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Error Source Standard Deviation
   [m] [ft]           

Satellite position 3 29
Ionospheric refraction 5 16.4
Tropospheric refraction 2 6.6
Multipath reflection 5 16.4
Selective availability 30 98.4

Table 3.3: Summary of potential error sources for measured
pseudoranges [Brown and Hwang, 1992].

Figure 3.5: Contributing factors to pseudorange measurement errors:
 a. atmospheric refraction;  b. multi-path reflections [Everett, 1995].

taken into account. Motazed [1993] reports fairly significant differences of 0.02 to 0.07 arc minutes
in calculated latitudes and longitudes for two identical C/A-code receivers placed side by side. And
finally, the particular dynamics of the mobile vehicle that hosts the GPS receiver plays a noteworthy
role, in that best-case conditions are associated with a static platform, and any substantial velocity and
acceleration will adversely affect the solution.

For commercial applications using
the C/A code, small errors in timing
and satellite position have been delib-
erately introduced by the master sta-
tion to prevent a hostile nation from
using GPS in support of precision
weapons delivery. This intentional
degradation in positional accuracy to
around 100 meters (328 ft) best case
and 200 meters (656 ft) typical spher-
ical error probable (SEP) is termed
selective availability [Gothard, 1993]. Selective availability has been on continuously (with a few
exceptions) since the end of Operation Desert Storm. It was turned off during the war from August
1990 until July 1991 to improve the accuracy of commercial hand-held GPS receivers used by
coalition ground forces.

There are two aspects of selective availability: epsilon and dither. Epsilon is intentional error in
the navigation message regarding the location (ephemeris) of the satellite. Dither is error in the timing
source (carrier frequency) that creates uncertainty in velocity measurements (Doppler). Some GPS
receivers (for example, the Trimble ENSIGN) employ running-average filtering to statistically reduce
the epsilon error over time to a reported value of 15 meters SEP [Wormley, 1994].

At another occasion (October 1992) SA was also turned off for a brief period while the Air Force
was conducting tests. Byrne [1993] conducted tests at that time to compare the accuracy of GPS with
SA turned on and off. The static measurements of the GPS error as a function of time shown in
Figure 3.6 were taken before the October 1992 test, i.e., with SA "on" (note the slowly varying error
in Figure 3.6, which is caused by SA). By contrast, Figure 3.7 shows measurements from the October
1992 period when SA was briefly "off."
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Figure 3.6:  Typical GPS static position error with SA "On." (Courtesy of [Byrne,
1993].)

Figure 3.7:  Typical GPS static position error with SA "Off". (Courtesy of Byrne
[1993]).
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Receiver Data Gathered

Magellan Latitude, longitude.
Number of satellites used - implies navigation mode (none, 2-D, or 3-D).

Magnavox GPS Engine Latitude, longitude.
Navigation Mode (none, 2-D, or 3-D).

Rockwell NavCore V Latitude, longitude, navigation mode (none, 2-D, or 3-D).
Number of satellites tracked also available from raw data.

Magnavox 6400 Latitude, longitude
Number of satellites tracked.

Trimble Placer Latitude, longitude.
Navigation Mode (none, 2-D, or 3-D).

Table 3.6:  Summary of data analyzed (Courtesy of [Byrne, 1993].)

Other performance factors include the amount of filtering in a GPS receiver. Excessive filtering
reduces the amount of variance in the position and velocity data, but also slows the response of the
receiver. Excessive filtering will cause a receiver to output incorrect positions when starting,
stopping, or turning sharply. In applications where the GPS data is processed off board and needs
to be transmitted via RF-link to a central computer, this type of error is not very important because
the delay introduced by the communication link will probably be much greater than the delay
introduced by filtering in the receiver. 

Parameters that were not analyzed in the Sandia experiments are velocity and heading accuracy,
because in Sandia's application (and many other typical mobile robot navigation tasks) accurate
velocity information was already available from odometry. Heading information that would be
required for dead reckoning is not needed while GPS is functional.

Another easy-to-measure performance criterion is static position accuracy. This parameter was
measured by placing the GPS receivers at a surveyed location and taking data for approximately 24
hours. Although in typical application the receivers are moving most of the time, the static accuracy
does give a good idea of the receivers' position accuracy capabilities. The parameters measured and
the performance insights gained from these measurements are summarized in Table 3.7.

In summary, the GPS testing performed for this project consisted of storing position and
navigation mode data from five different GPS receivers for both static and dynamic tests. The static
testing provides information about the static position accuracy as well as the sensitivity of the
receiver and antenna if DOP switching is taken into account. The dynamic testing mostly provides
information about the receiver/antenna sensitivity and the receiver's ability to recover from
temporary obstructions (taking into account DOP switching). The dynamic testing also provides
some qualitative information about position accuracy by comparing plots of the data points from the
various receivers.
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Parameter measured Performance evaluated by that parameter

Time-to-first-fix How quickly a receiver starts navigating. Not explicitly measured, but
qualitatively considered.

Static position accuracy Static accuracy and insight into overall accuracy.

Static navigation mode —
Number of satellites tracked

Taking into account DOP switching, gives insight into receiver/antenna
sensitivity.

Dynamic position plots Some accuracy information is obtained by comparing different data plots
taken while driving down the same section of road. Most of this analysis is
qualitative though because there is no ground-truth data for comparison.

Dynamic navigation mode Taking DOP switching into account gives insight into the sensitivity of the
receiver/antenna and the rate with which the receiver recovers from
obstructions.

Table 3.7:  Summary of parameters measured and performance areas evaluated. (Courtesy of [Byrne, 1993].)

3.3.2.2 Test hardware

The GPS receivers tested use a serial interface for communicating position information. The
Magnavox 6400 receiver communicates using RS-422 serial communications, while the other four
receivers use the RS-232 communications standard. The RS-422 and RS-232 standards for data
transmission are compared in Table 3.8.

For the short distances involved in transmitting GPS data from the receiver to a computer, the
type of serial communications is not important. In fact, even though RS-232 communications are
inferior in some ways to RS422, RS-232 is easier to work with because it is a more common standard
(especially for PC-type computers).

A block diagram of the overall GPS test system is shown in Figure 3.10. Figure 3.10 depicts the
system used for dynamic testing where power was supplied from a 12-Volt battery. For the static
testing, AC power was available with an extension cord. Therefore, the computer supply was
connected directly to AC, while the +12 Volts for the GPS receivers was generated using an AC-DC
power supply for the static test.

The GPS test fixture was set up in a Chevrolet van with an extended rear for additional room. The
GPS antennas were mounted on aluminum plates that where attached to the van with magnets. The
Rockwell antenna came with a magnetic mount so it was attached directly to the roof. The five
antennas were within one meter of each other near the rear of the van and mounted at the same
height so that no antenna obstructed the others.
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RS-232 Communications RS-422 Communications

Single-ended data transmission Differential data transmissions

Relatively slow data rates (usually < 20 kbs),
short distances up to 50 feet, most widely used.

Very high data rates (up to I0 Mbs), long distances
(up to 4000 feet at I00 Kbs), good noise immunity.

Table 3.8:  Comparison of RS-232 and RS-422 serial communications. (Courtesy of [Byrne, 1993].)

Figure 3.10:  Block diagram of the GPS test fixture. (Courtesy of [Byrne, 1993].)

For the dynamic testing, power was supplied from a 60 Amp-Hour lead acid battery. The battery
was used to power the AC-DC inverter as well as the five receivers. The van's electrical system was
tried at first, but noise caused the computer to lock up occasionally. Using an isolated battery solved
this problem. An AC-powered computer monitor was used for the static testing because AC power
was available. For the dynamic testing, the low power LCD display was used.

3.3.2.3 Data post processing

The GPS data was stored in raw form and post processed to extract position and navigation data.
This was done so that the raw data could be analyzed again if there were any questions with the
results. Also, storing the data as it came in from the serial ports required less computational effort
and reduced the chance of overloading the data acquisition computer. This section describes the
software used to post process the data.

Table 3.9 shows the minimum resolution (I..e, the smallest change in measurement the unit can
output) of the different GPS receivers. Note, however, that the resolution of all tested receivers is
still orders of magnitude smaller than the typical position error of up to 100 meters. Therefore, this
parameter will not be an issue in the data analysis.
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Receiver Data format resolution
(degrees)

Minimum resolution
(meters)

Magellan 10-7 0.011

Magnavox GPS Engine 1.7×l0-6 0.19

Rockwell NavCore V 5.73×l0-10 6.36×l0-5

Magnavox 6400 10  5.73×l0-8 -7 6.36×l0-2

Trimble Placer 10-5 1.11

Table 3.9:  Accuracy of receiver data formats. (Courtesy of [Byrne, 1993].)

Once the raw data was converted to files with latitude, longitude, and navigation mode in
columnar form, the data was prepared for analysis. Data manipulations included obtaining the
position error from a surveyed location, generating histograms of position error and navigation mode,
and plotting dynamic position data. The mean and variance of the position errors were also obtained.
Degrees of latitude and longitude were converted to meters using the conversion factors listed below.

Latitude Conversion Factor 11.0988×10  m/( latitude4

Longitude Conversion Factor  9.126×10  m/( longitude4

3.3.3 Test Results

Sections 3.3.3.1 and 3.3.3.2 discuss the test results for the static and dynamic tests, respectively,
and a summary of these results is given in Section 3.3.3.3. The results of the static and dynamic tests
provide different information about the overall performance of the GPS receivers. The static test
compares the accuracy of the different receivers as they navigate at a surveyed location. The static
test also provides some information about the receiver/antenna sensitivity by comparing navigation
modes (3D-mode, 2D-mode, or not navigating) of the different receivers over the same time period.
Differences in navigation mode may be caused by several factors. One is that the receiver/antenna
operating in a plane on ground level may not be able to track a satellite close to the horizon. This
reflects receiver/antenna sensitivity. Another reason is that different receivers have different DOP
limits that cause them to switch to two dimensional navigation when four satellites are in view but
the DOP becomes too high. This merely reflects the designer's preference in setting DOP switching
masks that are somewhat arbitrary.

Dynamic testing was used to compare relative receiver/antenna sensitivity and to determine the
amount of time during which navigation was not possible because of obstructions. By driving over
different types of terrain, ranging from normal city driving to deep canyons, the relative sensitivity
of the different receivers was observed. The navigation mode (3D-mode, 2D-mode, or not
navigating) was used to compare the relative performance of the receivers. In addition, plots of the
data taken give some insight into the accuracy by qualitatively observing the scatter of the data.
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Surveyed Latitude Surveyed Longitude

35 02 27.71607 (deg min sec) 106 31 16.14169 (deg min sec)

35.0410322 (deg) 106.5211505 (deg)

Table 3.10 : Location of the surveyed point at the Sandia Robotic Vehicle
Range. (Courtesy of [Byrne, 1993].)

Receiver Mean position error Position error standard
deviation

(meters) (feet) (meters) (feet)

Magellan 33.48 110 23.17 76

Magnavox GPS Engine 22.00 72 16.06 53

Rockwell NavCore V 30.09 99 20.27 67

Magnavox 6400 28.01 92 19.76 65

Trimble Placer                  29.97 98 23.58 77

Table 3.11:  Summary of the static position error mean and variance for different receivers.
(Courtesy of [Byrne, 1993].)

3.3.3.1 Static test results

Static testing was conducted at a surveyed location at Sandia National Laboratories' Robotic Vehicle
Range (RVR). The position of the surveyed location is described in Table 3.10.

The data for the results presented here was gathered on October 7 and 8, 1992, from 2:21 p.m.
to 2:04 p.m. Although this is the only static data analyzed in this report, a significant amount of
additional data was gathered when all of the receivers were not functioning simultaneously. This
previously gathered data supported the trends found in the October 7 and 8 test.The plots of the
static position error for each receiver are shown in Figure 3.11. A summary of the mean and standard
deviation ()) of the position error for the different receivers appears in Table 3.11.

It is evident from Table 3.11 that the Magnavox GPS Engine was noticeably more accurate when
comparing static position error. The Magellan, Rockwell, Magnavox 6400, and Trimble Placer all
exhibit comparable, but larger, average position errors. This trend was also observed when SA was
turned off. However, a functioning Rockwell receiver was not available for this test so the data will
not be presented. It is interesting to note that the Magnavox 6400 unit compares well with the newer
receivers when looking at static accuracy. This is expected: since the receiver only has two channels,
it will take longer to reacquire satellites after blockages; one can also expect greater difficulties with
dynamic situations. However, in a static test, the weaknesses of a sequencing receiver are less
noticeable.
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a. Magellan b. Magnavox GPS Engine.

c. Rockwell NavCore V. d. Magnavox 6400.

e. Trimble Placer.

Figure 3.11:  Static position error plots for all five
GPS receivers. (Courtesy of Byrne [1993]).
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Figure 3.12:  Histogramic error distributions for the data taken during the static test, for all five tested GPS
receivers. (Adapted from [Byrne, 1993].)

The histogramic error distributions for the data taken during the static test are shown in
Figure 3.12. One can see from Fig. 3.12 that the Magnavox GPS Engine has the most data points
within 20 meters of the surveyed position. This corresponds with the smallest mean position error
exhibited by the Magnavox receiver. The error distributions for the other four receivers are fairly
similar. The Magnavox 6400 unit has slightly more data points in the 10 to 20 meter error bin, but
otherwise there are no unique features. The Magnavox GPS Engine is the only receiver of the five
tested that had a noticeably superior static position error distribution. Navigation mode data for the
different receivers is summarized in Figure 3.13 for the static test. 

In order to analyze the data in Figure 3.13, one needs to take into account the DOP criterion for
the different receivers. As mentioned previously, some receivers switch from 3D-mode navigation
to 2D-mode navigation if four satellites are visible but the DOP is above a predetermined threshold.
The DOP switching criterion for the different receivers are outlined in Table 3.12. As seen in
Table 3.12, the different receivers use different DOP criteria. However, by taking advantage of
Equations (3.1) and (3.2), the different DOP criteria can be compared.
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Receiver 2-D/3-D DOP criterion PDOP equivalent

Magellan If 4 satellites visible and VDOP >7, will
switch to 2-D navigation.
Enters 3-D navigation when VDOP<5.

PDOP > (HDOP  + 7 )2 2 ½

Magnavox GPS
Engine

If 4 satellites visible and VDOP>10,
switches to 2-D navigation.
If HDOP>10, suspends 2-D navigation

PDOP < (HDOP  + 5 )2 2 ½

PDOP > (HDOP  + 10 )2 2 ½

Rockwell NavCore V If 4 satellites visible and GDOP>13,
switches to 2-D navigation.

PDOP > (13  - TDOP )2 2 ½

Magnavox 6400 Data Not Available in MX 5400 manual
provided

Trimble Placer If 4 satellites visible and PDOP>8, switches to 2-D
navigation. If PDOP>12, receiver stops navigating.

PDOP > 8

Table 3.12:  Summary of DOP - navigation mode switching criteria. (Courtesy of [Byrne, 1993].)

Figure 3.13:  Navigation mode data for the static test. (Adapted from [Byrne, 1993].)

Table 3.12 relates all of the different DOP criteria to the PDOP. Based on the information in
Table 3.12, several comments can be made about the relative stringency of the various DOP
criterions. First, the Magnavox GPS Engine VDOP criterion is much less stringent than the Magellan
VDOP criterion (these two can be compared directly). The Magellan unit also incorporates
hysteresis, which makes the criterion even more stringent. Comparing the Rockwell to the Trimble
Placer, the Rockwell criterion is much less stringent. A TDOP of 10.2 would be required to make
the two criteria equivalent. The Rockwell and Magnavox GPS Engine have the least stringent DOP
requirements.

Taking into account the DOP criterions of the different receivers, the significant amount of two-
dimensional navigation exhibited by the Magellan receiver might be attributed to a more stringent
DOP criterion. However, this did not improve the horizontal (latitude-longitude) position error. The
Magnavox GPS Engine still exhibited the most accurate static position performance. The same can
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be said for the Trimble Placer unit. Although is has a stricter DOP requirement than the Magnavox
Engine, its position location accuracy was not superior. The static navigation mode results don't
conclusively show that any receiver has superior sensitivity. However, the static position error results
do show that the Magnavox GPS Engine is clearly more accurate than the other receivers tested. The
superior accuracy of the Magnavox receiver in the static tests might be attributed to more filtering
in the receiver. It should also be noted that the Magnavox 6400 unit was the only receiver that did
not navigate for some time period during the static test.

3.3.3.2 Dynamic test results

The dynamic test data was obtained by driving the instrumented van over different types of
terrain. The various routes were chosen so that the GPS receivers would be subjected to a wide
variety of obstructions. These include buildings, underpasses, signs, and foliage for the city driving.
Rock cliffs and foliage were typical for the mountain and canyon driving. Large trucks, underpasses,
highway signs, buildings, foliage, as well as small canyons were found on the interstate and rural
highway driving routes.

The results of the dynamic testing are presented in Figures 3.14 through 3.18. The dynamic test
results as well as a discussion of the results appear on the following pages.

Several noticeable differences exist between Figure 3.13 (static navigation mode) and Figure 3.14.
The Magnavox 6400 unit is not navigating a significant portion of the time. This is because
sequencing receivers do not perform as well in dynamic environments with periodic obstructions.
The Magellan GPS receiver also navigated in 2D-mode a larger percentage of the time compared
with the other receivers. The Rockwell unit was able to navigate in 3D-mode the largest percentage
of the time. Although this is also a result of the Rockwell DOP setting discussed in the previous
section, it does seem to indicate that the Rockwell receiver might have slightly better sensitivity
(Rockwell claims this is one of the receiver's selling points). The Magnavox GPS Engine also did not
navigate a small percentage of the time. This can be attributed to the small period of time when the
receiver was obstructed and the other receivers (which also were obstructed) might not have been
outputting data (caused by asynchronous sampling).

The Mountain Driving Test actually yielded less obstructions than the City Driving Test. This
might be a result of better satellite geometries during the test period. However, the Magnavox 6400
unit once again did not navigate for a significant portion of the time. The Magellan receiver
navigated in 2D-mode a significant portion of the time, but this can be attributed to some degree to
the stricter DOP limits. The performance of the Rockwell NavCore V, Trimble Placer, and
Magnavox GPS Engine are comparable.
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Figure 3.14:  Summary of City Driving Results. (Adapted from [Byrne, 1993]).

Figure 3.15:  Summary of mountain driving results.  (Adapted from [Byrne, 1993]).

Figure 3.16:  Summary of Canyon Driving Results.  (Adapted from [Byrne, 1993]).
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Figure 3.17:  Summary of Interstate Highway Results. (Adapted from [Byrne, 1993]).

Figure 3.18 . Summary of Rural Highway Results. (Adapted from [Byrne, 1993]).

The Canyon Driving Test exposed the GPS receivers to the most obstructions. The steep canyon
walls and abundant foliage stopped the current receiver from navigating over 30 percent of the time.
The Magnavox GPS Engine and Rockwell receiver were also not navigating a small percentage of
the time. This particular test clearly shows the superiority of the newer receivers over the older
sequencing receiver. Because the newer receivers are able to track extra satellites and recover more
quickly from obstructions, they are better suited for operation in dynamic environments with
periodic obstructions. The Trimble Placer and Rockwell receiver performed the best in this particular
test, followed closely by the Magnavox GPS Engine.

During the Interstate Highway Driving tests, the Magnavox 6400 unit did not navigate over
20 percent of the time. This is consistent with the sometimes poor performance exhibited by the
current navigation system. The other newer receivers did quite well, with the Trimble Placer,
Magnavox GPS Engine, and Rockwell NavCore V exhibiting similar performance. Once again, the
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Magellan unit navigated in 2D-mode a significant portion of the time. This can probably be attributed
to the stricter DOP limits.

During the Rural Highway Driving test the Magnavox 6400 unit once again did not navigate a
significant portion of the time. All of the newer receivers had similar performance results. The
Magellan receiver navigated in 2D-mode considerably less in this test compared to the other dynamic
tests.

3.3.3.3 Summary of test results

Both static and dynamic tests were used to compare the performance of the five different GPS
receivers. The static test results showed that the Magnavox GPS Engine was the most accurate (for
static situations). The other four receivers were slightly less accurate and exhibited similar static
position error performance. The static navigation mode results did not differentiate the sensitivity
of the various receivers significantly. The Magellan unit navigated in 2D-mode much more
frequently than the other receivers, but some of this can be attributed to stricter DOP limits.
However, the stricter DOP limits of the Magellan receiver and Trimble Placer did not yield better
static position accuracies. All four of the newer GPS receivers obtained a first fix under one minute,
which verifies the time to first-fix specifications stated by the manufacturers.

The dynamic tests were used to differentiate receiver sensitivity and the ability to recover quickly
from periodic obstructions. As expected, the Magnavox 6400 unit did not perform very well in the
dynamic testing. The Magnavox 6400 was unable to navigate for some period of each dynamic test.
This was most noticeable in the Canyon route, where the receiver did not navigate over 30 percent
of the time. The newer receivers performed much better in the dynamic testing, navigating almost
all of the time. The Magnavox GPS Engine, Rockwell NavCore V, and Trimble Placer exhibited
comparable receiver/antenna sensitivity during the dynamic testing based on the navigation mode
data. The Magellan unit navigated in 2D-mode significantly more than the other receivers in the
dynamic tests. Most of this can probably be attributed to a more stringent DOP requirement. It
should also be noted that the Magellan receiver was the only receiver to navigate in 2D-mode or 3D-
mode 100 percent of the time in all of the dynamic tests.

Overall, the four newer receivers performed significantly better than the Magnavox 6400 unit in
the dynamic tests. In the static test, all of the receivers performed satisfactorily, but the Magnavox
GPS Engine exhibited the most accurate position estimation. Recommendations on choosing a GPS
receiver are outlined in the next section.

3.3.4 Recommendations

In order to discuss some of the integration issues involved with GPS receivers, a list of the
problems encountered with the receivers tested is outlined in Section 3.3.4.1. The problems
encountered with the Magnavox 6400 unit (there were several) are not listed because the Magnavox
6400 unit is not comparable to the newer receivers in performance.

Based on the problems experienced testing the GPS receivers as well as the requirements of the
current application, a list of critical issues is outlined in Section 3.3.4.2.

One critical integration issue not mentioned in Section 3.3.4.2 is price. Almost any level of
performance can be purchased, but at a significantly increased cost. This issue will be addressed
further in the next section. Overall, the Magellan OEM Module, the Magnavox GPS Engine,
Rockwell NavCore V, and Trimble Placer are good receivers. The Magnavox GPS Engine exhibited
superior static position accuracy. During dynamic testing, all of the receivers were able to navigate
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a large percentage of the time, even in hilly wooded terrain. Based on the experimental results, other
integration issues such as price, software flexibility, technical support, size, power, and differential
capability are probably the most important factors to consider when choosing a GPS receiver.

3.3.4.1 Summary of problems encountered with the tested GPS receivers

Magellan OEM Module
& No problems, unit functioned correctly out of the box. However, the current drain on the battery

for the battery backed RAM seemed high. A 1-AmpHour 3.6-Volt Lithium battery only lasted a
few months. 

& The binary position packet was used because of the increased position resolution. Sometimes the
receiver outputs a garbage binary packet (about I percent of the time).

Magnavox GPS Engine
& The first unit received was a pre-production unit. It had a difficult time tracking satellites. On one

occasion it took over 24 hours to obtain a first fix. This receiver was returned to Magnavox.
Magnavox claimed that upgrading the software fixed the problem. However, the EEPROM failed
when trying to load the oscillator parameters. A new production board was shipped and it
functioned flawlessly out of the box.

& The RF connector for the Magnavox GPS Engine was also difficult to obtain. The suppliers
recommended in the back of the GPS Engine Integration Guide have large minimum orders. A
sample connector was finally requested. It never arrived and a second sample had to be
requested.

Rockwell NavCore V
& The first Rockwell receiver functioned for a while, and then began outputting garbage at 600

baud (9600 baud is the only selectable baud rate). Rockwell claims that a Gallium Arsenide IC
that counts down a clock signal was failing because of contamination from the plastic package
of the IC (suppliers fault). This Rockwell unit was returned for repair under warranty.

& The second Rockwell unit tested output data but did not navigate. Power was applied to the unit
with reverse polarity (Sandia's fault) and an internal rectifier bridge allowed the unit to function,
but not properly. Applying power in the correct manner (positive on the outside contact) fixed
the problem.

Trimble Placer  
& No problems, unit functioned correctly out of the box.

3.3.4.2 Summary of critical integration issues

Flexible software interface  Having the flexibility to control the data output by the receiver is
important. This includes serial data format (TTL, RS-232, RS-422). baud rates, and packet data rates.
It is desirable to have the receiver output position data at fixed data rate, that is user selectable. It
is also desirable to be able to request other data packets when needed. All of the receivers with the
exception of the Rockwell unit were fairly flexible. The Rockwell unit on the other hand outputs
position data at a fixed 1-Hz rate and fixed baud rate of 9600 baud.

The format of the data packets is also important. ASCII formats are easier to work with because
the raw data can be stored and then analyzed visually. The Rockwell unit uses an IEEE floating point
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format. Although Binary data formats and the Rockwell format might be more efficient, it is much
easier to troubleshoot a problem when the data docs not have to be post processed just to take a
quick look.

Differential capability  The capability to receive differential corrections is important if increased
accuracy is desired. Although a near-term fielded system might not use differential corrections, the
availability of subscriber networks that broadcast differential corrections in the future will probably
make this a likely upgrade.

Time to first fix   A fast time-to-first-fix is important. However, all newer receivers usually advertise
a first fix in under one minute when the receiver knows its approximate position. The difference
between a 30-second first fix and a one-minute first fix is probably not that important. This
parameter also affects how quickly the receiver can reacquire satellites after blockages.

Memory back up  Different manufacturers use different approaches for providing power to back
up the static memory (which stores the last location, almanac, ephemeris, and receiver parameters)
when the receiver is powered down. These include an internal lithium battery, an external voltage
supplied by the integrator, and a large capacitor. The large capacitor has the advantage of never
needing replacement. This approach is taken on the Rockwell NavCore V. However, the capacitor
charge can only last for several weeks. An internal lithium battery can last for several years, but will
eventually need replacement. An external voltage supplied by the integrator can come from a
number of sources, but must be taken into account when doing the system design.

Size, Power, and packaging  Low power consumption and small size are advantageous for vehicular
applications. Some manufacturers also offer the antenna and receiver integrated into a single
package. This has some advantages, but limits antenna choices.

Active/passive antenna  Active antennas with built-in amplifiers allow longer cable runs to the
receiver. Passive antennas require no power but can not be used with longer cabling because of
losses.

Cable length and number of connectors  The losses in the cabling and connectors must be taken
into account when designing the cabling and choosing the appropriate antenna.

Receiver/antenna sensitivity  Increased receiver/antenna sensitivity will reduce the affects of
foliage and other obstructions. The sensitivity is affected by the receiver, the cabling, as well as the
antenna used.

Position accuracy  Both static and dynamic position accuracy are important. However, the effects
of SA reduce the accuracy of all receivers significantly. Differential accuracy will become an
important parameter in the future.

Technical Support  Good technical support, including quick turn around times for repairs, is very
important. Quick turn around for failed units can also be accomplished by keeping spares in stock.
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