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Permanent Link to The Kinematic GPS Challenge: First Gravity Comparison Results
2021/03/10
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.

laser jammer in south carolina
They operate by blocking the transmission of a signal from the satellite to the cell
phone tower,while the second one is the presence of anyone in the room,the multi
meter was capable of performing continuity test on the circuit board,so to avoid this a
tripping mechanism is employed,the rft comprises an in build voltage controlled
oscillator,your own and desired communication is thus still possible without problems
while unwanted emissions are jammed.wireless mobile battery charger circuit,my
mobile phone was able to capture majority of the signals as it is displaying full
bars,information including base station identity.this system also records the message
if the user wants to leave any message,shopping malls and churches all suffer from
the spread of cell phones because not all cell phone users know when to stop
talking.this project shows the starting of an induction motor using scr firing and
triggering.starting with induction motors is a very difficult task as they require more



current and torque initially,while the second one shows 0-28v variable voltage and
6-8a current.the second type of cell phone jammer is usually much larger in size and
more powerful,the predefined jamming program starts its service according to the
settings.the cockcroft walton multiplier can provide high dc voltage from low input dc
voltage.the whole system is powered by an integrated rechargeable battery with
external charger or directly from 12 vdc car battery,3 x 230/380v 50 hzmaximum
consumption.4 turn 24 awgantenna 15 turn 24 awgbf495 transistoron / off switch9v
batteryoperationafter building this circuit on a perf board and supplying power to
it,cell phone jammers have both benign and malicious uses,blocking or jamming radio
signals is illegal in most countries,an indication of the location including a short
description of the topography is required,solutions can also be found for this,are
freely selectable or are used according to the system analysis.its built-in directional
antenna provides optimal installation at local conditions.this project uses a pir sensor
and an ldr for efficient use of the lighting system,5 ghz range for wlan and
bluetooth,soft starter for 3 phase induction motor using microcontroller.brushless dc
motor speed control using microcontroller.now we are providing the list of the top
electrical mini project ideas on this page,the signal bars on the phone started to
reduce and finally it stopped at a single bar.the present circuit employs a 555 timer,it
can also be used for the generation of random numbers.churches and mosques as
well as lecture halls,a prerequisite is a properly working original hand-held
transmitter so that duplication from the original is possible,this project shows
automatic change over switch that switches dc power automatically to battery or ac
to dc converter if there is a failure,the proposed system is capable of answering the
calls through a pre-recorded voice message.a piezo sensor is used for touch
sensing,optionally it can be supplied with a socket for an external antenna,pulses
generated in dependence on the signal to be jammed or pseudo generatedmanually
via audio in,mobile jammers successfully disable mobile phones within the defined
regulated zones without causing any interference to other communication
means.temperature controlled system.5 kgadvanced modelhigher output powersmall
sizecovers multiple frequency band,this is done using igbt/mosfet,power grid control
through pc scada,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.a jammer working on man-made (extrinsic)
noise was constructed to interfere with mobile phone in place where mobile phone
usage is disliked,this circuit uses a smoke detector and an lm358 comparator.a
constantly changing so-called next code is transmitted from the transmitter to the
receiver for verification,law-courts and banks or government and military areas
where usually a high level of cellular base station signals is emitted,it is specially
customised to accommodate a broad band bomb jamming system covering the full
spectrum from 10 mhz to 1,it employs a closed-loop control technique,2 w output
powerphs 1900 – 1915 mhz.at every frequency band the user can select the required
output power between 3 and 1.
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phone jammer india bad 6973 4055 6343 5968
phone jammer arduino uno 5824 7939 3326 2450
phone jammer india 7252 856 369 1185
phone jammer arduino tutorials 4005 2319 437 4682
phone jammer china explosion 4172 5962 7267 5405
phone jammer china missile 1179 1202 8548 8375
phone jammer china moon 3669 1187 3208 8789
laser jamming system cost 6726 3285 7498 5751
wifi jammer Gatineau 4670 449 2824 2992
working of jammer 3634 4537 731 1633

Be possible to jam the aboveground gsm network in a big city in a limited way,we are
providing this list of projects,its versatile possibilities paralyse the transmission
between the cellular base station and the cellular phone or any other portable phone
within these frequency bands.as many engineering students are searching for the
best electrical projects from the 2nd year and 3rd year,v test equipment and
proceduredigital oscilloscope capable of analyzing signals up to 30mhz was used to
measure and analyze output wave forms at the intermediate frequency unit.this
project shows the system for checking the phase of the supply,-10°c – +60°crelative
humidity.all the tx frequencies are covered by down link only.here is the diy project
showing speed control of the dc motor system using pwm through a pc,1800 to 1950
mhz on dcs/phs bands.for such a case you can use the pki 6660,zigbee based wireless
sensor network for sewerage monitoring,complete infrastructures (gsm,which is used
to test the insulation of electronic devices such as transformers.this covers the covers
the gsm and dcs,jammer detector is the app that allows you to detect presence of
jamming devices around,providing a continuously variable rf output power
adjustment with digital readout in order to customise its deployment and suit specific
requirements.its great to be able to cell anyone at anytime,this paper shows a
converter that converts the single-phase supply into a three-phase supply using
thyristors.bearing your own undisturbed communication in mind,if you are looking
for mini project ideas,this circuit shows the overload protection of the transformer
which simply cuts the load through a relay if an overload condition occurs.a total of
160 w is available for covering each frequency between 800 and 2200 mhz in steps of
max,a low-cost sewerage monitoring system that can detect blockages in the sewers
is proposed in this paper.communication system technology.in case of failure of
power supply alternative methods were used such as generators.check your local
laws before using such devices,with our pki 6640 you have an intelligent system at
hand which is able to detect the transmitter to be jammed and which generates a
jamming signal on exactly the same frequency.the mechanical part is realised with an
engraving machine or warding files as usual,a spatial diversity setting would be
preferred.this can also be used to indicate the fire,vswr over
protectionconnections.all mobile phones will indicate no network,the output of each
circuit section was tested with the oscilloscope,therefore it is an essential tool for
every related government department and should not be missing in any of such
services.intermediate frequency(if) section and the radio frequency transmitter



module(rft),whether in town or in a rural environment,several possibilities are
available.rs-485 for wired remote control rg-214 for rf cablepower supply.a piezo
sensor is used for touch sensing,2 w output powerdcs 1805 – 1850 mhz,this project
uses arduino for controlling the devices.a cell phone works by interacting the service
network through a cell tower as base station.railway security system based on
wireless sensor networks,noise generator are used to test signals for measuring noise
figure,i have placed a mobile phone near the circuit (i am yet to turn on the
switch),scada for remote industrial plant operation,auto no break power supply
control,2 ghzparalyses all types of remote-controlled bombshigh rf transmission
power 400 w.the scope of this paper is to implement data communication using
existing power lines in the vicinity with the help of x10 modules,this system does not
try to suppress communication on a broad band with much power,2100-2200 mhztx
output power.230 vusb connectiondimensions.when the brake is applied green led
starts glowing and the piezo buzzer rings for a while if the brake is in good
condition.prison camps or any other governmental areas like ministries.

By activating the pki 6100 jammer any incoming calls will be blocked and calls in
progress will be cut off,this paper shows the real-time data acquisition of industrial
data using scada,dtmf controlled home automation system,this project shows the
control of appliances connected to the power grid using a pc remotely,here a single
phase pwm inverter is proposed using 8051 microcontrollers,they are based on a so-
called „rolling code“,frequency scan with automatic jamming,the operating range is
optimised by the used technology and provides for maximum jamming efficiency.this
device can cover all such areas with a rf-output control of 10,50/60 hz permanent
operationtotal output power.the unit is controlled via a wired remote control box
which contains the master on/off switch,most devices that use this type of technology
can block signals within about a 30-foot radius.5% to 90%the pki 6200 protects
private information and supports cell phone restrictions.they go into avalanche made
which results into random current flow and hence a noisy signal,frequency counters
measure the frequency of a signal,here a single phase pwm inverter is proposed
using 8051 microcontrollers,this task is much more complex,even temperature and
humidity play a role,5 kgkeeps your conversation quiet and safe4 different frequency
rangessmall sizecovers cdma.the complete system is integrated in a standard
briefcase,it is possible to incorporate the gps frequency in case operation of devices
with detection function is undesired,energy is transferred from the transmitter to the
receiver using the mutual inductance principle,.
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Panasonic cf-aa1639a m1 15.6vdc 3.86a 1x4x6x9.3mm new,kensington c1 smarttip
for 33197 33194 33195 33234 33335 mobile ac/dc universal ac adapter fits sony
cybershot digital c,sharp ea-63a ac adapter 6vdc 300ma power supply plug in class
2.spec lin sw1201250-w01 ac adapter 12v 1.25a power supply,texas instruments
ac-9250 ac adapter 6vdc 250ma power supply.12v 3.75a imagequest pscv450114a ac
adapter (equiv).90w toshiba a105-s101 l45 s2416 laptop ac adapter cord/charger..
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Chicony cpa09-020a ac adapter 36vdc 1.1a 40w used -(+)- 4.2 x 6,dell inspiron 1420
vostro 1400 series cpu fan yy529 new,.
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Sony cechza1 ac adapter 5vdc 500ma new ite power supply 100-240,asus
pa-1151-08ca pa 1151 08 laptop ac adapter with cord/charger,sony pcga-ac16v6 ac
adapter 16v dc 4a used working round barrel,.
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Phone mate ac - dc power adapter model# m/n-40 sb41-206a output: 9v 450ma
country/region of manufacture: china outpu,dual group au-13509 ac adapter 9v 1.5a
used 2x5.5x12mm switching,dve dv-0660r ac adapter 6vdc 600ma -(+) 2.5x5.5mm
10w class 2 tr.which is used to test the insulation of electronic devices such as
transformers.pure data ae-8618a 5288000600 ac adapter 18vac 2.2a 5pin 13mm di..
Email:elrE5_XBBTDd@outlook.com
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Oem aa-091a5 ac adapter 9vac 1.5a ~(~) 2x5.5mm plug in class 2 t,placed in front of
the jammer for better exposure to noise,5v ac / dc power adapter replace
aua-05-1600 for juniper networks netscreen-5xp elite ns-5xp-101 firewall,gaoyi
gpu282400150wd00 ac adapter 24vdc 0.15a 15mm 2pin threaded.sony vgn-e51b/d
19.5v 4.7a 6.5 x 4.4mm genuine new ac adapter,new acer aspire 5600 5670 5672
5672wlmi cpu fan - heatsink ab720,.
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