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VI. REMARKS



. PBNCONCEPTS ’

he airspace concept, describing the intended operations
space, improved safety, increased wair" traffic cm,
iciency, mitigation o ‘of environmental impact and as a result
e of air space. The performance requwements are deflned

/, avallal vV and also 1Tu nalltw

hlft from sensor-based navigation to performance-based
i are two kinds of Navigation Specifications:

.quwed Area Navigation)

IP(Required Navigation Performance)

U/ W @

@ PBN Enables the Airspace Concept 7‘?’

A NAVIGATION APPLICATION is the application of
- a NAVIGATION SPECIFICATION and associated
Airspace Concept NAVAID INFRASTRUCTURE to ATS routes,

I——]—J—r——| instrument approach procedures and/or defined

airspace volume in accordance with the Airspace
COM NAV SUR ATM Coniept_ :
« Example in Terminal area
i * Navigation Specification : RNAV1
(1 Nm of accuracy)

* Navaid infrastructure: GNSS or DME/DME

KNGS ON KEND
SN0 WEASTRUCTUN




PBN: PERFORMANCE BASED NAVIGATION - RNAV/RNP

1 .” ’
EN-ROUTE - —
RNP2 /RNAV 2&5 |
~._._APROACH -
/

GNSS either as the primary navigation infrastructure RNP APCH / RNAV1

or as one element of the infrastructure

\ (L ANDING)
Conventional Routes RNAV Routes RNP Routes \ o
oL - +L. \  SURFACEm
T Q Ground-based s . \“ N R N I:'I I
.+ /1 navaids .. - | Waypoints "\ RNP 03
g / K Ay CUSCO
ot ' '

-~
-
-
- ]
5 - -
i ~ |<'.|
i ~ ' '
IIIII . e ! .
I » ' ' '
- N Wy |
- ’
~
-~
-~
-

Limited Flexibility Increased Efficiency Highly Optimized

RNAV (Req. Area Navigation): It is based on area navigation that does not include the requirement
for monitoring and alerting board performance, designated by the prefix RNAV, eg RNAV 5, RNAV 1
RNP (Req. Navigation Performance): It is based on area navigation that includes the requirement for
monitoring and alerting board performance, designated by the prefix RNP, eg RNP 4, RNP APCH.



' PBN BENEFITS

in terms of ATC (ICAO) -
e - J-’
o transmissions

P ——

nce of readback/hearback errors

ntainment

Qounds

ers ccupancy time in airspace

g Roles and Responsibilities

actices in route/space design

= ;..;, ,d trajectories

—ORne-way routes
— arrwals on time
- _ALSO:

-improves accessibility in difficult geography
-reduces infrastructure costs
-low noise pollution
-reduces CO2-fuel emissions, before the pandemic, better efficiency
was estimated with savings of 1%, which would represent 1.2 million
tons of CO2 less emissions into the atmosphere



ICA@ CONCEPT FOR GNSS

2 position and time determination system that mcludes oneor .
, onstellations, aircraft receivers and system integrity

ng, augmented as necessary to support the required navigation

or the intended operation. (Ref. ICAO Annex 10, Vol. I).

...

Space Segment

ll@lll

—17 Space satellite constellatlons \’ e

(GPS, GLONASS, GALILEO, BEIDOU)

2) Control: monitor, control and
syncronization of satellites

3) Users: receivers, aircraft

Satellite-Ground L| k

.....
~~~~~

There are Augmentation Systems like JREEETS
ABAS, SBAS (Satel | | te) an d G B AS Ground Segment Mission Segment
(Ground), to improve performance of GNSS

svstems

User
Segment



Values of Performance Requirements e
95% 95% Integrity Time-to-alert Continuity Availability
Typical operation
Anroach procsdlre = . R
) ) . En-route 3.7km N/A 1-1x10"/h 5 mm 1-1x10"/h 099 to
With vertical quidance (2.0NM) tol-1x10% 099999
Non- (APY) En-route, 0.74 km N/A 1-1%107/h 15s 1-1x%107h 0.99 to
Oceanlc | Contental recon Catagoy | Termanal 04N tol-1x10%h 099999
Operation | enoute | enoute | Teminal | approach | AP | APV | (CAT) | mnitial approach, 220m N/A 1-1x107h 105 1-1x10%h  099to
Intermedi_a_te approach, (720 i) to1-1x10%n 0.99999
Horfzonfalalet | 74km | 37km | 185km | %m | Lm | Om | dm gg;ﬁm approach (NPA),
imt ANM) | NM) | (INM) | (O3NM) | (130R) | (130R) | (130H
Approach operations with 16.0m 20m 1-2x 107 105 1-8x10° 0.99 to
Vertical aler NA NIA NA NA m | 20m | 3o |vertical guidance (APV-D 628 68 a}‘}’;‘gh per15s 099999
mit (164f) | (66%) | (H15t033f)
Approach operations with 16.0m 8.0m 1-2x107 6s 1-8x107° 0.99 to
Tmeodkt | Smh | Smn | 5 | f0s | f0s | s | g |vericalgudance(APV-ID ©28) @6t m any per 15s 0.99999
approach
Category I precision approach 16.0m 60mto40m 1-2x107 65 1-8x10° 0.99 to
Doc. 9849 - ICAO, GNSS Manual (52 ) (20 ftto 13 f1) in any per15s 0.99999
approach
ICAO-Annex 10 — Aeronautical Communications, Volumen |,
- I I 1
';h..—;hf__—a, : . | NPA APV i PA : Surface : Departure
- I APV !
Enroute JEn route ! " baro |APV1] APV2 | CATI | CATII{ CATIIl! !
oceanic |dr.:mest|c IVNAV, ¢ L | I
[ jTerminal : —t_—d Missed I "
| | 1 -
| : | . b
I 1 " : Pr— ] e

ABAS

SBAS

GBAS

ABAS (not standardized)

Under
1 development 1




. GBAS & SBAS FEATURES

disruptions and associated costs caused by ILS interference
loRguidance for improved safety -
] airport capacity from accurately guided simultaneous operations reasons

A0S, reduced noise and emissions from efficient, flexible flight path
> delays and congestions as a result of more accurate and efficient and

(11 ]

L] |

ala¥~

tal investment cost and lower on-going maintenance, as one GBAS covers all

ompared to one ILS installation per one runway end -Flexibility to add or change
,-f‘ procedures without changing the system configuration

L0 dispatch to an airport based on a GNSS approach or at any required alternate

cost savings by eliminating or reducing the frequency of training VOR/DME approach

‘\4

-0
RVR
260 m (200 fi 2550m GPS ) 400~ 6001 O

GPS . .
200 ft >DH 2 100 ft 2350m Bartaltars ) 360- 00ADH LNAVVNAY

260~ Y04 DH L
CATHA < 100fornoOH 2200m o

SBASIGBAS [ ) )
CATIIB  <15mornoDH = x0-04 :

200>RVR 250 m

. Cay/

CATIIC No minima No minima



IONOSPHERE EFFECTS OVER GNSS IN LOW

LATITUDE (EQUAT. REGION)
-

e T
i "! B e e |
b,

Lima-Peru Is the Geomagnetic Equator in
Southamerica Region (low latitude), that is

e '.-
"r .-’...

ionosphereactivity, as well as countries
sl located between 20° N and 20° S (aprox)
J from the geomagnetic Equator especially

Geographic Laotitude (deg)

THE SOLAR CYCLE

ISES Selar Cyele Sunspet Mumber Progression
Observed data through Mov 2015
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Predictad Yaoluss {Smoothed)

Updated 2015 Dec 7 MO&S /SWPC Boulder,GO LS

At the end of 2013 and 2014 it was the maximum
Infrequent solar cycle Nr 24. Next cycle would be in 2025




SCINTILEATIONS AND TEC EFFECTS OVER GNSS

2011/03/12 00:00:00 - 00:30:00 Universal Time

Principal impacts of ionospheric [’F“ttlllf‘il)l.?ﬁll‘i’ gm
T : [ITEZUIATITIES
scintilation on GPS performance: ‘z‘ SR L

&%. ‘,:,' a;‘ ab

* L oss of lock / outages

* Induced ranging errors ' (
U

Intermiption of signal | 5

(loss of lock)

—rmng Nt

Eq.m,r .‘7\ '” g '3”

Consequences of these
effects on GPS positioning
accuracy depends on
constellation geometry

Geographic Latitude

Signal distortion

For example, losing mutiple __

satellites in the same region -
of the sky can lead to large GPS recerver
errors

70 60 50
Figire Courtesy of C. Carrano, BC Geographic Longitude (West)

Scinﬁllations generate fading over GNSS signals TEC generates delays, measurements made by LISN

The lonosphere can be characterized by the Total Electron Content
(TEC) density highly dependent on the interaction of the solar
activity and the earth geomagnetic field
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Geographic Latitude
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2015/03/03  13:00:00- 14:00:00  Universal Time EMPIR'CAL TEC MAPS OVER PERU
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2015/03/03  17:00:00- 18:00:00  Universal Time

-

Geographic Latitude

2015/03/07 . 19:(()():()()-.2():0():(.)() . Universa! Time 4
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ally t elated to the change of distance according to:
*\ﬁ - _—

units would give an error of 1 . Which is

JS used to land bLTf not so much for an approach of the
pblem he slope of the higher inside the bubbles
ALIONS. '

’?3 cause that there is no signal of one or more GNSS and

ssary to take signal of another satellite. As a solution, it is

se multifrequency and multiconstellation receivers.

: 1
- c-'o.~_

_f.i.ef osphere models for prediction (forecast) at low latitude and
JS. b -- e to mitigate their effects in navigation, like NeQuick or IRI

el
- —— __—
-~ - -

:::a-- Fel=-—

"'ﬁiheequatorlal region there are many TEC variations.

-
-

The reference period was during the year 2015 (high solar activity) and
empirically, a window of time of approximately 5am to 5pm was found
that could use an augmentation systema like GBAS and should be
backed up by a ground system like ILS or VOR/DME.



BAS SITUATION.IN PERU (SAM REGION)

BAS operational in Peru anW
0 infrastructure deployed in SAM Region .
| SBAS/WAAS/GPS - Regional Project RLA/00/009 (ICAO — FAA).

lon and Development of Algorithms (Software).
ganalysis for SBAS/GBAS implementation.

_ﬁ"ﬁ GNSS is currently limited to supplemental navigation
lo-Pi eC|S|on” like GPS/RAIM on board and it is not enough.

._-ra;'. ‘RNP AR procedure implemented in Cusco since 2015)

pu——

,.J——'/'-

> Supp €menta| navigation system: Aircraft must equip other primary
=:'t—’f.navupjatlon system (e.g inertial) and the route is planned based on

-~ the primary navigation system; but they cannot fly RNAV route
directly going to the destination by GPS/RAIM only, they need a

lighting aids on ground (PAPI) and visual conditions.

» Additionally, RAIM prediction is mandatory; If GPS/RAIM is predicted
unavailable for the intended operation, they should change the flight
plan and/or fly to an alternate airport.



ATION (E'@ED ON RADIO-

.
\
\

\

\‘ (LANDING)

Conventlonal Procec ure s

. 23 Y SURFACE &
..... Pk e IO e A |

-‘% ILS CAT Il ”’ AL VOR/DME é CUSCO
ﬁﬁEEﬁ: i T

- T r
LIMA @3’3’/ T

i ILS: (Instrument Landing
» System

"~ VOR: Very High Frequency
Omnidirectional Range
DME: Distance
Measurement Equipment



BUSINESS CASE - PERUVIAN EXPERIENCE %
As examples of peruvian experience there are procedures obtained atthe
1t axamarca Airports. o
yperational approach procedure (mix) based on GNSS and RNP
JAV information was authorized at the Cusco Airport in 2008

..?f Airport:
usco, Peru

i 10745 ft.
T ﬁlght operations only

Ji—WYZS served by two IFR
“approaches, ending in visual circling

APROXIMACION FRUSTRADA
. ASCENDER EN HDG 290° (R 110 2CO

0 SUPERIOR E INCORPORARSE

e

m

1!

eMinimum approach (DA B o AL CRCUITC DE ESPERA D 20O
14500, visibility required 8Km) often - T WAL THRRWY 28

higher than actual weather

conditions. A-B-C-D MINIMOS DE UTILIZACION DEL AD

TECHO DE NUBES: 1200 M
' VISIBILIDAD (8 KM

14t GNSS Implementation Team Meeting Seattle, USA, 21-24 June 2010



RNP Departure.
Provision for 5 exit
gates, depending on
flight destination.

Operacional
Since 2015
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@ 5%5?'5?‘?&”55"9 Caxamarca Airport
New Flight Procedures

=== Shorter Flight distance/Best minimum
e of Approach

v

- .0

© .+ Adrial sight 50 NV

" —

s
e

Saving per flight

Distance Time Fuel

34.8 nm 11.6 min 375.9 gal
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Ministerio
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SPIR/CIA @ star Pero CAJAMARCA, PERU o soe
Gen F/ap A.R. Iglesias 16 AGO 22 VISUAL APR Rwy 34 w2 Sl 769
ower TAIAMARCA Tower Fours of Opsration
N“ [ 1201 1275 cema | | 1766735602 PREAL
: e RS- MR | aos erev 88487 @ flightradar24
hg g 337° 100007 1435"; 10000 7143557 70z 87587 16000°
A B

MISSED APCH at MAR3: Direct MAR2 climb to 15,700’ then right turn to ASDOG
o

continue climb 17,000’and hold. MSA RWY34

7

1
24

MISSED APCH at MAR2: Climb inbound RWY34, overhead threshold left turn outbound MAR 303°
e until 11 NM from the station to CJR1, climb to 17,000’ left turn CJR2, left
turn direct to RELUN and then continue to ASDOG and hold.

i
Alt Set: Hpa Trans level: by ATC Trans altitude: 18000° 1
]
CJR1 1
s 01025
wors3eT |
° ’;' — -~
= '..
'/\
'\ CJUR2
\ sorie
Ly weors
\\\ ASDOG HLDG
275,
2y S
5S4

~
TURN AT OR ABOVE >
17,000 FT

V>

L)
“

NOT TO SCALE
INSIDE THIS AREA

roze 8758”
MANPA S07°35.1°/ W078°08.3’ | ASDOG S07°24.1'/ WO078°02.8" o
MAR 4 S07°20.5'/WO78°13.6° |CJR1 S07°02.5°/WO078°38.7" —
MAR3 S07°16.5'/WO78°18.6° |CJR2 S07°13.0°/WO078°34.8" PAPI
MAR2 S07°12.7'/WO078°26.8° |JRS42 S07°18.2°/ WO78°15.7" 3 DEC A B>~ |AspoG
MAR 1 S07°11.8'/W078°27.9° | RELUN S07°17.3'/ W078°35.3"
RWY34 S07°09.0°/ W078°29.1"

4000° - 6KM vis - CLEAR OF CLOUDS | o g 0221677

Star Peru @ Juan Manuel Temoche — S




RNP Procedures Caxamarca
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file:///D:/___Procedures/Cajamarca/CJA_portal/index.html
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REDUCTION OF WAITING TIME ON THE GROUND F
AIRCRAFT ON APPROACH
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REMARKS

and GBAS operation in Peru and Southameric AM) Region,
Ire deployed in SAM Region —
effects over the GNSS'S'ignaIs (Low Latitude)

M) <SR A L2 /) MhHhlement:s ..

C ydel of a TEC Map (ilonosphere is characterized by TEC) to
'a5|b|I|ty of implementing an Augmentation System (GBAS
’at Low Latitude Region like Peru.

_-’15 el would be the key to GBAS implementation, considering
ation 'Of aregional ionospheric threat model.
_-,.,-_3',: ceiy _T—S used the L1/L2 GPS frequencies.

o —

«—Mo countrles In South America would have to base their national
éirs.pa_ce on GNSS/GBAS/ABAS (no SBAS)

. b'e’velopment of a valid lono Threat Model for Low Latitudes is key to
- augmentation system like GBAS

« -Test Bed SBAS/WAAS/GPS - Regional Project RLA/00/009 (ICAO — FAA).
» In Peru, use of GNSS is currently limited to supplemental navigation of

“No-Precision” like GPS/RAIM on board and it is not enough. New RNP
AR procedure implemented in Cusco since 2015.



Note: The opinions expressed here are solely those of the author



