Supporting N
you on the ground QP

\ W 4
to keep vou 1969-2009
in the air € EMBRAER

CNS/ATM




Introduction
Roadmaps
PBN

LPV

ADSB
CPDLC
Next Steps

Agenda

THIS INFORMATION IS EMBRAER PROPERTY AND CANNOT BE USED OR REPRODUCED WITHOUT WRITTEN AUTORIZATION.



Agenda

Introduction

THIS INFORMATION IS EMBRAER PROPERTY AND CANNOT BE USED OR REPRODUCED WITHOUT WRITTEN AUTORIZATION.



A

Introduction Q52005

£ EVMBRAER

Communication Navigation Surveillance / Air Traffic Management

= Focus on the optimal use of the airspace in terms of time, safety, airline and ATC operations

Without CNS/ ATM With CNS/ ATM
Ground
Data _ Ground Mavigation
amigation Satellite
Voice Mavigation

Shared
Surveillance Radar

Satellte Voice \
Navigatien Radar

Surveillance
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Communicationl Navigation | Surveillance
- RNAV
CPDLC PBN { RNP ADS-B
LPV

CPDLC: Controller Pilots Data Link Communication
PBN: Performance Based navigation

RNAV: Area Navigation

RNP: Required Navigation Performance

LPV: Localizer Performance Vertical Guidance
ADS-B: Automatic Dependent Surveillance Broadcast
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Next Generation Single European Sky ATM Research

o

"

™

EURCCONTROL

ICAO Role is Harmonization

Concepcao Operacional

ATM Nacional Aunstralian Government

Civil Avistion Safety Authority

Brazil Australia
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FAA NextGen (USA)

= ltis shorthand for the Next Generation Air Transportation System, refers to a wide-ranging
initiative to transform the air traffic control system to meet future demands and avoid gridlock
in the United States sky and in the airports.

= May 2008 - FAA assumed NextGen Implementation
= June 2008 — FAA launched NextGen Implementation Plan
= February 2009 — FAA launches 2009 version of Implementation Plan

Near term Implementation Long Term Planning
5—10 years

[MIPLEREN TATHON PLAN
2009
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FAA NextGen (USA)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2018 2019 2020 .2025
| RNP 4 Trlal Operatlon (Callfornla/ South Pacmc/North Atlantlc) (30/30 nm Iat/Iong separatlon)

. =
RNAV and RNP 2 routes >

L
|_
3
Long tefm (2016-2025
@
- RNAV above FL180 D RNAV everywher in CONUS
L : ,
RNP at & abave FL290 [ ] RNP in busy en route and
_ terminal:airspace
'©
g RNAYV SID and STARS (at many of the top 100 airports by 2015 — 50 procedures per year) >
o
= D RNAV i1 for Departure & Arrival at busy airports
| RNP AR 0.3 (50 procedures per year) >
D- H H H H
|2 RNP AR <03 >
’ WAAS / LPV (500 procedures per year) >
B -
8 ATC datalink mandate (CPDLC) D
E ADS-B Grourjd Networks ‘ | | ‘ >
> ' D Expected deplayment of ADS:B in vaérious pockets m us, ADé-B ouT D
TCCA - ADS-B OUT including Gulfiof Mexico f
Hudson Bay — between FL330 and FL370 W Published Equipage Mandate [7] Forecast Equipage Mandate
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SESAR (Europe)
= SESAR - Single European Sky ATM (Air Traffic Management) SN
Research: Program launched in 2004 by European Commission i "mu Singlell
and Eurocontrol to develop and to implement the Single Eumpeaﬂ ’
European Sky. 4 Sk}' _
= SESAR aims at developing the new generation air traffic 4
management system capable of ensuring the safety and SE S AR

fluidity of air transport worldwide over the next 30 years. ettt

2006 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 Time (Calendar Years)
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SESAR (Europe)
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2018 2019 2020 ...2025

2 W BRNAV. (RNAV 5) mandate since 1998
>
O
X
F RNAV 1 (PRNAV) =
g RNAV 1 & RNAV 5 >
o [ ]ARrNP I
. APV BARO VNAV (LNAVNNAV) >
o
. SBAS APV usmg EGNOS (S|m|Iar to WAAS LPV) >
RNF’ AR 0.3 >
CPDLC DataLink CPDLC N
CE) Fowardfit v D Recording v Retrofit O ?(;ri:;a;tr;eg)r(lg % bteef((j) re Dec
O LINK2000# Fawardfit LINK2000+ P
ADS-B OUT RAD ADS-B OUT RAD

E D Fowardfit D Retrofit
2 . Cascade . Cascade

ADS-B IN aplications >

VY Published Equipage Mandate [ ] Forecast Equipage Mandate
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ASTRA (Australia)

= ATM Strategic Plan: is the first of a suite of documents

supporting the evolution to a future air traffic management [ATM] Australian Government
system in Australia that is performance-based, addresses Civil Aviation Safety Authority

ATM community expectations, is cost-efficient and is globally
harmonized.

SHORT-TERM MEDIUM-TERM

_BRISBANE GREEN
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ASTRA (Australia)

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2018 2019 2020 ...2025

Q
§ RNP 4 and RNAV-10 (Oceanlc and Remote contlnental) and RNAV 2 and RNAV 5 (Contlnental en- route) >
04
s To |mplement RNP 2 >
g
'E To implement RNAV 1 SID & STAR >
o

To |mplement RNP AR >
o ' ' |
o To |mplement RNP APCH and APV Baro VNAV >
<

D RNAV-1 or RNP-1 for hlgher air traffic density TMAs
= .
8 To introduce ATN >
% ADS-B OUT ADS-B OUT
NRA NRA
n
v Fowardfit v Retrofit

VPuinshed Equipage Mandate |:| Forecast Equipage Mandate
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CONOPS (Brazil)

DECEA - PORTARIA No 299/GC3 (May 2008) published the “Concepgéo Operacional ATM
Nacional” with the Brazilian Operational Concept (CONOPS) for CNS/ATM implementation. It
is aligned with ICAO plans.

MINISTERIO DA DEFESA
COMANDO DA AFRONAUTICA

Forum on Integration and Harmonization of NexiGen and SESAR into the Global ATM Framework

CONTROLE DO ESPACO AEREO

PFCA 3513

José Pompeu Brasil

PROGRAMA DE DMPLEMENTACAO ATM
NACIONAL

2000
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Worldwide Roadmaps

CONOPS (Brazil)
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2018 2019 2020 ...2025

% VW RNAV 5 (RNAV route only)

ne .

= To implement RNP 2 >
g

£ To implement RNAV 1 SID & STAR >
o

o

& To implement RNP APCH and APV Baro VNAV >
=

8 To introduce ATN >
&

8 To introduce ADS-B OUT- Bacia de Campos — Implementation Plan

quinshed Equipage Mandate . Forecast Equipage Mandate
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PBN Basic Concepts

Source: Naverus PBN Summit, 2008
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PBN Basic Concepts

And forward movements are taking place......

International Civil Aviation Organization _&
South American {SAM) Office

SAM bhome = site inde:x

International Civil Aviation Organization
Eastern and Southern African (ESAF) Office

Umdar 28 2004 : RMAY and VOR rowts.
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Nomenclature

PBN Basic Concepts

= Global efforts to embrace the ICAO PBN manual nomenclature

The New RNAV/RNP Values

Area of Application Nav Accuracy  Nav Specification = Nav Specification
(NM) (current) (new)
10 RNP 10 RNAV 10
i (RNP 10 label)
Oceanic/Remote - NP4 BNP 4
En route/ Continental 5 RNP 5 RNAV 5
Basic RNAV
En route /Continental and | 2 US RNAV type A RNAV 2
Terminal 2 N/A RNP 2
1 US RNAV type B RNAV 1
; P RNAV
Terminal - = —
0.3 RNP 0.3 RNP 0.3
Approach 0.3-0.1 RNP/SAAAR RNP 0.3-0.1
(RNP/AR)
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ERJ 145 Status

PBN Basic Concepts

= These are the achieved certifications for the ERJ 145 Family

The New RNAV/RNP Values

Area of Application Nav Accuracy  Nav Specification = Nav Specification
(NM) (current) (new)
10 RNP 10 RNAV 10 \/
i (RNP 10 label)
Oceanic/Remote - NP4 BNP 4 X
En route/ Continental 5 RNP 5 RNAV 5 ‘/
Basic RNAV
En route /Continental and | 2 US RNAV type A RNAV 2 \/
Terminal 2 NIA RNP 2 x
1 US RNAV type B RNAV 1 \/
; P RNAV
Lo 1 NIA RNP 1 x
0.3 RNP 0.3 RNP 0.3 X
Approach 0.3-0.1 RNP/SAAAR RNP 0.3-0.1 X
(RNP/AR)
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RNP 0.3 AR (AC 90-101)
Universal

Honeywell

i Navigation System !

DUAL |or| DUAL |

_________

| FMS 52" | FMS 4.8

__________________________

+  Auto Flight System
e GC-550|

FDR
" Auto Flight System :
IC GC-550 | :
XXX
Legend
XXX

RNP APCH (AC 90-105)
Honeywell Universal

Baro VNAV is optional (LNAV or LNAV/VNAV
. lines of minima)

RFleg is optional (if not compliant, procedures
with RF legs cannot be flown)

Dual FMS is not Mandatory

SW upgrade

SW+HW upgrade
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EJETS Status

= These are the achieved and also the intended certification for the EJETS

PBN Basic Concepts

The New RNAV/RNP Values

Area of Application Nav Accuracy | Nav Specification = Nav Specification

(NM) (current) (new)

10 RNP 10 RNAV 10 \/

i (RNP 10 label) »
Oceanic/Remote 4 RNP 4 BNP 4 ‘}@9
En route/ Continental 5 RNP 5 RNAV 5 ‘J/
Basic RNAYV

En route /Continental and |2 US RNAV type A RNAV 2 v/
Terminal 2 N/A RNP 2 \/

1 US RNAV type B RNAV 1 ‘(

- P RNAV

Terminal - 1 —

0.3 RNP 0.3 RNP 0.3
Approach 0.3-0.1 RNP/SAAAR RNP 0.3-0.1

(RNP/AR)
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\ 4

ANAC/FAA
RNP AR 0.3
MAP 1.0

ANAC/FAA/EASA
RNP AR < 0.3
MAP < 1.0
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RNP AR 0.3 / Missed Approach 1.0
PFD

sl
DISRLAY

Enroute/Terminal Approach
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RNP AR 0.3 / Missed Approach 1.0 (cont.)
PFD

RANGER
.. J5E NN
55 MIN

O YOR1

GSPD  HOG
381 KT

€1xRNP 1xRNP=>
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RNP AR 0.3 / Missed Approach 1.0 (cont.)
MFD

©100

PROGEESS

HPT DIST ETE  FUEL
NEXT PXR 30.0NM 00+05 S5399LB
DEST KFLG 133NM 00+28 9209LB
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RNP AR 0.3 / Missed Approach 1.0 (cont.)

MCDU @ P

PROGRESS
TO DIST ETE

1.6
NEXT
NOBLY 38.2
DEST
KEWR 1253

%ﬁﬁl‘

GFS RHF=1.
17T LS. 1w === 114,

4HAY 1<==S5ELECT=-=->HNAY

THIS INFORMATION IS EMBRAER PROPERTY AND CANNOT BE USED OR REPRODUCED WITHOUT WRITTEN AUTORIZATION.



RNP AR 0.3 / Missed Approach 1.0 (cont.)
MCDU

m
i

1-1
MAHUAL ARRIVAL

S 1.00
DEPARTURE APPR

1.00 0.320 Il:_.
ENRT/REMOTE MISSED APP | ’

2.00/10.00 1.00 ﬁ—"

PROGRESS zhég"
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RNP AR 0.3 / Missed Approach 1.0 (cont.)

M e s ® 3 MM 10001
e COBUG DO+05 3I00/FL258 E_
OBGE® 7 & MHHM 500 q
ORTRO 00+09 .T5M/FL350 -F =

"

4DEPARTURE RW POSPr BN —
PILOT RNP CANCELLED
L ma mowm

4DEPARTURE RW POS5P
UNABLE RNP

= URTKD 0O0+0¢ T 5M/

e 4DEPARTURE R POS5P
PILOT RNP CANCEL NEXT WP

g I'Illl r?” BERE I NES _'."l'.lr.-l-'

4DEPARTURE B

UNABLE RNP NEXT WP
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RNP AR < 0.3/ Missed Approach < 1.0

It will be an optional feature

To support this level of precision on RNP AR certification the following modifications
are foreseen:

Changes in the FMS, EDS and AFCS to incorporate new features in the displays and auto LNAV
arming in the Go Around.

Upgrade the current GPS to a WAAS sensor providing the condition Select Availability = off .

LPV under studies (software modifications)
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RNP AR < 0.3/ Missed Approach < 1.0 (cont.)
PFD

EPU+FTE < 1xRNP

EPU+FTE > 1xRNP

FTE > 1XRNP

e S - DGRAD

Navigati
Sensor

Estimated
Position

7l [Emor eSS

In evaluation by airworthiness authorities
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RNP AR < 0.3/ Missed Approach < 1.0 (cont.)
PFD

GSPO HOG - CHR
181 KT 300 o : 02147

OME1
B00T
24 .TNN
AMIN

RNPOD.30

RNPOD.30

ACTIVE NAVIGATION
SENSOR
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RNP AR < 0.3/ Missed Approach < 1.0 (cont.)
PFD

DIST ETE  FUEL
NEXT PX 30.0NM 00+05 33%LB
DEST KFLG 133NM 00+28 9209L3

/

CURRENT FLY BY
changed by.....

Enhanced FLY BY

THIS INFORMATION IS EMBRAER PROPERTY AND CANNOT BE USED OR REPRODUCED WITHOUT WRITTEN AUTORIZATION.



40~
RNP AR System Design |

7
1969-2009
€ EMBRAER

RNP AR < 0.3 / Missed Approach <1.0 (cont.)

= RNP value for each approach will come from the Navigation Database and the pilot will be
able to select the lower RNP value published for a specific approach

PALM, SFRIMES, CALFDRNIA, Al=S45 [FAAY
A s I 9350 RNAV (RNP) Y RWY 13R
AptElev 477 PALM SPEINGS INTL (PEF)
v RF e GRS vpepioned, Procusun A when conhel owor
Fer BV AN . prescecdurs M, MISSED APPREIACH, Climb o 4000 dirocl
L4 NA 5T (35 or oo ABC (115, SUYECH and | 10 irnck b TRM VORTAC cnd
* Misyed regriires minimem clinb of 285 fset por MM 0 2400, | hald,
o6 Mg apareach regquine misimum elims of 310 fae par KM 1 2900,
ATlE PALM SPEINGS AFP CONY | PALM SPRINGS TOMWER* GRG0 CLNE BEL LINICTIM,
118,25 126,7 370,95 18,7 Cran@ 377,08 121.9 128,35 122.95

//'_

RMP would be 0.3 between
WASAK and JEXOT, the
approach intermediate
segment.

REMP 017 becomes active

\ 3t the FAF (JEXOT)

m“":{ Procndurs MA for orilvol on PSR B
{'“2,., "y, VORTAL airwey rodiols 379 Cw 083 N2
= M

295
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RNP AR < 0.3/ Missed Approach < 1.0 (cont.)

Auto Arming of LNAV for all missed approaches procedures. Even if the airplane is
performing a Non-FMS approach, upon hitting the TOGA button, the primary navigation

source will automatically change to FMS and arm LNAV. It engages automatically
above 200 ft.

_ . |TRACK| GA
Ty [
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LPV
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LPV

Honeywell Universal
" Display System | |  Display System |
| IC Display ' IC Display
' Navigation System | | Navigation System
.| DUAL DUAL || [ DUAL ' =gc 1|
| Fus 52 OR|Fms 4] | Fms L GPS |
[ eps | [oPsant| |  [oPsan]
" Recording System | | Recording System '
' FDR | FDR .

i Auto Flight Svstem i Auto Flight Svstem
i IC - IC i

xxx | SW upgrade xxx | HW upgrade

xxx | SW+HW upgrade
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Human Interface

ADS-B Control and Status are done at MCDU RADIO Page

TCAS/XPDR
PRESSURE
41000

«TCAS/XPDR

®STBY

IDENTm

RADIO 1/2¢»
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Solution
ADS-B OUT requires:

Load modification

Transponder upgrade to Mode S “extended squitter”
(1090 MHz) R

GPS WAAS + GPS WAAS Antenna
ARINC 429 Wiring between XPDR and GPS

Schedule

It will be an optional feature and is
planned for Load 23

ADS-B IN development under studies
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ADS-B Out

Honeywell Universal
- Display System | | Display System |
| IC Display ' IC Display

---------------------------------------------------

| Navigation System | | Navigation System

' RMU RMU '
GPS | |GPS ant FMC | GPS [:
‘Surveilance System | | [oPSan]
_________________________ E XPDR E

. xxx | SW upgrade xxx | HW upgrade

xxx | SW+HW upgrade
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CPDLC
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Human Interface

GSPD  HOG MAG2 CRS  CHR
0KT 110 --- 00:00

DLK ATC NOTIFY{!STATUS
ATC CENTER
—Wl< oooooooo
CALL SI1GH
EERAATI1T 0 s b
ORI GIDEST
(—WksEAIKPWM TEEMINATE >

—B<ATC MENU
ATLC CENTER

—®<D0LK MENU
ATC UPLINK
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Human Interface

Abnormal Operation ATC DATALINK 1 (2) FAIL

CAS message DATALINK 1 (2) FAIL (Advisory)
will replace the current CAS message
CMF 1 (2) FAIL

New CAS message ATC DATALINK 1 (2) FAIL
(Advisory) to indicate fail of ATC partition.

All messages will be inhibited on Takeoff and
Landing
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Impacts

= Datalink Communication Impacts

= VDL Mode 2 Required
= Pentium M retrofit is necessary for CPDLC implementation
Status
= It will be an optional feature and supported by customer contract

= ATN CPDLC is planned to Load 25 (Oct/2010)
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CPDLC - ERJ 145 Modification

ATN CPDLC

Honeywell
" Display System
i IC Display

Universal
" Display System |
i IC Display

| Fmc || cou |i i emc || cou
sk Sysem | | patl systom
[ cmu |[ vor E E Unilink { VDR
" Werting System | | Alrtng Systom
E AWU EE AWU

Legend:

XXX

XXX
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SW upgrade

SW+HW upgrade

THIS INFORMATION IS EMBRAER PROPERTY AND CANNOT BE USED OR REPRODUCED WITHOUT WRITTEN AUTORIZATION.



Agenda

Next Steps
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Next Steps — ERJ 145

RNP and LPV developments

= Embraer is conducting a preliminary study to evaluate technical solutions for these
functionalities — 2Q/10.

= Customers to inform the Account Managers of their interest in pursuing the development of
these functionalities.

CPDLC and ADSB

= Embraer is conducting a study to evaluate technical solutions for these functionalities.

= PSBs to be provided — 3Q/10.
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Next Steps — ERJ 145

2009 2010 2011 2012 2013 2014 2015 2016
Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4| Q1 Q2 Q3 Q4

— Studies: ADS-B / CPDLC / RNP / LPV

[ ] EMB PSB for ADS-B and CPDLC

2017

W Operators PSB Final Agreement

] EMB Development

V¥ EMB SB availability

[ ] Operators Retro-fit

YMandate for CPDLC and ADS-B
in EUROPE
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