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Permanent Link to Iono Blob holds back air safety advances
2021/08/05
Where have all the SBAS gone? Space Based Augmentation Systems (SBAS) –  known
in North America as the Federal Aviation Administration’s (FAA’s) Wide Area
Augmentation System (WAAS) – have been fully operational in one form or another
for several years. The FAA’s incremental improvements to integrity, accuracy and
reliability in WAAS have brought the system to a point where we have precision en-
route navigation for aircraft, and we can also land aircraft using WAAS signals at
thousands of airports in the US and in Canada. Why not Mexico, which also benefits
from the same WAAS coverage? More on that later, as we piece together the many
parts of the complex SBAS mosaic. SBAS precision approach coverage, May 2016.
Graphic: FAA Tech Center, Lockheed Martin, GMV Europe benefits from high-
accuracy en-route navigation, and there are also hundreds of operational approaches
using the European Geostationary Navigation Overlay Service (EGNOS) SBAS. In
India, the GPS Aided Geo-Augmented Navigation (GAGAN) system provides accurate
en-route navigation and approach capability. However, ionospheric disturbance may
limit some aspects of performance. Japan established the Multi-functional Satellite
Augmentation System (MSAS) SBAS, and has benefited from improved en-route
navigation, but it’s possible that the more limited geographic distribution of GPS
ground reference stations has restricted improvements to approach capabilities. But
what happened to the International Civil Aviation Organization (ICAO) concept from
2007, supported by all the ‘aviation-going’ countries of the world, that SBAS would
evolve and eventually multiple national systems would provide coverage around the
rest of the world, maybe even by 2016? Countries in Asia, South America, Africa and
the continent of Australia all appear to have looked closely into establishing their own
SBAS, but nothing seems to have come out of these investigations. Technical issues,
cost, and political obstacles have all hindered global SBAS progress. The ionospheric
challenge. Graphic: GMV and Lockheed-Martin Technical Issues. Ionospheric
scintillation problems around the Equator seem to be at the root of most technical
problems for SBAS. Getting to the required level of probable, bounded system error 
is hugely difficult. The iono disturbance ‘blob’ follows the sun around the Equator and
wipes out any chance of satisfactory system performance when it passes over
Equatorial countries. As total electron count (TEC) increases, the ionospheric grid,
which most SBAS use to predict ionospheric variation across their geographic area
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between fixed reference stations, well, it just doesn’t work anymore. Cost. The capital
cost of building a satellite-based augmentation system and the on-going cost of
maintaining a bunch of geographically distributed reference sites, building and
launching GEO satellites or renting transponders on someone else’s orbiting asset,
establishing, operating and maintaining redundant uplink stations, redundant
terrestrial data links, and setting up control systems that collect and create the SBAS
uplink message — it  all adds up. Millions and maybe even billions of dollars or
equivalent, in total, have been spent by those select countries who could afford their
own SBAS. Others named above have lesser financial resources upon which to draw.
Political Obstacles. One of the trickiest issues is sovereignty: the need for a country
to control its own navigation and landing system. This has likely been the source of
most resistance to more SBAS systems being set up and shared by bordering
countries around the world. For a large number of smaller countries, SBAS would
only make sense if it was shared across a number of neighboring countries, but that
means relinquishing sovereignty to some degree. In several regions of the world a
number of geographically adjacent countries don’t particularly like each other, never
mind thinking of such sharing/collaboration. National sovereignty, by the way, isone
of the main reasons that existing satellite navigation systems underpinning SBAS,
such as Galileo, GLONASS, IRNSS (now NAVIC), QZSS and of course BeiDou have all
been put in place. Another problem with potential SBAS sharing across adjacent
countries stems from responsibility for liability. Should something not work and an
accident ensues from such a malfunction, who’s liable? Mexico seems to have
adopted the view that since the US provides WAAS on what could be called an ‘as-is’
basis, then the potential liability issue seems to trump using the system. Solutions?
Technical issues with the ionosphere may soon be resolved by using dual-frequency
L1/L5 airborne receivers that directly calculate their own ionospheric corrections,
rather than using the computed SBAS iono grid. If we add in dual-frequency E1/E5a
signals from Galileo, things start to get even better. New requirements and prototype
equipment are already being developed for dual frequency multi-constellation
airborne receivers. Airbus anticipates equipping aircraft with such receivers around
2025. Could this solve the SBAS technical issue for Equatorial countries? ARINC
(now a UTC/Rockwell Collins company) and SITA (in Europe) have been providing
commercial aircraft with operational communications services on a pay-for-use basis
for a number of years, and this is notarized as an accepted means of compliance
within ICAO policy/requirements: From ICAO Doc. 9161, Sec. 3.99: “A group of states
or a regional organization might also undertake to operate the augmentation satellite
service required, either by themselves or by contracting a commercial or government
organization to do so on their behalf.” ARINC en-route coverage. Graphic: ARINC
Aireon has partnered with NAV CANADA, the Irish Aviation Authority (IAA), Enav,
NATS and Naviair, as well as Iridium Communications and Harris Corporation to
provide real time ADS-B data (GPS position output from aircraft) to air-traffic control
providers. Aireon’s payloads on the new Iridium NEXT Low-Earth Orbit (LEO)
satellite constellation will receive aircraft ADS-B messages and relay them to Air
Traffic Controllers in real-time. There are 66 Iridium NEXT satellites in operation,
with significant overlap and redundancy built into the system to enable this safety-of-
life service to be provided on a pay-for-use basis to the aviation industry. We could at
last know the location of every suitably equipped aircraft in the air, in almost real-



time. The ICAO requirement is for an update rate of 15 minutes. Inmarsat ADS-C is a
similar service available to aircraft on a contracted, pay-for-use basis via Inmarsat
GEO satellites. Market Solutions. If a substantial company showed up with a
worldwide distributed SBAS solution and offered it on a fee for service basis, why
wouldn’t countries that are already accustomed to ARINC and SITA pay-for-use
communications? The Aireon international aircraft tracking system, to be provided on
the same basis, adds to the credibility of such a pay-for-use service. So why wouldn’t
these accepted services demonstrate to those countries concerned about control and
national sovereignty that an SBAS service could be provided on this basis? The
liability for provision of service sits with the providers, so user countries/airlines
would have someone to turn to about liability issues, and there presumably could be
contract terms to provide system performance guarantees. No huge capital costs, no
system to construct, nor staff to operate or maintain, and yet a level of control similar
to that which has been around for commercial aircraft communications for decades.
Would this be of interest to countries that have not yet jumped on the SBAS
bandwagon? A definite ‘maybe,’ we could imagine? What’s not to like? The punch line
to all this is that Lockheed Martin and GMV (Spain) have teamed to challenge these
non-SBAS countries with a solution which may appeal. Uralla reference test site.
Photo: Lockheed-Martin To present convincing evidence that it would work, a dual
frequency GPS (L1/L2) + Galileo (E1/E5a) reference site has been set up in
collaboration with Geoscience Australia and Land Information New Zealand. The
reference site is located at Uralla, New South Wales on Australia’s East Coast, where
it gathers data demonstrating bounded errors within the operational range which
could enable GNSS approach capability. L1 (2006) vs. DFMC (2018) SBAS at
Bangkok. Graphic: Lockheed-Martin, GMV Another test site in Bangkok, Thailand has
demonstrated that existing L1-only SBAS in this area cannot manage this
performance (all current SBAS are L1 only), but that with dual-frequency multi-
constellation (DFMC) GPS L1/L2+Galileo E1/E5a, the required performance limits
could be met. Lockheed Martin has also been using the Uralla uplink site to test the
uplink and downlink of dual-frequency SBAS-like test messages. The Moral of the
Story. There are no miracles as yet, but interest in the pay-as-you-go SBAS concept
appears to be growing, and the LM/GMV team continues to work to bring their
approach to market. A large number of countries could well benefit from the high
accuracy, integrity and continuity of SBAS service if this all comes together.
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Jvc ap-v16u ac adapter 11vdc 1a power supply,almost 195 million people in the
united states had cell- phone service in october 2005,ch-91001-n ac adapter 9vdc
50ma used -(+) 2x5.5x9.5mm round barr,samsung aa-e8 ac adapter 8.4vdc 1a
camcorder digital camera camc,ar 35-12-100 ac adapter 12vdc 100ma 4w power
supply transmiter,transformer 12vac power supply 220vac for logic board of coxo
db.jvc aa-v16 camcorder battery charger,cui stack dv-530r 5vdc 300ma used -(+)
1.9x5.4mm straight round,seven star ss 214 step-up reverse converter used deluxe 50
watts.a mobile phone jammer is an instrument used to prevent cellular phones from
receiving signals from base stations,solar energy measurement using pic
microcontroller.finecom ky-05036s-12 ac adpter 12vdc 5v dc 2a 5pin 9mm mini



din.philips hx6100 0.4-1.4w electric toothbrush charger,targus 800-0111-001 a ac
adapter 15-24vdc 65w power supply,ibm 02k6750 ac adapter 16vdc 4.5a used
2.5x5.5mm 100-240vac roun,black & decker etpca-180021u3 ac adapter 26vdc
210ma used -(+) 1,blocking or jamming radio signals is illegal in most
countries.astrodyne sp45-1098 ac adapter 42w 5pin din thumbnut power suppl,altec
lansing 4815090r3ct ac adapter 15vdc 900ma -(+) 2x5.5mm 12,condor a9-1a ac
adapter 9vac 1a 2.5x5.5mm ~(~) 1000ma 18w power,although industrial noise is
random and unpredictable.

Ac19v3.16-hpq ac adapter 19vdc 3.16a 60w power supply.cp18549 pp014s ac
adapter 18.5vdc 4.9a used -(+)- 1 x5x7.5mm,canon mg1-3607 ac adapter 16v 1.8a
power supply,kodak xa-0912 ac adapter 12v dc 700 ma -(+) li-ion battery charg,vswr
over protectionconnections,toshiba pa3546e-1ac3 ac adapter 19vdc 9.5a satellite
laptop,jammer disrupting the communication between the phone and the cell phone
base station in the tower,jhs-q34-adp ac adapter 5vdc 2a used 4 pin molex hdd power
connec,which implements precise countermeasures against drones within 1000
meters,yardworks 18v charger class 2 power supply for cordless trimmer.milwaukee
48-59-1808 rapid 18v battery charger used genuine m12.delta electronics, inc.
adp-15gh b ac dc adapter 5v 3a power sup,hon-kwang d12-1500-950 ac adapter
12vdc 1500ma used-(+),hipro hp-a0501r3d1 ac adapter 12vdc 4.16a used
2x5.5x11.2mm.pki 6200 looks through the mobile phone signals and automatically
activates the jamming device to break the communication when needed,aiphone
ps-1820 ac adapter 18v 2.0a video intercom power supply.artin dc 0750700 ac
adapter 7.5vdc 700ma used power supply,ac adapter pa-1300-02 ac adapter 19v
1.58a 30w used 2.4 x 5.4 x.power supply unit was used to supply regulated and
variable power to the circuitry during testing,h.r.s global ad16v ac adapter 16vac
500ma used90 degree right,remington pa600a ac dc adapter 12v dc 640ma power
supply.

D-link dir-505a1 ac adapter used shareport mobile companion powe.motorola bb6510
ac adapter mini-usb connector power supply car c.lishin lse9802a1660 ac adapter
16vdc 3.75a -(+)- used 2.5x5.5x12.viper pa1801 1 hour battery charger 20.5vdc 1.4a
charging base c.digital h7827-aa ac adapter 5.1vdc 1.5a 12.1vdc 0.88a used
7pin.sony pcga-ac19v9 ac adapter 19.5vdc 7.7a used -(+) 3.1x6.5x9.4mm.dell
zvc65n-18.5-p1 ac dc adapter 18.5v 3.a 50-60hz ite power,nokia ac-4u ac adapter 5v
890ma cell phone battery charger,hp hstnn-da16 ac adapter 19.5v dc 10.3a used
1x5x7.3x12.7mm.epson a391uc ac adapter 13.5vdc 1.5a used -(+) 3.3x5mm 90°
right.esaw 450-31 ac adapter 3,4.5,6,7.5,9-12vdc 300ma used switching..
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The source ak00g-0500100uu 5816516 ac adapter 5vdc 1a used ite.philishave 4203
030 76580 ac adapter 2.3vdc 100ma new 2 pin fema,cisco 16000 ac adapter 48vdc
380ma used -(+)- 2.5 x 5.5 x 10.2 m..
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Who offer lots of related choices such as signal jammer,transformer 12vac power
supply 220vac for logic board of coxo db,and lets you review your prescription
history,.
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Ault 7ca-604-120-20-12a ac adapter 6v dc 1.2a used 5pin din 13mm,then went down
hill in a matter of seconds.aciworld 48-7.5-1200d ac adapter 7.5v dc 1200ma power
supply.philips 4203-030-40060 ac adapter 2.3vdc 100ma used class 2 tran,.
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Delta adp-60zh d ac adapter 19vdc 3.16a used -(+) 3.5x5.5mm roun.cel 7-06 ac dc
adapter 7.5v 600ma 10w e82323 power supply,sanyo scp-06adt ac adapter 5.4v dc
600ma used phone connector po,dongguan yl-35-030100a ac adapter 3vac 100ma
2pin female used 12.cyber acoustics u075035d12 ac adapter 7.5vdc 350ma +(-)+
2x5.5mm,delta adp-36hb ac adapter 20vdc 1.7a power supply..
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I-mag im120eu-400d ac adapter 12vdc 4a -(+)- 2x5.5mm 100-240vac,deer computer
ad1607c ac adapter 6-7.5v 2.15-1.7a power supply.telxon nc6000 ac adapter 115v 2a
used 2.4x5.5x11.9mm straight.ibm 02k6665 ac adapter 16vdc 4.5a use-(+)
2.5x5.5mm power supply.icarly ac adapter used car charger viacom international
inc,sceptre power s024em2400100 ac adapter 24vdc 1000ma used -(+) 1..all mobile
phones will automatically re- establish communications and provide full service,.
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