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GPS Wide Area

Augmentation System

(WAAS) sensors are
facilitating LPV
approaches while
moving the industry
toward ADS-B

By Barry Rosenberg
ith manufacturers only
recently releasing their
first-generation GPS
WAAS products, opera-
tors are just now getting
their hands around current capabilities
of the Wide Area Augmentation System
(WAAS). However, the imminent expan-
sion of WAAS-like capabilities to Europe
through the European Geostationary
Navigation Overlay Service (EGNOS) is
expected to lead to a vibrant, new mar-
ket now that the capability will extend
beyond North America.

WAAS is a system of satellites and
ground stations that correct the errors in
GPS signals caused by efTects like iono-
spheric disturbances. With such signal
corrections, WAAS provides position
accuracy that is better than three meters
95 percent of the time, without the need
to purchase additional receiving equip-
ment or pay service fees.

Now the industry just has to wait for
the market to catch up to the capability.

FreeFlight Systems, of Waco, Texas,
says it received the first WA AS-based
Technical Standard Order (TSO) in 2003
for a Beta-1 sensor used in the Alaska

Photo courtesy CMC Electronics

GPS WAAS

CMC Electronics IntegriFlight CMA 5024 Aviation SBAS Receiver in December 2008
received certification from FAA and Transport Canada to TSO-C145b Beta-3 and
TS0-146 Delta-4. The C145 Beta-3 is the most stringent category for WAAS naviga-
tion receivers. The C146 Delta-4 category allows these receivers to provide Precision
Approach guidance signals to the aircraft's autopilot and instrument displays.

Capstone program.

“Class 3 WAAS sensors buy you a
great deal of flexibility in landing, as the
decision heights for landing or diverting
are much lower,” said James Davis, Free-
Flight Systems chief technology officer.
“Those LPV (Localizer Performance
with Vertical guidance) approaches have
to be designed, so adding more precision
approaches to runways in the U.S. is the
key to WAAS GPS.”

According to FAA, there were 1,595
precision LPV approaches at 872 airports
in the United States as of fiscal 2009,
which began last October.

During an LPV approach, a satellite
navigation receiver provides the pilot
with both lateral guidance — replacing or
augmenting the function of the localizer,
a radio beacon that guides the plane to
the runway centerline in an Instrument
Landing System (ILS) — and vertical
guidance.

“The problem with ILS is that a large
object like an airplane can generate
interference, so the signal can get out of
whack by the time it gets to the airplane,”
said Davis. “With LPV, you can get down
to 200 feet before you have to see the tar-
mac. Without WAAS and LPV approach-
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es you might need that cloud deck at 600
to 800 feet.”

Unlike Required Navigation Per-
formance (RNP) approaches, WAAS-
enabled LPV approaches don’t have a
requirement for self-alerting in the cabin
if the aircraft deviates. “Ultimately it 1sn't
as finely tuned as RNP," said Davis, “but
LPV has benefits because it is much less
expensive to implement.”

Developed for use in precision
approaches, the technology will have even
further-reaching benefits as a key driver
toward Automatic Dependent Surveil-
lance-Broadcast (ADS-B).

“ADS-B is driving all the WAAS work
being done because ADS-B requires a
WAAS sensor,” said Randy Shimon, vice
president of engineering and a partner
with Accord Technology. of Eagle, Idaho.
“LPV approaches are important, but they
are yesterday’s news.

“We're in a transition now where
TSO-C129 (Airborne Supplemental
Navigation Equipment Using the Global
Positioning System) is good enough for
certain applications but it’s all going to
the TSO-C145c¢ class of GPS receiver,”
Shimon said. The myriad changes associ-
ated with TSO-C145c¢ (see box, page 33),




mean that manufacturers, for the most
part, have to start from scratch when
developing a WAAS system,

“There have been attempts by major
companies to take systems designed for
TSO-C129 and update them to -Cl45c,
but everybody gives up and starts over,”
Shimon said. “The skill set necessary to
design a GPS receiver is a fairly limited
one in the world.”

Three Classes

The WAAS GPS sensor market consists

of three sensors: Class 1, 2 and 3. More

of the WAAS message content is used as
the class number increases.

Class | sensors provide no vertical
guidance, but permit LNAV (lateral navi-
gation) landings because they provide
better lateral navigation than uncorrected
GPS. As of May, there were 4,153 LNAV
procedures at 1,940 airports, according to
the FAA.

Class 2 sensors add some vertical guid-
ance to the equation, which permits both
LNAV and VNAV (vertical navigation)
approaches. Davis explained that most
companies are skipping Class 2 “because
if vou're going to go to all the effort to
decode the message you might as well go
to the next step and decode the additional
data for Class 3.”

Class 3 WAAS sensors not only
decode the entire message, they also
update at a very high rate to provide
instantaneous positioning data when the
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Accord Technology LLC, of Eagle, Idaho, produces the NexNav mini GPS-SBAS
receiver, a low-power small Circuit Card Assembly. The embedded receiver offers an
affordable system for those applications needing only WAAS Class Beta-1 capability.

aircraft is close to the ground.

The required DO-178B design assur-
ance level for software used in Class 1
and 2 sensors is Level C, meaning that a
failure would be considered “major.” For
Class 3 sensors, it is the more stringent
Level B, in which a failure would be con-
sidered “hazardous.”

EGNOS is Europe’s first venture into
satellite navigation, and augments the
American GPS and Russian GLONASS
systems. The European constellation
consists of three geostationary satellites
(two operated by Inmarsat; one by the
European Space Agency) and a network
of ground stations. The system allows us-
ers to determine their position to within
two meters, compared with about 20
meters for GPS or GLONASS alone.

EGNOS is a joint project of the
European Space Agency, the European
Commission and Eurocontrol, and is a
precursor to Galileo, the full global satel-
lite navigation system under development
in Europe.

“The big trend for us is WAAS-like
capabilities that are coming to Europe
through EGNOS.” said Dave Bailey,
manager of new business for CMC Elec-
tronics, which introduced its first WAAS
GPS product in 2008. “EGNOS was
developed to the same standard as GPS
and GLONASS so they're all compatible.
Equipment being delivered now is ready
for EGNOS, and broadens the market.”

EGNOS offers the possibility of

TSO-C145 Receivers:

Revisions Described

TS0-C145c refers to Revision D of RTCA
D0-229 describing WAAS Minimum Operation-
al Performance Standards (MOPS). TS0-C145a
refers to Revision C of D0-229.

There are more than 100 errata in Revision
C of the MOPS document that are corrected in
Revision D. Most of these changes relate to er-
roneous references, and provide more explicit
requirement statements to reduce subjectivity
in interpretation.

Jayanta Kumar Ray, group manager of GNSS
Technology for Accord Software & Systems
Private Ltd., of Bangalore, India (a partial
owner of Accord Technology), examined for
Avionics Magazine some of the major changes
in functional and performance requirements in
Revision D compared to the earlier versions.
They are:

> Revision D refers to Satellite Based
Augmentation System (SBAS) instead of Wide
Area Augmentation System (WAAS), thereby
making the document relevant and inclusive of
all the WAAS-like overlay systems outside the
United States, such as Europe’s EGNOS, MSAS
of Japan and GAGAN of India.

» The consideration of SA (Selective Avail-
ability) error due to intentional degradation of
range is abolished in Revision D of the MOPS.
The removal of SA has impact on the availabil-
ity of position and integrity in various phases
of flight. This has made a significant positive
influence in the performance of the newer re-
ceivers compliant with D0-229D compared to
older receivers that are compliant with earlier
version of the document and did not have the
capability to detect the presence of SA.

» The definition of various SBAS/WAAS mes-
sages are modified or corrected, which changes
the way the aerospace receiver interprets the
data arriving from the SBAS/WAAS satellites,
thereby enhancing the performance of the
receiver.

» The selection of GPS satellites used in
a position solution is modified in the newest
revision of the MOPS (i.e. Revision D), which
improved the availability of position and integ-
rity significantly. This has created a huge dif-
ference in performance of GPS-SBAS receivers
compliant with the newest MOPS compared to
receivers compliant with the earlier MOPS.

» The requirements of sensitivity and
dynamic range of the receiver are made more
stringent, accounting for intra and inter system
interference from other satellites. A receiver
that meets the earlier revision of the MOPS
without sufficient margin will fail to pass the
sensitivity and dynamic range requirements in
the newest MOPS. Receivers meeting the sen-
sitivity of interference specified in the newer
MOPS are more robust and more reliable in a
high interference environment.

» Predictive Receiver Autonomous Integrity
Monitoring (PRAIM), a key feature used by the
pilots, is introduced in Revision D of MOPS.
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