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Innovation and Technology Transfer in International Cooperation

@ir NASO strives for capacity building in science & technology and also for technology transfer

United Nations, OOSA has been one of the key stakeholders in the ecosystem
ICG Experts Meeting, Vienna, 2015: DLR GfR mbH (Galileo Control Center) highlighted the
innovation in GNSS for airspace modernization. Dialogues with Civil Aviation Authority of Nepal.
UN/Nepal Workshop in GNSS, 2016: DLR GfR mbH as one of the sponsors contributed to create a

ecosystem for innovation
UNOOSA/Dream Chaser Orbital Space Mission Technical Breifing, Vienna, 2019: DLR GfR mbH and

NASO joint interest to the call

10 years strategic roadmap for technology discovery, feasibility assessment, market analysis, and
implementation

Current Product/Service Discovery —————)>  Product/Service Delivery
Integrated Satellite Communication, Navigation and Surveillance Technologies
GAGAN Performance Analysis for Aircraft Precision Approach
Airspace Modernization through the implementation of GNSS technologies
Impact monitoring of Space Weather and lonospheric Events on the Technologies
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lonospheric Impacts on Aircraft Approach Procedures

Accuracy Integrity Maximum Probabilities
LATERAL VERTICAL Aircraft Phase of Failure
of Flight (20 0r95%) Alert Limits (4-5 o) Time to
Vertical | Horizontal | Vertical | Horizontal Alert Integrity | Continuity
GPS + SBAS NPA, Initial N/A 0.22 - N/A 1.95-3.7 10-15s 107/ hr 104/ hr
Approach, Departure 0.74 km km
LNAV/VNAV 220 m 556 m
LOm
. LPV 20m 10s
APV 35m
1.2x107/ | 4.8x10°
Minima Line: LPV LPV 200 35m 6s
Precision Approach 4m 10m
CATI
Precision Approach <2.9m <b.9m 6.3m <17m <25 <107/ <4x10°%/
Safety bound of the aircraft position depends on the CATHIAII 1505 155

confidence of ionospheric corrections and

irregularities monitoring!
Credit: ICAO
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Integrity Threat Model

GNSS psuedorange errors assumed as Gaussian distribution, independent and
uncorrelated

2 _ 2 2 2 2
0; = 0irit Y 0{yire + Oiair T O tropo

Integrity equation obtained by propagating covariance from psuedorange pmd)2
domain to position domain

A% = (GTWG) 1GTWAY andP = (GTWG)™? Ko +Ko

the psuedorange variance, g2, is inversed and placed on the diagonal term
of the Weight matrix W, and G'is the geometry matrix HPL = Ky dpmajor

Pmd/2

K value obtained from the CDF which bounds the error tail (contains errors not VPL = Kydy

detected by the system) dmajor and dy given by elements of

the covariance matrix,

From the ionospheric grid Points, al-?U,RE is derived using the obliquity factor

and the GIVE I dfzg dEN dEU If’!rE:r
dEN dﬁr dNU dNT

: : : : 2
During solar storms/ionospheric events, 67,5 is elevated and as each element dey dyy dU dyr

of the position covariance matrix is directly propoptional to al-z, the protection der dyr dyy d?
levels are elevated as well, VPL even more so than the HPL - r -
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lonospheric Events: Nominal and Non- Nominal Cases

Kp-index =
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Kp index tracks the geomagnetic storm and is one of a good indicators of impact on the GNSS performances

Credit: Space Weather Live

V@& UNITED NATIONS
w Office for Outer Space Affairs

NASO



Aircr:
-
&

aft Horizontal Protection Level [m]
N N w w

GAGAN Performance: Nominal Days (Kp Index < 5)

Protection Level in Delhi Airspace Using Satellite Message of GAGAN
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Protection Level in Delhi Airspace Using Satellite Message of GAGAN .
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* 1In 2022, March 01 to March 07 provided nominal performance of GAGAN.

e Horizontal Protection Level below 40 m, except for a brief period on 07 March

e Vertical Protection Level fluctuates from one day to the next. The level is inflated in the mid-
day, when TEC contents are higher

e APV-l approach is supported but not consistently; RNP 0.1 (i.e, HPL=186 m) is safely assured
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zontal Protection Level (m)

Hor:

GAGAN Performance with Stanford Plots for Kathmandu Airspace

APV-I Kathmandu FIR Horizontal Integrity (01 March-30 April, 2022) (316906 epochs) Vertical Stanford Plot for 60 Days of SBAS APV-I Procedures in Kathmandu Airspace (316906 epochs)
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* APV-l procedure supported only for 77.38 % of the time

* Integrity monitoring reference stations not dense enough for a robust coverage of the observations

* lonospheric threat model inflates the variance to protect the user, subsequently inflating the protection level
* RNP 0.1 and LNAV procedures are safely enabled
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lonospheric Protection Level with Simulated Variance

SBAS APV-1 Performance in Nepalese Airspace Using GAGAN

12 SBAS APV-I Performance in Nepalese Airspace Using Simulated (lono)-GAGAN
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Real Data: APV-I Not Achieved Simulated Data: APV-I Achieved

e Zero-mean Gaussian distribution assumption allows an independent assessment on the impact of ionospheric on the
protection level, all other error confidence terms being unchanged
* ESA SBAS MENTOR software used to simulate the GAGAN message with better iono variance (through GIVE index)
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GAGAN Performance: High Geomagnetic Storm

* Higher ionospheric activities, Kp index > 7 (24 March, 2023)
* Both VPL and HPL elevated

* AVP-I not met for vast majority of the period
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Varianc

lonospheric Variance from the GAGAN Threat Model

e (m)

Variance (m)

Analysis of GAGAN Satellite PRN127 Message for lonospheric Correction Variance Analysis of GAGAN Satellite PRN127 Message for lonospheric Correction Variance
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 The GAGAN ionospheric threat model inflated the Grid lonospheric Variance Error during geomagnetic storm
* The confidence of the User lonospheric Vertical Error also degraded as seen in the analysis plots
e Each satellite signal is impacted in comparison to the nominal day
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Comparsion with Global Systems: EGNOS Coverage Center

e Zimmerwald, near Bern, the prtecion Levet n sen owos ) Prtacin Leve i Ben Airspce Usin Steit essageof EGos o
performance for both AARA VJW\/\JLWW&MV\M WU\MLM: . MJM H\MJJW AN AVAR VAN M\_M =
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ionospheric corrections
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Comparsion with Global Systems: EGNOS Coverage Edge

* ROAG, near Cadiz, Spain, the
performance for nominal days
supports both APV-l and APV-II

* Protection levels are slightly
elevated in comparison to Bern

* In geomagnetic storm, weak
confidence in the ionospheric

corrections

* Major inflation of protection level

is observed several days in March,

2023

 The edge of EGNOS coverage has
relatively poorer observation of
ionospheric pierce points
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Comparsion with Global Systems: WAAS

New York, the performance for
nominal days supports both APV-I
and APV-II

In geomagnetic storm, Kp index >
7.4 triggered a big inflation in the
protection level

APV-l and APV-Il availability
impacted
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Variance (m)

Variance (m)

lonospheric Variance from the WAAS Threat Model

Analysis of WAAS Satellite PRN138 Message for lonospheric Correction Variance
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e Geomagnetic storm on the 23 March impacted the WAAS lonospheric Grid variance
 FAA WAAS quarterly report indicates impact in numerous flight regions in the US and Canada

At
g’ ) UNITED NATIONS
N

S22 Office for Outer Space Affairs

NASO



Comparsion with Global Systems: MAAS

Protection Level in Japanese Airspace Using Satellite Message of MSAS

Protection Level in Japanese Airspace Using Satellite Message of MSAS 3 o - e

Japanese airspace, the performance _ = 1= =2
for nominal days does not support ;.. 1 | Pﬂ '\ iy W#’“‘*"'\‘H ﬂm .l - i wH E \N% Uﬂ\ n FN - flf Mﬁ N\ - ’M/

H VAR WA Nl Ny \[ | w\"ﬂ," \ N\ E : \ b U .
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In some days, horizontal procedures =% ) =
(RNP 0.1,..) are also impacted E " 2. Wm M ﬁ \A N )
In general, threat space is larger in E E | :.
Japanese system due to less E : , ‘
integrity monitoring stations and e : _
severe ionospheric conditions
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Summary

The GAGAN performance in the nominal ionospheric days match Availability s a function of user location
availability indicators provided by service operators | ‘ | ' :

GAGAN APV-l is not consistently met in the coverage zone; even where
it is met, the protection levels are just below the border line

During enhanced ionospheric events, GAGAN APV-I requirement can
be easily violated

1o,

Latitude (deg)

GAGAN integrity monitoring stations are planned to be increased
which has potentials to support also the neighbouring countries

Enhanced GAGAN ionospheric threat model will increase the
availability

<50% > % >75% >85% >90% >95% >99% >99.5% >99.9%
Availability with VAL = 50, HAL = 40, Coverage(99%) =11.51%

GAGAN performs better than MSAS but lags behind WAAS and EGNOS

24 March, 2023, Kp >7 impacted all SBAS systems in a varying degree Credit: FAA (2022)
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Special Thanks To

* SBAS Raw Messages Data (CNES Public ftp Server)

« GPS RINEX Data (UNAVCO)

* GPS Navigation Data (CDDIS)

» SBAS Message Analysis Tool (ESA SBAS Mentor)

* SBAS User Level Protection Analysis (PEGASUS and gLAB)

Thank You
Very Much

Developed by gAGE ;: Research group of Astronomy & GEomalics

flf:@ r Lij Stlje) n ij n g . Technical University of Catalonia (UPC)
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