8 


Address 
Qualifier 
(decimal) 


Address Type Reference 
subparagraph 


0 0 0 0 ADS-B target with ICAO 24-bit address 2.2.4.5.1.3.1 
0 0 1 1 ADS-B target with self-assigned temporary address 2.2.4.5.1.3.2 
0 1 0 2 TIS-B or ADS-R target with ICAO 24-bit address 2.2.4.5.1.3.3 
0 1 1 3 TIS-B target with track file identifier 2.2.4.5.1.3.4 
1 0 0 4 Surface Vehicle 2.2.4.5.1.3.5 
1 0 1 5 Fixed ADS-B Beacon 2.2.4.5.1.3.6 
1 1 0 6 ADS-R target with non-ICAO address  
1 1 1 7 (Reserved)  
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Summary 
This Working Paper addresses proposed changes to Tables 2-64 and 2-98 regarding the proposed solution 
to Change Item #20, which indicates that the Tables mostly refer to data elements that are part of the 
transmitted payload.  However, some of the elements are in fact required control inputs that are not 
transmitted, such as (a) Address Type Selection, (b) Altitude Type Selection, and (c) Pressure Altitude 
Disable.  The initial proposal was to consider splitting Table 2-64 into two separate tables, one for 
transmitted data elements, and a second for control elements that are not transmitted.  This Working 
Paper offers an alternative solution.   
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Introduction: 
 
This Working Paper addresses proposed changes to Tables 2-64 and 2-98 regarding the proposed solution 
to Change Item #20, which indicates that the Tables mostly refer to data elements that are part of the 
transmitted payload.  However, some of the elements are in fact required control inputs that are not 
transmitted, such as (a) Address Type Selection, (b) Altitude Type Selection, and (c) Pressure Altitude 
Disable.  The initial proposal was to consider splitting Table 2-64 into two separate tables, one for 
transmitted data elements, and a second for control elements that are not transmitted.  This Working Paper 
offers an alternative solution.   
 
 
Proposal: 
 
A) In the body text of subparagraph 2.2.7.1, in the first sentence, delete starting with "so their bits can be 
verified…" to the end of the sentence.    
 
This subparagraph contains requirements for access to the input elements required to compose the ADS-B 
Messages so their bits can be verified for their mapping into the structure of the transmitted message. 
 
 
B) Add a new 2nd sentence as follows:  
"These input elements either provide data that maps directly into the transmitted ADS-B Message 
structure, or provide control signals that establish the Message contents."  
 
This subparagraph contains requirements for access to the input elements required to compose the ADS-B 
Messages.  These input elements either provide data that maps directly into the transmitted ADS-B 
Message structure, or provide control signals that establish the Message contents.   
 
   
C) In Table 2-64 and Table 2-98, add a new footnote (3) to Items 2, 5, and 9.  Footnote text as follows:  
 
(3) These elements are control inputs and are not themselves directly contained in the transmitted 


ADS-B Messages.   
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SUMMARY 
This working paper is in response to UAT Action Item 24-03, to “Review the 1090-
WP27-04R1 for the revised Target State and Status format and make proposals for 
all UAT MOPS changes related to requirements, formats, test procedures and 
Target State Reports.” 
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Introduction: 
The working paper “1090-WP28-05” specifies a recommended format for the Mode S BDS 6,2 
register for use in a Version 2 ADS-B system.  This working paper identifies the portions of that 
register that are applicable to the UAT datalink with regard to Target State and Status.  Table 1 
on the next page is copied from “1090-WP28-05”.  I have green-shaded the portions that are 
proposed for inclusion in the UAT MOPS.   
 
The text following the table discusses the proposed data fields. 
 
The section following that gives a proposed format for the Target State Element in Version 2 
transmitted UAT ADS-B messages. 
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Table_1.  BDS 6,2 UPDATED PROPOSED TARGET STATE AND STATUS MESSAGE 


“MB” FIELD DEFINITION  
1 MSB 
2 
3 
4 


 


5 LSB 


FORMAT TYPE CODE = 29  


6 MSB 
7 LSB SUBTYPE CODE = 1  


8  SPARE  
9  SELECTED ALTITUDE TYPE   (0 = MCP/FCU, 1 = FMS)  


10 MSB = 32,768 feet 
11  
12  
13  
14  
15  
16  
17  
18  
19  


MCP / FCU SELECTED ALTITUDE 
(when Selected Altitude Type = 0) 
FMS SELECTED ALTITUDE 


(when Selected Altitude Type = 1) 
Coding: 111 1111 1111 = 65,472 feet 
   *** **** **** 
   000 0000 0010 = 32 feet 
   000 0000 0001 = 0 feet 
   000 0000 0000 = No Data or Invalid 


20 LSB = 32 feet 


 


21 MSB = 204.8  millibars 
22  
23  
24  
25  
26  
27  
28  


BAROMETRIC PRESSURE SETTING (MINUS 800 millibars) 
Range = [0, 408.0]  Resolution = 0.8 millibars 


Coding: 1 1111 1111 = 408.00 millibars 
* **** **** 
0 0000 0010 = 0.800 millibars 
0 0000 0001 = 0.000 millibars 
0 0000 0000 = No Data or Invalid 


29 LSB = 0.8 millibars 


 


30 STATUS (0 = Invalid, 1 = Valid) 
31 SIGN (0 = positive, 1 = negative) 
32 MSB = 90 degrees 
33 
34 
35 
36 
37 
38 


 


SELECTED HEADING 
Range = [+/- 180 degrees Resolution = 0.703125 degrees 


(Typical Selected Heading Label = “101”) 
 


39 LSB 0.703125 degrees (180/256) 


Updated Status Bit 
definition to be 
consistent with ICAO 
Doc. 9871 and RTCA 
DO-181D Appendix B. 


40 MSB 
41  
42  
43 LSB 


NAVIGATION ACCURACY CATEGORY__POSITION (NACP)  


44  NAVIGATION INTEGRITY CATEGORY_BARO (NICBARO)  
45 MSB 
46 LSB SYSTEM INTEGRITY LEVEL (SIL)  


47  STATUS OF MCP / FCU MODE BITS  (0 = INVALID, 1 = VALID) 
48  AUTOPILOT ENGAGED  (0 = NOT ENGAGED, 1 = ENGAGED) 
49  VNAV MODE ENGAGED  (0 = NOT ENGAGED, 1 = ENGAGED) 
50  ALTITUDE HOLD MODE  (0 = NOT ENGAGED, 1 = ENGAGED) 


 


51  Reserved for ADS-R Flag (ADS-B Rebroadcast) (see section 2.2.18.4.6)  
52  APPROACH MODE  (0 = NOT ENGAGED, 1 = ENGAGED)  
53  TCAS OPERATIONAL    (0 = Not Operational, 1 = Operational)  
54 MSB 
55  
56 LSB 


EMERGENCY / PRIORITY STATUS  
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Discussion of Target State fields 
Material presented here is a summary of the proposed Target State Element. Specific MOPS text 
may readily be copied from the appropriate sections of “1090-WP28-05”. 
 


1. Selected Altitude Type (1 bit - SAT) 
0 indicates that the Selected Altitude is from a MCP or FCU. 
1 indicates that the Selected Altitude is from a FMS. 
 


2. Selected Altitude (11 bits) 
Altitude encoded with 32 foot resolution. Range 0 to 65,472 feet. Value=0 
encodes “No Data or Invalid”. 
 


3. Barometric Pressure Setting (9 bits) 
Barometric Pressure Setting minus 800 milllibars, encoded in 0.8 millibar 
resolution. Range 0.000 to 408.00 millibars. Value=0 encodes “No Data or 
Invalid”. 


 
4. Selected Heading (10 bits) 


Magnetic Heading encoded with 0.703125 degree resolution (180deg / 256). 
Range -180 to +180 degrees. Uses a separate sign bit, 0 = positive. Status bit 
encodes validity, 1 = Valid. 
 


5. Status of MCP/FCU Mode Bits (1 bit - ST) 
This bit indicates whether the following four Mode indicators are valid for use by 
an ADS-B receiving application. Valid = 1. 


 
6. Mode: Autopilot Engaged (1 bit - APE) 


0 = Not Engaged, 1 = Engaged 
 


7. Mode: VNAV Mode Engaged (1 bit - VNAV) 
0 = Not Engaged, 1 = Engaged 
 


8. Mode: Altitude Hold Mode (1 bit - ALT) 
0 = Not Engaged, 1 = Engaged 
 


9. Mode: Approach Mode (1 bit - APP) 
0 = Not Engaged, 1 = Engaged 
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Proposed UAT Target State format 
The existing UAT MOPS defines a Target State Report, which is Optional for Class A1H and 
higher. 
 
Note that “1090-WP28-05” indicates that the Target State report is intended for periodic 
transmission (rather than on-condition).  This is compatible with current UAT MOPS 
implementation.  Adjustments may be needed in the Payload Transmission Cycle, depending on 
the required periodic transmission rate.  
 
Since the existing Target State Element is not supported by any fielded avionics, either in report 
transmission or reception, this paper proposes that the existing Target State Element be 
superseded in-place by the definition shown in the following table. 
 
Note that there are two forms for the Target State Element, one for Payload Type Codes 3 and, 
and another for Payload Type Code 6.  Both forms may take the same format, with the 
appropriate byte offset. PTC 3 and 4 use Payload Bytes 30-33.  PTC 6 uses Payload Bytes 25-28. 
See DO-282A Tables 2-51 and 2-62 for reference.  Both byte offsets are listed in the first column 
of the following table. 
 
The legacy Target State Element occupied 32 bits.  The proposed Target State Element requires 
36 bits.  The report format has been expanded to use the reserved byte (34 or 29) shown in the 
referenced tables. 
 


Proposed Target State Element 
 


Payload 
Byte # Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 Bit 8 


30/25 SAT (MSB) Selected Altitude 
31/26  (LSB) (MSB)  
32/27 Barometric Pressure Setting (LSB) Status Sign (MSB) 
33/28 Selected Heading (LSB) ST 
34/29 AP VNAV ALT APP (reserved) 


 
 
 
True/Mag Indicator in support of the Target State Report 
DO-282A § 2.2.4.5.4.14 defines a bit in the Mode Status register which defines the angle 
reference for the Heading or Track Angle in the legacy Target State Element format.  Since the 
proposed Target State Element only supports magnetic heading, this bit is no longer necessary.  
It may be deleted from the Mode Status Element, or marked as “reserved”. 
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Summary 


This Working Paper addresses resolution of the final definitions of revised SIL language.  SIL, 
SDA, and SIL Supplement are defined and discussed.   
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1.  Introduction: 
 
During the 6/17/2009 meeting several Action Items were generated to help finalize the 
definitions and formatting of SIL 
 
2.  Summary of Agreements: 
 
a.  The new, split, SIL values will be called 
   


SIL:  Source Integrity Level.  Defines the probability of exceeding the NIC containment 
radius 
SIL Supplement:  Defines whether SIL is based on a per hour or per sample probability 
SDA:  System Design Assurance:  Defines the probability of an avionics failure causing 
false or misleading position information to be transmitted.    
 


 
b. The SIL field will be a two bit field to be backwards compatible.  A third field will be added 
to represent the per hour per sample differentiation.  This field was named SIL Supplement. 
 
c. SIL and NIC will be defined as a containment radius versus a containment region as SIL and 
NIC only apply to the horizontal.   
 
d.  We still have to find bits for SDA and SIL supplement.   
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3.  Proposed Changes to DO-260A 
 
 
2.2.3.2.7.1.1X Source Integrity Level (SIL) 
 
The “SIL” (Source Integrity Level) subfield is a 2-bit (“ME” bits 45 and 46, Message bits 77 and 78) field 
that shall be used to define the probability of the reported horizontal position exceeding the containment 
radius defined by the NIC, without alerting, assuming no avionics faults. The SIL will address the Signal-
in-Space (SIS), and will be the higher of the faulted or fault free probability of the Signal-In-Space 
causing the NIC containment radius to be exceeded.    
 


Note:  The faulted SIS case will represent the highest probability for 
GNSS position sources while the fault free SIS case will 
represent the highest probability for DME/DME or 
DME/DME/LOC position sources because the SIS is monitored 
and for IRU position sources because there is no SIS. 


 
The SIL probability can be defined as either per sample or per hour as defined in the SIL Supplement 
(SILSUPP) in Para 2.2.3.2.7.1Y.   
 
The SIL subfield shall be encoded in accordance with Table 2-72, as specified in the Aircraft Operational 
Status Message.  For installations where the SIL value is being dynamically updated, if an update has not 
been received from an on-board data source for SIL within the past 5 seconds, then the SIL subfield shall 
be encoded as a value of ZERO (0), indicating unknown.   
 


Note:  The SIL and NIC should be set to unknown if the ADS-B position 
source does not supply an output certified to provide an 
indication of the integrity of the reported position (e.g. such as 
HPL from GNSS systems.) 


 
 


SIL 
Value Bit 


Probability of exceeding the 
NIC containment radius 


3 11 ≤ 1X10-7 Per Hour or Sample 
2 10 ≤ 1X10-5 Per Hour or Sample 
1 01 ≤ 1X10-3 Per Hour or Sample 
0 00 > 1X10-3 Per Hour or Sample  


or Unknown 
Table 2-72 
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Recommendations for 260A Table 2-72 Change 2 Notes:   
Note 1:  Delete Entirely 
Note 2:  Change to: 
The DO-242A definition of SIL has been updated in these MOPS.  These updates will be incorporated in 
the next revision of the DO-242A. 
Note 3:  Delete Entirely 
Note 4:  Delete Entirely 
Note 5:  Delete Entirely 
Note 6:  Streamline to: 
Implementers should not arbitrarily set the SIL to ZERO (0) just because SIL is not provided by the 
position source.  Implementers should perform an off-line analysis of the installed position source to 
determine the appropriate SIL.   
 
 
Historical DO-260A Change 2 Notes (For Reference):   
1.  The NIC parameter is broadcast partly in the TYPE subfield of the Airborne Position and Surface 
Position messages, and partly in the NIC supplement subfield of the Aircraft Operational Status Messages 
(2.2.3.2.7.2.6) 
 
2.  “An indication” may include, for example, a flag for invalid position reports or a change in NIC, or 
switching to another data source.  See 2.1.2.15 of the ADS-B MASPS RTCA DO-242A for a more 
complete description of SIL.   
 
3.  The vertical integrity containment column only applies to NIC values greater than 8. 
 
4.  The SIL encoding is the most stringent of the horizontal or vertical values 
 
5.  At the time of publication of these MOPS, it is recognized that there are three possible derivations of 
SIL:   


(a) the integrity value provided by the navigation sensors with self monitoring capability.  (eg GPS) 
(b) the reliability of aircraft systems given as indicated by a failure rate commensurate with the 
equipment design assurance 
(c) the integrity of other navigation systems (e.g. RNP) that rely on ground based self monitoring 
equipment for integrity assurance, and for which no specific hourly integrity value can be ascribed.  
These three values are not readily interchangeable.  Selection of the largets of the values as specified 
in Table 2-72 is felt to provide a reasonable bound on the order of magnitude of the probability of 
possible failures affecting ADS-B applications.  Future revisions of these MOPS may refine the SIL 
definition as more is understood.   


 
6.  Since the SIL is intended to reflect the integrity of the navigation source of the position information 
broadcast, the SIL value transmitted should be indicative of the true integrity of the ADS-B position data. 
 A problem for installations that include currently available GNSS receivers and FMS systems is that SIL 
is not output by these systems.  With a lack of SIL information being provided by the position source, 
implementers should not arbitrarily set a SIL value of ZERO (0) indicating unknown integrity.  It is 
suggested, unless there is a tightly coupled navigation source where SIL can be unambiguously 
determined and set dynamically, that the ADS-B transmitting subsystem should provide for the static 
setting of SIL as part of the installation procedure.  Most implementers are expected to determine SIL by 
off-line analysis of the installed configuration.  This off-line analysis can be performed on the various 
primary and alternate means of determining the reported position.  SIL is a static value for each of these 
configurations.   
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2.2.3.2.7.1.1Y Source Integrity Level Supplement (SILSUPP) 
The “SILSUPP” (Source Integrity Level Supplement) subfield is a 1-bit (“ME” bits A, Message bits C) field 
that shall define whether the reported SIL probability is based on a per hour probability or a per sample 
probability as defined in table 2.yy.   
 
 


SIL 
Supplement Bit 


Basis for SIL Probability 


1 1 Probability of exceeding NIC containment 
radius is based on per sample 


0 0 Probability of exceeding NIC containment 
radius is based on per hour 


Table 2.yy 
• Per Hour: The probability of the reported geometric position laying outside the NIC containment 


radius in any given hour without an alert or an alert longer than the allowable time-to-
alert.  The per hour representation will typically be used when the probability of 
exceeding the NIC is greater for the faulted versus fault-free Signal-in-Space case.  
(When the SIS fault rate is defined as hourly) 


 
Note:  The probability of exceeding the integrity containment radius for 


GNSS position sources are based on a per hour basis, as the NIC 
will be derived from the GNSS Horizontal Protection Level 
(HPL) which is based on a probability of 1X10-7 per hour.   


 
 
• Per Sample: The probability of a reported geometric position laying outside the NIC containment 


radius. The per sample representation will typically be used when the probability of 
exceeding the NIC is greater for the fault-free Signal-in-Space case or when the position 
source does not depend on a SIS.  


 
Note:  The probability of exceeding the integrity containment radius for 


IRU, DME/DME and DME/DME/LOC position sources may be 
based on a per sample basis.   
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2.2.3.2.7.1.13 System Design Assurance (SDA) 
 
The “SDA” (System Design Assurance) subfield is a 2-bit (“ME” bits XX -YY, Message bits ZZ - TT) 
field that shall define the failure condition that the ADS-B system is designed to support as defined in 
Table 2.x. 
 
The supported failure condition will indicate the probability of an ADS-B system malfunction causing 
false or misleading information to be transmitted.  The definitions and probabilities associated with the 
supported failure effect are defined in AC 25.1309-1A, AC 23-1309-1C, and AC 29-2C.  All relevant 
systems attributes should be considered including software and complex hardware in accordance with 
RTCA/DO-178B or RTCA/DO-254. 
 
The ADS-B system includes the ADS-B transmission equipment, ADS-B processing equipment, position 
source, and any other equipment that processes the position data transmitted by the ADS-B system.   
 
SDA 
Value Bit Supported Failure 


Condition Note 2 


Probability of Failure causing 
transmission  of False or 


Misleading Information Note 3,4 


Software & Hardware Design 
Assurance Level Note 1,3 


3 11 Hazardous ≤ 1X10-7 Per Hour B 
2 10 Major ≤ 1X10-5 Per Hour C 
1 01 Minor ≤ 1X10-3 Per Hour D 
0 00 Unknown/ No safety effect > 1X10-3 Per Hour or Unknown N/A 


Table 2.x  
 


Note 1: Software Design Assurance per DO-178B.  Airborne Electronic Hardware Design Assurance per DO-254 
Note 2: Supported Failure Classification defined in AC-23.1309-1C, AC-25.1309-1A, and AC 29-2C 
Note 3: Because the broadcast position can be used by any other ADS-B equipped aircraft or by ATC, the 


provisions in AC 23-1309-1C that allow reduction in failure probabilities and design assurance level for 
aircraft under 6,000 pounds do not apply. 


Note 4: Includes probability of transmitting false or misleading latitude, longitude, velocity, or associated 
accuracy and integrity metrics.   
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SUMMARY 


 
This Working Paper is a follow-up to Action Item 24-04.  It proposes changes to the UAT MOPS 
to provide for an “event-driven” Payload Type transmission sequence in response to changes to 
the Flight Plan ID (Mode A code) and/or the Emergency/Priority status. 
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To provide for an “event-driven” Payload Type transmission sequence in response to changes to 
the Flight Plan ID (Mode A code) and/or the Emergency/Priority status the following section 
should be added to DO-282B: 


2.2.6.1.2.1 Event-Driven ADS-B Payload Allocation 
 
Immediately following any modification of the Fight Plan ID (see §2.2.4.5.4.2), the 
Payload Selection sequences specified in §2.2.6.1.2 shall be modified for a period of 
TBD seconds.  For TBD consecutive seconds all transmissions from all Equipment 
Classes shall be Payload Type Code 1.  During this interval, the Flight Plan ID shall be 
transmitted in every message and the CSID Flag (see §2.2.4.5.4.15) will be set to the 
value ZERO (0).   
 
Immediately following any modification of the Emergency/Priority Status Selection Input 
(see §2.2.4.5.4.4), the Payload Selection sequences specified in §2.2.6.1.2 shall be 
modified for a period of TBD seconds.  For TBD consecutive seconds all transmissions 
from all Equipment Classes shall be Payload Type Code 1.    
 
After the transmission of TBD event-driven messages is completed, the transmission 
sequence specified in §2.2.6.1.2 shall be resumed unless one or more triggering events 
occurred during the TBD seconds.  In that case, the transmission of only Payload Type 1 
shall continue until no triggering event has occurred within the most recent TBD 
seconds.  
 


Note: The revised sequence provides for the transmission of a Mode Status 
Element containing the Flight Plan ID in every ADS-B message whenever the 
Flight ID is changed.  The Mode Status Element also contains the 
EMERGENCY/PRIORITY STATUS field.  Transmission of the MS Element at a 
high rate allows recipients to rapidly update the Flight Plan ID and/or 
Emergency/Priority Status in the event of a change.   


 
For testing, the following should be added: 


2.4.6.1.2.1 Verification of Event-Driven ADS-B Payload Allocation (§2.2.6.1.2.1) 


Appropriate test procedures to validate the requirements in §2.2.6.1.2.1 are included in 
§2.4.6.1.3. 


Change the last sentence of the “Purpose/Introduction” subsection of §2.4.6.1.3 to read 
“…requirements (including transmit antenna selection) of §2.2.6.1.2, §2.2.6.1.2.1 and 
§2.2.6.1.3.” 
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Also, the following steps should be added to §2.4.6.1.3 


Step 6:   Record the sequence of transmitted messages from the UUT after a change to 
the Flight ID. 


For units which can support such a change, change the Flight ID while the UUT 
is transmitting its normal sequence shown in Table 2-96 and allow it to continue 
to transmit for an additional 16 seconds.  Test receivers will record the Payload 
Types for each received message on its antenna port. 


Step 7:   Record the sequence of transmitted messages from the UUT after a change to 
the Emergency/Priority Status. 


For units which can support such a change, change the Emergency/Priority 
Status while the UUT is transmitting its normal sequence shown in Table 2-96 
and allow it to continue to transmit for an additional 16 seconds.  Test receivers 
will record the Payload Types for each received message on its antenna port. 


Step 8:  Record the sequence of transmitted messages from the UUT after a change to 
both the Flight ID and Emergency/Priority Status within TBD seconds. 


For units which can support such a change, change the Emergency/Priority 
Status while the UUT is transmitting its normal sequence shown in Table 2-96.  
Prior to TBD seconds after changing the Emergency/Priority Status change the 
Flight ID and allow the UUT to continue to transmit for an additional 16 
seconds.  Test receivers will record the Payload Types for each received 
message on its antenna port. 


Step 9:  Analyze the messages recorded in steps 6, 7 and 8. 


For each receiver, determine that the proper sequence of Payload Type has been 
recorded as per §2.2.6.1.2.1 and that the Pay Type sequence returns to that 
shown in Table 2-96 TBD seconds after the final change in Emergency/Priority 
Status or Flight ID.  Verify that the Fight ID is transmitted in every message as 
required, 


It seems that, based on UAT-WP-24-15, the value of TBD ought to be 8, since that is the largest 
time period mentioned in the cited working paper.  That Working Paper also determined that a 
change in NACP was not a triggering event. 
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Recommendation:  It is recommended that WG-5 consider adding this new feature to DO-282B.  
In order to do so, the value TBD needs to be agreed upon. 
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Summary 
This Working Paper addresses Action Item 23-03 which was to “propose a new paragraph or section to 
describe the configuration item that currently exists for the GDL-90 for Capstone that indicates that the 
Mode 3/A Code is not transmitted.”   
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Introduction: 
 
This Working Paper addresses Action Item 23-03 which was to “propose a new paragraph or section to 
describe the configuration item that currently exists for the GDL-90 for Capstone that indicates that the 
Mode 3/A Code is not transmitted.” 
 
 
Proposal: 
 
1. Insert the following introductory sentence in §2.2.4.5.4.15 “Call Sign Identification Flag”: 
 


“The requirements of this section shall apply only when the UAT transmitter is configured for the 
CSID Logic ENABLED state as described in §2.2.4.5.4.16 below.” 


 
2. Renumber the current section §2.2.4.5.4.16 “Reserved Bits” to Section §2.2.4.5.4.17. 
3. Add new Section §2.2.4.5.4.16 as follows: 
 
 
 
2.2.4.5.4.16    CSID Logic Configuration Item 
 
The UAT transmitting subsystem shall provide an installer configuration item that will place the UAT 
transmitting subsystem in one of 2 states:   
 


• CSID Logic ENABLED:  Causes the UAT transmitting subsystem to satisfy the requirements of 
§2.2.4.5.4.15 “Call Sign Identification (CSID) Flag” 


 
• CSID Logic DISABLED:  Causes the UAT transmitting subsystem to ignore the requirements of 


§2.2.4.5.4.15 “Call Sign Identification (CSID) Flag” with Call Sign ALWAYS encoded in the 
CALL SIGN field and with the CSID field ALWAYS encoded as ONE.   
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Summary 
This Working Paper addresses Action Item 23-12, which was to “put together a proposal for the 1.5 
second total latency requirement and propose during June meeting.”   
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Introduction: 
 
This Working Paper addresses Action Item 23-12, which was to “put together a proposal for the 
1.5 second total latency requirement and propose during June meeting.”    
 
 
Proposal: 
 
1. Add a new section §2.2.7.2.4 as shown below: 
 


2.2.7.2.4    Total Latency of Position and Velocity Measurements 
 


For any MSO transmitted on or after 0.5 seconds, the latitude, longitude and geometric 
altitude data reported shall be based upon an actual un-extrapolated position whose time 
of applicability is the beginning of the UTC second.  Any MSO transmitted prior to that 
time, the position may be extrapolated from position whose time of applicability is one 
(1) second prior to that time.   
 


 
 
2. Move current Section §2.2.7.2.4 to new Section §2.2.7.2.5. 
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Summary 


A version of this Working Paper was presented to RTCA SC-186 WG-3 for their consideration in 
revising the DO-260A definition of how NACV was derived.  In this original Working Paper, we 
addressed those revisions to DO-260A necessary to change encoding of NACV from being based on a 
relationship with HFOM/VFOM to being based on either: (1) a specific velocity accuracy output from the 
position sensor, or, (2) velocity accuracy testing results accomplished/published by the position sensor 
manufacturer.  For the latter case, test procedures developed and standardized by RTCA SC-159 provide 
for a velocity accuracy test to characterize the 95% horizontal and 95% vertical velocity accuracies 
during normal maneuvers of GNSS equipment as specified in RTCA/DO-229D, RTCA/DO-____, and 
RTCA/DO-253B receiver MOPS for use as ADS-B position sources intended to support either NACV =1 
(<10 m/s) or NACV = 2 (<3 m/s).  Test procedures to support higher levels of NACV are expected to be 
developed as more demanding ADS-B applications mature.   
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1.  Introduction 
 
Until recently, acceptable means to substantiate a navigation source’s capability to support NACV were 
not clearly established in Global Positioning System (GPS) sensor minimum operational performance 
standards.  In light of this deficiency, a “best-method” was originally established in §2.2.3.2.6.1.5 of 
RTCA DO-260A to utilize the HFOM/VFOM quality indicator as a surrogate for setting the NACV value. 
The rationale for this method was also documented in Appendix J of DO-260A.  However, the use of 
HFOM/VFOM to set NACV is not considered acceptable, since it does not provide an appropriate 
indication of the true horizontal velocity error as established by the position sensor manufacturer.   
 
To remedy this deficiency, the FAA requested RTCA SC-159 to develop test procedures for a velocity 
accuracy test to characterize the 95% horizontal and 95% vertical velocity accuracies during normal 
maneuvers of GNSS equipment as specified in RTCA/DO-229D, RTCA DO/____, and RTCA/DO-253B 
receiver MOPS.  These tests can be used to substantiate Global Positioning System (GPS), GPS/Space-
Based Augmentation System (SBAS), or GPS/Ground-Based Augmentation System (GBAS) equipment 
to support an ADS-B NACV = 1 requirement of horizontal velocity error less than 10 meters/second (95th 
percentile with HDOP of 1.5 or less) and vertical velocity error less than 50 feet/second (95th percentile, 
with VDOP of 3.0 or less).  Additional test procedures were developed to substantiate equipment that 
supports a NACV = 2 requirement of horizontal velocity error less than 3 meters/second and vertical 
velocity error less than 15 feet/second.  However, these tests are not adequate for demonstrating more 
stringent ADS-B NACV levels (i.e., NACV value of 3 or greater), but are expected to be developed as 
more demanding ADS-B applications mature.   
 
Navigation equipment manufacturers can submit the results of this testing with their TSO application or 
as additional information if they have already received TSO approval, for acceptance as approved data.  
Manufacturers of navigation equipment that pass these tests should document their equipment’s 95% 
figure of merit velocity accuracy in their installation manual (or provide a velocity accuracy quality 
metric output for direct use by the ADS-B equipment.)  The velocity output has no explicit integrity 
beyond the 95% figure of merit for the stated HDOP and VDOP.   
 


Note: FAA AIR-100 memorandum dated October 10, 2008 (documented in 1090-
WP24-10) serves as an interim reference describing testing procedures 
acceptable to the FAA until the procedures are incorporated into more formal 
GPS MOPS guidance material.   


 
 
2.  Proposed Changes to DO-282A 
 
a.  Originally Proposed changes to DO-260A §2.2.3.2.6.1.5: 
 
The definition of NACV in DO-260A §2.2.3.2.6.1.5 was originally set up based on using HFOM.  The 
changes proposed in the version of this Working Paper presented to WG-3 remove those connections to 
HFOM/VFOM, retain the table defining the actual NACV values, and propose the addition of the 
following Note: 


 


Note: Subsequent to revision A of the 1090 MHz ADS-B MOPS, the Federal Aviation 
Administration requested RTCA SC-159 to develop test procedures for a velocity accuracy 
test to characterize the 95% horizontal and 95% vertical velocity accuracies during normal 
maneuvers of GNSS equipment, as specified in RTCA/DO-229D, RTCA/DO-____, and 
RTCA/DO-253C receiver MOPS, which do not provide a specific velocity accuracy output.  
These tests can be used to substantiate Global Positioning System (GPS), GPS/Space-Based 
Augmentation System (SBAS), or GPS/Ground-Based Augmentation System (GBAS) 
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equipment to support an ADS-B NACV = 1 requirement of horizontal velocity error less than 
10 meters/second (95th percentile with HDOP of 1.5 or less) and vertical velocity error less 
than 50 feet/second (95th percentile, with VDOP of 3.0 or less).  Additional test procedures 
were developed to substantiate equipment that supports a NACV = 2 requirement of 
horizontal velocity error less than 3 meters/second and vertical velocity error less than 15 
feet/second.  However, these tests are not adequate for demonstrating more stringent ADS-B 
NACV levels (i.e., NACV value of 3 or greater), but are expected to be developed as more 
demanding ADS-B applications mature.  The results of these tests can be used to substantiate 
the setting of a NACV value to be used when ADS-B position and velocity are provided by the 
GPS equipment, presuming that that equipment does not have a specific velocity accuracy 
output. 


 
 
b.  Proposed changes to DO-282A Section 2.2.4.5.4.10: 
 
The definition of NACV in DO-282A was never related to the use of HFOM.  Therefore, the 
Working Group is requested to review and consider whether it is appropriate to revise and add 
the above Note into DO-282B, §2.2.4.5.4.10.   
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c.  Proposed changes to DO-260A Appendix Jand possibly to DO-282B: 
 
The original Appendix J to DO-260A expressed in detail the relationship of NACV and 
HFOM/VFOM.  In this Working Paper as presented to WG-3, it was proposed to delete the existing 
DO-260A, Appendix J, and replace it with the following materials which were taken from the FAA 
AIR-100 memorandum dated October 10, 2008 (documented in 1090-WP24-10), which served as an 
interim reference describing testing procedures acceptable to the FAA, until the procedures are 
incorporated into more formal GPS MOPS guidance material.   
 
Working Group 5 is requested to review the following materials to determine if they are 
appropriate to use in some fashion in the proposed DO-282B. 


J.  Determining the Navigation Accuracy Category for Velocity (NACV) 


J.1  Purpose and Scope 


This Appendix describes the manner in which GNSS position sources which do not 
output velocity accuracy can be characterized so that a velocity accuracy value associated 
with the position source can be input into ADS-B equipment as part of the installation 
process. 


J.2  Rationale for Table 2-46, “Determining NACV Based on Position Source Declared Horizontal 
Velocity Error” 


Until recently, acceptable means to substantiate a navigation source’s capability to 
support NACV were not clearly established in Global Positioning System (GPS) sensor 
minimum operational performance standards.  In light of this deficiency, a “best-method” 
was established in Section 2.2.3.2.6.1.5 of RTCA DO-260A to utilize the HFOM/VFOM 
quality indicator as a surrogate for setting the NACV value.  The rationale for this method 
was documented in Appendix J of DO-260A.  However, the use of HFOM/VFOM to set 
NACV is not considered acceptable, since it does not provide an appropriate indication of 
the true horizontal velocity error as established by the position sensor manufacturer. 


To remedy this deficiency, the FAA requested RTCA SC-159 to develop test procedures 
for a velocity accuracy test to characterize the 95% horizontal and 95% vertical velocity 
accuracies during normal maneuvers as specified in RTCA/DO-229D and RTCA/DO-
253B receiver MOPS. These tests can be used to substantiate Global Positioning System 
(GPS), GPS/Space-Based Augmentation System (SBAS), or GPS/Ground-Based 
Augmentation System (GBAS) equipment to support an ADS-B NACV = 1 requirement 
of horizontal velocity error less than 10 meters/second (95th percentile with HDOP of 1.5 
or less) and vertical velocity error less than 50 feet/second (95th percentile, with VDOP of 
3.0 or less).  Additional test procedures were developed to substantiate equipment that 
supports a NACV = 2 requirement of horizontal velocity error less than 3 meters/second 
and vertical velocity error less than 15 feet/second.  However, these tests are not adequate 
for demonstrating more stringent ADS-B NACV levels (i.e., NACV value of 3 or greater), 
but are expected to be developed as more demanding ADS-B applications mature. 


Navigation equipment manufacturers can submit the results of this testing with their TSO 
application or as additional information if they have already received TSO approval, for 
acceptance as approved data.  Manufacturers of navigation equipment that pass these tests 
should document their equipment’s 95% figure of merit velocity accuracy in their 
installation manual (or provide a velocity accuracy quality metric output for direct use by 
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the ADS-B equipment.)  The velocity output has no explicit integrity beyond the 95% 
figure of merit for the stated HDOP and VDOP. 
 


Note: FAA AIR-100 memorandum dated October 10, 2008 serves as an 
interim reference describing testing procedures acceptable to the 
FAA until the procedures are incorporated into more formal 
GPS MOPS guidance material. 


 


J.3  Test to Determine Velocity Accuracy to Support Setting NACV = 1 or 2. 
 


The ADS-B installations with a position source capable of providing velocity accuracy 
should have the NACV derived from the position source, and the velocity accuracy should 
be validated during the position source manufacturer’s certification testing.  The 
following procedures, developed by RTCA SC-159, are one means of accomplishing this 
testing.   


The purpose of GNSS velocity accuracy test is to characterize the 95% horizontal and 
95% vertical velocity accuracies during normal maneuvers as specified in RTCA/DO-
229D and RTCA/DO-253B receiver MOPS for equipment intended to support either 
NACV =1 or NACV = 2. Test procedures for higher levels are expected to be developed as 
more demanding ADS-B applications mature. 


The tests to verify velocity accuracy performance shall be run for each of the scenarios 
described below for all operating modes of the receiver where a valid position and/or 
velocity could be output by the receiver. 


Note: It is possible that a given receiver may use a different velocity algorithm when 
computing an unaugmented GPS position solution versus computing a solution 
augmented with differential corrections. In that case, this test must be repeated 
for both the augmented and unaugmented modes of operation. Even in the case 
where the velocity algorithm is the same whether in unaugmented or augmented 
mode, there are still enough variables like the software path, inputs, outputs etc., 
that it is required to repeat the test. However it is not required to repeat the test 
for different sub-modes of an unaugmented or augmented mode where the inputs, 
velocity algorithm and outputs are the same. 


J.3.1 Horizontal Velocity Accuracy Test Conditions Commensurate with NACV = 1 
 


1. Ensure the simulator scenario has enough GPS satellites to provide a HDOP of 1.5 or 
less.  


2. One satellite shall set at maximum power (including maximum combined satellite and 
aircraft antenna gain), and the other satellites shall be set at minimum power (including 
minimum antenna gain).   


3. Broadband GNSS test noise (IGNSS,Test) of spectral density as defined in DO-229D 
accuracy test section 2.5.8.  Broadband external interference (Iext,test) and thermal noise 
contribution from the sky and the antenna (Nsky,antenna) shall be simulated.  


4. The airborne equipment shall be initialized with the appropriate position and time. It is 
assumed that the receiver has obtained a valid almanac for the simulator scenario to be 
tested prior to conducting the test. 


5. Platform Dynamics for the horizontal velocity accuracy test shall be as defined in 
Table J-1. 
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Table J-1:  Platform Dynamics for the Horizontal Velocity Accuracy Test 


 
Time (s) Start Jerk (g/s) End Jerk (g/s) 


From To 


Dynamics 


North East Down Total North East Down Total 
0 T Static 0 0 0 0 0 0 0 0 


T+1 T+71 0.58g longitudinal acceleration to 
411 m/s 


0.xx 
Note 1 


0.xx 
Note 1 


0 0.25 0.xx 
Note 
1 


0.xx 
Note 
1 


0 0.25 


T+72 T+129 Straight un-accelerated flight 0 0 0 0 0 0 0 0 


T+130 T+194 -0.45g longitudinal acceleration to 
125 m/s 


0.xx 
Note 1 


0.xx 
Note 1 


0 0.2 0.xx 
Note 
1 


0.xx 
Note 
1 


0 0.2 


T+195 T+254 Straight un-accelerated flight 0 0 0 0 0 0 0 0 


T+255 T+325 turn 180° with 0.58g lateral 
acceleration 


0.xx 
Note 1 


0.xx 
Note 1 


0 0.25 0.xx 
Note 
1 


0.xx 
Note 
1 


0 0.25 


T+326 T+420 Straight un-accelerated flight 0 0 0 0 0 0 0 0 


Note 1: The components of the jerk in the North and East direction depend on the 
heading chosen in the scenario. The total jerk is the not to exceed vector 
combination of north, east, and down jerk components.  The maximum total jerk 
to quickly achieve the desired dynamics should be used, but the jerk should not 
exceed the normal maneuver total jerk requirement of 0.25g/s.  


Note 2: The actual times may vary based on the simulator scenario control settings. 


 
6. Signal and RF Interference conditions can be modified during static period to aid 
acquisition.  Ensure the receiver enters the desired Operation mode before dynamics 
and appropriate signal and interference conditions are applied.   


7. Use the simulator velocity truth data ( trutheast
iV _ , truthnorth


iV _ ) and the GNSS receiver 


velocity data ( east
iV , north


iV ) to determine the horizontal velocity error ih  after the GNSS 
receiver has entered the desired Navigation mode with the specified signal and RF 
Interference conditions:  
 


2_2_ )()( north
i


truthnorth
i


east
i


trutheast
ii VVVVh −+−=  


J.3.1.1   Pass/Fail determination 


The 95% Horizontal Velocity accuracy statistic shall be computed using the formula 
given below.  The equipment shall pass if the statistic is less than 10 m/s.  


 


( )


N
i


iN


i HDOP
h∑ ⎟⎟


⎠


⎞
⎜⎜
⎝


⎛
=1


2


5.1


*2  
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Where: 


hi – is the horizontal velocity error (m/sec) 


N – Number of sample points used 


For this test, the number of samples shall include all samples where the receiver is in 
the desired Navigation mode and when in motion. 


Note: The minimum of samples is 420 for 1 Hz solution and 2100 for 5 Hz 
solution (i.e., 5* 420). 


The receiver velocity data and the HFOMV data shall be used to determine the 
percentage of samples bounded by the HFOMV as shown below.  The test passes only 
if TSh,b is greater than or equal to 0.95. 


⎩
⎨
⎧


>
≤


=


=


= ∑
=


Vi


Vi
ih


N


i
ihbh


HFOMh
HFOMh


b


N


b
N


TS


0
1


samples ofnumber  


1


,


1
,,


 


J.3.1.2   Vertical Velocity Accuracy Test Conditions Commensurate with NACV = 1 


1. Ensure the simulator scenario has enough GPS satellites to provide a 
VDOP of 3.0 or less.  


2. One satellite shall set at maximum power (including maximum combined 
satellite and aircraft antenna gain), and the other satellites shall be set at 
minimum power (including minimum antenna gain).  


3. Broadband GNSS test noise (IGNSS,Test) of spectral density as defined in 
DO-229D accuracy test section 2.5.8. Broadband external interference (Iext,test) 
and thermal noise contribution from the sky and the antenna (Nsky,antenna) shall 
be simulated.  


4. The airborne equipment shall be initialized with the appropriate position 
and time. It is assumed that the receiver has obtained a valid almanac for the 
simulator scenario to be tested prior to conducting the test. 


5. Platform Dynamics for the vertical velocity accuracy test shall be as defined 
in Table J-2. 
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Table J-2:  Platform Dynamics for the Vertical Velocity Accuracy Test 
 


Time (s) Start Jerk (g/s) End Jerk (g/s) 


From To 


Dynamics 


North East Down Total North East Down Total 


0 T Static 0 0 0 0 0 0 0 0 


T+1 T+71 0.58g longitudinal 
acceleration to 411 
m/s 


0.xx 
Note 
1 


0.xx 
Note 
1 


0 0.25 0.xx 
Note 
1 


0.xx 
Note 
1 


0 0.25 


T+72 T+130 Straight and level un-
accelerated flight 


0 0 0 0 0 0 0 0 


T+131 T+131+X Climb, increasing the 
 vertical climb rate 
from 0 to 21 m/s, 
then decrease the rate 
back to 0 m/s and 
repeat this increasing 
and decreasing 
pattern until the time 
out. 


0 0 0.xx 
Note 
1 


0.25 0 0 0.xx 
Note 
1 


0.25 


T+132+X T+192+X Straight and level un-
accelerated flight 


0 0 0 0 0 0 0 0 


T+193+X T+193+2X Descend, increasing 
the vertical descent 
rate from 0 to 21 m/s, 
then decrease the rate 
back to 0 m/s and 
repeat this increasing 
and decreasing 
pattern until the time 
out. 


0 0 0.xx 
Note 
1 


0.25 0 0 0.xx 
Note 
1 


0.25 


T+194+2X T+274+2X Straight and level un-
accelerated flight 


0 0 0 0 0 0 0 0 


Note 1: The components of the jerk in the North and East direction depend on the 
heading chosen in the scenario. The total jerk is the not to exceed vector 
combination of north, east, and down jerk components.  The maximum total jerk 
to quickly achieve the desired dynamics should be used, but the jerk should not 
exceed the normal maneuver total jerk requirement of 0.25g/s. 


Note 2: The actual times may vary based on the simulator scenario control settings. 


Note 3: The value of X must be at least 63 seconds to have enough samples during 
vertical acceleration. 


 
6. Signal and RF Interference conditions can be modified during static period to aid 
acquisition.  Ensure the receiver enters the desired Operation mode before dynamics 
and appropriate signal and interference conditions are applied. 


7. Use the simulator velocity truth data ( truthvertical
iV _ ) and the GNSS receiver 


velocity data ( vertical
iV ) to determine the vertical velocity error ( iv ) after the GNSS 


receiver has entered the desired Navigation mode with the specified signal and RF 
Interference conditions: vertical


i
truthvertical


ii VVv −= _ . 
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J.3.1.3 Pass/Fail determination 


The 95% Vertical Velocity accuracy statistic shall be computed using the formula 
given below. The equipment shall be considered pass only if the statistic is less than 
50 ft/s.  


 


( )


N
i


iN


i VDOP
v∑ ⎟⎟


⎠


⎞
⎜⎜
⎝


⎛
=1


2


3


*2  


Where: 


 vi - is the vertical velocity error (ft/sec) 


 N – Number of sample points used  


For this test, the number of samples shall include all samples where the receiver is in 
the desired Operation mode 


Note:  The minimum of samples is 420 for 1 Hz solution and 2100 for 5 Hz solution. 


The receiver velocity data and the VFOMV data shall determine the percentage of 
samples bounded by the VFOMV as shown below. The test passes if bvTS ,  is greater 
than or equal to 0.95. 


⎩
⎨
⎧


>
≤


=


=


= ∑
=
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Vi
iv


N


i
ivbv


VFOMv
VFOMv


b


N


b
N


TS


0
1


samples ofnumber  


1


,


1
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J.3.2 Additional Tests to Demonstrate Accuracy Commensurate with NACV = 2 


The following procedure is one acceptable means for equipment capable of better 
accuracy performance to demonstrate compliance with the horizontal velocity error 
requirement of less than 3 m/s. 
 
1. Run the scenario in Table J-1 with all satellites set at high power and no RF 
interference.  


2. This accuracy evaluation shall only include those data samples collected during 
the acceleration period. 


3. Find the particular ih (noted as accT ) so that 95% of ih  samples are less than or 
equal to accT . 


4. Re-run the scenario in Table 1 with the same satellite and RF interference 
conditions as the 10 m/s (NACV=1) test. 


5. This time only the data samples during the non-acceleration period with the 
specified signal and RF Interference conditions are used. 
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6. Compute 


( )


accnon


N


i accnoni


accnoni


accnon N


HDOP
h


T


accnon


_


1


2


__


__


_


_ 5.1


*2
∑
=


⎟
⎟
⎠


⎞
⎜
⎜
⎝


⎛


=   


 where accnoniHDOP __  and accnonN _  are the HDOP values for each sample i  and 
the total number of samples (non-acceleration period), respectively. 


7. The test passes only if accnonacc TT _+  is less than 3 m/s. 


8. The velocity FOM is evaluated in the same way as for the 10 m/s test, i.e. the 
samples during acceleration and non-acceleration periods of the above 2 runs are 
evaluated together against the 0.95 threshold. 


 
The vertical velocity requirement of 15 ft/s should be tested using the exact same 
philosophy as the test of 3 m/s above but with the scenario in Table J-2. 
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Summary 
This Working Paper addresses the modifications to DO-260B to remove the requirements for the vertical 
components of NIC, NACp and SIL.  It is presented in response to Action Item 25-18. 
 







The following changes are proposed to Section 2.2.3.2.7.2.6 “NIC Supplement Subfield 
in Aircraft Operational Status Messages” of DO-260B.   A revised Table 2-70 should be 
included in this section.  Identical changes should be made to Table A-25 in Section 
A.1.4.10.6 “NIC Supplement”. 


Table 2-70: Navigation Integrity Category (NIC) Encoding 


and 


Table A-25: Navigation Integrity Category (NIC) Encoding 


Airborne Surface 
NIC 


Value 


Containment Radius (RC) 
and Vertical Protection 


Limit (VPL) 
Airborne 
Position 


TYPE Code 


NIC 
Supplement 


Code 


Surface 
Position 


TYPE Code 


NIC 
Supplement 


Code 


0 RC unknown 0, 18 or 22 0 0, 8 0 


1 RC < 20 NM (37.04 km) 17 0 N/A N/A 


2 RC < 8 NM (14.816 km) 16 0 N/A N/A 


3 RC < 4 NM (7.408 km) 16 1 N/A N/A 


4 RC < 2 NM (3.704 km) 15 0 N/A N/A 


5 RC < 1 NM (1852 m) 14 0 N/A N/A 


RC < 0.6 NM (1111.2 m) 13 1 
6 


RC < 0.5 NM (926 m) 13 0 
N/A N/A 


7 RC < 0.2 NM (370.4 m) 12 0 8 1 


8 RC < 0.1 NM (185.2 m) 11 0 7 0 


9 RC < 75m and VPL < 112 m 11 1 7 1 


10 RC < 25m and VPL < 37.5 m 10 or 21 0 6 0 


11 RC < 7.5m and VPL < 11 m 9 or 20 0 5 0 


Note: “N/A” means “This NIC value is not available in the ADS-B Surface 
Position Message formats.” 


 
 







The following changes are proposed to Section 2.2.3.2.7.2.7 “Navigation Accuracy 
Category for Position (NACP) Subfield in Aircraft Operational Status Messages” of DO-
260B.   A revised Table 2-71 should be included in this section.  Identical changes should 
be made to Table A-15 in Section A.1.4.9.12 “Navigation Accuracy Category for 
Position (NACp)”.  
 


Table 2-71: Navigation Accuracy Category for Position (NACP) Encoding 


And 


Table A-15: Navigation Accuracy Category for Position (NACP) Encoding 


Coding 


(Binary) (Decimal) 


95% Horizontal and Vertical 
Accuracy Bounds (EPU and 


VEPU) 
Comment Notes 


0000 0 EPU ≥ 18.52 km (≥10 NM) Unknown accuracy 1 
0001 1 EPU < 18.52 km (10 NM) RNP-10 accuracy 1, 3 
0010 2 EPU < 7.408 km (4 NM) RNP-4 accuracy 1, 3 
0011 3 EPU < 3.704 km (2 NM) RNP-2 accuracy 1, 3 
0100 4 EPU < 1852 m (1 NM) RNP-1 accuracy 1, 3 
0101 5 EPU < 926 m (0.5 NM) RNP-0.5 accuracy 1, 3 
0110 6 EPU < 555.6 m (0.3 NM) RNP-0.3 accuracy 1, 3 
0111 7 EPU < 185.2 m (0.1 NM) RNP-0.1 accuracy 1, 3 
1000 8 EPU < 92.6 m (0.05 NM) e.g., GPS (with SA 


on) 
1 


1001 9 EPU < 30 m and VEPU < 45 m e.g., GPS (SA off) 1, 2, 4 
1010 10 EPU < 10 m and VEPU < 15 m e.g., WAAS 1, 2, 4 
1011 11 EPU < 3 m and VEPU < 4 m e.g., LAAS 1, 2, 4 


1100 - 
1111 


12 - 
15 Reserved   


Notes for Table 2-71: 


1.  The Estimated Position Uncertainty (EPU) used in the table is a 95% 
accuracy bound on horizontal position.  EPU is defined as the radius of 
a circle, centered on the reported position, such that the probability of 
the actual position lying outside the circle is 0.05.  When reported by a 
GPS or GNSS system, EPU is commonly called HFOM (Horizontal 
Figure of Merit). 


2.  Vertical Estimated Position Uncertainty (VEPU) is a 95% accuracy limit 
on the vertical position (geometric altitude).  VEPU is defined as a 
vertical position limit, such that the probability of the actual geometric 
altitude differing from the reported geometric altitude by more than that 
limit is 0.05.  When reported by a GPS or GNSS system, VEPU is 
commonly called VFOM (Vertical Figure of Merit). 


3.  RNP accuracy includes error sources other than sensor error, whereas 
horizontal error for NACP only refers to horizontal position error 
uncertainty. 


4.  If geometric altitude is not being reported, then the VEPU tests are not 
assessed. 







The following changes are proposed to Section 2.2.3.2.7.2.9 “Surveillance Integrity Level 
(SIL) Subfield in Aircraft Operational Status Messages” of DO-260B.   A revised Table 
2-72 should be included in this section.  Identical changes should be made to Table A-17 
in Section A.1.4.9.14 “Surveillance Integrity Level (SIL)”.  The proposed changes to the 
definition of SIL also affect this table and notes but are not included in this paper. 


Table 2-72: “SIL” Subfield Encoding 


and 


Table A-17: “SIL” Subfield Encoding 


SIL Coding 


(Binary) (Decimal) 


Probability of Exceeding the 
Horizontal Integrity 


Containment Radius (RC) 
Reported in the NIC Subfield 


Without an Indication 


Probability of Exceeding the 
Vertical Integrity Containment 


Region (VPL) Without an 
Indication 


Corresponding 
Hazard 


Classification 


00 0 Unknown Unknown No Safety Effect 


01 1 ≤ 1 × 10-3   
per flight hour or per sample  


≤ 1 × 10-3 


per flight hour or per sample Minor 


10 2 ≤ 1 × 10-5   
per flight hour or per sample  


≤ 1 × 10-5 


per flight hour or per sample Major 


11 3 ≤ 1 × 10-7   
per flight hour or per sample  


≤ 2 × 10-7 


per 150 seconds or per sample 
Severe 


Major/Hazardous 


 


Notes: 


1. The NIC parameter is broadcast partly in the TYPE subfield of Airborne 
Position and Surface Position Messages, and partly in the NIC Supplement 
subfield of Aircraft Operational Status Messages (§Error! Reference source 
not found.).   


2. “An Indication” may include, for example, a flag for invalid position report, 
or a change in NIC, or switching to another data source.  See §2.1.2.15 of 
the ADS-B MASPS, RTCA DO-242A, for a more complete description of SIL.   


3. The vertical integrity containment column only applies to NIC values greater 
than 8. 


4. The SIL encoding is the most stringent of the horizontal or vertical values. 


5. At the time of publication of these MOPS, it is recognized that there are three 
possible derivations of SIL: (a) the integrity value provided by navigation 
sensors with self-monitoring capability (e.g., GPS), (b) the reliability of 
aircraft systems given as indicated by a failure rate commensurate with the 
equipment design assurance, and (c) the integrity of other navigation 
systems, (e.g., RNP) that rely on ground-based self-monitoring equipment for 
integrity assurance, and for which no specific hourly integrity value can be 
ascribed.  These three values are not readily interchangeable.  Selection of 
the largest of the values as specified in Table 2-72 is felt to provide a 
reasonable bound on the order of magnitude of the probability of possible 
failures affecting ADS-B applications.  Future revisions of these MOPS may 
refine the SIL definition as more is understood.   







6. Since the SIL is intended to reflect the integrity of the navigation source of 
the position information broadcast, the SIL value transmitted should be 
indicative of the true integrity of the ADS-B position data.  A problem for 
installations that include currently available GNSS receivers and FMS 
systems is that SIL is not output by these systems.  With the lack of SIL 
information being provided by the navigation source, implementers should 
not arbitrarily set a SIL value of ZERO (0) indicating unknown integrity.  It 
is suggested, unless there is a tightly coupled navigation source where SIL 
can be unambiguously determined and set dynamically, that the ADS-B 
Transmitting Subsystem should provide for the static setting of SIL as part of 
the installation procedure.  Most implementers are expected to determine SIL 
by off-line analysis of the installed configuration.  This off-line analysis can 
be performed on the various primary and alternate means of determining the 
reported position.  SIL is a static value for each of these configurations.   
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Summary 
 
Working Paper 1090-WP24-03 from Boeing addressed separating the vertical quality metrics from 
the horizontal quality metrics.  This Working Paper addresses the desire for vertical quality metrics in 
near term ASAS Applications.  Future revisions of this Working Paper will propose formats for 
maintaining geometric altitude accuracy and vertical rate accuracy.   
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1. Introduction 
Working Paper 1090-WP24-03 from Boeing addressed separating the vertical quality metrics from 
the horizontal quality metrics.  If accepted, the vertical metrics will be unavailable.  This Working 
Paper addresses the desire for vertical quality metrics in near term ASAS Applications.  Future 
revisions of this Working Paper will propose a format for maintaining geometric altitude accuracy 
and vertical rate accuracy.  Further investigation is needed to justify the quantization and transmit 
rates before making a proposal. 
 
 
2. Discussion 
 
ASAS MOPS Text 
 
All five of the initial applications in ASAS MOPS allow for a mode of operation using geometric 
altitude when the geometric vertical accuracy of the ownship and ADS-B traffic is better than 45 
meters. 
 
ASAS MOPS Section 2.2.4.1 Enhanced Visual Acquisition (EVAcq) states that when pressure 
altitude is unavailable, geometric altitude may be used to compute a relative altitude with the target 
when the reported vertical accuracy is better than 45 meters for both the ownship and ADS-B traffic. 
 
ASAS MOPS Section 2.2.4.2 Airport Surface Situational Awareness/Final Approach and Runway 
Occupancy Awareness (ASSA/FAROA) states that the application may be performed when either 
pressure altitude is valid or geometric vertical accuracy is better than 45 meters for ownship.  ADS-B 
Traffic are considered valid for ASSA/FAROA when pressure altitude is valid or geometric vertical 
accuracy is better than 45 meters. 
 
The preliminary requirements in ASAS MOPS Section 2.2.4.3 Conflict Detection (CD) state that 
ownship and traffic vertical position requirements  may be met by geometric accuracy better than 45 
meters. 
 
ASAS MOPS Section 2.2.4.4 Enhanced Visual Approach (EVApp) states that ownship and traffic 
vertical position requirements may be met by geometric accuracy better than 45 meters. 
 







1090-WP27-11  Page 3 of 7 


 
ASA MASPS DO-289 Conflict Detection Requirements Summary 
 
The ASA MASPS, RTCA DO-289 explores Conflict Detection in some detail and made 
recommendations on required and desired performance of the vertical metrics. Those 
recommendations are summarized in the table below. 
 
 Required Performance Desired Performance 
Horizontal Position Accuracy 0.5 NM (NACP >= 5) 20 m (NACP >= 9) 
Horizontal Velocity Accuracy 3 m/s (5.83 knots)(NACV >=2) 0.6 m/s (1.2 knots)(NACV >= 3) 
Vertical Position Accuracy Baro Existing Specifications  
Vertical Velocity Accuracy Baro Existing Specifications  
Vertical Position Accuracy Geo 45 m (148 ft)(NACP >= 9) 10 m (32 ft)(NACP > 10) 
Vertical Velocity Accuracy Geo Baro Equivalent 60 fpm (DO-242A)(NACV=4) 
 
It is interesting to note that DO-289 refers to pressure altimetry accuracy several times without 
actually documenting what the assumed performance is.  I found the same issue with DO-242.  
Jonathon Hammer stated that the performance of the pressure altimetry was based on a model they 
created during the TCAS development to represent actual aircraft equipment.  The model assumes 
that pressure altitude accuracy varies between 30 and 100 feet depending on the altitude. 
 
 
Air Data Computer Performance 
 
To get a data point on Air Data Computer performance, I looked up some numbers in ARINC 706-4. 
 
ARINC 706-4 paragraph 4.10.1 requires Air Data Computer (ADC) altitude accuracy to be: 
 
 Accuracy Altitude Range 
 15 ft  -1000 – 0 ft 
 20 ft  @ 10,000 ft 
 40 ft  @ 30,000 ft 
 80 ft  @ 50,000 ft 
 
with intermediate altitudes meeting a linear interpolation between the given points. 
 
ARINC 706-4 paragraph 4.10.4 requires ADC altitude rate accuracy to be 30 fpm.  This is identical 
to the Inertial Vertical Speed Accuracy given in ARINC 738A-1. 
 
Note that the equipment performance does not include the effects of aircraft installation or 
atmospheric phenomenon deviating from the standard model (e.g. temperature inversions).  So the 
actual installed performance of the equipment will be worse than that given here. These numbers 
agree fairly well with the MITRE model. 
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GNSS Vertical Performance 
 
GNSS Vertical Performance varies as a function of satellite geometry, receiver assumptions (e.g. SA 
On/Off), receiver type (e.g., SBAS, GBAS, unaugmented), as well as a host of other factors.  
Honeywell performed a short study of GPS Vertical Performance using a 24 Satellite reference 
constellation as well as using an almanac from the current constellation.  Refer to the attached paper 
for details.  Based on this short study, the performance you can expect from an SA Aware fleet is 
Vertical Accuracy (95%) better than 60 meters and Vertical Velocity Accuracy better than 0.6 m/s.  
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Existing Vertical Metrics 
 
The following tables present the vertical metrics as they currently exist in DO-260A. 
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Proposed Vertical Accuracy Quantization 
 
The existing vertical separation in the airspace ranges from 500 feet to 2000 feet depending on the 
altitude assigned.  Based on 500 feet separation, it seems unlikely that there would be a use for a 
vertical accuracy metric as large as half of the 500 feet separation.  However, since the SA Aware 
equipment performance is 200 feet or better 95 % of the time, it seems reasonable to make the largest 
quantization support SA Aware performance.  Thus, I propose that the largest Vertical Accuracy 
quantization be 200 feet or 60.96 meters.  This differs from the current largest vertical metric of 45 
meters or 147.6 feet.  The altitude resolution supported by the Mode S link is 25 feet. So it doesn’t 
make sense to support any quantization smaller than 25 feet.  This differs from the current smallest 
vertical metric of 4 meters or 13.1 feet.  In the table below, I propose to use three bits to support the 
new Geometric Vertical Accuracy metric. 
 
Geometric Vertical Accuracy Quantization Accuracy in Feet Accuracy in Meters


0 > 200 > 60.96 
1 200 60.96 
2 150 45.72 
3 100 30.48 
4 50 15.24 
5 25 7.62 
6 RESERVED  
7 RESERVED  


 
 
Proposed Vertical Velocity Quantization 
 
The existing vertical velocity quantization is puzzling at best.  What any application can do with 50 
feet/second or 3000 fpm of error is questionable.  It is unclear what system performs this poorly.  Air 
Data Computers and Inertial Reference Systems provide vertical rate accuracies of about 30 fpm.  
Even the largest number from the SA Aware sensor study was on the order of 10 feet per second.  It 
seems like the vertical rate quantization could use some tinkering.  I propose to use three bits to 
support the new Vertical Velocity quantization in the table below. 
 


Vertical Velocity 
Accuracy 


Quantization 


Accuracy in 
ft/s 


Accuracy in 
m/s 


Accuracy in 
fpm Comment 


0 > 15 >4.57 > 900 Unknown 
1 15 4.57 900  
2 10 3.05 600  
3 5 1.52 300  
4 2 0.61 120 SA Aware 


5 1 0.30 60 Augmented 
GNSS 


6 0.5 0.15 30 ADC, INS 
7    Reserved 
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It would be helpful to have SC-159 comment on the existing equipment to determine what vertical 
velocity accuracy can be expected. 
 
 
Desired Transmit Frequency 
 
Vertical Metrics are only interesting when an aircraft is airborne.  Therefore this paper recommends 
that the vertical metrics only be included in airborne formats.  Since Conflict Detection is the most 
tactical of the applications currently defined to need vertical metrics.  That is the application used to 
determine the required frequency.  The CD Application in DO-289 states that the desired update rate 
for state data is 3 seconds and tolerated update rate is 10 seconds.  It is unclear but assumed that the 
quality metrics are associated with state data with respect to update rate.  So the update rate for the 
vertical metrics should not exceed 10 seconds.  I asked Larry Bachman to do an analysis for me using 
a 2020 interference model to help determine the required transmit frequency.  If the vertical metrics 
are transmit at 2.5 second intervals, they would support a 10 second update at 15 miles in the 
modeled 2020 air-to-air interference environment. 
 
 
3. Recommendations 
 
WG-3 is advised to consider the desire for vertical quality metrics in the ASAS MOPS.  WG-3 is 
asked to consider the proposals for adding Geometric Altitude Accuracy and Vertical Velocity 
Accuracy fields for inclusion in Change 3 to DO-260A.  
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Proposal #1 for revised SIL Encoding – 2-bit Solution 


Note: “Horizontal Position Measurement Integrity” and “System Design Assurance” 
columns are AND-gates (if displayed separately) 


SIL 
Value 


Horizontal Position Measurement 
Integrity 


System Design Assurance 


3 10-7/flight hour (or better) 10-5/flight hour (or better) 


2 10-5/flight hour 10-5/flight hour (or better) 


1 Both metrics at least 10-3/flight hour  
but at least one metric not more than 10-3/flight hour 


0 At least one metric “unknown” or exceeds 10-3/flight hour 


 


 
Proposal #2 for revised SIL Encoding – 3-bit Solution 


Note: “Horizontal Position Measurement Integrity” and “System Design Assurance” 
columns are AND-gates (if displayed separately) 


SIL 
Value 


Horizontal Position Measurement 
Integrity 


System Design Assurance 


7 10-7/flight hour (or better) 10-7/flight hour (or better) 


6 10-7/flight hour (or better) 10-5/flight hour 


5 10-5/flight hour 10-7/flight hour (or better) 


4 10-5/flight hour 10-5/flight hour 


3 10-5/flight hour 10-3/flight hour 


2 10-3/flight hour 10-5/flight hour 


1 10-3/flight hour 10-3/flight hour 


0 At least one metric “unknown” or exceeds 10-3/flight hour 


 


 







Proposal #3 for revised SIL Encoding – Alternate 3-bit Solution 


Note: “Horizontal Position Measurement Integrity” and “System Design Assurance” 
columns are AND-gates (if displayed separately) 


SIL 
Value 


Horizontal Position 
Measurement Integrity 


System Design 
Assurance Application 3 Bit 2 Bit


7 Reserved Reserved Reserved 111 N/A 


6 Reserved Reserved Reserved 110 N/A 


5 Reserved Reserved Reserved 101 N/A 


4 10-7/flight hour 10-7/flight hour Future Applications 100 N/A 


3 10-7/flight hour 10-5/flight hour Surveillance (Europe) 011 11 


2 10-5/flight hour 10-5/flight hour Surveillance (U.S.) 010 10 


1 10-3/flight hour 10-3/flight hour VFR Situational Awareness 001 01 


0 At least one metric “unknown” 


or < 10-3/flight hour 
N/A 000 00 


 


1.  Definition of SIL=0, SIL=1, and SIL=2 are unchanged 


2.  Definition of SIL=3 relaxed to accommodate European requirements 


3.  SIL=4 provided for future applications with 10-7 (Replaces old SIL=3) 


4.  SIL=6, SIL=6, SIL=7 Reserved for future use, or to integrate vertical metrics 


5.  Systems only capable of setting two SIL bits would be able to set SIL=0,1,2,3 


6.  Systems integrity includes all avionics (position source and transponder) 
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Summary 


This Working Paper addresses action item 24-19 related to Change item #28 about the 
consistency of the validation of the on-the-ground status between 1090MOPS and the 
Mode S transponder MOPS.  
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1 Introduction 


This Working Paper addresses action item 24-19 related to Change item #28 about the 
consistency of the validation of the on-the-ground status between 1090MOPS and the Mode S 
transponder MOPS. 
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2 Comparison of 1090 MOPS with Mode S transponder Mops 
1090 MOPS++ Mode S transponder MOPS DO181-D 
2.2.3.2.1.2 “CA” Capability Field (used in 
DF=17) 
a. Definition:… 
b. Transponder Use… 
c. Air/Ground Determination: … 


d. Validation of Ground Status: 


Note: For aircraft with an automatic means of 
determining vertical status (i.e., weighton-wheels, 
strut switch, etc.) the “CA” field reports whether 
the aircraft is airborne or on the ground. TCAS 
acquires aircraft using the acquisition squitters or 
extended squitters, both of which contain the “CA” 
field. If an aircraft reports that it is on the ground, 
that aircraft will not be interrogated by TCAS in 
order to reduce unnecessary interrogation activity. 
The 1090 MHz ADS-B Message formatter may 
have information available to validate that an 
aircraft reporting “on-the-ground” is actually on 
the surface. 


If the automatically determined Air/Ground status 
is not available or indicates that the Airborne 
Position Message (see §2.2.3.2.3) shall be 
broadcast, then the Airborne Position Message 
shall be broadcast in accordance with subparagraph 
c. 


If one of the conditions in Table 2-10 is satisfied, 
then the Air/Ground status shall be changed to 
“Airborne” and the Airborne Position Message (see 
§2.2.3.2.3) shall be broadcast irrespective of the 
automatically determined Air/Ground status. 


Table 2-10: Validation of “ON-GROUND” 
Status


Note: Aircraft reporting ADS-B Emitter Category 
Set “A” codes 0, 1 or 7 with an automatic means to 
determine the on-the-ground status, and means to 
validate that status, may change the status to 
“Airborne” if the on-the-ground status cannot be 
validated. 


 
 
 
 
c. Validation  of declared on-the-ground status  
Note 2:  For aircraft with an automatic means of 


determining vertical status, the CA  field 
reports whether the aircraft is airborne or on 
the ground. ACAS II acquires aircraft using 
the short or Extended Squitter, both of which 
contain the CA field. If an aircraft reports on-
the-ground status, that aircraft will not be 
interrogated by ACAS II in order to reduce 
unnecessary interrogation activity. 


For Aircraft with an automatic means for 
determining the on-the-ground condition, 
transponders that have access to at least one of 
the following parameters (ground speed, radio 
altitude, airspeed) shall perform the following 
validation check:  


If the automatically determined air/ground status 
is not available or is “airborne”, no validation 
shall be performed.  


 


If the automatically determined air/ground status 
is available and the “on-the-ground” condition is 
being reported, the air/ground condition shall be 
overridden and changed to “airborne” if:  


 Ground Speed > 100 knots OR Airspeed 
>100 knots OR Radio Altitude > 50 feet.  


Note 3: For Extended Squitters installation, the 
on-the-ground validation is optional for 
Aircraft reporting ADS-B Emitter Category 
Set “A” codes 0, 1 or 7 as defined in the 
latest version of RTCA/DO-260A, 2.2.3.2.1.2.. 


Note 4:  Modern aircraft with integrated 
avionics suites commonly contain 
sophisticated algorithms for determining the 
air/ground state based on multiple aircraft 
sensors. These algorithms are customized to 
the airframe and designed to overcome 
individual sensor failures. These algorithms 
are an acceptable means to determine the 
air/ground state and do not require additional 
validation. 
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3 Discussion  & Proposal 
Forcing ground format: 
Section 2.2.3.2.1.2 bullet c) has already been changed i.e., what to do to force the surface 
position format when the aircraft is on the ground. 
 
Forcing airborne  state and format when the system is wrongly reporting on the ground: 
The validation of the on-the-ground status consists in forcing the airborne state when 
there is a doubt on the “ground “ state as airborne state is the safest position. 
 
DO260 still uses a table to define different validations of the on-the-ground status 
depending on the emitter category while transponder MOPS and new ICAO SARPS have 
been simplify to a simple formula not depending on the emitter category. 
 
In the present MOPS there is no validation of the on-the-ground status when: 


• there is no information on the Emitter category (0), 
• it is a light aircraft (<15,500 lbs.) (1) 
• it is a rotorcraft (7) 


  
 
Issue: 
During the review of transponder MOPS and ICAO Annex 10 it has been considered as 
the safest option to extend the validation of the on-the-ground status (forcing airborne 
status when there is a doubt) to the all possible platforms having access to the necessary  
information.  
In 1090 MOPS the validation of on-the ground status is still limited and not used when 
there is no emitter category, when it is a light aircraft or when it is a rotorcraft? 
 
Proposal: 
The simplest and safest option is to simplify the requirement and make the validation 
valid for all emitter categories as specified in the transponder MOPS and new ICAO 
SARPS. 
In the worst case the criteria will possibly not be met (e.g. Speed less than 100 knots) and 
there will be no change to the on-the ground status and type of ES transmitted. 
 
Proposed new text for 1090 MOPS: 
 
“2.2.3.2.1.2 “CA” Capability Field (used in DF=17) 
… 


d. Validation of Ground Status: 


Note: For aircraft with an automatic means of determining vertical status (i.e., weight on-wheels, strut 
switch, etc.) the “CA” field reports whether the aircraft is airborne or on the ground. TCAS acquires 
aircraft using the acquisition squitters or extended squitters, both of which contain the “CA” field. If an 
aircraft reports that it is on the ground, that aircraft will not be interrogated by TCAS in order to reduce 
unnecessary interrogation activity. The 1090 MHz ADS-B Message formatter may have information 
available to validate that an aircraft reporting “on-the-ground” is actually on the surface. 
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If the automatically determined Air/Ground status is not available or indicates that the Airborne Position 
Message (see §2.2.3.2.3) shall be broadcast, then the Airborne Position Message shall be broadcast in 
accordance with subparagraph c. 


If Ground Speed > 100 knots OR Airspeed >100 knots OR Radio Altitude > 50 feet, then the Air/Ground 
status shall be changed to “Airborne” and the Airborne Position Message (see §2.2.3.2.3) shall be 
broadcast irrespective of the automatically determined Air/Ground status. 


d. Validation of Ground Status: 


Note: For aircraft with an automatic means of determining vertical status (i.e., weighton-wheels, strut 
switch, etc.) the “CA” field reports whether the aircraft is airborne or on the ground. TCAS acquires 
aircraft using the acquisition squitters or extended squitters, both of which contain the “CA” field. If an 
aircraft reports that it is on the ground, that aircraft will not be interrogated by TCAS in order to reduce 
unnecessary interrogation activity. The 1090 MHz ADS-B Message formatter may have information 
available to validate that an aircraft reporting “on-the-ground” is actually on the surface. 


If the automatically determined Air/Ground status is not available or indicates that the Airborne Position 
Message (see §2.2.3.2.3) shall be broadcast, then the Airborne Position Message shall be broadcast in 
accordance with subparagraph c. 


If Ground Speed > 100 knots OR Airspeed >100 knots OR Radio Altitude > 50 feet,one of the conditions in 
Table 2-10 is satisfied, then the Air/Ground status shall be changed to “Airborne” and the Airborne 
Position Message (see §2.2.3.2.3) shall be broadcast irrespective of the automatically determined 
Air/Ground status. 


Table 2-10: Validation of “ON-GROUND” Status  


Note: Aircraft reporting ADS-B Emitter Category Set “A” codes 0, 1 or 7 with an automatic means to 
determine the on-the-ground status, and means to validate that status, may change the status to “Airborne” 
if the on-the-ground status cannot be validated. 
 
Note: Modern aircraft with integrated avionics suites commonly contain sophisticated algorithms for 
determining the air/ground state based on multiple aircraft sensors.  These algorithms are customized to 
the airframe and designed to overcome individual sensor failures.  These algorithms are an acceptable 
means to determine the air/ground state and do not require additional validation. 
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Summary 
This Working Paper addresses a proposed change to the CDTI Capability Bit, and a 
proposed new bit definition for one of the reserved Capability Class Code bits. 
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There has been discussion at previous meetings concerning the “CDTI Traffic Display 
Capability“ bit of the Capability Class Code contained in the Operational Status Message.   
 
The bit, as originally defined, is an indication whether a cockpit display of traffic 
information (CDTI) is installed and operable.  The current requirement in DO-260A 
Change 2 is contained in §2.2.3.2.7.2.3.3 entitled “CDTI Traffic Display Capability”.   
Don Walker had presented 1090-WP24-06R1 that initiated discussion on the utility of 
this field.  Working Paper 1090-WP24-06R1 questioned the operational use of this field 
as it is defined. The WP pointed out that having an operational CDTI is not sufficient to 
communicate capability to perform an application, which is really the operational goal 
trying to be achieved.  Although the WP recommended designating this field “reserved” 
in this revision of the MOPS, it was further discussed at the last WG-3 meeting in 
Brussels that this bit may be redefined to provide a different meaning that could provide 
operational benefit.   
 
The FAA ADS-B Ground architecture will be providing TIS-B and ADS-R Services and 
in order to conserve RF spectrum, it is an advantage to be able to identify aircraft that 
have an ADS-B receiver.  The redefinition of the CDTI Traffic Display Capability field 
to indicate ADS-B IN capability for this purpose was captured in the proposed change 
matrix (Change 13).  The FAA Ground system uses a client oriented strategy to 
determine which aircraft needs to receive TIS-B and ADS-R services.  With the proposed 
modification to indicate that the aircraft is equipped with an ADS-B receiver, the Ground 
system would not consider aircraft without a receiver as a client. 
 
To further enhance the ADS-B Ground system’s ability to provide service efficiently to 
ADS-B equipped aircraft, an additional field is required to handle a non-typical aircraft 
installation.  Since the US airspace is supporting two data links, 1090ES and UAT, there 
may be cases where an aircraft has installed an ADS-B transmitter on one data link and a 
receiver on the other data link.  In the case of an aircraft transmitting on 1090ES and 
receiving on UAT, the Ground system would be incorrectly transmitting TIS-B and ADS-
R on 1090ES if the proposed ADS-B Receive Capability indicates reception capability or 
nothing at all if the proposed ADS-B Receive Capability indicates no reception 
capability.  To overcome this, it would be beneficial to provide an additional bit in the 
Capability Class Code to indicate if an aircraft has reception capability on UAT.  This 
will allow the ADS-B Ground system to provide the ADS-B Services on the proper link.   
 
In summary, this proposed change would require the following: 
 


1) Redefinition of the CDTI Traffic Display Capability field to indicate ADS-B IN 
capable  


2) Taking a reserved bit of the Capability Class Code and defining a new field to 
indicate ADS-B IN capability on UAT.   
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Summary 


As expressed during the RTCA SC-186 Plenary in April 2008, it was the view of the FAA that the 
material in the current revision of the STP MOPS (RTCA/DO-302) is guidance material that represents a 
way to integrate navigation sources, but is not the only acceptable way to integrate navigation sources.  
Additionally, there are some specific details of the STP MOPS that may not hold true for all instances of a 
given sensor type (i.e., RNP FMS or WAAS GPS).  During the RTCA SC-186 Plenary on 24 April 2008, 
a small Ad Hoc Group was tasked to review the STP MOPS for possibly including some of the 
requirements in Change 3 to DO-260A, and potentially Change 2 to DO-282A.  This task also included the 
review of Latency in the ADS-B system, and the production of proposals for any changes to FAA 
Advisory Circulars (AC).  This Working Paper is a revision to 1090-WP24-09R1, which was presented 
during WG-3/SG-1 Meeting #24 in Phoenix, and it incorporates discussion points raised during that 
meeting.  It is presented as a proposed resolution to the issue of Total and Uncompensated Latency in the 
ADS-B system.   
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1 Total Latency and Uncompensated Latency in ADS-B  
 
As applications using ADS-B data are being developed, it has become apparent that tighter 
control is needed than what is currently afforded in the 1090 MHz MOPS regarding the Total and 
Uncompensated Latency of transmitted position and velocity information.  In particular, the 
latency of data needs to be considered in whole, from the original generation of that data within 
the Navigation system to transmission.   
 


1.1 Description of the Problem 
 
The long-used functional architecture is depicted in Figure 1. 
 


 
Figure 1: Functional Architecture Diagram 


 
The interfaces are defined as follows: 


• A1: Input to the Measuring Equipment  
• B1: Output of the Measuring Equipment 
• C: Input to the ADS-B Transmitting Equipment 
• D: Output of the ADS-B Transmitting Equipment (i.e. the transmission) 


 


1.1.1 Timing Notation 
 
For a piece of data in the stream and an interface X , let XT  be the time that the data crosses 
interface X .  Let XTOA  be the time of applicability of that data.  It is to be understood that 


XTOA  represents the truth—i.e., it is the ideal time of applicability of the data at interface X.   
 
In the case of position data, as it moves through the data stream it may be advanced in the 
direction of travel to compensate for timing.  For interfaces X  and Y  define YXT →Δ  to be the 
total amount of time compensated for by the equipment between interfaces X  andY .   
 


Measuring 
Equipment  
(GNSS engine, 
GPS/INS hybrid, 
etc.) 


A1 B1 


ADS-B 
Transmitting 
Equipment 


C D 


Data Transfer and Processing  
(Data Bus, FMS, Data Concentrator, STP, etc.) 
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Key examples of this notation are listed below: 
• For a GNSS position source 1BTOA  is the GNSS time mark, and this is the ideal time of 


applicability.   
• The GNSS industry standard is a not-to-exceed value of 20011 <− BB TOAT  ms. 
• Because extrapolation is not usually performed on the position between interfaces B1 and 


C, CBT →Δ 1  is typically zero.   
• DCT →Δ  is the total amount of extrapolation performed by the ADS-B Transmitting 


Equipment.   
 
The general timing diagram is presented in Figure 2: 
 


 
Figure 2:  The general timing diagram 


 


Note: CBT →Δ 1  is depicted as being positive in Figure 2.  In general, it is not necessary 
that =CTOA  1BTOA . 


Lastly, let TTOA  be the transmitted time of applicability.  This is the time that is expected to be 
decoded by the ADS-B Receiving Equipment.  The transmitted time of applicability varies 
according to the T-bit: 
 


1. When the T-bit is set to ZERO (0), the receiver takes the transmitted time of applicability 
of the received data to be the time of reception, so DTTTOA = .   


2. When the T-bit is set to ONE (1), TTOA  is the appropriate 200 ms UTC epoch, 
determined by the use of the F bit and the time of transmission.  Presumably, 


±= DTOATTOA  clock errors.   
 


t 
TOAB1 TB1 TOAC TOAD TC TD 


ΔTB1→C  ΔTC→D
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1.1.2 Latency Definitions 
Using the above notation, Total Latency is defined as: 
 


1BD TOATTL −= . 
 
The measurement of Total Latency begins at the time of applicability of the data output by the 
Measuring Equipment and ends at the time of transmission.   
 
Uncompensated Latency is defined as:   
 


)( 11 DBBD TTOATTOATOATTOAUL →Δ+−=−= . 
 
As DTOA  is truth data, Uncompensated Latency is simply the error inTTOA .   
 


a. For non-UTC coupled transmissions, DTTTOA = .  So, 


DBDBBD TTLTTOATUL →→ Δ−=Δ+−= 111 )( . 
Intuitively, Uncompensated Latency is Total Latency minus the amount of compensation 
performed.   
 


b. For UTC-coupled transmissions, Uncompensated Latency is on the order of clock errors 
and is considered negligible.   


 


1.2 STP MOPS Ad-Hoc Subgroup consensus and findings  


1.2.1 General Consensus 
1. It is widely recognized that Total Latency can and should be limited to 1.5 seconds.  It is 


proposed that further development of ADS-B standards and rulemaking should require 
that 5.1<TL  seconds, 95%.   


Note: There may be a need to specify total delay, which begins at the time of 
measurement of position (or other) data rather than at the time of applicability of 
that data.  It is recommended that within the MOPS and MASPS defining ADS-B 
Transmitting Equipment, the notion of Total Latency is adopted as defined above.  
Additional allocations may be made out to the time of measurement if necessary.   


2. The accuracy category transmitted in an ADS-B message should be encoded directly 
from the output of the Measuring Equipment.  In particular, NACP should not be adjusted 
to take care of any effects of Uncompensated Latency.  It is more useful to have 
knowledge separately of position errors and time errors.   


 


1.2.2 Findings for Uncompensated Latency 
Currently, the 1090 MHz Extended Squitter (ES) MOPS contains two means of designating 
timing of a transmitted position.  The “TIME” (T) bit is used for that purpose.  The T bit indicates 
the case when the time of applicability of the horizontal position information is defined to be.  
 







Page 5 of 8                                        1090-WP25-11R1                                                        Latency 


The T bit set to ONE indicates that the time of applicability of the horizontal position information 
is an exact 0.2 second UTC epoch.  The T=1 case is labeled in the MOPS as the “GPS/GNSS 
Time Mark Coupled Case”.  The MOPS further states that in order for an ADS-B Transmitting 
Subsystem to qualify to set the T bit to ONE, it must accept the GNSS Time Mark input from the 
navigation data source.  The correct 200 millisecond epoch is further defined by the “Compact 
Position Reporting (CPR) Format” (F) bit.  In the T=1 case, the F is also used to indicate whether 
the epoch of applicability of the position data is an “even” or “odd” 0.2 second UTC epoch.  In 
the T=0 case, the F bit only identifies CPR Format type (“even” or “odd”) is used to encode the 
latitude and longitude data. 
 
The latency issue for T=1 is different than the T=0 case.  Since the ADS-B transmitting device is 
aware of UTC time via the Time Mark, position can be calculated precisely to the UTC epoch 
that is represented by the F bit.  In particular, TTOA  is the start of the “even” or “odd” 0.2 
second UTC epoch (depending on the F bit) that immediately proceeds the time of reception.  
Hence, in the T=1 case DTOATTOA =  (up to clock errors) and so uncompensated latency is 
zero.  This calculation is described in the commentary in §2.2.3.2.3.8.2.1 of DO-260A. 
 


COMMENTARY: 
The following example provides one method (not the only method) that latitude given in 
the Airborne Position Message may be extrapolated from the time of validity of the fix 
(included with the fix from the navigation data source) to the time of applicability of the 
Airborne Position Message. In the example, it is assumed that the “TIME” (T) subfield 
(see §2.2.3.2.3.5) is “ONE,” indicating that the time of applicability of the extrapolated 
position is an exact 0.2 second UTC Epoch. 
Let: 
tfix   =  time of the leading edge of the last received GNSS Time  
   Mark (see §2.2.5.1.6), which is also the time of validity 


included with the fix from the navigation data source. 
Tmessage =   time of applicability of the Airborne Position Message, 


which is an exact 0.2 second UTC Epoch. 
Δt   = Tmessage - tfix, in milliseconds 
φfix   =  last known latitude position, at time tfix, in degrees 
φmessage  =  latitude, extrapolated forward to the time of applicability of 


the Airborne Position Message, Tmessage 
Δφ   =  φmessage - φfix, in degrees 
νNS   =  North/South Velocity 
 
The earth may be modeled as a sphere with radius such that one nautical mile equals one 
minute of arc along a great circle. Using that approximation, yields:  
 
φmessage   =  φfix + Δφ 
 
The scope of the discussion, then, is the unsynchronized case, i.e., when the ‘T’-bit is set to 
ZERO.   


Note: It is true however that when an ADS-B receiver does not have the UTC time mark 
and receives a message with the ‘T’-bit set to ONE, then there will be timing 
errors incurred on the receive side.  This is out of scope here, but is expected to 
be taken into account where applicable.   
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Requirements in DO-260A address only that portion of UL  which comes from the ADS-B 
Transmitting Equipment extrapolating the position data such that at the time of transmission, the 
position data is accurate to within 200 ms, under the assumption that TC = TOAC .  In setting this 
timing requirement certain assumptions were made about CC TOAT − , but the difference could be 
unbounded in principle.  In an effort to specify UL  in its full context, it is generally 
acknowledged that: 
 


a. Uncompensated Latency of less than 600 ms, 95% is available and easily achievable, 
though there do exist installations that do not currently meet such a requirement. 


b. Current applications can support UL  < 600 ms, 95%. 
c. For any given installation, Uncompensated Latency is a random quantity with a mean μ  


and standard deviationσ . 
 
Even with all aircraft compliant with a requirement of 600 ms, 95%, the mean μ  can be expected 
to vary significantly among installations, or even during the course of a flight.  In the RAD 
application, for example, 600 ms, 95% is assumed and modeled as 300=μ  ms for a single 
aircraft.   
 
It is observed that in many cases it is possible for the ADS-B Equipment to compensate for the 
mean latency in a particular installation, i.e., to know what CC TOAT −  is on average and to 
compensate for it in the transmission.  The committee discussed the advantages and drawbacks of 
requiring mean-compensation.  From the perspective of designing applications, a mean-
compensated UL  is preferable.  Concerns with such an approach include:   
 


1. The need to know aspects of GNSS performance beyond the current requirement of 
20011 <− BB TOAT  ms 


2. Difficulty in controlling the mean in some cases, e.g. data concentrator.  Dynamic input 
to the ADS-B Equipment is untenable 


3. Even when the mean is stable, there may be difficulties in characterizing and certifying 
ADS-B installations 


4. It is difficult to see why the ADS-B Equipment should account for what is happening 
outside of the box, and maintaining coordination between the ADS-B Equipment and the 
installation for years could be problematic.  In short, if it is not our problem, then why 
should we fix it? 


 
While not determined to be a practical requirement, mean-compensation is certainly a good 
technique for reducing the effects of Uncompensated Latency.   
 
The STP MOPS Ad Hoc Subgroup arrived at the conclusion that UL  should be controlled as an 
overall requirement.   
 


1.2.3 Proposal for bounding Uncompensated Latency 
It is critical that the bounds placed on UL  be future-proof.  The suite of applications that have 
been developed to date are able to accommodate 600 ms, 95%, but the requirements set on UL  
will need to support the coming development of future applications.  While the possibility of 
down-linking timing categories to allow for greater design freedom has been discussed, we 







Page 7 of 8                                        1090-WP25-11R1                                                        Latency 


believe that a single common bound is sufficient and practical.  As such, this required bound on 
UL  should be as tight as possible without placing unnecessary burden on the installers and 
manufacturers.   
 
An allocation to three components of UL  is considered.  Note that the contribution to 
Uncompensated Latency between interfaces B1 and C is CBBC TTT →Δ−− 11 )( , where the term in 
parentheses is the transit time of the data and CBT →Δ 1  is the amount of compensation that is 
performed by the equipment between B1 and C, according to the notation defined.  Similarly, the 
contribution to Uncompensated Latency from the ADS-B Equipment is DCCD TTT →Δ−− )( .  
The following allocation is considered a reasonable starting point. 
 


a. Accept 200 ms from the position source.  i.e., 2000 11 <−< BB TOAT   
b. Assume that all but ±100 ms of the transit time be compensated for between B1 and C,  


i.e., 100)(100 11 <Δ−−<− →CBBC TTT  ms, 95% 


Note: A 95% value is given here rather than a not-to-exceed in order to accommodate 
the widest range of solutions. 


Note: It is expected that if an installation is such that there is a need for compensation 
of transit time between interfaces B1 and C, that this compensation is  performed 
by the system architecture between interfaces B1 and C, as this is where the 
uncompensated latency is incurred.  Compensating for this time within the ADS-
B Equipment could prove problematic should changes to the hardware or 
software architecture between B1 and C occur without coordination. 


c. Improve upon the current requirement in DO-260A so that the transmitted time of 
applicability is within ±100 ms of the time of applicability of the data (assuming 


CC TOAT = ), i.e., that the ADS-B Transmitting Equipment compensates for all but 
±100 ms of the time that the position data is within the box, i.e., 


XTTTX DCCD +<Δ−−<−− → 100)(100  ms. 


Note: There are at least three ways to meet this requirement.  (1) The position can be 
extrapolated 100 ms into the future, (2) the random transmission time can be 
determined ahead of time, and (3) the position can be extrapolated at a higher 
rate. 


 
It is easy to see that the sum of these three comprise UL  as defined.  Note that the sum of the first 
two allocations result in:   
 


300100 <−<− CC TOAT  ms, 95%. 
 
This is the key improvement over the current situation, in which CC TOAT −  is essentially 
unbounded.   
 
The overall requirement met for Uncompensated Latency under this example allocation is:   
 


400200 <<− UL  ms, 95%. 
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This seems to be a reasonable value for future ADS-B applications to work with.  Further 
deliberation is needed on the final requirement on UL , and on how to set requirements with 
respect to allocation. 
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Summary 
This Working Paper addresses adding a new NIC Supplement for NIC=7. 
 







 
 


Proposal for Redefinition of NIC=7 to Represent a New HPL Level  
 
 
Problem Description / Issue  
 
The current discretization of containment integrity levels into NIC codes is somewhat coarse 
compared to the level of detail needed for recent RAD ADS-B applications.  Although the use of 
a NIC=6, for example is adequate to represent a containment level HPL<= 0.6 NM, sufficient for 
3 NM TMA separation minima, the NIC level to represent 2.5 NM, 2.0 NM, 1.5 NM final 
approach applications, and independent parallel approaches are all specified as NIC=7 (HPL<= 
0.2 NM), even though there is a significant difference in separation criteria between these 
applications.  A finer level discretization of NIC=7 (TYPE code 12) is proposed, so that the final 
approach procedures with separation minima less than 3 NM can be distinguished from the 
general  3 NM TMA separation minima, and from the more stringent independent parallel 
approaches application which requires a true HPL <= 0.2 NM containment level.  This finer 
discretization level may also be needed for future ADS-B applications. 
 
From the viewpoint of current RAIM based GPS receivers, additional HPL levels are needed to 
assure a minimum HPL level with specified availability and continuity of function.  For air-air 
separation applications, for example, availability of RAIM integrity needs to be at least 99.9% or 
higher for primary separation use (DO-242A ADS-B MASPS).   Achieving this level of 
availability is dependent on the GPS satellite constellation as well as the type of GPS receiver 
used.  The issue is that NIC=7 level containment integrity (HPL<=0.2 NM) can be problematic 
for both SA-Aware receivers and legacy SA-On GPS receivers.  This is illustrated in Figure 1 
below, where availability of HPL level in Seattle, WA is shown for two GPS satellite 
constellation assumptions, and for two GPS receiver types, assuming a typical 2 degree masking 
angle for both receiver types.  (The bold lines represent availability versus HPL level for GPS 
week 410 (July, 2007) for SA-Aware and SA-Unaware receivers, respectively, and the thinner 
lines represent  availability versus HPL level for the ‘standard’ SPS constellation assumptions 
with specified frequency of satellite outages from 24 active satellites (no outages) to 20 active 
satellites (4 outages). ) 
 
It is seen from the HPL sensitivity curves in Figure 1, that SA-Aware RAIM receivers are 
marginal in meeting the desired 0.999 availability level for NIC=7, assuming the standard SPS 
satellite constellation assumptions, but meet the desired availability level with some margin for 
HPL levels between 0.3 and 0.4 NM.  Similarly, for Legacy SA-Unaware receivers,  the desired 
availability level for HPL is not feasible with poor satellite constellations with 23 or fewer active 
satellites, but is easily met with HPL<= 0.3 NM for current satellite constellations with more 
than 28 active satellites in orbit.  This suggests that an intermediate NIC level between 6 and 7 
would be useful in assuring that a desired availability level is achieved for ADS-B separation 
applications, depending on GPS receiver type and current GPS satellite geometry.  (In a 
minimum satellite environment, SA-Unaware receivers may not be capable of supporting 
separation applications at any NIC level>5, whereas SA-Aware receivers may be capable of 
supporting at least applications with minimum HPL<= 0.3 NM containment.) 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 1: Availability of RAIM GPS Versus HPL Level Under Various Assumptions 
 
 
Proposed Resolution to Issue 
 
On the basis of the above discussion, the Boeing Company proposes that the NIC=7 level 
currently defined in DO-260A be redefined into two levels depending on the NIC supplement 
bit.  The proposed redefinition for containment radius (RC) is given by: 
 
NIC=7, Supp bit =0  RC < 0.2 NM (370.4 m) 
 
NIC=7, Supp bit=1  RC < 0.3 NM (555.6 m). 
 
The specific value chosen is intended to support certain RAD TMA and final approach 
applications.  The committee is invited to consider other possible HPL levels such as HPL = 0.35 
NM, which supports somewhat higher availability and continuity of RAIM containment than 
HPL=0.3 NM, or to switch the bit 0 and bit 1 definition if that is more compatible with ordering 
consistency of NIC levels.   
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Summary 


This Working Paper addresses alternate encoding suggestions for SIL. 


 







 


Proposal for revised SIL Encoding – 2-bit Solution 


Note: “Horizontal Position Measurement Integrity” and “System Integrity” columns are 
AND-gates (if displayed separately) 


SIL 
Value 


Horizontal Position Measurement 
Integrity 


System Integrity 


3 10-7/flight hour (or better) 10-5/flight hour (or better) 


2 10-5/flight hour 10-5/flight hour (or better) 


1 Both metrics at least 10-3/flight hour  
but at least one metric not more than 10-3/flight hour 


0 At least one metric “unknown” or less than 10-3/flight hour 


 


 
 


Proposal for revised SIL Encoding – 3-bit Solution 


Note: “Horizontal Position Measurement Integrity” and “System Integrity” columns are 
AND-gates (if displayed separately) 


SIL 
Value 


Horizontal Position Measurement 
Integrity 


System Integrity 


7 10-7/flight hour (or better) 10-7/flight hour (or better) 


6 10-7/flight hour (or better) 10-5/flight hour 


5 10-5/flight hour 10-7/flight hour (or better) 


4 10-5/flight hour 10-5/flight hour 


3 10-5/flight hour 10-3/flight hour 


2 10-3/flight hour 10-5/flight hour 


1 10-3/flight hour 10-3/flight hour 


0 At least one metric “unknown” or less than 10-3/flight hour 
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13 – 15 January 2009 
 


DO-260A Field Defintions Need Clarification for Implementation of the NPRM 
Requirements 


 
A few parameters defined by DO-260A have descriptions that are not concrete enough to 
implement without clarification.  This paper will identify the parameters and paragraphs of 
interest, and recommend that WG-3 provide formal clarification through a Change 3 to DO-
260A.  
 
The NPRM requires “An indication if the flight crew has selected to receive ATC services”. DO-
260A §2.2.3.2.7.2.4.4 entitled “Receiving ATC Services” states the following: 
 


The “Receiving ATC Services” Operational Mode Code is a one-bit subfield (“ME” bit 
29, Message bit 61) of the OM Code subfield in Aircraft Operational Status Messages. 
The ADS-B Transmitting Subsystem shall set this OM Code to ONE when the ADS-B 
Transmitting Subsystem is Receiving ATC Services, as indicated by an update having 
been received via an appropriate interface on board the transmitting aircraft within the 
past 5 seconds. Otherwise, this OM Code shall be set to ZERO. 


 
It is unclear what the intent is with regard to setting this bit. I have spoken with several industry 
contacts and gotten some very different interpretations. One interpretation is that any 4096 code 
other than VFR (1200) should set this bit. Considering that we are now required to transmit the 
4096 code in a squitter, it seems that this bit would be redundant if that is the intent.  A further 
complication of this intent is that the VFR code is not 1200 in some countries.  Would the ADS-
B transmitter need to know what VFR code was currently applicable?  Another interpretation I 
have heard is that this is a mechanism for reducing com channel traffic by allowing a pilot to 
press a button to indicate to ATC that he has a request as opposed to saying so over the com.  
Admittedly, this is not a likely interpretation but it illustrates the point that this language could 
use some improvement.  
 
DO-260A §2.2.3.2.6.1.4 entitled “IFR Capability Flag” Subfield in Airborne Velocity Messages 
- Subtype “1” states the following: 
 


The “IFR Capability Flag ” subfield is a 1-bit (“ME” bit 10, Message bit 42) field that 
shall be used to indicate IFR capability by being encoded as specified in Table 2-24. 
 


Table 2-24: “IFR Capability Flag” Encoding 
Coding Meaning 


0 Transmitting aircraft has no capability for applications requiring ADS-B 
equipage Class “A1” or above 


1 Transmitting aircraft has capability for applications requiring ADS-B equipage 
Class “A1” or above 
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If you look at Table 2-3 in the front of the document, it would appear that you set this bit when 
you implement one or all of the following: Simultaneous Approaches, Separation Assurance and 
Sequencing, Flight Path Deconfliction Planning.  This terminology is roughly equivalent to some 
of the applications being worked today in various working groups: Merging and Spacing, 
Sequencing and Merging, In Trail Procedures.  Another possible interpretation is that we have 
TX/RX capability for all of the required message fields in Class A1 as well as the required 
transmit power and receiver sensitivity.  Again, this paragraph could use some clarification to 
ensure consistent implementation.  
 
The NPRM requires “An indication whether a cockpit display of traffic information (CDTI) is 
installed and operable”.  DO-260A §2.2.3.2.7.2.3.3 entitled “CDTI Traffic Display Capability” 
CC Code Subfield in Aircraft Operational Status Messages” states:   
 


The CC Code for “CDTI Traffic Display Capability” in Aircraft Operational Status 
Messages (TYPE=31, Subtype=0 or 1) is a 1-bit field (“ME” bit 12, message bit 44) that 
shall be set to ONE (1) as specified in Table 2-63 if the transmitting aircraft has a 
Cockpit Display of Traffic Information (CDTI) installed and that display is currently 
operating in a mode capable of displaying nearby ADS-B traffic.  Otherwise, this CC 
code shall be ZERO (0).   
 


Table 2-63: CDTI Traffic Display Capability Encoding 
CDTI Traffic  
Display Capability 


Meaning 


0 No capability for CDTI Traffic Display Capability 
1 Transmitting Aircraft has CDTI Installed and Operating


 
It is unclear what operational use this field has as defined. Having an operational CDTI is not 
sufficient to communicate capability to perform an application.  It seems likely that this bit was a 
precursor to the ASA Capability Level (ACL) as defined in DO-289.  If the NPRM intends to use 
this field to communicate capability to perform an ASA Application, then the requirements of 
that application should be met before setting this field.  A possible operational use of this field is 
by the Ground Based Transceivers when determining if TIS-B targets should be produced for a 
participating aircraft.  If that is confirmed, then those application requirements should be 
included in the text of this requirement to ensure consistency across transmit implementations.  
Otherwise, it is our recommendation to mark this field reserved until MOPS Requirements are 
defined for ACL. 
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Supporting Information from Teleconference: 
 
The following notes were taken during a Teleconference with Tom Pagano and Rich Jennings 
regarding these and other questions.  I’m including this information here for reference. 
 
Question 1: 
 
Why does DO-260A require transmission of squitters that have been zeroed out?  This can be confusing 
to interpret on the receive side as zeroed type codes cannot be distinguished. 
 
Don’s Proposal:  
 
I recommended that we do not transmit zeroed type codes. 
 
FAA Response:  
 
Tom said that the reason for the requirement was to continue to transmit Pressure Altitude and that the 
other squitters were an unintentional side effect of the language.  He recommended that I present a white 
paper to WG-3 recommending language for only transmitting zero type code position squitters.  This 
change will be considered by the committee for inclusion in DO-260A Change 3.  In the meantime, this 
would be a deviation to DO-260A Change 2. 
 
Status: 
 
Closed.  We will only squitter position with Type Code 0.  I need to write a new deviation to add to 
Kevin’s list.  I need to draft a paper to WG-3. 
 
 
Question 2: 
 
DO-260A §2.2.3.2.6.1.3 states that the Intent Flag bit is to be set for 18 seconds after any change to 
registers 40, 41, or 42.  I asked if the original intent of this bit has been overcome by changes to the 
definition of the trajectory registers.  If so, what is the requirement for this field?   
 
Don’s Proposal: 
 
I recommended that we set this bit to zero and reserve it for future use.   
 
FAA Response: 
 
Tom took an action to look into the intent of this bit with respect to the changes in the intent registers.  He 
recommended that we implement setting this flag when data in register 40 changes.   
 
Status: 
 
Closed.  We will set the intent change flag when GICB 40 changes.  If the requirement changes in the 
future, we will deal with it then. 
 
 
Question 3: 
 
DO-260A §2.2.3.2.7.2.4.4 defines the Receiving ATC Services bit.  This bit is supposed to be set when 
you are receiving ATC services.  That is the extent of the definition in DO-260A.  What exactly is the logic 
for setting this bit? 
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Don’s Proposal: 
 
I suggested that this bit has been overcome by events.  When this bit was created, the link did not 
transmit Mode A code.  Since then, the airspace operators have realized many of the automation systems 
cannot operate without this information.  As a result, the Mode A code is now squittered in Type 23 
Subtype 7.  With this information on the link, the Receiving ATC Services bit is redundant.  I proposed 
reserving this bit for future use. 
 
FAA Response: 
 
Tom Pagano was sympathetic to this argument.  Tom and Rich took the action to get an official response 
on this proposal.  The problem is that this bit is called out in the rule so there are policy issues twisted up 
with the technical issues. 
 
Status: 
 
Open, pending FAA response.  For now, our placeholder requirement should be that this bit is set 
whenever the Mode A code is not equal to 1200.  Depending on the outcome of the FAA discussions, we 
may be asked to include this issue in a paper to WG-3. 
 
 
Question 4: 
 
DO-260A §2.2.3.2.6.1.4 defines the IFR Capability Flag bit.  The language in this paragraph talks about 
implementing certain applications and messages sets.  The text regarding the applications is particularly 
problematic because those application descriptions are very out of date.  The question is what is the real 
criteria for setting this bit. 
 
FAA Response: 
 
Tom said that only the power levels, antenna diversity, and implemented messages should be considered 
when setting this bit.  He recommended that this clarification be presented in a paper to WG-3. 
 
Status: 
 
Closed.  We will set this bit to zero as we do not currently process any received reports as stated in Table 
2-5.  I will add this clarification to an issue paper to WG-3. 
 
 
Question 5: 
 
DO-260A §2.2.3.2.7.2.3.3 defines the CDTI Traffic Display Capability bit.  It is unclear what operational 
use this field has as defined.  Having an operational CDTI is not sufficient to communicate capability to 
perform an application.  It seems likely that this bit was a precursor to the ASA Capability Level (ACL) as 
defined in DO-289.  If this field is intended to communicate capability to perform an ASA Application, then 
the requirements of that application should be met before setting this field.  Those application 
requirements should be included in the text of this requirement to ensure consistency across transmit 
implementations.  Otherwise, it my recommendation to mark this field reserved until MOPS Requirements 
are defined for ACL. 
 
FAA Response: 
 
Like above, Tom Pagano was sympathetic to this argument.  Tom and Rich took the action to get an 
official response on this proposal.  The problem is that this bit is called out in the rule so there are policy 
issues twisted up with the technical issues.   
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Status: 
 
Open, pending FAA response.  Regardless of the outcome of this discussion, our requirement will be to 
set this bit to zero as we have no ADS-B in capability in Primus EPIC at this time.  Depending on the 
outcome of the FAA internal discussion, I may need to submit this issue in a paper to WG-3. 
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Summary 


Response to Action Item 24-06. 
This Working Paper addresses several previously proposed changes to the BDS 6,2 Target State and 
Status Message to provide Selected Altitude information similar to that currently provided in BDS 
Register 4,0.  The previous working papers are reviewed and then a new definition of BDS 6,2 is 
proposed to provide for MCP / FCU Selected Altitude, FMS Selected Altitude, Barometric 
Correction, and Mode Status bits as necessary from BDS Register 4,0. 


 







SC-186_WG-3, Brussels_Selected Altitude_TSS_BDS_6,2:  02/11/2009_R.H. Saffell 
Page 2 of 7  Rockwell Collins, Inc. 


1. Introduction 


With the restart of SC-186, WG-3 and EUROCAE WG-51, SG-1 for the purpose of updating the ADS-B 
MOPs, considerable interest has been shown in regards to providing Selected Altitude information via 
Extended Squitter as indicated in the following recent working papers. 


a.  ASP-WGW/1-WP/19, 08/12/08, “Broadcast of Selected Altitude Via ADS-B”, was presented by 
Australia Air Services and CASA at the ICAO ASP Meeting held in Montreal, Canada in 
December, 2008. 


b.  1090-WP 24-13, “Broadcast of Selected Altitude Via ADS-B”, was prepared by Australia Air 
Services and presented at the SC-186 WG-3 Meeting held in Phoenix, Arizona in January, 2009. 


c.  ASP-TSG-WP6-17, 02/02/09, “Extended Squitter Broadcast of Selected Altitude”, was prepared 
by Australia Air Services and presented at the ICAO TSG Meeting held in Ft. Lauderdale, Florida 
in February, 2009. 


d.  ASP-TSG-WP6-26, “Proposed Changes to BDS 6,2 to include MCP / FCU Selected Altitude”, 
was prepared by NATS UK and presented at the ICAO TSG Meeting held in Ft. Lauderdale, 
Florida in February, 2009  


The working paper identified in subparagraph “a” originally proposed that the contents of the Mode-S 
Transponder BDS Register 4,0 “Selected Vertical Intention” be broadcast as an Aircraft Status Message 
having Type Code = 28 and Subtype Code = 3 –to- 7.  Broadcast rate was proposed as 1 per second for a 
period of 18 +/- 1 seconds to be executed after any change had been made in the broadcast register 
contents. 


The working paper identified in subparagraph ‘b” elaborated on the proposal provided in subparagraph 
“a” by defining the actual “MB” field of the message.  Effectively, remapping the contents of BDS 
Register 4,0 into an Extended Squitter Message. 


At this point, it should be noted that members of the ICAO meeting in Montreal indicated that 
consideration should be given to reworking the Target State and Status Message to be capable of 
providing Selected Altitude.  The members of SC186-WG-3 meeting in Phoenix concurred with the 
Target State and Status approach and the action item to review the possibilities was assigned to the author 
of this working paper. 


The working paper identified in subparagraph “c” effectively continues the working paper identified in 
subparagraph “b” and goes on to concur that the Target State and Status Message is a viable candidate for 
the transmission of Selected Altitude information.  The working paper goes on to point out applicability 
issues with the FMS Selected Altitude and various Mode bits used in BDS Register 4,0 as well as similar 
Mode bits used in the existing Target State and Status Message. 


The working paper identified in subparagraph “d” then remaps the Target State and Status Message to 
provide MCP / FCU Selected Altitude, Target Altitude Source, and MCP/FCU Mode Status information 
while retaining and/or manipulating existing BDS 6,2 information such as Target Heading/Track Angle, 
Horizontal Mode, NACP, NICbaro, SIL, Capability Mode, etc.  This working paper was well received and 
discussed at length at the ICAO ASP TSG meeting in Ft. Lauderdale, Florida.  Specifically, members 
indicated that there was still a desire to have MCP/FCU Selected Altitude, FMS Selected Altitude, 
Barometric Correction, and MCP Mode Status information in the Target State and Status message if at all 
possible.  Likewise, the meeting members indicated the desire to retain as much as possible of the existing 
information in the Target State and Status Message. 
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Having reviewed the prior Working Papers and considering the issues surfaced in the prior meetings, the 
purpose of this working paper is to propose redefinition of the Target State and Status Message such that 
most if not all of the concerns can be met. 


2. Rework of Target State and Status Message, BDS Register 6,2 


2.1 Issues with the Existing Target State and Status Message 


The first two columns of the following Table_1 show the bit (e.g., field and subfield) definitions as they 
currently exist in RTCA DO-260A and ICAO Doc. No. 9871 for the BDS 6,2 Target State and Status 
Message. 


The following subparagraphs list some of the issues or inconsistencies that exist with the current 
definition of the BDS 6,2 Target State and Status Message defined in RTCA DO-260A and ICAO Doc. 
No. 9871. 


a.  “Vertical Data Available / Source Indicator” information provided in bits 8 and 9 provides 
little utility if information is available to indicate engagement of the Autopilot and/or VNAV 
capability. 


b.  “Target Altitude Type” in bit 10, as defined, is not needed for MCP/FCU or FMS Selected 
Altitude. 


c.  “Backward Compatibility Flag” in bit 11 is no longer needed once a new baseline is established 
with RTCA DO-260B, e.g., ICAO Version 2. 


d.  “Target Altitude Capability” information provided in bits 12 and 13 provides little utility if 
only MCP/FCU or FMS Selected Altitude are used. 


e.  “Vertical Mode Indicator” information provided in bits 14 and 15 provides little utility since 
acquire, capture, hold, etc., information is not readily available on most airframes.  Likewise, if 
such information is provided, there is little consistency as to how it is provided from one 
installation to the next. 


f.  “Target Altitude” information provided in bits 16 through 25 would have more utility if it was 
simply either MCP/FCU or FMS Selected Altitude. 


g.  “Horizontal Data Available / Source Indicator” information provided in bits 26 and 27 has 
little utility if Selected Heading or Track (preferably Selected Course). 


h.  “Target Heading / Track Angle” information provided in bits 28 through 36 would have more 
utility if it was simply either Selected Heading or Selected Course #1.  Note that Selected 
Heading is typically provided by ARINC-429 label “101” and Selected Course #1 is provided by 
label “100”.  There is NO label assigned for Selected Track.  Review of ARINC-561-11 (INS) 
and ARINC 579 (VLF/Omega) indicate that Track is a computed value where Track = Heading + 
Wind Angle. 


i.  “Horizontal Mode Indicator” information provided in bits 38 and 39 provides little utility since 
acquire, capture, hold, etc., information is not readily available on most airframes.  Likewise, if 
such information is provided, there is little consistency as to how it is provided from one 
installation to the next. 
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2.2 New Definition for BDS 6,2 Target State and Status Message 


The last two (e.g., 4 and 5) columns of the following Table-1 show the new definition for the proposed 
BDS 6,2 Target State and Status Message based on the inputs received during the meetings discussed 
above in Section 1 and the issues discussed above in section 2.1.  The following subparagraphs provide a 
brief description of the reasoning for assigning the fields and subfields as shown in Table-1. 


a.  “Format Type Code”, bit 1 through 5: No change from current RTCA DO-260A definition. 


b.  “Subtype Code”, bit 6 and 7: No change from current RTCA DO-260A definition.  


c.  “Selected Altitude Type”, bit 8: Newly assigned to declare selection between MCP/FCU or 
FMS Selected Altitude being provided in bits 9 through 20.  “0” denotes that MCP/FCU Selected 
Altitude is being provided.  “1” denotes that FMS Selected Altitude is being provided.  It is 
expected that FMS Selected Altitude (e.g., bit 8 = 1) is only provided when such data is valid and 
VNAV (bit 23) = 1. 


d.  “Status of Selected Altitude”, bit 9:  New bit used to denote that data provided in bits 10 
through 20 is valid.  “0” = Invalid, “1” = Valid. 


e.  “MCP/FCU or FMS Selected Altitude”, bit 10-20:  Used to provide either MCP / FCU or FMS 
Selected Altitude data.  Note that the resolution is increased to 32 feet as opposed to the 16 feet 
provided in BDS Register 4,0. 


f.  “Status of MCP / FCU Mode Bits”, bit 21:  Used to indicate the validity of bits 22, 23, 24, and 
25.  Similar to the use of BDS Register 4,0 bit 48. 


g.  “Autopilot Engaged”, bit 22:  New bit used to denote that the Autopilot is engaged when bit 
22=1.  This is a new bit assignment based on the premise that a user of the received message can 
establish what system is in control of the aircraft vertical profile based on Autopilot Engaged, 
VNAV Engaged, and Altitude Hold status. 


h.  “Status of Selected Heading / Course #1 Angle”, bit 26:  New bit used to indicate that either 
valid Selected Heading or Selected Course #1data is being provided in bit 28 through 36.  Note 
that Selected Course #1 is used as there is NO definition of Selected Track since Track is 
typically computed from Heading and Wind Angle. 


i.  “Selected Heading / Course #1 Indicator”, bit 27: New bit used to indicate that either Selected 
Heading or Selected Course #1 data is being provided in bits 28 through 36. 


j.  “Navigation Accuracy Category_Position (NACP)”, bits 37 through 40:  Same definition as 
current RTCA DO-260A with the exception that the bits have been moved from 40 –through- 43 
–to- 37 –through- 40. 


k.  “Navigation Integrity Category_Baro (NICbaro)”, bit 41:  Same definition as current RTCA 
DO-260A with the exception that the bit has been moved from 44 –to- 41. 


l.  “System Integrity Level (SIL)”, bit 42 and 43:  Same definition as current RTCA DO-260A 
with the exception that the bits have been moved from 45 and 46 -to- 42 and 43. 


  Note that there was some discussion during the SC-186 WG-3 Phoenix meeting in regards to 
providing additional SIL Capability annunciation that could possibly require 2 more bits in the 
message.  Further discussions during the ICAO ASP TSG meeting in Ft. Lauderdale indicated 
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that such may not be the case.  Consequently, the SIL subfield assignment is retained at only 2 
bits in this proposal. 


m.  “Status of Baro. Pressure Setting”, bit 44:  New bit used to indicate that valid Barometric 
Pressure Setting data is being provided in bits 45 –through- 51. 


n.  “Barometric Pressure Setting”, bit 45 through 51:  New field definition to provide Barometric 
Pressure Setting data that is effectively the same as that provided in BDS Register 4,0 except that 
the resolution has been increased from 0.1 millibars to 4.0 millibars.  Likewise, the MSB has been 
changed from 204.8 millibars to 128 millibars.   


o.  “Capability / Mode Codes”, bit 52 and 53:  No change from current RTCA DO-260A definition. 


p.  “Emergency / Priority Status”, bits 54 –through- 56:  No change from current RTCA DO-260A 
definition. 
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  Table_1.  BDS 6,2 (NEW PROPOSED) TARGET STATE AND STATUS MESSAGE 


CURRENT DEFINITION CHANGE COMMENTARY PROPOSED DEFINITION CHANGES 
1 MSB  1 MSB 
2  2 
3  3 
4 


FORMAT TYPE CODE = 29 
 4 


FORMAT TYPE CODE = 29 


5 LSB  5 LSB 
6 MSB  6 MSB 
7 LSB 


SUBTYPE CODE = 0 
 7 LSB 


 SUBTYPE CODE = 0 


8 MSB 8 Reserved for possible FMS Selected Altitude 
9 LSB 


Vertical Data Available/ 
Source Indicator 


Provide little utility once Autopilot Engaged 
and VNAV Mode bits are available. 9 Status of Selected Altitude (1 = Valid) 


10  Target Altitude Type Not needed for MCP / FCU or FMS Sel. Alt. 10 MSB = 32,768 feet 
11  Backward Compatibility Flag = 0 No longer needed when going to Version 3. 11 
12 MSB 12 
13 LSB 


Target Altitude Capability Provide little utility if only MCP / FCU or FMS 
Selected Altitude are used. 13 


14 MSB 14 
15 LSB 


Vertical Mode Indicator No utility since acquire, capture, etc., are not 
available easily on most airframes. 15 


16 MSB 16 
17 17 
18 18 
19 19 


 
MCP / FCU Selected Altitude 


[Typical Selected Altitude from label “102”] 
 
 


20 20 LSB = 32 feet 
21 21 Status of MCP/FCU Mode Bits (1 = Valid) 
22 22 AUTOPILOT ENGAGED (1 = Engaged) 
23 23 VNAV MODE (0, 1; where 1 = Engaged) 
24 


Target Altitude 


24  ALT HOLD MODE (1 = Hold) 
25 LSB 


Redefined Target Altitude at right where MCP 
/ FCU or FMS Selected Altitude are being 
used. 


25 APPROACH MODE (1 = Approach) 
26 MSB 26 Reassign 
27 LSB 


Horizontal Data Available/ 
Source Indicator 


No utility if Selected Heading or Course #1 is 
assumed to be from the MCP / FCU Panel. 27 Selected Heading Validity bit 


28 MSB 28 MSB = 180 degrees 
29 29 
30 30 
31 31 
32 32 
33 33 
34 34 
35 


Target Heading / Track Angle 


35 


SELECTED HEADING 
(Range:  0 –to- 359 degrees) 


(360 –to- 511 degrees is Invalid) 
[Typical Selected Heading from label “101”] 


 


36 LSB 36 LSB = 0.35 degree 
37 Target Heading / Track Indicator 


Redefined Target Heading / Track Angle at 
right to be Selected Heading as provided by 
the MCP / FCU Control Panel. 


37 MSB 
38 MSB 38 
39 LSB 


Horizontal Mode Indicator No utility since acquire, capture, etc., are not 
available easily on most airframes. 39 


Navigation Accuracy Category_Position 
(NACP) 


40 MSB 40 LSB 
41 41 Navigation Integrity Category_Baro (NICbaro) 
42 


Navigation Accuracy Category_Position 
(NACP) 42 MSB 


43 LSB 


Same definition as before but moved up to 
bits 37 –through- 40. 


43 LSB 
System Integrity Level (SIL) 


44 Navigation Integrity Category_Baro 
(NICbaro) Moved to bit 41. 44 Status of Baro. Pressure Setting (1 = Valid) 


45 MSB 45 MSB = 128 millibars or hectopascals 
46 LSB 


System Integrity Level (SIL) Moved to bit 42—43. 
46 


47 47 
48 48 
49 49 
50 50 


BAROMETRIC PRESSURE SETTING 
MINUS 800 millibars (mb) 


Range:  0 –to- 255 millibars or hectopascals 


51 


Reserved Reassigned reserved bits for use as Baro 
Pressure Setting at right. 


51 LSB = 4 millibars or hectopascals 
52 MSB 52 MSB 
53 LSB 


Capability / Mode Codes  
53 LSB 


Capability / Mode Codes 


54 MSB 54 MSB 
55  Emergency / Priority Status 55 EMERGENCY / PRIORITY STATUS 
56 LSB 


 
56 LSB 
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2.3 Proposed Update Rate for BDS 6,2 Target State and Status Message 


It is proposed that the broadcast rate of the BDS 6,2 Target State and Status Message be retained at the 
currently defined rate of 1.2 -to- 1.3 seconds.  (see RTCA DO-260A, 2.2.3.3.1.4.1). 


Keeping the broadcast rate the same as currently defined will minimize the rearrangement of broadcast 
times and impact to validation. 


3. Conclusion 


The new proposed BDS 6,2 definition should provide more utility in the airspace as it retains the useful 
parameters from the previously defined message while adding the needed capabilities that are currently 
provided in BDS Register 4,0. 


RTCA SC-186, WG-3 and EUROCAE, WG-51, SG-1 are invited to review the proposed changes and to 
consider approval such that formal definition and development of appropriate validation test procedures 
can move forward. 


Should RTCA SC-186, WG-3 and EUROCAE, WG-51, SG-1 approve these changes, then similar 
changes will be recommended for ICAO Doc. No. 9871.    
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Table_1.  BDS 6,2 UPDATED PROPOSED TARGET STATE AND STATUS MESSAGE 


PROPOSED NEW “MB” FIELD DEFINITION COMMENTARY OR CHANGES 
1 MSB 
2 
3 
4 


 


5 LSB 


FORMAT TYPE CODE = 29  


6 MSB 
7 LSB SUBTYPE CODE = 0  


8  BACK CAPABILITY FLAG (0) / (1) Reassigned based on ACSS Input 
9  SELECTED ALTITUDE TYPE   (0 = MCP/FCU, 1 = FMS) Modified as per Brussels Meeting discussion. 


10 MSB = 32,768 feet 
11  
12  
13  
14  
15  
16  
17  
18  
19  


MCP / FCU SELECTED ALTITUDE 
(when Selected Altitude Type = 0) 


FMS SELECTED ALTITUDE 
(when Selected Altitude Type = 1) 


Coding: 111 1111 1111 = 65,472 feet 
   *** **** **** 
   000 0000 0010 = 32 feet 
   000 0000 0001 = 0 feet 
   000 0000 0000 = No Data or Invalid 


20 LSB = 32 feet 


Reassigned encoding by 1 count to use 0 00 
Hex to indicate invalid data.  Thereby reduced 
need for separate status bit and maintain 
simplicity of encoding. 


21  STATUS OF MCP / FCU MODE BITS  (0 = INVALID, 1 = VALID) 
22  AUTOPILOT ENGAGED   (0 = NOT ENGAGED, 1 = ENGAGED) 
23  VNAV MODE ENGAGED   (0 = NOT ENGAGED, 1 = ENGAGED) 
24  ALTITUDE HOLD MODE   (0 = NOT ENGAGED, 1 = ENGAGED) 
25  APPROACH MODE    (0 = NOT ENGAGED, 1 = ENGAGED) 


Basically retained assignment as presented at the 
Brussels meeting after seeing input from UK 
NATS and Australia Air Services. 


26 SIGN = +/- 180 degrees (or just 180 degrees in Angular Weighted Binary) 
27 MSB = 90 degrees 
28  
29 
30 
31 
32 
33 
34 


 


SELECTED HEADING 
Range = [0.0 – 359.296875] degrees Resoluton = 0.3515625 degrees 


(Typical Selected Heading Label = “101”) 
Coding: 11 1111 1111 = 359.296875 degrees 
   ** **** **** 
   00 0000 0010 = 0.3515625 degrees 
   00 0000 0001 = 0.0000000 degrees 
   00 0000 0000 = No Data or Invalid 


35 LSB 0.3515625 degrees (180/512) 


Reassigned encoding by 1 count to use 0 00 
Hex to indicate invalid data.  Thereby reduced 
need for separate status bit and maintain 
simplicity of encoding.  Improved resolution 
by 1 bit. 


36 MSB 
37  
38  
39 LSB 


NAVIGATION ACCURACY CATEGORY__POSITION (NACP) 
Moved entire subfield up by 1 bit:  otherwise, no 
change from that previously proposed in Brussels 
meeting. 


40  NAVIGATION INTEGRITY CATEGORY_BARO (NICBARO) Moved up 1 bit;  no change from BRU. 
41 MSB 
42 LSB SYSTEM INTEGRITY LEVEL (SIL) Moved up 1 bit;  no change from BRU. 


43 MSB = 204.8  millibars 
44  
45  
46  
47  
48  
49  
50  


BAROMETRIC PRESSURE SETTING 
MINUS 800 millibars 


Range = [0, 408.8] 
Coding: 1 1111 1111 = 408.00 millibars 


* **** **** 
0 0000 0010 = 0.800 millibars 
0 0000 0001 = 0.000 millibars 
0 0000 0000 = No Data or Invalid 


51 LSB = .8 millibars 


Reassigned encoding by 1 count to use 0 00 
Hex to indicate invalid data.  Thereby reduced 
need for separate status bit and maintain 
simplicity of encoding.   


52  SPARE SPARE 
53  TCAS OPERATIONAL  (0 = NOT OPERATIONAL, 1 = OPERATIONAL) Changed to 1 bit as RA is now broadcast  
54 MSB 
55  
56 LSB 


EMERGENCY / PRIORITY STATUS No change from prior defintions. 
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DO-260A Field Defintions Need Clarification for Implementation of the NPRM 
Requirements 


 
Honeywell is in the process of upgrading a transponder for full compliance with the NPRM 
requirements. A few parameters defined by DO-260A have descriptions that are not concrete 
enough to implement without clarification. This paper will identify the parameters and 
paragraphs of interest, and recommend that WG3 provide formal clarification through a Change 
3 to DO-260A. We also request that the clarification be made public as soon as possible through 
posting to the NPRM docket. 
 
The NPRM requires “An indication if the flight crew has selected to receive ATC services”. DO-
260A paragraph 2.2.3.2.7.2.4.4 entitled “Receiving ATC Services” states the following: 
 


The “Receiving ATC Services” Operational Mode Code is a one-bit subfield (“ME” bit 
29, Message bit 61) of the OM Code subfield in Aircraft Operational Status Messages. 
The ADS-B Transmitting Subsystem shall set this OM Code to ONE when the ADS-B 
Transmitting Subsystem is Receiving ATC Services, as indicated by an update having 
been received via an appropriate interface on board the transmitting aircraft within the 
past 5 seconds. Otherwise, this OM Code shall be set to ZERO. 


 
It is unclear what the intent is with regard to setting this bit. I have spoken with several industry 
contacts and gotten some very different interpretations. One interpretation is that any 4096 code 
other than VFR (1200) should set this bit. Considering that we are now required to transmit the 
4096 code in a squitter, it seems that this bit would be redundant if that is the intent. A further 
complication of this intent is that the VFR code is not 1200 in some countries. Would the ADS-B 
transmitter need to know what VFR code was currently applicable? Another interpretation I have 
heard is that this is a mechanism for reducing com channel traffic by allowing a pilot to press a 
button to indicate to ATC that he has a request as opposed to saying so over the com. 
Admittedly, this is not a likely interpretation but it illustrates the point that this language could 
use some improvement.  
 
DO-260A paragraph 2.2.3.2.6.1.4  entitled “IFR Capability Flag” Subfield in Airborne Velocity 
Messages - Subtype “1”  states the following: 
 


The “IFR Capability Flag ” subfield is a 1-bit (“ME” bit 10, Message bit 42) field that 
shall be used to indicate IFR capability by being encoded as specified in Table 2-24. 


Table 2-24: “IFR Capability Flag” Encoding 
Coding Meaning 
0 Transmitting aircraft has no capability for applications requiring ADS-B 


equipage Class “A1” or above 
1 Transmitting aircraft has capability for applications requiring ADS-B equipage 


Class “A1” or above 
 







If you look at table 2-3 in the front of the document, it would appear that you set this bit when 
you implement one or all of the following: Simultaneous Approaches, Separation Assurance and 
Sequencing, Flight Path Deconfliction Planning. This terminology is roughly equivalent to some 
of the applications being worked today in various working groups: Merging and Spacing, 
Sequencing and Merging, In Trail Procedures. Another possible interpretation is that we have 
TX/RX capability for all of the required message fields in Class A1 as well as the required 
transmit power and receiver sensitivity.  Again, this paragraph could use some clarification to 
ensure consistent implementation.  
 
The NPRM requires “An indication whether a cockpit display of traffic information (CDTI) is 
installed and operable”. DO-260A paragraph 2.2.3.2.7.2.3.3 entitled ““CDTI Traffic Display 
Capability” CC Code Subfield in Aircraft Operational 
Status Messages” states: 
 


The CC Code for “CDTI Traffic Display Capability” in Aircraft Operational Status 
Messages (TYPE=31, Subtype=0 or 1) is a 1-bit field (“ME” bit 12, message bit 44) that 
shall be set to ONE (1) as specified in Table 2-63 if the transmitting aircraft has a 
Cockpit Display of Traffic Information (CDTI) installed and that display is currently 
operating in a mode capable of displaying nearby ADS-B traffic. Otherwise, this CC code 
shall be ZERO (0). 
 


Table 2-63: CDTI Traffic Display Capability Encoding 
CDTI Traffic  
Display Capability 


Meaning 


0 No capability for CDTI Traffic Display Capability 
1 Transmitting Aircraft has CDTI Installed and Operating 


 
It is unclear what operational use this field has as defined. Having an operational CDTI is not 
sufficient to communicate capability to perform an application. It seems likely that this bit was a 
precursor to the ASA Capability Level (ACL) as defined in DO-289. If the NPRM intends to use 
this field to communicate capability to perform an ASA Application, then the requirements of 
that application should be met before setting this field. Those application requirements should be 
included in the text of this requirement to ensure consistency across transmit implementations. 
Otherwise, it is our recommendation to mark this field reserved until MOPS Requirements are 
defined for ACL. 
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Wake Turbulence Impacts on NextGen and 
SESAR Operational Concepts
• Wake turbulence avoidance is a primary constraint on the NAS


Reduced separation distances can not be implemented unless safety 
from hazardous wake turbulence is assured
NextGen and SESAR concepts required significant reductions in 
separations to achieve capacity goals


• More than 30 JPDO operational improvements (OIs) and SESAR lines 
of change (LoC) could be impacted by wake considerations


10 are specific to wake avoidance applications
23 involve reduced separation where wake considerations may be a
factor


• Wake turbulence separation standards significantly limit the capacity 
of the NAS


Especially when Instrument Flight Rules (IFR) operations are in effect
A380 wake safety concerns resulted in increased separation distances
Safe wake separations for emerging aircraft types (e.g. VLJs) are TBD  
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Ambient Atmospheric Conditions Critically 
Impact Wake Vortex Lifetimes
• The temporal and spatial scales of hazardous aircraft wake 


turbulence are critically dependent on ambient atmospheric 
conditions


Highly turbulent atmospheres - hazardous wake turbulence may persist 
only 40-60 seconds
Stable atmospheric conditions - heavy aircraft may generate hazardous 
wake turbulence that persists more than 2 minutes
Spatial extent of wake hazard related to phase of flight (e.g. aircraft in 
cruise travel ~ 8 miles/min)


• Mid-term & far-term wake avoidance applications will require 
atmospheric profile information


• ADS-B equipped aircraft have the potential to measure and 
report meteorological data at a high resolution, under all 
weather conditions, over regions of operational interest
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Broadcast Data Link Requirement
• Broadcast link of relevant atmospheric and aircraft data is required to 


accommodate the wide range of temporal and spatial scales 
associated with hazardous wake turbulence.


• To provide data when wake vortices are short-lived and during ascent 
and descent flight operations, a data broadcast frequency on the order 
of 15 seconds is desired.  


Terminal environment, 15 second update frequency provides a high
likelihood of receiving broadcast data:


o Every 1-2 miles traveled by the generating aircraft
o Every 1000 ft or less during departure and arrival phases of flight
o Less than 1000 ft vertically on approach where wake turbulence encounters 


can be most hazardous
Represents a report once every 2 miles typical at cruise speeds


o High likelihood of receiving broadcast data on temporal and spatial scales 
consistent with the current separation en route separation standards (5 miles 
and +- 1000 ft)


• Request-reply and other addressed data links appear inappropriate for 
transmission of data to multiple aircraft and ground stations at this 
frequency


• Previous RTCA and FAA studies produced recommendations for a 
broadcast data link of meteorological and aircraft data
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Proposed Wake Avoidance System
• FAA Wake Turbulence Program proposes an initial ground-


based wake turbulence avoidance application
Application will be crosswind-based and will not rely on any wake decay 
mechanisms
First step in the development of a series of ADS-B supported wake 
avoidance applications enabling the transition to long-term NextGen and 
SESAR operational concepts


• Set of data elements proposed is sufficiently robust to support 
envisioned NextGen and SESAR ground-based and airborne 
wake avoidance applications


Aircraft ADS-B Processor
Met dataAircraft data


Ground ADS-B Processor
Wake data output 


Wake Processor
Wake free traj. Met Alg


4D Trajectory 
Processor


ATCGround Data 
Networks


Aircraft ADS-B Processor
Met dataAircraft data


Ground ADS-B Processor
Wake data output 


Wake Processor
Wake free traj. Met Alg


4D Trajectory 
Processor


ATCGround Data 
Networks


• Has a high potential to 
produce early benefits for 
NAS users


• Follow on ground-based and 
airborne applications can 
use the same data elements
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Data Elements
• General scientific agreement that real-time predictions of the 


movement and decay of aircraft wake vortices can be developed from 
a list of data elements that includes:


Wind speed
Wind direction
Local temperature
Local barometric pressure
Aircraft type
Aircraft position
Aircraft speed and heading
Aircraft weight (previous results based on percentage of max landing 
weight)
Local atmospheric turbulence (normally eddy dissipation rate but total 
kinetic energy has also been used)


• Additional utility for potential future applications may be gained if the 
list above is supplemented with:


Aircraft configuration data (e.g. flap setting)
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Most Required Data Elements in Existing 
ICAO & RTCA Message Sets
Data elements ICAO report


Wind speed & direction Meteorological routine air report
Static Temperature
Static Pressure
Turbulence


Aircraft Type Extended squitter aircraft ident. & category
Wake Turbulence Category Aircraft Type


Aircraft Position Extended squitter airborne position report
Position report coarse
Position report fine


Aircraft velocity Extended squitter airborne velocity(Subtypes 1 and 2: 
Velocity over ground)


Extended squitter airborne velocity report
Air-referenced state vector


(vertical aircraft velocity) Air/air state information 2 (aircraft intent)


Aircraft track & ground speed Air/air state information 1 (aircraft state) 


Similar Reports are Included in RTCA documents  (e.g. RTCA/DO-260A)
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Wind speed
Wind direction
Local temperature
Local barometric pressure
Aircraft position
Aircraft speed & heading


Aircraft type
Aircraft weight
Atmos.turbulence


Aircraft configuration data (e.g. flap setting)


Suggested Data Priorities for Wake Applications


1st


Priority


Ground-based 
system extracts 
aircraft type & 
weight estimates 
from ground-based 
networks (based on  
Mode S Ident). 
Generates safe 
trajectories for ATC 
DSTs


2nd


Priority


Provides improved 
ground-based 
capabilities & 
enables airborne 
applications.  
Provides data for 
calculation of wake 
decay and more 
precise prediction of 
wake vortex 
movement.  
Provides data to 
enhance 
meteorological 
forecasts     


3rd


Priority


Provides aircraft 
data specific to 
phase of flight for 
highly dynamic 
NextGen & SESAR 
operational 
concepts.  Supports 
precise 
determination of 
aircraft trajectory 
changes.  Enables 
advanced aircraft 
specific prediction of 
wake vortex 
movement & decay,


Data Elements
Cumulative Capabilities  
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Collaborative Working Arrangement Desired


• The FAA wake turbulence program proposes to work with the 
SC-186 Work Group 3 team to determine:


Most appropriate raw data sources for populating ADS-B registers
Required data update rates
Modifications to the planned ADS-B message elements, where required


• A minimal set of additional message elements is required
Aircraft weight
Aircraft configuration (for determining phase of flight for wake purposes)


• Additional aircraft wake vortex categories are required
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Questions?






_1294208068.pdf


Page 1 of 16 1


1090-WP24-20 
14 January 2009 


 
 
 
 


RTCA Special Committee 186, Working Group 3 
 


ADS-B  1090ES  MOPS  Maintenance 
 


Meeting #24 
 
 


Honeywell Aerospace, Phoenix AZ 
13-15 January 2009 


 
 
 
 


Potential Use of ADS-B 1090 Extended Squitter Message Set 
For 


Wake Turbulence Avoidance Applications 
 
 
 
 


Proposal to RTCA SC 186 
Work Group 3 -ADS-B 1090 MHz Extended Squitter MOPS 


 
 
 
 
 
 


Submitted by: Steve Lang 
FAA Wake Turbulence Program Manager 


 
 
 


  







Page 2 of 16 2


Table of Contents 
 
1.0  Overwview of Proposed Enhancement ........................................................................ 3 
2.0  Background.................................................................................................................. 4 
3.0  Wake-Related NextGen and SESAR Operational Improvements ............................... 5 
4.0  Detailed Description of Proposed Application ............................................................ 6 
5.0  Potential RTCA and ICAO MASPS Issues ................................................................. 8 
6.0  References.................................................................................................................... 9 
Appendix A....................................................................................................................... 10 
Appendix B ....................................................................................................................... 12 
 
 
 







Page 3 of 16 3


 
1.0  Overview of Proposed Enhancement 
 
The temporal and spatial scales of hazardous aircraft wake turbulence are critically 
dependent on ambient atmospheric conditions.  In highly turbulent atmospheres, 
hazardous wake turbulence may only persist for 40-60 seconds behind the generating 
aircraft.  In very stable atmospheric conditions, the same aircraft may generate hazardous 
wake turbulence that persists more than 2 minutes. 
 
Current FAA instrument flight rules (IFR) require following distances from 4 to 8 miles 
behind heavy jets in the terminal area and 5 miles in trail or 1000 ft vertical separations 
between aircraft in the en route environment to safely avoid potential wake hazardous.  
With proper meteorological and aircraft data it may be possible to safely reduce these 
required wake avoidance separation distances.  Achieving NextGen and Single European 
Sky ATM Research (SESAR) capacity goals will not be possible unless such reductions 
in separations can be safely implemented. 
 
The FAA is pursuing a multi-faceted program strategy to develop near-, mid-, and far-
term wake turbulence avoidance applications.  As a mid-term application, the FAA 
proposes leveraging the planned Automatic Dependent Surveillance Broadcast (ADS-B) 
data link capabilities supplemented with one or two additional messages to down link 
meteorological and aircraft data for a ground based wake turbulence avoidance system.  
Properly equipped aircraft have the potential of measuring and reporting meteorological 
data at a high resolution, under all weather conditions, over any region of interest.  The 
proposed wake turbulence data broadcasts will support future ground-based and/or 
airborne wake avoidance applications as these applications reach technical maturity. 
 
A broadcast link of relevant atmospheric and aircraft data is required to accommodate the 
wide range of temporal and spatial scales associated with hazardous wake turbulence.  In 
the terminal area, atmospheric profile data is needed with high vertical resolution and 
data transmission frequencies must accommodate short-lived wakes that may persist for 
less than 1 minute.  To accommodate boundary layer shear effects in the lower 
atmosphere vertical profile data is required every few hundred feet.  At cruise altitudes 
the required frequency of data reporting is driven by high aircraft speeds.  With aircraft 
traveling approximately 8 miles per minute a moderately high update rate is required to 
produce data with length scales appropriate for wake turbulence applications.  
Measurements spaced too far apart would not properly capture local atmospheric 
phenomena that determine wake transport and wake lifetimes.  A 15 second reporting 
frequency is recommended to provide adequate temporal and spatial data for both 
terminal and cruise airspace applications.  Request reply and other addressed data links 
would not be appropriate for transmission of data to multiple aircraft and ground stations 
at this frequency for wake turbulence applications. 
 
The proposed mid-term wake avoidance solution will employ ground-based systems to 
receive and process ADS-B down-linked meteorological and aircraft data.  These data 
will be integrated with flight plan and National Airspace Systems (NAS) data received 
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through ground networks.  Ground-based processors will compute wake safe 4D 
trajectories for individual aircraft and recommend traffic flow management options for 
arrival and departure operations.  These data will become inputs to decision support 
tools (DSTs) for controllers and traffic flow management experts who will select from 
various alternatives to optimize NAS operations.  Consistent with NextGen and SESAR 
concepts of operation, individual 4D wake-safe trajectories will be data linked to 
appropriate flight crews to provide a high level of shared situational awareness. 
 
 
2.0  Background 
 
Wake turbulence constraints have been identified as a major contributing factor for 
inefficient use of the Nation’s airspace capacity, especially when Instrument Flight Rules 
(IFR) operations are in effect.  Concept exploration research by NASA and FAA has 
indicated that greater utilization of the nation’s airspace could be accomplished if the 
location of wake turbulence from aircraft could be known with sufficient fidelity to allow 
following aircraft to fly paths that are free of hazardous turbulence.  Projected airspace 
and airport related daily operations in the NextGen year 2025 are three times the number 
of today’s operations.  Already demands on the nation’s busiest airports have risen from 
the low of 2001 to such a level that more effective utilization of our existing runways, 
especially in instrument meteorological conditions (IMC), would yield significant 
increases in airport capacity – as much as a 40% increase at several airports during some 
periods of IMC. 
 
To achieve this increased capacity, even in IMC conditions, the NextGen system will 
reduce separation between aircraft in four dimensions (three dimensional space, plus 
time).  It will create new roles and responsibilities for aircrews, air traffic controllers and 
managers, and air traffic automation systems. Reducing separation must be accomplished 
safely, using technologies and procedures that account for the limitations of aircrews, air 
traffic controllers, air traffic automation systems, and the technologies themselves.  
Limitations to reducing separation include wake vortex and severe weather encounter 
hazards, communications, navigation, surveillance, air traffic management system 
performance, and human and aircraft limitations.  
 
The FAA has undertaken a comprehensive wake turbulence program to support much 
needed capacity enhancements in the NAS and the NextGen capacity goals.  These 
include a recently approved procedural rule change1 allowing dependent staggered 
approaches to closely spaced parallel runways with centerlines separated by less than 
2500 ft when the leading aircraft is in the large or small wake category.  The FAA is in 
the process of acquiring and deploying the Wake Turbulence Mitigation for 
Departures (WTMD) system that will enable additional departures behind heavy and B-
757 aircraft from adjacent closely spaced parallel runways when crosswind conditions are 
favorable.  In partnership with EUROCONTROL, the FAA is developing a new wake 
vortex categorization scheme for aircraft that will facilitate more efficient use of the 
NAS.  This re-categorization scheme is a fist step towards pair wise dynamic wake vortex 
separation standards. 
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ADS-B is an emerging technology with the potential to provide critically needed 
meteorological and aircraft data for safe avoidance of wake turbulence hazards and the 
computation of hazard free 4D trajectories in addition to its more familiar role in the 
surveillance and improved situational awareness arenas.  Most of the meteorological and 
aircraft parameters needed to support wake turbulence applications are already included 
in the ADS-B data sets and broadcast message sets under development by the RTCA and 
ICAO.23  These include aircraft-derived wind speed, wind direction, ground speed, local 
temperature, wake turbulence category, and intended flight path.  These data can be 
straightforwardly supplemented with aircraft weight and type, plus a local measurement 
of the eddy dissipation rate (EDR) to enable, in concept, ground-based and aircraft-based 
wake avoidance solutions required for transition to NextGen and SESAR capabilities. 
  
 
3.0  Wake-Related NextGen and SESAR Operational Improvements 
 
Appendix A contains a listing of Operational Improvements (OI) culled from the Joint 
Planning and Development Office (JPDO) integrated work plan4 with explicit linkages to 
wake turbulence applications and data link technologies5.  The integrated work plan 
identifies required operational improvements and enabling technologies needed to 
achieve the mid-term NextGen operational vision.  The listing in Appendix A also 
includes Lines of Change (LoC) from the SESAR Master Plan6 that address specific 
wake turbulence avoidance concepts and technologies. 
 
Several of the mid-term NextGen wake turbulence OIs (i.e., 400, 401,402, & 403) 
describe weather dependent concepts (e.g crosswind dependent) which can only be 
realized when favorable weather conditions exist.  Determining when these weather 
conditions exist, or will exist, is normally a difficult task as high-resolution ground-based 
weather sensors covering the myriad of potential flight trajectories aircraft may be 
executing are not feasible.  In these cases, the aircraft themselves acting as individual 
weather sensors can collect and report ambient meteorological conditions.  This concept 
is fully scalable to accommodate dynamically changing airspace and/or new NextGen 
operational concepts since the aircraft bring with them the required measurement and 
reporting infrastructure. 
 
Appendix B contains a more general listing of wake-related OIs dealing with reduced 
separation between aircraft and avoidance of flight hazards.  While these OIs may not 
explicitly mention wake turbulence, the safety case for these operational improvements 
will, require that potential wake turbulence hazards be addressed and mitigated if 
necessary.  In all these cases, ADS-B surveillance data, meteorological data, aircraft state 
data, and trajectory information could play a critical role in safely implementing NextGen 
and SESAR concepts. 
 
Together Appendix A and Appendix B contain some 33 NextGen operational 
improvements and SESAR Lines of Change which aircraft controller, pilot, and wake 
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turbulence subject matter experts formally identified as having the potential to produced 
wake turbulence concerns. 
 
 
4.0  Detailed Description of Proposed Application 
 
The FAA Wake Turbulence Program proposes an initial ground-based wake turbulence 
avoidance application based on the set of ADS-B provided meteorological and aircraft 
data elements described below.  The proposed application is a first step in the 
development of a series ADS-B supported wake avoidance applications enabling the 
transition to long-term NextGen and SESAR operational concepts.  The set of data 
elements proposed is sufficiently robust to support envisioned ground-based and airborne 
wake avoidance applications. 
 
The simplest instantiation of an ADS-B based near-term wake avoidance solution 
involves the use of down linked crosswind data to provide wake safe 4D trajectories for 
following aircraft.  Ground-based processors receive mode S identification and wind 
speed and wind direction from ADS-B equipped aircraft.  Aircraft type and flight plan 
data would be retrieved from ground based information networks.  The ground-based 
system would compute wake safe 4D trajectories when the crosswind strength is 
sufficient to remove wakes from the flight paths of following aircraft.  However, such a 
simplistic system would have no predictive capability and benefits would be limited to 
periods of favorable crosswinds.   
 
The proposed mid-term wake solution is also a crosswind-based solution.  However, it 
utilizes additional down linked meteorological and aircraft data to produce a more robust 
benefit.  The proposed set of data elements below supports the development of crosswind 
predictive capabilities that will provide enhanced benefits.  The proposed data elements 
are also extensible to longer term ground-based and airborne wake avoidance solutions 
envisioned under the NextGen and SESAR concepts. 
 
Research conducted over a period of many years both in the U.S. and Europe has resulted 
in a general agreement that real-time predictions of the movement and decay of aircraft 
wake vortices can be developed from a list of data elements that includes: 


• Wind speed 
• Wind direction 
• Local temperature 
• Local barometric pressure 
• Aircraft type 
• Aircraft position 
• Aircraft speed and heading 
• Aircraft weight (previous results based on percentage of max landing weight) 
• Local atmospheric turbulence (normally eddy dissipation rate but total kinetic 


energy has also been used) 
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Additional utility for potential future applications may be gained if the list above is 
supplemented with: 


• Aircraft configuration data (e.g. flap setting) 
 
The atmospheric turbulence parameter and the supplemental parameter(s) are not 
required for the proposed mid-term ground-based system.  The turbulence parameter is 
used to compute the decay rate of wake vortices.  The proposed mid-term solution has no 
reliance on wake decay mechanisms.  The proposed system will retrieve the aircraft type 
and other flight plan related data from existing ground-based networks.  However, as 
noted above, future wake avoidance applications and global harmonization of wake 
categories may require ADS-B transmission of atmospheric turbulence and aircraft type 
data.  Individual pair wise wake turbulence separation distances are envisioned under the 
NextGen and SESAR concepts. 
 
Most of the required wake application data elements are included in existing ICAO and 
RTCA proposed ADS-B message sets.  The final draft of document of 9871 submitted to 
ICAO3 reserves registers for wind speed, wind direction, static air temperature, average 
static pressure, and turbulence.  In Table A-2-68. BDS code 4,4 – Meteorological routine 
air report.  The turbulence register is currently a placeholder for turbulence data yet to be 
defined.  A placeholder for a wake hazard is also currently included in Table A-2-69. 
BDS code 4,5 – Meteorological hazard report.  Registers are reserved for aircraft type 
and wake turbulence category in Table A-2-8. BDS code 0,8 – Extended squitter aircraft 
identification and category – and Table A-2-37. BDS code 2,5 –Aircraft type. 
 
The more familiar ADS-B registers for aircraft position are described in Tables A-2-5: 
BDS code 0,5 – Extended squitter airborne position report, Table A-2-81. BDS code 5,1 
– Position report coarse, and Table A-2-82. BDS code 5,2 – Position report fine.  
Registers for velocity reporting are described in Tables A-2-9a. BDS code 0,9 – Extended 
squitter airborne velocity (Subtypes 1 and 2: Velocity over ground) and Table A-2-9b 
BDS code 0,9  – Extended squitter airborne velocity report.  Additional aircraft velocity 
registers are described in Table A-2-83. BDS code 5,3 – Air-referenced state vector.  
Aircraft track and ground speed registers are described in Table A-2-11. BDS code 0,B – 
Air/air state information 1 (aircraft state) while vertical velocity reports are described in 
Table A-2-12.  BDS code 0,C – Air/air state information 2 (aircraft intent). 
 
RTCA/DO-260A, Minimum Operational Performance Standards for 1090 MHz 
Automatic Dependent Surveillance – Broadcast (ADS-B) and Traffic Information 
Services (TIS-B) describes a similar partitioning of ADS-B data registers.  Once again 
most of the data elements needed for the proposed mid-term ground-based wake solution 
are included in the existing message set.   
 
The FAA Wake Turbulence Program proposes to work with the SC-186 Work Group 3 
team to determine the most appropriate raw data sources for populating the planned 
ADS-B registers, to determine required data update rates, and to identify modifications to 
the planned message elements should any be required.  It has been brought the attention 
of the FAA Wake Turbulence Program that the RTCA previously considered a low 
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update rate broadcast of the air reference velocity (ARV)7 that included a derived wind 
velocity vector from the difference between the ground vector in the sate reports and the 
air vector obtained from the ARV.  While not originally intended for wake avoidance 
purposes the derived wind velocity vector could potentially be used as a replacement for 
aircraft sensed winds that are known to be inaccurate when the aircraft is maneuvering. 
 
As noted above, a broadcast link of relevant atmospheric and aircraft data is required to 
accommodate the wide range of temporal and spatial scales associated with hazardous 
wake turbulence.  To provide data when wake vortices are short-lived and during ascent 
and descent flight operations, a data broadcast frequency on the order of 15 seconds is 
desirable.  This represents a report once every 2 miles for wake avoidance purposes at 
typical cruise speeds and it provides a high likelihood of receiving broadcast data on 
temporal and spatial scales consistent with the current separation standards.  In the 
terminal environment, a 15 second update frequency provides a high likelihood of 
receiving broadcast data every 1-2 miles traveled by the generating aircraft.  It also 
ensures data will be received every 1000 ft during initial climb and descent operations 
and at higher vertical resolutions near the airport on approach when wake turbulence can 
be most hazardous.  It is interesting to note that that the RTCA found that a default value 
of 20 seconds for air-ground broadcast of wind vector and temperature data would suffice 
for meteorological reports during aircraft ascent.7  In 2005, Livack proposed ADS-B 
based meteorological and wake vortex applications to RTCA SC 206.8  The data elements 
listed above would support the long-term wake vortex application he described. 
 
While eddy dissipation rate (EDR) data is not required for the proposed ground-based 
system, it should be noted that potential methods to populate the ADS-B registers 
reserved for it may already exist.  NASA developed a prototype system to detect and 
report atmospheric profiles of wind speed and direction, static temperature, and eddy 
dissipation rate from approach and departure aircraft.9  The profile generation algorithm 
derived an inertial wind vector from parameters resident on the aircraft’s data bus and is 
non-aircraft specific.  A winds-based eddy dissipation rate algorithm provided a 
measurement of EDR based on inertial vertical wind measurements and the true airspeed.  
In a manner similar to the ARV derived winds this approach removed aircraft response 
from the estimated eddy dissipation rate.  Flight data from a research aircraft was used to 
assess the accuracy of atmospheric profiles generated by the prototype system. 
 
 
5.0  Potential RTCA and ICAO MASPS Issues 
 
The joint FAA / EUROCONTROL program to develop a harmonized re-categorization 
scheme for aircraft wake turbulence purposes may impact the current ICAO and RTCA 
MASPS.  Currently, Table A-2-8. BDS code 0,8 – Extended squitter aircraft 
identification and category includes a 3 bit field for aircraft/vehicle category under set A 
that identifies the wake category of the transmitting aircraft.  The 8 possible categories 
are: 


0 = No aircraft category information 
1 = Light (< 15 500 lbs or 7 031 kg) 
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2 = Medium 1 (>15 500 to 75 000 lbs, or 7 031 to 34 019 kg) 
3 = Medium 2 (>75 000 to 300 000 lbs, or 34 019 to 136 078 kg) 
4 = High vortex aircraft 
5 = Heavy (> 300 000 lbs or 136 078 kg) 
6 = High performance (> 5g acceleration) and high speed (> 400 kt) 
7 = Rotorcraft 


 
This set does not include the new “super heavy” category introduced for the A-380.  
Similarly, the RTCA DO-260A requirements provide for a "ME" field that contains a 3 
bit "ADS-B emitter category" that has the wake category embedded in set "A."  This 3 bit 
field is based on the current U.S. aircraft wake categorization matrix and it encapsulates 
the 5 categories in current use.  However, it also does not include provisions for the new 
“super heavy” category. 
 
The joint FAA/EUROCONTROL program is likely to introduce additional aircraft wake 
categories.  The program is striving to limit the number of aircraft wake categorizes to a 
set manageable by human controllers.  However, research has shown, as expected, that 
increasing the number of wake categories and associated wake separation distances 
produces additional opportunities to maximize airport capacities.  Future wake avoidance 
applications and decision support systems may, therefore, utilize significantly more 
aircraft wake categories  
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Appendix A 
 


Operational Improvements With Explicit Wake Turbulence


and Data Link Implications


 Initiative Implementation 
Date OI Description Wake Impact


JPDO OI-OI-0333 and 
FAA OI-102141 
Improved Operations 
to Closely Spaced 
Parallel Runways 
(CSPR)


2013 Enhanced procedures (including cockpit and ground improvements) enable parallel runway improvements, 
reducing impact to airport/runway throughput in lower visibility conditions. Maintaining access to closely-spaced 
parallel runways in limited visibility conditions by integrating new aircraft technologies will ensure safety through 
precision navigation, aircraft-based monitoring of the aircraft on the parallel approach, and flight guidance to avoid 
wake vortex generated by parallel traffic. This capability will apply aircraft-based technologies to maintain access 
in Instrument Meteorological Conditions (IMC), as well as support a new Instrument Flight Rules (IFR) standard 
for runway spacing. A number of other intermediate concepts for maintaining access to parallel runways continue 
b i l d ( f R i d N i ti P f (RNP) h t d fi ll l h


Possible wake encounters as wake separation responsibility is 
delegated to flight deck


JPDO OI-0348 and 
FAA OI-102117 
Reduce Horizontal 
Separation Standards -
3 Miles


2015 Metroplex airspace capacity is increased through implementing separation standards of less than 3 miles 
between high navigation precision arrival and departure routes. This Operational Improvement increases 
metroplex airspace capacity and supports super density airport operations by implementing separation standards 
for inter-aircraft separations of less than 3 miles. Arrival/departure routes with lower Required Navigation 
Performance (RNP) values (e.g., RNP<1 nm) are defined with less than 3 miles lateral separation between 
routes, subject to wake vortex constraints, enabling the use of more routes in a given airspace. This may require 
airborne lateral separation between routes. Enhanced Required Surveillance Performance (RSP) is required. This 
requires a Policy Decision to determine what RNP values to require based on performance benefit versus 
equipage requirements and operational considerations. Expected use: high density terminal and transition 
airspace.


Possible wake encounters with the proposed reduction in thes 3 
mile separation standard. While wake vortex constraints are 
mentioned, the methodology to address them or resolve the impact 
is not captured or stated in the OI description.  


JPDO OI-0349 
Automation Support for 
Mixed Environments


2014 The Air Navigation Service Provider (ANSP) automation provides the controller with tools to manage aircraft in a 
mixed navigation and wake performance environment. Aircraft with various operating and performance 
characteristics will be operating within the same volume of airspace. Controllers will use ANSP automation 
enhancements to provide situational awareness of aircraft with advanced capabilities (e.g., delegated self-
separation maneuvers, equipped vs. non-equipped aircraft, Area Navigation [RNAV], Required Navigation 
Performance [RNP], and trajectory flight data management). These enhancements enable ANSP to manage the 
anticipated increase in complexity and volume of air traffic.


Possible wake enounters as aircraft with different technologies 
flying in reduced separation airspace among aircraft with more 
sophisticated avionics, i.e. advanced RNAV flying alongside legacy 
RNAV


JPDO OI-0400 and 
FAA OI-102140 Wake 
Turbulence Mitigation: 
Departures - Wind-
Based Wake 
Procedures


2013 Changes to wake rules are implemented based on wind measurements. Procedures allow more closely spaced 
departure operations to maintain airport/runway capacity. Procedures are developed at applicable locations based 
on the results of analysis of wake measurements and safety analysis using wake modeling and visualization. 
During peak demand periods, these procedures allow airports to maintain airport departure throughput during 
favorable wind conditions. A staged implementation of changes in procedures and standards, as well as the 
implementation of new technology will safely reduce the impact of wake vortices on operations. This reduction 
applies to specific types of aircraft and is based on wind blowing an aircraft's wake away from the parallel 


Possible wake encounters as wake predictions can be inaccurate 
due to constantly changing weather conditions. This is very 
dependent on how dynamic and how spontaneously wind 
information is captured, the revised impact determined, and 
distributed to the users will determine wake vulnrability.  This is not 
clear from the OI description. 


Enablers, Predecessor OI's and Required R&D


FAA Predecessors: None
JPDO Predecessors:
•OI-0326: Airborne Merging and Spacing - Single Runway
•EN-0034: Trajectory Management Decision Support - Level 1
•EN-1143: Ground Based Navigation System (GBNS) - eLORAN
•PI-0120: PNT Performance Requirements


FAA Predecessors:
•FAA OI-102112 Current En Route Separation
JPDO Enablers:
•OI-0343: Reduced Separation - High Density En Route, 3-mile
•OI-0363: Delegated Separation - Complex Procedures
•EN-0201: Avionics - RNP
•EN-0016: Separation/Trajectory Management Detail Operational Concept
•EN-0152: Wake Vortex Configuration Advisory Decision Support - Level 3 Dynamic Drift/Decay
•EN-0027: Metroplex Flow Management Decision Support
•EN-0037: Trajectory Management Decision Support - Level 2
•EN-0038: Separation Management Decision Support - Level 2
•EN-1208: Air - Ground Data Exchange – Clearance and Instruction Services – Tower Group 3
•EN-1214: Air - Ground Data Exchange – Clearance and Instructions Services – TRACON Group 3
•EN-1101: Enhanced NextGen PNT Services
•PI-0120: PNT Performance Requirements
•PI-0014: Aircraft Equipage Implementation Policy
•PI-0077: High Density Operations - Flight Prioritization
•PI-0007: Rules of the Road
•FAA OI-102112 Current En Route Separation


•EN-0039: UAS Detail Operation Concept
•EN-0035: Separation Management Decision Support - Level 1
•EN-0212: Parameter Driven Aircraft Separation Standards and Procedures
•PI-0115: NextGen Safety Assessment/Certification - Synchronization of Aircraft and ANS 
Capabilities
•PI-0116: NextGen Safety Assessment/Certification - Standards and Tools
•PI-0110: International Commercial Space Operations
•EN-0023: Surface Movement - Detail Operational Concept
•EN-0150: Wake Vortex Configuration Advisory Decision Support - Level 1 Static Drift Only
•EN-1007: Avionics - Trajectory Management - Advanced Surface Operations
•EN-2470: Weather Information - Wake Vortex - Level 1
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JPDO OI-0401 and 
FAA OI-102140 Wake 
Turbulence Mitigation: 
Arrivals - Wind-Based 
Wake Procedures


2015 Changes to wake rules are implemented based on wind measurements. Procedures allow more closely spaced 
arrival operations to maintain airport/runway capacity. Procedures are developed at applicable locations based on 
the results of analysis of wake measurements and safety analysis using wake modeling and visualization. During 
peak demand periods, these procedures allow airports to maintain airport arrival throughput during favorable wind 
conditions. A staged implementation of changes in procedures and standards, as well as the implementation of 
new technology will safely reduce the impact of wake vortices on operations. This reduction applies to specific 


Possible wake encounters as wake predictions can be inaccurate 
due to constantly changing weather conditions


JPDO OI-0402 Wake 
Turbulence Mitigation: 
Departures - Dynamic 
Wind Procedures


2018 Departure spacing and separation rules are dynamically adjusted to accommodate wake drift and decay. 
Longitudinal departure spacing is dynamically adjusted based on ground-based wind measurements, aircraft type 
and algorithms to predict wake drift and decay. Dynamic adjustments are made when favorable wind conditions 
are forecast to persist for perhaps a half hour or more. Controller automation is enhanced to provide controllers 
with dynamic spacing and separation information that may include a larger matrix of separation standards than 
the current 4x4 matrix, with more specific pair-wise spacing requirements within and between aircraft types.


Possible wake encounters as wake predictions can be inaccurate 
due to constantly changing weather conditions


JPDO OI-0403 Wake 
Turbulence Mitigation: 
Arrivals - Dynamic 
Wind Procedures


2020 Arrival spacing and separation rules are dynamically adjusted to accommodate wake drift and decay. Longitudinal 
departure spacing is dynamically adjusted based on ground-based wind measurements, aircraft type and 
algorithms to predict wake drift and decay. Dynamic adjustments are made when favorable wind conditions are 
forecast to persist for perhaps a half hour or more. Controller automation is enhanced to provide controllers with 
dynamic spacing and separation information that may include a larger matrix of separation standards than the 
current 4x4 matrix, with more specific pair-wise spacing requirements within and between aircraft types.


Possible wake encounters as wake predictions can be inaccurate 
due to constantly changing weather conditions


JPDO OI-0409 Net-
Centric Virtual Facility


2018 Next Generation Towers provide Air Traffic Management (ATM) services for operations into and out of designated 
airports without physically constructing, equipping, and/or sustaining tower facilities at these airports. Emerging 
technology replaces "out the window" visual observations from conventional tower cabs by acquiring, processing, 
communicating, and displaying equivalent information used by Air Navigation Service Providers (ANSPs) at 
remote locations aided with decision support tools. Deployment of Next Generation Towers allows a reduction in 
the total number of service delivery points. Eventually NextGen capabilities are integrated into new general 
service delivery point facilities. Remote NextGen tower capabilities provide ATM services for operations into and 
out of airports without a physical ATM presence. This accommodates managing increases in life cycle costs to 
sustain, expand, and improve services in response to steadily increasing demand. Instead of "out the window" 
visual surveillance, controllers obtain situational awareness aided by surface surveillance displayed on a tower 
information display system and a suite of decision support tools using ground system and aircraft-derived 
data. Weather, traffic and other relevant information are displayed on a traffic information display system to avoid d
with the mix of heads up versus heads down operations. Weather is distributed to and from aircraft using data com
data are available to aircraft and other users via a net centric information system. Clearance delivery and pushback
movement areas is accomplished by voice and/or data communications to the aircraft, aided by situational awaren
surveillance sensors and conformance monitoring tools presented directly on the ANSP display. Special airport sen
obstructions at the airport and automatically alert controllers and pilots of the obstruction via voice and/or Data Com
assurance is accomplished with the aid of ground and terminal surveillance data from sensors located at the airpor
conflict alert aids available for use. Some separation responsibility is delegated to aircraft equipped with "sense and
aperture type capability. Traffic management initiatives and flight plan data are available to flight operators and AN
information capabilities to improve common situational awareness Decision support tools assist ANSPs with plann


Possible wake encounters as safe separation responsibility 
delegated to aircraft onboard computer systems.  Additionally, this 
OI does not indicate any of the systems being introduced into this 
concept accounts for need for dynamic wake information, 
detection, or adjustment from which the remote controller would 
operate. 


SESAR LoC#10 Level 
1 - Airport Throughput, 
Safety and 
Environment


2009 Improved Low Visibility Procedure: Introduce improved operations in low visibility conditions through enhanced 
ATC Procedures collaboratively developed at applicable airports involving in particular an harmonised application 
across airports and the use of optimised separation criteria. Deploy final approaches with vertical guidance 
procedures to enable Cat I like operations.
ATSA-VSA: Introduce enhanced Visual Separation on Approach (ATSA-VSA), to assist crews to achieve the 
visual acquisition of the preceding aircraft and then to maintain visual separation from this aircraft.
Reduced aircraft separations: Introduce new procedures whereby under certain crosswind conditions it may not 
be necessary to apply wake vortex minima. Introduce fixed reduced separations based on wake vortex 
prediction.. Introduce Constant time separations independent of crosswind conditions and wake vortex existence 
are introduced.
Parallel runway operations: Reduce dependencies between runways by implementing more accurate 
surveillance techniques and controller tools as well as advanced procedures.
Foreign Object Detection: Implement system providing the controller with information on Foreign Object Debris d
movement area.
Dynamic surface navigation for aircraft: Introduce guidance assistance to airport vehicle drivers through the pro
airport moving map showing taxiways, runways, fixed obstacles, and their own mobile position.; also introduce tool
vehicle drivers Traffic Situational Awareness (TSA) through the provision of information regarding the surrounding 
and airport vehicles) during taxi and runway operations displaying it in the vehicle driver’s cockpit. Introduce Guidan
on the Airport Surface using CDTI moving map display including dynamic traffic context information and status of r
obstacles, route to runway or stand with ground signs (stop bars, centreline lights, etc.) are triggered automatically 
issued by ATC


Possible wake encounters as crosswind wake predictions can be 
inaccurate due to constantly changing weather conditions


SESAR LoC#10 Level 
2 - Airport Throughput, 
Safety and 
Environment


2013 Automated Surface Movement Planning and Routing: Introduce Automated Assistance to Controller for 
Surface Movement Planning and Routing.
Airport Safety Nets (Pilot, Controllers and Vehicles): Introduce tools to detect potential conflicts/incursions 
involving mobiles (and stationary traffic) on runways, taxiways and in the apron/stand/gate areas providing alarms 
to controllers, pilots, and vehicle drivers together with potential resolution advice.
BTV Via Datalink: Deploy automated braking to vacate at a pre-selected runway exit coordinated with ground 
ATC through Datalink and based on BTV avionics that controls the deceleration of the aircraft to a fixed speed at 
the selected exit.
Improved LV Operations (GBAS, EVS): Introduce GNSS / GBAS for precision approaches and EVS (Enhanced 
Vision System) to support final approach and surface operation Low Visibility Conditions
Enhanced Navigation for Airport Vehicles: Introduce tools that increase the airport vehicle drivers Traffic 
Situational Awareness (TSA) through the provision of information regarding the dynamic traffic context including 
status of runways , taxiways and obstacles.


f S G f S


Possible wake encounters if ground sensors misread location of 
wake, or confuse jetwash for wake vortices


JPDO Enablers:
•EN-0023: Surface Movement - Detail Operational Concept
•EN-0150: Wake Vortex Configuration Advisory Decision Support - Level 1 Static Drift Only
•EN-1007: Avionics - Trajectory Management - Advanced Surface Operations
•EN-2470: Weather Information - Wake Vortex - Level 1
FAA Predecessors: None
•OI-0400: Wake Turbulence Mitigation: Departures - Wind-Based Wake Procedures
•EN-0007: High-Density Arrival/Departure Detail Operational Concept
•EN-0030: Wake Detection/Prediction w/Dynamic Wake Spacing - Level 2 Wake Drift/Decay
•EN-0152: Wake Vortex Configuration Advisory Decision Support - Level 3 Dynamic Drift/Decay
•EN-2681: Methodologies and Algorithms for Weather Assimilation into Decision-Making - Level 2
•EN-2020: NextGen 4-D Weather Cube Information - Level 2 Adaptive Control/Enhanced 
F t•OI-0401: Wake Turbulence Mitigation: Arrivals - Wind-Based Wake Procedures
•EN-0007: High-Density Arrival/Departure Detail Operational Concept
•EN-0030: Wake Detection/Prediction w/Dynamic Wake Spacing - Level 2 Wake Drift/Decay
•EN-0152: Wake Vortex Configuration Advisory Decision Support - Level 3 Dynamic Drift/Decay
•EN-2681: Methodologies and Algorithms for Weather Assimilation into Decision-Making - Level 2
•EN-2020: NextGen 4-D Weather Cube Information - Level 2 Adaptive Control/Enhanced 
Forecasts
•EN-1400: Cooperative Surveillance - ADS-B IN/TIS-B/FIS-B Level 1
•EN-2680: Methodologies and Algorithms for Weather Assimilation into Decision-Making - Level 1
•EN-1215: Air - Ground Data Exchange – FIS – Tower
•EN-0031: Avionics - Airborne Merging and Spacing
•EN-2010: NextGen 4-D Weather Cube Information - Level 1 Initial Operating Capability
•EN-0106: Avionics - Delegated Separation Acknowledgement Information
•EN-0020: Staffed Virtual Tower Capability
•EN-0101: Avionics - Enhanced Obstacle Detection
•PI-0120: PNT Performance Requirements
•PI-0115: NextGen Safety Assessment/Certification - Synchronization of Aircraft and ANS 
Capabilities
•PI-0116: NextGen Safety Assessment/Certification - Standards and Tools
•PI-0117: NextGen Safety Assessment/Certification - Resources


Develop Guidance Material for best practices on flight deck procedures for runway crossing, while 
taxiing and the communication with the air traffic controller regarding aerodrome signage, markings 
and lighting.  Validate the use of weather information to improve predictability and reliability of 
managing the traffic on the airport surface (e.g. meteorological information in respect of aircraft de-
icing and prediction of thunderstorm). Assess the feasibility of using meteorological information to 
predict braking performance on surface airport.  Develop and validate requirements for improved 
information provision to aircraft and vehicles of their position, routing and also information 
regarding taxiways, runways and fixed obstacles.  Develop and validate procedures to improve 
separation through exploitation of Wake Vortex prediction for arrivals and departures.  Consolidate 
approval of VFR procedures for IFR traffic operations.


Develop and validate procedures to improve safety of operation on the airport surface through the 
use of alert and advisories presented to various actors (e.g. pilot, controller airport vehicle drivers). 
Develop and validate coordination/integration of airside operation with airport ATC operation to 
improve airport surface operations. Develop and validate traffic management on airport surface, 
including taxi routing. Develop and validate pre-selected runway exit coordination between airport 
ATC and aircraft, exploiting Brake To Vacate and Datalink full functionalities. Further maximize 
runway throughput through the development and validation of ground based wake vortex real time 
detection. Develop and validate precision approach and landing based on GBAS (and SBAS where 
appropriate for regional airfields) and/or EVS capability, maintaining operations under adverse 
conditions, including low visibility.
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Appendix B 


 
Operational Improvements With Potential Wake Turbulence


and Data Link Implications
JPDO OI-0309 Use 
Optimized Profile 
Descent


2010 An Optimized Profile Descent (OPD), in its optimal form, is an arrival where aircraft is cleared to descend from 
cruise altitude to final approach using the most economical power setting at all times. Based on published arrival 
procedures at final approach, aircraft begin a continuous rate of descent using a window of predetermined height 
and distance. Thrust may be added to permit a safe, stabilized approach-speed and flap-configuration down a 
glide slope to the runway. As an initial step, conventional or Area Navigation (RNAV) Standard Terminal 
Automation Replacement Systems (STARs) can be defined with vertical constraints incorporated as crossing 
restrictions. Careful selection of constraints allows most aircraft Flight Management System (FMS) Visual 
Navigation (VNAV) systems to calculate a continuously descending flight path, although the flight path may 
require a slightly non-optimal power setting. In addition, static spacing guidance, based on weight class and 
winds, as well as speed commands for descending traffic, allows STAR to be used with minimal impact to airport 
throughput, although with a slight additional environmental penalty compared to the ideal STAR OPD. At busy airpo
f ll f l/ i i / i b fit ill b diffi lt ith t i ti it l d d i i d/


Possible wake encounters as flights on higher FL descend in front 
of flights on lower FL on same ground track


JPDO OI-0311 
Increased Capacity 
and Efficiency Using 
RNAV and RNP


2010 Both Area Navigation (RNAV) and Required Navigational Performance (RNP) will enable more efficient aircraft 
trajectories. RNAV and RNP combined with airspace changes, increase airspace efficiency and capacity. RNAV 
and RNP will permit the flexibility of point-to-point operations and allow for the development of routes, procedures, 
and approaches that are more efficient and free from the constraints and inefficiencies of the ground-based 
Navigational Aids (NAVAIDS). This capability can also be combined with an Instrument Landing System (ILS), to 
improve the transition onto an ILS final approach and to provide a guided missed approach. Consequently, RNAV 
and RNP will enable safe and efficient procedures and airspace that address the complexities of the terminal 
operation through repeatable and predictable navigation. These will include the ability to implement curved path 
procedures that can address terrain, and noise-sensitive and/or special-use airspace. Terminal and en route 


Possible wake encounters as RNAV allows for more precise flight 
corridors for flights in trail


JPDO OI-0316 
Enhanced Visual 
Separation for 
Successive 
Approaches


2012 This Operational Improvement (OI) increases runway throughput in low ceiling and visibility conditions by allowing 
an aircraft to augment out-the-window visual separation information with onboard traffic display information on a 
visual approach. After establishing initial visual contact, the aircraft can continue a visual approach while 
traversing a light cloud layer, using the onboard traffic display briefly to augment situational awareness until visual 
contact is reestablished. The flight crew is responsible for safe wake separation during augmented visual 
approaches. This OI enables Visual Meteorological Condition (VMC) runway capacity levels to be achieved in 


Possible wake encounters as flight crew is responsible for safe 
separation in reduced VMC that used to be IMC


JPDO OI-0325 Time-
Based Metering Using 
RNP and RNAV Route 
Assignments


2014 Area Navigation (RNAV), Required Navigational Performance (RNP), and time-based metering provide efficient 
use of runways and airspace in high-density airport environments. RNAV and RNP provide users with more 
efficient and consistent arrival and departure routings and fuel-efficient operations. Metering automation will 
manage the flow of aircraft to meter fixes, thus permitting efficient use of runways and airspace. Building on 
increased capacity in terminal separation procedures, time-based metering will facilitate efficient arrival and 
departure flows. This will be accomplished using RNAV and RNP routings, coupled with meter fix crossing times. 
These will be issued to the flight crew via voice or data communications for input into the Flight Management 
System (FMS). Arrivals will be issued a RNAV routing to link arrival procedures to designated runways. Aircraft 
will navigate from en route to approach and landing phases with minimal adjustments (i.e., speed adjustments) or 
changes to flight trajectories by Air Navigation Service Provider (ANSP). Departures will be issued clearances that 
specify departure routings linked from RNAV routes into the


Possible wake encounters as spacing is based on time, not 
distance and controllers try to keep schedule


JPDO OI-0326 
Airborne Merging and 
Spacing - Single 
Runway


2014 Arriving or departing aircraft to/from single runways are instructed to achieve and maintain a given spacing in time 
or distance from a designated lead aircraft as defined by an Air Navigation Service Provider (ANSP) clearance. 
Onboard displays and automation support the aircraft conducting the merging and spacing procedure to enable 
accurate adherence to the required spacing. Flight crews are responsible for maintaining safe and efficient 
spacing from the lead aircraft. Responsibility for separation from all other aircraft remains with the ANSP. 
Assigned spacing may include a gap to allow for an intervening departure between subsequent arrivals. Mixed-
equipage operations are supported; a spacing-capable aircraft can perform airborne spacing behind a non-
capable aircraft as long as it is transmitting cooperative surveillance information. This Operational Improvement 
(OI) includes multiple streams merging to a single runway and includes development of ANSP capability and


Possible wake encounters as flight crew is responsible for safe 
separation and takeoff/landing occurring on same runway


•EN-1065: Ground Based Navigation System (GBNS) - Lighting Systems (Legacy)
•EN-0200: Avionics - Traffic Display Level 2
•PI-0014: Aircraft Equipage Implementation Policy


None


•OI-0309: Use Optimized Profile Descent
•EN-1020: Non-Cooperative Surveillance Legacy ASR-8
•EN-1021: Non-Cooperative Surveillance - Legacy ASR-9
•EN-1022: Air Surveillance - Legacy ASR-11
•EN-1144: Ground Based Navigation System (GBNS) - ILS Legacy
•EN-0201: Avionics - RNP
•PI-0120: PNT Performance Requirements
•PI-0014: Aircraft Equipage Implementation Policy
•PI-0008: General Aviation Benefits


•OI-0309: Use Optimized Profile Descent
•EN-0007: High-Density Arrival/Departure Detail Operational Concept
•EN-0110: Trajectory Negotiation - Level 2 En Route Time-Based Metering
•EN-1220: Air - Ground Data Exchange – Advisory Services – En Route Group 1


•OI-0316: Enhanced Visual Separation for Successive Approaches
•OI-0325: Time-Based Metering Using RNP and RNAV Route Assignments
•EN-1400: Cooperative Surveillance - ADS-B IN/TIS-B/FIS-B Level 1
•EN-0031: Avionics - Airborne Merging and Spacing
•PI-0120: PNT Performance Requirements
•PI-0004: ATM Automation Development, Performance and Interoperability Standards
•PI-0077: High Density Operations - Flight Prioritization
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JPDO OI-0329 
Airborne Merging and 
Spacing with OPD


2015 Fuel consumption and noise on approaches are reduced while maintaining throughput in heavy traffic through 
Optimized Profile Descent (OPD) combined with airborne merging and spacing in moderate-to-heavy traffic. OPD 
is also known as Continuous Descent Arrival (CDA). This Operational Improvement (OI) requires airborne 
merging and spacing capability as well as airborne guidance to perform optimized OPD while staying within 
assigned lateral and vertical airspace corridor limits. This OI is complementary to OI-0325 which delivers the 
aircraft at top of descent with spacing to initiate a successful OPD. This OI improves individual aircraft fuel 
reduction through onboard energy guidance, and enables reduced spacing buffers and hence increased 
throughput from precision airborne spacing. Mixed equipage can be supported within a single arrival stream, with 
some aircraft self-spacing and other aircraft managed by Air Navigation Service Provider (ANSP). This OI 
requires an Implementation Decision to determine appropriate trajectory restrictions laterally, vertically, and in 
time based on trade off between aircraft performance/efficiency versus optimal use of airspace including weather


Possible wake encounters as flights on higher FL descend in front 
of flights on lower FL on same ground track


JPDO OI-0330 Time-
Based and Metered 
Routes with OPD


2016 Time-based and metered Required Navigational Performance (RNP) routes are flown. Where practical, arrival 
routes support Optimized Profile Descent (OPD) operations under moderate to heavy traffic conditions, with 
ground-based automation providing conflict-free, time-based metering solutions over the entire OPD trajectory to 
the runway. OPD is also known as Continuous Descent Arrival, or CDA. This enables aircraft with minimal 
equipage to perform OPDs. This Operational Improvement (OI) requires an Implementation Decision to determine 
the most effective method for negotiating time-based route and an Implementation Decision to determine how 
restricted the trajectory will be laterally, vertically, and in time, based on trade off between aircraft 
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Possible wake encounters as flights on higher FL descend in front 
of flights on lower FL on same ground track


JPDO OI-0337 Flow 
Corridors - Level 1 
Static


2017 High density En Route static flow corridors accommodate aircraft that are capable of self-separation traveling on 
similar routes, achieving high traffic throughput by minimizing complexity and crossing traffic. When there are 
large numbers of suitably equipped aircraft traveling in the same direction on similar routes, the Air Navigation 
Service Provider (ANSP) may implement flow corridors, which consist of long tubes or "bundles" of parallel lanes. 
Aircraft within the corridors are responsible for separation from other aircraft (that is, the corridors are self-
separation airspace), and use onboard separation capabilities for entering and exiting the corridors, as well as for 
overtaking, all of which are accomplished with well-defined procedures to ensure safety. Flow corridors efficiently 
handle very high traffic densities, increasing throughput and increasing the airspace available to other traffic. Flow 
corridors are procedurally separated from other traffic not in the corridor. Procedures exist to allow aircraft to 
safely exit the corridor in the event of a declared emergency.


Possible wake encounters as crews are responsible for separation 
with very high traffic densities in flow corridors


JPDO OI-0347 Air 
Traffic Control 
Surveillance Service in 
Non-Radar Areas 
(ADS-B)


2012 The air navigation service provider (ANSP) automation uses automatic dependent surveillance broadcast in non-
radar airspace to provide reduced separation and flight following. Improved surveillance enables ANSP to use 
radar-like separation standards and services. The Automatic Dependent Surveillance - Broadcast (ADS-B) 
positional reports are incorporated into the surveillance data processing systems and displayed to the controller. 
This allows ANSP to apply lower separation minima allowing for improved access and more efficient flight paths.


Possible wake encounters due to reduced separation in areas with 
no radar coverage


JPDO OI-0353 and 
FAA OI-102108 
Reduced Oceanic 
Separation - Altitude 
Change Pair-Wise 
Maneuvers


2014 Availability of user preferred oceanic profiles for capable aircraft is increased through pair-wise altitude change 
maneuvers with ground-based separation responsibility. Aircraft-to-aircraft oceanic longitudinal and lateral 
spacing is reduced to 10 miles during altitude change maneuver. Pair-wise maneuvers (in-trail climbs and 
descents) are enabled through the use of improved oceanic cooperative surveillance information. This may be 
implemented using either 1) Automatic Dependent Surveillance-Contract (ADS-C) and satellite-based 
communication, or 2) Automatic Dependent Surveillance-Broadcast (ADS-B), on-board displays and algorithms, 
and satellite-based communications.


Possible wake encounters due to reduced separation and higher 
capacity


JPDO OI-0355 and 
FAA OI-102118 
Delegated 
Responsibility for 
Horizontal Separation


2015 Enhanced surveillance and new procedures enable the Air Navigation Service Provider (ANSP) to delegate 
aircraft-to-aircraft separation. Improved display avionics and broadcast positional data provide detailed traffic 
situational awareness to the flight deck. When authorized by the controller, pilots will implement delegated 
separation between equipped aircraft using established procedures. Broadcast surveillance sources and 
improved avionics capabilities provide ANSP and the flight deck with accurate position and trajectory data. Aircraft 
that are equipped to receive the broadcasts and have the associated displays, avionics, and crew training are 
authorized to perform delegated separation when recommended by the controller. Delegated separation 
operations include separation authority for a specific maneuver (e.g., in-trail arrival). For aircraft not delegated 
separation authority, ANSP automation still manages separation. Aircraft perfiorming delegated separation 
procedures separate themselves from one another.


Possible wake encounters as flight deck responsible for separation


•OI-0346: Improved Management of Airspace for Special Use
•EN-1400: Cooperative Surveillance - ADS-B IN/TIS-B/FIS-B Level 1
•EN-2680: Methodologies and Algorithms for Weather Assimilation into Decision-Making - Level 1
•EN-0033: Airspace/Capacity/Flow Contingency Management Decision Support - Level 1
•EN-0034: Trajectory Management Decision Support - Level 1
•EN-0035: Separation Management Decision Support - Level 1
•EN-0207: Consolidated Aeronautical Information - Level 2 Integrated Status
•EN-2010: NextGen 4D Weather Cube Information - Level 1 Initial Operating Capability
•EN-0106: Avionics - Delegated Separation Acknowledgement Information
•EN-1209: Air - Ground Data Exchange – Clearance and Instructions Services – En Route Group 1
•PI-0065: Airspace Regulatory Changes - Global Harmonization


•OI-0326: Airborne Merging and Spacing - Single Runway
•EN-2680: Methodologies and Algorithms for Weather Assimilation into Decision-Making - Level 1
•EN-2010: NextGen 4D Weather Cube Information - Level 1 Initial Operating Capability
•EN-6008: Avionics to Reduce Environmental Impacts - Level 1
•PI-0077: High Density Operations - Flight Prioritization


•OI-0309: Use Optimized Profile Descent
•OI-0311: Increased Capacity and Efficiency Using RNAV and RNP
•OI-0325: Time-Based Metering Using RNP and RNAV Route Assignments
•EN-0007: High-Density Arrival/Departure Detail Operational Concept
•EN-0034: Trajectory Management Decision Support - Level 1
•EN-0110: Trajectory Negotiation - Level 2 En Route Time-Based Metering
•PI-0120: PNT Performance Requirements
PI 0077 Hi h D it O ti Fli ht P i iti ti


•EN-1023: Cooperative Surveillance - ADS-B Out Level 1
•PI-0120: PNT Performance Requirements
•PI-0022: GPS Policy to Support Civil NextGen PNT Requirements


JPDO Enablers:
•OI-0344: Reduced Oceanic Separation - 30 Miles for Pair-Wise Maneuvers
•EN-0202: Avionics - Traffic Display Level 1 Cockpit Display of Traffic Information (CDTI)
•EN-1750: Radio Data Link: Legacy Satcom
•EN-0201: Avionics - RNP
•EN-0035: Separation Management Decision Support - Level 1
•EN-0106: Avionics - Delegated Separation Acknowledgement Information
•EN-0168: In-Trail Oceanic Separation Using ADS-C
•EN-0169: In-Trail Oceanic Separation Using ADS-B
•PI-0012: Surveillance - Global Harmonization
•PI-0022: GPS Policy to Support Civil NextGen PNT Requirements
FAA Predecessors: OI-102105 Current Oceanic Separation
JPDO Enablers:
•EN-1017: Non-Cooperative Surveillance Legacy LRR
•EN-0016: Separation/Trajectory Management Detail Operational Concept
•EN-1023: Cooperative Surveillance - ADS-B Out Level 1
•EN-1400: Cooperative Surveillance - ADS-B IN/TIS-B/FIS-B Level 1
•EN-2680: Methodologies and Algorithms for Weather Assimilation into Decision-Making - Level 1
•EN-0031: Avionics - Airborne Merging and Spacing
•EN-0035: Separation Management Decision Support - Level 1
•EN-2010: NextGen 4-D Weather Cube Information - Level 1 Initial Operating Capability
•PI-0120: PNT Performance Requirements
FAA Predecessors:
•OI-102117 Reduce Horizontal Separation Standards -3 Miles
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FAA OI-102123 ADS-B 
Separation


2009 The air navigation service provider (ANSP) automation uses aircraft dependent surveillance broadcast in non-
radar airspace to provide reduced separation and flight following. Improved surveillance enables ANSP to use 
radar-like separation standards and services.


Possible wake encounters due to reduced separation in trail


FAA OI-102122 Use 
Aircraft Provided Intent 
Data to Improve 
Conflict Resolution


2012 Air navigation service provider (ANSP) automation uses aircraft position broadcast reports, velocity, and both 
short- and long-term intent data to provide tactical and strategic separation services and more efficient flows. 
Aircraft exchange of short-term intent data enables aircraft-to-aircraft delegated separation authority when 
operationally advantageous.


Possible wake encounters as separation duties delegated to flight 
deck


FAA OI-108203 
Expand use of 
RNAV/RNP 
Procedures


2009 Provide airspace design changes to increase access, efficiency and capacity utilization by developing and 
publishing Area Navigation (RNA) and RNAV Required Navigation Performance (RNP) routings in the NAS. 
RNAV/RNP provides increased routing to allow more efficient routes of flight and merging of traffic, increased 
opportunities to manage flow with more defined and closely separated paths. Allows flows that are currently co-


Possible wake encounters due to more closely spaced traffic flows


FAA OI-108209 
Increase Capacity and 
Efficiency Using Area 
Navigation (RNAV) 
and Required 
Navigation 
Performance (RNP)


2010 Both RNAV and RNP will enable more efficient aircraft trajectories. RNAV and RNP combined with airspace 
changes, increase airspace efficiency and capacity.


Possible wake encounters due to increased capacity


FAA OI-107107 
Ground Based 
Augmentation System 
(GBAS) Precision 


2013 Global Positioning System (GPS)/GBAS support precision approaches to Category I and eventually Category II/III 
minimums, for properly equipped runways and aircraft. GBAS can support approach minimums at airports with 
fewer restrictions to surface movement, and offers the potential for curved precision approaches. GBAS also can 
support high-integrity surface movement requirements.


Possible wake encounters if in trail aircraft come in contact with 
very wide wake due to curved approach


FAA OI-105207 Full 
Collaborative Decision 
Making


2017 Timely, effective, and informed decision-making based on shared situational awareness is achieved through 
advanced communication and information sharing systems. Decision-makers request information when needed, 
publish information as appropriate, and use subscription services to automatically receive desired information 
through the net-centric infrastructure service. Decisions are made with an awareness of system-wide implications, 
i l di i d l l f d i i ki b th fli ht d fli ht ti t


Possible wake encounters as more authority given to flight deck


FAA OI-104105 
Expanded Conflict 
Resolution via Data 
Communication


2015 In trajectory-based airspace, decision support tools support the air navigation service provider (ANSP) by 
identifying conflicts/complexity/density conditions and providing alternatives to resolve the conditions. These 
alternatives include proposed trajectories that are exchanged with the operator via data communications. This 
allows multi-step solutions that are not subject to constraints imposed by voice.


Possible wake encounters as individual flights are rerouted to 
avoid conflicts


FAA OI-104122 
Integrated 
Arrival/Departure 
Airspace Management


2012 New airspace design takes advantage of expanded use of terminal procedures and separation standards. This is 
particularly applicable in major metropolitan areas supporting multiple high-volume airports. This increases 
aircraft flow and introduces additional routes and flexibility to reduce delays. ANSP decision support tools are 
instrumental in scheduling and staging arrivals and departures based on airport demand, aircraft capabilities, and 


t i t


Possible wake encounters as more flights arrive/depart to reduce 
delays


SESAR LoC#2 Level 1 
– Moving from 
airspace to trajectory 
based operations


2007 Uniformed application of 7 airspace classes <= FL 195: Uniformed application of the rules associated with the 
7 ICAO airspace classification at or below FL 195.
Optimum trajectories: Implement optimum trajectories in defined airspace at particular times.
Further Improvements to Route Network and airspace: Implement airspace structure (Route/sector) across 
airspace boundary to better align route and sectors with traffic flow and to accommodate more efficiently the 
various type of airspace users. 
Enhanced ASM-ATFCM coordination: Deploy collaborative activities to optimise the utilisation of the available 
capacity based on the continuous assessment of network impact of the expected airspace allocations. Deploy 
systems and procedures allowing AMC and other parties to design, allocate, open and close military airspace 
structures on the
day of operations.
Automatic Support for dynamic sectorisation: Deploy dynamic management of airspace/route structures 
based on pre-defined sector sizing and constraint management in order to pre-deconflict traffic and optimise use 
of controller work force.  MIL flight planning and transit system (aeronautical data): Deploy filing of flight plans in a c
OAT/GAT and all Operational Air Traffic flights for which a filed flight plan is required and the provision of all OAT-I
aeronautical information required for the ATM systems support of military aerial operations. Deploy a pan-Europea
Service (OATTS), which connects national structures and arrangements to form a flexible system facilitating OAT-
Enhanced Terminal design using P-RNAV: Deploy RNAV routes to facilitate improvements in the efficiency and 
Terminal Airspace through the provision of increased flexibility and reduced route separation. Includes also the dep
 friendly procedures like steep and curved approaches. Steep final approaches can be supported by Approach Pro
 Guidance (APV) with different Minima decision (from LNAV/VNAV to LPV or RNPx).


Possible wake encounters as trajectories, airspace and descent 
profiles are changed


SESAR LoC#5 Level 1 
– Managing business 
trajectory in real time


2011 Cruise-Climb Techniques: Deploy coordination of optimised En-Route Cruise-Climb setting between pilot and 
controllers so as to allow aircraft to climb as weight is decreased though fuel burn. This results in more optimised 
trajectories.


Possible wake encounters as aircraft climb in front of other aircraft 
on same ground track


SESAR LoC#8 Level 1 
- New separation 
modes


2010 ATSAW in flight and on surface: Deploy Airborne Traffic Situation Awareness (ATSAW) in the cockpit by 
displaying surrounding traffic while airborne and on the airport surface.
ATSA-ITP: Deploy Airborne Traffic Situation Awareness In Trail Procedure (ATSA-ITP) in Oceanic Airspace.
Manual ASAS S&M: Deploy ASAS Manually Controlled Sequencing & Merging operations in applicable TMAs, 
requiring the pilot to follow the speed commands manually.


Possible wake encounters as merging and spacing speeds 
responsibilities given to flight deck


•FAA OI-102301 Current Aircraft To Airspace Separation


Determine the modifications necessary to ground systems (and potentially airborne systems) to 
enable the use of cruise-climb techniques.


•FAA OI-102123 ADS-B Separation
•FAA OI-102129 Current Terminal Separation


•FAA OI-108201 Current Airspace Management


•FAA OI-108201 Current Airspace Management


•FAA OI-107104 Current Precision Approach, Landing and Departure


•FAA OI-105205 Enhance Collaborative Decision Making
•FAA OI-105208 Traffic Management Initiatives with Flight Specific Trajectories


•FAA OI-104103 Current Conflict Probe


None


Develop and validate the Airspace Allocation and Usage concepts by formalisation and modelling 
of Traffic Demand and Capacity Balancing (DCB) and Airspace Management (ASM) scenarios. 
Develop and validate the interaction of different actors for different time horizon and scenarios. 
Assess system support needed for optimising the interactions between actors and processes. 
Develop airspace design guidance material for TMA merging techniques based on P-RNAV. 
Identify divergences of flight planning provisions & procedures for military flights. Elaborate 
requirements on civil-military flight plan interoperability related to the SESAR concept of Military 
Mission Trajectory and its impact on military flight planning needs. Analyse convergence of the 
military flight planning with the ICAO Future Flight Plan. Determine Flight plan security 
requirements for State aircraft flights in the SESAR environment, in relation to those for scheduled, 
non-scheduled and private flights. Identify Military needs in terms of validated aeronautical data not 
covered in ICAO AIP. Assess applicability of civil standards (e.g. AIXM) for military aeronautical data
mechanisms criteria and structures to enable the accommodation within EATMN of military aerial 
operations conducted as OAT-IFR in a way that improves ATM efficiency and cost effectiveness, 
reducing fragmentation and duplication of ATM infrastructure. This includes: development of new 
simulation systems that reflect characteristic military en-route and airspace requirements, 
harmonisation of military OAT flight plan and the development and validation of solutions to promote
the compatibility of military aeronautical data with civil standards (including security aspects).  A Pan
European OATTS also entails the need to identify standardised and performance-based CNS 
requirements interoperable with civil requirements. Develop and validate simulation tools to support 
Airspace Reservation dimensions and locations.


Assess benefits of Manual S&M for different category of TMAs in the ECAC Area. Analyse its 
impact on runway throughput of relative Time
Based Separation (ASAS) vs. Absolute Time Based Separation (RTA) Vs Absolute Time based 
separation (RTA) followed by relative timebased
separation (ASPA S&M). Analyse and compare the use of single or multiple merging points for 
sequencing arrivals to the airport.
Assess benefits of ASEP ITP over ASPA-ITP. Study how UAS Operations may be integrated with 
other managed air traffic in an ASAS Separation
environment.
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SESAR LoC#10 Level 
1 - Airport Throughput, 
Safety and 
Environment


2009 Improved Low Visibility Procedure: Introduce improved operations in low visibility conditions through enhanced 
ATC Procedures collaboratively developed at applicable airports involving in particular an harmonised application 
across airports and the use of optimised separation criteria. Deploy final approaches with vertical guidance 
procedures to enable Cat I like operations.
ATSA-VSA: Introduce enhanced Visual Separation on Approach (ATSA-VSA), to assist crews to achieve the 
visual acquisition of the preceding aircraft and then to maintain visual separation from this aircraft.
Reduced aircraft separations: Introduce new procedures whereby under certain crosswind conditions it may not 
be necessary to apply wake vortex minima. Introduce fixed reduced separations based on wake vortex prediction. 
Introduce Constant time separations independent of crosswind conditions and wake vortex existence are 
introduced.
Parallel runway operations: Reduce dependencies between runways by implementing more accurate 
surveillance techniques and controller tools  as well as advanced procedures.
Foreign Object Detection: Implement system providing the controller with information on Foreign Object Debris d
movement area.
Dynamic surface navigation for aircraft: Introduce guidance assistance to airport vehicle drivers through the pro
 moving map showing taxiways, runways, fixed obstacles, and their own mobile position.; also introduce tools that i
vehicle drivers Traffic Situational Awareness (TSA) through the provision of information regarding the surrounding 
and airport vehicles) during taxi and runway operations displaying it in the vehicle driver’s cockpit. Introduce Guidan
on the Airport Surface using CDTI moving map display including dynamic traffic context information and status of r
 obstacles, route to runway or stand with ground signs (stop bars, centreline lights, etc.) are triggered automatically
 issued by ATC.
Improved surface markings: Introduce improvements in lay-out of taxiway and signalling of location of runways w
terminal/apron, including better placed runway crossings, use of additional perimeter taxiways, avoiding alignment 
entries or exits to prevent runway incursions.
Time Base separation for arrivals: Introduce time based separation procedures for arrivals


Possible wake encounters during: visual conditions that would 
otherwise be IMC, reduced separation not applying wake 
separation minima,


Develop Guidance Material for best practices on flight deck procedures for runway crossing, while 
taxiing and the communication with the air traffic controller regarding aerodrome signage, markings 
and lighting. Validate the use of weather information to improve predictability and reliability of 
managing the traffic on the airport surface (e.g. meteorological information in respect of aircraft de-
icing and prediction of thunderstorm). Assess the feasibility of using meteorological information to 
predict braking performance on surface airport. Develop and validate requirements for improved 
information provision to aircraft and vehicles of their position, routing and also information 
regarding taxiways, runways and fixed obstacles. Develop and validate procedures to improve 
separation through exploitation of Wake Vortex prediction for arrivals and departures. Consolidate 
approval of VFR procedures for IFR traffic operations.
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SUMMARY 


This working paper proposes the creation of an ADS-B 1090ES Message to 
broadcast the contents of BDS Register 4,0 (Selected Vertical Intention) 
otherwise known as Selected Altitude.   
 
Action by the meeting is in paragraph 5. 


 







 
 


1. INTRODUCTION 


1.1 Automatic Dependent Surveillance – Broadcast (ADS-B) is in use in many parts of the 
world.  Implementations range from technical trials to operationally commissioned systems employed for 
the delivery of air traffic control services.  Some airborne surveillance applications are also in operation.  


1.2 Renewal of aircraft fleets and avionics upgrades have led to a steady increase in the 
number of ADS-B equipped aircraft in recent times.   


1.3 Some states are planning ADS-B programs which will come into effect during the course 
of the next decade.  The development of requirements for these programs has led to a review of existing 
standards to determine how they need to be modified to support future applications.  Manufacturers are 
planning avionics upgrades to meet these future requirements. 


1.4 Selected Altitude, the altitude entered into an aircraft’s automated flight control systems, 
is one of the aircraft parameters that may be obtained through Mode S Enhanced Surveillance.  Aircraft 
which comply with the European mandates for Enhanced Surveillance are required to supply this data.  
The information is currently used by air traffic control (ATC) in some parts of the world to help prevent 
aircraft altitude or flight level infringements.   


1.5 This working paper proposes that an ADS-B 1090ES Message be defined for the 
broadcast of Selected Altitude.  It will prove useful in regions where ADS-B is used, either alone or as a 
supplement to radar surveillance. 


2. ADS-B SELECTED ALTITUDE MESSAGE 


2.1 Selected Altitude is stored in transponder BDS Register 4,0 “Selected Vertical Intention”.  
The Register is defined in ICAO documents, and is shown in Appendix A of this paper.   


2.2 For the purposes of broadcasting this information via ADS-B, Subtype 3 of the Aircraft 
Status Message (Msg. Type 28) may be used.  Subtypes 3 to 7 are currently reserved.  Subtype 1 of the 
message is used for the Emergency/Priority Status, and Subtype 2 for airborne collision avoidance system 
(ACAS) RA broadcast.   


2.3 The proposed message contents are shown in Appendix B of this paper.  Any of the 
currently unassigned transponder registers may be used to store this message, e.g., Register 6,3.   


3. BROADCAST OF SELECTED ALTITUDE VIA ADS-B 


3.1 Message Delivery 


3.1.1 The proposal is for ADS-B broadcast of Selected Altitude to be performed using an 
event-driven message, triggered by a change in the contents of the register defined in Appendix B. 


3.1.2 Because of concerns about the high rate of 1030/1090 MHz signal usage in parts of the 
world, and the requirement to limit extended squitter transmission rates to 6.2 per second, an event-driven 
message has been suggested in lieu of a routine broadcast.  







 
3.1.3 The broadcast of this message shall be lower in priority than an ACAS RA Broadcast, 
and the Emergency/Priority status message, but shall take precedence over the other event-driven 
messages.  Transmission of this message will not lead to an increase in the currently specified maximum 
rate of 6.2 squitters/second.   


3.2 Message Format 


3.2.1 The Selected Altitude message shall be created by inserting the contents of the register 
shown in Appendix B into the ME field of a DF=17 or DF=18 extended squitter.  The format of a DF=17 
extended squitter is shown below for reference.   


DF=17 
(5 Bits) 


Capability 
(3 Bits) 


Aircraft Address 
(24 Bits) 


ADS-B Msg (ME) 
(56 Bits) 


Parity 
(24 Bits) 


3.3 Broadcast Rate and Duration 


3.3.1 The Selected Altitude message shall be broadcast for 18 +/- 1 seconds, at 1 second 
intervals, after each change in the contents of the register defined in Appendix B.   


3.3.2 If the contents of the Register change while it is being broadcast, the existing broadcast 
shall be terminated prior to the next transmission, and a new 18 second broadcast commenced with the 
newly updated register contents. 


4. CONCLUSION 


4.1 Selected Altitude provides a useful safety net in air traffic management, allowing level 
infringements to be detected and addressed prior to incidents occurring. The broadcast of the data via 
ADS-B will make it available in parts of the world where ADS-B is used. 


5. ACTION BY WG-3 


5.1 The meeting is invited to consider including an ADS-B message for the broadcast of 
Selected Altitude along the lines of what is proposed in this paper. 


 
— — — — — — — — 


 











 


 


APPENDIX A 
 


BDS CODE 4,0 - SELECTED VERTICAL INTENTION 
 


1 STATUS 
2 
3 
4 
5 
6 
7 
8 


9 
10 
11 
12 
13 


MSB = 32 768 feet 
 
 
 
 
 
 
MCP/FCU SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet 


14 STATUS 
15 
16 


17 
18 
19 
20 
21 
22 
23 
24 


25 
26 


MSB = 32 768 feet 
 
 
 
 
 
 
FMS SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet  


27 STATUS 
28 
29 
30 
31 
32 


33 
34 
35 
36 
37 
38 
39 


MSB = 204.8 mb 
 
 
 
 
 
BAROMETRIC PRESSURE SETTING MINUS 
800 mb 
Range = [0, 410] mb 
 
 
 
 
LSB = 0.1 mb  


40 


41 
42 
43 
44 
45 
46 
47 


 RESERVED 


48 STATUS OF MCP/FCU MODE BITS 
49 VNAV MODE 
50 ALT HOLD MODE 
51 APPROACH MODE 


MCP/FCU Mode bits 


PURPOSE: To provide ready access to information about the aircraft’s current 
vertical intentions, in order to improve the effectiveness of conflict probes and to 
provide additional tactical information to controllers. 
1) Target altitude shall be the short-term intent value, at which the aircraft will 


level off (or has levelled off) at the end of the current manoeuvre.  The data 
source that the aircraft is currently using to determine the target altitude shall 
be indicated in the altitude source bits (54 to 56) as detailed below. 


Note. –  This information which represents the real “aircraft intent,” when 
available, represented by the altitude control panel selected altitude, the 
flight management system selected altitude, or the current aircraft 
altitude according to the aircraft’s mode of flight (the intent may not be 
available at all when the pilot is flying the aircraft). 


2) The data entered into bits 1 to 13 shall be derived from the mode control 
panel/flight control unit or equivalent equipment.  Alerting devices may be 
used to provide data if it is not available from “control” equipment.  The 
associated mode bits for this field (48 to 51) shall be as detailed below. 


3) The data entered into bits 14 to 26 shall de derived from the flight 
management system or equivalent equipment managing the vertical profile of 
the aircraft. 


4) The current barometric pressure setting shall be calculated from the value 
contained in the field (bits 28 to 39) plus 800 mb. 
When the barometric pressure setting is less than 800 mb or greater than 1 
209.5 mb, the status bit for this field (bit 27) shall be set to indicate invalid 
data. 


5) Bits 48 to 56 shall indicate the status of the values provided in bits 1 to 26 as 
follows: 
Bit 48 shall indicate whether the mode bits (49, 50 and 51) are already being 
populated: 
 0 = No mode information provided 
 1 = Mode information deliberately provided 
Bits 49, 50 and 51: 
 0 = Not active 
 1 = Active 
Bit 54 shall indicate whether the target altitude source bits (55 and 56) are 
actively being populated: 
 0 = No source information provided 
 1 = Source information deliberately provided 
Bits 55 and 56 shall indicate target altitude source: 
 00 = Unknown 
 01 = Aircraft altitude 
 10 = FCU/MCP selected altitude 
 11 = FMS selected altitude 







 
52 
53 


 RESERVED 


54 STATUS OF TARGET ALT SOURCE BITS 
55 
56 


MSB            TARGET ALT SOURCE 
LSB 


 
— — — — — — — — 


 







 


 


 
APPENDIX B 


 
ADS-B SELECTED ALTITUDE MESSAGE 


 
1 
2 
3 
4 
5 


MSB 
 
FORMAT TYPE CODE = 28 
 
 
LSB 


6 
7 
8 


MSB 
SUBTYPE CODE = 3 
LSB 


9 STATUS 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


MSB = 32 768 feet 
 
 
 
 
 
 
MCP/FCU SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet 


22 STATUS 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 


MSB = 32 768 feet 
 
 
 
 
 
 
FMS SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet  


35 STATUS 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 


MSB = 204.8 mb 
 
 
 
 
 
BAROMETRIC PRESSURE SETTING 
MINUS 800 mb 
Range = [0, 410] mb 
 
 
 
 
LSB = 0.1 mb  


PURPOSE: To provide ready access to information, via ADS-B, about the 
aircraft’s current vertical intentions, in order to improve the effectiveness of 
conflict probes and to provide additional tactical information to controllers. 
1) Subtype (Bits 6 – 8) shall be coded as follows: 
  0 = No information 
  1 = Emergency/priority status 
  2 = ACAS RA Broadcast 
  3 = Selected Altitude Broadcast 
  4 – 7 = Reserved 
2) Target altitude shall be the short-term intent value, at which the aircraft will 


level off (or has levelled off) at the end of the current manoeuvre.  The data 
source that the aircraft is currently using to determine the target altitude 
shall be indicated in the altitude source bits (54 to 56) as detailed below. 


Note. –  This information which represents the real “aircraft intent,” when 
available, represented by the altitude control panel selected altitude, 
the flight management system selected altitude, or the current aircraft 
altitude according to the aircraft’s mode of flight (the intent may not 
be available at all when the pilot is flying the aircraft). 


3) The data entered into bits 9 to 21 shall be derived from the mode control 
panel/flight control unit or equivalent equipment.  Alerting devices may be 
used to provide data if it is not available from “control” equipment.  The 
associated mode bits for this field (48 to 51) shall be as detailed below. 


4) The data entered into bits 22 to 34 shall de derived from the flight 
management system or equivalent equipment managing the vertical profile 
of the aircraft. 


5) The current barometric pressure setting shall be calculated from the value 
contained in the field (bits 36 to 47) plus 800 mb. 
When the barometric pressure setting is less than 800 mb or greater than 1 
209.5 mb, the status bit for this field (bit 35) shall be set to indicate invalid 
data. 


6) Bits 48 to 56 shall indicate the status of the values provided in bits 1 to 26 
as follows: 
Bit 48 shall indicate whether the mode bits (49, 50 and 51) are already 
being populated: 
 0 = No mode information provided 
 1 = Mode information deliberately provided 
Bits 49, 50 and 51: 
 0 = Not active 
 1 = Active 
Bit 54 shall indicate whether the target altitude source bits (55 and 56) are 
actively being populated: 
 0 = No source information provided 
 1 = Source information deliberately provided 
Bits 55 and 56 shall indicate target altitude source: 
 00 = Unknown 
 01 = Aircraft altitude 
 10 = FCU/MCP selected altitude 
 11 = FMS selected altitude 







 
48 STATUS OF MCP/FCU MODE BITS 
49 VNAV MODE 
50 ALT HOLD 
51 APPROACH 


MCP/FCU Mode 
bits 


52 
53 


 RESERVED 


54 STATUS OF TARGET ALT SOURCE 
55 
56 


MSB            TARGET ALT SOURCE 
LSB 


 
 


— END — 
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13 January 2009 
 
Address the DO-260A Change 2 SIL / NIC / NACP / NACV Dependency on Vertical 


Integrity & Accuracy 
 
In Change 2 of DO-260A a modification has been made to Tables 2-72 and A-17; SIL 
Subfield Encoding.  This change inserted a dependence on VPL (Vertical Protection 
Limit) for Surveillance Integrity Level (SIL) encoding (for NIC values >8) when 
previously SIL was defined in DO-260A only as a function of the horizontal position 
integrity limits.  If a VPL cannot be provided for those NIC values (9, 10, & 11) then 
“The SIL encoding is the most stringent of the horizontal or vertical values” which means 
that the SIL subfield must be set to a value of 0.  The same dependency on VPL has been 
added to the SIL parameter definitions in Table 2-5 in DO-242A, Change 1, Table 3-8 in 
DO-289, Change 1 and Table 2-5 in DO-302.  The original coding of SIL as defined in 
DO-242A Rev New was defined in Section 2.1.2.15 and Table 2-5 and was defined only 
as a function of horizontal integrity limits.     
 
A similar dependency on VPL exists in DO-260A, Table 2-70; NIC Encoding.  If a VPL 
cannot be provided then the highest NIC that can be declared is 8 under all conditions, 
even if the horizontal position sensor is reporting an HPL equivalent to a NIC=9 or a 
larger value.  The same dependency on VPL has been added to the NIC definitions in 
Table 3-5 in DO-289, Change 1 and Table 2-2 in DO-242A, Change 1.  The dependence 
on VPL for higher NIC values originally documented in the ADS-B MASPS; DO-242A; 
Section 2.1.2.12 and Table 2-2 (Note 5) was for the case only when geometric altitude 
was being reported.   
 
A dependency on vertical accuracy (VEPU) exists in the NACP encoding table, Table 2-
71 of DO-260A, Table 2-3 in DO-242A and Table 2-6 in DO-289.  A dependency on 
vertical figure of merit (VFOM) exists in the NACV encoding tables, Table 2-25, 2-26 
and 2-27.   
 
Boeing objects to these changes in definition, and to the general concept of 
dependence on vertical accuracy and integrity for these horizontal quality 
parameters.  These limitations will unfairly penalize operators who will be attempting to 
equip with ADS-B OUT equipment early and gain near term benefits in non-radar 
airspace (NRA) where the key ADS-B performance requirements are in the horizontal 
plane only.  The NRA Safety, Performance and Interoperability Requirements document; 
DO-303, does not contain any dependence on vertical accuracy or integrity in the 
requirements for the transmitted horizontal quality parameters.  A transmitted SIL value 
of zero (0) would severely limit the usefulness of an aircraft’s ADS-B OUT data set as 
most applications for ADS-B OUT and ADS-B IN will require a minimum SIL value of 
one (1) or greater.   
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Thousands of aircraft worldwide are certified under both FAA (FAA Guidance 
Document 91-RVSM) and ICAO rules to operate in RVSM airspace at 1000’ adjacent 
flight level spacing without a VPL output from the altimetry system.  Since the FAA 
ADS-B program does not plan to make changes to these flight level separation standards, 
it seems unreasonable to require more stringent vertical data integrity standards for ADS-
B OUT operations than those already in effect for enroute airspace.  
 
Similarly, the dependency of NIC on VPL is an artificial limitation on an aircraft’s ADS-
B indicated performance.  Under the current requirements, this dependency would limit 
the maximum transmitted NIC value to 8 when the aircraft’s true horizontal integrity 
performance might be a value of 9 or greater.   
 
The dependency of NACP on vertical accuracy (VEPU) is also an unnecessary limitation 
on an aircraft’s ADS-B indicated performance.  This would limit the maximum 
transmitted NACP value to 8 when the aircraft’s true horizontal accuracy performance 
might be a value of 9 or greater. 
 
The FAA and industry are evaluating multiple solutions to mitigate Runway Incursion 
issues, including the use of ADS-B OUT data and surface ADS-B IN applications on a 
CDTI.  These surface applications will require increased horizontal accuracy and 
integrity data.  The performance and availability of targets for these applications will be 
limited by the dependence on vertical accuracy and integrity in the transmitted NIC, SIL, 
NACP and NACV parameters, even though the vertical data is irrelevant for their 
operation.  
 
ADS-B applications, whether ground based in the ATC infrastructure and/or airborne 
ADS-B IN, that will require airborne vertical accuracy and integrity data have a long 
term schedule in the ADS-B development roadmap.  When those ADS-B IN applications 
that require vertical accuracy and/integrity data are approved and ready to be deployed 
NAS wide, the required vertical accuracy and integrity quality parameters could be 
broadcast in new data fields separate from the corresponding horizontal parameters.  
Until then, they are premature and an unnecessary limitation on the near term 
applications and should be withdrawn.   
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Summary of recommended changes for DO-260A Change 3, DO-242A Change 2 
and DO-289 Change 2: 
 


1. Remove any dependence on VPL from the definition of SIL (Table 2-72) in  
DO-260A, Change 3.   


2. Remove any dependence on VPL from the definition of SIL (Table 2-5) in  
DO-242A, Change 2.   


3. Remove any dependence on VPL from the definition of SIL (Table 3-8) in  
DO-289, Change 2. 


4. Remove any dependence on VPL from the definition of NIC (Table 2-70) in  
DO-260A, Change 3.  


5. Remove any dependence on VPL from the definition of NIC (Table 3-5) in  
DO-289, Change 2. 


6. Remove any dependence on VPL from the definition of NIC (Table 2-2) in  
DO-242A, Change 2. 


7. Remove any dependence on vertical accuracy (VEPU) from the definition of 
NACP (Table 2-71) in DO-260A, Change 3.  


8. Remove any dependence on vertical accuracy (VEPU) from the definition of 
NACP (Table 2-3) in DO-242A, Change 2. 


9. Remove any dependence on vertical accuracy (VEPU) from the definition of 
NACP (Table 2-6) in DO-289, Change 2.  


10. Remove any dependence on vertical figure of merit (VFOM) from the definition 
of NACV (Tables 2-25, 2-26 and 2-27) in DO-260A, Change 3.   
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January 18, 2007 
 


Recommendations on NIC and SIL Definitions Regarding VPL 
 
At the October 2007 Plenary, I was tasked with responding to a paper by Boeing regarding SIL 
definition changes in DO-260A Change 2, DO-282A Change 1, DO-242A Change 1, and DO-
289 Change 1. Boeing is opposed to the changes in the definition of SIL as they believe this will 
prohibit the encoding of NIC = 9 on any aircraft. I was given this action to determine if there 
were any implications to the applications in development, specifically EVAcq, EVApp, CD, 
ASSA, and FAROA. I was asked to discuss the issue with Bruce Decleene since his comments 
on STP were the basis for the changes. 
 
The definition of SIL that these document changes introduced includes VPL considerations in 
the setting of SIL. This change was made primarily to make the NIC/SIL relationship consistent 
for vertical containment. The higher NIC levels have always included a limit on VPL, but the 
definition of SIL did not put a probability on the vertical containment. The problem essentially is 
the definition of that probability depends on the type of sensor and the mode that sensor is in. 
Some modes specify the probability on a per approach basis. These definitions are not consistent 
with the per hour definition SIL has traditionally used. So the changes were a compromise that 
attempted to make the definition as clear and consistent as possible despite conflicts with the 
definitions of VPL probabilities. 
 
I discussed the issue with Bruce and he stated that his position was that the terminology and 
definitions used in the SIL text had been inconsistent and not equivalent to the data available 
from a certified sensor. The changes made were an attempt to remedy this problem and not to 
prohibit or allow any application. Furthermore, he did not feel strongly either way about 
Boeing’s proposal to separate vertical performance from horizontal performance. 
 
To discuss the application requirements, it would be helpful to review the NIC, NAC, and SIL 
quantization levels. Refer to the tables below when considering the application requirements. 
 
 







 
SIL Coding 
Binary Decimal 


Probability of Exceeding the 
Horizontal Integrity containment 
Radius (Rc) Reported in the NIC 
Subfield without an Indication 


Probability of Exceeding the 
Vertical Integrity Containment 
Region (VPL) without an 
Indication 


Corresponding 
Hazard 
Classification 


00 0 Unknown Unknown No Safety Effect 
01 1 ≤ 1 x 10-3 per flight hour or per 


sample 
≤ 1 x 10-3 per flight hour or per 
sample  


Minor 


10 2 ≤ 1 x 10-5 per flight hour or per 
sample 


≤ 1 x 10-5 per flight hour or per 
sample 


Major 


11 3 ≤ 1 x 10-7 per flight hour or per 
sample 


≤ 2 x 10-7 per 150 second or per 
sample 


Severe Major 
/Hazardous 


 
Horizontal Containment Radius (Rc) Navigation Integrity Category (NIC) NIC Supplement
Rc < 7.5 m and VPL < 11 m 11 0 
Rc < 25 m and VPL < 37.5 m 10 0 
Rc < 75 m and VPL < 112 m 9 1 
Rc < 0.1 NM (185.2 m) 8 0 
Rc < 0.2 NM (370.4 m) 7 0 
Rc < 0.6 NM (1111.2 m) 6 1 
Rc < 0.5 NM (926 m) 6 0 
Rc < 1.0 NM (1852 m) 5 0 
Rc < 2 NM (3.704 km) 4 0 
Rc < 4 NM (7.408 km) 3 1 
Rc < 8 NM (14.816 km) 2 0 
Rc < 20 NM (37.04 km) 1 0 
Rc ≥ 20 NM (37.04 km) or unknown 0 0 
 
Coding 95% Horizontal and Vertical Accuracy Bounds


NACp 
0 EPU ≥ 18.52 km (10 NM) 
1 EPU < 18.53 km (10 NM) 
2 EPU < 7.408 km (4 NM) 
3 EPU < 3.704 km (2 NM) 
4 EPU < 1852 m (1 NM) 
5 EPU < 926 m (0.5 NM) 
6 EPU < 555.6 m (0.3 NM) 
7 EPU < 185.2 m (0.1 NM) 
8 EPU < 92.6 m (0.05 NM) 
9 EPU < 30 m and VEPU < 45 m 
10 EPU < 10 m and VEPU < 15 m 
11 EPU < 3 m and VEPU < 4 m 
 







The ASSAP subgroup of WG4 recently conducted a review and disposition of the application requirements for the initial applications. 
Those requirements are summarized in the following table. 


Table Error! No text of specified style in document.-1 Target Vehicle Application Specific Requirements Summary 


 
Requirement 


Category Requirement 


Applicable Subsystem 
Interfaces 


(See Figure 2-7) EVAcq CD 
ASSA 


FAROA (Surface) EVApp 


Horizontal Position Accuracy A1→B1 0.5 NM 
(NACp ≥ 5) 


0.5 NM 
(NACp ≥ 5) 


92.6 m 
(NACp ≥ 8) 


0.3 NM 
(NACp ≥ 6) 


Degraded Position Accuracy A1→B1 N/A N/A 
185.2 m 


(NACp ≥7) 
 optional 


N/A 


Horizontal Velocity Accuracy A1→B1 N/A 
manufacturer 
determined 
parameter 


N/A < 10 m/s 
(Note 1) 


Vertical Position Accuracy A1→B1  Valid Baro 
(Note 4) 


Valid Baro  
(Note 4) 


On Ground Status 
(Note 5) 


Valid Baro 
(Note 4) 


State Data 


Vertical Velocity Accuracy A1→B1 N/A Valid Baro or 
better (Note 2) N/A N/A 


Surveillance Integrity Level A1→B1 N/A N/A N/A 10e-3/hr 
(SIL ≥ 1) State Data 


Integrity Navigation Integrity Category A1→B1 N/A N/A N/A 0.5 NM 
(NIC ≥ 6) 


A1→G 6 s 6 s 6 s 6 s 
A1→B1 1 s (0.6 s) 1 s (0.6 s) 1 s (0.6 s) 1 s (0.6 s) 
B1→D 1.1 s 1.1 s 1.1 s 1.1 s 
D→E 0.5 s 0.5 s 0.5 s 0.5 s 
E→F 2 s 2 s 2 s 2 s 


Maximum Latency 


F→G 0.5 s 0.5 s 0.5 s 0.5 s 


State Data 
Timing 


Maximum Data Age until 
Dropped at E 25 s (Note 3) 25 s (Note 3) 


11 s (moving) 
25 s (static)  


 
15 s 


ID/Status 
Information Maximum Latency A1→G 30 s 30 s 30 s 30 s 







So to summarize all these tables further, I’ve produced the following table which contains the 
necessary pieces of interest to this discussion. 
 
 NACp NIC SIL 
Most Stringent Initial  
Application Requirement 


8 (92.6 m) 6 (0.5 NM) 1 (10-3)


NPRM Requirement 9 (30 m) 
(VEPU < 45 m)


7 (0.2 NM) 2 (10-5)


 
Only the NPRM NACp requirement includes Geometric Altitude quality. Otherwise, the initial 
applications do not require a performance metric on Geometric Altitude. Geometric Altitude is 
being looked at to determine if it can be used to compute relative altitudes in cases of pressure 
altitude failure. There will likely be a requirement imposed on the accuracy for that application, 
but it has not been determined yet. 
 
At this point, no airborne or air-to-ground application defined requires NIC = 9 or greater. It is 
unknown what the vertical and horizontal quality requirements will be for future applications. 
The existing changes as drafted are conservative in the regard that they will prevent an aircraft 
from transmitting NIC = 9 or greater unless the position sensor meets the Horizontal and Vertical 
integrity bounds given. It is my recommendation to postpone further changes to the MASPS and 
Link MOPS documents with respect to NIC/SIL until an application is brought to WG1 for 
definition that requires a NIC = 9. At that time, the vertical requirements can be scrutinized to 
determine if they should be broken out to meet the safety requirements of the application. In 
general, I’m sympathetic to Boeing’s concern about the use of Geometric Altitude. However, it 
is my opinion that any changes to the link MOPS from now on should meet a very high level of 
necessity before being considered. Fluidity in the ADS-B Out specifications will have a very 
detrimental effect on availability of avionics and thus early equipage. 
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Summary 
The following was originally prepared by Tony Warren of Boeing as input to the 
RTCA/Eurocae Requirements Focus Group (RFG) Ground Surveillance Applications 
Subgroup as they review the requirements for the ADS-B RAD application.  
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CHANGE ISSUE  


 
 


Tracking Information (committee secretary only) 
Change Issue Number  
Submission Date  
Status (open/closed/deferred)  
Last Action Date  


 
Short Title for 
Change Issue: Revise Surveillance Integrity Level (SIL) Definition and Expand SIL Field  


 
MASPS Document Reference: Originator Information: 
Entire document (y/n)  Name Tony Warren  
Section number(s)  Phone 425-266-0894 
Paragraph number(s)  E-mail Anthony.w.warren@boeing.com 
Table/Figure number(s)  Other  
 
Proposed Rationale for Consideration (originator should check all that apply): 
x Item needed to support of near-term MASPS/MOPS development 
x  DO-260, 1090 MHz Link MOPS Rev A / ED-102 
x  ADS-B MASPS 
x  UAT MASPS, MOPS 
x  STP MOPS 
x  FAA NPRM  
x Item needed to support applications that have well defined concept of operation 
  Has complete application description 
  Has initial validation via operational test/evaluation 
x  Has supporting analysis, if candidate stressing application 
x Item needed for harmonization with international requirements 
x Item identified during recent ADS-B development activities and operational evaluations 
 MASPS clarifications and correction item 
 Validation/modification of questioned MASPS requirement item 
 Military use provision item 
 New requirement item (must be associated with traffic surveillance to support ASAS) 
 
Nature of Issue:  Editorial  Clarity  Performance  Functional 
Issue Description (attach additional sheets if necessary):  
 
The SIL definition for ADS-B transmit of position quality in DO-242A was originally proposed to cover 
two functions: 


(1) the position source (signal-in-space) containment integrity risk level associated with the broadcast 
of containment integrity as encoded in the NIC parameter, and  


(2) the functional integrity of the source position avionics, e.g., GPS receiver. 
 
Later definitions of SIL included yet more functions, i.e. (3) SIL could represent the functional integrity of 
the entire transmit avionics chain from the position source to the ADS-B out transmit function including 
the broadcast message function of the ADS-B transponder.  Under this definition, the SIL value is the 
minimum integrity indicator of any of the above functions.  The issue is that the SIL parameter has become 
badly overloaded and the receiver cannot tell which of the above functions is the basis of the SIL value 
transmitted.   
 
From the viewpoint of the RAD and NRA ADS-B Out Applications, the SIL parameter is inadequate to be 
used as the basis of received containment integrity.  For these applications, the certification basis is that the 
containment integrity for Radar-like surveillance standards needs to be equivalent to that of a RAIM GPS 


ASA MASPS 
REV - 
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unit, i.e. certified to 10-7 per hour level or equivalent to SIL=3 level, whereas the functional integrity of the 
avionics hardware only needs to be SIL=2 level, i.e. certified to major hazard level or 10-5 per hour level.  
The reason for the difference in integrity requirements is that for radar-like separation standards, a 10-7 
integrity level in position containment is needed to protect against area-wide failures in position integrity 
affecting more than one aircraft, whereas the avionics integrity level is only needed to protect against 
integrity failures affecting a single aircraft.  As a result, the SIL parameter is inadequate by itself to certify 
that an aircraft broadcasting a SIL=2 level in fact meets the 10-7 integrity level for source position integrity 
containment, equivalent to that of a RAIM GPS receiver certified to DO-208 standards or better.   
 
Originator’s proposed resolution if any (attach additional sheets if necessary):  
The proposed resolution is to redefine the SIL parameter for DO-260A Change 3, DO-242A, and later 
ADS-B avionics standards to contain two separate subfields for SIL(of two bits each or more), that would 
independently represent the position source (signal-in-space) containment integrity level, and the 
functional integrity of the ADS-B transmit domain avionics: 
 


(1) SILc subfield (two bits or more) to represent the containment integrity hazard risk level of the 
position source (signal-in-space) or of the containment integrity avionics if no signal-in-space is 
available.  For example, the containment integrity of tightly coupled GPS-IRS systems may be 
10-7 per hour, equivalent to that of a RAIM based GPS system even when the GPS signal is 
temporarily not available.  The proposed definition of this subfield is similar to that of the original 
DO-242A MASPS: 


 
                          SILc =  0        Containment integrity risk unknown or greater than 10-3 per hour 
                                       1        Containment integrity risk < 10-3  per hour  
                                       2        Containment integrity risk  < 10-5 per hour 
                                       3        Containment integrity risk  < 10-7 per hour.   
   
(2)  SILa subfield (two bits or more) to represent the integrity risk level of the transmit domain 
avionics     
       including the position source, STP and ADS-B Transmit functions (interfaces A1 to D in ADS-B  
       MASPS).  The proposed definition of this subfield is to represent the functional hazard level as a    
       probability of position data corruption by the underlying avionics.  Some avionics systems such as  
       FMS based position sources distinguish the integrity risk level depending on whether the risk is    
       based on faulted or fault free operations.  If the fault free operation is limited to an instantaneous    
       probability of data corruption <= 10-5, then SILa is limited to SIL<= 2.  Otherwise, the SILa  
       subfield is defined similar to SILc above, except that the integrity risk is for the entire Aircraft  
       Transmit domain, i.e.:  
 
                           SILa = 0    functional integrity risk unknown or greater than 10-3 per hour 
                                      1    functional integrity risk (A1 to D) < 10-3 per hour 
                                      2    functional integrity risk (A1 to D) < 10-5 per hour 
                                      3    functional integrity risk (A1 to D) < 10-7 per hour. 
 


              It is possible to consider a simplified one-bit version for SILa also, e.g.,. SILa =0 if functional   
              integrity risk is unknown or greater than 10-5, and SILa=1 if functional integrity risk < 10-5. 
 
 
Note:  Attach additional sheets to capture supporting discussion with source and date. 
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DO-260A Change 2 SIL / VPL Issues 
 
In Change 2 of DO-260A a modification has been made to Table 2-72; SIL Subfield 
Encoding.  This change has inserted a dependence on VPL (Vertical Protection Limit) for 
Surveillance Integrity Level (SIL) encoding (for NIC values >8) when previously SIL 
was defined in terms of the horizontal integrity limits only.  If a VPL cannot be provided 
for those NIC values (9, 10, & 11) then the SIL subfield must be set to a value of 0.  The 
same dependency on VPL has been added in Table 2-5 in DO-242A, Change 1.  The 
original coding of SIL as defined in DO-242A Rev New was defined in Section 2.1.2.15 
and Table 2-5 and was defined in terms of horizontal integrity probability limits only.     
 
A similar dependency on VPL exists in Table 2-70; NIC Encoding.  If a VPL cannot be 
provided then the highest NIC that can be declared is 8 under all conditions, even if the 
horizontal position sensor is reporting an HPL equivalent to a NIC = 9 or a higher value.  
The dependence on VPL for higher NIC values in the ADS-B MASPS; DO-242A; 
Section 2.1.2.12 and Table 2-2 (Note 5) was for the case only when geometric altitude 
was being reported.   
 
Boeing objects to these changes in definition.  A transmitted SIL value of 0 would 
severely limit the usefulness of that aircraft’s ADS-B Out data set as many applications 
for ADS-B Out will require a minimum SIL value of 2 or better.  Thousands of aircraft 
worldwide are certified under both FAA (FAA Guidance Document 91-RVSM) and 
ICAO rules to operate in RVSM airspace at 1000’ adjacent flight level spacing without a 
VPL output from the altimetry system.  Since the FAA ADS-B program does not plan to 
make changes to these flight level separation standards, it seems unreasonable to require 
more stringent vertical data integrity standards for ADS-B than those already in effect.  
 
Similarly, the dependency of NIC on VPL is an artificial limitation on the ADS-B system 
performance.  This would limit the NIC value that can be declared to a maximum value 
of 8 when the aircraft’s true horizontal integrity performance might be a NIC value of 9 
or greater. 
 
The FAA’s Segment 1 program is focused on deployment of infrastructure and approvals 
for non-radar airspace (NRA) applications.  Both of these limitations will unfairly 
penalize operators who will be attempting to equip with DO-260A equipment early and 
gain near term benefits in that non-radar airspace where the key ADS-B performance 
requirements are in the horizontal plane only.  The NRA Safety, Performance and 
Interoperability Requirements document; DO-303, does not contain any vertical data 
integrity requirements. ADS-B applications, whether ground based or ADS-B In, that 
truly require airborne vertical data integrity limits will take much longer to be generated 
and approved.  When those ADS-B In applications that require vertical integrity data are 
approved and ready to be deployed NAS wide, these dependencies on the airborne 
vertical integrity limits could be revisited.  Until then, they are premature and should be 
withdrawn.  







 
Summary: 


1. The definition of SIL (Table 2-72) in DO-260A should adhere to the original 
released table without the VPL column.   


2. The definition of SIL (Table 2-5) in DO-242A should adhere to the original 
released table without the VPL column.   


3. The definition of NIC (Table 2-70) in DO-260A should only enforce a 
dependence on VPL when geometric altitude is being reported.  
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DO-260A Change 2 SIL / NIC / NACp / NACv Dependency on Vertical Integrity & 


Accuracy 
 
In Change 2 of DO-260A a modification has been made to Table 2-72; SIL Subfield 
Encoding.  This change has inserted a dependence on VPL (Vertical Protection Limit) for 
Surveillance Integrity Level (SIL) encoding (for NIC values >8) when previously SIL 
was defined in DO-260A only as a function of the horizontal position integrity limits.  If 
a VPL cannot be provided for those NIC values (9, 10, & 11) then “The SIL encoding is 
the most stringent of the horizontal or vertical values” which means that the SIL subfield 
must be set to a value of 0.  The same dependency on VPL has been added in Table 2-5 
in DO-242A, Change 1.  The original coding of SIL as defined in DO-242A Rev New 
was defined in Section 2.1.2.15 and Table 2-5 and was defined only as a function of 
horizontal integrity limits.     
 
A similar dependency on VPL exists in Table 2-70; NIC Encoding.  If a VPL cannot be 
provided then the highest NIC that can be declared is 8 under all conditions, even if the 
horizontal position sensor is reporting an HPL equivalent to a NIC = 9 or a larger value.  
The dependence on VPL for higher NIC values originally documented in the ADS-B 
MASPS; DO-242A; Section 2.1.2.12 and Table 2-2 (Note 5) was for the case only when 
geometric altitude was being reported.   
 
A dependency on vertical accuracy (VEPU) exists in the NACp encoding table, Table 2-
71 of DO-260A and a dependency on vertical figure of merit (VFOM) exists in the 
NACv encoding tables, Table 2-25, 2-26 and 2-27.   
 
Boeing objects to these changes in definition and to the general concept of dependence on 
vertical accuracy and integrity for these horizontal quality parameters.  These limitations 
will unfairly penalize operators who will be attempting to equip with ADS-B Out 
equipment early and gain near term benefits in non-radar airspace (NRA) where the key 
ADS-B performance requirements are in the horizontal plane only.  The NRA Safety, 
Performance and Interoperability Requirements document; DO-303, does not contain any 
dependence on vertical accuracy or integrity in the requirements for the transmitted 
horizontal quality parameters. A transmitted SIL value of 0 would severely limit the 
usefulness of an aircraft’s ADS-B Out data set as most applications for ADS-B Out and 
ADS-B In will require a minimum SIL value of 1 or greater.  
 
Thousands of aircraft worldwide are certified under both FAA (FAA Guidance 
Document 91-RVSM) and ICAO rules to operate in RVSM airspace at 1000’ adjacent 
flight level spacing without a VPL output from the altimetry system.  Since the FAA 
ADS-B program does not plan to make changes to these flight level separation standards, 
it seems unreasonable to require more stringent vertical data integrity standards for ADS-
B Out operations than those already in effect for enroute airspace.  
 







Similarly, the dependency of NIC on VPL is an artificial limitation on an aircraft’s ADS-
B indicated performance.  Under the current requirements, this dependency would limit 
the maximum transmitted NIC value to 8 when the aircraft’s true horizontal integrity 
performance might be a value of 9 or greater.   
 
The dependency of NACp on vertical accuracy (VEPU) is also an unnecessary limitation 
on an aircraft’s ADS-B indicated performance.  This would limit the maximum 
transmitted NACp value to 8 when the aircraft’s true horizontal accuracy performance 
might be a value of 9 or greater. 
 
The FAA and industry are evaluating multiple solutions to mitigate Runway Incursion 
issues, including the use of ADS-B Out data and surface ADS-B In applications on a 
CDTI.  These surface applications will require increased horizontal accuracy and 
integrity data. The performance and availability of targets for these applications will be 
limited by the dependence on vertical accuracy and integrity in the transmitted NIC, SIL, 
NACp and NACv parameters, even though the vertical data is irrelevant for their 
operation.  
 
ADS-B applications, whether ground based in the ATC infrastructure and/or airborne 
ADS-B In, that will require airborne vertical accuracy and integrity data have a long term 
schedule in the ADS-B development roadmap.  When those ADS-B In applications that 
require vertical accuracy and/integrity data are approved and ready to be deployed NAS 
wide, the required vertical accuracy and integrity quality parameters could be broadcast 
in new data fields separate from the corresponding horizontal parameters.  Until then, 
they are premature and an unnecessary limitation on the near term applications and 
should be withdrawn.  
 
Summary of recommended changes for DO-260A Change 3 and DO-242A: 


1. Remove any dependence on VPL from the definition of SIL (Table 2-72) in DO-
260A .   


2. Remove any dependence on VPL from the definition of SIL (Table 2-5) in DO-
242A.   


3. Remove any dependence on VPL from the definition of NIC (Table 2-70) in DO-
260A.  


4. Remove any dependence on vertical accuracy (VEPU) from the definition of 
NACp (Table 2-71) in DO-260A.  


5. Remove any dependence on vertical figure of merit (VFOM) from the definition 
of NACv (Tables 2-25, 2-26 and 2-27) in DO-260A.  
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BROADCAST OF SELECTED ALTITUDE VIA ADS-B 
 


(Presented by Charles Lenarcic) 
  
  


SUMMARY 


This working paper proposes the creation of an ADS-B message to broadcast 
the contents of BDS Register 4,0 (Selected Vertical Intention) otherwise 
known as Selected Altitude. 
 
Action by the meeting is in paragraph 5. 


 


1. INTRODUCTION 


1.1 Automatic Dependent Surveillance – Broadcast (ADS-B) is in use in many parts of the 
world. Implementations range from technical trials to operationally commissioned systems employed for 
the delivery of air traffic control services. Some airborne surveillance applications are also in operation.  


1.2 Renewal of aircraft fleets and avionics upgrades have led to a steady increase in the 
number of ADS-B equipped aircraft in recent times. 


1.3 Some states are planning ADS-B programs which will come into effect during the course 
of the next decade. The development of requirements for these programs has led to a review of existing 
standards to determine how they need to be modified to support future applications. Manufacturers are 
planning avionics upgrades to meet these future requirements. 


1.4 Selected Altitude, the altitude entered into an aircraft’s automated flight control systems, 
is one of the aircraft parameters that may be obtained through Mode S Enhanced Surveillance. Aircraft 
which comply with the European mandates for Enhanced Surveillance are required to supply this data. 
The information is currently used by air traffic control (ATC) in some parts of the world to help prevent 
aircraft altitude or flight level infringements. 


 


 
International Civil Aviation Organization
 
WORKING PAPER 


ASP-WGW/1-WP/19 
8/12/08  
 







ASP-WGW/1-WP/19 
Appendix B  B-2 


 


 


 


1.5 This paper proposes that an ADS-B message be defined for the broadcast of Selected 
Altitude. It will prove useful in regions where ADS-B is used, either alone or as a supplement to radar 
surveillance. 


2. ADS-B SELECTED ALTITUDE MESSAGE 


2.1 Selected Altitude is stored in transponder BDS Register 4,0 “Selected Vertical Intention”. 
The Register is defined in ICAO documents, and is shown in Appendix A of this paper.  


2.2 For the purposes of broadcasting this information via ADS-B, Subtype 3 of the Aircraft 
Status Message (Msg. Type 28) may be used. Subtypes 3 to 7 are currently reserved. Subtype 1 of the 
message is used for the Emergency/Priority Status, and Subtype 2 for airborne collision avoidance system 
(ACAS) RA broadcast. 


2.3 The proposed message contents are shown in Appendix B of this paper. Any of the 
currently unassigned transponder registers may be used to store this message, e.g. Register 6,3. 


3. BROADCAST OF SELECTED ALTITUDE VIA ADS-B 


3.1 Message Delivery 


3.1.1 The proposal is for ADS-B broadcast of Selected Altitude to be performed using an 
event-driven message, triggered by a change in the contents of the register defined in Appendix B. 


3.1.2 Due to concerns about the high rate of 1030/1090 MHz signal usage in parts of the world, 
and the requirement to limit extended squitter transmission rates to 6.2 per second, an event-driven 
message has been suggested in lieu of a routine broadcast.  


3.1.3 The broadcast of this message shall be lower in priority than an ACAS RA Broadcast, 
and the Emergency/Priority status message, but shall take precedence over the other event-driven 
messages. Transmission of this message will not lead to an increase in the currently specified maximum 
rate of 6.2 squitters/second. 


3.2 Message Format 


3.2.1 The Selected Altitude message shall be created by inserting the contents of the register 
shown in Appendix 2 into the ME field of a DF=17 or DF=18 extended squitter. The format of a DF=17 
extended squitter is shown below for reference. 


DF=17 
(5 Bits) 


Capability 
(3 Bits) 


Aircraft Address 
(24 Bits) 


ADS-B Msg (ME) 
(56 Bits) 


Parity 
(24 Bits) 







 
A-3 


ASP-WGW/1-WP/19 
Appendix A  


 


 


3.3 Broadcast Rate and Duration 


3.3.1 The Selected Altitude message shall be broadcast for 18 +/- 1 seconds, at 1 second 
intervals, after each change in the contents of the register defined in Appendix B. 


3.3.2 If the contents of the Register change while it is being broadcast, the existing broadcast 
shall be terminated prior to the next transmission, and a new 18 second broadcast commenced with the 
newly updated register contents. 


4. CONCLUSION 


4.1 Selected Altitude provides a useful safety net in air traffic management, allowing level 
infringements to be detected and addressed prior to incidents occurring. The broadcast of the data via 
ADS-B will make it available in parts of the world where ADS-B is used. 


5. ACTION BY THE ASP-WGW 


5.1 The meeting is invited to consider including an ADS-B message for the broadcast of 
Selected Altitude along the lines of what is proposed in this paper. 


 
— — — — — — — — 
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APPENDIX A 


 
BDS CODE 4,0 - SELECTED VERTICAL INTENTION 


 
1 STATUS 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 


MSB = 32 768 feet 
 
 
 
 
 
 
MCP/FCU SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet 


14 STATUS 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 


MSB = 32 768 feet 
 
 
 
 
 
 
FMS SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet  


27 STATUS 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


MSB = 204.8 mb 
 
 
 
 
 
BAROMETRIC PRESSURE SETTING 
MINUS 800 mb 
Range = [0, 410] mb 
 
 
 
 
LSB = 0.1 mb  


40 
41 
42 
43 
44 


 RESERVED 


PURPOSE: To provide ready access to information about the aircraft’s 
current vertical intentions, in order to improve the effectiveness of 
conflict probes and to provide additional tactical information to 
controllers. 
1) Target altitude shall be the short-term intent value, at which the 


aircraft will level off (or has levelled off) at the end of the current 
manoeuvre.  The data source that the aircraft is currently using to 
determine the target altitude shall be indicated in the altitude source 
bits (54 to 56) as detailed below. 


Note. –  This information which represents the real “aircraft intent,” 
when available, represented by the altitude control panel 
selected altitude, the flight management system selected altitude, 
or the current aircraft altitude according to the aircraft’s mode 
of flight (the intent may not be available at all when the pilot is 
flying the aircraft). 


2) The data entered into bits 1 to 13 shall be derived from the mode 
control panel/flight control unit or equivalent equipment.  Alerting 
devices may be used to provide data if it is not available from 
“control” equipment.  The associated mode bits for this field (48 to 
51) shall be as detailed below. 


3) The data entered into bits 14 to 26 shall de derived from the flight 
management system or equivalent equipment managing the vertical 
profile of the aircraft. 


4) The current barometric pressure setting shall be calculated from the 
value contained in the field (bits 28 to 39) plus 800 mb. 
When the barometric pressure setting is less than 800 mb or greater 
than 1 209.5 mb, the status bit for this field (bit 27) shall be set to 
indicate invalid data. 


5) Bits 48 to 56 shall indicate the status of the values provided in bits 1 
to 26 as follows: 
Bit 48 shall indicate whether the mode bits (49, 50 and 51) are 
already being populated: 
 0 = No mode information provided 
 1 = Mode information deliberately provided 
Bits 49, 50 and 51: 
 0 = Not active 
 1 = Active 
Bit 54 shall indicate whether the target altitude source bits (55 and 
56) are actively being populated: 
 0 = No source information provided 
 1 = Source information deliberately provided 
Bits 55 and 56 shall indicate target altitude source: 
 00 = Unknown 
 01 = Aircraft altitude 
 10 = FCU/MCP selected altitude 
 11 = FMS selected altitude 
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ADS-B SELECTED ALTITUDE MESSAGE 


 
1 
2 
3 
4 
5 


MSB 
 
FORMAT TYPE CODE = 28 
 
 
LSB 


6 
7 
8 


MSB 
SUBTYPE CODE = 3 
LSB 


9 STATUS 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


MSB = 32 768 feet 
 
 
 
 
 
 
MCP/FCU SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet 


22 STATUS 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 


MSB = 32 768 feet 
 
 
 
 
 
 
FMS SELECTED ALTITUDE 
Range = [0, 65 520] feet 
 
 
 
 
LSB = 16 feet  


35 STATUS 
36 
37 
38 
39 
40 
41 
42 
43 
44 


MSB = 204.8 mb 
 
 
 
 
 
BAROMETRIC PRESSURE SETTING 
MINUS 800 mb 
Range = [0, 410] mb 
 
 


PURPOSE: To provide ready access to information, via ADS-B, about the 
aircraft’s current vertical intentions, in order to improve the effectiveness of 
conflict probes and to provide additional tactical information to controllers. 
1) Subtype (Bits 6 – 8) shall be coded as follows: 
  0 = No information 
  1 = Emergency/priority status 
  2 = ACAS RA Broadcast 
  3 = Selected Altitude Broadcast 
  4 – 7 = Reserved 
2) Target altitude shall be the short-term intent value, at which the aircraft will 


level off (or has levelled off) at the end of the current manoeuvre.  The data 
source that the aircraft is currently using to determine the target altitude 
shall be indicated in the altitude source bits (54 to 56) as detailed below. 


Note. –  This information which represents the real “aircraft intent,” when 
available, represented by the altitude control panel selected altitude, 
the flight management system selected altitude, or the current aircraft 
altitude according to the aircraft’s mode of flight (the intent may not 
be available at all when the pilot is flying the aircraft). 


3) The data entered into bits 9 to 21 shall be derived from the mode control 
panel/flight control unit or equivalent equipment.  Alerting devices may be 
used to provide data if it is not available from “control” equipment.  The 
associated mode bits for this field (48 to 51) shall be as detailed below. 


4) The data entered into bits 22 to 34 shall de derived from the flight 
management system or equivalent equipment managing the vertical profile 
of the aircraft. 


5) The current barometric pressure setting shall be calculated from the value 
contained in the field (bits 36 to 47) plus 800 mb. 
When the barometric pressure setting is less than 800 mb or greater than 1 
209.5 mb, the status bit for this field (bit 35) shall be set to indicate invalid 
data. 


6) Bits 48 to 56 shall indicate the status of the values provided in bits 1 to 26 
as follows: 
Bit 48 shall indicate whether the mode bits (49, 50 and 51) are already 
being populated: 
 0 = No mode information provided 
 1 = Mode information deliberately provided 
Bits 49, 50 and 51: 
 0 = Not active 
 1 = Active 
Bit 54 shall indicate whether the target altitude source bits (55 and 56) are 
actively being populated: 
 0 = No source information provided 
 1 = Source information deliberately provided 
Bits 55 and 56 shall indicate target altitude source: 
 00 = Unknown 
 01 = Aircraft altitude 
 10 = FCU/MCP selected altitude 
 11 = FMS selected altitude 
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