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154 GLOBAL POSITIONING SYSTEM

stant as long as the carner tracking loop maintains lock. Any break in tracking, no matter how
short, could change the integer values.

In order to take full advantage of the precision of these measurements to obtamn accurate
position estimates, we have to compensate for the vanous errors and resolve the mteger ambi-
guities. As will be clear following the discussion of measurement errors in the next section, we
cannot expect to determine the value of integer N in (5.9) in real time, and we’d have to look
for alternative approaches to take advantage of the precision of these measurements.

One way to get at least a partial benefit of the precise carrier phase measurements without
being bogged down by the integer ambiguities is via delta pseudoranges obtained from the
change 1 carrier phase measurement over a time interval, From (5.9), the change in carmer
phase measurements between time instants fgand i 1s

(1) - 8t = A [r(1,) = (1)) +%[§r,(:1) =81, (601 + &,

The integer ambiguity term drops out if the carrier is tracked continuously between ¢ and ;.
The error in the above representation 1s related to the changes dunng the observation interval
n the satellite clock bias and the 1onosphenic and tropospheric propagation delays. This idea is
discussed further in Section 5.7,

5.1.3 An Instructive Model for the Code and Carrier Measurements

We can think of the code and carrier phase measurements as though obtained with a measuring
tape. In this conceptual exercise suggested by van Diggelen (1997), one end of the tape mea-
sure 15 attached to the satellite and you are holding the other end, including the spool, allowing
the tape to roll forward or back freely as you and the satellite move. The difference in the twa
types of measurements can be illustrated by the different markings on the tape measure, as
shown in Figure 5.4.

For code measurements, the tape has coarse tick marks with resolution of one meter, and
the tick marks are labeled from zero to 26,560,000 m to indicate the distance to a satellite. At
4 measurement epoch, you simply look at the tape and read off the range. Actually, the code
measurements entail little conceptual difficulty and this analogy was hardly necessary. So, let’s
move on to the carrier phase measurements.

The tape used for the carrier phase measurements is peculiar: It has very fine tick marks in
units of cycles with resolution of 0.01 cyele, but no labels (1 cycle = 19 cm at L1, and 24 ¢cm
at L2). At a measurement epoch, when you look at the tape all you can make out 15 a partial
cycle. You know that the range to the satellite is a certain (large) number of whole cycles plus
the observed partial cycle. While this partial cycle can be measured very precisely, you have
no idea of the number of whole cycles between you and the satellite. The situation repeats at
the next measurement epoch.

How to take advantage of these very fine but ambiguous measurements? There is a way.
The trick 1s not 1o take your eyes off the tape between measurement epochs. At the first mea-
surement epoch, make a note of the partial cycle. From that point on, count the number of
whole cycle marks as they go by. At each successive measurement epoch, record the change
in range 1n terms of the number of whole cycles and a partial cycle. Each of these measure-
ments, when combined with the initial unknown whole number of cycles, represents range to
the satellite at that instant, A collection of such measurements over a ‘short’ peniod from all
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Figure 5.4 A conceptual representation of the code and carrier phase measure-
mants with a tape measure.

satellites in view can be used to estimate the unknown whole cycles, and determine your posi-
ton very precisely, as we’ll discuss in Chapter 6. The problem is that if you took your eyes off
the tape, or even blinked, you would miss the count of whole cycles, and will have to start all
over again,

5.1.4 Error Sources and Models

Measurement errors are often categorized as noise or bias. Noise generally refers to a quickly
varying error that averages out to zero over a ‘short’ time interval, where short 15 defined in
relation to the mtegration time or smoothing time of a recewver [Chapter 11]. A bias tends to
persist over a period of time. This distinction is helpful in understanding the effects of the mea-
surement errors, and we'll return to this point in Section 5.5 after we have examined the errors
in measurement of pseudoranges 1 the next section. The errors can be grouped as follows:

*  errors in the parameter values broadcast by a satellite in 1ts navigation message
for which the Control Segment 1s responsible,

*  uncerimnties associated with the propagation medium which affect the travel
tume of the signal from a satellite to the receiver,

*  receiver noise which affects the precision of a measurement, and interference
from signals reflected from surfaces in the vicinity of the antenna.

We examine these error sources below. Our objective is to understand the nature and the size
of the pseudorange error introduced by each source and analyze the efficacy of different ap-
proaches to error mitigation.
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