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2 (Heading 2 Here)

2.2 Surveillance Transmit Processing (STP) Subsystem (DO289 R3.30, R3.52)

2.2.1 Introduction

Surveillance Transmit Processing (STP) is a function that processes information prior to the information being broadcast by the ADS‑B transmit function.  It is recognized that manufacturers may implement separate STP and ADS‑B transmit functions, or a single integrated function that satisfies the requirements of both the STP and ADS‑B transmit functions.  The STP requirements have been written to allow this implementation flexibility. For the purposes of these MOPS and the following sections, the phrase “STP equipment” refers to the equipment providing the STP functionality and does not infer any implementation design. 

2.2.2 General Requirements 

This section defines the general requirements for the Surveillance Transmit Processing (STP) function.  The STP function provides the necessary data processing of aircraft data sources into standardized ADS-B data definitions; STP interfaces to the ADS-B Transmit function.  The combination of the aircraft data sources, the STP function and the ADS-B transmit function make up the ASA Transmit system. This is illustrated in Figure 2.1.
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Figure 2‑1: Subsystems for ASA Transmit Participant

The entire ASA Transmit System, often referred to as “ADS-B Out”, is responsible for the gathering, processing, and broadcasting of own ship surveillance data which is then received by ground systems and other aircraft for ground surveillance and ASAS operations.  The STP MOPS requirements defined in the following sections apply specifically to the STP functionality occurring between interfaces B1 and C1 as illustrated in Figure 2.1. Some of the required data processing for STP requires consideration of performance characteristics spanning across interfaces A1 to D. Implementations may require testing between points B1 and D.

The STP MOPS addresses requirements that are not addressed by the link MOPS as illustrated in Figure 2‑2. The ADS-B Link MOPS provides requirements for data validation and insertion of data into ADS-B messages.   STP requirements include selection of data sources, and determination of integrity and accuracy metrics .  Source selection logic is based on source availability and integrity/accuracy metrics, vehicle configuration, etc... The STP function is adaptable to varying aircraft data source inputs allowing the ADS-B Transmit Subsystem to be useable for multiple applications without changes in design. In this manner, most adaptations can be accomplished by changes to STP requirements rather than by changes to link MOPS requirements.  Adaptations can then be certified via amended TSO and STC  as opposed to a full re-TSO and STC process.
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Figure 2‑2.  STP Functional Architecture

The STP function may be implemented in stand-alone equipment, integrated with the ADS-B Transmit equipment or integrated with other systems, (e.g., ISS). The STP requirements remain applicable when integrated in these alternative implementations.

Note:
For the purposes of this document, “STP equipment” means the same as “STP function” when it is integrated into other systems or equipment.

2.2.2.1 Intended Function 

The equipment will perform its intended function(s), as defined by this document and the manufacturer and its proper use will not create a hazard to other users of the National Airspace System. 

2.2.2.1.1 Supported Applications [Stu]

The intended function of the STP requirements specified in this MOPS is to support the broadcast of ADS-B surveillance data of sufficient quality to support ground use for Air Traffic Services, and to support the aircraft-based applications defined and analyzed in the current Aircraft Surveillance Applications (ASA) MASPS (RTCA DO-289).  The set of five applications specified in the ASA MASPS are as follows:

· 
Enhanced Visual Acquisition (EVAcq), using received ADS-B and TIS-B data to display aircraft on a CDTI, and provides range, bearing, and relative altitude to assist the flight crew in their visual search task.

· 
Conflict Detection (CD), using different levels of alerts to inform the flight crew of predicted loss of separation with other aircraft for various thresholds.  These alerts are only to advise the pilot to redouble “see and avoid” measures or to contact ATC.  The alerts do not advise pilots on avoidance maneuvers.

· 
Airport Surface Situational Awareness (ASSA), providing enhanced situational awareness for the flight crew while on an airport surface by displaying own-ship directional information and other traffic relative to an airport map.

· 
Final Approach and Runway Occupancy Awareness (FAROA), enhancing a flight crew’s situational awareness through the indication of runway occupancy either currently occurring or predicted to occur based on received state vector information of other aircraft.

· 
Enhanced Visual Approach (EVApp), displaying traffic on a CDTI to assist the flight crew in visually acquiring and tracking preceding aircraft more efficiently during approach.

Note:
For a more detailed description of these applications and the requirements needed to support or perform them, refer to the ASA MASPS (RTCA DO-289).

2.2.2.2 Design Assurance 

STP functionality is intended to 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. This requirement must be met when the equipment is in its installed configuration for the most stringent operation supported.  The appropriate design assurance level(s) are determined by the ability to meet required performance specifications, and by an analysis of the failure modes of the equipment and a categorization of the effects of the failure on the operation of own aircraft, on interactions with other proximate aircraft, and on ground surveillance operations. For the purpose of this analysis, a failure is defined as either a loss of function or the output of misleading information.  This safety assessment should be based upon the guidance of AC 23.1309-1() for Part 23 aircraft, AC 25.1309-1() for Part 25 aircraft, AC 27-1() for normal category rotorcraft, and AC 29-2() for transport category rotorcraft.

2.2.2.2.1 Hardware (DO-289 R3.76, R3.77) 

STP equipment or functions shall (R2. LISTNUM  LegalDefault \l 0 ) be designed and implemented consistent with an integrity value of 10-5 per flight hour between interfaces B1 and D as shown in figure 2-2.  Furthermore, STP equipment or functions shall (R2. LISTNUM  LegalDefault \l 0 ) be designed and implemented consistent with an availability of at least 0.9995 between interfaces B1 and D as shown in Figure 2-2.

2.2.2.2.2 Software

FAA Advisory Circular (AC) 20-115B, which references RTCA/DO-178B, provides an acceptable means for showing that software complies with applicable airworthiness requirements. One acceptable means to demonstrate integrity compliance for the STP function is to develop all software that affects STP functions to at least Level C criteria  (supporting the applications listed in Section 2.2.2.1.1.), as defined in RTCA/DO-178B.  Another acceptable approach is to substantiate software levels required based on an aircraft level system safety assessment.

2.2.3 State Data Processing 
2.2.4 State Data Quality Determination [Joel]

In order to quantify the quality of position, velocity, and altitude state data, the STP function shall (R2. LISTNUM  LegalDefault \l 0 ) determine the following:

a. Position Accuracy [Horizontal and Vertical Estimation Position Uncertainty (HEPUSTP and VEPUSTP) to support the ADS-B transmit subsystem encoding of NACP],

b. Velocity Accuracy [Horizontal and Vertical Estimated Velocity Uncertainty (HEVUSTP {also known as HFOMR} and VEVUSTP {also known as VFOMR}) to support the ADS-B transmit subsystem encoding of NACV],

c. Position Integrity Containment Region [Horizontal and Vertical Protection Levels (HPLSTP {also known as RC} and VPLSTP) to support the ADS-B transmit subsystem encoding of NIC],

d. Surveillance Integrity Level (SIL),

e. Barometric Altitude Quality (BAQ), and

f. Barometric Altitude Surveillance Integrity Level (SILbaro).

The STP function shall (R2. LISTNUM  LegalDefault \l 0 ) provide the quality values a to c (listed directly above), to the ADS-B transmit subsystem with each update of the state data provided to the ADS-B transmit subsystem, and upon an update to status messages for d, e, and f.  

The quality values determined for items “a” through “f” above shall (R2. LISTNUM  LegalDefault \l 0 )indicate the actual quality of the position, velocity, and altitude state data being provided to the ADS-B transmit subsystem or may be more conservative values.

Note 1:
It is intended that the “actual” quality values be determined when possible rather than selecting excessively conservative quality values so as to not compromise the operational availability of the state data to support various airborne and ground surveillance applications.

Note 2:
When more than one source of data is available to the STP function for determining state data, STP selects the appropriate data source(s) (see the requirements specified in §2.2.4.8) and assesses the quality for the state data that is being reported to the ADS-B transmit subsystem as specified in this MOPS.  I.e., the quality values determined must apply to the sources from which the transmitted data is selected.

The functions for determining the state data quality are illustrated in Figure 2.3.
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Figure 2‑3. State Data Quality Determination

Note 1: “Synchronized” with the position source is defined in Appendix C.

Note 2: Currently, encoding of NACP, NACV, and NIC is specified in the ADS-B Transmit Subsystem link MOPS.  Future versions of these standards may move these encoding requirements into the STP function.

Note 3: Horizontal and vertical velocity sources may be different.

2.2.4.1.1 Determine Position Accuracy (HEPUSTP and VEPUSTP) 

The STP function determines the accuracy of the reported position to support the Link encoding of NACP as specified below.

2.2.4.1.1.1 Definitions of HEPUSTP and VEPUSTP 
The Horizontal Estimated Position Uncertainty (HEPUSTP) and Vertical Estimated Position Uncertainty (VEPUSTP) terms describe the fault-free accuracy region about the source reported geometric position.  These values are determined by the STP function and passed to the ADS-B transmit subsystem for encoding the NACP.

HEPUSTP is defined as the radius of a circle, centered on the source reported horizontal position, within which the true horizontal position is assured to lie with a 95% probability at the source reported time of applicability under fault-free conditions.

Note:
In the ASA MASPS (RTCA/DO-289), the HEPUSTP term was called EPU; the leading “H” was added for clarity since it only applies to the horizontal component of position, the subscript “STP” was added for clarity to indicate that this value is an output from the STP function.

Likewise, VEPUSTP is defined as a region, centered on the source reported vertical position with the extent of plus and minus the value of VEPUSTP, within which the true vertical position is assured to lie with a 95% probability at the source reported time of applicability under fault-free conditions.

HEPUSTP and VEPUSTP are used directly by the ADS-B transmit subsystem (i.e., link MOPS compliant equipment) to encode NACP.

Note 1:
The Navigation Accuracy Category for Position (NACP) is defined in the ASA MASPS as parameter that describes the fault free accuracy region about the reported position within which the true position of the surveillance position reference point (SPRP) is assured to lie with a 95% probability at the reported time of applicability.

Note 2:
HEPUSTP and VEPUSTP describe the position source reported accuracy regions.  NACP describes the fault-free accuracy region about the ADS-B reported position.  While it seems inconsistent based upon the definitions to encode NACP directly based upon HEPUSTP and VEPUSTP, it is actually not since the requirements in this MOPS have limited the additional error associated with the difference between the sensor reported accuracy and the ADS-B reported accuracy to be operationally insignificant for surveillance applications.

2.2.4.1.1.2 Requirements for the Determination of HEPUSTP and VEPUSTP [Joel]

The STP function shall (R2. LISTNUM  \r \ LegalDefault \l 0  determine values of HEPUSTP and, when available, VEPUSTP for the selected position source and provide these values to the ADS-B transmit subsystem when a valid source of position is available.

The two subsections below define the STP requirements for determining the HEPUSTP and VEPUSTP values.  The first subsection describes how to determine unlimited HEPUSTP and VEPUSTP (referred to as HEPUUL and VEPUUL, respectively), which are the values of HEPUSTP and VEPUSTP prior to condition specific limiting (see §2.2.4.1.1.2.2).  The second subsection defines the conditions whereby STP is required to limit the HEPUSTP and VEPUSTP values reported to the ADS-B transmit subsystem.

2.2.4.1.1.2.1 Determination of HEPUUL and VEPUUL [Joel]

Case 1: Position Accuracy Metric(s) Reported by the Selected Position Source

When a position accuracy metric is reported by the selected position source, STP shall (R2. LISTNUM  LegalDefault \l 0 ) use the source reported accuracy metric(s) to determine the appropriate HEPUUL and VEPUUL (i.e., prior to possible limiting) as follows:

a. If the selected source of position is a GNSS Navigation sensor that outputs HFOM, then use the appropriate row of Table 2‑1for the selected position source to establish HEPUUL and VEPUUL.

b. If the selected source of position is an RNP-compliant Flight Management System (FMS) that outputs Estimates of Position Uncertainty (EPU) or Actual Navigation Performance (ANP) as a measure of its horizontal position estimation performance, then use the appropriate row of Table 2‑1for the selected position source to establish HEPUUL and VEPUUL.

c. If the selected source of position is other than “a” and “b” above, then establish appropriate HEPUUL and VEPUUL values based upon the reported accuracy metrics for the selected position source, or set the HEPUUL and VEPUUL values to unknown.

Table 2‑1 HEPUUL and VEPUUL based upon Source Reported Accuracy Metrics

	#
	Selected Position Source
	HEPUUL  [Note 1]
	VEPUUL   [Note 1]

	1
	GNSS Compliant with either:

a) RTCA/DO-208 for a GPS receiver as amended by TSO-C129a

(or equivalent), or

b) RTCA/DO-229() for a GPS/WAAS receiver as amended by TSO-C145a or TSO-C146a

(or equivalent)
	HEPUUL = HFOM


	VEPUUL = VFOM

(when VFOM is output)

or,

VEPUUL = Unknown

(when VFOM is not output)

	2
	GNSS compliant with RTCA/DO-253() for a LAAS receiver as amended by TSO-C161

(or equivalent)
	HEPUUL=1.224*HFOM

[Note 2]
	VEPUUL = VFOM

(when VFOM is output)
or,

VEPUUL = Unknown (when VFOM is not output)

	3
	RNP Qualified Flight Management System compliant with RTCA/DO-283()

(or equivalent)
	HEPUUL = EPU or ANP

[Note 3]
	VEPUUL = Unknown


Note 1: HEPUUL and VEPUUL specified in this table are prior to limiting (see §2.2.4.1.1.2.2).

Note 2: Horizontal Figure of Merit (HFOM) is a parameter output by many GNSS receivers.  In most cases, HFOM can be used interchangeably with HEPUUL.  However, when HFOM is computed as twice the semi-major axis of the one-sigma error ellipse, then it should be scaled by a factor of 1.224 to establish HEPUUL.  (See RTCA/DO-289 §AC.2.2.1.)

Note 3:
Estimates of Position Uncertainty (EPU) or Actual Navigation Performance (ANP) are measures that convey the current horizontal position estimation performance as output by RNP-qualified Flight Management Systems.  EPU or ANP are output from Flight Management Systems compliant with ARINC 702A 2 on label 167.  The FMS outputs of EPU and ANP are assumed to characterize the accuracy of the source reported horizontal position such that they define the radius of a circle centered on the source reported horizontal position, within which the true horizontal position is assured to lie with a 95% probability at the time of FMS output under fault-free conditions.  If the position source does not comply with these assumptions, then a different scale factor than that indicated in the table as 1.0 should be applied.

Case 2: Position Accuracy Metric(s) not Reported by the Selected Position Source

When a position accuracy metric is not reported by the selected position source, then the STP function shall (R2. LISTNUM  LegalDefault \l 0 ) either establish appropriate HEPUUL and VEPUUL values for the selected position source, or set the HEPUUL and VEPUUL values to unknown.

Note:
Guidance for establishing appropriate estimated position uncertainty of various position sources that do not output accuracy metrics is provided in Appendix STP-1 for GNSS sensors and in Appendix STP-2 for RNP based FMS data sources.

2.2.4.1.1.2.2 Conditions for Limiting the Reported HEPUSTP and VEPUSTP
The STP shall (R2. LISTNUM  LegalDefault \l 0 ) determine the values of HEPUSTP and VEPUSTP reported to the ADS-B transmit subsystem using HEPUUL and VEPUUL as determined above, where HEPUSTP=HEPUUL and VEPUSTP=VEPUUL as limited by the following:

In an unsynchronized installation, HEPUSTP and VEPUSTP shall be limited as follows:

If in air: HEPUSTP > 185.3m (i.e., limit NACP to 6 TBV or below)
If on ground: HEPUSTP > 30 m (i.e., limit NACP  to 8 TBV or below) .

Note:  Add justification for 6 or below – Tony Warren

Note:  This is a minimum requirement.  The manufacturer may elect to compensate for source latency in the unsynchronized case.  If that is done, the requirement to limit HEPU is not enforced. 

2.2.4.1.2 Determination of Velocity Accuracy (HEVUSTP and VEVUSTP) 

The STP function determines the accuracy of the geometric velocity to support the Link encode NACV as specified below.

2.2.4.1.2.1 Definitions of HEVUSTP and VEVUSTP [Joel]

The Horizontal Estimated Velocity Uncertainty (HEVUSTP, also known as HFOMR) and Vertical Estimated Velocity Uncertainty (VEVUSTP, also known as VFOMR) describe the fault-free accuracy region about the source reported geometric velocity.  These values are determined by the STP function and passed to the ADS-B transmit subsystem for encoding the NACV.

HEVUSTP is defined as the velocity region, centered on the source reported horizontal geometric velocity, within which the true horizontal geometric velocity is assured to lie with a 95% probability under fault-free conditions.

Likewise, VEVUSTP is defined as a region, centered on the source reported geometric vertical velocity with the extent of plus and minus the value of VEVUSTP, within which the true geometric vertical velocity is assured to lie with a 95% probability under fault-free conditions.

HEVUSTP and VEVUSTP are used directly by the ADS-B transmit subsystem (i.e., link MOPS compliant equipment) to encode NACV.

Note: VEVUSTP does not characterize the barometric velocity accuracy.

2.2.4.1.2.2 Requirements for the Determination of HEVUSTP and VEVUSTP [Joel]

In all cases, a NACv shall (R2. LISTNUM  LegalDefault \l 0 ) be limited to values of 3 or less.  

Case 1: Velocity Accuracy Metric(s) Reported by the Selected Velocity Source

When a 95% velocity accuracy metric is reported by the selected velocity source, the STP shall (R2. LISTNUM  LegalDefault \l 0 ) use the source reported velocity accuracy metric(s) to determine appropriate values of HEVUSTP and VEVUSTP.

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

Under the conditions when 1) a 95% velocity accuracy metric is not reported by the selected velocity source, 2) the selected velocity and position sources are the same source that is providing both valid position and valid velocity, and 3) a 95% position accuracy metric is reported, the STP shall (R2. LISTNUM  LegalDefault \l 0 ) use the source reported position accuracy metric(s) to determine the appropriate HEVUSTP and VEVUSTP as follows:

a. If the selected source of velocity is a GNSS Navigation sensor that outputs HFOM, then use the appropriate row of Table 2‑2 for the selected velocity source to establish HEVUSTP and VEVUSTP.

b. If the selected source of velocity is an RNP-compliant Flight Management System (FMS), then use row 3 of Table 2‑2 for the selected velocity source to establish HEVUSTP and VEVUSTP.

Note: If the selected source of position is other than “a” and “b” above, then establish appropriate HEVUSTP and VEVUSTP values based upon the reported accuracy metrics for the selected velocity source, or set the HEVUSTP and VEVUSTP values to unknown.
Table 2‑2 HEVUSTP and VEVUSTP (Velocity Accuracy)

	#
	Selected Velocity Source
	HEVUSTP [Note 1]
	VEVUSTP [Note 1]

	1
	Compliant with either:

[Note 4]

a) RTCA/DO-208 for a GPS receiver as amended by TSO-C129a, or

b) RTCA/DO-229() for a GPS/WAAS receiver as amended by TSO-C145a or TSO-C146a (or equivalent) that is “not” applying WAAS differential corrections to the position solution.
(or equivalent)
	HEVUSTP = (HFOM * 0.02 s-1) + 0.5 m/s

Limit HEVUSTP ≥ 2.99 m/s
	VEVUSTP = (VFOM * 0.02 s-1) + 0.5 m/s

(when VFOM is output)

Limit VEVUSTP ≥ 4.56 m/s
or,

VEVUSTP = Unknown (when VFOM is not output)

	2
	Compliant with either:

[Note 3]

a) RTCA/DO-229() for a GPS/WAAS receiver as amended by TSO-C145a or TSO-C146a (or equivalent) that is applying WAAS differential corrections to the position solution, or

b) RTCA/DO-253() for a GPS/LAAS receiver as amended by TSO-C161
(or equivalent.)
	HEVUSTP = (HFOM * 0.2 s-1) + 0.1 m/s

Limit HEVUSTP to ≥ 0.99 m/s

[Editorial Note to be deleted: During our July 2005 meeting, Tony Warren proposed and the subgroup adopted limiting NACV  ≤ 3 as indicated above (i.e., HEVUSTP to ≥ 0.99 m/s).]
	VEVUSTP = (VFOM * 0.2 s-1) + 0.1 m/s

(when VFOM is output)

or,

VEVUSTP = Unknown

(when VFOM is not output)

	3
	RNP Qualified Flight Management System compliant with RTCA/DO-283()

(or equivalent)

[Note 2]
	HEVUSTP = 6 m/s
	VEVUSTP = unknown 


Note 1: 
HEVUSTP and VEVUSTP equations for GNSS sources are based upon the rationale documented in Appendix J of RTCA/DO-260A.

Note 2:
RNP qualified Flight Management System inputs are assumed to be driven by velocity sources sufficient to meet the NACv of 1 when valid horizontal velocity is output.  Table 2‑3 can equivalently be used to directly determine NACv when the RNP-qualified FMS is being used as the basis of the position and velocity state data being reported.  The rationale for this can was based on best engineering judgment.  Action for Don Walker to try find a reference.

Note 3:
For a GNSS receiver operating in LAAS or WAAS mode, Table 2-4 can equivalently be used to directly determine NACV from HFOM and VFOM when valid position and velocity outputs from the GNSS receiver are being used as the basis of the position and velocity state data being reported.  The rationale for the HFOM and VFOM thresholds in Table 2-4 can be found in Appendix J of RTCA/DO-260A.

Note 4:
For a GNSS receiver “not” operating using WAAS or LAAS differential corrections, Table 2‑5 can equivalently be used to directly determine NACV from HFOM and VFOM when valid position and velocity outputs from the GNSS receiver are being used as the basis of the position and velocity state data being reported.  The rationale for the HFOM and VFOM thresholds in Table 2-5 can be found in Appendix J of RTCA/DO-260A.

Table 2‑3 Determining NACV from RNP-Qualified FMS
	NACV value
	HFOM and VFOM values

	1
	Velocity valid

	0
	Velocity not valid


Table 2‑4 Determining NACv from a GNSS Receiver operating in WAAS or LAAS Mode

	NACV  Value
	HFOM and VFOM values
	

	4
	N/A
HFOM ≤ 1 m and VFOM ≤ 5.85 ft]
	Not to be used in this version of the MOPS  

	3
	(HFOM > 1 m or VFOM > 5.85 ft)

and (HFOM ≤ 4.5 m and VFOM ≤ 23.3 ft)]
	

	2
	(HFOM > 4.5 m or VFOM > 23.3 ft)

and (HFOM ≤ 14.5 m and VFOM ≤ 73.3 ft)
	

	1
	(HFOM > 14.5 m or VFOM > 73.3 ft)

and (HFOM ≤ 49.5 m and VFOM ≤ 248 ft)
	

	0
	HFOM > 49.5 m or VFOM > 248 ft
	

	Table Note: When one component of the geometric velocity is invalid (e.g., vertical), the value of NACV will apply only to the other component (e.g., horizontal).


Table 2‑5 Determining NACv from a GNSS Receiver NOT Applying Differential Corrections

	NACV value
	HFOM and VFOM values

	2
	HFOM ≤ 125 m and VFOM ≤ 585 ft

	1
	(HFOM > 125 m or VFOM > 585 ft)

and (HFOM ≤ 475 m and VFOM ≤ 2335 ft)

	0
	HFOM > 475 m or VFOM > 2335 ft

	Table Note: When one component of the geometric velocity is invalid (e.g., vertical), the value of NACV will apply only to the other component (e.g., horizontal).


Case 3: Other
When cases 1 and 2 above do not apply, the STP shall (R2. LISTNUM  LegalDefault \l 0 ) set the HEVUSTP and VEVUSTP values to unknown.

2.2.4.1.3 Determine Position Integrity Containment Region 

The STP function determines the position integrity containment region to support the link encoding of NIC as specified below

2.2.4.1.3.1 Definitions of HPLSTP and VPLSTP 

The HPLSTP and VPLSTP terms describe an integrity containment region about the source reported geometric position.  These values are determined by the STP function and passed to the ADS-B transmit subsystem for encoding the NIC.

HPLSTP (also known as RC for Radius of containment) describes the horizontal position integrity containment region and is defined as the radius of a circle, centered on the source reported horizontal position, within which the true horizontal position is assured to lie.  For the conditions and probability of this assurance, see the SIL parameter.

VPLSTP describes the vertical geometric position integrity containment region and is defined as a vertical distance of extent plus and minus the value of VPLSTP, centered on the source reported vertical position, within which the true vertical position is assured to lie.  For the conditions and probability of this assurance, see the SIL parameter.

HPLSTP and VPLSTP are used directly by the ADS-B transmit subsystem (i.e., link MOPS compliant equipment) to encode NIC.

Note:
VPLSTP does not characterize the barometric altitude integrity.

2.2.4.1.3.2 Requirements for the Determination of HPLSTP and VPLSTP 

The STP function determines the values of HPLSTP and VPLSTP for the selected position source and shall (R2. LISTNUM  LegalDefault \l 0 ) provide these values to the ADS-B transmit subsystem when a valid source of position is available.

The two subsections below define the STP requirements for determining the HPLSTP and VPLSTP values.  The first subsection describes how to determine unlimited HPLSTP and VPLSTP (referred to as HPLUL and VPLUL, respectively), which are the values of HPLSTP and VPLSTP prior to condition specific limiting.  The second subsection defines the conditions whereby the STP is required to limit the HPLSTP and VPLSTP values reported to the ADS-B transmit subsystem.

2.2.4.1.3.2.1 Determination of HPLUL and VPLUL 

Case 1: Integrity Metric(s) Reported by the Selected Position Source

When an integrity metric is reported by the selected position source, the STP shall (R2. LISTNUM  LegalDefault \l 0 ) use the source reported integrity metric(s) to determine the appropriate HPLUL and VPLUL (i.e., prior to possible limiting) as follows:

a. If the selected source of position is a GNSS Navigation sensor that outputs HPL or HIL, then use the appropriate row of Table 2‑6 for the selected position source to establish HPLUL and VPLUL.

b. If the selected source of position is an RNP-compliant Flight Management System (FMS) that outputs Required Navigation Performance (RNP) as a measure of its horizontal position integrity containment bound, then use  row 3 of Table 2‑6 for the selected position source to establish HPLUL and VPLUL.

c. If the selected source of position is other than “a” and “b” above, then establish appropriate HEPUUL and VEPUUL values based upon the reported integrity metrics for the selected position source, or set the HPLUL and VPLUL values to unknown.
Table 2‑6 HPLUL and VPLUL based upon Source Reported Integrity Metrics

	#
	Selected Position Source
	HPL UL

[Notes 1, 2, and 5]
	VPL UL
[Notes 1, 3, 5 and 7]

	
	
	
	SIL ≤ 2
	SIL = 3

	1
	GNSS receiver compliant with: RTCA/DO-208 as amended by TSO-C129a

(or equivalent)
	HPLUL =

HIL (or HPL)
	VPLUL = VIL (or VPL) (when VIL or VPL is output) or,

VPLUL = Unknown

(when VIL or VPL is not output)
	N/A [Note 6]

	2
	GNSS receiver compliant with either:

a) RTCA/DO-229() as amended by TSO-C145a or TSO-C146a

(or equivalent)

b) RTCA/DO-253() as amended by TSO-C161

(or equivalent)
	HPLUL =  HPL
	VPLUL = VPL

(when VPL is output)

or,

VPLUL = Unknown

(when VPL is not output)

[Note 2]
	VPLUL = 1.1*VPL

(when VPL is output) or,

VPLUL = Unknown

(when VPL is not output)

[Note 2]

	3
	RNP Qualified Flight Management System compliant with RTCA/DO-283()

(or equivalent)
	HPLUL = 2 * RNP
(when RNP metric is provided by the FMS as defined in Note 4)
	VPLUL = Unknown
	VPLUL = Unknown


Note 1:
HPLUL and VPLUL are specified in this table are prior to limiting.

Note 2:
The Horizontal Protection Level (HPL) or Horizontal Integrity Limit (HIL) are parameters output by many GNSS receivers that characterize the 10-7/hour signal-in-space (SIS) horizontal position integrity containment bound.

Note 3:
The Vertical Protection Level (VPL) or Vertical Integrity Limit (VIL) are parameters output by many GNSS receivers that characterize the 2x10‑7/approach (not per hour) SIS vertical position integrity containment bound.  It is conservative to use the GNSS output directly when SIL ≤ 2 (i.e., probability less than 10‑5/hour).  However, when SIL = 3 (probability less than 10‑7/hour), a conservative means to encode VPLUL that results in an operationally available protection level less than that required for NIC to describe a vertical containment region (i.e., less than 112m for NIC = 9), has not been established and is thus set to unknown.

Note 4:
For an RNP qualified FMS compliant with DO-283[], the horizontal containment radius is bounded by Rc<=2RNP.  It is assumed that RNP is output from Flight Management Systems compliant with ARINC 702A supplement #2 on label 171.  If this assumption is not true, then an appropriate integrity bound needs to be validated or HPLUL set to ‘Unknown’.

Note 5:
Future versions of this MOPS may allow or require scaling the HPL and VPL from their 10‑7/hour or 2x10‑7/approach values provided by the GNSS source for the signal-in-space (SIS) integrity bound to the probability indicated by the value of SIL being reported.  Thus, as an example, consider the situation where SIL=2 is being reported with a GNSS sensor as the selected position source.  The SIL indicates that the probability of the position error exceeding the integrity containment region without warning is 10‑5/hour.  A scaling factor may be standardized in future versions of this MOPS to conservatively scale HPL to determine HPLSTP from the 10‑7/hour protection bound reported by GNSS to the protection bound probability indicated by SIL.  Preliminary analysis has shown that it is appropriate to scale the GNSS reported HPL that is protected by RAIM (a 10‑7/hour SIS containment value) by 0.8 to determine a 10‑5/hour containment bound, as is appropriate when reporting a SIL of 2 [i.e., HPLSTP = 0.8 HPLRAIM (RAIM protected HPL output)].  This boosts the availability of a given quality level, thereby enhancing the operational availability of surveillance applications without compromising safety.

Note 6:  GNSS receivers certified under TSO C129A are only certified to 10-5 per hour containment radius (see Table 2‑8).  

Note 7. When providing a valid geometric vertical position, if VPL is set to unknown, the NIC is limited to a value of 8.

Case 2: Integrity Metric(s) not Reported by the Selected Position Source

When an integrity metric is not reported by the selected position source, then the STP function shall (R2. LISTNUM  LegalDefault \l 0 ) either establish appropriate HPLUL and VPLUL values for the selected position source, or set the HPLUL and VPLUL values to ‘unknown’.

2.2.4.1.3.2.2 Conditions for Limiting the Reported HPLSTP and VPLSTP 

The STP shall (R2. LISTNUM  LegalDefault \l 0 ) determine the values of HPLSTP and VPLSTP reported to the ADS-B transmit subsystem using HPLUL and VPLUL as determined above, where HPLSTP=HPLUL and VPLSTP=VPLUL as limited by the following condition:

If the STP and ADS-B transmit subsystems are not synchronized (see Appendix C), then limit HPLSTP and VPLSTP as follows

If in air: HPLSTP > 370.4m (i.e., limit to NIC < 7)

If on ground: HPLSTP > 75 m (i.e., limit to NIC < 9)

Note:  This is a minimum requirement.  The manufacturer may elect to compensate for source latency in the unsynchronized case.  If that is done, the requirement to limit HPLSTP  is not enforced.

2.2.4.1.4 Determination of the Surveillance Integrity Level (SIL) 

The Surveillance Integrity Level (SIL) as defined in the ASA MASPS is the probability of the reported position integrity containment region being exceeded without alerting, including the effects of the airborne equipment condition, which airborne equipment is in use, and which external signals are used by the navigation source.

2.2.4.1.4.1 SIL Encoding 

Table 2.4 defines the SIL encodings that shall (R2. LISTNUM  LegalDefault \l 0 ) be used to describe the surveillance integrity level associated with the reported position containment region.

Note:
HPLSTP and VPLSTP describe the integrity containment region for STP, while NIC is the ADS-B transmit subsystem encoded integrity containment region

Table 2‑7Surveillance Integrity Level (SIL) Encoding

	SIL
	Probability of Exceeding the Reported Position Containment Region without Detection

	0
	Unknown

	1
	≤1 x 10 3 per flight hour

	2
	≤1 x 10 5 per flight hour

	3
	≤1 x 10 7 per flight hour


Note 1: SIL is defined as a per hour probability as the transmitting aircraft do not know the intended application of receiving participants.

Note 2:
In the future, the SIL definition may be expanded to utilize an additional bit in the encoding to incorporate additional intermediate integrity risk values, (e.g. 10‑2, 10‑4, 10‑6, etc.

Note 3:The SIL value does not include the integrity of the STP or ADS-B transmit subsystems, but only reflects the integrity of the selected position navigation data source(s).

2.2.4.1.4.2 Requirements for the Determination of SIL 

The STP function shall (R2. LISTNUM  LegalDefault \l 0 ) determine a value of SIL and provide it to the ADS-B transmit subsystem.  The probability of exceeding the position containment region (defined by HPLSTP and VPLSTP) is appropriately characterized or conservatively characterized by SIL.  The SIL is to be set based on the criticality level of the selected position source that is input into STP.

The SIL addresses the error sources listed in (a) through (c) below:  

a. The probability that the measurement processes for the data source(s) used to determine the reported position results in a position error that exceeds the reported position containment region without detection.

b. The probability of faults in external signals, when used, resulting in the position measurement of the selected on-board position source exceeding the reported position containment region without detection.

c. The probability that failures within the selected on-board data source(s) used to determine the reported position result in the position measurement exceeding the reported position containment region without detection and annunciation.  This assessment should include the probability of hardware failures and the software RTCA/DO-178() quality affecting the navigation equipment data integrity.

Note 1: 
The term “selected on-board data source(s)” is not meant to exclude implementations that utilize redundancy to achieve higher levels of integrity than is achieved with a single source.  An example of this would be where multiple sources are compared to achieve a higher level of confidence in the integrity of the selected data set.

Note 2: SIL does not include the integrity of the ADS‑B associated equipment to perform the STP and transmit functions.

Note 3: 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.

Note 4: Guidance for establishing appropriate SIL values is provided in Appendix A for GNSS sensors and in Appendix B for FMS data sources.  

2.2.4.1.4.3 Example Means of Compliance for Determining SIL 

An example means of compliance with the requirements for determining SIL is given in Table 2.5 based upon the selected position source.

Table 2‑8 Determination of Surveillance Integrity Level (SIL) based upon the Selected Position Source

	#
	Selected Position Source
	SIL

	1
	GNSS Compliant with RTCA/DO-208 as amended by TSO-C129a

(or equivalent)
	SIL = 2

	2
	GNSS/SBAS compliant with RTCA/DO-229() as amended by TSO-C145a or TSO-C146a

(or equivalent)
	SIL = 2 or SIL=3

[Note 1]

	3
	GNSS/GBAS compliant with RTCA/DO-253() as amended by TSO-C161

(or equivalent)
	SIL = 2 or SIL=3

[Note 1]

	4
	RNP Qualified Flight Management System compliant with RTCA/DO-283()

(or equivalent)
	SIL = 2

	5
	Other
	SIL = 0

(SIL Unknown)


Note 1:
Reporting of SIL =2 or SIL=3 depends upon the design assurance levels for both the hardware and software of the selected position source.  The design assurance for both the hardware and software of the selected position source must be commensurate with the SIL reported.

2.2.4.1.5 Determine Barometric Altitude Quality (BAQ) Level 

The Barometric Altitude Quality level, BAQ, is defined to indicate the accuracy quality of the reported barometric pressure altitude.

For systems compliant with these MOPS, BAQ shall (R2. LISTNUM  LegalDefault \l 0 ) be reported as 0 (unknown).

Note:
Future versions of these MOPS may define the requirements for reporting higher quality BAQ values.  Possible future encodings for BAQ are defined in the ASA MASPS (DO-289).

2.2.4.1.6 Determine Barometric Altitude Surveillance Integrity Level (SILbaro) [Joel]

The Barometric Altitude Surveillance Integrity Level, SILbaro, is defined to indicate the undetected error rate of the barometric altitude data source equipment.

For systems compliant with these MOPS, SILbaro shall (R2. LISTNUM  LegalDefault \l 0 ) be reported as 0 (unknown).

Note:
Future versions of the ASA MOPS may define the requirements for reporting higher quality SILbaro values.  Note that possible future encodings for SILbaro are defined in the ASA MASPS (DO-289).

2.2.4.2 Management of State Data Sources [Chuck]

Include Tony Warren’s Overview of GPS Primary and FMS Backup Data Source Selection and GPS/FMS Data Source Selection Appendix B write-up???? 

Editors Note:  Agreed for Chuck to move in the above referenced stuff.

The STP function determines the input data source for aircraft state data used by the ADS-B transmit subsystem for generating the ADS-B messages.

Note:  The state vector data source used by the ADS-B transmit system should be the same as that used for own ship data for ASSAP processing of received ADS-B data, to assure consistency of own ship and recipient ADS-B surveillance.

2.2.4.2.1 Horizontal Position and Directional Data Sources 

Chuck to provide edits based on 9-21-05 discussion.

The STP function shall (R2. LISTNUM  LegalDefault \l 1 ) use the following data source selection priority for determining input data source for latitude, longitude, integrity data (HIL/RNP/ANP), ground speed, true track angle, N/S velocity, E/W velocity:
1. GNSS #1 – Primary Input Data Source

2. GNSS #2 – Alternate Input Data Source

3. Hybrid GPS/IRS #1 – Alternate Input Data Source

4. Hybrid GPS/IRS #2 – Alternate Input Data Source 

5. Selected Guidance Coupled RNP FMS–Alternate Input Data Source

6. Other (Non Coupled RNP FMS, Selected Guidance Coupled Non-RNP FMS, IRS, etc.) – Alternate Input Data Source

Note: The Selected Guidance Coupled FMS is the FMS that is providing the guidance data used for the aircraft flight profile.  The determination of the Selected Guidance Coupled FMS is performed externally to the STP function.  The STP function will not automatically switch between multiple FMS input data sources.  It will only use the Selected Guidance Coupled FMS.  The determination of the Selected Guidance Coupled FMS is performed externally to the STP function via a manual switch selection in the flight deck.
The exception to the above priority exists when an alternate Input data source provides a better NIC value than the priority input data source.  In this case the STP function shall (R2. LISTNUM  LegalDefault \l 1 ) preempt the priority selection and use the input source that has the best NIC value.   

The STP function shall (R2. LISTNUM  LegalDefault \l 1 ) use the selected data source for all the position and directional data including latitude, longitude, horizontal integrity data (HIL/RNP/ANP), ground speed, true track angle, N/S velocity, E/W velocity.  Mixing of data (e.g. use latitude from GNSS and longitude from FMS) is prohibited between the possible input data sources.  

Add Note to Reference DO282A section 2.2.4.5.2.5.1 and DO260A for discussion on ground velocity data source selection (ground speed and heading).

2.2.4.2.2 Altitude Data Sources 

The STP function shall (R2. LISTNUM  LegalDefault \l 1 ) use the following data source selection priority for determining input data source for altitude aircraft state data:
Barometric Altitude:

1. Selected ADC Barometric Altitude – Primary Input Data Source

2. Alternate ADC Barometric Altitude – Alternate Input Data Source

Geometric Altitude:  

Note:  to be edited, 

Selected GNSS first, then:

1. GNSS #1 Geometric Altitude – Primary Input Data Source

2. GNSS #2 Geometric Altitude – Alternate Input Data Source

2.2.4.2.3 Vertical Rate Sources [

The STP function shall (R2. LISTNUM  LegalDefault \l 1 ) use the following data source selection priority for determining input data source for vertical rate aircraft state data:
Note, to be edited:  Selected GNSS first, then:

1. GNSS #1 Vertical Velocity (Geometric) – Primary Input Data Source

2. GNSS #2  Vertical Velocity (Geometric) – Alternate Input Data Source

3. Selected FMS Vertical Rate (Pressure - normally the complimentary filter baro vertical rate) – Alternate Input Data Source

4. Barometric Altitude Rate (Pressure) –Alternate Input Data Source

5. IRS Vertical Velocity (Geometric) – Alternate Input Data Source

6. Derived Altitude Rate (Pressure) – Alternate Input Data Source

Note: Note to state that if a minimal solution only have to test the minimal set.

The STP function shall (R2. LISTNUM  LegalDefault \l 1 ) derive a vertical altitude rate based on raw barometric altitude input when a source for vertical rate is not available.
Note: A suggested vertical rate filter is provided in STP-D.
STP Appendices

Appendix A - Determination of Data Quality from GNSS Sensors that Do Not Output Data FOMs and/or Protection Levels [Joel]

A.1
Introduction

This introductory section defines the purpose and scope of this informational appendix.

A.1.1
Purpose

This appendix provides guidance for an acceptable means for the Surveillance Transmit Processing (STP) function to determine appropriate quality values of position integrity containment, position accuracy, and velocity accuracy for position and velocity values that are reported based upon TSO-certified GPS sensors when the GPS sensor source does not report position accuracy figures of merit (FOMs) and/or Horizontal / Vertical Protection Levels (HPL / VPL).

A.1.2
Scope

This appendix specifically applies to GPS sensors certified under applicable Technical Standard Orders (TSOs) indicated in Table A-1 that do not output position accuracy figures of merit (FOMs) and/or Horizontal / Vertical Protection Levels (HPL / VPL), but do output position with a position validity indication that is RAIM protected or protected by WAAS or LAAS augmentation.  The GPS sensor must have a position and velocity validity indication.  Valid sensor position outputs must also have their integirty verified by RAIM or WAAS/LAAS augmentation.

Table A-2‑9: Applicable GPS Sensor Technical Standard Orders (TSOs)

	#
	Selected Position Source
	Note

	1
	GPS Compliant with RTCA/DO-208
as amended by TSO-C129a
	Note 1

	2
	GPS/WAAS compliant with RTCA/DO-229()
as amended by TSO-C145a or TSO-C146a
	Note 2

	3
	GPS/LAAS compliant with RTCA/DO-253()
as amended by TSO-C161
	Note 3


Note 1:
GPS sensors compliant with RTCA/DO-208 as amended by TSO-C129a are not required to output Figures of Merit (FOMs) or Protection Levels.

Note 2:
GPS/WAAS sensors compliant with RTCA/DO-229C as amended by TSO-C145a or TSO-C146a are not required to output FOMs, but are required to output HPL to support external ADS-B functions and have HPL available to support an internal ADS-B transponder.

Note 3:
GPS/LAAS sensors compliant with RTCA/DO-253A as amended by TSO-C161 allow the position output to be LAAS differentially corrected, WAAS differentially corrected, or GPS-only.   When the position is LAAS differentially corrected, it is required that both FOMs and Protection Levels are also output.  When the position output is GPS-only or GPS/WAAS, the FOM and Protection Level outputs are as indicated in notes 1 and 2 above. 

A.2
Guidance for Determining the STP Reported Position Integrity Containment (HPLSTP and VPLSTP) when HPL / VPL are Not Output by the GPS Sensor

To be written.

A.3
Guidance for Determining the STP Reported Position Accuracy metrics (HEPUSTP and VEPUSTP) when HFOM / VFOM are Not Output by the GPS Sensor

To be written.

A.4
Guidance for Determining the STP Reported Velocity Accuracy metrics (HEVUSTP and VEVUSTP) when HFOM / VFOM are Not Output by the GPS Sensor

To be written.

Appendix B:  Use of RNP Flight Management System Navigation Data as a Backup Source for ADS-B

B.1
Introduction

 GPS or an augmented version of GPS navigation is the primary and preferred data source for airborne ADS-B surveillance due to its high precision, rapid update time, and availability of quality metrics for position error assessment.  However, some back-up means of navigation is generally desirable in the event of loss of GPS signal availability, or in the rare event that GPS RAIM integrity monitoring is lost or of unsuitable quality, i.e. during occurrence of RAIM “holes”.  For modern air-transport category aircraft and many GA aircraft such as business jets, a Flight Management System (FMS) is provided that performs multi-sensor fusion of various aircraft and navigation sensors to derive a current “best” estimate of aircraft position and velocity states for aircraft guidance and control.  In the event of loss of availability of GPS or other navigation signals, the FMS will choose alternate navigation sources such as DME-VOR, dual DME, LORAN, or Inertial Reference System (IRS) navigation sources as the basis for continuity of navigation and guidance functions.  Since the FMS automatically selects the best available navigation sources and outputs the FMS navigation solution to other aircraft avionics, it is natural to consider the FMS navigation solution as a potential back-up source of ADS-B surveillance in the event of a loss of GPS function.  However, the quality of the FMS navigation solution is in general unknown, and as a result such outputs are typically unsuitable for air-air or air-ground surveillance applications. 

One class of FMS systems has evolved in recent years that characterize the quality of FMS navigation outputs, i.e. RNP or Required Navigation Performance systems.  These systems explicitly characterize the accuracy and integrity of the horizontal and vertical position states output by the FMS, and provide performance guarantees on other navigation metrics such as availability and continuity of navigation function. As a result, the RNP based FMS systems are potentially suitable as back-up sources of surveillance information for ADS-B transmission to external users.  This appendix provides guidance for use of such data as a back-up to GPS sources of state information for ADS broadcasts.  

B.2
Background on FMS and RNP Multi-Sensor Navigation

B.2.1
FMS Based Horizontal Multi-Sensor Navigation

Since the early 1980’s aircraft Flight Management Systems have performed multi-sensor navigation in order to provide best estimates of aircraft position and velocity states to the FMS guidance function, and for output to external avionics functions such as flight controls.  Typically, the FMS provides either a priority scheme for selecting the best available navigation sensor, or provides sensor data fusion to compute a best estimate of navigation states given several sensors such as GPS, DME/DME, DME/VOR, and IRS.  In air-transport category aircraft, the IRS system is used as a back-up sensor and is directly integrated with the other sensor modes, e.g. on current Boeing 737 FMS aircraft the available sensor modes are GPS/IRS, DME/DME/IRS, DME/VOR/IRS, LOC/DME/IRS, and IRS (free inertial mode).  If the existing navigation signal, say GPS, is unavailable for some time period, then the IRS system is used to integrate the FMS navigation solution forward until the GPS signal is available again, or alternately, the pilot can select another sensor mode such as DME/DME/IRS radio updating if that mode is available.  

Figure B1 shows a typical pilot Control Data Unit (CDU) position reference page for cockpit display of available navigation sources on a Boeing 737 aircraft.  The first row of data denoted “FMC POS” contains the current aircraft latitude and longitude of the FMS horizontal position vector and ground speed outputs.  The next two rows provide the Left and Right side IRS position and ground speed outputs, followed by the Left and Right side GPS sensor position outputs.  Finally, the preferred means of radio updating, i.e. dual DME or VOR/DME is displayed in the last data row denoted “RADIO”.  The pilot can select or change sensor updating modes, and specify a specific sensor for FMC position in the event that one of the sensors currently used in the FMC calculations is faulty or unreliable.  
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           Figure B1:  Example Position Reference Page – Boeing 737 CDU
B.2.2
Vertical Channel Integration 

The vertical rate output from the Air Data Computer (ADC) has always been noisy and problematic as a source of vertical information for vertical flight controls.  Consequently, the IRS sensor and the ADC are typically integrated in modern FMS aircraft to provide a more reliable vertical rate signal.  One method of vertical integration is to use a complementary filter with input signals consisting of pressure altitude and IRS vertical acceleration as constituents.  Basically, the complementary filter provides a low-pass smoothing filter on the pressure inputs and acts as a high-pass filter on the IRS inputs, in order to compensate for pressure filter lag while simultaneously eliminating altitude bias in the IRS inputs.  This integration may take place in the FMS or as a separate IRS/ADC pre-processor, prior to the FMS calculations.

At any rate, the vertical outputs of the FMS are Baro altitude and altitude-rate.  As a consequence, none of the geometric vertical outputs of the GPS sensors are used in air-transport category aircraft.  For FMS aircraft without IRS sensors, it is possible to integrate the vertical channel GPS signals and the ADC in a complementary filter analogous to that described above.  In this case, the GPS signals would be used to calculate an improved Baro vertical rate, and the output of the FMS would be the horizontal GPS states plus complementary filtered Baro altitude and vertical rate.  


B.2.3
FMS / RNP Based Multi-Sensor Navigation 

RNP based FMS systems utilize the precision of navigation inherent in modern FMS systems to fly intended paths within specified lateral or vertical containment regions, and with other specified navigation performance metrics.  Required Navigation Performance (RNP) as defined by ICAO document 9650 is a statement of navigation system performance accuracy, integrity, continuity and availability necessary for operations within a defined airspace.  Applications of RNP to date include the ability to fly precise lateral paths in mountainous terrain for non-visual approach and departure operations, precisely specified lateral and vertical paths for noise abatement in urban areas, and precise lateral containment for procedural separation of parallel tracks in en-route / oceanic airspace.  In order to fly these procedures, an airplane must be certified to RNP standards consistent with the airspace routings for such procedures.  For example, the Juneau, Alaska RNP approach requires an accuracy bound of 0.15 nm including navigation sensor accuracy, and lateral flight technical error.  The use of RNP navigation replaces specification of detailed navigation and flight system hardware with generic RNP requirements, allowing avionics system designers to use different hardware architectures and avionics integration methods to achieve desired RNP levels. 

This appendix is primarily concerned with providing guidance for conversion of available RNP metrics into accuracy and integrity metrics for ADS-B transmission of FMS state vector data, i.e. STP conversion of ANP and RNP metrics into HEPU, HEVU, and HPL (Rc) metrics for ADS-B broadcast of FMS position and velocity states.  

RNP accuracy, denoted RNP-X for X nm position accuracy, is a 95% horizontal position bound centered on the computed FMS position that is required for navigation on a defined airspace or route segment. RNP-X indicates the required accuracy of a navigation system in normal operations, i.e. RNP-1 indicates a 1 nm accuracy bound.  The actual navigation performance (ANP) is the computed navigation system accuracy for the FMS horizontal position and represents a radius of a circle centered on the FMS position such that the aircraft is inside the circle with 95% probability of better.  The aircraft meets the current RNP accuracy requirement if ANP < RNP(X).  Note: RNP-X is typically selected by the flight crew for a given region of flight, or provided by FMS default values, e.g. RNP-2 for domestic en-route airspace.

RNP integrity is represented by a horizontal containment radius (Rc) of a circle centered on the FMS position such that the probability of the true position lying outside the circle without being detected is improbable, i.e. less than 1E^-5 per hour.  For RNP systems, pilot alerting of inadequate navigation performance is provided whenever ANP exceeds RNP.  If ANP < RNP then RNP integrity is guaranteed at two times RNP, i.e. Rc <= 2*RNP(X).  Consequently, ANP and RNP provide adequate metrics to determine navigation accuracy and integrity bounds, respectively, and for RNP-RNAV qualified systems, determine specific lateral containment bounds for route following as well.

Figure B2 shows an example of the RNP Progress Page on the pilot interface to the FMS system, i.e. the Control and Display Unit (CDU).  On the left side of the display the RNP accuracy and ANP are displayed as “RNP / Actual”.  In the example, the aircraft is in Approach mode with default RNP = 0.5 nm and actual RNP = 0.21 nm.  The Progress Page also shows a cross-track deviation or lateral FTE = 0.06 nm, and vertical channel RNP and ANP metrics.  (The latter metrics are not currently needed for ADS-B transmissions of FMS state data.)  
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Figure B-2:  Example RNP Progress Page on a 737 CDU

B.3
Guidance for use of FMS/RNP Navigation Sources for ADS-B

B.3.1 
Overview of GPS Primary and FMS Backup Data Source Selection

The GPS sensor output is generally preferred to using FMS state data, even if the GPS sensor is the primary Navigation sensor used for the FMS Navigation solution.  There are several reasons why GPS is preferred:  (1) the GPS quality metrics such as HFOM and HPL are generally more accurate and less conservative than the FMS ANP and RNP quality metrics, and (2) the GPS sensor provides a precise estimate of time-of-measurement, whereas the FMS does not output the measurement time to other avionics since it outputs state data at a relatively high data rate, e.g. 10 hz data rate for modern FMS systems.  Moreover, on some aircraft, the GPS sensors are not integrated into the FMS navigation solution, and are primarily used for other functions such as ADS-B surveillance and enhanced ground proximity warning.  In this case, the GPS sensors will in general produce position estimates that are much more accurate than those derived using traditional navigation sources such as DME/DME and IRS sensors. 

Nonetheless, there are situations where GPS is not available or is not desirable as a data source for ADS-B use.  The latter situation occurs when there are insufficient GPS satellites for RAIM based integrity monitoring, or the satellite geometry is poor resulting in large GDOP values and in large HPL values.  For navigation functions where high accuracy is needed, predictive RAIM is generally required so that alternate procedures can be used during those times when RAIM monitoring is inadequate.  However, modern FMS systems generally can ‘coast through’ such periods using multi-sensor integration methods to back-up the GPS sensor and assure availability and continuity of the navigation solution, although at a somewhat reduced accuracy level.  Consequently, RNP -based FMS systems that quantify the current accuracy and integrity level of the navigation solution can provide a valuable back-up to the GPS sensor in these situations.  

The proposed airborne architecture for using GPS and FMS based data sources for ADS-B is shown in Figure B-3.  The GPS data source for ADS-B can be either the same sensor selected for integration into the aircraft navigation solution, or can be another, standalone GPS sensor.  In any case, the geometric position and velocity states from this GPS and the GPS accuracy and integrity metrics, e.g. HFOM, VFOM, HPL, and VPL are input into the STP interface for ADS-B transmission.  Baro Altitude is input directly from the air data computer and is the same sensor output selected by the flight crew for transponder output of pressure altitude.  The Flight Management Computer also inputs the FMS position and velocity states to the STP function, together with currently displayed ANP and RNP, and the IRS /air data derived Baro vertical rate. The STP function then selects the GPS or FMC horizontal position and velocity, selects either a geometric vertical rate or a Baro vertical rate for ADS-B transmission, and computes various quality metrics that determine the state vector metrics NACp, NACv, NIC, and SIL transmitted in the ADS-B messages.  The following material describes the preferred selection of GPS or FMC states for ADS-B output.  Note:  Although ANP and RNP metrics and other FMC parameters shown below are available on special FMS data buses for pilot displays, some of the parameters shown flowing between the FMC and the STP function may not be available on current data buses, i.e. using general purpose ARINC 429 data buses.
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Figure B-3: Airborne Architecture for GPS Primary and FMS/RNP Backup for ADS-B 

Notes:
1) Selected FMC navigation states are output at ~ 10 hz rate with no time mark.






2) Quality metrics include HEPU, VEPU*, HPL, VPL*, HEVU, and VEVU*, 

    








where the * (vertical) metrics are not output for FMC selected states .
B.3.2
Calculation of Horizontal Accuracy Metric (HEPU) for RNP Data Sources

The primary source of position accuracy available from the FMS is the ANP metric.  For GPS updating of the FMS navigation solution, the ANP metric may be a conservative estimate of HEPU, i.e. for 737 RNP based FMS systems, the following bound is valid when GPS is the primary source of horizontal position:   HEPU <= 0.64 * ANP.

Since the FMS navigation solution is primarily a backup to the primary GPS sensor for ADS-B transmissions, it is recommended to use the more conservative and generic bound: 

HEPU <= ANP,  

since the more conservative bound is valid for all RNP aircraft types and for all modes of FMC navigation updating.  Consequently, the ANP metric can be encoded as the estimate of HEPU or ‘EPU’ on an ARINC data bus.  If the FMS is selected as the source of ADS-B position, then VEPU is not relevant for NACp encoding since the vertical FMS outputs are based on pressure altitude, and ANP is then the sole basis for encoding NACp.

B.3.3
Calculation of Horizontal Velocity Metric (HEVU) for RNP Data Sources

In this document, we recommend that HEVU be limited to a value such that the accuracy metric NACv =1.  The reason is that in the case that GPS is not being used for FMS position updating, the IRS sensor is likely the primary source of horizontal velocity data.  Current IRS sensor accuracy when unaided by external position updating is on the order of 6 m/s (95% probability) or better.  This results in a NACv =1 estimate as a worst case for FMS velocity accuracy.  Although it is recommended to simply set HEVU to 6 m/s or any other value between 3.0 and 10.0 m/s for ADS-B calculation of NACv, it is possible to do somewhat better when GPS updating of the FMC navigation solution.  In this case, the calculation of HEVU can use the methodology shown in row 1 of Table 2-6, i.e. it is possible to achieve a NACv =2 when GPS updating.  However, this means that additional outputs from the FMC would be required to indicate whether GPS updating occurs or not.  Although not recommended due to increased complexity, it is feasible to use the methodology shown in Table 2-6 with HFOM replaced by ANP to achieve somewhat smaller HEVU values when GPS updating.

B.3.4
Calculation of Horizontal Integrity Metric (HPL / Rc) for RNP Sources

As stated in the previous section B.2.3, the horizontal containment radius Rc for RNP based systems is bounded by 



Rc ≤  2*RNP,

provided ANP ≤ RNP,  where RNP denotes the current displayed RNP value in the FMS progress page.  In the case that ANP > RNP, then an RNP integrity alarm is issued to the pilot and the containment radius in that case is set to unknown.  In some cases, such as when doing GPS updating, the generic bound above can be decreased.  For example, when GPS updating with an RNP based 737 aircraft, the containment radius is bounded by  Rc ≤ 1.8* ANP < 2* RNP  whenever ANP ≤ RNP.  For simplicity, it is recommended to use the generic bound above rather than airplane specific bounds, since the generic bound is valid for all aircraft types and navigation modes satisfying RNP RNAV standards, i.e. DO-236B RNP MASPS and DO-283A RNP MOPS.  The corresponding certified probability level for RNP containment is SIL=2, since containment is assured at the 10-5 per hour level.  Note: since current minimum RNP values are ≥ 0.1 nm, the smallest integrity bound in current RNP aircraft is 0.2 nm (370.4 m).  Consequently, the maximum NIC value for current FMS / RNP navigation systems is NIC = 7. 

B.3.5
Calculation of HEPU, HEVU and HPL for non-RNP FMS Sources
The calculation of quality metrics, and in particular integrity for non-RNP FMS systems is somewhat problematic.  Nonetheless, for minor level surveillance applications or for applications where high accuracy is not required, such systems may be used to back-up a primary or stand-alone GPS sensor.  For traditional FMS navigation sources such as dual-DME and DME-VOR with IRS fall-back, the navigation accuracy of such systems can be estimated or bounded, provided the specific sensor mode in use for navigation is indicated to the STP module.

For dual DME and DME-VOR systems, one-sigma bounds on horizontal position accuracy are provided in DO-236B, Appendix C.  Assuming Gaussian error distributions on DME and VOR sensor errors, the 95% accuracy metric for these navigation sources can be estimated using 

HEPU = 2· sigma(horizontal position),

where specific equations are provided in the above referenced document for dual DME and DME-VOR systems, and worst case observation geometries in terms of operating ranges and angular separations can be used to bound the HEPU calculation.  A similar approach can be used for other sensors such as GPS and DME / Localizer navigation solutions.  

The calculation of velocity accuracy is similar to that above for RNP FMS systems, i.e. assuming that an IRS sensor is part of the FMS navigation solution, then a fixed bound based on IRS velocity error can be used, e.g.  HEVU = 6 m/s for modern Boeing FMS aircraft.  

The calculation of HPL or containment radius Rc for non-RNP sources is problematic since integrity is not typically established on the basis of a containment metric.  However, it may be possible to compute an upper bound on containment integrity for navigation sources such as DME, VOR, and LORAN that perform external monitoring of signals in order to validate sensor functioning.  For dual DME systems with angular extent between 30 degrees and 150 degrees, and for DME-VOR systems with VOR range not exceeding 20 nm, external sensor monitoring yields a maximum error before sensor shutdown not exceeding 2 nm.  In this case an HPL ≤ 2 nm (NIC =4) with a SIL=1 can likely be justified.  (SIL =2 values for major level applications such as separation assurance would likely require some form of cross-sensor monitoring since an external monitor only validates the integrity of signal-in-space and not receiver processing and navigation solution processing.)  

For applications that require higher integrity, e.g. SIL=2 or more precise containment Rc, it is recommended that multiple surveillance sources be used to enhance integrity, i.e. by appropriate multi-sensor processing within the ASSAP system or within ground automation systems.  For example, one potential means to achieve a more precise HPL, say on the order of 2·HEPU with SIL=2 integrity level, would be to monitor position differences from non-RNP position sources versus TIS-B, TCAS, or other sensor position inputs to ASSAP capable of independent monitoring of aircraft position.  Such multi-sensor processing may be considered in future standards documents if additional GPS backup sources are needed for more advanced ADS-B applications.

B.3.6
GPS / FMS Data Source Selection 

One or more GNSS sensors and the FMS navigation solution may be sent simultaneously to the STP function to enhance availability of state data for ADS-B transmission.  In the case that there are several data sources, the STP function must select one of those sources for output to the ADS-B transmit function.  The recommended data source for horizontal position and velocity in most cases is the primary GNSS input source as identified by installation parameters or as selected by the pilot as the primary sensor for aircraft navigation.  If this data source is not available, i.e. the input source is invalid, or if the containment integrity of this source is unknown or substantially larger than that of another input source, then an alternate data source should be selected, i.e. another data source that contains valid state data and has the smallest containment integrity (HPL metric) of the available data sources.

There are several mechanisms that can cause source selection to switch to the FMS or another GNSS sensor.  If the satellite geometry for the GNSS sensors is poor, i.e. there are insufficient satellites with adequate observation geometry for expected RAIM performance, then the HPL metric from the GNSS sensor(s) can become very large for some time period until additional satellites become available for the RAIM calculations.
Such “RAIM holes” can last several minutes, reducing availability and continuity of critical ADS-B operations.  If an RNP based FMS is used as a backup during such conditions, then continuity of ADS-B operations is greatly enhanced.  The reason is that the IRS system acts as a short term backup to the GNSS sensor.  For example, during a RAIM hole or loss of GNSS inputs, the typical value of ANP for an RNP based B-737 aircraft increases at an observed rate of about 0.02 nm per minute during such conditions.

This means that accuracies on the order of 0.1 nm and containment radius on the order of 0.2 nm (NIC=7) can be maintained for several minutes during such an event, if the STP switches from a GNSS sensor to a low RNP FMS position source.  Similarly, if one or more GNSS sensors become unavailable due to signal interference or sensor failure, then ADS-B continuity of state data is assured by switching to the FMS source.  In the event of an extended duration outage of GNSS sensors, the pilot may switch to another navigation source such as DME/DME/IRS navigation mode and increase the RNP value consistent with the current ANP of that data source, e.g. to RNP = 0.5 nm if ANP < 0.5 nm.  In that case, ADS-B operations could continue after loss of the GNSS sensors with an increased HPL = 2·RNP.

The actual algorithm for FMS source selection should be based on position integrity, not accuracy, since the former is more important for critical separation applications.  If source selection is based on HPL, then a threshold value on the order of delta_HPL ≥0.05 nm is recommended for switching from a GNSS source to the FMS output, i.e. HPL(GPS) ≥ HPL(FMS) + 0.05 nm.  This is to prevent rapid alteration of data sources when the two HPL values are nearly equal.  In the event that the FMS source has been selected for some time, it is recommended to change back to a GNSS data source when the HPL value for a GNSS source drops below that of the FMS.  Additional guidance and requirements on source selection are discussed in section 2.2.3.8 of the STP MOPS.

If a GNSS sensor is selected for providing ADS-B state vector outputs, then the geometric altitude and vertical altitude rate values for that sensor should be selected for ADS-B transmission.  Otherwise, if the FMS navigation states are selected for ADS-B output, then the vertical rate from the FMS (with pressure vertical rate type indicated to the ADS-B transmit function) should be selected for ADS-B output.  The FMS pressure altitude is not selected in that case, however, since the air data sensor selected for transponder altitude is always used, when available, as the basis for ADS-B baro altitude.

Add references here, e.g. refer to Boeing RNP document for B-737 aircraft.
Appendix C
Latency Assessment and Compensation Methods [Don W./Tony W.] – by May 2005 meeting.

C.1
DO-260A Transmit Time of Applicability (TTOA)

DO-260A defines two choices for Transmit Time of Applicability (TTOA): Time of Transmission (TOT) and 200 ms UTC Epochs.  These two choices are referred to as unsynchronized and synchronized respectively.  In both cases, the actual Time of Transmission (TOT) and Transmit Time of Applicability (TTOA) are asynchronous processes.  This is because of the nature of the transmit time requirements. In general, position states are broadcast at random intervals uniformly distributed between 400 ms and 600 ms. This ‘jitter’ is introduced such that no two transmitters continuously interfere with each other.

Refer to Figure C.1–1 for a graphical depiction of the unsynchronized case.  There are three asynchronous processes operating in this figure: the position updates, the position encoding, and the position transmission.  Position updates occur at the Time of Delivery (TOD).  They are depicted as large black dots.  In the figure, the TOD is depicted as a perfect 1 second update rate for simplicity.  In reality, the position update time period varies.  Position encoding is required to occur at least once every 200 ms.  This time is represented by the blue time slice block in the processing timeline.  Note that the Transmit Time of Applicability (TTOA) and the processing time are not the same time in the figure.  A 1090 MHz transponder position register may be read out at any time by a ground station or TCAS processor.  If a transmitter chooses the Transmit Time of Applicability to be at the encoding time, it would be possible for the register to be off by as much as 200 ms.  By choosing TTOA to be a time 100 ms in the future from the encoding time, the position state in the register is never off by more than +/- 100 ms.  Another way to minimize the time uncertainty in the position state is to encode the register more often than 200 ms.  However, you can still utilize the same technique to minimize the time error.  A third way to minimize time error is to choose the Transmit Time of Applicability to be exactly at the Time of Transmission (TOT).  This can only be done during the 200 ms Epoch randomly chosen to Transmit in.  For this third case, error due to the asynchronous transmit jitter can be significantly reduced at the cost of an asymmetric error budget during that 200 ms Epoch.

In order to implement the synchronized case, a 1090 MHz transmitter must accept the GNSS Time Mark and UTC Time associated with the Time Mark.  This implies that the design makes use of a counter (or equivalent means) that software can read to measure how long ago the Time Mark arrived.  This measurement combined with the UTC Time reported allows the ADS-B transmit device to encode position states on 200 ms UTC Epochs within the tolerance of the software and hardware design.  DO-260A requires that this process result in time errors less than 100 ms.  The wording in DO-260A leads you to believe that the 100 ms requirement is tied to the precision NIC values only.  The proper interpretation is that the 100 ms requirement applies to any synchronized NIC value as well as the precision NIC values for the unsynchronized case.  Note that in the synchronized case, there is really no reason to ever encode the register more often than 200 ms. Since the TTOA is clearly identified, successive encoding would theoretically result in the same answer.  Refer to Figure C.1-2 for a graphical depiction of the synchronized case.

[image: image7.emf]
Figure C.1– 1: DO-260A Unsynchronized Case for Transmit Time Of Applicability (TTOA)

[image: image8.emf]
Figure C.1–2: DO-260A Synchronized Case for Transmit Time Of Applicability (TTOA)

C.2
DO-282A Transmit Time of Applicability (TTOA)

DO-282A defines three cases for Transmit Time of Applicability (TTOA): Non-Precision UTC Coupled, Precision UTC Coupled, and Non-Coupled.  In the first two cases, the Time of Transmission (TOT) and the TTOA are pseudo-synchronous.  The TOT is identified relative to the RTOA within the ADS-B message.  The Non-Coupled case is a degraded mode only.  The TOT and TTOA are asynchronous in the Non-Coupled case.  UAT position states are broadcast at pseudo-random positions relative to the TTOA once per second.  The random relative position is introduced to prevent synchronous interference between transmitters.

Refer to Figure C.2-1 for a graphical depiction of the UAT Non-Precision case.  There are two asynchronous processes operating in this case: the position updates and the position transmission.  Position updates occur at the Time of Delivery (TOD).  They are depicted as large black dots.  In the figure, the TOD is depicted as a perfect 1 second update rate for simplicity.  In reality, the position update time period varies.  Position encoding is required to occur only once per second.  The blue time slice block in the processing timeline represents this time.  Note that I have chosen to represent position encoding as immediately following the position update.  This is not a requirement.  Position encoding may be performed at any time prior to the Time of Transmission (TOT).  Transmit Time of Applicability (TTOA) is defined as the absolute 1 second UTC Epoch prior to TOT.  DO-282A specifies TOT relative to the 1 second UTC Epoch.  That relative position is transmitted in the position message.

Refer to Figure C.2-2 for a graphical depiction of the UAT Precision case.  In this case, the Transmit Time of Applicability (TTOA) is defined as absolute 200 ms UTC Epochs.  DO-282A urges, but does not require, that a GNSS sensor should put out position updates at 200 ms intervals to be used in this case.  Note that I have chosen to depict the position encoding as occurring for each 200 ms Epoch.  That is not a requirement.  Position encoding may only be performed once prior to the TOT as long as the TTOA is the correct 200 ms Epoch.

The Non-Coupled case does not really warrant a figure.  In this case, the TTOA is the Source Position Time of Applicability (SPTOA).  No attempt is made to adjust position to a TTOA known by other observers.  Additionally, the notes for this degraded case specifically discourage adjusting NIC/NAC to values representative of the actual position quality.

[image: image9.emf]
Figure C.2– 1: DO-282A Non-Precision UTC Coupled Case for Transmit Time of Applicability (TTOA)

[image: image10.emf]
Figure C.2– 2: DO-282A Precision UTC Coupled Case for Transmit Time of Applicability (TTOA)

C.3
Sample Latency Analyses

C.3.1
DO-260 Unsynchronized Case Examples

C.3.1.1
Air Transport Category Transponder with RNP FMS Implementation

[image: image11.emf]Figure C-3.1.1-1: RNP FMS Source for Unsynchronized DO-260 Case

In order to perform the position extrapolation calculation, you must perform a latency analysis on the system interfaces between the source equipment and the ADS-B transmit equipment.  In this example, we start by compiling data on the RNP FMS that is used as the position source.  These details have to be obtained from the FMS manufacturer until such time that this information is made available in installation manuals.

	Parameter
	Value

	Position Latency (TOD – TOM)
	250 ms

	Velocity Error
	3 knots

	Integrity
	10-5


Table C.3.1.1—1: Sample RNPFMS Performance Data

As you can see in Table C.3.1.1–1, the latency at TOD is 250 ms. In this case, management of the position solution inside the RNP FMS has accounted for the first three latency terms in section 2.2.4.2.3 in a single number.  The next source of latency is inside the Transponder.  In this example, the transponder contains the STP functionality as well as the ADS-B transmit functionality.  When the PVT solution is detected at the interface, the transponder starts a timer.  Every 200 ms, the transponder runs a task that extrapolates the position.  When a new position update has been received, the transponder reads the timer to see how long the PVT solution has been waiting for processing.  For this example, let’s say that 120 ms has passed.  Because of the definition of TTOA for the unsynchronized case (refer to section 3.2), the extrapolation projects 100 ms into the future in order to minimize error of the asynchronous readout.  So for this case, the Position State Latency = 250 ms + 120 ms + 100 ms = 470 ms.  The implications of this analysis is that the STP unit, the transponder in this case, must know the mean latency of the RNP FMS and keep track of the age of PVT data at run time.  This is a departure from legacy DO-260 implementations and implies interfaces not necessarily available in legacy ARINC 718 compliant units.

C.3.1.2
Legacy General Aviation Category Transponder Implementation

C.3.2
DO-260 Synchronized Case Examples

C.3.2.1
Air Transport Category Transponder with ARINC 743A Compatible GNSS Source

C.3.2.2
General Aviation Category Transponder with GNSS SBAS Receiver

C.3.3
DO-282 Non-Precision UTC Coupled

C.3.4
DO-282 Precision UTC Coupled

Appendix D
Vertical Altitude Rate Sources [?? If needed – Chuck ??]

Appendix E
Baro Altitude Quality Assessment (Defer)

Appendix F
Guidance on Determination of TQL (Defer)

Appendix G
Definitions and Abbreviations

ADS-B Position Accuracy – ADS-B Position Accuracy (HEPUADS-B) is defined as a radius of containment, with respect to the reported position, that encloses the actual position 95% of the time when all equipment is operational (satellites, receiver, etc.).  This corresponds to the HFOM parameter in a GNSS sensor.  The ADS-B transmit system Accuracy includes the position source HFOM plus additional error due to system timing and processing errors.

ADS-B Position Integrity – ADS-B Position Integrity (HPLADS-B) is defined by a radius of containment, with respect to the reported position, that results in a probability of missed detection of a failed state equal to the SIL parameter (e.g. 10-7).  This corresponds to the HPL parameter in a GNSS sensor.  The ADS-B transmit system Radius of Containment (Rc) includes the position source HPL parameter plus additional error due to system timing and processing errors.

ADS-B State Data Latency – ADS-B State Data Latency is defined as TOD – SPTOA.  This is the time it takes for the State Vector to be delivered to the STP interface.  For TQL 1 and 2 this value must be less than 1 second.

ASA Transmit Data Latency – ASA Transmit Data Latency is defined as TOT – TOD.  This is the time it takes for the State Vector to be transmitted once it reaches the STP interface.  For TQL 1 – 2 this value must be less than 1.1 seconds.

ASSAP
 – Airborne Surveillance and Separation Assurance Processing

Fault-Free – An operating condition for a system or sub-system for which all functions are performed in a normal manner.
GNSS Sensor
– A GNSS (Global Navigation Satellite System) Sensor is defined as a device that derives a State Vector using the GNSS constellation or equivalent means.

GNSS
Global Positioning System – A constellation of satellites used by Navigation Sensors to derive a State Vector.

Horizontal Figure of Merit (HFOM) – An accuracy term defined by a radius around the reported position that contains the actual position with a 95% confidence.  The assumption is that there are no failures of any equipment in the system.

Horizontal Integrity Limit (HIL) – An integrity term defined by a radius around the reported position that contains the actual position with (1 – SIL Probability of Missed Detection) confidence.  This value is used to detect system failures.  This term is equivalent to HPL.

Horizontal Protection Limit (HPL) – An integrity term defined by a radius around the reported position that contains the actual position with (1 – SIL Probability of Missed Detection) confidence.  This value is used to detect system failures.  This term is equivalent to HIL.

Indeterminacy
 – This term encompasses errors due to time tolerances and sensor time uncertainty.  For example, GNSS Sensor A outputs its digital state vector somewhere between 100 ms and 140 ms after its Time Mark is asserted.  The median latency is 120 ms with 20 ms of indeterminacy.

Latency
 – The time between when a navigation sensor measurement is valid (TOA) and the time the data is presented at a particular interface.

Link
 – A particular implementation of ADS-B is also known as a link.  Currently there are three known links in existence: 1090 MHz defined by RTCA DO-260A, UAT defined by RTCA DO-282A, and VDL Mode-4 currently undefined by RTCA.

Median Latency – For periodic processes, it is common for there to be variation from cycle to cycle.  When estimating latency in STP processing, use the median latency of a process.  For example, GNSS Sensor A outputs its digital state vector somewhere between 100 ms and 140 ms after its Time Mark is asserted.  The median latency is 120 ms with 20 ms of indeterminacy.

Navigation Accuracy Category (NAC)
– The Navigation Accuracy Category (NAC) describes a Radius around the reported position that the actual position is assured to lie with a 95% probability at the Transmit Time of Applicability (TTOA).

Navigation Host – Navigation Host is defined as the device encapsulating the Navigation sensor (e.g., FMS with an embedded GNSS sensor).

Navigation Sensor –
Navigation Sensor is defined as the device providing the state vector solution.

Navigation Integrity Category (NIC)
 – The Navigation Integrity Category (NIC) describes a Radius of Containment (Rc) around the reported position that the actual position is assured to lie at the Transmit Time of Applicability (TTOA).  The SIL parameter gives the probability that the position exceeds the containment region without detection.

Position Extrapolation
 – The process of calculating a new position based on the last known position, velocities, accelerations, direction, and the amount of time since the last measurement.  Error can occur in this process due to latency and quality of state vector data; particularly velocity and track angle.  Acceleration terms are not required when performing extrapolations in this version of the ASA MOPS.

Position State Latency (Tx) – Position State Latency is TTOA-SPTOA.  This term defines the time duration between the position source TOA and the reported TOA for position. 

RAIM
 – Receiver Autonomous Integrity Monitoring is a technique used to detect navigation satellite failures.

Surveillance Integrity Level (SIL) – 
The Surveillance Integrity Level (SIL) defines the probability that the Radius of Containment (Rc) defined by NIC is exceeded without alerting.  This term includes effects of airborne equipment and external signals used by that equipment.  In the case of a GNSS sensor, that would include the satellites being used in the State Vector calculation.

Source Position Time of Applicability (SPTOA) – Source Position Time of Applicability (SPTOA) is the Time of Applicability of the position data received by the STP from the position source.  If the source is a sensor then the SPTOA is the Time of Measurement (TOM).

Surveillance Transmit Processing Complete (STPC) – Surveillance Transmit Processing Complete (STPC) is defined as the time the STP processing has completed for a given State Vector.

Surveillance Transmit Processing Delivered (STPD) – Surveillance Transmit Processing Delivered (STPD) is defined as the time the STP output is delivered to the ADS-B processing.  When the STP functionality exists within the ADS-B transmitter, this time is the same as STPC.

State Vector (SV) – State Vector (SV) is defined as the collection of position, velocity, time, accuracy, and integrity data.

Source Velocity Time of Applicability (SVTOA) – Source Velocity Time of applicability (SVTOA) is the Time of Applicability of the source velocity data received by the STP.

Time Mark
 – In a GNSS sensor, the TOM is associated with a Time Mark output usually implemented as a single pulse on a differential discrete.  This signal is also known as the 1 Pulse Per Second (1pps).  ARINC 743A-4 specifies that this pulse must be followed by the digital data within 200 ms.  The Time Mark may be synchronized to the UTC Epoch, but that is not usually the case.  Occasionally the difference between the Time Mark and the UTC Epoch is transmitted along with the navigation solution.  Often no synchronization to UTC Time is transmitted at all.  It is known that some existing GNSS sensors do not fully comply with ARINC 743A-x.  Some solutions take a measurement and project it forward to the Time Mark.  Such an implementation may introduce up to 1 second of compensated latency into the solution.

Time Of Applicability (TOA) – Time Of Applicability (TOA) is defined as the time a State Vector component is valid.

Time Of Applicability Velocity (TOAV) 
– Time Of Applicability Velocity (TVOA) is defined as the time that a velocity measurement is valid.  Due to Tracker Lag, this time may be several seconds before the Time Of Measurement.

Time Of Delivery (TOD) 
– Time Of Delivery (TOD) is defined as the time the navigation solution is digitally transferred to the STP processor.

Time Of Delivery to ASSAP (TODA)
– Time Of Delivery to ASSAP (TODA) is defined as the time a complete ADS-B State Vector Report is delivered to ASSAP.

Time Of Host Delivery (TOHD)
– Time Of Host Delivery (TOHD) is defined as the time the navigation solution is digitally transferred to the navigation host.  In the absence of a navigation host, this is the same as TOD.

Time Of Measurement (TOM)
– Time Of Measurement is defined as the time a state vector component is measured by a navigation sensor.  For some sensors, the Time Of Measurement (TOM) and the Time Of Applicability (TOA) are the same.

Time Of Reception (TOR)
– Time Of Reception (TOR) is defined as the time the ADS-B message is received by an ADS-B receiver.

Time Of Transmission (TOT) – Time Of Transmission (TOT) is defined as the time the ADS-B message is transmitted.

Transmit Time Of Applicability (TTOA)
– Transmit Time Of Applicability (TTOA) is the time the transmitted State Vector information is valid.  The difference between this time and the TOT is link dependent.  This time may be before, concurrent with, or after the TOT.

TTOA Accuracy
– Transmit Time of Applicability (TTOA) Accuracy is a 95% bound on the Transmit Time of Applicability Error.

TTOA Error
 – Transmit Time of Applicability (TTOA) Error is defined as the difference between the Transmit Time of Applicability and the true Time of Applicability.

TTOA Error Bound – Transmit Time of Applicability (TTOA) Error Bound describes an Integrity containment for Transmit Time of Applicability within which the true TTOA is assured. The probability of assurance is indicated by the reported SIL or more conservative value.

Travel Time
– Travel Time is TOR – TOT. This term defines how long it takes for an ADS-B message to travel from the transmitter to a receiver plus the time it takes for the message itself to be transmitted. For instance, a 1090 MHz Extended Squitter Transmission is 120 us long.

TXC –
TXC is defined as the time the ADS-B transmit processing has completed.  In a 1090 MHz solution, this is the time when the position register has been loaded.

UTC Epoch
– A particular point in time referenced to Coordinated Universal Time (UTC).  In the context of ADS-B, the reference point is usually an exact UTC second.  In DO-260A, odd and even 200 ms Epochs are used as reference points.

Velocity State Latency (Tx) –
Velocity State Latency is TTOA-SVTOA.  This term defines the time duration between the velocity source TOA and the reported TOA for velocity.

Vertical Figure of Merit (VFOM)
– Vertical Figure of Merit (VFOM) is an accuracy term defined by a distance around the reported altitude that contains the actual altitude with a 95% confidence.  The assumption is that there are no failures of any equipment in the system.
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