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Permanent Link to The Kinematic GPS Challenge: First Gravity Comparison Results
2021/07/28

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
Disturbances All Challenge solutions are presented anonymously here, with f##
designations. For each flight of data, the software that made the fO1 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
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(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 (EGMO08) 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 (FO6 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,
EGMO08 (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 EGMO08 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 EGMO08 “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. FO6 L105. (Figure 5) Comparison of Challenge FAD gravity solutions
(ensemble=black dotted line) with EGMO08 (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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Replacement ac adapter 15dc 5a 3x6.5mm fo acbel api4ad20 toshiba.toshiba
p015rw05300j01 ac adapter Svdc 3a used -(+) 1.5x4x9.4mm,xp power ecm100uq43
psu 5vdc 10a open frame 80w power supply qua,premium power eal060b ac adapter
18.5v 3.5a compaq laptop power.conversion of single phase to three phase
supply,group west trc-12-0830 ac adapter 12vdc 10.83a direct plug in po.cisco 16000
ac adapter 48vdc 380ma used -(+)- 2.5 x 5.5 x 10.2 m.condor a9500 ac adapter 9vac
500ma used 2.3 x 5.4 x 9.3mm,spi sp036-rac ac adapter 12vdc 3a used 1.8x4.8mm
90° -(+)- 100-2,southwestern bell freedom phone 9a300u ac adapter 9vac
300ma,anoma electric aec-4130 ac adapter 3vdc 350ma used 2x5.5x9.5mm,this
project shows the starting of an induction motor using scr firing and triggering.cnet
ad1605c ac adapter dc 5vdc 2.6a -(+)- 1x3.4mm 100-240vac us.dell hp-oq065b83 ac
dc adapter 19.5v 3.34a power supply,replacement vsk-0725 ac adapter 7.9vdc 1.4a
power supply for pan.polycom sps-12a-015 ac adapter 24vdc 500ma used 2.3 x 5.3 x
9.5,ryobi 140237023 18.0v 19vdc 2.2a 1423701 cordless drill battery,yh-u35060300a
ac adapter 6vac 300ma used ~(~) 2x5.5mm straight r.southwestern bell freedom
phone 9a200u-28 ac adapter 9vac 200ma,hp compaq series ppp0141 ac adapter
18.5vdc 4.9a power supply fo,sunforce 11-1894-0 solar battery charger 12v 1 watt



motorcycle,condor 41-9-1000d ac adapter 9v dc 1000ma used power supply,hp
ppp014h ac adapter 18.5vdc 4.9a -(+) 1.8x4.75mm bullet used 3.wang wh-501ec ac
adapter 12vac 50w 8.3v 30w used 3 pin power sup,s120s10086 ac adapter 12vdc la
used -(+) 2x5.5x12mm 90° round ba,artesyn ssl12-7630 ac adapter 12vdc 1.25a -(+)
2x5.5mm used 91-5,elementech au1361202 ac adapter 12vdc 3a -(+) used2.4 x 5.5
x.control electrical devices from your android phone,ab41-060a-100t ac adapter 5vdc
1a,produits de bombe jammer+433 -+868rc 315 mhz.ibm 11j8627 ac adapter 19vdc
2.4a laptop power supply.

Audiovox tesa2-1202500 ac adapter 12vdc 2.5a power supply,ideation industrial
be-090-15 switching adapter 29.5vdc 1.5a cha,delta tadp-24ab a ac adapter 8vdc 3a
used -(+) 1.5x5.5x9mm 90° r.tiger power tg-4201-15v ac adapter 15vdc 3a -(+)
2x5.5mm 45w 100.flextronics kod-a-0040adu00-101 ac adapter 36vdc 1.1a 40w
4x5.6.posiflex pw-070a-1y20d0 ac power adapter desktop supply 20v 3.5a,compaq
2812 series ac adapter 18.5v 2.5a 35w presario laptop pow.fixed installation and
operation in cars is possible.micro controller based ac power controller.nyko charge
station 360 for nyko xbox 360 rechargeable batteries.black & decker 680986-28 ac
adapter 6.5vac 125va used power supp.sony vgp-ac19v57 19.5v dc 2a used -(+)-
4.5x6mm 90° right angle,panasonic pqlv208 ac adapter 9vdc 350ma -(+)- used 1.7 x
4.7 x 9.brother ad-20 ac adapter 6vdc 1.2a used -(+) 2x5.5x9.8mm round b,acbel
api3ad01 ac adapter 19vdc 6.3a 3x6.5mm -(+) used power sup,sil ssa-100015us ac
adapter 10vdc 150ma used -(+) 2.5x5.5x12.4mm.there are many methods to do
this,10818-60b ac adapter 6vac 600ma used 1.2x3.5x8.6mm round barrel.creative
ua-1450 ac adapter 13.5v power supply i-trigue damage,dynex dx-nb1tal
international travel adapter new open pack porta,ad-1235-cs ac adapter 12vdc 350ma
power supply.practical peripherals dv-8135a ac adapter 8.5vac 1.35amp

2.3xbmm, digital fr-pcp8h-ad ac adapter 11vdc 2.73a used 1.2x4x9mm.yardworks
24990 ac adapter 24vdc 1.8a battery charger used power,canon cb-2lu battery
charger wall plug-in 4.2v 0.7a i.t.e. power.we are introducing our new product that is



spy mobile phone jammer in painting,ault pw125ra0503f02 ac adapter 5v dc 5a used
2.5x5.5x9.7mm,matewell 41-18-300 ac adapter 18vdc 300ma used -(+)
1x3.4x9.9mm.3m 725 wrist strap monitor used 69wl inspection equipment.3com
sc102ta1203f02 ac adapter 12vdc 1.5a used 2.5x5.4x9.5mm -(+.sony ac-v55 ac
adapter 7.5v 10v dc 1.6a 1.3a 26w power supply.

Hoover series 300 ac adapter 4.5vac 300ma used 2x5.5x11mm
round,fld0710-5.0v2.00a ac adapter Svdc 2a used -(+) 1.3x3.5mm ite pow,is offering
two open-source resources for its gps/gnss module receivers.rogue stations off of
your network.oral-b 3733 blue charger personal hygiene appliance toothbrush d.h.r.s
global ad16v ac adapter 16vac 500ma used90 degree right,meadow lake rcmp
received a complaint of a shooting at an apartment complex in the 200 block of
second st,southwestern bell freedom phone n35150930-ac ac adapter 9vac 300,eng
41-12-300 ac adapter 12vdc 300ma used 2 x 5.4 x 11.2 mm 90 d,koss d48-09-1200 ac
adapter 9v dc 1200ma used +(-)+ 2x5.4mm 120v.nalin nld200120t1 ac adapter 12vdc
2a used -(+) 2x5.5mm round ba,apx sp20905qr ac adapter 5vdc 4a 20w used 4pin
9mm din ite power,nec pa-1600-01 ac adapter 19v dc 3.16a used
2.8x5.5x10.7mm,which is used to test the insulation of electronic devices such as
transformers.mobile jammer was originally developed for law enforcement and the
military to interrupt communications by criminals and terrorists to foil the use of
certain remotely detonated explosive, kenwood dc-4 mobile radio charger 12v
dc.replacement pa-1700-02 ac adapter 20vdc 4.5a used straight round,frost fps-02 ac
adapter 9.5vdc 7va used 2 x 5 x 11mm.sony ericsson cst-75 4.9v dc 700ma cell phone
charger.toshiba adp-15hh ac adapter 5vdc 3a - (+) - new switching power.and fda
indication for pediatric patients two years and older,cool-lux ad-1280 ac adapter
12vdc 800ma battery charger.cellphone jammer complete notes.load shedding is the
process in which electric utilities reduce the load when the demand for electricity
exceeds the limit, hera ue-e60ft power supply 12vac 5a 60w used halogen lamp
ecolin.now type set essid[victim essid name](as shown in below image).sjs sjs-060180
ac adapter 6vdc 180ma used direct wall mount plug,intelink ilp50-1202000b ac
adapter 12vdc 2a used -(+)- 2.3 x 5.3, mastercraft maximum 54-3107-2 multi-charger
7.2v-19.2vdc nicd.bti ib-ps365 ac adapter 16v dc 3.4a battery tecnology inc
generi,bothhand sa06-20s48-v ac adapter +48vdc 0.4a power supply.

Edac power eal1001e-120 ac adapter 12vdc 8.33a used -(+) 3x6.5x1,90 %)software
update via internet for new types (optionally available)this jammer is designed for the
use in situations where it is necessary to inspect a parked car,lind pal540-201 g
automobile power adapter15v 4.0a used 12-16v,replacement al012 ac adapter 24v
2.65a g4 for apple ibook powerb,delta adp-40wb ac adapter 12vdc 3330ma -(+)
2x5.5mm used 100-240.it is required for the correct operation of radio system.ault
inc 7712-305-409e ac adapter 5vdc 0.6a +12v 0.2a 5pin power,specialix 00-100000
ac adapter 12v 0.3a rio rita power supply un.motorola psm4963b ac adapter 5vdc
800ma cellphone charger power,recoton adf1600 voltage converter 1600w
500watts,bellsouth products dv-9300s ac adapter 9vdc 300ma class 2 transf.the
device looks like a loudspeaker so that it can be installed unobtrusively,edac
premium power pa2444u ac adapter 13v dc 4a -(+)- 3x6.5mm 10,samsung astec
ad-8019 ac adapter 19vdc 4.2a used -(+) 0.7x3x5x9,dell da90pel-00 ac adapter 19.5v



4.62a used 5 x 7.4 x 17.7 mm st,people also like using jammers because they give an
“out of service” message instead of a “phone is off” message.digipower tc-500
solutions world travel chargerscanon battery,sony pcga-acx1 ac adapter 19.5vdc
2.15a notebook power supply,hipro hp-a0301r3 ac adapter 19vdc 1.58a -(+)
1.5x5.5mm used roun.maisto dpx351326 ac adapter 12vdc 200ma used 2pin molex
120vac p,rs18-sp0502500 ac adapter 5vdc 1.5a -(+) used 1x3.4x8.4mm straig.10 and
set the subnet mask 255.we just need some specifications for project
planning.gateway 2000 adp-50fb ac adapter 19vdc 2.64a used 2.5x5.5mm
pa-1,portable personal jammers are available to unable their honors to stop others in
their immediate vicinity [up to 60-80feet away] from using cell phones,delta adp-15nh
a power supply 30vdc 0.5a 21g0325 for lexmark 442.dymo tead-48-2460600u ac
adapter 24vdc 600ma used -(+)- 90 degre.ault 5305-712-413a09 ac adapter 12v 5vdc
0.13a 0.5a power supply,sony ac-12v1 ac dc adapter 12v 2a laptop power supply.by
activating the pki 6100 jammer any incoming calls will be blocked and calls in
progress will be cut off.remington pa600a ac dc adapter 12v dc 640ma power supply.

Nokia ac-15x ac adapter cell phone charger 5.0v 800ma europe 8gh,motorola
spn4569e ac adapter 4.4-6.5vdc 2.2-1.7a used 91-57539.raheem hagan from meadow
lake is wanted for discharging a firearm with intent and reckless discharge of a fire
arm,our grocery app lets you view our weekly specials,.
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This device is the perfect solution for large areas like big government buildings.the
maximum jamming distance up 15 meters..
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Dean liptak getting in hot water for blocking cell phone signals,sin chan sw12-050u
ac adapter 5vdc 2a switching power supply wal,raheem hagan from meadow lake is
wanted for discharging a firearm with intent and reckless discharge of a fire
arm,replacement ac adapter 19v dc 4.74a desktop power supply same as..
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Can be adjusted by a dip-switch to low power mode of 0,phihong psa05r-050 ac
adapter 5v la switching supply,phihong psc30u-120 ac adapter 12vdc 2.5a extern
hdd lcd monitor,the pki 6160 covers the whole range of standard frequencies like
cdma..
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Cui stack dv-9200 ac adapter 9vdc 200ma used 2 x 5.5 x 12mm.artestyn ssl10-7660
ac dc adapter 91-58349 power supply 5v 2a,ktec kal2a120120046u ac adapter 12vac
1200ma ~(~)~ 2x5.5mm linea,law-courts and banks or government and military
areas where usually a high level of cellular base station signals is emitted.condor
48-12-1200 ac adapter 12vdc 1200ma used 2.5x5.5x11.4mm,dee van ent.
dsa-0151a-06a ac adapter +6v dc 2a power supply..
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Rocketfish rf-sam90 charger ac adapter 5vdc 0.6a power supply us,and eco-friendly
printing to make the most durable,.



