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Why is CDA use so limited?

Myth: “CDAs reduce capacity”
e Idle descent vertical and time profiles can vary widely from aircraft to aircraft
e This uncertainty drives the need for ATC to block large chunks of airspace

Thus, CDAs are practiced today generally during[.off-peak hours and/or sub-optimal
descents (least-common-denominator fixed vertical profiles)

Solution: Use of 4D-trajectory downlink, and if needed, onboard time-guidance (RTA)

e supplies ATC with observability and predictability to use CDAs during dense
operations

Requirements:

e Aircraft - 4D FMSs already predict reliable 4D Trajectories (4DT) and guide to
Required Times of Arrival. Need appropriate downlink of the 4DT

e ANSP - Operational shift toward Trajectory Based Operations (TBO) to incorporate
the 4DT and the development of necessary support applications
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Required Time of Arrival (RTA)

Algorithm is based on speed variation.
* Fixed lateral path, fixed cruise altitude

RTA is enabled for any point in the flight plan.

e Available on 737 aircraft since 1986.

e Demonstrated performance in trials with SAS in 2001.
 Now flying: GE Aviation FMS improved “RTA to Runway”

2 ho 60xT 3 min

‘ urs
Time to RTA Waypoint, T (sec)
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Trajectory-Based Operations

NextGen and SESAR aim to set vision and path to achieve TBO / 4DT ATM

In-service operational evaluations represent “forays” into the future:

e Validation of concepts

e Validation of benefits

e Results and data informs decisions of political activities (NextGen, SESAR)
e Provide input toward standardization activities

These vanguard activities require effective teaming qcross domains
* ANSP (and equipment suppliers) ‘ \9\9

e Operators (and OEM + suppliers) . &R
e Airport Authority

... basis for the integrated system seen by NextGen and SESAR.

The European Commission’s NUP2+ Program is presented here.
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Objectives and Experimental Setup

OBJECTIVES:
- Datalink bandwidth requirements for air/ground TBO apps?
- Identify areas for further FMS or application improvements
- Study 4DT stability, reliability... Lay groundwork for metrics

Flight Trials :
- 30 flights (6 with U10.6 in 2006, 24 with U10.7 in 2007)
- U10.7 change validation (4D predictions, “RTA to RWY”)
- Green Approaches and NowCast wind uplinks at ToD
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Intent Bus in B737 U10.6 & U10.7 FMS
First application in 2005 —

Current A/C State ant
Trajectory Predictions

Provide FMS 4D trajectory to ATC!

e ARINC 702A-1 Trajectory Bus
- Aircraft current-state information N F
2Hz g & °
- Aircraft 4D trajectory predictions -l
(Intent)
- Each minute or when FP changes
- Full trajectory to runway
- Includes vertical wpts and turns

- Dedicated ARINC 429 Bus
- As per ARINC702A-1

ACARS messages added for interim use in
flight trials

- By REQ from ATC
- One-time or periodic downlink

imagination at work
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AVTECH NowCast wind uplink

4 DT NowCast

SAS Hermes
(ACARS Msg)

?

4 DT NowCast

\ 4

AVTECH
NowCast Tool

AMDAR
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Arrival Management

LFV Collaborative Information Exchange System
(experimental implementation)

Designate flight for
Green Approach

e Send approach to
aircraft

e Enable request of
trajectory downlink
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Arrival Management

Flight details display

e Trajectory
profile is
plotted

e Time and
altitude at
each point is
displayed

Start o (IS - (Collaboratve 54, AETR, Woww SAS043

Problem med CIES? Kom = i .—.f—r'
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Strategic Communication w/ RTA

Example from live trial
SK0O05

LLA-ARN
Sept 24, 2007
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@ Approx 10 min

prior to T/D,
AVTECH NowCast En-Route
winds uplinked




@ Just before T/D,
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Wind Error Absorbed in Descent

Tail Wind Profile

(1) spnmyje

-65

tailwind mag (fps)

modelled

actual
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SKO005 Sep 24, 2007 : Reported ETAError relative to RTA

ETA Error (sec)
iy

Time Before Landing (min) Original RTA

10:01:12

—e— ETA Error —— Upper Bound Lower Bound
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Overlay 13 RTA-to-RWY Flights (Dec07)

(o]
(en]

NowCast winds warned of
new headwinds in descent.

RTA algorithm corrects

55 knot unmodeled
tailwind resulted in

2}
D

overshoot of localizer

D
Dy

ETA Error (sec)

P nﬂ“

92 R
L / \

TAYT

- .
ATC issued new RTA
(A60s) here for Arrival
Time to Go (min) Monogement
—Early Bound = Late Bound —— Flight#2 Flight#4  —»—Flight#5  —e—Flight#6  —— Fligth#7  —— Flight#8
Flight#9 Flight#10 Flight#17 Flight#18 Flight#22 Flight#23 Flight#24
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Current reported ETA compared to last
reported ETA (11 non-RTA flights shown)
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Results from SAS trials in 2001
and 2007.

e Larger deviation at runwc?/
due to constrained speed late

Runway | 21 Sec | 12.7 Sec | 7.3 Sec

in descent. (2001)
< Runway | 14Sec | 7.8 Sem>
Typical flight data _(2007) .

Latest Arrival Time

Earliest Arrival Time
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Results (Sept 2007 Flights)

Excellent Experimental Execution (flight deck and
ground)
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TRANSCAP Noise results

50 dBA
55 dBA

60 dBA

65 dBA

70 dBA

Upplands

75 dBA

80 dBA

85 dBA

90 dBA

95 dBA

; ngle

100 dBA
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Results

More than 2000 Green Approaches flown to date... (and counting)
resulted in:

e 204 Metric Ton CO, reduction yearly
e 715 kg of NOx reduction yearly
e 200,000 kg of fuel saved

SAS-Sweden 36,000 Green Approaches per year into Stockholm
alone

e $5.8M fuel reduction plus $4M yield improvement yearly
e 23,000 Metric Ton CO, reduction yearly

e 79 Metric Ton of NOx reduction yearly

e Noise reduced by 50% (65db exposure area)

SAS and LFV are expanding Green Approaches throughout
domestic Sweden
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Conclusions

NUP2+ air/ground infrastructure provides
excellent testbed for study and definition of TBO
trajectory and datalink requirements

30 “Trgjﬁctor Gathering” flights conducted with
and without RTA

4DT downlink refresh requirements >3 minutes
to service TBO applications

RTA-to-RWY performance demonstrated <15sec
RTA to TMA Entry Point within 6 seconds

Wind NowCast uplinks improved overall
trajectory stability and RTA performance
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Future needs for world-wide

implementation

Trajectory downlink protocol
e Message protocol for trial was custom built
 No standard for downlink message with required data exists

Trajectory downlink content requirements

e ARINC 702A Supplement 3 provides for variable content to
accommodate different capability levels

e Needs to be minimum standard requirements for data
content

Performance standard for predictions

e Quality of trajectory predictions (altitude and time) have no
tolerance requirements

e Compensation for control error tolerance may be needed
when reporting trajectory early in the flight.
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Next Steps
BridgeT

standards

% MUAC P e ~
o >~ BREA
> LVNLK|__|v| \ .
o ® ® ® -
Amsterdam Copenhagen Goteborg Malmé  Stockholm
" M n M M
e “Bridge” operations into core Europe
e Focus on requirements, safety analysis,
DeplooyNT?Eth:r)i:p Leﬁ/T AAS  KLM
o S: LFV ARN SAS C:( E
MUAC *
Naviair
Development ‘Nucleus’ ‘i
e GE Aviation (form Smiths)
e Rockwell Collins (Fr)
e Lockheed Martin (UK) H
e TietoEnator (form Ericsson)
e NLR
e Boeing
e Eurocontrol
- R&D:  EEC, HQ
- Ops: MUAC (assoc triplets)
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Next Steps

Air Services Australia / Qantas

e Use of RTA & 4D Trajectory at Brisbane to
supplement Tailored Arrivals Research

GE - Aviation



Next Steps
TMA 2010+

e Eurocontrol Initiative

e Develop & Validate Controlled Time-of-
Arrival (CTA) Concept of Operations at
different airports

e ANSPs : NATS, LVNL, LFV
e Research : Avtech, NLR
e Industry : GE Aviation, Rockwell-Collins
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QUESTIONS?
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Controlled Time of Arrival

Generated by a Time-Based Metering system to merge traffic from
metering fixés to a runway.

e Akey capability of an FMS is to “self-deliver” to a specified waypoint at
a Required Time of Arrival (RTA).

e The FMS efficiently operates a flight with a user selected Cost Index (Cl)
and a Continuous Descent Approach (CDA).

e Accurate ETAs (Fotentiolly becoming RTAs) need to be downlinked from
the aircraft to close the I6op with ground control.

e Traditionally used in Enroute segments only

e Series of 33 trial flights with SAS in 2001 explored the use of “RTA to the
Runway”

RTA Max Mean STD

Target

Top of 7Sec | 4.8Sec | 2.7Sec
STAR

Runway | 21Sec | 12.7 Sec | 7.3 Sec
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NUP2+ Trajectory Usage

ACARS

ARINC 702A-1 standard
&
—_
I—:z.l/, T 1 11
= AOC .
. SAS ANSP - Airport
RC Hermes LFV CIES
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Spacing at Metering Fix HMR

ASIA Page 12.3

ARG

(oMEDME o ongs) IKINEAE S TAR mwy 26

SPEED

MSX [AS 2
estabishe

Vilhan

In the new downlinked 4DT

messages, the time

separation at HMR had

BOKT below FL10O

2d an FAT maintain

uritll pasaing G

Mo FL150‘

e L

Lo | P-ANAY Approval Hequ1r\ed|
ﬂlllll'n:
1125 HM
DK
£ B

s

LT
._3 rwm FL?l.‘l
1. < ZTHM THR
T sades

T

//w POZRr A 7‘:}1[0

1 SN A

RTA Accepted

via gu T aownlink
SASO075 confirms GA
HAMMAR1V with
ETA 06:4

1 RTA Accepted

link

SAS2059 confirms
GA HAMMAR1V with
ETA 06:50

increased from 1 to 2 minutes L oo,
ot SA63 2 oo THR
TR Ml FL100. 1k 5000 a2 A
¥7NM THR '\,_ 200 THR ™, e s 14 5000
o5\, % M /" 20NV THR
7 094 =4l B) 084 =T /
\ SR =3 O ,.|; sasgr [/ odELAN
LTOK ) / Max FL120
mma FL150 MMes00 R /TR
——— MR L 0542755 \
2ANM THR ,éh:' 23 P;-?-sa 5., A
| A=l sas0s 5’2 MN»F L70
== e EPRMTHR. i 1y
. . \m J SAGDE ME:J);\;_» z, 2} SA.ED? HHATY
Sends RTA 06:48:00 to preoan]| Gtk 1 el
- - B 5848 260 THR = 2OMM THR
: & ;
SASO075 and RTA ‘ '
3
06:51:00 to SAS2059 - %
:51:00 to =T —
., MNN FL10O
 2ENRTHA.-
| Masaie
2 o5 | 335 NAK
L A e 17T
B P { i 40,7
-
& / TROSA 1V
2 RSV
=
[l
8 <
3 S,
g S MAXFL190
“ Trosa RN
= Dit4 3 TRS I e
4 NEBSAE 0 5 100K o ARL 7 Uﬂo i
f . . . g ENTH ) 17 22 i
) imagination at work L 3
TG M WEF 16 MAH

Controlling to time
resulted in physical
separation of 10NM at
OM

43
GE - Aviation
12/6/07




Comparison of Vertical Trajectory Stability

RTA Flight
SKOO05 LLA-ARN Sept 25, 2007

x 10% Tail Wind Profile

0 | | | | |
-120 -100 -80 -60 -40 -20 0
tailwind mag (fps)

actual modelled
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Comparison of Vertical Trajectory Stability

Baseline Flight
SK007 LLA-ARN  Sept 26, 2007

x 10* Tail Wind Profile
4

3.5

3

altitude (ft)
N
N 1)

N
(@)

0 ‘ 1 1 1 \
-100 -80 -60 -40 -20 0 20
tailwind mag (fps)

actual modelled
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RTA Vertical Profile Stability
in Relative Time

LLA-ARN RTA Flight
Relative Time

45000

40000 -

35000 - /

30000 - /

25000

20000 - / \
15000 L

10000 /

5000 /
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0 10 20 30 40 50 60 70

Time to Dest (min)
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Baseline Vertical Profile Stability
in Relative Time

LLA-ARN Baseline
Relative Time

40000

35000 - \

30000 - /
% 25000 |
Q@
20000
2
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10000 - /
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RTA Vertical Profile Stability
in Absolute Time

LLA-ARN RTAFlight

Absolute Time

ETA (sec)

40000
// ™ 000
/
- 30000
o
£ 25000
[}]
E 20000
< / 15000
ya 10000
/ 5000
T T T T T T T O
33000 -32500  -32000  -31500  -31000  -30500  -30000  -29500  -29000
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Baseline Vertical Profile Stability

in Absolute Time

Altitude (feet)

LLA-ARN Basline
Absolute Time

UUUUU

el

UUUUU

-36500 -36000 -35500 -35000 -34500 -34000

ETA (sec)

\%J

-33500 -33000 -32500 -32000
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Vertical Profile Comparison in Absolute Time

Baseline Descent Trajectory RTADescent Trajectory
45000
o 4000
// / 35000
/ 30000 1
25000 1

Altitude (feet)

Altitude (feet)

36300 36100 35000 35700 -35500 -35300 35100 -34900 -34700 -34500 33000 32800 -32600 -32400 -32200 -32000 -31800 -31600 -31400 -31200 -31000
ETA (sec) ETA (sec)
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Trajectory Reporting -
Intent Bus Definition

ARINC 702A Supplement 3 defines significantly more data
important for air traffic use.

Aircraft State Data is output at 0.5 second rate.

Trajectory Intent is reported:
 Whenever an active flight plan change occurs.
e When a lateral waypoint is passed.

e Whenever there has been a significant change to the
predicted trajectory.

e When a defined period has elapsed (one minute) since the
last transmission
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Example of the trajectory downlink
(Supp 3):

' Fly-b int
Start of tl{n ] y waypoin

‘ Al/ Transition altitude

Top of descent Crossover altitude :
i
i

End of turn

z,
P

Segment sequence transmission |/~
Start point — aircraft projection Turn center

Line to point — top of descent

Line to point — crossover altitude

Line to point

Arc to point — named point

Arc to point — transition altitude

Arc to point

Noah~wWN -~
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Transmission Time - VHF ACARS
(character-oriented data)

Trajectory Intent Suppl  Supp3

e Number of characters 862 4441
e Transmission time/set 29sec 14.8 sec

Notes: Typical 25 point trajectory.
Transmission is VHF ACARS (2400 bits/sec).
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Transmission Time - VDL Mode 2
(binary data)

Trajectory Intent Suppl  Supp3

e Number of 32-bit words 132 680
e Transmission time/set 2-.4sec .9-2.2 sec

Notes: Typical 25 point trajectory.
Transmission bus is VDL Mode 2 (10,000 - 24,000 effective bits/sec).
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