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Basics

VDB Tx-Frequency Range :
108.000-117.975 MHz
in 25 kHz increments

BAS Reference

VDB: : (7 q:'.fhi *-h‘: * t Receivers
VHF Data Broadcastm’r IR }‘,‘;}E
-Error correction data ‘:a"l\“ (N Status
-Integrity data N AN Information
-Approach data for one or GBAS Ground
more Runways/Approaches Station
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Basics

VHF Data Broadcast (VDB) Messages

—_— Type 1:
— Type 2:

- Type 3:
— Type 4:
- Type 5:
- Type 6:

- Type T:
- Type 8:
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Differential Error Correction Data

Differential Reference Point Data

(Integrity Data)

Reserved for GBRS Ground Based Ranging Source
(Airport Pseudolites)

FAS Final Approach Segment Construction Data for
one or more Runways/Approaches

Ranging Source Availability (optional)
Reserved for Carrier Corrections
Reserved for Military

Reserved for Test
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Basics

GLS (GNSS Landing System) Vertical Deviation

OL,, Angular Vertical Deviation & FPAP

X - 7
- _'-'.-.;-' -

R

Desired

Flight Path GPA Glide Path
Angle

GERP = GLS-Elevation Reference
Point

Vertical Direction
(Normal to WGS-84 Ellipsoid at LTP/FTP)

A Line through GERP normal to the
Centerline can be compared with ILS
Glide Path Intercept Line

Threshol;iCr{ossing Height
Pt
.

4 Vertical Deviation[DDM] = u'ak

‘/‘
Ve

Centerline

0.25-GPA
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Basics

GLS (GNSS Landing System) Lateral Deviation

GARP = GLS-Azimuth Reference
Point

/

GARP-Offset
305m

~~  LTPIFTP
Prid GARP can be compared with the ILS-LLZ
/./’ Antenna
e

Ver/tic’a/l Direction
./(N‘ormal to WGS-84 Ellipsoid at LTP/FTP) Lateral Deviation [DDM] = 0.155 o,
CourseWidth
DLT

Ve

i

Centerline

EI".'J'[-HI‘I[
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Requirements

What influences the Performance/Precision of GBAS?
Signal of GBAS - Ground Station

 Coverage
* [Interference
* Incorrect FAS-Data

Availability of Satellites at the Ground Station
« Satellite Masking
« Multipath
* Interference
Availability of Satellites at the Aircraft
« Satellite Masking
« Multipath
* Interference

Satellite Constellation
« DOP

Flight Inspecting GBAS
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Requirements

When is Flight Inspection required?
- Prior to commissioning on each runway served and for each approach

- Whenever interference is reported or suspected and ground testing
cannot confirm elimination of the source of interference

- As aresult of a procedure modification or the introduction of a new
procedure

- Whenever changes occur to the GBAS configuration such as the
location of the GBAS ground subsystem antenna phase-centre, the
location of the data link transmit antenna, or the system database

- Whenever site changes such as new obstructions or major
construction occur that have the potential to impact GNSS signal
reception and data broadcast transmission

- After certain maintenance activities

Flight Inspecting GBAS
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Requirements

What should be inspected on ground

Data Contents

- FAS
Horizontal Tolerance: 0,4m horizontal, uncertainty 0,05m
Vertical Tolerance: 0,2m vertical, uncertainty 0,05m

- Integrity Data
- Differential Correction Data

- Runway surface coverage
(> -99 dBW/m?< -35 dbW/m? @ 3,7m / 12ft above runway)

- Availability of Satellites at Ground Station
- Multipath at Ground Station
- Interference at Ground Station

Flight Inspecting GBAS
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Requirements

What should be flight inspected

- Coverage of VDB Ground Station

- Frequency Spectrum of VDB Frequency £100 kHz either
side in case of suspected interference

- Frequency Spectrum of GPS Frequency (1559-1595
MHz) when GPS Parameters indicate possible RF
interference

- Satellite Availability at aircraft (PRN#)
- Satellite Constellation (VDOP,HDOP, EPE)

Flight Inspecting GBAS
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Coverage Area

The minimum operational VDB coverage area has to be:

Plan view s No Data
354 \ ..
. TR e Continuity
HBmsn T . (oR _"‘ __________ | Alerts shall
i i Final approach path ,a'll 37 km (20 NM) .réf be allowed
/ in this area

-35 dBW/m?> Field Strength > -99 dBW/m?

" 3000m (10000t

Profile view /
\ greater of 7 degrees
/ "-IDI" 1.?5{]

o
e
;// I B %
.

=T | F glidepath
———— { angle
GPIP — == ;LI J0.3a:0.45q -
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Procedures

20 NM Arc around LTP/FTP @ 0.3 —-0.45 Theta

Plan view
+35 degrees |

28 km (15 NM) | - \

inal approach path | 3Tkm(20NM) |/

f—— ¥

+£135 m {450 ft}

Field Strength > -99 dBw/m?

/r"’" 3 000 m (10 000 ft)

Frofile view /
\ greater of 7 degrees
/ ",I[)I" 1 ?th

i =
/’ _
| —

T % g giidepath
GPIP _,ﬂw—ﬂ”"'“#'-;_- - ;,” ‘_“ngq.e45(;9ng|e
— — ~ 2000ft HAT
Main Purpose:
Coverage of VDB — Ground Station, Satellite availability, DOP
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Procedures

15 NM Arc around LTP/FTP @ 0.3 —0.45 Theta

Plan view
+35 degrees “-.\ ———
; 28 km (15 NM) | +10 degrees
+135 m {450 ft) | j
R ity Rttt
inal approach path | 37 km{20 NM)

Field Strength > -99 dBW/m?

/r"’" 3 000 m (10 000 ft)

Frofile view /
\ greater of 7 degrees
/ ",I[)I" 1 ?th

e K
g giidepath

—
—

GPIP e == T T T —-—-——49'“_”33@@45&? o ~ 1500ft HAT

Main Purpose:
Coverage of VDB — Ground Station, Satellite availability, DOP
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Procedures

Level Run from 20NM to 13NM or less

Plan view
+35 degrees |

' 28 km (15 NM) |
+135 m {450 ft]

inal approach path

Field Strength > -99 dBW/m?

/r"’" 3 000 m (10 000 ft)

Frofile view /
Y greater of 7 degrees —~
/ \I"IDr 1?5q 1 0.000ft HAT

i
—
// | e e = &_
—
o

T | ¢ glidepath
——— - ;"I .'! |
GPIP — o = — — ¥ —T03g0dsap
Main Purpose:
Coverage of VDB — Ground Station, Satellite availability, DOP
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Procedures

Level Run from 21NM to 2,5 NM or less

Plan view
+35 degrees |

' 28 km (15 NM) |
+135 m {450 ft]

inal approach path

Field Strength > -99 dBW/m?

/r"’" 3 000 m (10 000 ft)

Frofile view /
\ greater of 7 degrees
/ ",I[)I" 1 ?th

i
—
// | e e = &_
—
o

=T ” g giidepath
GPIP o — ¥ j03G045aF
Main Purpose: ~ 2.000ft HAT
Coverage of VDB — Ground Station, Satellite availability, DOP
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Equipment

Aircraft premises

- GBAS Indication in Cockpit

- Through primary avionic
- Through FIS on separate Cockpit display
- Through FIS on primary EFIS

- Additional NAV antenna

Flight Inspecting GBAS
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Equipment

Aircraft

-'—_._. L
: ERREERY \
—
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Equipment

FIS Premises

IFIS 2008, OKC

GBAS receiver

Polar Antenna diagrams for Azimuth and Frequency
dependencies

GBAS Data display graphical and numerical
Measurement procedure for Coverage and Approach
Cockpit interface for GBAS Flight Inspection Guidance

Spectrum analyzer measurement program for VDB and
GPS interference

Autopilot coupling for even more accurate flying
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Equipment

FIS

Flight Inspecting GBAS
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Equipment

FIS

v3723973
2T RERS S
3233333

N262CX, LLZ Tail, 31.08.2007

IITIT X
=
#
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Equipment

FIS
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Equipment

FIS
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Flight Testing

Scenario
- design GBAS approaches to Egelsbach (airport 12 km from Frankfurt)
- use Honeywell prototype GBAS ground station (SLS-3000) at Frankfurt airport
- do 50 GBAS approaches to Egelsbach (remote airport)
- with an experimental aircraft DO 128-6 from TU Braunschweig
- equipped with the GBAS MMR GLU-925
- connected to the experimental cockpit on the co-pilot side
- use Thales ATM GBAS ground station at Toulouse Blagnac

Motivation for DFS, STNA/DTI and EUROCONTROL
- check new GBAS procedure design tool
- test FAS data file generation & FAS data chain for the SLS-3000
- gain experience with MMR installation onboard the DO 128-6

- gain experience with VDB field strength measurements
- check & improve EUROCONTROL PEGASUS tool

Flight Inspecting GBAS
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Flight Testing
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Flight Testing

Egelsbach

1st day:
- 31 approaches

- distance flown between 2 NM and 7
NM from Threshold

- procedure: after low approach right
turn out to intercept “back beam”

- 3 approaches with a northern traffic
pattern due to other traffic

2nd day:

- 20 approaches

- distance flown between 3 NM and 12
NM from Threshold

- procedure: after low approach
northern traffic pattern

IFIS 2008, OKC Flight Inspecting GBAS
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Flight Testing

Toulouse

— 48 approaches

— 3 consecutive days
(September 2006)

— approach started
at 3.000 ft
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Flight Testing

Bremen

— Initial Flight Check of Bremen GBAS installation
— Funded by DFS GmbH
— Program according to ICAO Doc 8071 Vol. Il
— Program flown twice on different days
— Intention
» Check of VDB coverage area
« Check of data contents
» Check of interference issues

Flight Inspecting GBAS
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Flight Testing
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Displacement [m]

Flight Testing Results

Difference of OEM3-Reference track and OEM4-Reference track

(i.e. on-board OEM3 on one antenna, on-board OEM4 on another antenna;
difference of both antennas: 0.569 m; on ground both receivers used same
Antenna)

Displacement OEM3-Antenna OEM4-Antenna, 23/01/06

Displacement OEM3-Antenna OEM4-Antenna

+ difference between antennae

p—
Lh
T

Displacement [m]

—_
T

Q6F e

‘ 0.4 ; i

I i i i I i i i I I i j
1.44 1.46 1.48 1.5 1.52 1.54 1.56 1.58 231 232 233 234 235 236 237 238 239 24 241

GPS-Time of week [s] <10° GPS-Time of week [s] 5

x 10

Day 1 (23/01/2006) Day 2 (24/01/2006)
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Flight Testing Results
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Flight Testing Results

NSE Vertical Track, Toulouse

NSE Vertical-Track for Approaches

NSE VERTICAL - mean at -0.12m
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| |
0 0.2 0.4 06 08 1 1.2 1.4 1.6 1.8
distance to threshold [m]
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Flight Testing Results

Bremen, Field Strength Coverage, 15NM

IFIS 2008,

OKC

0

30 Bearing from the Station to
the aircraft [deg]

0
Field strength [dB(uV/m)]

180
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Conclusion

GBAS is a good alternative to perform ILS look-a-like
approaches

For Flight Inspecting GBAS below mentioned equipment is

found necessary:
- GBAS Receiver
- GBAS Flight Guidance in the Cockpit by Primary Equipment or
from Flight Inspection System
- Suitable spectrum analyzer for GPS and VDB
- Calibrated VDB antenna system

Flight Inspecting GBAS
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Thank you for your attention!
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