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Necessity for Increased
Continuos synchronization efficiency =
increase of of CNS/ATM increased
demand deployment in safety and
the world lower costs
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Objective

Present Brazilian
Ground Based Augmentation System (GBAS)

experience J—
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AMAZON FIR
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Radar Covereage FL290

Cobertura Radar FL 290
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AlIr traffic operations

2009

2010

2011

2012

2013

2014

1.939.144

1.995.580

2.347.325

2.794.713

3.318.462

2.678.038

2.731.599

831.062

896.059

1.356.424

1.146.414

1.347.759

1.273.553

1.299.024

2.770.206

2.891.639

3.703.749

3.941.127

4.666.221

3.951.591

4.030.623




CNS Equipments

Primary radar

Secondary radar 84

Weather radar 17

Ground radar

PAR e
VOR 84 —
DME 112

NDB 187

ILS 88

PAPI/VASIS 83

ALS 21

VHF/UHF/HF 8458

Meteorological station 196
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Procedures

|IAC NDB 157
IAC VOR 179
IAC ILS 121
|AC LOC 57
|IAC RNAV 215
RNAV ROUTES 140
CONVENTIONAL ROUTES 77
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Standards (Annex 10 ICAO)

Accuracy Availability Continuity -
Integrity '

According to the phase of flightf‘
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DVANTAGES

-
ell known technology

Operational confidence

arge network
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| DISADVANTAGES

i Analogic modulation — interference and

S

:| channel management
~ * Low range

 Low procedure flexibility

» Site constraints




Performance Based Naviati%l

* Less distance
* Less fuel

eLess $$%
e Less CO2
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Gate to gate

SBAS seas| GBAS GBAS
P BAS GBAS
Airport
S Movements
GBAS g
Applications ‘7::.-%:2‘.‘_---_-;?:"
: \ Uplinked Data
Surface _~ Guided
Movement ~ Precision

Missed Approach

l'\_ ‘Il“
Metering/ D,,J,
€ e

Conceito GATE TO GATE

First come, first served = On time, first served
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Global Positioning Syste -

* Enroute

* Non precision Approach (reduction of MDA)
* Need of augmentation

« Accuracy

* Integrity

 Availability

 Continuity



+ 1998 \ —

« SCAT | operations in Joinvile (Rio Sul) Bl
; ! '
* Sao José dos Campos ;
* Flight Inspection Aircraft EMB-110 ol -
» Type of technology Operational in Norway till |
present
% %
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http://www.flygls.net/

Wide Area Augmentation System
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SBAS Test Plataform
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FAA Master Station

RECIFE

MASTER STATION

REFERENCE STATION

VHF-DL




RLA/00/009 PROJECT — GNSS
AUGMENTATION TRIALS

SBAS augmentation trials in the CAR/SAL
Regions -.
MOU — ICAO/FAA: signed on 2 June 2001
First flight trials - 2002 in Brazil

It was proven that the ionosphere effect &

over the GPS signal did not guarante_
NPA approaches with vertical precisior

requirements




SBAS in Equatorial Reionsx}

p—
—

+ RLA/00/009 PROJECT — GNSS AUGMENTATIOR
TRIALS .

 NAVIGATION SYSTEMS PANEL (NSP) - Ionosph Ic
Effects on GNSS Aviation Operations

e |[CAO Doc 9849 - GNSS Manual

» |ATA Report on User Requirements for Air Traffic
Services — “Do not support the continued inves
development, and implementation of SBAS.™
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GPS Satellites

‘ .kzx

& \\
08

Ranging Sources

I ||
e ] {

I ! GBAS
—_ Ground

Reference
Receivers

Differential Corrections,
Integrity Data and
Path Definition

GBAS — Ground B:
Augmentation Sys
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One GBAS multiple
approaches - up to 48

approach procedures ot ST wmm. e
Flexible sitting ACD“PP’“‘*' o

- ' \ i 19 |
requirements L

Improved accuracy of
positioning service
Reduced building

restrictions - construction of
new terminals and hangars

Flexible use - curved
approach paths, different glide
path angles, off set
thresholds, etc

FL70

‘Il

convennonal
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FAA /| DECEA Cooperative History

) MOC NAT-1-4016

Technical Assistance

Jul 2015

Annex 1 (Nov,2000) Annehx 1(In COOTC:]) _
Purchase of equipment Atmospheric lonospheric
Annex 1 (Oct,2001) Research

GNSS Flight Test
Trials and Demonstrations

Appendix 1
IX 1
Append Annex 2 (Nov,2002)
CARSAMMA
Annex 2 (Oct,2001) Establishment
lonosphere Research
Loan of equipment Appendix 1
Annex 3 (Nov,2003)
GNSS Flight Trials
Annex 3 (Ago,2003) Purchase of equipment
LTP
Loan of equipment
. Annex 4 ETMS
Departamento de Contra Appendix 1 .
Ao naco Aéreo DFEPAR O »




LAAS Test Prototype -
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File View Window [ECCadzie

Almanac Data

Dievistian PYT Salution, Status
Differential GPS Status Data
Faul Messages

Ground Staion Infomation (Type
Measurement Status

Posiion Welacity Acceleration Ste
Fosiion, Velocky, Time Solulians
PYT Measurement Data

FiblM Data

Satellte Information

Catallita b azerramant nfnmoatine

Right Click to tuin select On or Off

* Part1

Serial Pott Fecarding
Part 1

B30am_mm bin

Set Location

Part 2

Messages Discarded:

Updte

Moritoing Serial Data

Age of Alnanac Dats ~

v

Achievements

120 approaches
03 airports (SBGL, SBRJ, SBAF)

06 runway thresholds

#+ GPS SMART - Position, Velocity, Time Solutions, Status - Port 1

Help

Straight Line
Not End
22

<

[Part 1 savingto §30am_mm bin

Position, Velocity, Time Solutions, Status - Port 1

8

.
FARULT DET

is NAV: GBAS MODE
30/2006

THRE:
THRESHOLD

00:48:10
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CARTA DE APROXIMACKO por INsumentos RIO DE JANEIRO/GALEAO-ANTONIO CARLOS JOBIM, INTL
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MODIFICACOES: 00X,

XX XXX XX

RIO DE JANEIRO / SANTOS DUMONT
CARTA DE APROXlMACF‘\O POR INSTRUMENTCGS RJ-BRASIL
T
| |43 30.| L |43 zol L . laugl' b |43 lOl o ATIS 132.65
. 3366’ APP RIO 120.55 129.80 121.50
B TWR RIC 118,70 121.50 121,05
52 794 GNDC RIO 121.70
40 —
B 525" SBP=307 -
000
| 237’ |
= o384 BAIA DE GUANABARA
: L A7y ]
-
RJ391 SBGL
522 49 48,9
" AFONO w043 16 419 P Mzmiz
22 . 22 52 12.4
50 e 2 v W03 09 544 RI39T
w043 22 00.6 03‘1 . B a0 s
S3R=304 Call w043 09 499
1200'
— GND .
— ‘ RFCO1 - - nz
| LA 522 54 096 v i 148 1148
L]
B w043 14 358 >Ny
. 3353 X

| 3363 *2388" 295"  * e e ~

3032' 1336/ 108 ~
— . sagﬁo-ggs
| 1260 N .

23 GND/MSL 329 1220 MRC ]
| 25 o 522 58 06,0 23 |
00 OCEANO ATLANTICO 00
L4330 oo 292 4310 | w042 53 30.0 0 |
I Ny ) e Ty I | I T Yy I |

RMK: FOR TEST OMLY.

| ELEV 11"
67 [~—o0 6—]

5 4 15

APROXIMACAQ PERD|DA: SUBIR PARA 4000' EM CURVA A ESQUERDA, RUMO 145 COM GRADIENTE MINIMO DE 5% ATE 2000°
APOS 2.5% PARA ESPERA EM MARICA VIA TAIPU.

NTO DE CONTROLE DO ESPAGD AERED - COMAL

POUSO DIRETO RWY 20L I OPS  DIURNA /S NOTURMA g
c GBAS CAT | PARA CIRCULAR 5
A pA 21V TeTo 200
T VIS cat] moa [ TETO | wis
A
[ 5 | 2000M B
[ ¢ | [ ¢ | NA
D D
= W a
RAZAC DE DESCIDA NA APROKIMACAO FINAL
kT | 120 | 130 | 140 E
FPM 750 800 900 §

DESCIDA GLS RWY 20L RIO DE JANEIRO / SANTOS DUMONT




CARTA DE APROXIMAGAC POR INSTRUMENTCS RIC DE JANEIROMSANTOS DUMONT

N B B
B . SER.
C T f I N B B B
(o T % 3 i
| AFS — u | i
J'l.." 33.3223 CE] }!?aﬂ W 043 11 443

= Soon Whmd 88 T L700 |
| = % 22 53 17

W oo4d L5 470 |
L 2200 | i
B o B RWTD2 |

= 523 55 000
B W 143 09 45.0 _
—- [=—]
B =3
wFoos
I o &2 a3 J15
W OdE 1 263 -
B 10 3 B2 ™0 B4l
B W 04T 09 =91
4=
i LANK 10
B WPOoL
Lge

IIIIII|IIIII|'IIIIIIIIIII|III_

RME: 1)SONMENTE PARA TESTES
2] 105 M APCE WP 002: 150KT 3) PROCEDINENTO NAC UTILEAVEL COM VENTO SUPERIOR A 30 KT

B Voo

| fe L0 W PLOL

| I 430

| | I\O

I I : 28 [, e Rva

I I — L___.. ‘_r_,_,._--""""

| | I TE:H:l:E-T:EI ELEY 11
HM | 36 - ! 14

APROKIMALAD PERDIOA: SUBIR PARA 5000FT EM CURVA ADIREITA NA PROA DE MRC PARA ESPERA.

POUS0 DRETO RWY 02 FR OFS DIUARA | NOTURMA
c GLS PARS, CIRCULAR
A o 2ET TETO 2300
T VIE CAT| MDA TETO VIS
A A,

5 | 1200 M & |
o C hA HA M
o hA o
E A E
RAZ A OE DESCIA Wb APROKIMAZAD FINAL DIST LT
Departamento de Controle KT [ 100 | 110 | 129 | q30 | 140 | 150 [ Nm |Rwyod  wPonl 18 [WPI03
3 do Espago Aéreo FPM 550 (=} G50 | F00 TE0 800 | ALT Mk 450" 1100 | 1&00

www.decea.gov.br DESCIDA ENAV(EMNP 0.1) EWY 02 RICO DE JANEIRZVSANTOS DUMOMNT




s FSew






LAAS Test Prototipe

GBAS - 09 Approaches GL RWY10 23 OCT 04

Error[m]

-10

12 4

Distance from runway threshold[nm)

+ Eastim] = Marthim] Up[m]




Daily sunspot number

Data collection errors

- Ionospllere
» Solar Cycle
.
* Reduce variables
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SLS4000 - SmartPath - SBGL _

d June, 2011 — Operation
=,, for testing purposes;
B es A9~ | O Availability issues
S s (ionosphere);
“*8 4% /0 Disabling monitors for
| data collection purposes,;

| .11 Approach procedures
RWY 10, 15, 28 and 33.

RRRRR

e -
. By [\
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GPS Antennas

*Four GPS RRA/RSMU per GBAS
*Multipath limiting design
*Sharp cut-off/rejection at horizon

GPS Receivers

*48-channel, L1 C/A GPS
*Signal Quality Monitoring

Maintenance Data Terminal 'j_.-
*Windows OS — ™
*System mode & control i = =
Component status

//////////

R

*Approach control

Departamento de Controle
~7"| do Espaco Aéreo

www.decea.gov.br

Corrections Proces

*Pentium M, 1.8 GHz CPU
*Real time monitoring for GPS
failures, local error sources
Differential corrections

VHF Antenna

*Horizontal polarized (HPOL)
*Omni-directional

VHF Radios

*Nav band, 108-118 MHz
D8PSK modulation, TDMA
-Digital data broadcast

A|r Traffic Status Unit

T -Wmdows 0S
*System mode
*Current/Predicted
Availability

A

DEPARTMENT OF AIR SPACE CONTROL - D CEA™

LOSS OF SERVICE
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Imagery Date: Sep 1, 2009 B  22°48'02.32"S  43°14'58.67°W elev. Om Eyealt  440m
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lonosphere

Frequent

Infrequent
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BRAZILIAN CONTINUOUS I\/INITORING
NETWORK (RBMC

-257

304

4 Estagoes da REMC em Operagio
¥ Estagies da RBMC em Teste

Escala Grafica (km)
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Infrequent

* Brehmen (Germany), Newark (USA), Houston (USA), Malaga
(Spain), Sydney (Australia) -
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IONO Research
L -

(J Network — 180 receiver L1/L2 and scintilation

O 127 dates march 2011 / march 2014 (S4, Kp
and Dst);
O Lowest cycle in 100 years (cycle 24);
| d DECEA, ICEA, FAATC/NAVTAC, USTDA,
y lI Mg 1 | A Mirus Tech, SDTP, Stanford University, INPE,
oy v Boston College, UNESP, KAIST

Final Report — march 2015.

+ irports.
.....

> SEPTENTRIO

e—
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NS
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400 LTI&k Yenfied Low Lakitude Threat for GBAS
T T T T T I I
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: " : ; % LowLatitude Yerfied Threat Points
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- LTLAM Yerified Low Latitude Threat for GBAS
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CONCLUSIONS of RESEARCH__

> p——

—

O The highest gradient identified exceeds 850 mm/km which far exceeds the
events used to define the CONUS GBAS Threat Model.

O lonospheric events in the low latitudes are greater in frequency and
magnitude than those in the Northern Latitudes.

4 The current threat model implemented in SLS-4000 installation at GIG
does not comply with ICAO/FAA requirements for integrity or availability.

o

O
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From Database From Ground Tolerance

LTP Latitude: 228124301389 ° Shoud match
MINISTERIO DA DEFES LTP Longitude: 43 2635948611 ° 432636946 Should match
COMANDO DA AERONAUTIC LTP Height: 04m 04 Should match

FPAP Latitude:
FPAP Longitude:  0.0252104167 00252104 Should match

00166865 0 0166365 Should match

Threshold Crossing Height: 610 61.0 Should match
Glide Path angle: 30 3.00 Should match
Course Width: 106.75 106.75 Should match

- MANINV-BRASIL (2014)
*GNLU-930 / GLU-925
-UNIFIS3000

Reference Distance [NM)

= RefEL[]

13 GP cmp []

== Ref Az 180 [°] 06 S [dBm] 400 LLZ cmp [] 05
= AVIMON 00 GBAS PFD [dBWiM2] -67.6 == 1020Hz GND EVT 00
= 6P Dev [] 04 = REFMON 00

Departamento de Controle
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Remarks about GBAS CAT | (GAST Q)

4 Only Honeywell SLS-4000 certified for CAT | (Mid Latitudes)
0 DA within 6km (integrity)
O VDB coverage
O Block Il — lono improve (only for CONUS)

U Expensive receiver for general aviation
0 Cost ILS x GBAS (CBA)

O Concurrent technologies

=

: ;.ux'
>
)

! Ii “
\
KT Departamento de Controle \
it DEPARTMENT OF AIR SPACE CONTROL - DEGEA'"
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Concurrent technologies to GASqu

—

—

0 GAST D (CAT lI/lll) — new receivers (SLS-5000)

0 GBAS MF (L5) / MC (GLONASS, BEIDOU, GALILEO)
0 SBAS LPV200 (WAAS, EGNOS) — Mid latitudes

0 SBAS MF

0 BARO VNAV

0 RNP-AR

Py

\\ ¢ V‘ i .
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CARTA DE APROXIMAGAC
POR INSTRUMENTOS {IAC)
INSTRUMENT APPROACH CHART (IAC)

RIO DE JANEIRO / Santos Dumont (SBRJ)

RNAV(RNP) W RWY 02R

TIS APFRIO
ADELEV: 17T ATl 124,95 134,95 120,20
13285 120,75 134,40 121,25 121,50

TWH RIO
118,70 121,60

GNDC RIO
121.70

RMEK: 1) Procedimento ndio autorlzado abalxo de 7°C ou aclma de
45°C para sigtemas BARO-VNAY ndo compensados. 2) Nao efetuar

Aproximacao perdida: 1) Sublr para 5500°. Manter rumoj
019 até RJ901. Apos,curvar a direita até RJ902. Apés,

transi¢do para RNFP da aproximagao perdida antes de 0.87NM rumo 145 até EVRIR para espera 2) RNP menor que
de R! R. 3) RF requerido, 1.0
SBGL
RJ031 N T T ;
h Ly T
< gggg. (IF) i . RIS02 Yzcdy
Bl 209 (oo21m) | Rie32 / 2000 5‘)-\
e 114 p / IAS MAX 175KT
J 5.0 779 ! RNP 1.0
0;..‘3 T34 ] I
AWE \ 2g RJB01 RJS01
RJ931
(IAF) 0T AT 5000
GELUT ToN, e As
6000 Tl R —As
RNPO5 SEMESCALA (FAF) Q =
RJBO2 7 P
|AS MAX 180KT ‘o b
RNP 0.1 1
RJB03 %
|AS MAX 140KT {mg
o iilm'
FLOTS l FLOSS a?
5
|uau—u- A -~ 20| o1
e f’ﬂ?
\ T-?a
SEM ESCALA

Departamento de Controle

do Espaco Aéreo

www.decea.gov.br

TO THR 02R (NM) 8.8

v .um,.._.m

AUTORIZAGAO ESPECIAL PARA AERONAVE E TRIPUI_ACAO REQUERIDA




CARTA DE APROXIMAGAO RIO DE JANEIRO / Galedio - Anténio Carlos Jobim, INTL (SBGL) | CARTA DE APROXIMACAO RIO DE JANEIRO / Galedo - Anténio Carlos Jobim, INTL (SBGL)
POR INSTRUMENTOS (IAC) POR INSTRUMENTOS (IAC)
INSTRUMENT APPROACH CHART (IAC) ILS W ou/or LOC W RWY 158  INSTRUMENT APPROACH CHART (IAC) RNAV(GNSS) Y RWY 15
ATIS P RIO TWR GALEAO GNDC GALEAO ! ATIS APP RIO TWR GALEAD GNDC GALEAO
AD ELEV; 28' | 127.60 2?%113\3‘3 1122?,‘.892 1122292%112291’23 118.00 118.20 121.50 121,35 121,65 ADELEV: 28 127.60 126,20 133,30 134,40 121,25 12980 118.00 118.20 121.50 121.35 121,65
| | | .
TA 7000 TA 7000 IF
EGBAT
IF FAF/FAP MAPT LOC 3300° FAF
EGBAT ROBCI)L RWY15 | ROBQL
0 1700 \ | 1660 MAPT LNAV
| : ! ~1g5 : GL161
:"‘---...__ 148 } | N‘M& 525 LNAVNI\IIAVI
| | | 145307 I
: 2000 5 -7 [EwoRer P00 100 a\L;F’;ﬁ RDH 50
| THR ELEV 16' | |10 730 ) oAt THR ELEV 16
TO THR 15 (NM) 10,0 ) . TO THR 15 (NM)  10.0 6.1 5.0 2.2 1.00.90.0
TO IGL (DME) 11.8 78 6.8 36 222018
ROBOL| 4.0 30 | 20 [ 1.0 | 04 [RWY15 90 [ 110 [ 130 [ 1650 [ 170 [ 190 ROBOL| 4.0 3.0 | 20 | 1.0 |RWYI5 KT 0%0 | 110 | 130 | 150 | 170 ] 190
;1700 | 1365 [ 1040 | 717 | 396 | 216 | ALT FPM 500 | 600 | 700 | 800 | 900 | 1000 1340 | 1020 | 703 | 372 | ALT FPM 500 | 600 | 700 | 800 | 900 | 1000
| 1684 | 1349 | 1024 [ 701 | 380 | 200 | (HGT) | [ FarmaPT NIL 1324 | 1004 | 687 | 356 | (HGT) FAF-MAPT NI
§_ : CAT A [ B 4 ¢ N b | E CAT A [ B ¥ ¢ D | E
; DA/ OCH/ TETO (21612001200 ) DA /OCH/ TETO ( a7213601400 )
; ALS/NO ALS/ RVR ALS (m) \&QCH 1200/ 700 (})/ ALS/NO ALS/ RVR ALS (m) \Q]O {1600 .’BII/
E Loc MDA / OCH/ TETO 650 700 MDA | OCH / TETO 380/ 370 / 400
é ALS/NO ALS/RVR ALS (m) 800/ 1600 / NIL | 220072900/ NIL ALS/NO ALS/RVR ALS (m) 800/ 1600 / NIL | 1000/ 1700/ NIL
; 4
| CIRCULAR | MDA/OCHITETO NA | cIRcULAR | MDATOCHITETO
| 10 CIRCLE VIS (m) )| rocrce VIS (m) NA
AIRAC AMDT 12/16 21 JUL 16 DEPARTAMENTO DE CONTROLE DO ESPAGO AEREQ - COMAER - BRASIL SBGL_IAC_0111 AIRAC AMDT 12/16 21 JUL 16 DEPARTAMENTO DE CONTROLE DO ESPACO AEREO - COMAER - BRASIL SBGL_IAC_00T 1
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SIRIUS Program

d March, 2012 (PCA 351-3);,
4 Aligned with the GANP and ASBU;

O Subprograms and projects CNS, ATM, MET, AIS, SAR
- PFF 12 - Navigation Systems Upgrade (GBAS

evaluation);

g ’:"i’ - PFF 04 — Approach RNP Implementation (GBAS
CONCEPGAO OPERACIONAL CAT I procedures)

g A:‘ r~
e, PCA3513 %
PLANO DE IMPLEMENTAGAD
N2 \

ATM NACIONAL ~

Informatuon available In

\-\m —

Departamento de Controle
‘| doEspaco Aéreo
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http://www.decea.gov.br/novo_sirius/

CONCLUSION

GBAS GAST C is operational in a few contries in mid latitudes but is still a
chalenge to low latitudes

O Since 2003 Brazil tests GBAS stations in SBGL and technology did not |
meet ICAO SARPs for availabilty and integrity |

O Brazil continues in the effort to set SLS-4000 at SBGL operational for
public use

New Technologies are coming to chalenge GBAS GAST C

Ty

\
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Questions?

(0016

Thank you Gracias Merci [,Ss i
Obrigado!

santoroaas@decea.qov.br
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