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PART |

The EGNOS System
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@ What Augmentation is?

A To enhance the performance of the current GNSS
with additional information to:
I Improve INTEGRITY via reattime monitoring
I Improve ACCURACY via differential corrections
I Improve AVAILABILITY and CONTINUITY

A Satellite Based Augmentation Systems GBAS
i E.g., WAAS,EGNOS, MSAS

A Ground Based Augmentation Systems (GBAS)
i E.g. LAAS

A Aircraft Based Augmentation (ABAS)
I E.g., RAIM, Inertials, Baro Altimeter

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats



Why Augmentation Systems?

A Current GPS/GLONASS Navigation Systems
cannot met the Requirements for All Phases

of Flight:

I Accuracy

I Integrity W

I Continuity

i Availability <SR

A Marine and land users will also require
some sort of augmentation for improving
the GPS/ GLONASS performances.
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WHY GNSS NEEDS AN AUGMENTATION ?

GPS Only

Civil Aviation
PERFORMANCE CATEGORY |

Requirements

AVAILABILITY 99% to 99.990%

2 10’/ approach

105/ approach
CONTINUITY OF SERVICE (1015 )
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Accuracy: Difference between the measured position at any given
time to the actual or true position.

Even with S/A off a Vertical Accuracy< 4m 95% of time
cannot be achieved with the standalone GPS.

Colorado Springs, Colorado 2 May 2000

160 ¢ ‘ ‘ ‘
140 £ — Horizontal Error (meters)
1204 — Vertical Error (meters)
100+
ol |

28 _Afl i \‘I P |

20 _z, { X v’ \ Hl VI\

-20 I
-60 1 1
_gg ANALYSIS NOTES o
-1 [ -
-120 - Data taken from Overlook PAN Monitor Station, -
140 C equipped with Trimble SVeeSix Receiver |
) s - Single Frequency Civil Receiver
-160¢ - Four Satellite Position Solution at Surveyed Benchmark [
-180+F - Data presented is raw, no smoothing or editing -

2004 | | | |
0 1 2 3 4 5 6 7 8 9 10

Time of Day (Hours UTC)

Instantaneous Error (meters)
o
1
>
+
4

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats



Integrity: Ability of a system to provide timely warnings to users or
to shut itself down when it should not be used for navigation.

Standalone GPS and GLONAS Integrity is Not Guaranteed

GPS/GLONASS Satellites:
A Time to alarm is from minutes to hours
A No indication of quality of service

Health Messages:
AGPS up to 2 hours late
AGLONASS up to 16 hours late
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Continuity: Ability of a system to perform its function without
(unpredicted) interruptions during the intended operation.

Availability: Ability of a system to perform its function at initiation of
Intended operation. System availability is the percentage of time
that accuracy, integrity and continuity requirements are met.

Availability and Continuity Must meet requirements

A Continuity:
Less than 10° Chance of Aborting
a Procedure Once it is Initiated.
A Availability:
>99% for every phase of flight (SARPS).
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INTEGRITY

Confidence bound

ALess than 107 probability of true
Alert Limit error larger than confidence bound.

ATimeto alarm 6 s
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Strong Requirements for the
safety in Civil Aviation

If fault is not declared after:
A Over bound the alarm threshold

Aand alarm delay

Thence: )
Fault of Integrity C Accidentrisk 3

»* Alarm Delay

) A<10-5 Chance of Aborting a

Procedure Once it is Initiated.
ATime to alarm 6 s

INSTITUT DE
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SBAS and GBAS Navigation Modes

Enroute Enroute
Oceanic Domestic

Terminal Approach

INSTITUT DE

G EO MAT'CA EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats 12



(7p]
O
©
&
@)
jb)
Q)
©
C
]
P
&
o
c
@)
s
(0]
<
—
o
o
>
@)
S
(@)
<
(&)
P
@®©
QO
0
()
.
LLI
(@)

Aviation Signalin-Space Performance Requirements
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Maritime Signaklin-Space Performance Requirements

Maritime
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@ GBAS [@®sJglei=l el  orsssenes

A Most of the measurement errors are common:
clock, ephemeris, ionosphere and troposphere.

A A common correction valid for any receiver within the LADGPS
area is generated and broadcast.

A The accuracy is limited by the spatial decorrelation of those
error sources (1m at 200Km).
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Differential Correction Calculation

Z
Broadc_gst g@rﬁ @7 Actual SV
SV Position ’ 7
I .0’. . e
I

Position

L 4

' 0'. ...."~
' .ol ....'t.
Calculated ! Measured
I PRes  Pseudoranges PRo ..
Range r ref ' ..’ '...0

L]
Q ‘e
0

[
e
A : -
’ Differential Message Broadcast
- oo PRC

Known Reference
Location

I The first receiver in a reference station can calculate these errors
knowing its exact location (corrections 1 P R €alculated by the GBAS
ground station): PRC= PR - I'

I The second receiver (the user) will use these corrections to correct its

own measurements and increase the accuracy of these
measurements: PR..- PRC
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Measured Pseudorange

€ >
Geometric Rangg Rec Sat.
. Eph lono Tropo
User receiver |Clock Clock
€ > < =
Rec Sat Eph lono Tropo E\VeIRY:
Clock Clock P P |
€ >

PRC Pseudo-Correction broadcasted

Geometric Rang
User receiver

<>
Residual
< >

Corrected Pseudorange
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ERORS on the Signal

A Space Segment Errors:
I Clock errors Common
I Ephemeris errors

Strong spatial

A Propagation Errors correlation
I lonospheric delay
i Tropospheric delay Weak spatial
correlation

A Local Errors

I Multipath > No spatial
i Receiver noise correlation
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LADGPS Ephemeris Correction Errors due to the
Geographic Separation

Position from ‘
broadcast ——
ephemeris

Reference Station

‘ — True position
é__—

DE6 6 ~0

DE: Satellite location error

Receiver B
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Cycle 23 Sunspot Number Prediction {April 2001)

1996 1998 2000 2002 2004 2006

With SA set to Zero, the dominant error is now the
error associated with the lonosphere.

I The ionosphere can add a significant amount of error to a
user's position solution

I Based on several factors:
A geographic location
A time of day

A time with respect to the solar cycle (11 years).
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® i SBAS Concept

The pseurorange error is split in its components.

A Clock error

A Ephemeris error

A lonospheric error

A Local errors (troposphere, multipath, receiver noise)

Uses a network of receivers to cover broad geographic area
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Error Mitigation

Error
component

GBAS

SBAS

Satellite clock

Ephemeris

lonosphere

Troposphere

Common Mode

Differencing

Estimation and

Removal each
error
component

Fixed Model

Multipath and
Recelver Noise

Carrier Smoothing by user
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GPS-like
signals

Differential
corrections

-~

-

+ ACCURACY
+ AVAILABILITY
+ CONTINUITY

J

Integrity
(Use /
Don't Use)
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@ The European Geoestationary Navigation
Overlay SERVICE (EGNOS)
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What EGNQOS is?

A EGNOS is the European component of a Satellite
Based Augmentation to GPS and GLONAS.

A EGNOS is being developed under the
responsibility of a tripartite group:
I The European Space Agency (ESA)

I The European Organization for the Safety of Air
Navigation (EUROCONTROL)

I The Commission of the European Union.
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@ Three existing SBAS Systems
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Latitude (°)

ECAC Area

(ECAC: European Civil Aviation Conference)

Artemis

Longitude (°)
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@ EGNOS AOC Architecture

(AOC: Avanced Operational Capability)

GEO

GLONASS
AOR-E GPS
-_é}'—‘ ARl'I(')EFIQ\/IIS @ @
2 _
( ) L2 //, % RIMS
S /I' 3
g 1S B 2k
1T i ) 17
EWAN
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EGNOS AOC GROUND NETWORK TOPOLOGY
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Ranging & Integrity Monitoring Station

GPS
L1/L2

(RIMS)

GLONASS GEO

Antenna
& :
Pre- amplifief

RIMS |
Receiver SET§

I
y g Eé
SR

-/

33 RIMS in EGNOS +1
specific RIMS for UTC time

RIMS

CCF CPF

Core SET
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Master Control Center (MCC)

A MCC is Subdivided into

I CCF (Central Control Facility)
A Monitoring and control EGNOS G/S
A Mission Monitoring and archive
A ATC IIF

I CPF (Central Processing Facility)
A Provides EGNOS WAD corrections
A Ensures the Integrity of the EGNOS users
A Utilises independent RIMS channels for checking of corrections
A Real time software system developed to high software standards

A 4 MCCs will be implemented in EGNOS
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Master Control Center (MCC)

CPF Central Processing Facility

CCF Central Control Facility

T1] 8

PACF
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@ |L Top Level Technical Monitoring

—RIMS

Langen Router

Torrejon Router

VSAT Hub A Router

CCF VIEWS

—CCF

B ||

- CPF

—MNLES

Gatwick

Ciampino Router

—

Gatwick Router

VSAT Hub B Router

-

CCF: Global Accuracy display

ARTEMIS
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Navigation Land Earth Station
(NLES)

Uplink the EGNOS message with
the GEO ranging signal to GEO.

AGenerate GPSlike signal and
transmit it to GEO transponder.

AMaintaining synchronization of
the message with GPS time.

Monitoring & Conrol

10 MHz Distribution

70.42MHz

ON/OFF

Integrity

j Box

\ 4

Core
Receiver

44444444
Frequency Long (Lees
Standard Loop
o Rx message
g g
Ole =
EWAN C Tx message
CPF und ore
Cor “TEEET FEE [T | Computer |y T

!

1PPS
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@ Geostationary satellite Broadcast Areas
(GBA)
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EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats 36



EGNOS Wide Area Network
(EWAN)

» Function
¢ Links all EGNOS components
» Link types:

¢ MCC-MCC
-High capacity
EWAN's backbone

¢ MCC-NLES
Ensures link with GEQO's

¢ MCC-RIMS
.Frame Relay or VSAT

[l RIMS

NLES

RIMS

NLES

NLES

RlMs’ﬂ

NLES?Z

RIMS;H
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EGNOS System Test Bed (ESTB)
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The EGNOS System Test Bed
(ESTB)

A Under ESA Contract, European industry has setup an
EGNQOS test bed (fully operational since Feb. 2000) .
The ESTB is a fullscale realtime prototype of the
final EGNOS system.

A ESTB main objectives are:

I to have an assessment of the global performance
achievable with EGNOS

I to analyze in depth specific critical design issues or
trade-of f 60s bet ween several oOp

I to develop and validate system test methods
I to demonstrate to the final users the system operation,

I to provide a representative tool for Civil Aviations to
build up SBAS practical experience

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats 39



EGNOS Operational Milestones

Initial trials

System Definition

Initial

P hase Start October 98

January 96

Detailed Design Development/  vjalidation  Validation Operational/

implementation  (ESA), certification.
21 months 21 months 9 months 24 months

Advanced i
Operational l l l l
Capability v
( AO C) Start July 2000  April 2002 January 2003 Service operative
October 98 < > January 2005

Program ARTES-9 (ESA)
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ASTRIUM, IFEN, DLR [E] sexTANT avioniaue 1
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SENER
DEUTSCHE TELECOM AR
- o |

RACAL Lt _ EATEX
VEGA e aLenia aerospazioll T -
e SPACE ENGINEERING
SCIENCE SYSTEMS A2 SIEMENS AUSTRIA o]
AIRSYS-ATM UK VITROCISET
BRITISH TELECOM e S LA CONTRAVES il |
MATS TEKELEC
DNV OSCILLOQUARTZ
GSS NORTEL

— i NOVATEL 2 |
e MES T Paer GNSS-1 Project Office

Switzerland _ Others 214 M EUR

Norway 2% 4%
Italy 2% France
14% 32%
United Kingdom
16%

Austria
1%
Netherlands _

1% Portugal Spain
2% 11%

Germany
15%
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EGNOS Benefits

A Aviation, maritime navigation, Railways.

A Road community: car navigation, fleet management,
road pricing, autonomous vehicle guidance, etc.

A Timing and telecommunications: synchronization of
Internet nodes; synchronization of mobile base stations
etc.

A Agriculture: precision farming, GIS applications,
automation of mobile agriculture, etc).

A Many others: fishery, search and rescue, land
surveying, meteorology, land survey, leisure, etc.

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats
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PART Il

Data Processing

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats

43



DATA PROCESSING

Navigation equations
and

SBAS Differential Corrections
and Integrity

R &4
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Satellite
oem o ;

Emission ~300m

del

Satellite Clock Offset« 300K.m

Relativistic Correction << 13 m

Pseudorange

P1, P2, C/A

Satellite Instrumental Delay (TGD) ~ m

Geometric Range:pQ ~20 000Km

/Innnspheric Delay [2 — 50 m]
Tropospheric Delay [2 — 10 m]
Receiver Clock Offset <300Km
/1/ Receiver Instrumental Delay ~ m

Reception

o

T~ wmoOT
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Ernission

@ PSEUDORANGE MODELING

~300
DOD " Reception

fel

Satellite Clock Offset< 300Km

Relativistic Correction < 13 m

Pseudorange

P1, P2, C/A

/Ionospheric Delay [

/1/ Receiver Instrumental Delay ~

Satellite Instrumental Delay (TGD) ~ m

Geometric Range:p( ~20 000Km

2-350m)]

Tropospheric Delay [2 - 10 m]
Receiver Clock Offset <300Km

m

@dt - @t)

+a 4’

I~ —
a d=rel’ -(I‘rop>+<on>+ K. +H

fe0)@
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Aseudorange modeling

I:i)J = rij + Cth B dtJ ) + é_ dk tralveltime)( speed ofliglht
Taylor linearization ofr :
; \2 \2 S\ 2 ] j '
) = -X 3 ; i N X y -y z Z
I \/(X X) ("y y) (Z+ 2) Ofijo*‘T@A'lT MDﬁT 7
| X - X y -y z L
RI® ry #7—D =5=Dy DDz c(dt +dt) & o ..
. . Os0 .
io 0 io [:n[t
DQ\[ ‘.l I
X =Xo +DX Y, =Y, +tDy, | 7z =7, +Dz R s
ANavigation Equations System: o
€%~ X ¥ ¥ 7 % @ T
P -rldtt 5 4 8 & T { e C .
6P’-r2 wWt® § U €% Y, Y % - C & U
R - T a g u_ e _ _ 1t Sy &
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éPn ) ,._n _ldtn a d ';l é .......... C g:dtg
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ANavigation Solution:

Y =G eDx

X =(G'WG) 'G"WY o

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats
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@ PROTECTION LEVELS: Y = GO(

70

X =[DN, DE, DU, cdf] Vi (GTWG)' 'GTWY

gds de dw Oy

P.=sps e o O d>+d? [ad® -d2 ©
ngv dey dv dr HPL =6.00 N = + %Nj 8 ej-lflE
édNT der  dyy de 2 2 -

s=(G"WG) G'w

VPL=5.33q,|
AN

_é . "
W = e ' W = (siZUDRE +‘§UIREI6'=0 +$" i%"gpo)
3

,0 WN \\'\

-Ks-s S Ks

&, 0 X ~N(0L
2 _ 2 -~ ’
p - ¢ st= | Bl 25 s S
Y8 , P(X|>5.33 =10"
&0 Sy
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Users know the receiver-satellites geometry and can compute bounds on
the horizontal and vertical position errors.

These bounds are called Protection Levels (HPL and VPL) They provide
good confidence (10-7/hour probability) that the true position is within a
bubble around the computed position.

Protection

Level
: True
Pl E
» rror
Tail area Probability P(VPE>VPL) < 107 /sample

N
nm 2 — 2 2 2 2
VPL:@ @®/5i =Sin ¥TSiure TSiar ¥Sitopo
i=1
\ GEOMETRY
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: Fast Corrections
@ Ephemeris +
Long Term Corrections MT1, MT2,5,24, MTB6,

+ = U[;rRE MT25, MT7, MT12,
Clocks + MT9

Degradation Param.

/

IONO Corrections

N MT18
IONO  ==——p> GIVE MT26|

Degradation Param.

Y =C1+PRC- r” +Dt>* +dt** +rel - TGD + IONO+TROP

> 1 2112 2 2
S = Sﬂt * SUIRE+Sair +Stropo
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Fast and LongTerm Correction Degradation

, ,
_F(Suoret € +nf H € &) I8 RSy 0 A MTO)

Scm =]
[S UDRe + B + “@  +ic € Fer I RSQre 1 X MTLO)

MT25

bie: Vo ONY

- (t'tU {Tat)z I \
e =al
f . MT2-6,24

t-t
C floor Ite JRIDIS,LIRINE
etc,vo Itc,vO ¢ Itc VO \ t, =t
\

t0 <t <0 I-hc_vl

t

' fc,i “at
(whenlODF | 3) f'éO K i 8

etc V1 =1

7Cis_1sbt C|tc_v1max{ 0L -tt & Ig _V]} ,otherwise

eOKNeither fast nor long term corrections
e | have time out for precision approach

Otherwise

MT10
Brrc ' C‘\rtc _Isb? C“ftc_vli

IItc vl’CItc VO’I|'[C_V0’

I
IODF, ,IODF . 3 O/ -1 er’ RS§DR51
current - IODFprevious) m0d2 - C C

a Ifc B.. iono_ramp’ ~iono_ step
" 4 _ ) ( IODF rrrrrrr IODFprevious) mOd 2 1'

RSS, .

|ono 2
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Degradation of lonospheric Corrections
2 - 4 dRoosE
— _ 6
UIRE F ‘E(ZJIVE "6 CR*h

UIVE a.W (pr, ypp) 52n ionogrid ? N = or3 MTlO
n=1 rrc ! C1tc _Isb? C1tc _vl?

. . lltc_vlicltc_vo’ I ltc_vO
52|onogr|d —I?(SGIVE-F @]O ) ’If RS%nO :O (MTLO) C RS§D
1S%net @no ,if RS§, 4 (MIO) o =
C|ono_ ramp? Ciono_ step
Iiono’RS$ono
t;
eono = Ciono_ stepﬂoor( ||:)(:]:O) 'lcionc_) ram}(t l;T)no) MT26
|onoGIVE\
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@ SBAS Differential Corrections and Integrity:
The RTCA/MOPS
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Message Format

<_ DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST
< 250 BITS - 1 SECOND >

| | 212 -BIT DATA FIELD

| 24-BITS
PARITY
6-BIT MESSAGE TYPE IDENTIFIER (= 2, 3,4 & 5)
8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

The corrections, even for

Individual satellites are

distributed across several
A 250 bits individual messages.

A One Message per second
A All messages have identical format

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats 35



EGNOS Broadcast Messages (ICAO SARPS)

Don't use this SBAS signal for anything (for SBAS testing)

PRN Mask assignments, set up to 51 of 210 bits

Fast corrections

Integrity information

Fast correction degradation factor

Reserved for future messages

GEO navigation message (X, Y, Z, time, etc.)

Degradation Parameters

Reserved for future messages

SBAS Network Time/UTC offset parameters

Reserved for future messages M any Message Types
GEO llite al I
satellite almanacs Coordinated Through

lonospheric grid point masks

Reserved for future messages Issues Data (IOD)

Mixed fast corrections/long term satellite error corrections

Long term satellite error corrections

lonospheric delay corrections

SBAS outside service volume degradation

Reserved for future messages

Internal Test Message

Null Message

INSTITUT DE
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: Fast Corrections
@ Ephemeris +
Long Term Corrections MT1, MT2,5,24, MTB6,

+ = U[;rRE MT25, MT7, MT12,
Clocks + MT9

Degradation Param.

/

IONO Corrections

N MT18
IONO  ==——p> GIVE MT26|

Degradation Param.

Y =C1+PRC- r” +Dt>* +dt** +rel - TGD + IONO+TROP

> 1 2112 2 2
S = Sﬂt * SUIRE+Sair +Stropo
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Issues of Data (I0D)

GPS |0Dk Long-term rNO IO?: Fast
. : >{Correction
Ephemelis Correction? <mall > & o
(25) h (2-5,24)
: changes _
IODC, A '
|IODP
GPS IODG,
Clock IODP
A
GLONASS PRN Integrity
DATA Mask Information
(1) (6)
|IODP
/ OoDS \
Service Acceleratio
Message Informatio
(27) (7)
lonospherig lonospheric
Mask " Corrections
(18) |ODI (26)
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Message Time-Outs:

Users can operate even when missing Messages

A Prevents Use of Very Old Data
A Confidence Degrades When Data is Lost
A 10DF: Detect Missing Fast Corrections

1 second
< >

System Latency

<

{ ...............
The Correction is tof: Time of applicability Last bit of message:
estimated by the (1st bit of message) tof+1sec
master station

Correction time -Out

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats 39



Associated Maximum En Route, Precision
Data Message | Update Interval Terminal, NPA Approach
Types (seconds) Timeout (seconds) Timeout (seconds)|
WAAS in Test Mode 0 6 N/A N/A
PRN Mask 1 60 None None
UDREI 2-6, 24 6 18 12
Fast Corrections 2-5,24 60 * (*)
Long Term 24, 25 120 360 240
Corrections
GEO Nav. Data 9 120 360 240
Fast Correction 7 120 360 240
Degradation
Weighting Factors 8 120 240 240
Degradation 10 120 360 240
Parameters
lonospheric Grid 18 300 None None
Mask
lonospheric 26 300 600 600
Corrections
UTC Timing Data 12 300 None None
Almanac Data 17 300 None None

(*) Fast Correction Time-Out intervals are given in MT7 [between 12 to 120 sec]
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PRN MASK (MTO01)

Bit No 1 2 3 4 5 6| . 38 , 120 . | 210
Value 0 1 0 1 1 0 1 1 0
PRN GPS GPS GPS GLONASS AORE

PRN 2 PRN 4| PRN5 Slot 1 PRN 120
PRN mask 1 2 3 21 29
Number

Each MTO1 contains its associated IODP

_ _ Assignment

Up to 51 satellites in 210 slots. PRN

(0]

. . 1-37 GPS/GPS Reserved

Note: Each Correctl_on set In ool | clonass
MT 2_5’5’_6’7’24’2_5 Its 62-119 | Future GNSS
characterized by its PRNMask 120138 | GEO/SBAS
number, between 1to 51. 139210 | Future GNSS/GEO/SBAS/Pseudolites
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@  Fast Corrections (MT2-5,24)

A Primarily Removes SA

I Common to ALL users

I Up to 13 Satellites Per Message

I Pseudorange Correction /confidence Bound
Range Rate Formed by Differencing

UDRE degrades Over Time
AAcceleration Term in MT 7
AReset when new Message Received
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P Fast Corrections (MT2-5)

PRQt):PRQ'FRRQ(t-tn) Y =Cl1+PRGC r*_l_usat_l_dtsat

RRC = PR? : tPRQ +rel - TGD+ IONO+TROF

< DVECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

< : >
e 250 BITS - 1 SECOND T ——
REPEAT FOR 12 MORE SATELLITES UDRE| MORE SATELLITES
PR |
24 NN N T T N N N N B N RN SRR RR AP EEaR Y
|E—13 12-BIT FAST CORRECTIONS | 24-BITS
IODF (2 BITS)

6-BIT MESSAGE TYPE IDENTIFIER (= 2, 3,4 & 5)

8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIsJOUS BLOCKS

(RS%DRE 0 [MTlo]) /

Szi,flt = -SQUDRE + 26 +2rrce ‘ﬁtc ezér
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Message Type 6

<€—— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

< 250 BITS - 1 SECOND >
IODF,, IODF,, IODF, & IODF, (2 BITS EACH)

LI L L L AT L L L L bl

’ l 51 4-BIT(UDREIs | 24-BITS
PARITY
6-BIT MESSAGE TYPE IDENTIFIER (= 6)

8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

Alarm conditions are

A Serves Two Purposes indicated with

|IODF=3
I Alarm for Multiple Satellites
Alncludes UDREs for all 51 Satellites

I Update UDRE in Between Fast Corrections

AMore efficient Use of Bandwidth

A The receipt of MT6 with matching IODF<3 is equivalent
to another reception of last fast correction.
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Evaluation of UDREI

UDREI, | UDRE, Meters SZ UDRE
Meters?
0 0.75 0.0520
1 1.0 0.0924
2 1.25 0.1444
3 1.75 0.2830
4 2.25 0.4678
5 3.0 0.8315
6 3.75 1.2992
7 4.5 1.8709
8 5.25 2.5465
9 6.0 3.3260
10 7.5 5.1968
11 15.0 20.7870
12 50.0 230.9661
13 150.0 2078.695
14 Not Monitored Not Monitored
15 Do Not Use Do Not Use

Comment;

AWith SA=off, the FC can be sent
less frequently than 6sec, but it is

still necessary to update the

Al ntegrity status
high rate.

APrec. App: UDRE timeout =12sec

FC time-out between 12 -120 sec.

The MOPS (RTCA Do 229A) 2.1.1.5.2,
establish the satellites deselecting for:

-UDRE=14 (not monitored)
and
-UDRE=15 (dondot u

2.1.4.7.1: In addition, for
Precision Approach UDRE<11 .
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@ UDRE degradation: The fast correction was estimated
by master station at some previous time t -t

1 sec
ty (MT 7) <> lie (MT7)

The Correction is g . -
estimated by the tn- Time of applicability

master station (1st bit of message)

FCC i
Szi,flt = Suore + ‘€@ + e C% . Ocr)rjf of

Acceleration Term Lost Fast Correction Term
(Always included) (whenlODF | 3)

aal . Q

a 2 g

1
€ E (t - tUDRE + tIat ) e”C ? _ O
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EXAMPLE 1

(From WAAS MOPS: Practical Examples.
Todd Walter)
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Last 2 52
Mess. PRC(Y) RRC, Error S it UDRE egfc egl’fc
Time (s) (m) (m)
0 - - - - - -
0 - - - - - -
1 -2.563 | -0.4375 | 0.505 0.0957 0.0924 0.0033 0
1 -3.875 | -0.4375 1.045 0.1141 0.0924 0.0217 0
2 -3.292 | -0.1667 | -0.140 0.0957 0.0924 0.0033 0
2 -3.792 | -0.1667 | -0.171 0.1141 0.0924 0.0217 0
0 -4.146 | -0.1458 | 0.238 0.0957 0.0924 0.0033 0
0 -4583 | -0.1458 | 0.373 0.1141 0.0924 0.0217 0
0 -5.021 | -0.1458 | 0.893 0.1699 0.0924 0.0775 0
0 -5.458 | -0.1458 1.584 0.2954 0.0924 0.2030 0
2 -3.458 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
2 -3.333 | -0.0417 | 0.479 0.1252 0.0924 0.0217 0.01111
0 -2.625 0.1250 0.537 0.0957 0.0924 0.0033 0
0 -2.250 0.1250 1.100 0.1141 0.0924 0.0217 0
FC update rate 6 sec
Param Mes. Type value Param Mes. Type value
2 MT 2 0.0924
S* UDRE (m2) t. (sec) MT 7 4
a (mm/fs2) MT 7 4.60 B, (m) MT10 0.15
MT 7 12
/4 (sec) RSSypre v !
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2;';“5 I\/ILeaSs; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f 57 UDRE egfc egl’ rc
t Time (s) PRC, IODF , (m) (m)
tn (m)
0 -1 0.500 0 - - = = = =
3 -1 0.500 0 - - - - - -
6 5 -2.125 1 -2.563 -0.4375 0.505 0.0957 0.0924 0.0033 0
9 5 -2.125 1 -3.875 -0.4375 1.045 0.1141 0.0924 0.0217 0
12 11 -3.125 2 -3.292 -0.1667 -0.140 0.0957 0.0924 0.0033 0
15 11 -3.125 2 -3.792 -0.1667 -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 0 -4.146 -0.1458 0.238 0.0957 0.0924 0.0033 0
21 17 -4.000 0 -4.583 -0.1458 0.373 0.1141 0.0924 0.0217 0
24 17 -4.000 0 -5.021 -0.1458 0.893 0.1699 0.0924 0.0775 0
27 17 -4.000 0 -5.458 -0.1458 1.584 0.2954 0.0924 0.2030 0
30 29 -3.500 2 -3.458 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
33 29 -3.500 2 -3.333 -0.0417 0.479 0.1252 0.0924 0.0217 0.01111
36 35 -2.750 0 -2.625 0.1250 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 0 -2.250 0.1250 1.100 0.1141 0.0924 0.0217 0
PRQt) =PRG+RRG(t- 1) §2%4 = Siore + %6 +c€ #c E%
_PRG- PRG
RRC = : 5
q tn - to efc ! E(t - 1:n +tlat )2 errc ' %a | - + Brrc Ot_ tn)
. 2 &4 -tz
RRCTime- Out Ifc=12sec
Dt =tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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2;';“5 I\/ILeaSs; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f 57 UDRE egfc egl’ rc
t Time (s) PRC, IODF , (m) (m)
tn (m)
0 -1 0.500 0 - - = = = =
3 -1 0.500 0 - = = = = =
6 5 -2.125 1 -2.563 -0.4375 0.505 0.0957 0.0924 0.0033 0
9 5 -2.125 1 -3.875 -0.4375 1.045 0.1141 0.0924 0.0217 0
12 11 -3.125 2 -3.292 -0.1667 -0.140 0.0957 0.0924 0.0033 0
15 11 -3.125 2 -3.792 -0.1667 -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 0 -4.146 -0.1458 0.238 0.0957 0.0924 0.0033 0
21 17 -4.000 0 -4.583 -0.1458 0.373 0.1141 0.0924 0.0217 0
24 17 -4.000 0 -5.021 -0.1458 0.893 0.1699 0.0924 0.0775 0
27 17 -4.000 0 -5.458 -0.1458 1.584 0.2954 0.0924 0.2030 0
30 29 -3.500 2 -3.458 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
33 29 -3.500 2 -3.333 -0.0417 0.479 0.1252 0.0924 0.0217 0.01111
36 35 -2.750 0 -2.625 0.1250 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 0 -2.250 0.1250 1.100 0.1141 0.0924 0.0217 0
PRQt) =PRG+RRG(t- 1) §2%4 = Siore + %6 +c€ #c E%
_PRG- PRG
RRC = : 5
q tn - to efc ! E(t - 1:n +tlat )2 errc ' %a | - + Brrc Ot_ tn)
. 2 &4 -tz
RRCTime- Out Ifc=12sec
Dt =tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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2;';“5 I\/ILeaSs; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f 57 UDRE egfc egl’ rc
t Time (s) PRC, IODF , (m) (m)
tn sz
0 1 L 0500 J~0 i i i i i i
3 -1 0.500 0 = \ = = =
6 5 -2.125 1 25623\ 0.4375 ‘} 0.505 0.0957 0.0924 ( 0.0033 0
9 5 -2.125 1 -3. -0.4375 1.045 0.1141 0.0924 0. 0
12 11 -3.125 2/ -3.292 -0.1667 -0.140 0.0957 0.0924/ 0.0033 0
15 11 -3.125 / -3.792 -0.1667 -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 0 -4.146 -0.1458 0.238 0.0957 9&)24 0.0033 0
21 17 -4.000 0 -4.583 -0.1458 0.373 0.1141 0.0924 0.0217 0
24 17 -4.%6 0 -5.021 -0.1458 0.893 0.1699 0.0924 0.0775 0
27 17 /OOO 0 -5.458 -0.1458 1.584 0.29;( 0.0924 0.2030 0
30 29 // -3.500 2 -3.458 0.0417 0.008 (ﬁ64 0.0924 0.0033 0.00069
33 29/ -3.500 2 -3.333 -0.0417 0.479 0.1252 0.0924 0.0217 0.01111
36 }g -2.750 0 -2.625 0.1250 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 0 -2.250 0.1250 1%) 0.1141 0.0924 0.0217 0
PRC(t) = PRC, + RRC, (t- tn) Szi,flt = OUDRE *t 2@ +2rrce '?Itc ezér
PRC - PRG
RRG = a ja | 0
Q tn' to efcl E(t- tn+tlat)2 errc 1 % 4fc +tB+Ct(.)t_tn)
RRCTime- Out Ifc=12sec ¢ S
Dt =tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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g:ans I\I/I_eaSS; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f 57 UDRE egfc egl’ rc

t Time (s) PRC, IODF , (m) (m)
tn (m)

0 -1 0.500 0 - - = - = =
3 -1 0.500 0 - = = = = =
6 5 -2.125 1 -2.563 -0.4375 0.505 0.0957 0.0924 0.0033 0
9 5 -2.125 1 -3.875 -0.4375 1.045 0.1141 0.0924 0.0217 0
12 11 -3.125 2 -3.292 -0.1667 -0.140 0.0957 0.0924 0.0033 0
15 11 -3.125 2 -3.792 -0.1667 -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 0 -4.146 -0.1458 0.238 0.0957 0.0924 0.0033 0
21 17 -4.000 0 -4.583 -0.1458 0.373 0.1141 0.0924 0.0217 0
24 17 -4.000 0 -5.021 -0.1458 0.893 0.1699 0.0924 0.0775 0
27 17 -4.000 0 -5.458 -0.1458 1.584 0.2954 0.0924 0.2030 0
30 29 -3.500 2 -3.458 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
33 29 -3.500 2 -3.333 -0.0417 0.479 0.1252 0.0924 0.0217 0.01111
36 35 -2.750 0 -2.625 0.1250 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 0 -2.250 0.1250 1.100 0.1141 0.0924 0.0217 0

PRC(t) = PRG + RRG(t- t,) S%4 = Sore + %6 +%cf % E%

PRC - PRG
tn_ to

RRCTime- Out Ifce=12sec
Dt=t -t >, PRC Time Ou

t-tn>8Dt t_tn >|fc iy

RRC =

UDRE Time -Out

t-t,>13

€5 ! %(t- tn +tlat)2

errc =0 when no mess. are missed
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g:ans I\I/I_eaSS; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f 57 UDRE egfc egl’ rc
t Time (s) PRC, IODF , (m) (m)
tn (m)
0 -1 0.500 0 - - = = = =
3 -1 0.500 0 - = = = = =
6 5 -2.125 1 -2.563 -0.4375 0.505 0.0957 0.0924 0.0033 0
9 5 -2.125 1 -3.875 -0.4375 1.045 0.1141 0.0924 0.0217 0
12 11 -3.125 2 -3.292 -0.1667 -0.140 0.0957 0.0924 0.0033 0
15 11 -3.125 2 -3.792 -0.1667 -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 0 -4.146 -0.1458 0.238 0.0957 0.0924 0.0033 0
21 17 -4.000 0 -4.583 -0.1458 0.373 0.1141 0.0924 0.0217 0
24 17 -4.000 0 -5.021 -0.1458 0.893 0.1699 0.0924 0.0775 0
27 17 -4.000 0 -5.458 -0.1458 1.584 0.2954 0.0924 0.2030 0
30 29 -3.500 2 -3.458 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
33 29 -3.500 2 -3.333 -0.0417 0.479 0.1252 0.0924 0.0217 0.01111
36 35 -2.750 0 -2.625 0.1250 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 0 -2.250 0.1250 1.100 0.1141 0.0924 0.0217 0
PRQt) =PRG+RRG(t- 1) §2%4 = Siore + %6 +c€ #c E%
_PRG- PRG
RRC = o ~
q tn - to efc ! E(t - 1:n +tlat )2 errc ' %a | - + Brrc Ot_ tn)
. 2 &4 -tz
RRCTime- Out Ifc=12sec
Dt = tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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;I—Sltl;,nci I\I/I_eaSS; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f s? UDRE egfc egl’ rc
t Time (s) PRC, IODF , (m) (m)
tn (m)
0 -1 0.500 0 - - = = = =
3 -1 0.500 0 - = = = = =
6 5 -2.125 1 -2.563 -0.4375 0.505 0.0957 0.0924 0.0033 0
9 5 -2.125 1 -3.875 -0.4375 1.045 0.1141 0.0924 0.0217 0
12 11 -3.125 2 -3.292 -0.1667 -0.140 0.0957 0.0924 0.0033 0
15 11 -3.125 2 -3.792 -0.1667 -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 0 -4.146 -0.1458 0.238 0.0957 0.0924 0.0033 0
21 17 -4.000 0 -4.583 -0.1458 0.373 0.1141 0.0924 0.0217 0
24 17 -4.000 0 -5.021 -0.1458 0.893 0.1699 0.0924 0.0775 0
27 17 -4.000 0 -5.458 -0.1458 1.584 0.2954 0.0924 0.2030 0
30 29 -3.500 2 -3.458 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
33 29 -3.500 2 -3.333 -0.0417 0.479 0.1252 0.0924 0.0217 0.01111
36 35 -2.750 0 -2.625 0.1250 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 0 -2.250 0.1250 1.100 0.1141 0.0924 0.0217 0
PRQt) =PRG+RRG(t- 1) §2%4 = Siore + %6 +c€ #c E%
_PRG- PRG
RRC = o ~
q tn - to efc ! E(t - 1:n +t|at )2 errc ' %a | - + Brrc Ot_ tn)
. 2 &4 -tz
RRCTime- Out Ifc=12sec
Dt = tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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;I—Sltl;,nci I\I/I_eaSS; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f 52 UDRE egfc egl’ rc
t Time (s) PRC, IODF , (m) (m)
tn (m)
0 -1 0.500 0 - - = = = =
3 -1 0.500 0 - = = = = =
6 5 -2.125 1 -2.563 -0.4375 0.505 0.0957 0.0924 0.0033 0
9 5 -2.125 1 -3.875 -0.4375 1.045 0.1141 0.0924 0.0217 0
12 11 -3.125 2 -3.292 -0.1667 -0.140 0.0957 0.0924 0.0033 0
15 11 -3.125 2 -3.792 -0.1667 -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 0 -4.146 -0.1458 0.238 0.0957 0.0924 0.0033 0
21 17 -4.000 0 -4.583 -0.1458 0.373 0.1141 0.0924 0.0217 0
24 17 -4.000 0 -5.021 -0.1458 0.893 0.1699 0.0924 0.0775 0
27 17 -4.000 0 -5.458 -0.1458 1.584 0.2954 0.0924 0.2030 0
30 29 -3.500 2 -3.458 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
33 29 -3.500 2 -3.333 -0.0417 0.479 0.1252 0.0924 0.0217 0.01111
36 35 -2.750 0 -2.625 0.1250 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 0 -2.250 0.1250 1.100 0.1141 0.0924 0.0217 0
PRQt) =PRG+RRG(t- 1) §2%4 = Siore + %6 +c€ #c E%
_PRG- PRG
RRC = o ~
q tn - to efc ! E(t - 1:n +t|at )2 errc ' %a | - + Brrc Ot_ tn)
. 2 &4 -tz
RRCTime- Out Ifc=12sec
Dt = tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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;I—Sltl;,nci I\I/I_eaSS; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f 52 UDRE egfc egl’ rc
t Time (s) PRC, IODF , (m) (m)
tn (m)
0 -1 0.500 0 - - = = = =
3 -1 0.500 0 - = = = = =
6 5 -2.125 1 -2.563 -0.4375 0.505 0.0957 0.0924 0.0033 0
9 5 -2.125 1 -3.875 -0.4375 1.045 0.1141 0.0924 0.0217 0
12 11 -3.125 2 -3.292 -0.1667 -0.140 0.0957 0.0924 0.0033 0
15 11 -3.125 2 -3.792 -0.1667 -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 0 -4.146 -0.1458 0.238 0.0957 0.0924 0.0033 0
21 17 -4.000 0 -4.583 -0.1458 0.373 0.1141 0.0924 0.0217 0
24 17 -4.000 0 -5.021 -0.1458 0.893 0.1699 0.0924 0.0775 0
27 17 -4.000 0 -5.458 -0.1458 1.584 0.2954 0.0924 0.2030 0
30 29 -3.500 2 -3.458 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
33 29 -3.500 2 -3.333 -0.0417 0.479 0.1252 0.0924 0.0217 0.01111
36 35 -2.750 0 -2.625 0.1250 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 0 -2.250 0.1250 1.100 0.1141 0.0924 0.0217 0
PRQt) =PRG+RRG(t- 1) §2%4 = Siore + %6 +c€ #c E%
_PRG- PRG
RRC = o ~
q tn - to efc ! E(t - 1:n +t|at )2 errc ' %a | - + Brrc Ot_ tn)
. 2 &4 -tz
RRCTime- Out Ifc=12sec
Dt = tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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g:ans I\I/I_eaSS; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f 57 UDRE egfc egl’ rc
t Time (s) PRC, (m)
tn (m)
0 -1 0.500 - - - - -
3 -1 0.500 - - - - -
6 5 -2.125 -0.4375 0.505 0.0957 0.0924 0.0033 0
9 5 -2.125 -0.4375 1.045 0.1141 0.0924 0.0217 0
12 11 -3.125 -0.1667 -0.140 0.0957 0.0924 0.0033 0
15 11 -3.125 m -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 -0.1458 0.238 0
21 17 -4.000 -0.1458 0.373 0
24 17 -4.000 201452 0293 0
27 17 -4.000 -0.1458 1.584 0.2954 0.0924 0.2030 0
30 29 -3.500 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
33 29 -3.500 -0.0417 0.479 0.1252 0.0924 0.0217 0.01111
36 35 -2.750 0.1250 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 0.1250 1.100 0.1141 0.0924 0.0217 0
PRQt) =PRG+RRG(t- 1) §2%4 = Siore + %6 +c€ #c E%
_PRG- PRG
RRC = . -~
q tn_ to efc ! E(t_ 1:n_'_tlat)z errc ' %alfc +&Ot_tn)
. 2 &4 -tz
RRCTime- Out Ifc=12sec
Dt = tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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;I—Sltl;,nci I\I/I_eaSS; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f s? UDRE egfc egl’ rc
t Time (s) PRC, (m)
tn (m)
0 -1 0.500 - - - - -
3 -1 0.500 - - - - -
6 5 -2.125 -0.4375 0.505 0.0957 0.0924 0.0033 0
9 5 -2.125 -0.4375 1.045 0.1141 0.0924 0.0217 0
12 11 -3.125 -0.1667 -0.140 0.0957 0.0924 0.0033 0
15 11 -3.125 667 -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 -0.1458 m\ 0.0957 0.0924 0.0033 0
21 17 -4.000 -0.1458 0.373 0.11 0.0924 0.0217 0
24 17 -4.000 -0.1458 | 0.893 0.1699 m% 0
27 17 -4.000 —9-254-58——].-584——94954——9-9934——%939—» 0
30 29 -3.500 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
33 29 -3.500 -0.0417 0.479 0.1252 0.0924 0.0217 0.01111
36 35 -2.750 0.1250 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 0.1250 1.100 0.1141 0.0924 0.0217 0
PRQt) =PRG+RRG(t- 1) §2%4 = Siore + %6 +c€ #c E%
_PRG- PRG
RRC = o ~
q tn - to efc ' E(t - 1:n +t|at)2 errc ' %a I . +iot_ tn)
. 2 c 4 -t =
RRCTime- Out Ifc=12sec
Dt = tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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g:ans I\I/I_eaSS; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f 57 UDRE egfc egl’ rc
t Time (s) PRC, IODF , (m) (m)
tn (m)
0 -1 0.500 0 - - - - - -
3 ! 0-500 0 | The IODEs are not in _ _ _
6 5 -2.125 1 -25 sequence and the useris |7 0.0924 0.0033 0
9 5 -2.125 1 -3.8| aware that a FC is missing. |1 0.0924 0.0217 0
12 11 3125 2 _3.2 RRCis formedusing IODFs |7 0.0924 0.0033 0
15 11 -3.125 N -3.7| out of sequence => lerC 1 0.0924 0.0217 0
18 17 -4.000 ( 0 -0.1458 | 0.238 0.0957 0.0924 0.0033 0
21 17 -4.000 0.373 0.1141 0.0924 0.0217 0
24 17 -4.000 0.893  [~6+LA99 0.0924 0.0775 0
27 17 -4.000 1.584 0.2954 . 0.2030 0
30 29 -3.500 ( 0.008 0.0064 0.0024 m’\’o.oooesg
33 29 -3.500 0.479 0.1252 0.0924 0.0217 | 0.01111
36 35 -2.750 0.537 0.0957 0.0924 0.0033 0
39 35 -2.750 1.100 0.1141 0.0924 0.0217 0
PRQt) =PRG+RRG(t- 1) §%4 = Sore + %6 +%c€ Hc C%
_PRG- PRG
RRC = . ~
q tn_ to efc ! E(t_ 1:n_'_tlat)z errc ' %alfc +i%t-t”)
. 2 c 4 -t =
RRCTime- Out Ifc=12sec
Dt = tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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g:ans I\I/I_eaSS; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f 57 UDRE egfc egl’ rc

t Time (s) PRC, IODF , (m) (m)
tn (m)

0 -1 0.500 0 - - - - - -
3 1 0-500 0 | The IODEs are not in _ _ _
6 5 -2.125 1 -25 sequence and the useris |7 0.0924 0.0033 0
9 5 -2.125 1 -3.8| aware that a FC is missing. |1 0.0924 0.0217 0
12 11 3125 2 _3.2 RRCis formedusing IODFs |7 0.0924 0.0033 0
15 11 -3.125 out of sequence => lerC 1 0.0924 0.0217 0
18 17 -4.000 ( -0.1458 | 0.238 0.0957 0.0924 0.0033 0
21 17 -4.000 458 | 0.373 0.1141 0.0924 0.0217 0
24 17 -4.000 -0.1458 | U] 0.1699 0.0924 0.0775 0
27 17 -4.000 -0.1458 | 1.584 0.29 0.0924 0.2030 0
30 29 -3.500 0.0417 | 0.008 0.0964 m 33 | 0.00069
33 29 -3.500 SW-VEE 2 MW 01262 0+0924 0-024% 01111
36 35 -2.750 01250 | 0537 0.0957 0.0924 0.0033 0
39 35 -2.750 0.1250 | 1.100 0.1141 0.0924 0.0217 0

PRQt) =PRG+RRG(t-t) §%y

Siore + %@+ e €%

RRC = PRG- PRG
- a 5 aal, B @

tn_ to efcl E(t_tn_'_tlat) errcl §4C+ﬁgt-tn)
RRCTime- Out /fc=12sec G n 0~
Dt=t -t >1, PRC Time Ou UDRE Time -Out €,.=0 when no mess. are missed
t-t, >8Dt t-t, A, B t-t, >13
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Z—S';n; I\I/I_eaSS; I\I;Izzts I\/II:SS; PRC() RRC, Error Szf/f s? UDRE erC egl’ rc
t Time (s) PRC, IODF , (m) (m)
tn (m)
0 -1 0.500 0 - - - - - -
3 -1 0.500 0 - - - - - -
6 5 -2.125 1 -2.563 -0.4375 0.505 0.0957 0.0924 0.0033 0
9 5 -2.125 1 -3.875 -0.4375 1.045 0.1141 0.0924 0.0217 0
12 11 -3.125 2 -3.292 -0.1667 -0.140 0.0957 0.0924 0.0033 0
15 11 -3.125 2 -3.792 -0.1667 -0.171 0.1141 0.0924 0.0217 0
18 17 -4.000 0 -4.146 -0.1458 0.238 0.0957 0.0924 0.0033 0
21 17 -4.000 0 -4.583 -0.1458 0.373 0.1141 0.0924 0.0217 0
24 17 -4.000 0 -5.021 -0.1458 0.893 0.1699 0.0924 0.0775 0
27 17 -4.000 -5.458 -0.1458 1.584 0.2954 0.0924 0.2030 0
I 30 29 -3.500 2 0.0417 0.008 0.0964 0.0924 0.0033 0.00069
33 29 -3.500 2 -3.333 -0.0417 0.47 0262l 0.0924 0.0217 0.01111
36 35 -2.750 ( 0 -2.625 | 01250 | 0537 0.0957 W 0
39 35 -2.750 Y -2.250 0.1250 1.100 0.1141 0.0924 0.0217 0
PRQt) =PRG+RRG(t- 1) §2%4 = Siore + %6 +c€ #c E%
_PRC - PRG
RRC = - ~
q tn - to efc ! E(t - 1:n +t|at )2 errc ' %a | - + Brrc Ot_ tn)
. 2 &4 -tz
RRCTime- Out Ifc=12sec
Dt = tn _ to > | i PRC Time Ou UDRE Time -Out €. =0 when no mess. are missed
t-t >8Dt t-t, 3, W t-t,>13
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EXAMPLE 2

(From WAAS MOPS: Practical Examples.
Todd Walter)
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S%i = Suore +°€@ +cl fc C%

a 2
: e.1 —(t-t +1
Time Lgst Mes Last Mess Last Mes tUpRe 52 52 e? e? fc UDRE lat
(sec) Time (s) Type IODF flt UDRE fc rrc 2
o ~
|
0 -1 2 0 -1 0.052014 0.0520 0.000014 0 e 1 %a fe o B gt Ct )
rrc n
6 5 6 0 5 0.052014 0.0520 0.000014 0 C 4 t,-t, =
12 11 6 0 11 0.052014 0.0520 0.000014 0
18 17 6 0 17 0.092414 0.0924 0.000014 0
24 23 6 0 23 0.092414 0.0924 0.000014 0 €. =0 when no
30 29 2 1 29 0.052014 0.0520 0.000014 0 messages are missed
36 35 6 1 35 0.052014 0.0520 0.000014 0
42 41 6 1 41 0.052014 0.0520 0.000014 0
48 47 - - 41 0.052329 0.0520 0.000329 0
54 53 6 1 53 0.092414 0.0924 0.000014 0
60 59 - - 53 0.092729 0.0924 0.000329 0
66 65 6 2 53 0.094297 0.0924 0.001897 0 Param Mes. value
72 71 6 2 53 0.092696 0.0924 0.006296 0 Type
78 77 6 2 53 0.108310 0.0924 0.015910 0 SZUDRE 0.0520
MT26 | 00924
84 83 6 2 53 0.430000 0.0924 0.337600 0 (m2)
90 89 2 0 89 0.052074 0.0520 0.000014 0.000060 a
96 95 6 0 95 0.054732 0.0520 0.000014 0.002720 (mm/s2) mrz 0.30
102 101 6 0 101 0.061394 0.0520 0.000014 0.009380
/fc (56’ c ) MT 7 66
108 107 6 0 107 0.122814 0.0924 0.000014 0.030400
MT 7 4
114 113 6 0 113 0.027104 0.0924 0.000014 0.034690 t, (sec)
120 119 2 1 119 0.052014 0.0520 0.000014 0 MT10 0.15
BffC (m)
126 125 6 1 125 0.052014 0.0520 0.000014 0
R S-SJ MT10 1
132 131 6 1 131 0.052014 0.0520 0.000014 0 DRE
138 137 6 119 0.092696 0.0924 0.006296 0
144 143 6 119 0.108310 0.0924 0.015910 0 MT 2 update rate 30 sec
150 149 2 2 149 0.052014 0.0520 0.000014 0 MT 6 update rate 6 sec
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S%i = Suore +°€@ +cl fc C%

1 a + 2
Time Last Mes Last Mess Last Mes tUbRE 52 52 e? e? efc —\t- tUDRE tlat
te | 26 Type IODF fit UDRE fc rre 2
— o I~
0 -1 ( 2 ) 0 -1 0.052014 0.0520 0.000014 0 , aa | B. 9
€.l B+ dt-t
‘ rrc 4 t _ t : n
6 5 6 N O 5 0.052014 0.0520 0.000014 0 c N A
12 11 6 \ 11 0.052014 0.0520 0.000014 0
18 17 6 0 \\17 0.092414 0.0924 0.000014 0
The receipt of MT 6 (with
24 23 6 0 2 0.092414 0.0924 0.000014 0 P ) (
— — ———- |ODF<3) is equivalent
30 29 ( 2 ) 1 29 T2 0.0520 05600 0 -
— - to another reception of
36 35 6 \ 1 35 .0520 0.0520 0.000014 0 Iast fast Correctlon
42 41 6 T 41 0.052014 \Qoszo 0.000014 0
48 47 . ; 0.052329 o&x\ 0.000329 0
54 53 6 1 53 \092\414 0.0924 \\%00014 0 UDRE Time -Out
60 59 - - 53 | 0.002720N]_ 0.0924 0.000389_ 0 t-typre>13
66 65 6 2 53 0.094297 N 0.001897 \\ 0
72 71 6 2 53 0.092696 0.0924 \\Q@tsz PRQL PR +RR t-t
78 77 6 2 53 0.108310 0.0924 0.015 q q q ( n)
84 83 6 2 53 0.430000 0.0924 0.3376 PR - PR C;
90 89 2 0 89 0.052074 0.0520 0.0000 RRQ <
96 95 6 0 95 0.054732 0.0520 0.0000 @' @
102 101 6 0 101 0.061394 0.0520 0.000014 0.00938 0
108 107 6 0 107 0.122814 0.0924 0.000014 0.03040 0 RRCTime- Out
114 113 6 0 113 0.027104 0.0924 0.000014 0.03469 0 Dt = tn = to > | -
120 119 Z 1 119 0.052014 0.0520 0.000014 0
t-t, > 8Dt
126 125 6 1 125 0.052014 0.0520 0.000014 0
132 131 6 1 131 0.052014 0.0520 0.000014 0 PRCTime- Out
138 137 6 3 119 0.092696 0.0924 0.006296 0 -
t- typre > I fc +1
144 143 6 3 119 0.108310 0.0924 0.015910 0
150 149 2 2 149 0.052014 0.0520 0.000014 0 /fc=66sec
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S%i = Suore +°€@ +cl fc C%

1 a + 2
Time Last Mes Last Mess Last Mes tUbRE 52 52 e? e? efc —\t- tUDRE tlat
te | 26 Type IODF fit UDRE fc rre 2
— o =
0 -1 ( 2 ) 0 -1 0.052014 0.0520 0.000014 0 , aa | B. 9
S—" errc % + t- tn
6 5 6 N, O 5 0.052014 0.0520 0.000014 0 c R
12 11 6 \ 11 0.052014 0.0520 0.000014 0
N . .
18 17 6 0 N 17 0.092414 0.0924 0.000014 0 VI B (8 [riseen) 2
24 23 6 0 2 0.092414 0.0924 0.000014 0 :
— t upre r€mains at 41s,
30 29 ( 2 ) 1 29 52014 0.0520 0.000014 . .
— inflating the ezfc term
36 35 6 ‘\ 1 35 0.0520 0.0520 060014 0
42 4 6 h 41 0.0 .0520 0.000014 0 .
UDRE Time -Out
48 47 - 0.052329 o&x\ 0.000329 0 -t e
- >
54 53 6 1 53 \092\414 0.0924 \\Qooom 0 UDRE
60 59 - - 53 o.0927h\o.0924 o.om 0
66 65 6 2 53 0.094297 N 0.001897 \\ 0
N
72 71 6 2 53 0.092696 0.0924 \\Q@t‘az PRI PRC +RR t-t
78 77 6 2 53 0.108310 0.0924 0.0159 q q q ( n )
84 83 6 2 53 0.430000 0.0924 0.3376 PRG- PR C;
90 89 2 0 89 0.052074 0.0520 0.0000 RRQ N
96 95 6 0 95 0.054732 0.0520 0.0000 @' @
102 101 6 0 101 0.061394 0.0520 0.000014 0.009380 RRCTi O
Clim
108 107 6 0 107 0.122814 0.0924 0.000014 0.030400 e- Out
114 113 6 0 113 | 0.027104 0.0924 0.000014 | 0.034690 Dt=t -t >,
120 119 2 1 119 0.052014 0.0520 0.000014 0
t-t, >8Dt
126 125 6 1 125 0.052014 0.0520 0.000014 0
132 131 6 1 131 | 0.052014 0.0520 0.000014 0 PRCTime- Out
138 137 6 3 119 0.092696 0.0924 0.006296 0 t- typre > | +1
144 143 6 3 119 0.108310 0.0924 0.015910 0
150 149 2 2 149 0.052014 0.0520 0.000014 0 /fc=66sec
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S%i = Suore +°€@ +cl fc C%

- et 2t- tyone+to,
-It-"(:)e thaStteh?se)s LaSTt;SAeeSS Lalsc;ype ® | fuore S% S? Upre €, e © 2 UPRE © Tt
0 -1 (2 ) 0 -1 0.052014 0.0520 0.000014 0 e 1 %a‘ I fc +igt -t )
6 5 \6/‘\ 0 5 0.052014 0.0520 0.000014 0 e C 4 t,-t, = A
12 11 6 \ 11 0.052014 0.0520 0.000014 0
18 17 6 0 \\17 0.092414 0.0924 0.000014 0 IODF out of Sequence,
24 23 6A ’Q\ 2 0.092414 0.0924 0.000014 0 tUDRE WI” remain at 53s
30 29 ( 2 ) ( 1 )75 52014 0.0520 0.000014 o_~~T| until the receip of the
36 35 Y‘\T 35 0.0520 0.0520 0.000014//0 next fast correction
42 4 6 h 41 0.052014  [N\Q.0520 l,eto‘ﬁm 0 _~
48 47 - 0.052329 4(0%( 0.000329 0 UDRE Time -Out
54 53 6 1 53 4 0.0924 \\%00014 t_t6>13
60 59 - - X 0.0927h\0.0924 0.000
66 65 6 2 53 0.094297 W{OOI897 \\ 0
72 71 6 ‘? 53 0.092696 /ﬁ‘.@4 0062 O
78 77 6 2 53 0 10 = 0.0924 0.0ﬁ P th N P RCT:I + R R q (t - tn)
84 83 6 ,2\ 0.430000 0.0924 0.3376\P R - P R C;
90 89 2 QO 89 0.052074 0.0520 0.0000 R R q _— \
96 95 6 T 95 0.054732 0.0520 0.0000 ®- @
102 101 6 0 101 0.061394 0.0520 0.000014 0.009380 -
108 107 6 0 107 0.122814 0.0924 0.000014 0.030400 RRCI-Ime- OUt
0014 0.034690 Dt=t, -t,>1,
NOTE: Because the IODF was not set to 3 and the user has - 5
not missed 4 messages in row, they know that the service t-t, >8Dt
provided is monitoring this and other combinations of old o 0 :
data and it is save for them to continue it use. i 0 PRCTime- Out
Thence, itis using t-t;>13 , instead of t -t pre>13 for  [22° ° - tyore > 1 +1
UDRE Time -Out. 2910 0
— 1014 0 Ifc=66sec
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S%i = Suore +°€@ +cl fc C%

1 & 2

Time Last Mes Last Mess Last Mes tUDRE 52 52 e? e? efc o (t - tUDRE B tlat )
te | 26 Type IODF fit UDRE fc rre 2

0 -1 2 0 -1 0.052014 0.0520 0.000014 0 e 1 %a | + B %t _t )

6 5 6 0 5 0.052014 0.0520 0.000014 0 C 4 t,-t, = A
12 11 6 0 11 0.052014 0.0520 0.000014 0

18 17 6 0 17 0.092414 0.0924 0.000014 0 The user is aware of a FC is
24 23 6 Py 23 0.092414 0.0924 0.000014 0 missing.

30 29 2 ( 1 I‘: 55 R EavTe: o520 SroGooTE o RRC is formedusing IODFs
36 35 6 T 35 0.052014 0.0520 0.000014 o _A| out of sequence => 92rrc

42 41 6 1 41 0.052014 0.0520 0.000014 A 7/

48 47 - - 47 0.052329 0.0520 000032 PR qt) = PR Q +RR Q (t - tn)
54 53 6 53 0.092414 0.0924 001

60 59 - - 53 0.092729 0.09 000032 R R C;[ — PR q - PR C(\S

66 65 6 2 53 0.094297 ‘/ﬁ924 0.00189 tn - to

72 71 6 2 53 o.o%aa( 0.0924 0.006296 0

78 77 6 2 53 A6108310 0.0924 0.015910 0 .

84 83 6 2 “ 0.430000 0.0924 0.337600 e, ) RRCTime- Out

90 89 2 (o 89 0.052074 0.0520 0.000014 ‘.“o.ooooeo "“ Dt=t -t , >1I,

96 95 6 0 95 0.054732 0.0520 0.000014 _.' 0.002720 ‘.- t-t, > 8Dt

102 101 6 0 101 0.061394 0.0520 0.000014% | 0.009380 .

- .

108 107 6 0 107 0.122814 0.0924 0.000014 “‘ 0.030400 |2 PRCTime Out

114 113 6 0 113 0.027104 0.0924 0.000014  1#,0.034690 _ o

120 119 2 1 119 0.052014 0.0520 0.000014 o t- typre > I fc +1

126 125 6 1 125 0.052014 0.0520 0.000014 0

132 131 6 1 131 | 0.052014 0.0520 0.000014 0 UDRE Time -Out

138 137 6 3 119 0.092696 0.0924 0.006296 0 t-typre>13

144 143 6 3 119 0.108310 0.0924 0.015910 0

150 149 2 2 149 | 0.052014 0.0520 0.000014 0 /fc=66sec
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Szi,flt = Suore + @ +icf He C% e, ! a(t 119 t+ )2

lat
Tt”(:)e l_za,lsttisl\?se)s LaSTtyl\gsss Lalscgti)\/ll:e ) tuore S 2f/f S 2UDRE e?fc egrrc IODE =3 if | D L /ZI 0
0 il 2 0 -1 0.052014 0.0520 0.000014 0 éa||;t 12 ch C)=
6 5 6 0 5 0.052014 0.0520 0.000014 0 Gt — o @ 119
12 11 6 0 11 0.052014 0.0520 0.000014 0 ¢ -
18 17 6 0 17 0.092414 0.0924 0.000014 0 Alarm Condition (IODF=3)
24 23 6 0 23 0.092414 0.0924 0.000014 0 tuorebacks to 119 (the last
30 29 2 1 29 0.052014 0.0520 0.000014 0 received Fast Correction)
36 35 6 1 35 0.052014 0.0520 0.000014 0 / _
42 41 6 1 41 0.052014 0.0520 0.000014 0/ UDRE Time -Out
48 47 - 47 0.052329 0.0520 0.000329 0 / t-14>13
54 53 6 1 53 0.092414 0.0924 0.000014 /
60 59 - - 53 0.092729 0.0924 0.0003 P R' )= PRC + RR t-t
qt) = PRG G(t-t,)
B |
1 When IODF in either message is set to 3, then i — P RQ - P RQ
D924 oygg RR Q =
1 tupre= 1, andis not updated to the time of MT6 o4 2376 YL,
90 89 2 0 89 052074 0.0520 0.000014 L
96 95 6 0 ‘95 | 0.054732 0.05)( 0.000014 | |_oe05720 :
102 101 6 0 101 0.061394 9&320 Q 2 0.009380 RRCTime- Out
108 107 6 0 107 | 0.122814 0. 0.000014 | 0.030400 Dt=t -t , >1I,
-
114 113 6 0 ‘13 | o027 0.0924 0.000014 0.034690 t-t >8Dt
120 119 2 1 “"(119 ) ‘ﬁszyﬁ 0.0520 0.000014 0 &
126 125 6 1 125 0){2014 0.0520 0.000014 0 PRCTime- Out
132 131 6 1 "“ 131 .ﬂ).052014 0.0520 0.000014 0 t-119> 1 - +1
138 137 6 119 \ 0092696 0.0924 0.006296 0
144 143 6 119 ) 0.108310 0.0924 0.015910 0
150 149 2 2 149 | 0.052014 0.0520 0.000014 0 /fc=66sec
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Long-Term Corrections (MT25, 24)

A Primarily Correct Ephemeris Errors
I Also removes Slowly Varying Clock
- And discontinuities in Broadcast Ephemeris

| Separate Degradation Factors for Lost
Messages

A For GEO are contained in MT9
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Long-Term Corrections (MT25)

( DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

< 250 BITS - 1 SECOND >
|_ VELOCITY CODE =0 IODP
24-BITS
6am | Idx gyl d; |@am | H SECOND HAL E OF MESSAGE | PARITY
| - ISSUE OF DATA; SEE [1]
PRN MASK NUMBER

6-BIT MESSAGE TYPE IDENTIFIER (= 25)
8-BIT PREAMBLE OF 24 BITS IN 3 CONTIGUOUS BLOCKS
S = SPARE (1-BIT)

éok(t)ﬂ é;akoﬂ %Q eXZ EXgpycLonassd OKD
SO = o+ St Yt - 1)) — Y= Nerociomenrt BN
@72(’[) H gto H &#y ezy @ZGPS/GLONASSH @tg

dlt) =aa,+ Cb‘fl(t = to) + B o—> dt = digpgc onasst &

GLONASS
(MT12)

Y =C1+PRC-r* +dts&t+rel - TGD + IONO + TROP
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GEO Coordinates and clock (MT 9)

<«€—— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

>

< 250 BITS - 1 SECOND

. . . = , 24-BITS
* XG I Yo L Ze | X | Yo | % |Xc]Ye|Z PARITY
.

‘ |— ISSUE OF DATA, SEQUENCING BETWEEN 0 AND 255
6-BIT MESSAGE TYPE IDENTIFIER (= 9)
8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

*ACCURACY EXPONENT; SEE SECTION 2.5.3 OF [1]

Xtg ;0 &g e#%;z
eY(t)u SYGH gegu(t'to) u(t t)

ety &H &% H %H

dt(t) = g + Cbefl(t - to)

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats
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LONG-TERM DEGRADATION PARAMETER
(GPS/GLONASS/GEO)

AGPS/GLONASS MIERS

Avcode=1 (MT25, 24)
e 0 ift0<t<to+lltc vl
=] . -
e i Gicisb T Gic_u max(()’to “tl- - Iltc_vl) otherwise

Avcode=0 (MT25, 24)

& 0 t<t<ty+l.
qc:!C +C Ot.-t,t-t -1 therwi
| ~geo_Ish geo_ v ma)( 140 ’ to geo) (0) enwise

Szi,flt = gUDRE + 26 +2rrce ‘ﬁtc 6’2ér
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En Route Through NPA Degradation

A

For Precision Approach a user is only allowed to miss one of
any particular message. However, the user can still operate in
less stringent phases of flight even if they have missed two or
any particular fast or slow correction messages.

eO Neither fast nor long term corrections
e —_— \| have time out for precision approach
er —
I’ Cer Otherwise

szi,ﬂt = SUpRe + ‘€@ +1nc@ Hc C%
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@ Ephemeris

+
Clocks

Fast Corrections
+

Long Term Corrections
* +
UDRE

+

Degradation Param.

IONO Corrections
+

GIVE
+

Degradation Param.

MT1, MT2,5,24, MT6,
MT25, MT7, MT12,
MT9

S

MTlOI

Y =C1+PRC- r” +Dt>* +dt** +rel - TGD + IONO+TROP

2 1 2111 .2
S =S tTSyreTS

2 2
air + Stropo

EGNOS Tutorial. Barcelona, February 2003
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lonospheric Corrections (MT26)

A Only Requiered for Precission Approach
I Grid of Vertical lonospheric Corrections
I Users Select 3 0 4 IGPs that Surrounding IPP
A50x5° or 10°x10° for 55°<Lat<55°
AOnly 10°x10° for 55°|Lat|<85°
ACircular regions for |Lat|>85°

I Vertical Correction and UIVE Interpoled to IPP
I Both Converted to Slant by Obliquity Factor

AGP: lonospheric Grid Point
APP: lonospheric Pierce Point
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GLOBAL IGP GRID

W180
N85|*

N75[« &« o o |o &

NG5 |4

N55[a « «
N50 -2

S50
S55

1 P T P P

S75f« « o« .

S85
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IGP MASK Message (MT18)

< 250 BITS - 1 SECOND >
1-SPARE BIT 54 BITS
L1l 201-BIT MASK FIELD | PARITY

| L— 2-BIT ISSUE OF DATA (I0ODI)
BAND NUMBER (4 BITS)
NO. OF BANDS (4 BITS)

6-BIT MESSAGE TYPE IDENTIFIER (18)
8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

310" 220" 230° 240" 350 00 100 207 3207 407 307 8O

F - —— F:I:P:I:-i
IGP=201 I "
(suported) \g Ao
» - - o o —_—
70" 1] I AT = o
el ] =}
. _— = .
50 RNEEEF- sl 50
. L 111 S =1 11 .
= — S S Y o S O Y Y A ™% NN ks
! R i o P 5 e Y e T .
GPo1zs | O _I_I_I_I_EQM:E&EL@%E'CI - 0
(suported) an” I_I_I_I_I_ _I_I_I_P:I._:l-:—l___L_,-l’_l ag”
L1 LT | | I_I_I_I_I}I\ﬂl R
_— | LA Ey A -
" RN RS
1o | s 1] ™ — - 10"
IGP=119 L Band 2] | |T‘~LB< and K
(not supported) . al AT Y T — 1T o
o

310" 230" 230" 240" 230" O° 10" 207 320" 400 307 el

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats



IONOSPHERIC DELAYS and BOUNDS (MT26)

<€— DIRECTION OF DATA FLOW FROM SATELLITE; MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

<
<

250 BITS - 1 SECOND
> REPEAT FOR 14 MORE GRID POINTS

e\,

24-BITS
L1l 2 1 31 415 1 61 71 81 9 1101121 ] 12 ] 13 ] 14 | 15 ||ls| PARITY

L
>

| L GIVEI (4 BITS)
IGP VERTICAL DELAY (9 BITS)
BLOCK ID (4 BITS)

BAND NUMBER (4 BITS)
6-BIT MESSAGE TYPE IDENTIFIER (= 26)

S = SPARE (7 BITS)

10DI

8-BIT PREAMBLE OF 24 BITS TOTAL IN 3 CONTIGUOUS BLOCKS

310° 3207 330" 340" 350° 0 107

200 30° 40° 50° 60

GIVEI
(number)
BN=3 i
IGP=178 o
i (color)
Pos=10 ._1?_12_1_1 9 B
50° 151311107
1513121!]5
BN=3 40° 151512119 6
IGP=125 I 151512129 B4
BI=0 30° 18 5
Pos=5 _ o
20°
10°
310° 320° 330° 340" 350° 0O° 10° 20° 30" 40° 50° 80°
98
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ESTB Sep 12 2002

150
-12.5
-12.0
&0 % 1'5’ -10.3
I 151502907 @ @212 222245680 | ap
507 g, 1515118 6 4 B2 2 2 223385 '
' 151542906 4 E_,_E__‘E_I'I,.EL:‘E_I__E 343*3?‘41 -
40" 1515faded @2 2 21 222272738
I 151812118 6 4 13-27373, 3 27472:2 5 + 5.0
ag’ 151212107 553 7 5 7 &7 B 67 @
151312117 6 & 1ofafe 12110141411 K}C/’t—~“ 4.5
20" 12107 ‘6 7 1012 i
I 12116.6 & fof2 - 20
10° 12118 B 6 012

1.5

D. ] I I I I I I DD

210" 320° 230" 340" 330" o0 100 200 30" 400 3 O BD



: BREERREEE IONOSPHERIC PIERCE

<erT &H“"
aEnnananr POINTS (IPP)
Framiaa

a0’

70°

60"

I 50°
I 40°
30° 30

' =
20’ I ) '_,f 20°
10° L _:I 10

310° 320° 7/0° 340° 350° 0° 10° 20" 30° 40° 50° 60°

50°

40"

IPPs trajectories

e

~ Slant Delay

Vertical Delay

lonospheric Layer
(350 Km in height)

i
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|GPs Selection Rules

A Four Distinct Grid Regions
I First look for Surrounding Square Cell
I Else Seek Surrounding Triangular Cell

I If Neither Avalilable for 5°x5° look at
10°%x10°

I From 75° to 85° Interpolate Using Virtual
IGPs

I No correction possible if Not Surrounded

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats 101



To)
L0
1
Y
—
©
=1

20"

="

)
_I
_I

_W4 |

| 4l
|

il

20"

="
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@ The selection of Interpolation Grid points
|Lat| <= 55

@® Supported IGP
O Not Supported

1st 2nd

-+ IPP

+ +

3th Ath
@ ® ® O ® O
@ o @ O o o

+
<

@ O @ O O @
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The selection of Interpolation Grid points

55<|Lat| <= 75

@® Supported IGP

1st

TR D

3 . | O RpAREN

S m— v . m_; /—m

o) 0 "T} |-| = 0
S - ||

P NIEENLY M@u o

= QO ] 1 )

> o .m—r rﬂﬂcu_u_uu_ N m_m

O + ._m_— # %WM{M um

. LTS C#ullﬁ, .

: T

| IR RED RN L

ot SRR R

4 e eem

m; 1|UJ L L Am

g INEE L AN NENANEERA T

EEEEEEEE

® @ O @

2
¥ S ¥
@ @ @ @
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@ The selection of Interpolation Grid points
/5<|Lat| <= 85

210" 2207 230" 240" 350" O 100 207 207 407 =00 e

F_J__?'H-__T_

o p) =

8 8 § 8 B
WL
Fias

1[!'.
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The selection of Interpolation Grid points
85<|Lat

100 207 207 40" 50° 807

210" 2207 230" 240" A= O

3 2 8 8 92 88 2 %
W LL.ﬁ;,.......
I LAY
IR ERLA R RS Y
{— ﬂlﬂl III,WH.,
%l_u_w@_ux\
ﬁ S8E 208 n.
AENEN im_H_ __ |

o

(ﬁwﬁp

N I

107 200 20" 40" 30 B

240" 330 o

210" 2207 a3
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lonospheric Delay Interpotation

W, =(1- X)y A bl =0y
2 fth£ ¢
ey
D/
' | fo-f
— T 71
‘ Y
fltvg. ' Q—)x
z
W, = (1- x)(1- y) " W, =x(1-y)
4 MT?26
vpp(/ pp’f ) aV\/i(pr, ypp)[Vi Ly
i=1
1
. _‘? éRecosEézg_Z
IC = spp(/ oo b )_ " Fop @vpp(/ oo p ) Fpp_g_ CRe +hy = Q
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lonospheric Delay Interpotation

W, =y
f2
— /ipp B /1
D/
f.-f
—_ipp "1
Y
fl
W, =1- Xx-y
y MT26
vpp(/ pp’f ) a_VVi(pr, ypp)[Vi Ly
i=1
1
. € éRecosEézg_Z
IC, = spp(/ pp’f )_' Fpp@vpp(/ pp’f ) Fpp_g_‘?Re“Lh' : Q
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lonospheric Delay Interpotation

Wz = (1' X)y
2
W, =(1- X)(L- y) 32 bW=x
] Y) W 1=
\ _ |fiop-85°
) Y=""
4 o= 15
W, = x(1- y) =g LAty
y MT26
vpp(/ pp’f ) %\Ni(xpp’ ypp)[vi tvi
1
. € _aRe COSEQZS- 2
IC = spp(/ oo b )_' Fop @vpp(/ oo p ) Fpp_g CRe +hy = !
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lonospheric Delay Interpotation

W, =y
2
W, =1- x-y V:\g/ "W =0
\ y= ‘fipp'85o‘
- . 10°
/|pp /3
W4:X X—W(l' 2y)+y
4 MT26
vpp(/ pp’f ) a- VVi(XIOp’ ypp)[Vi tvi
=1
1
. € &R, COSEQZQ’_ 2
IC = spp(/ oo b )_ " Fop @vpp(/ oo p ) L g_ CRe +hy = Q
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Degradation of lonospheric Corrections
2 - 4 dRoosE
— _ 6
UIRE F ‘E(ZJIVE "6 CR*h

UIVE a.W (pr, ypp) 52n ionogrid ? N = or3 MTlO
n=1 rrc ! C1tc _Isb? C1tc _vl?

. . lltc_vlicltc_vo’ I ltc_vO
52|onogr|d —I?(SGIVE-F @]O ) ’If RS%nO :O (MTLO) C RS§D
1S%net @no ,if RS§, 4 (MIO) o =
C|ono_ ramp? Ciono_ step
Iiono’RS$ono
t;
eono = Ciono_ stepﬂoor( ||:)(:]:O) 'lcionc_) ram}(t l;T)no) MT26
|onoGIVE\
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SBAS
Performances
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gAGE research group of Astronomy and Geomatics

GNSS Performance Requirements

| CAOO6s GNSS Standards and Recom

= INSTITUT DE 113

\
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INTEGRITY RISK REQUIREMENTS:

PA: Signal In Space
2x10-’/approach
(150 sec)

1x10 ’/approach
(150 sec)

AFailures GPS/GLONASS/GEO

A Corruption data thought GEO link

AHard, soft and WANet failures

Ground System / \ Fault Free Case
1x10-’/approach

(150 sec)

Induced by ground segment
measurement data noise and

algorithmic process (when no
GPS/GLONASS/GEO sat failures, no
ground segment/user equip failures)

¢

HPL, VPL

EGNOS Tutorial. Barcelona, February 2003

J. Sanz., J.M. Juan, X. Prats
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@ PROTECTION LEVELS

To protect the user against misleading information (MI) due to data
corrupted by the noise induced by the measurement and algorithmic
process when the system is in a nominal state.

Protection

Level
True
P E
, rror
Kss s V Tail area Probability P(VPE>VPL) < 107 /sample

N
nm 2 — 2 2 2 2
VPL:@ @@/si =Sin ¥TSiure TSiar ¥Sitopo
i=1
\ GEOMETRY
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\ 4

-Ks -s S Ks

d2+d?  [dZ- d?
HPL = K, = Kh\/u+\/%+d,& VPL=K,d,

2

APA: SIS Integrity requirement: 2x10 -7 lapproach
C K,=6.0, K=5.33 (Gaussian distrib.)
- Only 1 indep sample per approach (150s)
- A half of the total integrity allocated to VPL (A 10-’/sample)

- HPL bounding prob. taken as negligible X ~ N(O 1)
and only one dimension is used for HPL (A 10-%/sample) 7
p(X|>K,)=10"Y K, =533
AEanoute to NPA: SIS_ Integ. rgq. 1x10 “’/hour p(‘X‘ > Kh) =10°Y Kh =6.0
C K~ 6.18 (Rayleigh distrib.) _
- 10 indep samples per hour Y~ Raylelgh
- A half of the total integrity allocated to HPL p(|Y| >K,)= 5A0°Y K, =6.18

- Worst case assumption d,,,=d najor (A 5x10 -°/sample)
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Alert Protection
Limits Levels
(HAL,VAL) (HPL,VPL)

NSE: TrueError
(HPE, VPE)

A Each epoch, HPL/VPL are compared with the Alert
Limits (HAL/VAL) defined for the operation mode:

I Hazardously Misleading Information_(HMI): NSE> HAL or VAL
C INTEGRITY RISK

I Misleading Information (MI): NSE > HPL or VPL
C Out-Of-Tolerence cond.

A The system is set unavailable when XPL > XAL

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats 117



STANFORD PLOTS
Alarm epochs

System Unavailable

VERTICAL Paif. over 85617 apochs

k]
Hazardously
2| Misleading
T Information
Alert Limit
95th L
Percentile
of VPL L1
Normal
Operation
Region . | — .
' = ™ Misleading
95th Percentile ]
of VPE Alert Limit Information
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Haorizontal Performance ESTE over 356580 epochs

: : Svstem Ltnavallable : : 1
45 e F N P Afarm Epochs: 135 ... U F o :

: : BV & CAT _ :
...... :.......:.......:.9984243?%........5......:.......

HPE (m)

Yertical Performance ESTE over 35680 epochs
an e

'I—h!-'

- System LF-navallabIe
- 5 Alarm Epuchs 3865

N
epochs: 0

—
o

—
o

M
epochs D

Mumber of Poirts per Pixel

Mumber of Paoints per Pixel

Yertical Perfarmance ESTE over 33680 epochs

é«u
epoc_hs: 1]

LOAPYI
995883?5%

B
spochs: O

10 20 0 40 50 B0
VPE (m)

Yertical Performance ESTE over 356580 epochs

Mumber of Poirts per Pixel

Mumber of Poirts per Pixel

INSTITUT DE
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ESTB Performances In
Barcelona during 2002

AThe ESTB is a fultscale reaktime prototype of the EGNOS system,
but it is reduced in size and capabilities.

ATherefore it has to be noted that the results obtained with ESTB will
not be the same as the final EGNOS performances.

AEGNOS will benefit from a better infrastructure and a more
developed and robust design.

EGNOS Tutorial. Barcelona, February 2003 J. Sanz., J.M. Juan, X. Prats
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95th HPE and VPE percentiles

I
ESTB Update

April 16th

o OO N 00 ©

—=— VPE

RTCA/DO -229A . RTCA/IDO-229B  --| | o HPE

AP P

N

’/‘\0

¥

O Fr N W

T T T T T T T T T T T I T T 7 T T T T T T T T T T 77
SMOI\vx—ioomrioomNoanwamol\<r\—|l\<r\—|00LONCD

10
17 4
24
31 -
07 -
14 1
21 -
28 -
07 -
14 |
21 -
28 -
04 -
11 4
18 -
25 -
02 -
09 -
16 -
23 -
30 -

...................... FNNOHANOOHANNOAANO AANMOANNO
A A A NANNANTOONIITITIITIITIODOOODDOOOONNNNOOOONOOOOOOO—IdddN NN
0000000000000 000000000000000000000000O0TdddAdddddd A
ANANANANANNANNANANNNANANNANANNANANANNANNANNNANANNANANNNANNNANNNANNNANNNANANNAN
88388328338388838338338338 : : :
NNNNNNNNNNNNNNANNNQSS  Operation Horizontal Accuracy 95% | Vertical Accuracy 95%
NPA 220 m N/A
VPE 95t Percentile APV 220 m 20 m
typically lower than 4 m APV-II 16 m 8 m
CAT-I 16 m 6-4 m
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35
30
25

20 -

15
10

95th HPL and VPL percentiles

i
ESTB Update

April 16th

= HPL
—~ VPL

/’*\,\)w::: ﬁ-/\/

[ RTCA/DO -229B

10
17 -
24 -
31 -
07 -
14 -
21 -
28 -
07 -
14 -
21 -
28 -
04 -
11 -
18 -
25 -
02 -

AATATANANANNT NI ITIIT IO OOONNSNNNSN00000OONOOO0O0OOO—dddNNN
OO0 O0OOO0O0O0OOOO0O0OOOOOOOO0O0OOO0O0OO0O0OO0O0O0O0OO0OO0COO0TTdAAAAAAAAA A

T 1 1 1 1 1 1 111117 LI —
MNMOOMONNT —HOOHOLO NI N O
NMNO—TdNNO—AdTdNOO—TANNO—TddNO—ddNMO—dNNO

3 4

T T T T T T T 171
O dNN<T—HOWLNO

ANANANNANANANANANANANANNANANANNANANANANANII I I I NI NN NN NN NN N AN AN AN AN NN NN
slelelololololololololololololololelolole - - L - .
QRARJR/R/R/ITI/RIK/K[”IKIKIIII[R/KRY]  Operation Horizontal Alarm Limit Vertical Alarm Limit
NPA 556 m N/A
VPL 95t Percentile APV RoUll il
typically lower than 20 m APV-II 40m 20 m
CAT-I 40 m 12m
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V-APVII
V-CATI

—— H-APV
——V-APV|

[ 25805305
- 21°60°200¢
- S0'60°200¢
- 62'80'200¢
- 2¢'80°200¢
- S1°80°200¢
- 80°80°200¢
- T0'80'200¢

RTCA/DO -229B

ESTB Update
April 16th

- 11202002
- 70°.0°2002
- 22902002

Availability

- 90°90°2002
- 0£'50°2002
- £2'G0°200¢
- 91°G0°2002
- 60°G0°2002
| - 20°G0°200¢
[ - G2 702002

RTCA/DO -229A

| | 61212002
_ - 21°21'200¢
: - S0'21:2002

- 82 T1'200¢
- TS T1'2002
- 71 TT 2002
- /0 TT'200¢2
- TE'0T'200¢Z
_ - £¢'0T 2002
. - /10T 2002
- 0T'0T'200¢Z

)
Several times APVII
availability > 99%
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Availability (zoom)

—— H-APV
— V-APVI

V-APVII

1+ RTCA/DO -229B

RTCA/DO -229A

ESTB Update

April 16th

67°¢1°¢00C
- ¢1'¢1°¢00C
- 90°¢1°¢00¢
~ 8¢'11°¢00¢
- T¢'11°¢00C
- ¥T'11°¢00C
- L0°T1°200¢
- T€°01°200Z
- ¥¢°01°¢00C
- LT°07°¢00C
- 0T°0T°¢00C
- €0°0T°¢00C
- 9¢'60°¢00Z
- 61°60°¢00C
- ¢1'60°¢00C
- S0'60°¢00C
- 6¢'80°¢00C
- ¢¢'80°¢00C
- G1°80°¢00C
- 80°80°¢00C
- 10°80°¢00C
- G¢',0°¢00C
- 81°20°¢00¢
- T1°20°200¢
- ¥0°,0°¢00Z
- £2'90°¢00C
~ 0¢°90°¢00¢
- €1°90°¢00C
- 90°90°¢00¢
- 0€°G0°¢00C
r €¢'90°¢00¢
~ 91°60°¢00Z
- 60°G0°¢00C
- ¢0°50°¢00Z
- G¢'70°¢00C
- 81'%0°¢00C
- TT'%0°¢00Z
- ¥0'%0°¢00Z
- 8¢'€0°¢00C
- 1¢°€0°¢00¢
- ¥1°€0°¢00C
- L0'¥0°¢00Z
- 8¢°¢0°¢00C
- 1¢'¢0°¢00¢
- ¥1°¢0°¢00C
- £0°20°¢00C
- 1€70°200C
- ¥¢'10°¢00C
- L1°70°200¢

0T'T0°¢c00C

Several times APVII

availability > 99%
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“ertical Performance ESTE over 84928 epochs

Basically NO LOIls after BO e, ........... ..... Syster Unavalota, ........... ..... 0

[ April 16th, except for T L
September 12th. See LOI w1

. 1 99.955256% 2
analysis in example 8. = — et e

Mumber of Points per Pixel

[EEY
o
o

]

60+ 10 0 W 10 50 &0 E

O V-APVII
m V-APVI
0 H-APVII

i m‘\b’b—i%* L0
S SN N R e OO008
) oMM i
™ MO@‘&%&OS%SﬁooOOSMNQW eLa,
ESTB Update NRRRRRRRSE8235S8 SN
) NNRLSOSE3S
April 16th SNNSRS
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EXAMPLE 3 :

Large Protection Level Values
(ESTB January 10th 2002)

4 satellites used in the computations
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382579 sweek
36966 sec of day (UTC) 382580 sweek

January 2002 Vertical Poszition Ertor, WPL 36967 sec Of day (UTC)

20 ! ! !
af o Vo 2
120
6 | P g - e emmeemmaa—aa.
21 9
\ 30
150 b S
Few nu:mber :
of satellites and ! 120

100 R LICICEEE oo QAR GRUIIEIY e

Y T : o - —

36600 36500 IF000 IF200 IR0 IFE00 FFE00 JE000
zec of day CUTC)
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@ Which satellites are being used?

382579 sweek
36966 sec of day (UTC) 382580 sweek
/-“*‘;::'\; January 2002: Wertical Position Erraor, VPL 36967 sec Of day (UTC)
N. Sat. used A\ \
\ / "/’/ ’/,f" V;\-i\f\\ \\‘.‘ 4“\‘
\ VA 29
Y \g g il
N N\
X 120
382576 11 4. 30 5. 21 7 11: 6 |
382577 11 4. 30 5. 21 7 11: 21 o 9
382578 11 4. 30 5. 21 7 11: w50 | \
382579 11 4 . 30 5: 21 7 11:
Few number 120
382580 115: 30 5: 21 7 10: of satellites and
382581 115: 30 5: 21 7 10: 100 - bad-geometry 6 26
382582 115: 30 5: 21 7 10:
382583 115: 30 5: 21 7 10:
382584 115 30 5: 21 7 10:
y 4

N. Sat. in view

B No ephemeris
. No differential Corr.

IGEO0 JEE00

. Used for nav.
B UDRE>10

37000 F7200 F7400 37600 37800 FE000

The MOPS (RTCA Do 229A) 2.1.1.5.2, establish the satellites
deselecting for:
-UDRE=14 (not monitored)
and
-UDRE=15

(dondt wuse)

2.1.4.7.1: In addition, for  Precision Approach

UDRE< 11 .
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EXAMPLE 4 .

Fast Correction degradation
(ESTB January 10th 2002)

4 or 5 satellites used in the computations
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a=5.8mm/s ; L =7s
C =a— t-t % t_ 5&(tipically)

10th January 2002: YPL and MT10-MT7?
5':' 1 1 1 1

WEL CHT10=0 3 @
e M. =atellites used x 10 &
f WRL cATdio=0, MTY: ai=on &

G = G R R G S-S o ol e e B G B e e e B o ol B B o e B e e e e S e

DUDRE

meters

38 F 4
o o o] o] o]
o} o} o} lu] o} m
o o] o a EE o o] - o] EE
v ol o}
P R R LR R LR R EEEEEE I I
a0 1 1 1 1 1
7380 37390 37400 7410 37420 37430 a7dd0

zec of day CUTCH
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Szi,ﬂt = SUpRe + ‘€@ +1c@ Hc C%

1oth January 200Z2: YPL and MT10-MT?

YPL (MT10=0 5 @
N. zatellites used = 10
WPL (MTL0=0, MT7: aizi) ¢

&

45

meters
Fa
L)
T

OppoB@n
OpoppoQ

v Eﬁﬁﬁ’gﬁ EEE‘ Cam

E|E|E|
E|E||3|E|IEIE|E|IZ|E|E|IZ|IZ|IE|EI

DUDRE |g8%52 ekl
10- 9

37200 37280 37300 37350 37400 37450 37500
zec of day CUTC)

30
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EXAMPLE 5.

Periods without Nav. Sol.
(ESTB, February 14th 2002)
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Sec of Week Message Type [PRNof Satellitesin usel Analysis of Feb 14t
> 413846 MTO2 11 14 20 28 29 31
413847 MTO3 11 14 20 28 29 31
413848 MTO4 11 14 20 28 29 31
413849 MT25 11 14 20 28 29 31
413850 MTOO 11 14 20 28 29 31
413851 MT26 BN4 Bl1 11 14 20 28 29 31
§ 413852 MT26 BN4 Bl1 11 14 20 28 29 31
a 413853 MT26 BN4 Bl1 11 14 20 28 29 31
™ 413854 MT26 BN4 Bl1 11 14 20 28 29 31
413855 MT26 BN4 BI2 11 14 20 28 29 31 SIS anomaly that
8 413856 MT26 BN4 BI2 11 14 20 28 29 31 should be solved
7 413857 MT26 BN4 BI2 11 14 20 28 29 31 _
o 413858 | MT26 BN4BI2 11 14 20 28 29 31| f With MT6 broad.
413859 MT26 BN4 BI3 20 28 29 31
413860 MT26 BN4 BI3 31
413861 MT26 BN4 BI3

413862 MT26 BN4 BI3

413863 MT26 BN4 Bl AMT26 repetitions (alarm condition).

413864 MT26 BN4 Bl4 AFC updated after 21 seconds.
413865 MT26 BN4 Bl4 The satellites are deselected after
413866 MT26 BN4 BI1 12sec, due to the UDRE Time-Out.

5 413867 MTO2
413868 MTO3 11 14 M3 SYSTEMS
413869 MTO4 11 14 20 28 29 3
413870 MTOO 11 14 20 28 29 31 %ENAC
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EXAMPLE 6 :

Analysis of PRC (PRN10)
Large Values
(ESTB February 14th 2002)
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PREC Analuyziz: DOY=045

= T | | | | l
: : : : : PRC: All =at. :
FRC: PREN 10 o)
T e I SR :

neters

G 2G000 23000 30000 32000 3000 A S 000 33000 000
seconds of GPS week
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PREC Analuyziz: DOY=045

= T | | | | l
: : : : : PRC: All =at. :
FRC: PRM 10 o)
T e T :
40 s - e e b s ccsmmcsammnan - - -
. R — i — . A R -

neters

G 2G000 23000 30000 32000 3000 A S 000 33000 000
seconds of GPS week
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PREC Analuyziz: DOY=045

o ) T T T T l l
: : : : : PRC: All =at. :
: PRC: PRW 10 &
; : : : - Broad. clock: PRM 10+
T S R e codt_clock: PRW 10 =]
Lo
.
' x

neters

G 2G000 23000 30000 32000 3000 A S 000 33000 000
seconds of GPS week
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EXAMPLE 7 .

LOI when High PRC for PRN10
(ESTB February 14th 2002)
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Analysis of Feb 14"2002: LOI when High PRC for PRN10

Horizantal Terformence ESTE over 85127 eaochs
PR and LORES for RN 10

& - - : i : B v eieree e g e e e

: : Spztern Lnavaikhle :

45 - e o b AammEgnchen B ol e e

N . . . . M B

7 cpioha: G

-

- - APV 3 CAT E,//

PAC [ arid LORE [

Mum ber ot Poinls per Pixel

" at steps of 90s, induces e

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

periodic peaks every 90s ‘ f | ==

f‘ﬂ.\f_‘ﬂ to the navigation solution.

"1 Itproduces LOI conditions.

= | |

& ki |
o .'\!ll

= ol
TN
E i w;."‘ Al
i

Pesition Ermar i Protestion Lawel [i]
5 o

B<IM3.5YSTEMS ' | | il "‘*‘JL ik ZW LR R T [ ":i‘r','; s eh L 'I

:?EN%AC I o ‘ I o ‘ ] Lo I I D |

LA 4345 435 4.355 436 43a 4395 43 4355
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