Differential Correction

Carrier Phase vs. Code Phase

100 meter accuracy can improve to between 5 meters and sub-meter depending on the data collection technique and the data receiver used. Differential correction is a data collection technique that removes errors in GPS data created by selective availability and other factors. Some of the other factors that create error in GPS data include:

1. multipath

2. low number of visible satellites

3. large distance between the rover and the base station (10mm degradation with every kilometer away from base station)

4. high PDOP (position dilution of precision- a measure of the current satellite geometry)

5. low SNR (signal to noise ratio)

6. low satellite elevation

7. short occupation period

Pathfinder Office software comes with a differential correction utility that calculates error at a known point (base station) and uses this error to correct (or improve the accuracy of) the rover file data you collected with your GPS unit.

Code phase is one processing technique that gathers data via a C/A (coarse acquisition) code receiver, which uses the information contained in the satellite signals (aka the pseudo-random code) to calculate positions. After differential correction, this processing technique results in 1-5 meter accuracy. (If more than 180 position records are recorded, the average will be within 1 meter.)

Carrier phase is another processing technique that gathers data via a carrier phase receiver, which uses the radio signal (aka carrier signal) to calculate positions. The carrier signal, which has a much higher frequency than the pseudo-random code, is more accurate than using the pseudo-random code alone. The pseudo-random code narrows the reference then the carrier code narrows the reference even more. After differential correction, this processing technique results in sub-meter accuracy.

The carrier phase receivers are much more accurate than C/A code receivers, but require more involved post-processing and stricter data collection requirements. Carrier phase receivers (survey grade) require a clear view to the satellites in order to maintain a constant lock with at least 4 satellites, while C/A code receivers (mapping grade) do not need to maintain a constant lock with the satellites to calculate positions. This makes a C/A code receiver imperative to gathering data in adverse conditions (for example, under trees). Once you have achieved carrier time (set in your GPS configuration) and you have stored the information, your data can be differentially corrected with carrier phase processing. To ensure that the carrier lock is never lost, once carrier time has been achieved and you save the rover file, a new rover file must be created for each subsequent carrier session. Although it is more difficult to gather carrier code data than solely pseudo-random code, accuracy is increased from 3-5 meter accuracy to sub-meter accuracy.

In Short:

Code phase processing- GPS measurements based on the pseudo random code (C/A or P) as opposed to the carrier of that code. (1-5 meter accuracy)

Carrier phase processing- GPS measurements based on the L1 or L2 carrier signal. (sub-meter accuracy)

Carrier- A signal that can be varied from a known reference by modulation.

A thorough discussion of Code-Phase GPS vs. Carrier-Phase GPS can be found at:

http://www.trimble.com/gps/diffGPS/aa_dg7.htm
A quick tutorial in the basic principles behind GPS technology can be found at:

http://www.trimble.com/gps/aa_abt.htm
A brief glossary of GPS terminology can be found at:

http://www.trimble.com/gps/nfsections/aa_gls.htm
Also see this web site:

http://www.dep.state.wv.us/gps/
This document can be found at http://www.trimble.com/gps/diffGPS/aa_dg7.htm
Code-Phase GPS vs. Carrier-Phase GPS

The words "Code-Phase" and "Carrier-Phase" may sound like electronic mumbo-jumbo but, in fact, they just refer to the particular signal that we use for timing measurements. Using the GPS carrier frequency can significantly improve the accuracy of GPS.

The concept is simple but to understand it let's review a few basic principles of GPS. 

Remember that a GPS receiver determines the travel time of a signal from a satellite by comparing the "pseudo random code" it's generating, with an identical code in the signal from the satellite.

The receiver slides its code later and later in time until it syncs up with the satellite's code. The amount it has to slide the code is equal to the signal's travel time.

The problem is that the bits (or cycles) of the pseudo random code are so wide that even if you do get synced up there's still plenty of slop.

Consider these two signals: (image not included)

If you compared them logically you'd say they matched. When signal A is a one, signal B is a one. When signal A is a zero, signal B is a zero.

But you can see that while they match they're a little out of phase. Notice that signal A is a little ahead of signal B. In fact you could slide signal A almost a half a cycle ahead and the signals would still match logically.

That's the problem with code-phase GPS. It's comparing pseudo random codes that have a cycle width of almost a microsecond. And at the speed of light a microsecond is almost 300 meters of error!

Code-phase GPS isn't really that bad because receiver designers have come up with ways to make sure that the signals are almost perfectly in phase. Good machines get with in a percent or two. But that's still at least 3-6 meters of error.

Take it to a higher (frequency) authority: (image not included)

Survey receivers beat the system by starting with the pseudo random code and then move on to measurements based on the carrier frequency for that code. This carrier frequency is much higher so its pulses are much closer together and therefore more accurate.

If you're rusty on the subject of carrier frequencies consider your car radio. When you tune to 94.7 on the dial you're locking on to a carrier frequency that's 94.7 MHz. 

Obviously we can't hear sounds at 94 million cycles a second. The music we hear is a modulation (or change) in this carrier frequency. So when you hear someone sing an "A" note on the radio you're actually hearing the 94.7 MHz carrier frequency being varied at a 440 cycle rate. 

GPS works in the same way. The pseudo random code has a bit rate of about 1 MHz but its carrier frequency has a cycle rate of over a GHz (which is 1000 times faster!)

At the speed of light the 1.57 GHz GPS signal has a wavelength of roughly twenty centimeters, so the carrier signal can act as a much more accurate reference than the pseudo random code by itself. And if we can get to within one percent of perfect phase like we do with code-phase receivers we'd have 3 or 4 millimeter accuracy! Yeeow!

Catching the Right Wave (image not included)

In essence this method is counting the exact number of carrier cycles between the satellite and the receiver.

The problem is that the carrier frequency is hard to count because it's so uniform. Every cycle looks like every other. The pseudo random code on the other hand is intentionally complex to make it easier to know which cycle you're looking at.

So the trick with "carrier-phase GPS" is to use code-phase techniques to get close. If the code measurement can be made accurate to say, a meter, then we only have a few wavelengths of carrier to consider as we try to determine which cycle really marks the edge of our timing pulse.

Resolving this "carrier phase ambiguity" for just a few cycles is a much more tractable problem and as the computers inside the receivers get smarter and smarter it's becoming possible to make this kind of measurement without all the ritual that surveyors go through.

Terminology:

These terms and others are found at: http://www.trimble.com/gps/nfsections/aa_gls.htm
Carrier phase- GPS measurements based on the L1 or L2 carrier signal.

Carrier- A signal that can be varied from a known reference by modulation.

Code phase GPS- GPS measurements based on the pseudo random code (C/A or P) as opposed to the carrier of that code.

L-band- The group of radio frequencies extending from 390 MHz to 1550 MHz. The GPS carrier frequencies (1227.6 MHz and 1575.42 MHz) are in the L band GPS Signals in detail

Pseudo random code- A signal with random noise-like properties. It is a very complicated but repeating pattern of 1's and O's.

Pseudorange- A distance measurement based on the correlation of a satellite transmitted code and the local receiver's reference code, that has not been corrected for errors in synchronization between the transmitter's clock and the receiver's clock.

Carriers- The GPS satellites transmit signals on two carrier frequencies. The L1 carrier is 1575.42 MHz and carries both the status message and a pseudo-random code for timing. The L2 carrier is 1227.60 MHz and is used for the more precise military pseudo-random code.

Pseudo-Random Codes- There are two types of pseudo-random code (see tutorial for explanation of pseudo random codes in general). The first pseudo-random code is called the C/A (Coarse Acquisition) code. It modulates the L1 carrier. It repeats every 1023 bits and modulates at a 1MHz rate. Each satellite has a unique pseudo-random code. The C/A code is the basis for civilian GPS use. The second pseudo-random code is called the P (Precise) code. It repeats on a seven day cycle and modulates both the L1 and L2 carriers at a 10MHz rate. This code is intended for military users and can be encrypted. When it's encrypted it's called "Y" code. Since P code is more complicated than C/A it's more difficult for receivers to acquire. That's why many military receivers start by acquiring the C/A code first and then move on to P code.

Navigation Message- There is a low frequency signal added to the L1 codes that gives information about the satellite's orbits, their clock corrections and other system status.

The following can be found at: http://www.trimble.com/gps/howgps/page11.htm
A Random Code? The Pseudo Random Code (PRC) is a fundamental part of GPS. Physically it's just a very complicated digital code, or in other words, a complicated sequence of "on" and "off" pulses as shown here: (image not included)

The signal is so complicated that it almost looks like random electrical noise. Hence the name "Pseudo-Random". There are several good reasons for that complexity: First, the complex pattern helps make sure that the receiver doesn't accidentally sync up to some other signal. The patterns are so complex that it's highly unlikely that a stray signal will have exactly the same shape.

Since each satellite has its own unique Pseudo-Random Code this complexity also guarantees that the receiver won't accidentally pick up another satellite's signal. So all the satellites can use the same frequency without jamming each other. And it makes it more difficult for a hostile force to jam the system. In fact the Pseudo Random Code gives the DoD a way to control access to the system. But there's another reason for the complexity of the Pseudo Random Code, a reason that's crucial to making GPS economical.

The codes make it possible to use "information theory" to "amplify" the GPS signal. And that's why GPS receivers don't need big satellite dishes to receive the GPS signals.

The following can be found at: http://www.trimble.com/gps/diffgps/gpsfram1.htm
Why do we need Differential GPS?

Basic GPS is the most accurate radio-based navigation system ever developed. And for many applications it's plenty accurate. But it's human nature to want MORE!

So some crafty engineers came up with "Differential GPS," a way to correct the various inaccuracies in the GPS system, pushing its accuracy even further.

Differential GPS or "DGPS" can yield measurements good to a couple of meters in moving applications and even better in stationary situations.

That improved accuracy has a profound effect on the importance of GPS as a resource. With it, GPS becomes more than just a system for navigating boats and planes around the world. It becomes a universal measurement system capable of positioning things on a very precise scale.

The solution: reference receiver measures errors. That's the key to differential. We have one receiver measure the timing errors and then provide correction information to the other receivers that are roving around. That way virtually all errors can be eliminated from the system, even the pesky Selective Availability error that the DoD puts in on purpose.

