Table 3-4 Note 7 Emails

(Changes for 1P35 are shown in yellow highlight.)
(Changes for 1P46 are shown in

)

Table 3-4 ADS-B Report Accuracy, Update Period, and Acquisition Range Requirements

Terminal, En-route, Oceanic Approach .
R o | Rlwm | e | 0|
I s s | gl
) . . 90 nmi (notes 3, 14) . )
Acquisition 10 nmi 20 nmi 40 nmi (120 nmi desired) 10 nmi 5 nmi
Range
| Required Mode- .
status Acquisition 10 nmi 20 nmi 40 nmi 9?128%52%2?;)4) 10 nmi 5 nmi
Range (note 8)
On
Condition 90 nmi (notes 3, 14) .
Acqisition a a a (120 nmi desired) 10 nmi TBD
Range (note 8)
=35 <=15s
Regired Nominal (3 nmi) .) «=7s (1000 ft runway
Update Period <=5s (1 sdesired, (20 nmi) <=12s separation) _
(95th percentile) . _ <=3s <=15s
(20 nmi) note 2) <=12s .
(note 6) =75 (40 nmi) (1s desired)
LEEi (note 7) (20 nmi) (2500 ft runway
separation)
T - s oy
Percentile State (3 nmi) . (20 nmi) separation)
Vector Report 1s desired. not =3
Received Update <=24s (1s &ﬂzr) » note =9s
| Pen(;ld (5035‘7_ <=10s <=14s <=24s <=7s
nterv 33)( ote % (10 nmi) (20 nmi) (40 nmi) (2500 ft runway
(note 7) separation)
Shp:ZOI shp::20/50
Permitted Total 50 m m Sp=25m
State Vector Sp=200m (note 1) (note 1) Sp=200m Sp=20m (note 9)
Errors Required S =nla Sy = 0.6/ 0.75 Sy =0.3/0.75 Sy =5m/s Sy =0.3m/s S =0.3
To Support Syp =321t m/s m/s Sy =321t Syp =321t m/ss
Application Sw=1fps (note 1) (note 1) Sw=1fps sw=1fps Sy =Ma
(1 sigma, 1D) Syp =321t Syp =321t Sw=n/a
Sw=1fps Sw=1fps
Sp=20m Sp=25m
Sy =0.25m/s (note 9)
Sy =301t S =0.25m/s
; =1fps Sy =Na
(1sigma, 1D) Sw v
(Note 10) (Note 11) Sw=nla
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Table 3-4 Note 7 Emails

Definitions:

Shp: Standard deviation of horizontal position error.
Sh: Standard deviation of horizontal velocity error.
Svp: Standard deviation of vertical position error.
Sw. Standard deviation of vertical velocity error.

Notes:

. The lower number represents the desired accuracy for best operational performance and

maximum advantage of ADSB. The higher number, representative of GPS standard
positioning service, represents an acceptable level of ADSB performance, when
combined with barometric altimeter.

. The analysis in Appendix J indicates that a 3-second report received update period for

the full state vector will yield improvements in both safety and alert rate relative to TCAS
I, which does not measure velocity. Further improvement in these measures can be
achieved by providing a one-second report received update rate Further definition of
ADSB based separation and conflict avoidance system(s) may result in refinements to
the valuesin the Table.

. The 90 nmi range requirement appliesin the forward direction. Therequired range aft is

30 nmi (40 nmi desired). The required range 90 degrees to port and starboard is 45 nmi
(60 nmi desired) (see Appendix H).

4. n/a= not applicable; TBD = To be defined

Requirements apply to both aircraft and vehicles.

6. Supporting analyses for update period and update probability are provided in

AppendicesJand L.

Requirements for applications at ranges less than 10 nmi are under development. The 3
second update requirement is the minimum update period required to support ACM for
aircraft pairs within 3 nmi and 6000 feet vertical separation that are converging at a
rate of greater than 500 feet per minute vertically or greater than 6000 feet per minute
laterally. Update rate requirements are once per 5 seconds (95%) for aircraft pairs that
are not within these geometrical constraints, such as aircraft pairs that are diverging.
Requirements for future applications, however, may differ from these requirements.

. The delay for MSor OC report updates after a MSor OC state change should be no more

than the coast interval associated with the state vector report (with 95% confidence).

. The position accuracy requirement for aircraft on the airport surface is stated with

respect to the certified navigation center of the aircraft.

10. Thisrow represents the allowable contribution to total state vector error from ADSB.
11. The horizontal velocity error requirements to aircraft speeds of up to 600 knots.

Accuracies required for velocities above 600 knots are TBD.

12. Specific system parameter requirements in Table 3-4 can be waived provided that the

system designer shows that the application design goals stated in Appendix J or
equivalent system level performance can be achieved.
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Table 3-4 Note 7 Emails

13. Update periods for the SV have been emphasized in determining link related performance
requirements in this table. Lower rates of MS and OC are under development. These
reports should be made available to support the operational capabilities using
considerations equivalent to the SV. The requirement should be optimized to ensure that
the refresh/update of reports is appropriate for the equipment classes and the operations
being supported. Refer to the analysis presented in Appendix L for further details.
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Table 3-4 Note 7 Emails

————— Original Message-----
From Jonat han Hamer <jhanmer@itre. org>
Sent: Thursday, January 03, 2002 9:52 AM

To: Stuart Searight;
<harman@| . mt. edu>;
Subj ect: Table 3-4,

H A,

St eve Heppe <SteveHeppe@ol .conr; Bill Harman
Tom Foster <tefoster@ollins.rockwell.conp
Note 7

Steve and | have di scussed the subject above and we propose the follow ng
text to replace note 7. W will keep table 3-4 as per the proposed revision

and replace note 7.

Note 7 will now only reference the columm | abeled R < 10

NM  Here is our proposal

Note 7:

"Requi renents for a
The 3 second updat e

rborne conflict managenment (ACM) are under devel opnent.
requi renent is the mninum update period required to

support ACM for aircraft pairs within 3 nm and 6000 feet vertica

separation that are

converging at a rate of 500 feet per minute vertically

or 6000 feet per mnute laterally. Update rate requirenents nmay be rel axed
to once per 5 seconds (95% for aircraft pairs that are not within these

geonetrical constra

nts, i.e., aircraft pairs that are diverging, and for

applications other than ACM ™"

Sincerely, Steve H

————— Origi nal Message-----
From WIIiam Harman <harman@]| . nit. edu>
Sent: Friday, January 04, 2002 11:40 AM

To: Jonat han Hammer
Cc: Stuart Searight;

<j hanmer @ri tre. org>
St eve Heppe <SteveHeppe@ol .conr; Tom Foster

<tefoster @ollins.rockwell.conp
Subj ect: Re: Table 3-4, Note 7

H Jonathan and Steve, |'m having trouble understand the neaning of this
draft. Here are some questions in ny m nd:

(1) The draft wording seens anbiguous to ne in one respect. The fina

sentence says,
requirenents are re

Does this mean,
requi renents may be

requi renments may be rel axed..
axed..." ? or does it nean

rel axed in the future, but they are not relaxed now."? The first sentence
suggests changes in the future.

(2) The term Airborne Conflict Managenment (ACM seens confusing as drafted in

the first sentence.

Al t hough the new note would apply only to the R<10 nmi

colum, the applications listed in this colum do not include ACM but they
do include ACM for nost of the other col ums.

Thi nki ng back on ny
the existing Note 7.

original coment, there is a definite inconsistency in
To delete the note would correct the inconsistency.

But if we replace it with sone other wording, | hope we can make it clear
Bill
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———————— Original Message --------

Subject: Re: [Fwd: Table 3-4, Note 7]

Date: Fri, 04 Jan 2002 11:57:58 -0500

From "Stanley R Jones" <sjones@ritre.org>

To: Jonat han Hanmmer <jhamrer@ritre.org>, <sjones@ritre.org>

Jonat han, This notion |evels ne uneasy. All our previous thinking on
col l'i sion avoi dance was based on the assunption that even though for some
reason, you m ght be experiencing poor reception when in the presence of a
potential threat, you were still broadcasting at a high enough rate to assure
that the threat saw you with an appropriate alert time. W have | ost that
assurance (and the associated safety margin) with this adaptive rate concept.
Col l'i si on avoi dance shoul d not depend on adaptive behavior since it is a |ast
resort capability. | think our 95%received update interval requirenent
shoul d be linear with separation range from3 sec at 3 nm to 12 sec at 40
nm, regardl ess of any nei ghbor's behavior. Wthout a continuous broadcast
rate adequate for any unexpected | oss of reception interval, | don't see how
we can ever hope to provide an acceptable collision avoidance capability.

St an

————— Origi nal Message-----

From SteveHeppe@ol . com

Sent: Saturday, January 05, 2002 12: 33 PM

To: Stuart Searight; jhamrer@ritre.org; harman@I|.mt.edu; sjones@rtre.org;
tefoster@ol lins.rockwel|.com

Cc: pn@dsi-nmd. com steve@dsi -md. com Subject: Re: Note 7

Dear Jonat han et. al.

Thanks for your forwarded comments fromBill and Stan (who | have included in
this response). Here is a slightly clarified text which does not change any
of the intended nmeaning (only clarifies what | believe we agreed by

tel ephone). It also responds to some of Bill's concerns. Other comments to
Bill and Stan are added below. 1'l|l be around over the weekend and early next
week, to hopefully close out this action

Clarified text (inserts "greater than" in tw places to enphasize a
t hreshol d, and replaces "may be relaxed to" with "are"

"Requi renents for airborne conflict managenent (ACM are under devel opnent.
The 3 second update requirenent is the mni num update period required to
support ACM for aircraft pairs within 3 nm and 6000 feet vertical separation
that are converging at a rate of greater than 500 feet per minute vertically
or greater than 6000 feet per mnute laterally. Update rate requirenents are
once per 5 seconds (95% for aircraft pairs that are not within these
geonetrical constraints, i.e., aircraft pairs that are diverging, and for
applications other than ACM "

"Il leave it to you, Jonathan, to answer the ACM question in relation to the
colums. (I'mnot up to speed on this one).

Regarding Stan's concern, | would say that the MASPS shoul d capture
performance requirements. The way a requirenent is achieved should be left
up to the designer. If we agree that the requirenent is well-captured by the
above wording, than it is left to the system designer to ensure proper
behavior. If a systemdesigner (or certifying authority) believes that a
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hi gher update rate nust be commanded "early" in order to ensure a given
behavior, than so be it. But the MASPS should only state the requirenent.

An operational algorithmcan "anticipate" if needed to conmpensate for
occasi onal message drop-outs and thereby ensure proper satisfaction of the
requi renent. This works for the poor reception case noted by Stan, with
either or both aircraft experiencing poor reception. I'l|l enphasize again
that all inplenentation details for a particular |link are down at the MOPS
| evel and should be excluded fromthe MASPS, which focuses on system

per f or mance.

Conpl ete reception failure for an extended period of tinme is a major hardware
failure since it affects two frequencies and all antennas. This can be

i gnored froma MASPS standpoint (e.g., the FAA is not requiring redundant
hardware for ADS-B, and airlines today can dispatch with failed TCAS).

We need to be very careful about defining terns such as "Collision
avoi dance". |'ll again leave it to you, Jonathan, to resolve this issue and
correlate with ACM

Regarding the linear interpolation of update rate with range, | am not sure
where this cones from The only application under discussion is the short-
range threat probe application within ACM All other applications either
have update rate requirements |onger than 5 seconds, or can be commanded to
a quicker rate as needed (eg, parallel approach). The short-range threat
probe application within ACMis a binary situation where we either have a
potential threat or we don't. If we have a potential threat, we want a

hi gher update rate. If there is no threat, the higher update rate is not
requi red. W should not fear the principle of adaptive behavior. Many
aeronauti cal systens enpl oy adaptive behavior (including TCAS).

In summary, | do not see any "holes" in the concept at the present tine (but
of course we need to define ACMif it is not defined el sewhere).

| look forward to further discussion, and hopefully consensus.

Si ncerely, Steve Heppe

————— Original Message-----

From Jonathan Hammer <j hanmer@ritre. org>

Sent: Monday, January 07, 2002 6:42 AM

To: SteveHeppe@ol . com

Cc: Stuart Searight; harman@!.mt.edu; sjones@ritre.org;
tefoster@ollins.rockwell.com pn@adsi-m. com steve@dsi-nd. com
Subj ect: Re: Note 7

H Al,

It seens to ne that this should be a topic for discussion at the January 28 -
February 1 W6 neeting. | feel that Steve and | have a proposal on the table
that should be reviewed by the W | also feel that Stan has sone valid

concerns that should al so be di scussed.

W' ve gone back and forth on this thing for quite a while now, and we've had
a lot of proposals put forward to try and resolve it. The process has been
made difficult and much nore I engthy by our inability to get all the

interested parties together at the same tinme to try and reach resolution. |
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know t hat Stuart plans to nake a conference phone |ine available during the
neeting. Can we pre-plan this specific discussion so that we nmake it
available to all interested parties at a nmutually agreed tine?

We are approaching the deadline for the plenary ballot of this docunent.
Those who choose not to participate in these discussions should consider
forfeiting the option to non-concur on the ballot regarding this issue, or
face the wath of the rest of the group and the plenary.

Thanks & Regards,

Jonat han

————— Original Message-----

From WIliamHarman [mailto: harman@| . mt. edu]

Sent: Tuesday, January 08, 2002 12:10 PM

To: Stuart Searight

Cc: SteveHeppe@ol .com sjones@ritre.org; tefoster@ollins.rockwell.com
steve@dsi - M. com

Subject: Relax rate within 10 nm ?

Stuart, Steve, & Jonathan,

Steve's revision is effective in answering ny first question (now saying
clearly that this is a relaxation in the report rate requirement within
10 nm).

Steve didn't try to answer nmy second question, and I'mstill wondering
about it (use of the term ACM. The draft we are considering is
inconsistent with itself. It gives the appearance that the authors

don't understand even the basics.

If we deleted note 7 as originally proposed in IP-35 we wouldn't have
t hat problem

In ny view, Steve is proposing a separate change fromthe one proposed
in IP-35. Steve's proposal is to relax the update rate requirenent for
the applications within 10 nmi. Wether the MASPS shoul d be changed in
that way is really a quesion for Wrking Goup 1, which devel oped the
material in section 1 and section 2.

Bill

————— Original Message-----

From Stanley R Jones [nmilto:sjones@ritre. org]

Sent: Wednesday, January 09, 2002 12:15 PM

To: Stuart Searight; SteveHeppe@ol.com harman@!.nit. edu;
tefoster @ol lins.rockwel |.com steve@dsi-nd.com Jonathan Hamer;
Subj ect: Re: Note 7

Stu,

Mercifully, | got into this discussion alittle late so |'mnot sure
what Steve's problemis. He wote in a note Jonathan replied to on Jan
2, "ACAS is a unique application because it is a "safety net" associ ated
with the failure of normal separation assurance functions, hence it
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cannot be commanded from an external entity." It seens to ne we are
therefore in agreement that broadcast rates should not be adaptive for
the collision avoi dance application

Based on Figure J-12 in the MASPS, the choice of required reception rate
at 95%is proportional to the acceptable loss in conflict alert tine
(for the rates at issue). Although the curve for 5 sec is not shown, a
good inference is that you | oose alnpst 2 sec relative to the 3 sec
curve. If this is acceptable, we should change the MASPS, but notice
that the higher broadcast rate after a threat detection at a | ower
reception rate does nothing except (as with TCAS) inprove the burn
through in interference to maintain the desired update rate. BTW |

don't even want to think about how you would certify Steve's adaptive
rate notion.

As for my suggestion of a linear increase in update rate with range, it
is nothing nore than linear interpolation between points given in Table
3-4 as we originally intended. The step function interpretation yield
doubl e update values at the sane range, inplies that supported
applications have di screte boundari es and can accept constant alert

| osses over considerable reductions in separation range. This is

sensel ess.

Hope this hel ps.
St an

————— Original Message-----

From WIIliam Harman <harman@I| . mt. edu>
Sent: Friday, January 11, 2002 2:48 PM
To: Stuart Searight

Subject: Air-air surveillance to 90 nm

Jonat han,

Earlier this week, we were discussing the new format for table 3-4, and in
particular the aircraft density requirenent for ranges to 90 nm. To
sunmari ze what we said:

(a) The existing MASPS adopted these requirenents fromthe applications cited
in section 2. For ranges to 90 nm, the application is called "Flight
Pat h Deconfliction Planning, Cooperative Separation in Cceanic/Low
Density En Route Airspace". But where this application is cited in Table
3-4, the titleis limted to just "Flight Path Deconfliction Planning."

(b) | prefer the reformatting of the Table as you have proposed. It's
simlar to the way | have been using the table, but your version is
better--very clear.

(c) You made the point that your intention was to clarify the material in the
table, not to change it, which | agree with. And furthernore that the
original application to oceanic and | ow density enroute conditions night
be clarified by a note.

Following is a draft of a note that m ght be used for this purpose. This

coul d be new nunmber, such as note 14. The note would be cited in the 90 nm
colum, in the three boxes where 90 nm is nentioned.
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Note 14. Air-to-air
application of Flight

Table 3-4 Note 7 Emails

ranges extending to 90 nmi are intended to support the
Pat h Deconfliction Planning, Cooperative Separation in

Cceani c/ Low Density En Route Airspace, as described in Section 2.2.2.4.

Bill

242A-WP-11-08

Page 9



