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GPS, Technology

Topic Description

GPS, in particular real-time kinematic (RTK) GPS provides surveyors with an efficient tool to conduct their survey activities.
Although RTK GPS is now widely used, there are still many surveyors who do not benefit from GPS technology because of a false
perception of complexity and expense. There is no doubt that GPS has introduced a disruptive change in the way we are surveying.

Today, in terms of precision positioning, a surveyor can rival his geodesist colleague. Why? They are using the same technology!
There is no more need for dense classical control networks; GPS Reference Station Network infrastructures have substituted the
passive network concept to the new active one. An ongoing trend is to systematically shortcut the surveying process. Today, with
the integration of GPS and total station technologies we are assisting a new paradigm shift. Wireless modems, the Internet and
number crunching servers are now replacing conventional geodetic control points. RTK-DGPS corrections are now considered the
basic product for new productive and profitable services. More alone in the field now than ever, the surveyors only focus is to
SURVEY!

Speaker Biography
Scott was educated at the University of Florida School of Engineering Department of Geomatics. Employed with FDOT for 11
years, his initial experience is with FDOT Location, providing surveys for transportation design. He has participated as technical
advisor on several task teams; testing field-surveying equipment including GPS, total stations and data collectors. Mr. Harris is
experienced with Geographical Information System development, specifically dealing with the integration of GPS. He is also a
certified trainer for the Ashtech and Leica brand mapping grade GPS systems. Scott is currently responsible for the design,
deployment and maintenance of the statewide GPS reference network.
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Continuously Operating Reference Stations

What is a Reference Station ?

» Basic building block for
DGPS

. Infrastructure Significant Cost Savings
. The CORS network can result in significant cost savings for the right project. Our work at Photo
. “Active” control Science flying the entire state of West Virginia last year is a great example. We were collecting

airborne GPS (ABGPS) data with the photography and needed a dense network of ground-based
GPS to accurately post-process that data. We were able to work with individual CORS operators
to have them change their collection frequency to one second during our flight window. The spirit
of cooperation from each of the individual CORS operators was extremely gratifying.

In all, nine CORS sites in West Virginia, Ohio, Pennsylvania and Maryland were used for our
project. We installed two temporary CORS receivers in parts of the state that had little coverage
from the existing network. We were able to save the state somewhere between $50,000 and
$75,000 through this arrangement with the CORS operators. Logistics were also greatly
simplified, as we weren’t trying to coordinate the placement of three or four ground GPS

Why go to all this trouble??? personnel for every morning that we had clear weather

We used a similar strategy for a combination of ABGPS and inertial collection for two seagrass
. Homogeneous Database mapping projects in the state of Florida. CORS were used to control these flights along the coast

of St Petersburg and in the Florida Bay running along the Florida Keys. Again, the cost savings
and simplification of the project were critical.

* Serves an expanding user

communlty POB September, 2005 “CORS: From The Ground Up”

For More Than Bridges & Roads

° Reliable Robust Mark E. Meade, PE, PLS, CP, is vice president of Photo Science in its Lexington, Ky., office
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Continuously Operating Reference Stations

Network Operation Center

*  Windows based real-time Control
and Integrity Monitoring software
for a large network of reference
stations

* Provides real-time statistics on GPS
network performance and alarming
for out of tolerance conditions.
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Continuously Operating Reference Stations

§ 0.0
Control and Integrity Monit i,
* Garbage In Garbage Out -teq,

* Real-Time from software
*  NGS/FSL daily solutions
*  GNSS-QC
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Separating Men From the Boys

Not all GPS is created equally

For More Than Bridges & Roads &=

The GPS system has been designed to be as nearly accurate as possible. However, there are still errors. Added
together, these errors can cause a deviation of +/- 50 -100 meters from the actual GPS receiver position. There
are several sources for these errors, the most significant of which are discussed below:

Atmospheric Conditions

The ionosphere and troposphere both refract the GPS signals. This causes the speed of the GPS signal in the
ionosphere and troposphere to be different from the speed of the GPS signal in space. Therefore, the distance
calculated from "Signal Speed x Time" will be different for the portion of the GPS signal path that passes
through the ionosphere and troposphere and for the portion that passes through space.

Ephemeris Errors/Clock Drift/Measurement Noise

GPS signals contain information about ephemeris (orbital position) errors, and about the rate of clock drift for
the broadcasting satellite. The data concerning ephemeris errors may not exactly model the true satellite
motion or the exact rate of clock drift. Distortion of the signal by measurement noise can further increase
positional error. The disparity in ephemeris data can introduce 1-5 meters of positional error, clock drift
disparity can introduce 0-1.5 meters of positional error and measurement noise can introduce 0-10 meters of
positional error.

Selective Availability

Selective Availability (SA), which is the intentional alteration of the time and ephimeris signal by the
Department of Defense. SA can introduce 0-70 meters of positional error. Fortunately, the DOD has
discontinued SA...For now!

Multipath

A GPS signal bouncing off a reflective surface prior to reaching the GPS receiver antenna is referred to as
multipath. Because it is difficult to completely correct multipath error, even in high precision GPS units,
multipath error is a serious concern to the GPS user.




Separating Men From the Boys

Not all GPS is created equally
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GPS Error Budget

Source Uncorrected Error Level
Ionosphere 0-30 meters

Troposphere 0-30 meters

Measurement Noise 0-10 meters

Ephemeris Data 1-5 meters

Clock Drift 0-1.5 meters

Multipath 0-1 meter

Selective Availability No longer exists.. OR DOES IT!?
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CMR

=
DBEN
RTCM 18/19, 20,21

RTCM 18/19 contain raw carrier
phase and PR measurement info.

RTCM 20/21 are formulated as
corrections to the carrier phase
and PR measurements
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Real Time Kinematic
THE
MASTER AUXILARY CONCEPT

« Using an array of
reference stations

* Real time Network
processing

« Powerful zero-
difference algorithm

« Master Auxiliary
Concept (MAC)
Providing Network
RTK Corrections in
Standard RTCM V3.0
Format

* Modelled Corrections
together with a
traceable set of multiple
reference stations

« CM RTK accuracy

* Sub meter DGPS




Real Time Kinematic
THE
MASTER AUXILARY CONCEPT

Server/IP based method of transmitting
RTK messages. Standard data types are
supported including RTCM 3.0

RTCM 3.0 is primarily aimed at
improving RTK and supporting
“networked RTK”.

RTCM 3.0
L1&L2 GPS RTK Observables
Extended L1&L2 GPS RTK
Reference Station Coordinates
Antenna Description

RTCM 2.x
L1/L2 carrier phase raw data
L1/L2 carrier phase corrections

NTRIP

FICE/FDOT Design Conference 2006
Designing For More Than Bridges & Roads . =

LB2,CMR(+)

Network Transmission Concept
One Master Reference Station
Some Auxiliary Reference Stations =» One Network Cell

2

Corrections

for Master
and

Correction
Differences
for the
Auxiliary

Auxiliary
Reference Station E Correction
Differences

Auxiliary of the Aux.
Reference Stagi6n D relative to

the Master

J AnSiliary” -~
e L Reference Statien B
Auxiliary=" * « # e

Reference Station A~~~ .

¢ s

' Auxiliary
Reference Station C

Network
Estimation
process incl.
Ambiguity
Resolution,
for Master
and of
Correction
Differences
for each
Auxiliary.
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Real Time Kinematic
THE
MASTER AUXILARY CONCEPT
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Real Time Kinematic
THE
MASTER AUXILARY CONCEPT
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MASTER AUXILARY CONCEPT
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Real Time Kinematic
REAL WORLD TEST
THE SETUP
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Real Time Kinematic
REAL WORLD TEST
THE DELIVERY
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Real Time Kinematic
REAL WORLD TEST
THE DELIVERY
EASTING (HULK)
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Real Time Kinematic

REAL WORLD TEST

THE DELIVERY

NORTHING (HULK)
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Real Time Kinematic
REAL WORLD TEST
THE DELIVERY
HEIGHT (HULK)
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REAL WORLD TEST

—o—Line 1

THE DELIVERY
COKO (EASTING)
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Real Time Kinematic
REAL WORLD TEST
THE DELIVERY
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Real Time Kinematic
REAL WORLD TEST
THE DELIVERY

COKO (HEIGHT)
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Real Time Kinematic
REAL WORLD TEST
THE DELIVERY
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Real Time Kinematic
THE
PUNCH LINE

Accuracy = Statistical Conversion * DOP *1/ URE?2 + UEE2
OP is a big part of the accuracy equation

URE (User Range Error) is an
estimate of "Signals in Space"

errors, i.e., ephemeris data, Good DOP Poor HDOP Poor VDOP
satellite clocks, ionospheric delay —
and tropospheric delay. b ol

el

URE

—

UEE (User Equipment Errors)
includes receiver noise,
multipath, antenna orientation,
EMI/RFL Receiver and
antenna design can greatly
reduce UEE error sources--

~95% (~2DRMS) usually at substantial cost.
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Real Time Kinematic

THE
PUNCH LINE
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Real Time Kinematic
THE
PUNCH LINE

* The system WORKS!
« in fact it works very well!

* However... We have to pay attention to the essentials.

«It’s a matter of remembering GPS 101.
«Plan your surveys and survey your plan!

Continuously Operating Reference Stations

Designing For More Than Bridges & Roads |

Questions?
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