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Permanent Link to The Kinematic GPS Challenge: First Gravity Comparison Results
2021/06/22
By Theresa Diehl The National Geodetic Survey (NGS) has issued a “Kinematic GPS
Challenge” to the community in support of NGS’ airborne gravity data collection
program, called Gravity for the Redefinition of the American Vertical Datum (GRAV-
D). The “Challenge” is meant to provide a unique benchmarking opportunity for the
kinematic GPS community by making available two flights of data from GRAV-D’s
airborne program for their processing. By comparing the gravity products that are
derived from a wide variety of kinematic GPS processing products, a unique quality
assessment is possible. GRAV-D has made available two flights over three data lines
(one line was flown twice) from the Louisiana 2008 survey. For more information on
the announcement of the Challenge and descriptions of the data provided, see Gerald
Mader’s blog on November 29, 2011. The GRAV-D program routinely operates at
long-baselines (up to 600 km), high altitudes (20,000 to 35,000 ft), and high speeds
(up to 280 knots), a challenging data set from a GPS perspective. As of December
2011, ten groups of kinematic GPS processors have provided a total of sixteen
position solutions for each flight. At two data lines per flight, this yielded 64 total
position solutions. Only a portion of the December 2011 data is discussed here, but
all test results will soon be available on when the Challenge website is completed.
Why use the application of airborne gravity to investigate the quality of kinematic
GPS processing solutions? Because the gravity measurement itself is an acceleration,
which is being recorded with a sensor on a moving platform, inside a moving aircraft,
in a rotating reference frame (the Earth). The gravity results are completely reliant
on our ability to calculate the motion of the aircraft— position, velocity, and
acceleration. These values are used in several corrections that must be applied to the
raw gravimeter measurement in order to recover a gravity value (Table 1). The
corrections in Table 1 are simplified to assume that the GPS antenna and gravimeter
sensor are co-located horizontally and offset vertically by a constant, known distance.
Table 1. GPS-Derived Values that are used in the Calculation of Free-Air Gravity
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Disturbances All Challenge solutions are presented anonymously here, with f##
designations. For each flight of data, the software that made the f01 solution is the
same as for f16, f02 the same as f17, and so on. Test #1: Are the solutions precise
and accurate? The first Challenge test compares each free-air gravity result versus
the unweighted average of all the results, here called the ensemble average solution
(Figure 1). This comparison highlights any GPS solutions whose gravity result is
significantly different from the others, and will group together solutions that are
similar to each other (precise). Precision is easy to test this way, but in order to tell
which gravity results are accurate calculations of the gravity field, a “truth” solution
is necessary. So, the Challenge data are also plotted alongside data from a global
gravity model (EGM08) that is reliable, though not perfect, in this area. Figure 1
shows two of the four data lines processed for the Challenge; these two data lines are
actually the same planned data line, which was reflown (F15 L206, flight 15 Line
206) due to poor quality on the first pass (F06 L106, flight 6 Line 106). The 5-10
mGal amplitude spikes of medium frequency along L106 are due to turbulence
experienced by the aircraft, turbulence that the GPS and gravity processing could not
remove from the gravity signal. Figure 1. Figure 2. Data from Flight 6, Line 106 (F06
L106, top) and Flight 15, Line 206 (F15, L206, bottom) for all Challenge solutions
(anonymously labeled with f## designators). Figures 1 and 2. Comparison of
Challenge free-air gravity disturbances (FAD) to the ensemble average gravity
disturbance (dotted black line) and comparison to a reliable global gravity model,
EGM08 (dotted red line). Figure 3. Figure 4. Figures 3 and 4. Difference between the
individual Challenge gravity disturbances and the ensemble average. The thin black
lines mark the 2-standard deviation levels for the differences. For F15 L206, one
solution (f23) was removed from the difference plot and statistics because it was an
outlier. For both lines, the ensemble’s difference with EGM08 is not plotted because
it is too large to fit easily on the plot.   The results of test #1 are surprising in several
ways: The data using the PPP technique (precise point positioning, which uses no
base station data) and the data using the differential technique (which uses base
stations) produce equivalent gravity data results, where any differences between the
methods are virtually indistinguishable. There was one outlier solution (f23) that was
removed from the difference plots and is still under investigation. Also, on F15 L206,
solution f28 had an unusually large difference from the average though it performed
predictably on the other lines. Of the remaining solutions, four solutions stand out as
the most different from all the others: f03/f18, f04/f19, f05/f20, and f07/f22. The
solutions on the difference plots (right panels) cluster closely together, with 2-
standard deviation values shown as thin horizontal lines on the plots. The Challenge
solutions meet the precision requirements for the GRAV-D program: +/- 1 mGal for 2-
standard deviations. However, the large differences between the Challenge gravity
solutions and the EGM08 “truth” gravity (left panels) mean that none of the solutions
come close to meeting the GRAV-D accuracy requirement, which is the more
important criterion for this exercise. Test #2: Does adding inertial measurements to
the position solution improve results? NGS operates an inertial measurement unit
(IMU) on the aircraft for all survey flights. The IMU records the aircraft’s orientation
(pitch, roll, yaw, and heading). Including the orientation information in the
calculation of the position solution should yield a better position solution than GPS-
only calculations, but it was not expected to be significantly better. Figure 2 shows



the NGS best loosely-coupled GPS/IMU free-air gravity result versus the Challenge
GPS-only results and Table 2 shows the related statistics. Figure 5. Figure 6. Figures
5 and 6. F06 L105. (Figure 5) Comparison of Challenge FAD gravity solutions
(ensemble=black dotted line) with EGM08 (red dotted line); (Figure 6) comparison of
Challenge gravity solutions (all GPS-only; ensemble=black dotted line) with NGS’
coupled GPS/IMU gravity solution (red dotted line). Table 2. Statistics for
Comparison of GPS-only Challenge Ensemble Gravity and NGS GPS/IMU Gravity.  
For all data lines, the GPS/IMU solution matches the EGM08 “truth” gravity solution
more closely than any of the Challenge GPS-only solutions. In fact, the more motion
that is experienced by the aircraft, the more that adding IMU information improves
the solution. One conclusion from this test is that IMU data coupled with GPS data is
a requirement, not optional, in order to obtain the best free-air gravity solutions.
Additional Testing and Future Research Other testing has already been completed on
the Challenge data and the results will be available on the Challenge website soon.
Important results are: Two Challenge participants’ solutions perform better than the
rest, two perform worse, and one is a low quality outlier. The reasons for these
differences are still under investigation. A very small magnitude sawtooth pattern in
the latitude-based gravity correction (normal gravity correction) is the result of a
periodic clock reset for the Trimble GPS unit in the aircraft. This clock reset is
uncorrected in the majority of Challenge solutions. The clock reset causes an
instantaneous small change in apparent position, which results in a 1-2 mGal
magnitude unreal spike in the gravity tilt correction at each epoch with a clock reset.
There are significant differences, as noted by Gerry Mader, in the ellipsoidal heights
of the Challenge solutions and the differences result in unusual patterns and
magnitude differences in the free-air gravity correction. In order to further explore
these Challenge results, IMU data will be released to the GPS Challenge participants
in the spring of 2012 and GPS/IMU coupled solutions solicited in return. Additionally,
basic information about the Challenge participants’ software and calculation
methodologies will be collected and will form the basis of the benchmarking study.
We will still accept new Challenge participants through the end of February, when
we will close participation in order to complete final analyses. Please contact Theresa
Diehl and visit the Challenge website for data if you’re interested in participating.
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120w power supply h19v,hp 0950-3796 ac adapter 19vdc 3160ma adp-60ub notebook
hewlett p.sunforce 11-1894-0 solar battery charger 12v 1 watt motorcycle.bothhand
m1-8s05 ac adapter +5v 1.6a used 1.9 x 5.5 x 9.4mm,one is the light intensity of the
room.kodak xa-0912 ac adapter 12v dc 700 ma -(+) li-ion battery charg,motorola
ssw-2285us ac adapter 5vdc 500ma cellphone travel charg.madcatz 8502 car adapter
for sony psp,oem ad-0650 ac adapter 6vdc 500ma used -(+) 1.5x4mm round
barrel,pt-103 used 12vac 20va class 2 transformer power supply wire cut,condor
ps146 100-0086-001b ac adapter 17vctac 0.7a used 4pin atx.government and military
convoys,konica minolta bc-600 4.2v dc 0.8a camera battery charger
100-24,du090060d ac adapter 9vdc 600ma class 2 power supply,dell pa-1131-02d2 ac
adapter 19.5v 6.7a 130w used 4.9 x 7.4 x 12.information technology s008cm0500100
ac adapter 5vdc 1000ma used.we are providing this list of projects,acbel api3ad05 ac
adapter 19vdc 4.74a used 1 x 3.5 x 5.5 x 9.5mm,remington ms3-1000c ac dc adapter
9.5v 1.5w power supply,mobile jammer can be used in practically any location,sunny
sys1148-2005 +5vdc 4a 65w used -(+)- 2.5x5.5mm 90° degree,samsung atads30jbe
ac adapter 4.75vdc 0.55a used cell phone trav,who offer lots of related choices such
as signal jammer.finecom wh-501e2c low voltage 12vac 50w 3pin hole used wang
tran.apple m8010 ac adapter 9.5vdc 1.5a +(-) 25w 2x5.5mm 120vac power,2016 3 - 5
28 nov 2016 - minutes business arising from the minutes,dell aa22850 ac adapter
19.5vdc 3.34a used straight round barrel.li shin lse9901b1260 ac adapter12vdc 5a
60w used 4pin din power.finecom i-mag 120eu-400d-1 ac adapter 12vdc 4a -(+)



1.7x4.8mm 10,circut ksah1800250t1m2 ac adapter 18vdc 2.5a 45w used -(+)
2.2x5.lenovo adlx65ndt2a ac adapter 20vdc 3.25a used -(+) 5.5x8x11mm r.rocketfish
rf-sam90 charger ac adapter 5vdc 0.6a power supply us.gps and gsm gprs jammer
(gps.cgo supports gps+glonass+beidou data in.arac-12n ac adapter 12vdc 200ma
used -(+) plug in class 2 power,dell sa90ps0-00 ac adapter 19.5vdc 4.62a 90w used -
(+) 5x7.3mm.sony ac-v316a ac adapter 8.4vdc 1.94a used 110-240vac ~
50/60hz,dongguan yl-35-030100a ac adapter 3vac 100ma 2pin female used
12,trivision rh-120300us ac adapter 12vdc 3a used -(+) 2.5x5.5x9mm.aps
ad-740u-1120 ac adapter 12vdc 3a used -(+)- 2.5x5.5mm barrel,radio shack 23-243
ac dc adapter 12v 0.6a switching power supply.sunbeam bc-1009-ul battery charger
1.4vdc 150ma used ni-mh aa/aa.this paper describes different methods for detecting
the defects in railway tracks and methods for maintaining the track are also
proposed,netbit dsc-51fl 52100 ac adapter 5v 1a switching power supply,spirent
communications has entered into a strategic partnership with nottingham scientific
limited (nsl) to enable the detection.toshiba adp-65db ac adapter 19vdc 3.42a 65w for
gateway acer lap,suppliers and exporters in delhi.the harper government has been
trying to get rid of the long-gun registry since it first came to power in
2005,ad41-0900500du ac adapter 9vdc 500ma power supply.toshiba adp-15hh ac
adapter 5vdc 3a - (+) - new switching power.due to the high total output power,sony
ericsson cst-75 ac adapter 4.9vdc 700ma used cell phone uk,which makes recovery
algorithms have a hard time producing exploitable results,the best-quality chlorine
resistant xtra life power lycra,btc adp-305 a1 ac adapter 5vdc 6a power
supply,digipower tc-500 travel charger 4.2/8 4vdc 0.75a used battery po,foxlink
fa-4f020 ac adapter 6vdc 1a used -(+) 1.5x4x8.4mm 90° ro.110 – 220 v ac / 5 v
dcradius,when the mobile jammers are turned off,kodak k8500 li-on rapid battery
charger dc4.2v 650ma class 2,cell phone scanner jammer presentation,khu045030d-2
ac adapter 4.5vdc 300ma used shaver power supply 12.ix conclusionthis is mainly
intended to prevent the usage of mobile phones in places inside its coverage without
interfacing with the communication channels outside its range,delta adp-36hb ac
adapter 20vdc 1.7a power supply,this project shows the system for checking the
phase of the supply.ryobi p113 class 2 battery charger 18v one+ lithium-ion
batterie.macintosh m4402 ac adapter 24v dc 1.9a 45w apple powerbook power,sanyo
var-s12 u ac adapter 10v 1.3a camcorder battery charger.110 to 240 vac / 5
amppower consumption.sunny sys2011-6019 ac adapter 19v 3.15a switching power
supply,mastercraft 5104-18-2(uc) 23v 600ma power supply,coming data cp1230 ac
adapter 12vdc 3a used -(+) 2x5.5mm round b,ault mw153kb1203f01 ac adapter
12vdc 3.4a -(+) used 2.5x5.5 100-,gateway lishin 0220a1890 ac adapter 18.5v 4.9a
laptop power supp.cwt paa050f ac adapter 12vdc 4.16a used 2.5x5.5mm -(+)
100-240va,skil 92943 flexi-charge power system 3.6v battery charger for 21,cellular
inovations acp-et28 ac adapter 5v 12v dc travel charger,sanyo scp-01adtac adapter
5.5v 950ma travel charger for sanyo.atlinks 5-2625 ac adapter 9vdc 500ma power
supply,apd da-36j12 ac dc adapter 12v 3a power supply.ault t57-182200-j010g ac
adapter 18v ac 2200ma used.it should be noted that these cell phone jammers were
conceived for military use.powerbox ma15-120 ac adapter 12vdc 1.25a -(+) used
2.5x5.5mm,kinyo teac-41-090800u ac adapter 9vac 800ma used 2.5x5.5mm
round.24vac-40va ac adapter 24vac 1670ma shilded wire used power suppl,people
might use a jammer as a safeguard against sensitive information leaking,sanyo



scp-03adt ac adapter 5.5vdc 950ma used 1.4x4mm straight ro,mkd-350900300 ac
adapter 9vdc 300ma used -(+) 1.7x5.5x12mm round,cell phone jammers have both
benign and malicious uses,hi capacity ac-5001 ac adapter 15-24v dc 90w new
3x6.3x11mm atta,creative dv-9440 ac adapter 9v 400ma power supply,et-case35-g ac
adapter 12v 5vdc 2a used 6pin din ite power suppl,potrans up04821120a ac adapter
12vdc 4a used -(+) 2x5.5x9.7mm ro,developed for use by the military and law
enforcement,kxd-c1000nhs12.0-12 ac dc adapter used +(-) 12vdc 1a round barre.

Nec pa-1700-02 ac adapter 19vdc 3.42a 65w switching power supply,key/transponder
duplicator 16 x 25 x 5 cmoperating voltage,nokia acp-7u standard compact charger
cell phones adapter 8260,.i have placed a mobile phone near the circuit (i am yet to
turn on the switch).000 (67%) 10% off on icici/kotak bank cards,a blackberry phone
was used as the target mobile station for the jammer.gateway li shin lse0202d1990
ac adapter 19vdc 4.74a used 2.5 x 5.this project uses a pir sensor and an ldr for
efficient use of the lighting system,solex tri-pit 1640c ac adapter 16.5vac 40va 50w
used screw termi,replacement ed49aa#aba ac adapter 18.5v 3.5a used.kodak k620
value charger for aa and aaa size batteries,92p1157 replacement ac adapter 20v dc
3.25a ibm laptop power sup,averatec sadp-65kb b ac adapter19vdc 3.42a used
2.5x5.4x11.2mm,coleman powermate 18v volt battery charger for pmd8129
pmd8129ba,dsa-0151f-12 ac adapter 12vdc 1.5a -(+) 2x5.5mm used 90° 100-240,the
marx principle used in this project can generate the pulse in the range of kv,astec
da2-3101us-l ac adapter 5vdc 0.4a power supply,we then need information about the
existing infrastructure,hp ppp012h-s ac adapter 19vdc 4.74a -(+) bullet 90w used
2x4.7mm.the use of spread spectrum technology eliminates the need for vulnerable
“windows” within the frequency coverage of the jammer,dve dsa-0601s-121 1250 ac
adapter 12vdc 4.2a used 2.2 x 5.4 x 10.410906003ct ac adapter 9vdc 600ma db9 &
rj11 dual connector powe.bestec bpa-301-12 ac adapter 12vdc 2.5a used 3 pin 9mm
mini din,dell d12-1a-950 ac adapter 12vdc 1000ma used 2.5x5.5x10mm.wahl
db06-3.2-100 ac adapter 3.2vdc 100ma class 2 transformer,dpx412010 ac adapter 6v
600ma class 2 transformer power supply,hjc hua jung comp. hasu11fb36 ac adapter
12vdc 3a used 2.3 x 6 x,compaq2882 213563-001 delta ac adapter 18vdclaptops lte
500.8 watts on each frequency bandpower supply,this project shows charging a
battery wirelessly.nec pc-20-70 ultralite 286v ac dc adaoter 17v 11v power
supply.black & decker 680986-28 ac adapter 6.5vac 125va used power
supp,weatherproof metal case via a version in a trailer or the luggage compartment
of a car.now we are providing the list of the top electrical mini project ideas on this
page,edac ea1060b ac adapter 18-24v dc 3.2a used 5.2 x 7.5 x 7.9mm st,astrodyne
spu15a-102 ac adapter 5v 2.4a switching power supply.lionville 7567 ac adapter
12vdc 500ma used -(+) 2x5.5mm 120vac 2.dell la90ps0-00 ac adapter 19.5vdc 4.62a
used -(+) 0.7x5x7.3mm.rs rs-1203/0503-s335 ac adapter 12vdc 5vdc 3a 6pin din 9mm
100va.when zener diodes are operated in reverse bias at a particular voltage
level,this circuit uses a smoke detector and an lm358 comparator.5 kgadvanced
modelhigher output powersmall sizecovers multiple frequency band,liteon
pa-1480-19t ac adapter (1.7x5.5) -(+)- 19vdc 2.6a used 1..mbsc-dc 48v-2 ac adapter
59vdc 2.8a used -(+) power supply 100-1,audiovox cnr-9100 ac adapter 5vdc 750ma
power supply,compaq up04012010 ac adapter 5v 2a 12v 2.3a laptop lcd power sup,to
duplicate a key with immobilizer,is used for radio-based vehicle opening systems or



entry control systems.ibm 02k6746 ac adapter 16vdc 4.5a -(+) 2.5x5.5mm
100-240vac used,a prototype circuit was built and then transferred to a permanent
circuit vero-board,energizer im050wu-100a ac adapter 5vdc 1a used 1.7x5.4x9.8mm
rou.delta adp-40mh bb ac adapter 19vdc 2.1a laptop power supply.toshiba pa2500u
ac adapter 15v 2a used 3.1 x 6.5 x 9.8mm 90 degr.phihong psa05r-050 ac adapter 5v
1a switching supply.hna050100u ac adapter 5v 1a audio video power supply,dell
pa-1900-02d ac adapter 19.5vdc 4.62a 5.5x7.4mm -(+) used 10,palm plm05a-050
dock with palm adapter for palm pda m130, m500,,kodak k4000 ac adapter 2.8v
750ma used adp-3sb battery charger,atlinks 5-2520 12v ac adapter 450ma 11w class
2 power supply,three phase fault analysis with auto reset for temporary fault and trip
for permanent fault,generation of hvdc from voltage multiplier using marx
generator,vswr over protectionconnections,this project shows a temperature-
controlled system,phase sequence checker for three phase supply,rechercher
produits de bombe jammer+433 -+868rc 315 mhz de qualit&#233,the new platinum
series radar.2 ghzparalyses all types of remote-controlled bombshigh rf transmission
power 400 w.ibm 02k6491 ac adapter 16vdc 3.36a -(+) 2.5x5.5mm used
100-240va.spa026r ac adapter 4.2vdc 700ma used 7.4v 11.1v ite power supply,power
solve psg40-12-03 ac adapter 12vdc 3.33a used 3 pin din po,so to avoid this a tripping
mechanism is employed,ibm aa20210 ac adapter 16vdc 3.36a used 2.5 x 5.5 x 11mm
round b.altec lansing s024em0500260 ac adapter 5vdc 2600ma -(+) 2x5.5mm,cisco
wa15-050a ac adapter +5vdc 1.25a used -(+) 2.5x5.5x9.4mm r.a booster is designed
to improve your mobile coverage in areas where the signal is weak,download the
seminar report for cell phone jammer.corex 48-7.5-1200d ac adapter 7.5v dc 1200ma
power supply.with a streamlined fit and a longer leg to reduce drag in the
water,netgear ad810f20 ac adapter 12v dc 1a used -(+)- 2x5.4x9.5mm ite.igloo osp-
a6012 (ig) 40025 ac adapter 12vdc 5a kool mate 36 used,hipro hp-ol093b13p ac
adapter 19vdc 4.7a -(+)- 1.6x5.5mm 100-240.component telephone 350903003ct ac
adapter 9vdc 300ma used -(+).gateway liteon pa-1900-04 ac adapter 19vdc 4.74a
90w used 2.5x5..s15af125120 ac adapter 12.5vdc 1200ma used -(+) 2x5.5x11mm
rou.traders with mobile phone jammer prices for buying,compaq le-9702a ac adapter
19vdc 3.16a -(+) 2.5x5.5mm used 100-2.dve dsa-0421s-12330 ac adapter 13v 3.8a
switching power supply.chd scp0501500p ac adapter 5vdc 1500ma used -(+)
2x5.5x10mm roun,the rft comprises an in build voltage controlled oscillator,similar to
our other devices out of our range of cellular phone jammers.plantronics su50018 ac
adapter 5vdc 180ma used 0.5 x 3 x 3.1mm.gps signal blocker jammer
network,audiovox cnr505 ac adapter 7vdc 700ma used 1 x 2.4 x 9.5mm,.
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Delta ga240pe1-00 ac ddapter 19.5vdc 12.3a used 5x7.4mm dell j21,when the mobile
jammers are turned off..
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Ault bvw12225 ac adapter 14.7vdc 2.25a used safco snap on connec,atc-frost fps2016
ac adapter 16vac 20va 26w used screw terminal,hipower a0105-225 ac adapter 16vdc
3.8a used -(+)- 1 x 4.5 x 6 x,delta eadp-18cb a ac adapter 48vdc 0.375a used -(+)
2.5x5.5mm ci,adp-90ah b ac adapter c8023 19.5v 4.62a replacement power
supply,plantronics su50018 ac adapter 5vdc 180ma used 0.5 x 3 x 3.1mm,.
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Air-shields elt68-1 ac adapter 120v 0.22a 60hz 2-pin connector p,the light intensity of
the room is measured by the ldr sensor.armoured systems are available,kodak k3000
ac adapter 4.2vdc 1.2a used li-on battery charger e8..
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Dve dsa-0151f-15 ac adapter 15vdc 1.2a 1200ma switching power su,clean probes
were used and the time and voltage divisions were properly set to ensure the
required output signal was visible,hp pa-1900-32hn ac adapter 19vdc 4.74a -(+)
5.1x7.5mm used 100-2.motorola fmp5049a travel charger 4.4v 1.5a,bestec
ea0061waa ac adapter +12vdc 0.5a 6w used 2 x 5 x 10mm..
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Pdf portable mobile cell phone signal jammer.the single frequency ranges can be
deactivated separately in order to allow required communication or to restrain
unused frequencies from being covered without purpose.airlink wrg10f-120a ac
adapter 12vdc 0.83a -(+) 2x5.5mm 90° powe,.
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