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Honeywell’s SmartPath® Ground-Based

Augmentation System (GBAS)
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Leading the Industry in Satellite Landings Systems for > 20 Years



Honeywell SmartPath GBAS

Dual Processor
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Overall System Integrity
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* Multipath Limiting Antenna (MLA) * Approach Control . System Mode
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Next Generation Landing System- Available Now

* Today’s presentation focuses on the next generation of landing
system (GBAS) that provides:

Enhanced Safety:
- Multiple ANSP Certification Pedigree
- Signal Stability (immune to signal bends inherent in ILS)
- Wake Vortex Mitigation — Customizable Glide Paths/Approaches

Increased Airport Capacity:
- Offers precision approach where ILS cannot due to geography
- Enables flexible approaches (48), improved accuracy versus ILS

- Airport benefits from increased revenue (landings fees, concessions, etc.) and
cost avoidance (capacity increase without adding runways

Lower Life-cycle Costs:
- One SmartPath GBAS Station serves all runways/runway ends at any airport
- Lower maintenance costs/lower flight inspection costs

Environmental Friendliness:
- Variable Glide Slopes, RNAV/RNP to GLS Finals

- Airline fuel & emission savings, increased schedule flexibility, avoid noise
violations

- Airports increased capacity and schedule flexibility, improved communitifI (r%aet’iw(se“
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Key GBAS Benefits Over Legacy ILS

Flexible, Digital Approach Paths Requires No “Clear Zones”

«ILS: Single defined slope, same touchdown point on runway
» SmartPath GBAS: Multiple touchdown points and glide slope combinations

GBAS3.3degree |

.| Touchdown Point (example)

With Variable Glide

LS _/
ILS Touchdown @
Point

Increases Capacity; Reduces Delays

Serves All Runway Ends

RNP Approach: .4 CO2 emission reductions of 1.4243lkg
+ curved finalapproach per each 1kg of fuel saved
+ beginsonthedownwindleg
+ lateraland vertical guidance
* totherunway
« ortoaGLSintercept

i - T

FAF

Final Course

£o3

4 NM final can save up to 10.6
NM/Approach

+ 3minutes of flight time
« 82.7kilograms of fuel

+  104liters of fuel g (\.UUQIC
T STOmRORR TSy, NGA. GEBCO <

Reduce Fuel Consumption; Minimize Emissions; Avoid Terrain Reduce Maintenance Costs; Increase Precision Approaches
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Increasing Runway Capacity, Reducing Noise, Reducing Track Miles, Reducing Operating Costs
Flexibility to Address Multitude of Operational Challenges at the Airports You Fly To



Regulator

Airlines ANSP Airports

Enhances safety,
environmental Improves capacity,
impacts, ATM lowers cost, future

modernization proof to CAT Il

Lowers operational
cost, and increases
schedule reliability

Value is shared across all stakeholders

Stakeholder Involvement Throughout the Whole Project =

Successful Implementation




SmartPath® GBAS Deployment Expanding Globally
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Numerous Near-Term Opportunities for Network Expansion
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SLS-4000 Block Il SW — What Improves?

« Honeywell Achieved System Design Approval for our 3@ Generation
Block Il GBAS Software in October 2015 FAA System

Design Approval

Enhances Availability
= Include satellites that are currently omitted in Block |
= Change fault reactions to re-admit faulty satellites sooner

= Operate on two receivers for common masking
- Block I requires three receivers to broadcast corrections

Provides Configurability Options
= Allows for a user-defined iono threat model
- Enables improved availability in all geographies
= Allows for automatic user-defined GLS approach procedures for a specific time period
- Motivated by low latitudes — Set up to broadcast only during specific time periods

Maintenance Improvements
= Enable or disable VHF broadcast without going into test mode
= Display enhancements for usability

Enables 48 FAS Data Blocks (from 26)

© 2015 by Honeywell International Inc. All rights reserved.

Extending Honeywell’s Global Leadership in Satellite Navigation



Block II-S — SBAS Integration Supports CAT Il on CAT |
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j E ) o o ° -
Antenna o 80" ®
10 (A1) o s e oe = _J
H"""’"’ . "‘""H-// € 0.0 0 0+ FI L G 0. 0'9 & o~
EF@ : @ © 90000 % DAY \'(‘:\:GNE
L 15 (A3) 607 4 *  sob el el ) |
Outdoor j (CUCE S || "izs(AtlAS) g+ bbb oo e e %o oo ® -t
/_,——" (A7A3) 60 e : {l 20 (AaAn 40 :x .. Ry
- - (A7A4) eoi - P 30 (A7A1) . 1
T T —A )] ° - NV
i el || L] | 3 ot
Indoor 23?]\;125 r et h @ !. B —CT ) 20 o ee o Y '
converte - s >
0P V7 77/ a5 oy ol N R . £ ATIN )
L 5 J <180 -160 -140 -120 -100 80 60 40 -20
28V
: wazyso—T 1 EEEEHE @DD WAAS lonospheric Grid Point Delay (meters)
KGS 200 Mercury?2 — o T T R W DY e
- . (A14) | P P ~
WAAS GNSSU NLLE e ] 8 000 TR BT T o X
TSO’ed COTS devi T 00 e R EAARXR R R ERARRE
e evice (25105 — | P 60+ 9000000 o 2¢ " 569090000 Dclny
[ =0 = & [+ 23900000000 ° b 00000 o/
125 ; : o5 (1) 4323330 2853, "% 1
1o | b2 L 100 (A20) | T 0200es305Teee 222 o
(A53) 115 \ Y] 0.. SoTeaieesees n=
20" 0000 000080Q KRG :D
SLS-4000 supports I/O for (A26) 105 b4+ 00880000 ¢
data and power without SLS 4000’ S oo
hardware modification T VIEW 180 -160 -140 -120 -100 -80 -60 40 -20

25 e 12377 UIC

No changeto existing SLS-4000 Hardware

* SBAS Integration option included in Block Il System Design Approval

* Performance Enhancement of Ground System Supports:
CAT 1l on CAT | with no change to existing GAST C avionics
CAT | Autoland

100% Availability

Extend Service Volumes

Turn on Differentially Corrected Positioning System
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Concept Valid for all ICAO Compliant SBAS Systems



SLS-5000 CAT Il SmartPath® GBAS

 Road to CAT lll is Paved...

SDA Approval Plan submitted and acknowledged by FAA
FAA CAT Il validation project completed
= Substantially de-risked CAT Il development
FAA formally supporting CAT Il development
Heavy Re-use of Block Il baseline

= 100% re-use of 13 integrity monitors from Block Il
= Adding 2 new monitors; Updating 2 others

Minimal HW changes from CAT | (ex: Copper Cables to Fiber)
SDA ... Market Driven Delivery

CAT Il Schedule CAT | and CAT Il Integrity Monitors

GAST-D

CAT | Operations

CAT II/Ill Operations

Broadcast Msg Type 1,2 & 4

Broadcast Message Type 11

Sigma PR Ground

Phase Center Non-Zero Mean

Ground System Sigma Monitor

lonosphere Anomaly Monitor

Troposphere Anomaly Monitor

Ephemeris Monitor

Signal Deformation Monitor

Low Satellite Signal Power Monitor

Code Carrier Divergence Monitor

Excessive Acceleration Monitor

Excessive Acceleration Monitor

Executive Monitor

Executive Monitor

RFI Above the Mask

lono Screening Real Time Inflation

Constellation Alerts

Broadband RFI Monitor

SCAT I GAST-C
i i
1211(2016 TH201T 1112018 SCAT | Operations (1998) CAT | Operations
‘ TRR | | End ‘ Approval Broadcast Msg Type 1,2 & 4 |Broadcast Msg Type 1,2 & 4
6112015 121112016 7112016 20112017 4112018 12112018 TI12019 -
1 N Sigma PR Ground
T T Phase Center Non-Zero Mean
1-Jun‘!¥|5y QOctober January April  July October January April  July OQctober January April  July October January April a1 Ground System Sigma Monitor
lonosphere Anomaly Monitor
¥ Approval Plan| v System Design |+ High LevelHW |+ Low Level Software Requirements ¥ Formal Test v FAA Internal Troposphere Anomaly Monitor
¥ System Description Requirements | ¥ Software Design Results Review Time Ephemeris Monitor
Requirements| ¥ Sub-System + High Level SW | ¥ Test Cases and Procedures ¥ Structural v Safety Risk ianal Def ion Moni
v Traceto Requi R v Qualification Procedur Coverage Management Slgna eformation Monitor
SARPS ¥ Security Plans |V Design Analysis | Hardware/Software Integration Analysis Document Low Satellite Signal Power Monitor
¥ FHA ¥ Human Factors and Validation |+ Conformed Test Articles ¥ System Safety (SRMD) Code Carrier Di Monit
¥ Planning v Algorithm ¥ Requirements |v  Complete Requirements Coverage Assessment v System el (CEITIET IDIVETEES Mool
Documents Description Validation ¥ Tool Qualification ¥ Final HMI Report Design Excessive Acceleration Monitor
¥ PSAA Documents ¥ Human Factors |v MDT and ATSU Software Design and ¥ Commercial Approval E ive Moni
¥ PHAC ¥ Preliminary Design Implementation Instruction Book (SDA) LA Wi
System Safety |+ Security Design | v Hardware Qual Starts ¥ Production RFI Above the Mask
¥ FAASOIT Assessment ¥ Qualification ¥ Boxcar2 Release | S ing Real Ti Inflati
Planning v Boxear3 ono Screening Real Time Inflation
¥ DraftHMI v FAASOM Constellation Alerts
Document ¥ FAASOI3 ¥ FAA Safety Audit -
v Boxcar | Y Broadband RFI Monitor
7 FAASOI2

Cross Correlation Monitor

lono Gradient Monitor
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Clear Path to CAT lll Based on Certified Block Il Baseline




Demonstrating the Value of GBAS

2015 - 2016

eco Shanghai Pudong GBAS Large Scale Demonstrations
Demonstrator Tr | al < (2 01 6)
BOEING' SESAR 9.12 - ainﬁsﬁg;::: | ’
GBAS CAT Il/lll - 150 < . .o
Honey well Trials ? \l\] AN *
= CAAC / AEDA- JI:I(_)ne.vwell @‘
A ,%s Honeywell L QUESCT AIRBUS

N‘ET_}ET_S 5 Elbit Systems

DFS Deutsche Flugsiche

Honeywell ™ ZURICHAIRPORT

AT SWISS & Lufthansa A (Fl:aport

EBAARN.

* RNP to GLS with 1.4 nm short final approach

» 3.5 - 4.0 deg Glideslope approaches with up to 1000 ft
displaced threshold

« CAT Ill “hands-off” Autoland by an airline crew
* GBAS landing in Asia Pacific (Australia excluded)
. Publlshed RNP to GLS approaches (2016)
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Reducing Risk of Implementing Advanced GBAS Operations
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Customer Testimonial — DFS, Germany

CUSTOMER SUCCESS STORY Honeywell

DFS embraces new precision approach technology
Honeywell SmartPath® GBAS increases airspace efficiency
and capacity with the prospect to lower airport costs §

DFS Deirnsche Hupsichen nz

4
AT A GLANCE

‘Why DFS chose Honeywell
GBAS identified by ICAO, F and Eurocontrol a2 an
enabier for improving air traffic capacity
Honeywell SmantPsth is worid's first and only certified
@84S eyztem
DFS wanted to famiiarice teaif with GBAS sz the
organieation sesc it 83 an eventual succsesor to
ILS technology
& : R A Do it e Reduced of
aircraft movements without incurring the costs of buiding more runways. GBAS has been e e o
for improving air traffic and Honeywell's solution, the SmartPath Pracision Landing System, is e e

adopt the technology.

Overview

Honeywell
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