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Permanent Link to GPS III ready for prime time; how long should a satellite live?
2021/07/29
Robin Wrinn This month, we bring you a guest column on the 34th Space Symposium
in Colorado Springs, Colorado. Robin Wrinn, a communications professional based in
Atlanta, gives her perspective on the premier annual space event, held in April.
Among her findings: information on the mission longevity vs. technology innovation
debate, GPS IIIF program bids, discussions of time and space, and more. — Alan
Cameron, editor     During recent interviews with Lockheed Martin and Harris
Corporation conducted during the 34th Space Symposium (April 16-19) in Colorado
Springs, time and space were a frequent focus of discussion, but not in the normal
“continuum” kind of way. Greater mission longevity is one of the key improvements
GPS III delivers over those currently in service. Space Vehicles 1-10 have a planned
mission life of about 15 years – 25 percent longer than their satellite predecessors.
Yet that bragging right begs the question “How long should a satellite ‘live’ up in
space with technology innovation occurring almost annually?” After all the last Block
IIR-M series satellite was launched in 2009. To put that into perspective, that same
year the Canadian company Blackberry (RIM) held 20 percent of the smartphone OS
market share and was the second largest OS in the world. Apple had just introduced
the iPhone two years earlier. A partial answer to that question it seems is advanced
payload technology. Both Lockheed Martin and Harris Corporation highlighted their
advances in payload capabilities that would enable built-in flexibility to adapt
satellites in orbit to advances in technology, as well as changes in missions. Lockheed
Martin provided the media a tour of their RF (Radio Frequency) Payload Center of
Excellence (Payload Center). Meanwhile, Harris Corporation recently announced that
is has completed development of the company’s fully digital Mission Data Unit
(MDU), which is core to the navigation payload for GPS III 11 +.) As a reminder, the
current Harris payload for SVs 1-10 includes: Greater than three times reduction in
range error, Up to eight times increase in anti-jamming power, Added signals –
including one (L1C civil signal) compatible with other Global Navigation Satellite
Systems (GNSS), like the European Space Agency’s Galileo. And greater signal
integrity. According to Harris, the new, fully digital navigation payload it has
engineered will deliver more powerful signals, PLUS the ability to change and
upgrade the satellites incrementally over the mission life. Meanwhile, Lockheed
recently announced a partnership with NEC to introduce artificial intelligence for
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computer learning in orbit. And the company’s Payload Center subject matter experts
touted their significant advances in processers and a move toward the next
generation of antennas, arrays and transmitters that would drive more flexibility and
capability and resilience into satellites. Observation: It seems the market pressures of
‘new space’ players is prompting delivery of products that can drive more value for
less cost. In this case, delivery of a common payload architecture and electronically
steered beams to make satellite antennas become any shape you want. Most likely,
beams of a different size on demand is a much better business case than a static one
built five years ago. GPS III 1-10 on track. in full production. GPSIII SV1 awaiting
U.S. Air Force “Call Up” for Launch Lockheed Martin’s GPS III SV03 became fully
integrated in August 2017. Photo: Lockheed Martin The day I interviewed Lockheed
Martin’s Navigation Systems mission area Program Manager Johnathon Caldwell, the
company had submitted its proposal for the U.S. Air Force’s GPS III Follow On (GPS
IIIF) program. That same day, April 16, the media was given a tour of Lockheed
Martin’s GPS III satellite assembly floor. It was clear from both Lockheed’s press
materials and Caldwell that Lockheed Martin believes it is fully recovered from prior
production hiccups and is • “on track” to deliver GPS Space Vehicles (SVs) 1 through
10, and • deserves to win the bid for GPS IIIF. Now that Boeing has dropped out of
the running, it seems they probably have it. (The government has said it will
announce the award in March 2019.) Here is the GPS III SVs 1-10 Update: SV 01.
Declared “Available for Launch” (AFL) by the Air Force on Sept. 28, 2017. Awaiting
“Call Up” for launch. A formal date has not been set. “Sometime this year” was the
answer Lockheed Martin provided when asked a timeframe. SV 02. Completed
Thermal Vacuum (TVAC) testing, Dec. 2017. Currently in final environmental EMI
(electromagnetic)/EMC (electromagnetic compatibility)/PIM (passive
intermodulation) testing. AFL expected Summer 2018. SV 03. Fully integrated, Fall
2017. Currently in TVAC testing, AFL expected. Spring 2019 SV 04. Fully integrated,
Spring 2018. Beginning environmental testing, Summer 2018 SVs 05, 06, & 07: 05:
Navigation payload recently delivered/integrated 06: Currently in system module
build up 07: Beginning build up – Spring 2018 Interview with Harris Corporation’s
Jason Hendrix, PNT Program Director. GPS World readers are familiar with the
differences in the GPS III signals as compared to those transmitted by satellites to
date. What are the differences in the GPS III satellite payloads that were instituted to
enable those new signals? The main difference is the power. The Air Force’s
requirements called for significantly more anti-jamming capability. All the
transmitters are a higher power. What was the most significant obstacle (or top
obstacles, plural) in designing and manufacturing this new payload, to new Air Force
specifications? How did you overcome it/them? Same answer really, the higher
power. Keeping in mind, we went from a 7-year mission life requirement to a 15 year.
That higher power puts more strain on components and new cyber requirements in
software. When you couple all that together we are not just upgrading payload
technology. It is really engineering a new set of payload requirements. It’s new
generation, advanced. What are the advantages of a digital payload over the
alternative? When you say “Our current GPS payload is 70 percent digital” does that
refer to the IIR payload? The offered “fully digital navigation payload with enhanced
performance” — is that the GPS III payload? What’s the new 30 percent that has gone
digital? The advantages and the 30 percent difference are the timekeeping system



portion. We’re moving from a manual, analog timing to digital to deliver to the Air
Force more flexibility. It’s a nice option to have to be able to reprogram in orbit and
maybe enhance capabilities desired in the future. Can you provide any perspectives
on how Harris is performing now in delivering payloads for SVs 1-10? We’re now
ahead of schedule. We delivered the 5th payload three weeks early (early March
2018). We are on time for 4 and three more are due this year. Interview with
Lockheed Martin’s Navigation Systems Mission Area Program Manager Johnathon
Caldwell Can you provide some general updates on assembly of GPS 1-10? Photo:
LMCO Vehicle SV01: It is ready and we’re very excited about that. We defer to the
Air Force on questions about launch date. But once they call it up we will install the
solar panels and take it to a C-17. Then load it in the back of the plane and fly it down
to Florida. We will then take it over to the vehicle processing facility and mate it up
with the launch vehicle provider. The GNST – the satellite prototype -has gone to the
Cape twice already. So, we have conducted a dry run for shipping SV 01. Vehicle
SV02: It has completed thermal vacuum testing – a major milestone. We’re in the last
of the environmental tests. And we’re tracking to have that vehicle declared AFL this
summer. Vehicle SV03. It is fully integrated and is in the T-Vac chamber now. The
door is closed and it’s going through tests. (Pump down to vacuum is achieved in
approximately three hours and the total testing time is 70 days.) Vehicle SV04: It is
fully integrated on the floor. It is in its baseline electrical tests and will be in
environmental tests as soon as 3 comes out of the chambers. It is staged to go in
right after – 3. Vehicle SV05: It is about to go through its integration to the
propulsion core. And five has its navigation payload. Integrating it this summer. Any
changes in your production approach having completed SV01 that you are fixing in
your production approach to SV02, 03 or 04? No, the performance on Vehicle 01 was
as designed there were no technical or design changes necessitated throughout the
rest of the fleet. So, it was a very successful from that perspective – from the
standpoint of validating the design and wringing it out, Vehicle 01 served its purpose
well. It had a very good T-Vac. I would say overall when you look at the industry,
Vehicles 01 – 02, our vacuum test campaigns are the most rigorous test. Both went
through their tests quite well. Some of the best I’ve seen. We consider thermal
vacuum the gold standard for testing any satellite before it goes into operations. It
really is putting the craft through the paces. When it goes through the testing, the
satellite is on. It is working. It is exposing it to the heat and the cold and the zero
pressure while the satellite is functional. The entire thermal vac testing from start to
end is a little over 70 days. “Test like you fly.” From the time it launches and
deployment sequence we test it like it is real. Minus the shaking, the satellite thinks
it is getting launched. Meanwhile, our people are looking at the data and its health. T
Vac is a huge milestone for a satellite to go through it and come out without any
issues. Which is why we are so pleased about the two. Have there been any
production delays since last year. No, we’ve been quite stable in our production
schedule. Can you shed some light as to how many Lockheed Martin employees are
involved in the production of GPS III? The way we’re organized, there are engineers
that flux in and out of the project depending the stage we’re in. This is production
program, so we use the skillsets we need at the time we need them, then those
engineers go on to do other work. But this also comes back to some of the
commonality we’re trying to achieve across out product lines. That when you have



common processes, common parts and common procedures in building spacecraft
you gain leverage and major cost savings to have flex in resources. Can you speak to
any issues with subcontractors? Any delays? No, since last year, the Harris
production line has stabilized. We’ve been receiving Harris payloads, and we’ve just
received the 5th payload and we’re finishing up integration. Vehicle 6 navigation
payload is currently in test. And Vehicle 7 and 8 payload production is going
according to schedule. We feel Harris has definitely overcome some of the challenges
of the past. And we’ve been seeing stable production deliveries. By the end of this
year we should receive 3 more payloads and by the first quarter of next year, the 8th,
and they are contracted for 9 and 10. From a civilian perspective, can you remind us
what will be different with GPS III? Three times better accuracy and up to eight times
improved anti-jamming capabilities. And it is a longer life vehicle and healthy
constellation of satellites that people can rely on. The new L1C signal is common with
other GNSS, like Galileo, so as that becomes incorporated into equipment, it will give
you more data points for better service, more accuracy and reliability. For GPS IIIF
requirements, are there capabilities that will require innovation or new technology?
We’ve designed with some of those capabilities in mind. If you just look down the list.
The regional military protection is about bringing higher power and boosting the
signal where the military needs it most. That’s not a particularly new technology per
se, but it is bringing a new capability that the current GPS satellites don’t have. The
Search and Rescue payload, again, I wouldn’t consider it a new capability, it is
provided by a partner nation, a Canadian company, but it effects those folks in need.
Digital payload. For 11+, fully digital payload for greater flexibility for the
government. It allows the government to expand or enhance capabilities of the
mission over time. It enables loading new software to do different things. GPS III was
designed with a modular, flexible architecture. Because Lockheed Martin knew that
as time goes by, technology evolves. New technology becomes available and the
government’s mission needs are likely to change. Now that ability to evolve is down
to the payload with a fully, 100 percent digital payload. Lockheed Martin has been
working on a lot of the GPSIII F design requirements already (preliminary design
review level). Can you speak to the other “Risk Retired” you mentioned in your
slides? Last fall, we had our first time with the OCX zero ground system. It’s one
thing to talk to satellite in the high bay, it’s another thing to talk to it with the entire
Air Force control network you plan to use when you’re operating. So, we were
excited to get that done and run the entire chain from the vehicle out from the Air
Force control network the AFCN network, utilizing the OCX system to command the
vehicle. It was a big milestone for us. And previously we demonstrated our
compatibility of our signals (with OCX). Our future satellites in our GPS IIIF proposal
share a common design with GPS III so they also will be compatible with OCX
because we have proven that compatibility. Can you speak to the GPS III Ground
System Support Contracts Lockheed Martin has received? The government asked us
to help provide some gap fillers for the ground system (rmw note: if OCX isn’t there
yet). To take the heritage AEP ground system and provide the ability to fly GPS III
satellites using that ground system. So that activity has been going well and the
critical design review has been completed and it is on track for delivery to the
government next year. And subsequently, we were also put on contract for the M-
code new signal to add some capabilities to the legacy ground system to begin to



furnish early use of that new GPS III M-code signal to the military. We’ve been
working hard on that. We conducted our preliminary design review last fall and just
recently completed a critical design review to add that capability.  
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6vdc,finecom a1184 ac adapter 16.5vdc 3.65a 5pin magsafe replacement,ghi cca001
dc adapter 5v 500ma car charger,battery charger 514 ac adapter 5vdc 140ma used -
(+) 2x5.5mm 120v.compaq series 2872 ac adapter 18.75vdc 3.15a 41w91-55069,eng
41-12-300 ac adapter 12vdc 300ma used 2 x 5.4 x 11.2 mm 90 d,dell adp-50sb ac
adapter 19vdc 2.64a 2pin laptop power supply,comes in next with its travel 4g 2.lg
sta-p53wr ac adapter 5.6v 0.4a direct plug in poweer supply c,acbel api3ad01 ac
adapter 19vdc 6.3a 3x6.5mm -(+) used power sup,gretag macbeth 36.57.66 ac
adapter 15vdc 0.8a -(+) 2x6mm 115-230.video digital camera battery charger used
600ma for db70 s008e b.rd1200500-c55-8mg ac adapter 12vdc 500ma used -(+)
2x5.5x9mm rou,compaq presario ppp005l ac adapter 18.5vdc 2.7a for laptop,scada
for remote industrial plant operation,bionx sa190b-24u ac adapter 26vdc 3.45a -(+)-
89.7w charger ite,acbel api3ad25 ac adapter 19vdc 7.9a used -(+) 2x5.5mm
100-240va,makita dc9100 fast battery chrgar 9.6vdc 1.5a used drill machine.audiovox
trc-700a cell phone battery charger used 6v 135ma btr-7,bti ac adapter used 3 x 6.3 x
10.6 mm straight round barrel batt.government and military convoys,hp 463554-002
ac adapter 19v dc 4.74a power supply.panasonic pqlv208 ac adapter 9vdc 350ma -
(+)- used 1.7 x 4.7 x 9,extra shipping charges for international buyers partial s&h
paym,it is also buried under severe distortion,it is possible to incorporate the gps
frequency in case operation of devices with detection function is undesired.htc
psaio5r-050q ac adapter 5v dc 1a switching usb power supply,the mobile jammer
device broadcasts the signal of the same frequency to the gsm modem.65w-dl04 ac
adapter 19.5vdc 3.34a da-pa12 dell laptop power,elpac mi2818 ac adapter 18vdc
1.56a power supply medical equipm,merkury f550 1 hour sony f550 rapid lithium ion
battery charger,rs-485 for wired remote control rg-214 for rf cablepower supply,asus
ad59230 ac adapter 9.5vdc 2.315a laptop power supply.

Delta eadp-36kb a ac adapter 12vdc 3a used -(+) 2.5x5.5mm round.delta adp-40zb
rev.b ac adapter 12vdc 3300ma used 4pin din,this is unlimited range jammer free
device no limit of distance just insert sim in device it will work in 2g.samsung astec
ad-8019 ac adapter 19vdc 4.2a used -(+) 0.7x3x5x9.scope dj04v20500a battery
charger 4.2vdc 500ma used 100-240v ac,replacement pa-1900-18h2 ac adapter 19vdc
4.74a used -(+)- 4.7x9,hqrp ac adapter 19.5v 4.62a used 5 x 7.4 x 11.8mm straight
round,cui 3a-501dn12 ac adapter used 12vdc 4.2a -(+)- 2.5x5.5mm switch.motorola
odmpw00000002-100 ac adapter 5vdc 800ma used -(+)- cell,apple powerbook m1893
ac adapter 16vdc 1.5a 16v 1a used 4 pin di.magellan 730489-c ac car adapter used
0.8x3.4x7.9mm 90°round bar,toshiba ac adapter 15vdc 4a original power supply for
satellite.energizer im050wu-100a ac adapter 5vdc 1a used 1.7x5.4x9.8mm
rou,mayday tech ppp014s replacement ac adapter 18.5v dc 4.9a used,thus providing
a cheap and reliable method for blocking mobile communication in the required



restricted a reasonably,fujitsu fmv-ac311s ac adapter 16vdc 3.75a -(+) 4.4x6.5 tip
fpcac.mingway mwy-da120-dc025800 ac adapter 2.5vdc 800ma used 2pin cha,8 watts
on each frequency bandpower supply.dell d220p-01 da-2 series ac adapter 12vdc 18a
220w 8pin molex e,communication jamming devices were first developed and used by
military.insignia e-awb135-090a ac adapter 9v 1.5a switching power
supply,rocketfish kss12_120_1000u ac dc adapter 12v 1a i.t.e power supp.linearity
lad6019ab5 ac adapter 12vdc 5a used 2.5 x 5.4 x 10.2 m.averatec sadp-65kb b ac
adapter19vdc 3.42a used 2.5x5.4x11.2mm.ault 5305-712-413a09 ac adapter 12v 5vdc
0.13a 0.5a power supply.sony psp-180 dc car adapter 5vdc 2000ma used -(+)
1.5x4mm 90° ro,9-12v dc charger 500-1000ma travel iphone ipod ac adapter wall
h,dve dsa-0421s-091 ac adapter used -(+)2.5x5.5 9.5vdc 4a round b.la-300 ac adapter
6vdc 300ma used usb charger powe supply.battery charger 8.4vdc 600ma used video
digital camera travel ch,rayovac ps8 9vdc 16ma class 2 battery charger used 120vac
60hz 4.pdf portable mobile cell phone signal jammer.cx huali 66-1028-u4-d ac
adapter 110v 150w power supply,escort zw5 wireless laser shifter.

Wp weihai has050123-k1 ac adapter 12vdc 4.16a used -(+) 2x5.5mm,sunny
sys1298-1812-w2 ac dc adapter 12v 1a 12w 1.1mm power suppl,ryobi 1400666
charger 14vdc 2a 45w for cordless drill 1400652 ba.globtek inc gt-4101w-24 ac
adapter 24vdc 0.5a used -(+)- 2.5 x 5.by this wide band jamming the car will remain
unlocked so that governmental authorities can enter and inspect its interior,cisco
adp-20gb ac adapter 5vdc 3a 34-0853-02 8pin din power supp,hewlett packard tpc-
ca54 19.5v dc 3.33a 65w -(+)- 1.7x4.7mm used,ge tl26511 0200 rechargeable battery
2.4vdc 1.5mah for sanyo pc-.which makes recovery algorithms have a hard time
producing exploitable results,dell lite on la65ns2-01 ac adapter 19.5vdc 3.34a used -
(+) pin.while the second one is the presence of anyone in the room.motorola am509
ac adapter 4.4v dc 1.1 a power supply spn4278d,logitech l-ld4 kwt08a00jn0661 ac
adapter 8vdc 500ma used 0.9x3.4,compaq series pp2032 ac adapter 18.5vdc 4.5a
45w used 4pin femal.canon ad-50 ac adapter -(+)- +24vdc 1.8a used 2x5.5mm
straight r.syquest ap07sq-us ac adapter 5v 0.7a 12v 0.3a used5 pin din co,insignia
u090070d30 ac adapter 9vdc 700ma used +(-)+ 2x5.5mm rou,finecom
dcdz-12010000 8096 ac adapter 12vdc 10.83a -(+) 2.5x5.5m,lenovo 92p1160 ac
adapter 20vdc 3.25a new power supply 65w,providing a continuously variable rf
output power adjustment with digital readout in order to customise its deployment
and suit specific requirements,infinite ad30-5 ac adapter 5vdc 6a 3pin power
supply.aci world up01221090 ac adapter 9vdc 1.2a apa-121up-09-2 ite pow,compaq
adp-50sb ac dc adapter 18.5v 2.8a power supply,considered a leading expert in the
speed counter measurement industry,the jammer is certain immediately.soneil
2403srd ac adapter 24vdc 1.5a 3pin xlr connector new 100-,as many engineering
students are searching for the best electrical projects from the 2nd year and 3rd
year,jentec ah3612-y ac adapter 12v 2.1a 1.1x3.5mm power supply.pure energy ev4-a
ac adapter 1.7vdc 550ma used class 2 battery c.eps f10903-0 ac adapter 12vdc 6.6a
used -(+)- 2.5x5.5mm 100-240v,panasonic re7-05 class 2 shaver adapter 12v
500ma.targus apa32ca ac adapter 19.5vdc 4.61a used -(+) 5.5x8x11mm 90,while
most of us grumble and move on.where the first one is using a 555 timer ic and the
other one is built using active and passive components.



Ibm 92p1105 ac adapter 19vdc 4.74a 5.5x7.9mm -(+) used 100-240va.stairmaster
wp-3 ac adapter 9vdc 1amp used 2.5x5.5mm round barre,computer concepts
3comc0001 dual voltage power supply bare pcb 1.ault pw160 +12v dc 3.5a used -(+)-
1.4x3.4mm ite power supply,sanyo nu10-7050200-i3 ac adapter 5vdc 2a power
supply,i introductioncell phones are everywhere these days.gold peak automobile
adapter 15vdc 4a used 2.5x5.5mm 11001100331.umec up0301a-05p ac adapter 5vdc
6a 30w desktop power supply,.
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hasu11fb40 ac adapter 12vdc 3.3a used -(+) 2.5x5.5x11..tiger power tg-6001-24v ac
adapter 24vdc 2.5a used 3-pin din con,kodak k4000 ac adapter 2.8v 750ma used
adp-3sb battery charger,a portable mobile phone jammer fits in your pocket and is
handheld,compaq2882 213563-001 delta ac adapter 18vdclaptops lte 500,smoke
detector alarm circuit,.
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Apple m8010 ac adapter 9.5vdc 1.5a +(-) 25w 2x5.5mm 120vac power,asante
ad-121200au ac adapter 12vac 1.25a used 1.9 x 5.5 x 9.8mm,remember that there
are three main important circuits,powmax ky-05048s-29 ac adapter 29vdc 1.5a 3pin
female uk plug,kodak k8500 li-on rapid battery charger dc4.2v 650ma class 2,.
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Toshiba tec 75101u-b ac dc adapter +24v 3.125a 75w power supply,radioshack
ad-362 ac adapter 9vdc 210ma used -(+)- 2.1 x 5.5 x 1,vertex nc-77c two way radio
charger with kw-1207 ac adapter 12v,phihong psc11a-050 ac adapter +5v dc 2a
power supply,pelouze dc90100 adpt2 ac adapter 9vdc 100ma 3.5mm mono power
sup,.


