GPS - Benetfits for Aviation
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How does GPS benefit Aviation?:

. Precision Navigation = MOR
CAPACITY, MORE ALL

=

WEATHER OPS
. Precision Timing = BETTER
FLOW MANAGEMENT,

COMMON TIME PLATFORM
. Position awareness = SAFETY
. Repeatability =

. Reduced fuel burn

. Reduced block times

& flightoperations

Flight Standards and Technology

A STAR ALLIANCE MEMBER roe




& flightoperations

Flight Standards and Technology

GPS Description

The 24 satellites of the are placed
in orbits at about 3.75 times the radius
of the Earth (11000 nm). A

can its position on the
Earth's surface within 30 meters or less
with signals from three of the satellites.
The satellites are arranged in six orbital
planes with four satellites in each

plane. Single frequency receiver, 5

degree mask angle
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How can we use GPS today?:

- Area Navigation (RNAV)

* Required Navigation Performance (RNP)
« Position and event reporting

« Common Timebase

« Surface Moving Map

 Runway Awareness and Advisory System

(RAAS)
- Automatic Dependent Surveillance (FANS,
ADS-B)
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ATL Non RNAYV Tracks
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ATL with RNAV Tracks
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Old West Gate Traffic Flow Modeled in Simulation

Tracks colorized by altitude:

100-150 Green

DR1_RWY
ETG 200-250 Yellow

250+ Grey




New Departure Allocation Modeled in Simulation
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Tracks colorized by altitude:

100-150 Green

DR1_RNAV

ETG 200-250 Yellow

250+ Grey
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Simultaneous Offset Instrument Approaches SOIA at
SFO

* Allows 3400’ Parallels
* Visual after that

« 25% Arrival rate
Increase over single
runway option

« Will allow dual runway
operations to 2,100
foot ceilings initially,
later to 1,600 feet, &
visibility of 4 miles

- Began 10/26/04

SFO 28L
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" " KSFO EFFECTIVE DAN FRANUIDUY, UALIF

SAN FRANCISCO INTI ¢ xxx KAOXR_7 o7 11 RNAV Rwy 28R

TS EETEY TBypnoraltl ] SAIRUEN TN oy Bround  (gasy |
|115.8 135.45 134.5 | 120.5 |12..8 124.25
Final Minimurm alt .
e Apch Crs ZOMUK R’i’:.fa Apt Elov 11
RNVR 28R 282° 1803' (1792) Minimums TozE 11"

| MISSED APCH: For missed approach initiated prior to ZOMUK: Climb to 3000° on
| RNAV track to ZOMUK, then proceed via 280° heading. For missed approach initiated
| after ZOMUK and up to the DA{H): Climb to 3000' via 280° heading.

Alt set: INCHES 1. Special aircrew training required. 2. GPS required (DME/DME updating not
| 5 3. approach with ILS Rwy 28L. 4. RADAR and PAP|
| required. 5. Approach not authorized when airport temperature below -20°C.

X

STRAIGHT- IN LANDING RWY 28R - LNAAV ZOMUK
RNP 0:11 RNP 0..20 RNP 0..30 & LIKEU [G:l:erzt(iﬁhlsl.i [GP 1803' MSL]
DAH) 1092" (10819 DAH) 1244" (1233DA(H) 1414 (1403 l::; 4‘2!?:\5“ [GP 671 MSL] -
Ceiling: 1400' Ceiling: 1600" Ceiling: 1700" RW28R
FULL | ALSout | FULL | AlSout| FULL | ALSout TCH 51°
A ALSF-II
3000°
Bl a 4 4 5 5 5 | papr fe P 280°
D RT hdg TDZE 11| _- 1.2 |
1.2 19 4.9 5.5 14.3

CHANGES: Edit Notes, Profile Altitudes: 8-15-02. PROOF COPY ONLY, File: SFO_Plate_RNVR-Final
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A)

KDCA/DCA siseppesen  WASHINGTON, DC (V
RONALD REA! 21 0CT 05 (: :)
SRR T OR NATL RNAV_(RNP) Rwy 19
D-ATIS AWOS-3 POTOMAC Approach (R) |  WASHINGTON Tower Ground ‘ Helicopter
| _132.65 128.8 124.7 119.1 121.7 120.75
Final Minimum Alt RNP 0.11 '
ANAV Apch Crs JTSON DA(H) Apt Elev 15
184° 2000/(1987°)| 475’ (462") 0z 13’
MISSED APCH: Climbing RIGHT turn to 1800° direct OXONN and hold.
Alt Set: INCHES Trans level: FL 180 Trans alt: 18000°
1. SPECIAL AIRCRAFT & AIRCREW AUTHORIZATION REQUIRED.
2. RF, GPS and RADAR requlred 3. For uncompensated Baro-VNAV systems, procedure
not authorized below - 11°C (12°F) or above 49°C (120°F). 4. When east side VGSI inop, MSA RW19
gro:adura not BU"\OHZN
o= (IAF} © BALTIMORE VOR
12 \5 \ , 10000 MAXIMUM
m 3 So KIVEY KUBEY 6900 MAXIMUM 0 Procedure not aufhonzed V44-214
= é /Jo 3800 OM southeastbound; V26
(i 300 MAXTMUM MA IMUM 'l southeastbound.
=g 4 Max 240 KIAS / 500 @ Procedure not avthorized V265
®S CUKLI northbound.
,t\ 4000 © Procedure not authorized
ol E5 MAXIMUM X 7 V8 northwestbound. _ _________|
| =2 ~ )
5.4 250N\ Ry
:2 3100 LZ{ CIP <509 S MANDATORY Alon‘ /\454‘
wg MAXIMUM S / : A A
38 RN ’
X NOT TO SCALE 7 K : v, NOTE: Prohibited A
R N P T : N O R o
- |Ronald Reagan Wuhmglcn
o, Natl Apt, avoid from
820" JTSON 72 %, surface to 18000’ MSL.
A Zps6 2
- 38-55 /,/; i
o SETOC A
Approach
1049°
| A L
L OXONN
i 3s2pc,
s
E & m@ MISSED
|- 38-50 S APCH FIX
- 77:10 ZU
, HIXIT O DA to RW19 1.3 NM
MANDATORY
[TCH 50']
RNP .11 required — -
" q speed Kls 76 90 1100 {120 | 140 160 ] M&SF 1-800'
Glide P& 1{3.00°]| 372 478 | 531] 637 743 | 849 c»il;!_g_vASI [’ B OXONNF
MAP at DA B RT
\S‘T*RA@H-IN LANDING RWY 19
RNP 0.11
pay 4757 (462°)
’ﬁ ALS out
HID
] i
ofB .
A )
ol RvR 60 or V4 12 !,l/ u N
ITED
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RNP in Terrain

e Using RNP in terrain
environment increases safety

margin and adds capacity —
typical RNP 0.3

[
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Surveillance:
Test
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UAL Surface Moving Map
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RAAS System
Approaching Runway - On Ground

44% of Runway Incursions
in our study involve

16R

loss of position awareness. 1
34L
A9 A8 . A6 A5 A4
A $§>
D
D2
D3  Approaching
D4 One-One”
2
0. 22 G G4 3 G2 G1
|
34R 16L
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Conditions for advisory:

» Advisory depends on aircraft
groundspeed, heading and
nearest runway end

— Earlier call-out at higher
speeds

* Inhibited above 40 knots

— No distraction during
take-off/landing ground
roll
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RAAS in action (UAL B777 @DEN)

Runway End Advisory Call-Out

Aircraft on the runway

Aircraft heading +/- 20 deg of runway heading
Aircraft enters last 100 feet of runway
Aircraft groundspeed in < 40kts

“100 remaining”

100 remaining.AVI
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RAAS in action #2

Intersection Departure —
Insufficient Runway

Aircraft must enter into runway
Aircraft heading +/- 20 deg of runway

heading
Distance for takeoff less than
nominal (user selected)

“On runway 34 Left, one thousand
two hundred remaining”
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What is ADS-B?

— Automatic

— Dependent
— Surveillance
— Broadcast
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Oceanic Tailored Arrivals using GPS

Bur .ngam_e O Millﬁrée:ﬁ..éan B_ri;lﬁo'
el = = < “South'San Franci

A
8 | Redwood Cny2912 0. 2332 0]

Palo Alto C{326430 OW—&O*“""""""O"’ — = En---‘ISOD 40) !5148 0
: 1 { '

' Foster.City

Image NASA
© 2008 Europa Technologies
008 TerraMetrics

Eyealt 22.94 km
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ADS-B Enables Safety

Ty in general sviation ramp betwesn
Ty A4 and Ty &5 closed to aiteraft

with wingspan greater than 103"

In the air...

...and on the ground
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Radar Equivalent Services in High-Terrain Airspace Using
ADS-B Out

* Eliminates “one-in-one-out”
 Uses RNP with GPS for lower
minimums

« Precision RNP missed approaches ;—f@?
-
=6 =
GBT \
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ADS-B Improves Performance &
Efficiency

Merging and
Spacing

Constant
Descent

—-.-—-.Ap,%

CDTI Assisted /
Visual

‘Separatione="

.
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Current RADAR Separation Standards

— 5nm En Route

— 3nm Terminal

— 2.5nm Terminal on approach

— 1.5nm Terminal on staggered dependent approaches
— 4,300 feet on independent parallel approaches
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Separation Mins with GPS/ADS-B

Satellite Constellation Av >0.9999 (with 2 deg. Mask Angle)

24 27 30
No SV 18V 2SVs No SV 18V 2SVs No SV 18V 2SVs
Unusable Unusable Unusable Unusable Unusable Unusable Unusable Unusable Unusable
Separation
Standard
5NM En Route
Yes No No Yes Yes Yes Yes Yes Yes
3NM Terminal
Possible No No Yes Yes No Yes Yes Yes
2.5NM Terminal on Final
Approach
Possible No No Yes Yes No Yes Yes Yes
1.5NM Terminal on Parallel
Dependent Approach
Uncertain No No Yes Yes No Yes Yes Yes
4300FT Terminal on Parallel
Independent Approach
No No No Yes Yes No Yes Yes Yes
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Why GPS for aviation?

*"Space-based navigation” will allow more aircraft in our
airspace:
*Guarantee of 30 GPS satellites will reduce en-route
and terminal spacing
*GPS will reduce fuel burn and greenhouse gas
emissions:
*More direct, time-based routings
*GPS will enable safer operations due to position
awareness:
*Reduce runway incursions
*Provides greater situational awareness
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Thank you!
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