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A glimpse of GNSS and GBAS

» GBAS uses monitoring stations at airports to process
signals from core constellations and broadcast corrections
and approach path data to support precision approach

Doc 9849 operations.

Global Navigation Satellite » As of 2017, approximately 140 GBAS stations were certified
System [GNSS] Manual . : .
and transmitting SARPs-compliant signals, about half of

ot E o, 2017 which have published procedures for CAT | operations;

» a number of prototype stations provide signals for test and
evaluation, several of which are used for validation of GBAS
approach service types to support Category ll/lll operations;

» over 100 airlines have GBAS equipage, totalling over 2 000
aircraft. GBAS is used in daily revenue service in several
States.
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A glimpse of GNSS and GBAS

> GBAS (Ground Based Augmentation System) is a
satellite-based precision approach aid for aircraft
landings.

> GBAS works with the satellite-based GPS
navigation system.

> According to ICAO/Eurocontrol planning, GBAS will
In the long term replace the current ILS (Instrument
Landing System), due to increased accuracy and
lower operational costs.
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Working Principle of GBAS and its function

How Does GBAS Work? — Functions of the GBAS Ground Station
> GBAS Function: Ground-based correction of the GPS

data sent from the satellite.
The inaccuracy, which we know from car navigation systems,
needs to be corrected.

The GPS satellites send positioning data to the GBAS Ground
Station, where the signals are corrected and sent to the
aircraft.

> This is why GBAS works more precisely than the GPS in cars.

> GBAS Function: Transmission of approach path data
The details of the approach path are sent to the aircraft on final approach.
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Working Principle of GBAS and its function

LOCAL AREA DIFFERENTIAL PRINCIPLE

| - Basic Principle

> Measurements made by two receivers are affected by the same errors as long as
these two receivers are not too far from each other.
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Working Principle of GBAS and its function

The GBAS Ground Station Consists of Four GPS-Receivers (RSMU), One Transmitter
(VDB) and a Shelter
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Advantages of GBAS

Regulator

Airlines ANSP Airports

Lowers operational Enhances safety,
cost, and environmental Improves
increases schedule impacts, ATM capacity, lowers
reliability modernization cost, resiliency

A successful GBAS implementation requires participation of all stakeholders.
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Qatar’s Endeavour towards GBAS implementation

> In 2019, feasibility study was carried out for the lonospheric
effect on Navigational Satellite’s signals over Qatar.

> In 2022, the infrastructure was established to support the
collection of iono data from October 2022 to - - and
its effect on GPS sighals were analysed and recorded.




Qatar’s Endeavour towards GBAS implementation




Qatar’s Endeavour towards GBAS implementation

> The ionospheric study was planned for one
complete year commencing Oct 2022.
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> lonospheric analysis report were provided
on quarterly basis.

IBG WP4.3.2.6 - GBAS

FEASIBILITY STUDY REPORT

RRRRRR

O Candidate days for 15t Quarter
=  October 23, 2022; December 13,2022

O Candidate days for 2" Quarter
. March 24, 2023; April 15, 2023; April 23, 2023

O Candidate days for 3" Quarter
= June 27,2023 ; July 31, 2023

O Candidate days for 4th Quarter
= September 18, 2023 ; September 24, 2023

Keith Marshall
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lonospheric Study over Qatar’s Hamad and Doha

lonospheric Analysis First Quarter

report, 16" Feb 2023

Honeywell

Honeywell Technology Solstin: Gatar

20 Bon 737

5™ Floor, Amvwal Tower,
b 58, Sreet 820

D, Quatar

), Fa: +74 4406 6200

Attention: Mr. Deya Gebara
Project Director
Independent Business group SWEDEN AB (IBG)
32nd Floor, AL Jazesrs Building 186. . Streat 836
Zorw 61 PO Box 2058
West Bay - Doha. Qatar

www bonepwelcom

From  : Dguzhan Torundar
Email  : Dguzhan. Tomuntar honeywellcom
TelNo 9744463 7765

Ref. N : HTS-GBAS-0116-LTR-006

Dages 1+ attachments

Date  : 16 Fabruary 2023

Pagject Analysis Study ¥ for G
Subpect:  lonospharic Anatysks First Quarter report

Daar S

International Airport

lonospheric Analysis Second Quarter

report, 05t June 2023

Honeywell

Hemeywell Technglogy Selutions Qaar
PO, Bow 63757

5 Floot, Aevwal Tower,

Quatsr
Tak 574 8406 6300, Fax- 4374 4406 6207
W homeywed com

W hoseywedl com

Attention: Mr. Deya Gebara From - Oguzhan Toruslar
Pacject Directos Email  : Oguzhan Torunlarghaneywellcom
Inddependent Business group SWEDEN AB [1BG) TelHo :+974 48463 7765
32nd Fioor, A1 Jazeses Buillding LUE, , Strest B36 fiat. Mo * HTS-GHAS-O11E-LTR-008
Zorw 61, PO Bax 30581 Pages : 1+ ateachments
‘West Bay - Doha, Qatar Date 05 June 2023
Broject Anatysis Study & Survey o G
Subject:  lonospharic Anatysis Second Quarter report
Dea
Plasts find the sttachad Sheond quantir oo csphens analytis

Oguzhan Torunlar
rayact Managde

lonospheric Analysis Third Quarter
report, 23@ November 2023

Honeywell
Homeywel Techasiogy Solutions Qutar i s e g
P.0. Bon 83757 Y i

AwWahdah 5. Sweet 520
Deplomatic District, Doba, Qutar

Te: #4778 £406 6200, Fax: +374 4406 6202 EUTTEL R -
woww hoeapmetl com mm otk com
Artaricn: Arssd Ahama From  : Ogushen Tarunksr

Head of Elactronics Enginesing Email  : Ogushan Torunkss g henaywellcom

Qatar Civil Aviation Authority Tel Ho - 87444517765

Ot Satats - P.O Boe 3000 Rt Mo - HTS-GEAS-0116-LTR-010

Doha, Qatar Pages - 1+ attachmwnts

Date 23 November 2023

Project: Analysis Study & for

Subject:  lonaiphric Analysis Third Guarter siport

lonospheric Analysis Fourth Quarter
report, 27th November 2023

Honeywell

Solutions Qatar

S g e b 5 Syl

P. 6 Box G157
5 oo, Arrrml Tow,

A Wabdah St Srmet 830
Diplomatic District, Doha, Gatar
Tel: +374 4405 6200, Fa +578 8805 6202 i
[

Attantian: Abmed Arhama Fram  : Dgushas Tarunlae

Head of Electranics Engineering Emall : Oguzhan Torunlars haneywell.com
Qatar Civil Aviation Autharity Tel Mo :«3T4 G463 TTES

Old Salata - P.O Box 3000 Ref. No - HTS-GBAS-0116-LTR-011

Doha, Qatar 1+ attachments

Page:
Dt :27 Novembar 2023

ie Analysis Study & Sunvy for Graund B

lancuaheric Analysis Fourth Quarter repart

<
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The roadmap ahead

Roadmap Ahead

» The final report of one vyear study of
lonosphere over DOHA, Capital of Qatar has
been submitted on 15th of January 2024.

» It has considered the analysis of 10 candidate
days which are different from the days already
covered in quarterly reports

Country Qatar

Latitude 25286106

Longitude 51.534817

. 5. Pacific
© /% Ocean

Indiay > DMS Lat 2517 9.9816" N
Ocean
"""""" Tropic of Capricom 1500 mi | A+tes DMS Long 512 32' 53412" E

—
1500 km

lonospheric Analysis Final Report,
15 January 2024

Honeywell
Honeywell Technology Solutions Qatar b il g e ol i L g
P. 0. Box 63757 TPVSY e a
5™ Floor, Amwal Tower, el o Bl
Al Wahdah St, Street 820 ATe g Jn g M p A
Diplomatic District, Doha, Qatar P ENPE [P P I e
Tel: +974 4406 6200, Fax: +974 4406 6202 +AVEEE.1TYLY Wee
www. honeywell.com

ARE Y LR TR & P

www.honeywell.com

Attention: Ahmed Arhama From :Oguzhan Torunlar

Head of Electronics Engineering Email : Oguzhan.TorunlarghoneywellL.com

Qatar Civil Aviation Authority TelMNo :+974 4463 7765

Old Salata — P.O Box 3000 Ref. No : HTS-GBAS-0116-LTR-012

Doha, Qatar Pages :1+attachments

Date  :15 January 2024

Project:  lonospheric Analysis Study & Survey Assessment for Ground Based Augmentation System (GBAS)
Subject:  lonospheric Analysis Final Report

Dear Sir,

Please find the attached Final Report for the lonosphernic analysis

Should you reguire more information, please contact the undersigned

Yours faithfully,

Oguzhan Torunlar

Project Manager

Honeywell Building Solutions
Enclosures as above
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The roadmap ahead

Candidate Days

For Doha, between October 2022 and October 2023, LTIAM was used to collect and analyze 365 days of

Scintillation Threat Temporal Regions

Dail
y gradient data from receivers around Hamad and Doha International Aurports. Ten (10) days of interest
A Quiet Active* Quiet were selected for determination of Sigma VIG. These days are summarized in Table 7-2 below.
Dec
% Table 7-2: Doha "Nominal Ionosphere' Candidate Days Analyzed
Severe = Date (Iono) Activity Class Kp Dst Peak Time | PRN
3 ; <
(Slant) | (hours:
Gradient | UTC)
e — (mm/km)
]
D g 11/15/2022 Quiet 1 8 75 16.25 11
> Less o 8 — —
e — S w 12/13/2022 Nominal 2 -10 28 11.5 19
o Severe L o _ ,
;\ m 1/18/2023 Nominal 4 -32 45 18 12
Q S 3/15/2023 Active 6- -38 80 18.5 16
3/31/2023 Active 4+ -25 91 225 21
S 5/26/2023 Quiet 2- -14 46 22 3
Severe = — —
@© 06/27/2023 Nominal 2+ =27 40 5 12
Jan 8/13/2023 Nominal 2 10 40 20 15
-
b | 9/24/2023 Active 6 | -1 64 145 | 4
Noon Midnight Noon ) -
i 10/8/2023 Nominal 2+ =23 53 11.5 3
Time of Day

From Table 7-2. note that the majority of the peak gradient events occurred during the late afternoon and
nighttime. Section 7.1.1 contains a plot of the daily maximum gradient observed on each day of the
collected data. All peak gradients over 100 mm/km, which were all manually validated. occurred after
19:00 loeal time (UTC +3). The majority of the peak gradient events observed at Doha. due to their event
times, are suspected to be caused by Equatorial Anomaly activity.

*The Seasonal Quiet period may possess a Daily Active period. However,
this period may be less severe than the Daily Active period associated with
the Seasonal Active period and may be shorter in duration.

Figure 4-1: Active and Quiet Seasonal and Daily Variation Example
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Doha Nominal lono Gradient Overbound CDF

CDF for sigm 9.0 mm/km

estimated overbound 1.5x obs

Note that the normalized gradients, with blue and green color,
represent the gradient estimates between each GPS receiver
pair combination that are then split into North-South and East-
West components. For the Doha analysis, same-satellite
gradients (simultaneously) from all pair combinations of two
Novatel receivers are used to form gradient estimates. Given
that the Doha nominal iono assessment is using mostly local-
area gradient data, the inclusion of gradients from all receiver-
pair baselines in the Sigma VIG parameter evaluation should
yield a more conservative result.

x101
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-0.50

logCDF(x)

0560
The red and blue lines represent Gaussian distributions with

one-sigma values of 9.0 mm/km and (1.5x larger) 13.5 mm/km,
respectively. This is well below 25.5 mm/km which represents
the maximum possible Sigma VIG parameter value that can be
encoded in a GBAS Type 2 message (refer to RTCA DO-246D,
Table 2-24). From previous GBAS installation experience,
service availability (typically) starts to be noticeably affected
when Sigma VIG is larger than 16 mm/km.
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Conclusion of lonospheric Study

The data analysis results in this report show that GBAS operations can support 24 hours per day in
Doha. The largest gradients identified at Doha are less severe than anomalous gradients observed in
other low-latitude regions. The data for this report was collected close to the peak of the solar cycle
during a time of elevated solar activity, so it is thought that these results are representative of gradients
expected during a solar cycle peak. As described in Section 7.4, a Sigma VIG of 9.0 mm/km bounds the
nominal vertical iono gradients measured in Doha during the period covered in this report. This is only
slightly higher than the Sigma VIG used in the mid-latitude regions (4.0 mm/km). It is possible that
future reference gradient sets collected at/near Doha may be significant enough to challenge the 9.0
mm/km result. This set of data was collected near a solar cycle peak, but larger gradients could be
observed when there if a higher level of solar activity occurs. A Sigma VIG of 10 mm/km adds some
margin for potentially larger future vertical iono gradients and is what Honeywell recommends for an
SLS-4000 installation at Hamad International Airport. This analysis shows that ionospheric activity in
Doha, Qatar does not significantly impact the availability or continuity of an SLS-4000.

Honeywell recommends on-going ionospheric analysis be performed to determine if the region
experiences increased iono activities than what is captured in this analysis.
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SINCERE THANKS TO ALL OF YOU
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