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1. Executive Summary: Proposed Intent Changesfor DO-242A

WG-6 of SC-186 is currently preparing Revison A changesto the ADS-B MASPS for
bdloting in the near future. One of the mgor changes proposed for Revison A isa
sgnificant restructuring and expangion of the Intent parameters for future ADS-B systems.
This document summarizes the reasons for the proposed Intent changes and provides a
detalled overview of the proposed changes to DO-242 (Ref. 1), for critica review and
comment prior to SC-186 baloting and adoption of DO-242A.

There are three primary changes proposed for Intent broadcast with DO-242A ADS-B
sysems.

Implementation of Target State Reports for broadcasting current flight segment target
dates, i.e. target atitude and target heading / track angle,

Adoption of a broader definition of Trgectory Change Points (TCP's) which includes 2-
D RNAV waypoints, 3-D and 4-D trgjectory change points under DO-242, and leve-off
changesin vertica trangtions,

Implementation of Trgectory Change Reports for broadcasting successive flight segment
parameters and trgjectory change points. (Trgectory change reports are the DO-242A
equivaent of next TCP and TCP+1 reports in DO-242, but with an expanded report
format for more generic TCP's, and capability for transmitting up to four TCP's)

Target state reports provide intent information on autopilot target states such as the current or
next intended aircraft level-off dtitude, i.e. target dtitude, and information on directiond intent
expressed as atarget heading angle relative to the air mass, or as atarget track angle relaive to
an inetid or ground reference frame. These parameters reflect short term tactical intent and are
typicaly input by the pilot, eg. as selected dtitude for limiting a descent or climb trangtion, or

as selected heading or track when flying in atactical, non-automated flight mode. Target dtitude
and target heading can aso refer to the next intended targets flown by an autopilot in more
automated modes such as RNAV and FM'S modes, or as an input congtraint to hold and maintain
the current dtitude or heading States.

The Trgectory Change Point definition in DO-242 was changed to accommodate a greater range
of intent information, and to better reflect operationa use and capabilities of existing and future
arcraft avionics. The proposed Trgectory Change Reports dlow for much greeter flexibility in
specifying intent information than the TCP sin DO-242, and provide a more comprehensive
report structure for development and evolution of future ADS-B applications, eg. trgectory
conformance monitoring. Trgectory change reportsinclude new parameters such as TCP Type
to interpret the trgjectory segment and change report data, and new parameters such as
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track-to-TCP, track-from TCP, and turn radius as needed for trgjectory segment predictions, e.g.
for representing Fly-By turns consstent with FM S data outputs.

2. Introduction

The reason for consdering broadcast of Intent information in ADS-B systemsisto extend the
domain of predictability of aircraft trgectories beyond short term extrgpolations using current
arcraft podtion and velocity states. Most current ADS-B agpplications under development only
require state vector data. However, future applications of ADS-B could require intent
information to extend lookahead time for trgjectory predictions beyond the current flight
segment, or asameans of enhancing integrity of extrapolated path predictions. Proposed air-air
gpplications of intent information include arborne separation planning where more than afew
minutes lookahead time is desirable for conflict detection and conflict prevention, and conflict
resolution, where broadcast of intended resol ution maneuvers may be important for Stuation
awareness of al nearby equipped aircraft. ADS-B intent information is aso proposed to enable
advanced air-ground applications such as sequencing and merging of termind area flow streams,
and use of precison trgectory separation concepts for aircraft arrival and departure flowsin
congested airspace.

The type of intent information considered for ADS-B broadcast is limited to generic trgectory
segment information that does not require detalled knowledge of airplane avionics, eg. the use
of standard latera leg typesfor horizonta flight ssgments, and the use of climb, cruise and
descent flight segments with specified end-points for verticd flight trangitions. The overal
objective isto describe intended trgectory segments in a generic way, avoiding the use of
arplane specific guidance implementations and control modes.

The current ADS-B MASPS specify only alimited range of intent information, i.e. the use of 3
D and 4-D TCP s as endpoints of the current and next flight segment, respectively. Severd
reasons have been advanced for expanding the use of intent beyond that in the current MASPS.

(1) Thecurrent ADS-B TCP s need revision to reduce ambiguity in representing and
predicting flight trgjectories. One problem with the current MASPS isthat TCP sdone
do not adequately describe ether the current intended trgectory segment, or the intended
trgjectory change at the endpoint TCP.

(2) ADS-B Intent should better reflect the operationa capabilities of existing and future
arcraft avionics systems, i.e. to represent autopilot target vaues when flying in lesser
automated tactica modes, and to include awide range of aircraft automation systems
ranging from current 2-D RNAV systemsto existing and future FM S based precison
RNP RNAV systems.

(3) ADS-B systems need expansion to better reflect longer term intent, i.e. beyond that
represented by next and next+1 TCP's. Some operationa concepts advanced for ADS-B
implementation could require trgectory prediction times in excess of ten minutes
lookahead or longer. Moreover, trgectory changes may occur quite frequently in the
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terminal area and more TCP s are required than in en-route gpplications for short term
separation and flow planning.  The proposed changes are aso cong stent with recently
formulated Eurocontrol ADS-B requirements (Ref. 2).

The proposed ADS-B Intent revisons summarized in this document address the above issues.
The proposd summarized hereis based on inputs from several SC-186 groups and on inputs
from European standards bodies, with subgtantia filtering and harmonization of inputs. The
resulting proposd isintended to be abasis for current MASPS implementation, and to serve as
an incrementd basis for future development of ADS-B applications.

3. Scopeof Revision A Intent Proposal

One of the chdlengesin developing and evolving Intent information for ADS-B, is that most
current aircraft avionics, including many advanced digitd FM S based systems, do not output
much intent information on avionics buses for downstream use by avionics other than those
directly used to communicate to the pilot or to navigate, guide, or control an arplane. Inthis
proposa we ded with this Stuation two ways. (1) dlowing arcraft which output some intent
information to communicate such intent when gppropriate through the TSR and TCR report
formats, and (2) providing intent provisioning in the report formats for future evolution and
implementation of more comprehensive intent data. In short, Revision A provides an
incremental approach to intent broadcasting, which adlows for partid broadcasting of limited
intent in Revison A, with evolution to more comprehensive intent data on both an individud
arcraft basis as avionics systems are upgraded, and with further intent evolution anticipated in
future Revisonsto the ADS-B MASPS.

The newly proposed Target State Reports alow for broadcast of next intended Target leve- off
dtitude, and Target heading or track data used for current path guidance. Sincefull
implementation of Target state data may depend on FM S or autopilot mode information not
currently available on any avionics bus, Revison A dlows for partia implementations of Target
states based on information which is available for input to an ADS-B tranamit system. For
example, if only autopilot based Sdected Altitude is available for TSR reporting, then it is
alowed to broadcast such information with appropriate status indicators, even if the next
intended level-off of the aircraft may be an unknown FM S target value. However, the fact that
the aircraft is only capable of broadcasting Sdlected dtitude and autopilot modes is tranamitted in
the target state report, to avoid interpreting Selected dltitude as the probable next level-off state.

The Trgectory Change Reports proposed for Revison A consst of a number of horizontal and
vertical flight segment and TCP types which are commonly used, have standard segment and
TCP parameters, and are available as potential outputs on an ARINC data bus, e.g. the 702A
trgectory bus (Ref. 3). The horizonta flight segment typesinclude Course-to-Fix (CF), Track-
to-Fix (TF), and Direct-to-Fix (DF) leg types, and Fly-By and Radius-to- Fix (RF) turn segments.
(See section 9 for further explanation of these leg types.) Hy-over turns can also be modeled by
appropriate use of the above leg typesin conjunction with a DF flight sesgment to modd the turn
trangtion to a gpecified end-fix. Theverticd flight ssgmentsindude initid cimb to Top-of-

Climb, flight at cruise dtitude to Top-of-Descent, i.e. start of the descent phase, and some level-
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off trangtions. In addition, target dtitude as the intended end of averticd trangtion is dlowed
asaTCP. RNAV sygemsthat only output 2-D TCP sare dso dlowed, i.e. the vertical TCP
components are marked as not-available.

Some parameters and leg types that are important for intent broadcast that are not currently
available asinputs on a data bus or are not sufficiently developed are provisoned in the TSR and
TCR reports, but are not fully implemented in Revison A. Thisincludes TSR and TCR
operaiond vdidity for intent reporting, dtitude congtraint parameters (AT and AT and
Above/Below), and leg parameters such as turn radius which may not be available for some
RNAV /LNAV sysems. The vdidity datawould provide guidance system status for TSR target
vaues, and navigation system conformance for TCR reports and are considered essentid for
critical separation assurance gpplications. Current FMS/ VNAV systems provide the ability to
congrain verticd trgectories to meet dtitude congtraints at specified waypoints or fix locations.
Broadcasting of such congraintsisimportant for predicting verticd trgectory leve-offsand
changes in verticd path to meet such condraints. However, these congtraint points are not
generdly available from FM S systems, and are not available on an ARINC data bus today.
Consequently, these parameters and leg types are to be provisioned for later verson ADS-B
MASPS adoption.

4. Short and Long-term Intent

Target State Reports (TSR's) are implemented in DO-242A in order to provide information
about the arcraft’ s active flight segment. The active flight ssgment refers to the current path and
automation states being used for guidance and control of the aircraft. The primary eements of
the TSR include the target dtitude and target heading or track angle for the active flight segment.
Thisinformation is caled short-term intent. TSR’s provide these intent eements even in cases
where no TCP exists or TCP information is only partidly avalable. Long-term intent includes
information about TCP' s and connecting flight segments and is provided in a series of Trgjectory
Change Reports (TCR’s). Figure 1 shows the relationship between information provided in the
TSR and TCR'sfor an arcraft flying asmple trgectory between RNAV waypoints. The target
track to waypoint ABC and the target dtitude for the active flight ssgment are provided in the
TSR. Three TCR’s give information on waypoints ABC, DEF, and GHI. Note that this figure
only represents one type of trgectory. Other trgectory types and the information used to fill the
TSR and TCR's (if available) are described in the following sections.

RNAV
Waypoints — TSR information

""" TCR information

Figure 1. TSR and TCR Information
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The amount of intent information available for data exchange dependsin large part on the
transmitting aircraft’ s current control state and equipment. The three primary control states,
referred to here as manud (no flight director), target Sate, and flight plan are shown in Figure 2.
With each additiond outer loop, it is possible for an aircraft to communicate more information
about future states and flight segments. While operating with target state control, one
commanded date is available for the horizontal and vertical axis, respectively. Thisinformation
isprovided in the TSR. In the outermost loop corresponding to flight plan control, the aircraft
has knowledge of multiple trgectory change points and connecting flight ssgments. TCR's
provide thisinformation. In the flight plan control sate, the TSR provides target State
information corresponding to the next TCP.

Most commercid arcraft have severd flight modes corresponding to the target state and flight
plan control states shown in Figure 2. Hight modes are normaly selected through the Mode
Control Pand or Hight Control Unit. They include choices such as hold current heading, hold
current dtitude, and maintain track between RNAV waypoints. The pilot can concurrently
choose laterd and vertica flight modes that correspond to different control states, leading to
different intent availability in the horizonta and vertica axes. Horizontd and verticd flight
commands may be generated manudly using aflight director disolay mode, rather than through
direct autopilot commands. In this paper we do not distinguish between flight director and
autopilot operation, Snce thisinformation cannot be differentiated from ADS-B output reports.
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Figure 2 showstypica equipment available on transport category aircraft that is capable of
providing the associated information. Other flight hardware may aso be able to generate this
information. More sophisticated equipment is needed to transmit outer loop information,
athough inner loop information on current target States may be difficult to tranamit for older
andog arcraft. A Mode Control Pand (MCP) or Flight Control Unit (FCU) isthe primary
interface between the pilot and autopilot when not operating in FM S automated modes. These
interfaces dlow the pilot to select target states such as dtitude, heading, vertica speed, and
arspeed. Since only the next target Sate isdlowed in each axis, pilots often use the MCP or
FCU for short-term tacticd flying. Conversdy, the FHight Management System (FMS) adlows
the pilot to select a series of target states or flight segments through a keypad-based Control
Display Unit (CDU). A pilot may program an entire route complete with multiple waypoints,
Speed, dtitude, and time restrictions, and desired speeds dong different flight ssgments.
Because the FM S dlows definition of consecutive flight segments it is frequently used for long-
term grategic flying.

Complex paths may be crested when an aircraft’ s trgjectory is generated with both MCP/FCU
and FMStargets. Such a situation can occur when the lateral and vertical modes correspond to
different control states or when an autopilot target vaue affects an FM S planned trgectory. The
latter caseis most common when the MCP/FCU sdlected dtitude lies between the aircraft's
current dtitude and the programmed FM S dtitude. In this case, the aircraft will level out at the
selected value, i.e. selected dtitude acts as alimit vaue on the planned climb or descent.

Both short and long-term intent informetion offer a potentia benefit to airborne conflict
management, separation assurance, surveillance, and conformance monitoring applications.
Short-term intent isavailablein dmogt dl flight modes, while 4D TCP sare only avallable when
equipped aircraft are using sophisticated FM S and area navigation (RNAV) systems.

5. Target State Reports(TSR’Ss)

Short-term intent parameters are assembled in the Target State Report, shown in Table 1.

The principa dements of this report are the target dtitude and target heading or track. These
parameters represent the transmitting aircraft’ s vertica and horizontd target states and will also
be included in the Trgectory Change Report if they are part of aTCP. The meaning of target
dtitude is dependent on the Vertical Automation Capability of the aircraft. If the aircraft is only
capable of broadcasting autopilot targets, then target altitude is the autopilot Selected Altitude or
Holding Altitude depending on the target source indicator. If the aircraft is capable of
broadcasting autopilot and al FM S vertical targets, then target altitude isthe aircraft’ s intended
leve-off dtitudeif in aclimb or descent, or the aircraft’s current intended dtitude if it isbeing
commanded to hold dtitude. This definition is congstent with that adopted by the European
Downlink of Airborne Parameters (DAP) program (Ref. 4). A partid FMS capability, where
only certain FM S targets such as intended cruise dtitude are available, is a so supported.

Target heading is provided if the aircraft is actively being controlled to an air reference heading
angle (such as aHeading Select or Heading Hold mode). Target track isused if the aircraft is
controlled to aground or inertid reference track angle, such as when flying between waypoints
on aflight plan. A single bit specifies whether the aircraft is controlled to heading or track angle.
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Horizontal automation capability isasingle bit that specifies whether the aircraft only has
horizontal autopilot capability, or also includes RNAV or FMS waypoint reporting.

Table 1: Target State Report

Element Contents Anticipated Resolution or
# Number of Bits
1 Target Altitude’ 100 ft*

2 Vertica Automation Capability 2 bits
3 Target Source Indicator (Vertica) 2 bits
4 Mode Indicator (Vertical) 1 bit
5 *Vdidity Bit (Verticd) 1 bit
6 Data Available (Verticd) 1 bit
7 Target Heading / Track 1 degree
8 Heading / Track Indicator 1 bit
9 Horizontal Automation Capability 1 bit
10 Target Source Indicator (Horizonta) 2 bits
11 Mode Indicator (Horizontal) 1 bit
12 *Vdidity Bit (Horizontd) 1 bit
13 Data Available (Horizontd) 1 bit

* Space reserved for future MASPS versons

Target MSL dtitude or flight level, consistent with locdl transition level.

Horizonta and vertica target source indicators describe the arcraft system providing the
corresponding target state. Optionsinclude the FMS, MCP or FCU sdected vaues, or holding
the aircraft’s current state. In cases where the aircraft is acquiring atarget dtitude common to
the MCP/FCU and FMSS, the target source indicator should declare the target to be the former,
e.g. MCP sdlected dtitude rather than an FM S target dtitude since M CP sdlected dtitude has

limiting authority over the FM S dtitude.

Horizontal and vertical mode indicators provide status information on whether the aircraft is
acquiring (trangitioning toward) the target Sate or is capturing or maintaining the target. These

parameters are expected to increase integrity of predicted trgectory changes and to be useful for

trgectory conformance monitoring.

Future space is reserved for horizontal and vertica vaidity bits. These bits would provide
indications of pilot or autopilot conformance to target values. Guidance vdidity bitsfor vertica
and horizontd target sates are under condderation, but cannot be implemented in Revision A
due to data source availability issues. These bits would determine whether the aircraft is being

contralled in the direction of itsflight director or autopilot command.

Horizontal and vertical data availability bits indicate that target heading/track and target dtitude
are being reported and data reports are filled with currently relevant information.
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Consder the example shown in Figure 3. An aircraft climbs a congtant vertica speed toward
the MCP/FCU sdlected dtitude of 8,000 ft while flying a constant 090 heading. TSR vduesare
provided in Table 2. Both of the targets are resdent in the MCP, asindicated by the target
source indicators. The mode indicators show that the aircraft is maintaining the target heading
and is acquiring, but has not yet captured, the target dtitude. The target heading and target
dtitude are available and consdered reliable, as provided by the availability indicators.

Target Altitude (8,000 ft)

Velocity Vector Target Heading (090 deg)

AN
%@E_m/

Figure 3: Constant Vertical Speed Climb at Constant Heading to
MCP/FCU Sdlected Altitude

Table 2: Target State Report for Figure 3

Contents

8,000 ft

Verticd Autopilot Capability

MCP Selected

Acquiring

Avalable

090 deg

heading

MCP Selected

RNAV waypoint capability

Maintaining

*

m
IR
N,_\oooowovcn.l;ooml—\g

H*

[y
w

Avalable

In another example, the aircraft in Figure 4 is turning to join a 040 course (track) to the ABC
waypoint. Itisholding its current dtitude (15,000 ft). TSR valuesare providedin Table3. The
target source indicators show that the target track comes from the FMS, while the target dtitude
isthe MCP sdected dtitude. Thearcraft isacquiring the horizonta target and maintaining the
vertica target. Mode indicators show that horizontal and vertical target information is available.
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Target Altitude (15,000 ft)

ABC DEF
090 Track

040 Course (Track)

to Waypoint —

120 Track
1 2 GHI
FMS Waypoints

\

Roll-out Point

\

Figure 4: Intercept Course to FM S Flight Plan at Congtant Altitude

Table 3: Target State Report for Figure 4

Element # Contents
1 15,000 ft
2 Verticd Autopilot Capability
3 MCP sdlected dtitude
4 Capture/Maintaining
5 *
6 Data Avalable
7 040 deg
8 track
9 FM S waypoint capability
10 FMS target
11 Acquiring
12 *
13 Daaavaldble

As described above, the target dtitude and target heading/track provide horizontal and vertica
target states for the active flight segment. Information subsets are dlowed for arcraft incgpable
of providing these target states. MCP/FCU sdlected atitude and salected heading may be used in
place of target dtitude and target heading/track, respectively. Likewise, aircraft equipped with
only an RNAV systerm may provide the RNAV track in place of the target heading.

In order to provide atarget Sate vaue, aircraft must be equipped with an autopilot or flight
director that controls the axis consistent with the target value. The flight director must be on or
the autopilot engaged while target seate values are broadcast.
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6. Trajectory Change Point (TCP) Definition

Further investigation into the many types of TCP sthat can occur dong an operationd trgjectory
has led to a proposed TCP definition change for DO-242A. The current definition (DO-242, p.
39) only accommodates TCP s a aknown 3D position in space. Although a 3D location is
known for FM S waypoints, many flight segment changes do not occur at a known point. For
example, an arcraft may be climbing in a congtant verticd speed mode towards atarget dtitude
(Figure 3). Inthis case, the arcraft may not take actua wind conditionsinto account when
predicting the leve-off location. Leve-off prediction in aclimb may aso depend on changing
arcraft performance. These uncertainties make it difficult to predict an accurate 3D intercept
point. An analogous lateral Stuation may occur when an aircraft flies at constant heading to
intercept aflight plan route. The intercept point is aso dependent on wind parameters that may
not be accurately known for intercept predictions. To account for these uncertainties, the
following TCP definition is proposed: “A Trajectory Change Point may be described asa 3D
location or interception of a 2D plane with the aircraft’s velocity vector where the current aircraft
trgjectory isintended to change.” Further details are provided in Appendix B.

Examples of TCP s under this definition include 2-D routing changes, the start and end points of
aspecified turn trangition, FM S predicted Top of Climb and Top of Descent points, and target
dtitudes such as MCP sdlected dtitude when currently in climb or descent trangtions. A full list
of TCPtypesincluded in Revison A isprovided in Section 9. Future revisons may add
additional TCP types that meet this definition.

In addition to TCP' s, points involving an dtitude congraint (AT, AT or ABOVE, or AT or
BELOW) are provisoned for future revisonsinto the Trgectory Change Report, even if they do
not involve atrgectory change. These points influence trgectory predictions even if no leve-off
occurs a the dtitude congtraint, and provide vaue for conformance monitoring gpplications.

7. Command and Planned Trajectories

The command trajectory refersto the path the aircraft will fly if the pilot does not engage anew
flight mode nor change the targets for the active or upcoming flight modes. The command
trgectory may include multiple flight mode transtions. Changes to the command trgectory
normaly result from apilot input. However, a non-programmed mode transition may aso occur
that causes the aircraft to leave the command trgectory, e.g. reversion to speed priority on
descent if the intended verticd path resultsin an over-speed condition.

The planned trajectory includes intent information that is conditiona upon the pilot engaging a
new flight mode. Without pilot input, the aircraft will only fly toward the command trgectory
targets.

Figure 5 illugtrates the difference between the command and planned trgectories for asmple
descent scenario. Inthiscase, the arcraft isflying alaterad and verticd FM S path that includes a
planned dtitude leve-off at the End of Descent (E/D). The MCP/FCU sdlected dtitude lies
between the aircraft’ s current atitude and the E/D. Assuming the pilot doesn’t change the

242A-WP-9-02 10



arcraft' sflight mode or targets, the aircraft will fly on the FM'S descent peth until reaching the
Selected dtitude and then leve off. This path isthe command trgectory. If the pilot resetsthe
MCP target below the E/D dtitude prior to reaching the sdlected dtitude, the aircraft will
continue to fly dong the FM S descent path and will leve out at the bottom of descent. The
programmed FMS path beyond the salected dtitude represents a planned trgectory. Typicaly,
selected dtitude represents an ATC clearance dtitude. In this case, the pilot may chooseto fly
directly to the end of descent as soon as a clearance to the planned dtitude is received.

Constant 090 Track throughout Descent

Top of

1 FL350 .~ Descent (1)

MCP/FCU Selected Altitude (15,000 ft)
MCP/FCU Altitude—""-.,

‘o,

Level-off (2) ,
. ... Altitude Constraint (3,000 ft
Command Trajectory (& LI T T A (3,000 )
"""" Planned Trajectory /
End of
Descent,
ABC (3)

Figure 5. FMS Descent Showing Command and Planned Trgjectories

These trgectory definitions are also expandable to arcraft sending intent information from norr
FMSflight planning systems. For example, aLORAN or GPS navigation system on agenerd
aviation airplane can be programmed to contain multiple waypoints. This path represents a
planned laterd trgjectory. It does not guarantee that the aircraft will fly that path, but represents
information relevant to the pilot’ s long term plan.

Both the command and planned trgectories may provide useful information for separation
assurance and flow management applications, respectively. In order to use thisinformation
effectively, the receiving system must be able to clearly ddineate between the command and
planned trgectories. Thisdigtinction is provided in the trgectory change report described below.

8. Trajectory Change Reports(TCR’S)

Trgectory change reports replace the TCP s defined in DO-242. They provide an expandable
sructure cagpable of describing TCP's, waypoint congraints, and the flight segments that connect
them. Many additiona eements have been added to the DO-242 TCP report to facilitate path re-
generation, data confidence assessment, and conformance monitoring. Some of the new
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parameters have been added to be consistent with ARINC trgjectory bus specifications as
reflected in Eurocontrol ADS Requirements (Ref. 2).

Table 4 showsthe TCR dructure. Not al dements are fully implemented in Revision A, but are
included to show planned expansion as data becomes available. TCR fields arefilled based on
information availability aboard the transmitting aircraft and the TCP type.

Table 4: Trgectory Change Report

Element Contents Anticipated Resolution or
# Number of bits
1 TCP Type (Horizontd) 4 bits
2 TCP Type (Verticd) 3 hits
3 L atitude 0.1 minute"
4 Longitude 0.1 minute"
5 Altitude” 25 ft / 100 ft
6 Timeto Go (TTG) 1 second
7 * Altitude Congraint Type 2 bits
8 * Altitude Congraint Vaidity 1 bit
9 Turn Radius 0.1 nmi*
10 Track to TCP 1 degree
11 Track from TCP 1 degree
12 *TCP Vdidity (Horizontal)® 1 bit
13 *TCP Vdidity (Vertica)® 1 bit
14 Command/Planned (Horizontal) 1 bit
15 Command/Planned (Verticd) 1 bit
16 Data Available (Horizontd) 1 hit
17 Data Avalable (Verticd) 1 bit
18 TCR sequence number (0, 1, 2, or 3) 2 bits

19 ?? TCR synchronization code (0, 1, 2, or 3) 2 bits

* Space reserved for future MASPS versions

' Required resolution for future precision approach / departure applications may be higher
2Altitude estimate, may not correspond to dltitude constraint.

30nly appliesto active flight segment.

The TCP typefiddsin dements 1 and 2 specify the flight segment and endpoint change type.
Both ahorizontd and averticd TCP type are included to aid interpretation of the data dements
for condructing path segments. In addition, it is feasible to have both a routing change and a
vertical change or condraint at the same waypoint. The TCP type fieds specify the way that the
data received isto be interpreted, e.g. which elements are required for congtructing the flight
segment and endpoint conditions. Example TCP types are fly-by waypoint, direct-to-fix, and RF
leg (laterd cases) and top of climb, top of descent, and end of descent (vertical cases). Section 9
describes the TCP typesincluded in Revison A. Other types, including waypoint congraints,
may be added to future revisons.

242A-WP-9-02




The avallability of TCR dements 3-6 depends on the tranamitting aircraft’ s operating mode and
equipment capability. These elements are provided if they are associated with a known waypoint
or can be estimated by the FMS. These dements will have varying accuracy depending on TCP
type. When using FMS lateral and vertical navigation, TCP s associated with waypoints can be
edimated with high confidence. For TCP s which do not involve closed-loop control, such as
top of climb, top of descent, or path intercepts, the latitude, longitude and time e ements have
higher uncertainty. Low integrity latitude/longitude predictions such asthe “green arc” on

Boeing arcraft that predicts dtitude levd-offs for MCP modes are not included. These
predictions can vary greatly if they do not compensate for wind and arcraft performance.

Elements 7 and 8 are provisoned for future use. These eements can be used to indicate the type
of dtitude congtraint (at, at or above, at or below) and the tranamitting aircraft’ s assessment of its
ability to meet the dtitude congraint. Altitude congtraints may or may not be associated with a
trgjectory leve-off, snce the arcraft may be able to comply with the congtraint without changing
itstrgectory.  Future DO-242 revisions may further expand TCR’ s to include speed and time
condraints.

Figures 6 and 7 show the information needed for fixed radius and fly-by turns (Elements 9-11).
Fixed radius turnsinclude turn radius and start and end of turn points. Hy-by turns can dso be
described in this manner, however the dternate representation in Figure 7 is acceptable if the
arcraft cannot provide start and end of turn points. In this case, the fly-by turn waypoint is
provided, aong with the track to and track from that point and the turn radius. Fly-over turns are
represented in Revison A as a Direct-to trangition to the specified endpoint. For other horizonta
TCP's, only the track to the TCP (Element 9) is provided.

Fly-by
Start of Turn Turn Radius End of Turn Waypoint
(TCP)\_ /(TCP+1)
Track to TCP + Track from TCP
Track to TCP Track from TCP+1  __@=— ~ug
\Turn Points —
Turn Radius
Figure 6: Fixed Radius or Fly-by Turn Foure7: Hy-by Turn

Spaceis reserved for horizonta and verticd vdidity bits (Elements 12-13). These bits assess the
conformance of the transmitting aircraft to its broadcast path. It is anticipated that future
revisons may use horizontal and vertical RNP bounds to specify trgectory conformance. The
vdidity bits may broadcast the ability/inability of the aircraft to conform to the specified

trajectory bounds. For non-RNP arcraft, other measures of conformance may be specified.

Elements 14-15 delimit whether the flight segment and TCP is part of the command or planned
trgjectory (see description in Section 7). Successive TCP s or dtitude congraint points that are
part of the command trgjectory should be ordered as they are expected to occur, eg. by TTG. In
cases where time to go cannot be determined, points having an dtitude closest to the aircraft’s
current dtitude should be placed firs. If there is Space available for additiona points, planned
TCP' s can be included, but they should be placed at the end of the TCP list.
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Elements 16-17 assess the availability and currency of horizontal and vertical TCP data. The
associated horizonta and vertica data fields should not be used if they are reported unavailable.

Element 18 provides the TCR sequence number for reconstructing the flight trgectory, i.e.
TCP+0, TCP+1, TCP+2, TCP+3 have sequence number 0, 1, 2, and 3, respectively. See section
10 for an explanation of the TCR synchronization code, element 19.

Figures 4 and 5 are examples of horizontal and vertical FM S trgectories, respectively. Thefilled
TCR eements corresponding to Figures 4 and 5 are given in Tables 5 and Table 6, respectively.
Figure 4 shows an aircraft turning to join a 040 course to waypoint ABC, followed by two
routing changes a DEF and GHI. Theroll-out point is not considered to be a TCP, since the
intended path is the Course-to-ABC segment. After rolling out, it will join the FMSflight plan
and fly to waypoints DEF and GHI. This exampleisflown a a congtant dtitude of 15,000 ft.
All latitude and longitude fid ds arefilled snce dl TCP sin this example are FM S waypoints.
Thearcraft isholding its selected 15,000 ft altitude, which is repeated for each TCP point. The
end of the CF segment isthe start of the Hy-By Turn, which is represented implicitly by the
ABC waypoint and Fly-By turn radius. (In effect, the Fly-By Turn TCR implicitly represents
both the CF track-to ABC segment and the Fly-By Turn at ABC to the next TF segment.) The
graight line and turn segments for the other Fly-By turns are smilarly represented implicitly,
reducing the number of TCR’sto represent the intended path.

Table 5: Trgectory Change Report for Figure 4

Element # Contents Contents Contents
1 CF and Fly-By TF and Fly-By TF and Fly-By
2 Sdected dtitude | Sdected dtitude Sdected Altitude
3 Lati tudeABC LEtitUdQ:)EF LatitudeGm
4 Longitudeasc Longitudeper L ongitudecy
5 15,000 ft 15,000 ft 15,000 ft
6 TTG-ABC TTG-DEF TTG-GHI
7 * * *
8 * * *
9 Radi USaBc Redi USDEF Radi USGHI
10 040 deg 090 deg 120 deg
11 90 deg 120 deg Track from GHI
12 * * *
13 * * *
14 Command Command Command
15 Command Command Command
16 DaaAvalable DaaAvailable DaaAvallable
17 Daa Avallable Daa Avalable Data Avallable
18 0 1 2
19 1 1 1
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In Figure 5, the aircraft is flying in cruise at FL.350, gpproaching the top of descent. The FMS
cruise dtitude is limiting and functions as the vertical target source. 1t has asingle FM S dtitude
congtraint at End of Descent (cross ABC at 3,000 ft). The MCP/FCU dtitude is set to an
intermediate vaue of 15,000 ft. Since the arcraft is limited by the MCP/FCU atitude, it will
level-off a 15,000 ft, given the current automation state. This path is the command trgectory. If
the pilot resets the MCP/FCU dltitude prior to reaching 15,000 ft, the aircraft will continue
toward the End of Descent at ABC. ABC isincluded as a planned trgectory point. It hasa
known 3D location and the FM S time estimate may be provided.

Table 6: Trgectory Change Report for Figure 5

Element # Contents Contents Contents
(TCR) (TCR+1) (TCR+2)
1 Course-to-Fix Course-to-Fix Course-to-Fix
2 Top-of-Descent | Selected Altitude | End-of-Descent
3 Es Es Lati tUdeABc
4 Es Es Longitudeasc
5 FL350 15,000 ft 3,000 ft
6 TTG-TOD TTG-MCP_ALT TTG-ABC
7 * * *
8 * * *
9 X X X
10 Track to T/D Track to ABC Track to ABC
11 X X X
12 * * *
13 * * *
14 Command Command Command
15 Command Command Planned
16 Daa Avallable Daa Avallable Daa Avalable
17 DaaAvalable DaaAvalable DaaAvaladle
18 0 1 2
19 0 0 0

“E”: Element contents filled with FM S lat/long estimates, if available.

The TCR report provides flexibility for accommodating different TCP types and varying

amounts of information available onboard the transmitting aircraft. The TCR report structure
shown in Table 4 represents full reporting capability. Many arcraft may not be equipped to
support dl of these dataelements. One information subset that will be dlowed in Revison A is
the ability to provide only 2 dimensiona waypoints. Many RNAV and GPS sysems only alow
laterd waypoints and have no associated dtitude estimate. Further information subsets are under
consderation. As discussed above, future DO-242 revisons may include the capability to report
waypoint condraints. Altitude congraints are likely to benefit anumber of applications and
gpace is made available for these point typesin Revison A.

242A-WP-9-02

15



9. Horizontal and Vertical TCP Types

A limited number of basic horizontal and vertica TCP types are accommodated in our proposal
to enable representation of common trgectory flight segments for flight peth prediction. It is
expected that future revisons of the MASPS will accommodate additional TCP types, depending
on evolution of airplane avionics and on gpplication needs, eg. additiond latera types such as
hold patterns and additiond vertical types such as waypoint atitude congraints. Some of the
TCP types such as Direct-to-Fix trangtions and Hy-by- Turns are needed to represent non-
precison trgjectories where the inertial path over the earth is not entirely predictable. Other TCP
types such as Course-to-Fix, Track-to-Fix and Radius-to-Fix turns are needed to represent
precison RNP trgectories. (In the future, intent integrity concepts may be introduced to monitor
conformance to horizonta and verticd RNP bounds. This verson of the MASPS smply
introduces precision and non-precison TCP types) The vertical TCP typesinclude maintain or
level a a Target Altitude (which may aso be represented in the TSR report and may or may not
include |atitude and longitude estimates), and traditiond Top-of-Climb, Top-of- Descent, and
End-of-Descent TCP's. Altitude Constraints are also provisoned as afuture TCP type.

Horizontal TCP Types:.

Straight Lineto Fix Lateral Transtion

The Straight Line to Fix trangition includes both Course to Fix (CF) and Track to Fix (TF) leg
types. Thelaterd path is defined by acourse or track angle to a 2-dimensona waypoint that
delimitsthe TCP endpoint. SeeFigure8. This TCP typeistypicaly followed by arouting
change, i.e. aDirect to Fix (DF) trangtion or a Radiusto Fix (RF) turn. The case where a CF or
TF leg endswith aHy-By Turn is a separate case since more parameters are needed to represent
Hy-By turn cases. From the viewpoint of the trangmitting aircraft, CF and TF leg types are
somewhat different Snce the latter represents a trangition between a*“from” waypoint toward the
“to” waypoint / TCP point. However, from the receiving system viewpoint there is no difference
between a CF and a TF leg ending a a TCP, since the “from” waypoint is only implicitly
represented by the Track to TCP. Thus, both cases are combined into asingle TCP type. Time-
to-Go to TCP isdso required in order to properly sequence this and other flight segments.

Endpoint

TCP \

Track to TCP

Figure 8: Straight Lineto Fix Laterdl Trangtion
Fly-By Turn Transtion (Including CF or TF to Fly-By Turn segment)
The Hy-By Turn TCR implicitly represents two flight segments, i.e. astraight segment such asa
Course-to-Fix directed toward the Fly-By waypoint, and the actud Fly-By turn trangtion to the

track-from course. Figure 9 shows the defining ements of a Fly-By turn, other than turn radius
and turn center. Hy-By turns are considered non-precision trgjectory types since the start- of-turn
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point and end-of-turn points congtructed using turn radius are rough estimates of turn behavior,
iI.e. the actud path over earth can be subgtantidly different due to winds and flight technica
error. However, fly-by turns save message bandwidth compared to use of explicit TCP sfor
gart and end of turn segment. Required eements include the fly- by Iditude, longitude and time-
to-TCP (time to Hy-By point sequencing), and track-to TCP, turn radius, and track-from TCP.

Waypoint Turn ?
N ¥

= >

Track-from TCP /

'\ Track-to TCP

Figure 9: Hy-By Turn Trangtion with Turn Start and Turn Endpoints shown
Direct-to Fix Lateral Trangtion

The Direct to Fix (DF) trangtion is defined implicitly as a path from the current horizontal
position and velocity to the specified endpoint TCP. The trangtion typicaly conssts of aninitid
turn trangtion to orient the velocity vector in the direction of the endpoint TCP, and a straight
line segment proceeding directly toward the specified endpoint. See Figure 10. The Direct-to Fix
can be used as a means of specifying afly-over turn toward the next waypoint, and is considered
anortprecison trgectory type since DF segments are typicaly not repegtable or well defined in
terms of turn behavior. Mandatory eements for the Direct-to- Fix TCR include the endpoint
|atitude, longitude and estimated time-to TCP, and a track-to TCP which can be computed from
the latest reported position State vector as the direction from the aircraft position to the TCP
(assuming that DF is the active flight segment). The track-to TCP will change dynamicaly in
the turn trangition phase until the aircraft velocity vector is aligned toward the endpoint TCP, and
then remains relatively congtant after the turn segment is completed. (Note: the DF trangtion is
backwards compatible with the origind DO-242 TCP's))

ABC

Track to ABC \
\ Direct to ABC
Path Trangtion

Velocity Vector
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Direct to Fly-By Lateral Transtion

The Direct-to Fly- Figure 10: Direct to ABC Laterd Trandtion Example trangtion.
Theinformation curveyeu Isvay Sina W u e Fy-Dy Wi ua U, exuga Tune u e meaning of
the track-to Hy-By component, i.e. latitude, longitude, and TTG to the Fly-By waypoint are
required as well as track-to, track-from and turn radius components. If the DF to Hy-By isthe
active flight segment, then track-to may be computed as the inertid track angle from the current
arcraft pogtion to the Fly-By waypoint. If the DF to Fly-By is preceded by an earlier TCP, then
the track-to is computed as the track angle from the preceding TCP to the Fly-By waypoint.
However, the trgjectory reconstruction process is inherently different for a DF to Fly-By
compared to a TF to Fly-By trangtion, since the DF trangtion typicaly includes a turn segment
to dign the velocity vector toward the Fly-By TCP, whereas the TF to Fly-By assumes a straight
line trgectory from the previous waypoint or TCP. Figure 11 shows a DF to Fly-By trangtion.

Track to ABC AN

ABC

090 Track

\ Direct to ABC

and Hy-By
Turn Trangtion

Roll-out Point

\

Velocity Vector

Figure 11: Direct to Fly-By Laterd Turn Trandtion

Radiusto Fix Turn Trangtion

The radiusto fix (RF) turn trangition describes a congtant radid turn over the earth, beginning at
aturn gart point that is the previous TCP and ending at the endpoint fix. Typicdly RF turns are
used to describe precision trgectories conssting of CF or TF to fix straight line segments and RF
turn ssgments. Mandatory dementsinclude the endpoint TCP latitude, longitude and time-to-
TCP, the turn radius, and the track-from TCP. The turn center-point is congtructed by first
generating aline perpendicular to the track-from direction a the fix endpoint. The turn center-
point is placed aong this line segment at a distance equa to the turn radius from the endpoint

fix. Care must be taken to achieve continuity of postion and velocity when trangtioning from

the previous TCP to an RF turn segment. RF turns are considered a basic navigation leg type for
implementing precison RNP routings. Figure 6 shows agraight line to fix entry and RF turn.

242A-WP-9-02

18



Vertical TCP Types:

Unknown Vertical TCP type

Thistypeisto preserve backwards competibility with the origind MASPS, i.e.a3-D TCPis
specified where the dtitude vadue is an FM S estimate and may or may not represent one of the
specified vertical TCP types below.

Target Altitude (no fixed endpoint)

The verticd TCP types are either specific vertica trangtion types such as Top-of-Climb and
Top-of-Descent with 3-D endpoints specified, or are sSmply leve-off targets that end a vertica
trangtion or denote the current maintaining dtitude. Target dtitude can be ether an autopilot
selected or an FM S target value such as selected cruise dtitude. It is consdered a TCP and
separately reported and sequenced with other TCP sif the command trgjectory has aclimb or
descent trangtion that ends by leveling off at the target dtitude. A target dtitude TCP can be
different than the target dtitude in the TSR report. For example, if the aircraft ismaintaining
cruise dtitude prior to Top-of-Descent and the MCP Sdlected dtitude is set to an intermediate
dtitude, then the active target dtitude is the sdected cruise dtitude, and the next two vertica
TCP s are the Top-of-Descent point and the MCP selected dtitude. (See Figure5.) Theonly
required TCP element for thistype is the target dtitude, athough latitude, longitude and time-to-
TCP are desirable whenever available. If no time-to-TCP is specified, then the order of TCP' sis
determined by atitude precedence, i.e. in the above example Top-of-Descent would be the
current TCP and target dtitude would be TCP+1.

Top of Climb (TOC)

Top of Climb isthe TCP endpoint of the climb phase of flight, i.e. Top-of-Climb designates the
point where the aircraft levels off at adesired cruise dtitude. Top-of-Climb is specified by
letitude, longitude, and time-to- TCP estimates, as well as the selected cruise dtitude. Note, after
aTOC TCR, the next TCR contains averticd TCP with either a Target Altitude (which can be
the current cruise dtitude or an intended step change dtitude) or the Top-of-Descent (see below).

Top of Descent (TOD)

Top of Descent is the planned endpoint of the cruise phase of flight, i.e. Top-of-Descent
designates the point where the arcraft is scheduled to begin descent from cruise dtitude. Top-
of-Descent is specified by latitude, longitude, and time-to- TCP estimates, as well as the selected
cruise dtitude. The next TCR after a TOD should contain a Target Altitude or End- of-Descent
vertical TCP with dtitude vaue lessthan the cruise dtitude a TOD. (Note: idedly al points
where averticd trangtion from leve flight begins should be ddimited as TCP sd<so, eg. Sart-
of-climb from an intermediate flight level. However, the pilot may smply use the autopilot
interface with a new selected dtitude and manua engagement to start such flight segments, or
dternady may use an AT condraint a awaypoint with FM S engagement of the next vertica
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trangition segment to achieve the same purpose. In the latter case, the level segment ends when
the AT condraint is sequenced.)

End of Descent (EOD)

End of Descent istypicaly the lagt dtitude congtraint or leve- off dtitude in the FMS flight plan.
End of Descent is specified by |atitude, longitude, level-off dtitude and time-to-TCP estimates.
Typicdly, an FMSaircraft is given clearance dtitudes and vectored on entry to the termina area,
unlessfollowing a Standard Termina Arriva Route (STAR). In the latter case, the EOD point is
typicaly selected at or near the top of STAR point for continuous trangtion from termina entry
to final approach.

Altitude Congraints (At, At and Above, At and Below)

Altitude condraints are often used in the climb and descent phase of flight to maintain separation
of departure, arrival, and over-flight traffic patterns in congested airgpace. Altitude congtraints
are provisoned in Revision A since current FM S buses do not provide such information to
externd datausers. Representation of atitude condraints is consdered essentid for future
implementations since vertica path intent is not complete until such intent datais available.
Moreover, dtitude condraints are the basis for implementing verticd RNP using dtitude
“window” congraintsin future RNP systems (Ref. 5). Altitude constraint TCP swill require
specification of waypoint latitude and longitude, and time-to TCP, the actual atitude congtraint
vaue, and the type of condraint, i.e. At, At and Above, or At and Below. The exact TCR
representation of such condraintsis currently under congderation, i.e. whether to include the
estimated dtitude at the congtraint point, and how to accommodate window constraints
congsting of asmultaneous At and Below congraint and an At and Above condraint at the
condraint fix. Threebitsare provisoned in Revison A to accommodate future expansion.

10. Minimum Intent Report Requirements

Equipage Class Requirements

In the current MASPS, Level A2 equipage was defined to support extended range ADS-B
gpplications to 40 nm range and provides at least asingle TCP broadcast in order to assure the
vaidity of trgectory predictions for several minuteslook ahead. Level A3 equipage was
amilarly defined to support extended range applications such as flight path de-confliction out to
90 nm range and provides at least two TCP broadcasts to assure continuity of trgectory
predictions near the first TCP, and to achieve at least five minutes trgjectory look ahead time,

Our proposa for Revison A equipage classesisto retain the concept and overdl capability of
Leve 2 and Leve 3 equipage, but to revise the definitions to better reflect horizontal and vertica
autopilot and RNAV capability. A minimum Levd A2 ADS-B system would have the ahility to
broadcast target altitude and target heading, and at least one TCR report. The reason for
requiring target dtitudeisto assure that alLevel A2 system has some intent capability in both
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horizonta and vertica axes, i.e. to support extended range predictions in both horizontal and
verticd dimensons. A minimum Leved A3 ADS-B system would have Levd A2 capability and
the capability to broadcast at least four TCR reports. The reason for requiring four TCR reports
as compared with two TCP sin the current MASPS is that there are severa conditions where
two TCP sis not sufficient to predict ahead five minutes or to 90 nm range. Specificdly, routing
changes are quite frequent in the termind area trangtioning towards fina gpproach or on initid
departure after take-off. Under these conditions additional TCP' s are needed to achieve desired
look ahead time for terminal area planning applications. Other potentia gpplications that could
require more TCP sinclude air-ground planning gpplications for en-route traffic flow
management, and trangtion between free flight ar-air operations and ATC managed traffic.

Transmisson Update Requirements

Current requirements on update rate for TCP sare implicit and are not directly related to the
functiond requirements for gpplications, i.e. “Therate shal be sufficient to ensure continuous
positive assessment by the recaiving aircraft at least 2 minutes prior to reaching the closest point

of approach for class A2 equipage (5 minutes... for class A3)”. Moreover, most TCP intent data
isgatic or dowly changing until the timeto TCP isimminent or the TCP point is sequenced. It
was concluded after review of the current MASPS, that more direct requirements on required
update rate are needed for TSR and TCR reports, and TCR data should be updated less
frequently for TCP sthat have large TTG vaues.

The proposed update requirements would broadcast TCR reports at a high rate when TTG to
TCPislessthan athreshold value, i.e. when less than 2.5 minutes TTG, and at amuch lower rate
when TTG to TCPislarger than the threshold value. TSR reports would aso be broadcast at the
higher rate. (The 2.5 minute threshold is based on anomind time budget for aflight plan
deconfliction application where sufficient look ahead time is needed to detect and resolve a
predicted air-ar conflict.) In addition, mgor changesin TCR intent (to be sgnaded in the Mode
Status report) may require prompt updating of al affected TCR's.

The high rate update requirement is for the broadcast rate to be sufficient to achieve a 95%
reception probability of a TCR or TSR report within a 10 second period. (This requirement is
consstent with the current MASPS requirement that “ ... the report assembly function shall
provide update when received or indicate “no data available’ if none isreceived in the preceding
10 second period.”) Thelow rate broadcast requirement isto receive at least one broadcast TCR
report with 99% reception probability between 5 minutes TTG and 2.5 minutes TTG to TCP.
(For example, this requirement may be achieved with alow rate broadcast of 30 seconds per
transmission and a reception probability of at least 70% per broadcast.) The proposed rate
requirements emphas ze the importance of TCR information within 2.5 minutes TTG and de-
emphasize the reldive vaue of remote TCR information with TTG greater than 5 minutes.

In addition to the above rate requirements, Revison A would limit the conditionswhen aTCR
report needs to be broadcast. A TCR report for any TCP other than the active TCP would not be
required if TTG to that TCP exceeds TBD minutes. (Suggested TBD vaue = 20 minutes). For
example, if TTG to the next trgectory waypoint is 26 minutes, then no TCR reports beyond the
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next waypoint (TCP+0) are required. This limitation would prevent indiscriminate broadcast of
TCR reports that are not operationally relevant.

TCR Report Synchronization

It is assumed that most ADS-B systems will require multiple messages to construct a complete
TCR report sequence when broadcasting multiple TCP's. It then becomes necessary to ascertain
that whenever aTCP is sequenced or intent information is changed, that the TCR’ s are
appropriately synchronized and that all TCR'sreported are currently valid and have the correct
TCR sequence number. In order to achieve proper synchronization, it is recommended that al
broadcast messages related to TCR intent contain some mechanism for vaidating TCR messages
that originated together as a coherent group of sequenced TCP data, and for rgecting old TCR
data that originated prior to the latest change in intent information. One means of achieving this
objective isto broadcast atwo bit (or larger) synchronization code for al TCR related messages,
including Mode Status reports of achangein TCP data. All TCR reports which are output at a
common time of gpplicability would be checked to assure that the synchronization code for the
underlying messages was current and common to al TCR reports, i.e. any intent datawhich
contains an old synchronization code would be purged and not reported with current TCR data.
The synchronization code would be incremented each time achange in intent is detected by the
ADS-B transmitting subsystem, e.g. the synchronization code could cyclefromOto 1to 2to 3to
0 again as the trangmitted intent sequence or intent datais changed. The message
synchronization process must assure that only currently valid TCR datais being reported and that
each TCR report at a common report time has a unique sequence number.
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12. Glossary of Trajectory / Intent Terms
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Appendix A: FuturePlansfor Intent Consideration

Intended Airgpeed Reporting

Revison A of the MASPS limits intent reporting to horizontal and vertica target states and
trgjectory change points. Other types of intent such astarget airspeed and target verticd rate
were not considered for Revison A since there seems to be less agreement as to the importance
and operationd utility of such data. There are some gpplications such asin-trail approach
monitoring where intended airgpeed may be extremey vauable, eg. to cue the tralling aircraft
that the lead aircraft is decelerating to atarget airspeed value. Similarly, severd recent Sudies
have shown the vaue of reporting aircraft minimum approach speed (VREF), to properly space
arcraft on final approach prior to decderation to landing speed. Airgpeed changes were not
included in the proposed TCR reports, since gross changesin airspeed are accommodated by
induding Time-to-TCP as areport element. However, potentially important variables such as
intended airspeed and the potentia use of airgpeed TCP swill be reexamined in future MASPS.

Additiond TCP Leg Trandtion Types

The TCP leg types that were considered for Revison A were limited to basic leg typesfor
horizontal and verticd trangitions. There are other leg typesthat are potentidly available from

FMS systems, e.g. procedure holds, Mach /CAS cross-over speeds on climb and descent, planned
changesin verticd rate or flight path angle, longitudina deceleration prior to meter fix entry, etc.
Expansion of TCP leg typeswill be reexamined for future MASPS use based on operationd

vaue and future development of separation assurance operational concepts.

RNP based Intent Integrity Monitoring

The extent to which intent data can be used for critica separation assurance gpplications will
depend on the integrity of such data, i.e. the rdiability in following and staying within specified
bounds of the intended path. The RNP RNAV MASPS (Ref. 5) specify accuracy and integrity
bounds for path following which can serve as abads for intent accuracy and integrity metrics for
ADS-B reporting, provided such aircraft are RNP qualified. In the future MASPSIt is expected
that RNP metrics and dtitude “windows’ may be used to express aircraft capability to Stay close
to the broadcast path, and to fly within specified trgectory “tubes’. Thisverson of the MASPS
did not include RNP integrity metrics Snce operationa concepts for trgjectory based separation
assurance are not consdered sufficiently mature, and only limited operationa experienceis
available to assess the vaue of RNP systems.

More to follow

Appendix B: Trajectory Change Point Description and Examples
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