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ABSTRACT

A Sandia project currently uses an outdated Magnavox 6400 Global Positioning
System (GPS) receiver as the core of its navigation system. The goal of this
study was to analyze the performance of the current GPS receiver compared to
newer, less expensive models and to make recommendations on how to improve
the performance of the overall navigation system. This paper discusses the test
methodology used to experimentally analyze the performance of different GPS
receivers, the test results, and recommendations on how an upgrade should
proceed. Appendices contain detailed information regarding the raw data, test
hardware, and test software.
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PREFACE

The intent of this study was to compare the performance of a particular two-channel, sequencing global
positioning system (GPS) receiver to that of the newer five- and six-channel parallel receivers. The parallel channel
receivers used in this study were selected based upon availability, cost, size, and receiver specifications.
Unfortunately, due to budget and time constraints, the entire spectrum of parallel channel receivers could not be
included in this study. Also, a variety of comparable GPS receivers have been introduced since this study was
begun. The appropriate choice of a receiver is dictated, of course, by the application.
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ACRONYMS

ASCII American Standard Code for Information Interchange

DOP dilution of precision

FM frequency modulatiop.

GDOP geometric dilution of precision

GPS Global Positioning System

HDOP horizontal dilution of precision

IC integrated circuit

IVHS Intelligent Vehicle Highway Systems

LANL Los Alamos National Laboratory

LCD liquid crystal display

MATLAB Math Library

OEM original equipment manufacturer

PC personal computer

PDOP position dilution of precision

RAM random access memory

RF radio frequency

SA selective availability

SNR signal-to-noise ratio

STD standard

SV satellite vehicle

TDOP time dilution of precision

3 D three dimensional

2D two dimensional

TTL transistor-transistor-logic

VDOP vertical dilution of precision



1.0 INTRODUCTION

A Sandia project currently uses an outdated Magnavox 6400 Global Positioning System (GPS) receiver as the

core of its navigation system. The goal of this paper is to analyze the performance of the current GPS receiver

compared to newer, less expensive models and to make recommendations on how to improve the pedbrmance of

the overall navigation system.

1.1 GPS Basics

This section describes the basic operation of the GPS system for those not familiar with the technology. Those

already familiar with GPS might want to skip this section and move on to Section 1.2.

The GPS system was developed by the United States Air Force to allow accurate position location anywhere in

the world. GPS uses the principle of triangulation to estimate position. Triangulation involves measuring the

distance to three known landmarks to determine position. For the GPS system, these landmarks are satellites

orbiting the earth at a height of about 10,900 nautical miles; the satellites, sometimes referred to as Satellite

Vehicles (SVs), are depicted in Figure 1-1. The full constellation of satellites will contain 21 active satellites and 3

spares for a total of 24. As of November 1, 1992, there are 19 satellites functioning in orbit. The full constellation

should be operational by early 1993.

The range from each satellite is determined by measuring the time of flight of a radio signal transmitted by

each satellite and received by the receiver. Distance is calculated using the simple equation shown below:

distance = time * speed (1-1)

Satellite 2 Satellite 3

Satellite 1 C) C) Satellite 4

© ©

p2 p3

pl p4

'.._ •

RECEIVER

AVP-9616-1-1

Figure ]-l. GPS System.
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1. Introduction

A radio signal travels at the speed of light, which is 186,000 miles/second, Because radio signals travel reD'

quickly, very accurate timing is required to measure distance accurately. In one nanosecond (1()"9 second), a radio

signal travels 0.982 feet. Therefore, GPS receivers have very accurate clocks capable of nanosecond resolution.

The distance to a satellite is referred to as a pseudo-range because it is an estimate of the range.

In order to measure the time it takes a message to travel from a satellite to the receiver, the start time of the

message must be known. This is accomplished by synchronizing the clock on the receiver with the clock on the

satellite. All the satellites use expensive atomic clocks to cnsure thai all of the satellite clocks are synchronized.

Atomic clocks use the vibration period of a particular atom (cesium is a popular one) to keep time. All satellites

have several atomic clocks to ensure thai one is always functioning.

Each satellite broadcasts a pseudo-random code, or sequence of numbers, that repeat periodically. Every,

satellite has a unique but known pseudo-random code. By generating the same pseudo-random code in the

receiver, the time of flight of the radio signal can be estimated by looking at the difference in start times between

the received code and the generated code. Because of the nature of the pseudo-random codes, the start of the code

doesn't have to be compared, a unique unambiguous section of the code anywhere in the message will suffice. In

more technical terms, the time of flight is determined by sliding the generated code over the incoming signal until

a peak in the autocorrelation is achieved.

Two different codes are broadcast by each satellite on two difl'crent frequencies. The " C/A" code is

broadcast on the first frequency, L1, at approximately 1.575 GHz. This is the code intended for civil applications

and is available to all users. The military code, or "P" code, is transmitted on the L I frequency as well as the L2

frequency (1.227 GHz). Once the full GPS constellation is operational, the Air Force intends to encrypt the "P"

code into "Y" code and its use will bc limited to authorized militar3.' users.

Once the distance to three satellites is measured, theoretically one can r'btaiu a position fix. The orbits of the

satellites arc known very precisely, and the Air Force constantly measures the actual orbit so that the satellites can

determine their actual position very accurately. This orbital information, known as the ephemeris, is broadcast to

the GPS receiver so that the exact location of the satellite vehicles is known at all times.

If the clock on the GPS receiver was synchronized to the atomic clocks on the satellites, then the distance to

three satellites would be sufficient for determining the location of the receiver. However, the clocks on GPS

receivers have to be small and inexpensive so they are not as accurate as the satellite clocks. This introduces a

time offset error to the measurements. The GPS receiver clock is either ahead or behind the time kept by the

atomic clocks by an unknown amount. By measuring the distance to a fourth satellite, this timing error can be

eliminated. Measuring the range to four satellites with a clock offset AT yields four equations with four unknowns.

It is then easy to solve for the local clock offset as well as the x,.v,z position of the GPS receiver. If a two-
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1.1 GPSBasics

dimcnsional location is rcquired (altitude is already known, for cxamplc, sca lcvcl), thcn only three satcllites arc

nccdcd.

Many factors exist that influence the accuracy of the GPS receiver's position estimate. The radio signal is

refracted as it travels through the earth's atmosphere and therefore does not travel in a straight line. Small

variations in the satcllite's orbits also affect the accuracy of the GPS fix. Most significantly, the Air Force

intentionally sends incorrect clock and ephemeris information on the C/A code to degrade the position accuracy to

about 100 meters. This degradation is known as Selective Availability (SA). This intentional degradation is

intcndcd to kccp unfriendly countries from developing precision guided munitions with GPS. A list of several

factors wt,ich degrade GPS accuracy appear in Table I-1 (Brown and Hwang, 1992). The errors in Table I-1

describe pseudo-range errors that combine with satellite gcomctr7 to determine the magnitude of the position error.

The particular satellite geometry contributes an error multiplier to the pseudo-range error that will be discussed

later.

As sccn in Table 1-1, the largest error source is selective availability (SA). The pseudo-range errors caused by

SA degrade the position accuracy of GPS to about 100 meters. The effects of SA arc illustrated in Figures 1-2 and

I-3, SA was turned off in October for a bricf period ,,vhilc thc Air Force was conducting tests. ']"he data in Figure

!-2 was taken during this period and shows GPS error as a fimction of time with SA off. Figure 1-3 shows GPS

error as a fimction of time with SA on. The slowly varying crror in Figure 1-3 is caused by SA. Both plots

represent data takcn as part of this projcct.

Table 1-I. Typical Pseudo-Range Errors (Brown and Hwang, 1992)

Error Component Pseudo-range Error
Standard Deviation (meters)

Satellite Position 3

lonosphcrc refraction with correction 5

Troposphcrc rcfraction with correction 2

Multipath (reflections of RF signal) 5

Sclccli_,'CAvailability (SA) 30
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1. Introduction

The particular geometry of the satellites relative to the receiver also affects the position accuracy. Some

geometries are more favorable than others. Terms used to describe the strength of the position fix based on the

geometry include: Dilution of Prccision (DOP), Horizontal Dilution of Precision (HDOP), Geometric Dilution of

Precision (GDOP), Position Dilution of Precision (PDOP), Time Dilution of Precision (TDOP), and Vertical

Dilution of Precision (VDOP). The various DOPs are error multipliers that indicate the accuracy of a particular

type of position fix based on a certain pseudo-range error. For instance, if the pseudo-range measurements are

accurate to 1(/ meters and the HDOP is equal to 3.5, the horizontal position accuracy would be 35 meters (10 *

3.5). A PDOP of 2 or 3 is fairly good, while a PDOP of I0 is not so good, Certain geometries can cause the DOP

to become very large (infinite). Two useful DOP identities are shown in Equations (1-2) and (1-3),

PDOP 2 = VDOP 2 + HDOP 2 (1-2)

GDOP 2 = PDOP 2 + TDOP 2 (1-3)

One way to improve GPS accuracy is by taking differential measurements, often referred to as differential GPS

(DGPS). This is shown in Figure 1-4.

Satellite 2 Satellite 3

Satellite 1 (_ C) Satellite 4
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Figure 1-4. Diffcrcntial GPS.
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1.1 GPSBasics

By placing one GPS receiver in the difl'erential system at a surveyed, known location, the errors from SA,

ephemeris, and atmospheric effects can be practically eliminated from the mobile receiver. If the two receivers are

not very far apart, they will be using the same satellites as well as the same region of the atmosphere and will be

subjected to essentially the same error sources. In practice, it is desirable to keep the receivers within 10 kilometers

of each other. The sum of all the error terms can be calculated for the receiver at the known location and then

corrections can be sent to other receivers in the area. Differential GPS can easily reduce the position error to less

than 10 meters. Other, more complicated methods of obtaining increased accuracy include using differential GPS

with carrier phase measurements.

The Coast Guard plans to implement a differential GPS system around the coastal waters of the United States,

including the Great Lakes, Hawaii, and Puerto Rico. This system will aide in maritime navigation and will offer a

great improvement in positional accuracy over Loran C. Magnavox and CUE Network Corporation also plan to

market a nationwide subscriber network that allows users to receive differential corrections over an FM radio link

(GPS Report, 1992). Surveyor's currently use differential GPS to obtain positional accuracies of centirneters, but

these measurement require post processing of the data and assurne a stationary G PS receiver.

GPS receivers are often compared based on the number of channels they have for tracking satellites. As

mentioned in the previous section, a GPS receiver intlst track at least four satellites to perform three-dimensional

navigation. Early receivers had only one or two channels lbr tracking satellites, so they had to sequence from one

satellite to another to obtain a position fix. These types of receivers are known as sequencing receivers because they

have to switch quickly frorn one satellite to another to obtain tile four necessary pseudo-ranges. More modern

receivers have dedicated channels for each satellite being tracked. The ntunber of channels can range from 4 to 12

or more, depending on the cost and accuracy of the receiver. Receivers with 5 or more channels have the advantage

of being able to track more than the four necessary satellites simultaneously. This allows incorporating more

pseudo-ranges in the position fix for increased accuracy and also lets the receiver contirlue to navigate if one of the

satellites is temporarily obstructed.

In summary, this section has presented an introdtlction to the basic operation of GPS. GPS uses the concept of

triangulation to determine the location ol'a receiver. The known landmarks from which distances arc rrleasured are

the GPS satellites orbiting the Earth. The time-oftliglat of a pseudo..random code sent synchronously from each

satellite is measured at tile receiver to determine tile distance to each satellite. Ideally, only three satellites would be

needed to determine the location of the receiver. I lowever, because of receiver clock errors, a fourth satellite is

needed to synchronize tile receiver clock with the atomic clocks on the satellites. The largest source of (liPS

position error is Selective Availability (SA). Most of the position error can be eliminated by using a differential

GPS system,

I-7



1, Introduction I

1.2 Project Goals

The current navigation system uses dead reckoning (compass and odometry), updated with position fixes from

either GPS or TRANSIT as its position location system. The GPS receiver, a Magnavox 6400 unit, is a 2-channel

sequencing receiver that is based on technology more than 10 years old. Newer GPS receivers are less expensive,

typically have five or six channels, and offer improved performance. In addition, maintenance and repair of the

Magnavox receiver is becoming more expensive as the receiver becomes more obsolete. Therefore, upgrading the

current navigation system is a high priority. One goal of this study was to compare the current GPS system with

several inexpensive, commercially available systems to quantify the performance improvements gained by

switchinL, to a newer receiver. The receivers tested arc listed in Table 1-2. The 'briginal equipment manufacturer

(OEM) type" receivers are single board GPS receivers that are meant to be integrated into a system or product.

The Trimble and Magnavox 6400 receivers are "integrated" commercial products.

Table 1-2. GPS Receivers Tested

Receiver Description

Magnavox6400 2-Channel, sequencing receiver, receiver in
current system, Integrated System

Magellan OEM GPS Module 5-Channel GPS Receiver, OEM type

Magnavox GPS Engine 6- Channel GPS Receiver, OEM type

Rockwell NavCore V 5- Channel GPS Receiver, OEM type

Trimble Placer 6-Channel Receiver, Integrated System

The current navigation system also uses a fluxgate magnetometer (electronic compass) to determine vehicle

heading as part of the dead-reckoning system. A fluxgatc nlagnetometcr senses the Earth's magnetic field to

determine the direction of magnetic North (the direction a compass would point). The large mass of steel present

in the current application interferes with the performance of the magnetometer because the steel (a ferrous

material) warps the Earth's magnetic field around the sensor. In general, magnetometers arc more accurate when

they arc not near ally induced magnetic fields caused by electric currents or ferrous materials. Therefore, the dead-

reckoning performance is degraded because the fluxgate magnetometer heading is not always accurate. Another

goal of this study was to suggesl methods of improving the dead-reckoning system's performance.

The performance of the current GPS receiver was tested along with four commercially available receivers.

Testing included static testing as well as dynamic testing. The results of lhc tcsling arc oullincd in this report.

1-8



1.3 PaperOutline

Recommendations on how to improve the performance of the dead-reckoning system are based on experience with

fluxgate magnetometers at Sandia's Robotic Vehicle Range (RVR). This report documents the GPS receiver testing,

test results, and recommendations on how to improve the current navigation system.

1.3 Paper Outline

As mentioned in the previous section, the goal of this study was to analyze the performance of several

commercial receivers compared to the current GPS system and to make recommendations on how to improve the

overall navigation system. This report documents the test methodology used to gather GPS data, the test results, as

well as recommendations on how to improve the current navigation system. The test methodology is described in

Section 2.0. The parameters tested are discussed in Section 2.1; the test hardware is documented in Section 2.2; and

the test software is described in Section 2.3. The test results are discussed in Section 3.0. The static results are

presented in Section 3.1, while the dynamic results are described in Section 3.2. Section 3.3 provides a summary of

the test results. The recommendations for improving the current navigation system are outlined in Section 4.0.

Section 4.1 discusses the selection of an upgraded GPS receiver, while Section 4.2 addresses overall navigation

issues. Section 5.0 contains a summary of the report.

Appendices are used to document areas with greater detail than would be suitable tbr the report. Appendix A

contains a detailed description of the test hardware. Appendix B contains descriptions of the serial data

communication protocols used by the GPS receivers tested. Appendix C contains a listing of the software used tbr

the GPS receiver testing. This includes the data acquisition software as well as the data post processing software.

Appendix D contains raw GPS data. This includes maps made while taking dynamic data and navigation mode as a

function of time. Appendix E contains examples of the raw GPS data. Appendix F lists the individual contacts who

provided technical support and pricing information for the GPS receivers tested.

I-9



2.0 TEST METHODOLOGY

The project goal of this study was to compare the performance of the current GPS system to commercially

available GPS receivers, and then to make overall recommendations on how to improve the current navigation

system. Many possible parameters exist that may be measured when comparing GPS receivers. These include

position error, number of satellites tracked, signal-to-noise ratios, and time-to-first-fix. Section 2.1 discusses the

parameters that were chosen to compare the performance of the current GPS receiver to several commercial off-

the-shelf units. Section 2.2 describes the text fixture hardware developed to gather GPS data from the five

different receivers and Section 2.3 describes the software used to gather the data. Post processing the gathered data

is discussed in Section 2.4.

2.1 Parameters Tested

Many parameters exist that may be tested when comparing different GPS receivers. These parameters include

receiver sensitivity, static accuracy, dynamic accuracy, number of satellites tracked, and time-to-first-fix. The tests

performed to evaluate the five different GPS receivers consisted of both static and dynamic testing. This section

discusses the parameters tested and the rationalization for choosing these parameters.

For this navigation application, time-to-first-fix is an important parameter. The current GPS receiver can take

up to 30 minutes to initialize and lock onto the satellite signals before it starts navigating. However, all of the

newer receivers advertise fast position fixes, usually under one minute, if the receiver knows its position to within

several hundred miles. This is often referred to as a "warm start." The difference between a 30-second first fix

and a 2-minute first fix is not that important for this application. However, 1-2 minutes is a great improvement

over 30 minutes. Although this parameter was not explicitly measured, attention was paid to time-to-first-fix to

confirm that the newer receivers were meeting the quoted specification.

The number of satellites tracked and receiver sensitivity are important parameters for this application. The

more satellites tracked, the less likely an obstruction of one or more satellites will result in a loss of navigation.

Also, a more sensitive receiver is less likely to be affected by foliage and other obstructions that reduce signal

strengths. The receiver sensitivity is affected by the type of antenna used and the type of cabling. Some antennas

have higher gains than others, different cables have different attenuation characteristics, and the longer the cable

the greater the signal attenuation. The navigation mode, two-dimensional (2-D) or three-dimensional (3-D), is

affected by the number of satellites visible. Provided that the geometry results in an acceptable DOP, a minimum

of four satellites are necessary for 3-D navigation. Additional satellites may be used to achieve a more robust

position fix. If four satellites are in view, but the DOP is higher than a certain threshold, many receivers will

switch to 2-D navigation.

i 2-1



2. TestMethodology

Ideally, measuring the signal-to-noise ratio (SNR) in the receiver and the number of satellites being tracked

would yield the most insight into receiver performance. However, this information is usually buried in several

different data packets for any given receiver. For some receivers, this information is not always available (the

Trimble Placer does not output SNRs or the number of satellites tracked for example). Therefore, a compromise

was made and packets were requested that contained the position fix as well as the navigation mode or number of

satellites tracked. Usually this data was contained in the same data packet. This reduced the amount of data stored

and simplified the data analysis. The information gathered from each receiver is listed in Table 2-1.

Table 2-1. Summary of Data Analyzed

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 NavCorc V Latitude, Longitude
Navigation Mode (none, 2-D, or 3-D)
Note: 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)

Differences in navigation modes can be caused by several factors; these include differences in number of

satellites being tracked, differences in the DOP value that cause a switch from 3-D to 2-D navigation, and

differences in satellite mask angles and receiver/antenna sensitivity. The DOP settings and mask angles are known

for each receiver, so the navigation mode data will allow comparing the number of satellites tracked and

receiver/antenna sensitivity as one performance criterion. Although the navigation mode data lumps several

factors together, it does give a comparison of overall receiver/antenna performance.

As mentioned in the previous section, the antenna and cable choice affects the performance of the GPS

receiver. The antennas used for the GPS testing were supplied with the receiver or OEM evaluation kit. The

cabling was also supplied with the exception of the Magnavox GPS Engine. Thcrefore, the performance of the
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2.1 Parameters Tested

antenna and cabling was lumped together with the overall GPS system because each manufacturer recommends (or

provides) antennas and cabling.

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, This type of

error is not very important for this application because the position data is sent over a radio frequency (RF) link to

a command center. The delay and sampling introduced by the communication link will probably be much greater

than thc delay introduced by filtering in the receiver. Additional parameters that were not analyzed are velocity

and heading acc, tracy. Accurate velocity information is already available from odometry, and heading information

that would be required for dead reckoning is not needed while GPS is functional (GPS is more accurate than dead

reckoning over long periods of time).

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 this

application, the receivers will be 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 2-2.

Table 2-2. Summary. of Parameters Measured and Pcrformance Areas Evaluated

Parameter Measured Pcrformancc it Evaluates

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

Static Position Accuracy Static accuracy and insight into overall accuracy.

Static Navigation Mode - Number of "Faking into account DOP switching, gives insight into
Satellites Tracked receivcr/antcnna 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.

2-3
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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 tcsting 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.

2.2 Test Hardware

This section describes the test fixture developed to gather GPS data from the five different GPS receivers

tested. A more detailed description of the test fixture hardware appears in Appendix A.

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 described and compared in

more detail in Table 2-3.

Table 2-3. Comparison of RS-232 and RS-422 Serial Communications

RS-232 Communications RS-422 Communications

Single-ended data transmission Differential data transmissions

Relatively slow data rates (usually < 20K baud), Very high data rates (up to 10M baud), long
short distances up to 50 feet, most widely used. distances (up to 4000 feet at 100K baud), good

noise immunity.

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 RS-

422, RS-232 is caster to work with because it is a more common standard (especially for PC-type computers).

The GPS receivers tested use serial communications to send information to another computer as well as to

receive configuration commands. Typically, the GPS receivers output a position update at a fixed rate, once per

second lbr example. With live GPS receivers +lalking" at their own fixed rate, a data acquisition system was

needed that could gather sctial data from five serial ports simultaneously, without losing informalion. Serial ports

may be monitored in two ways, either in polled or interrupt operation. In polled operation, software periodically

'looks"at the serial port to determine ifa new character, or byte, has been received. If the software is too slow in
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2.2 TestHardware

checking the port, some data may be lost. However, under interrupt operation, an interrupt is generated whenever

a new character is received, allowing the software to be doing something else when there are no new characters to

process.

For this application, interrupt operation was necessary to be able to quickly gather serial data from five ports

without losing information if all of the receivers happened to talk at the same time. A PC typically has two

interrupt capable serial ports. Additional serial ports may be added via an expansion card, but these additional

serial ports can usually only operate in a polled mode. A PC expansion card would not work lbr the data rates and

number of ports that could potentially be talking simultaneously in this application. Therefore, a Standard (STD)

Bus computer was selected as the data acquisition system. PC-compatible STD Bus computers are readily

available, and serial cards are also available that suppon interrupt operation. PC compatibility simplifies software

development and data transfer. Also, STD Bus computers are well suited for portable data acquisition because of

their small form factor and low power consumption.

The STD Bus data acquisition hardware used to gather GPS data is outlined in Table 2-4. The overall system

is best described as an embedded PC because all of the functional features of a PC are available in a reduced form

factor. A 286-compatible processor allowed software development using Borland's Turbo C. An interrupt-driven

serial card yielded a total of six interrupt-driven serial channels. A hard disk was used for data storage, while a

3.5-inch drive was used to transfer data between a PC and the data acquisition computer. A video/keyboard card

was necessary to interface to a video monitor and standard IBM XT keyboard. A small, low power liquid crystal

display (LCD) was used for the dynamic testing where low power consumption was critical.

A block diagram of the overall GPS test system is shown in Figure 2-1. Figure 2-1 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 a Hewlett Packard supply for the static test.

The Magnavox GPS Engine requires interface circuitry, to convert from transistor-transistor-logic (TTI,) levels

(0,5 volts) to RS-232 levels (-12, +12 volts). The Magnavox GPS Engine and the Magellan OEM module also

rcquircd an cxtcrnal battcry for the battery-backcd random acccss memory (RAM). In addition, thc Magnavox

GPS Enginc rcquircs regulated power at +5 volts and + 7 volts. These volt;igcs wcre generated using linear

rcgulator intcgratcd circuits (ICs) and the raw battcry supply.

Thc GPS test fixture was set up in a Chevrolet van with an cxtcndcd rcar for additional room. The GPS

antennas wcrc mounted o_ aluminum plates that where attached to the van with magnets The Rockwell antenna

c_macwith _lmagnetic mount so it was attached directly to the roof. The five antennas were within one meter of

c;ich other near the rcar of Ihe van and mounted at the same height so that no antenna obstructed the others.
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2. TestMethodology

Table 2-4. STD Bus Computer System

STD Bus Card or Peripheral Description

ZT 8901 (Ziatech Corp.) Low power CMOS, 286 compatible processor, 3
serial ports, 640 K RAM, 380 K battery-backed
RAM disk, 48 parallel I/O lines

ZT 88CT41 (Ziatech Corp.) Quad serial card, low power CMOS, supports I
interrupt operation, RS-232 or RS-422 operation

ZT-8980/ZT- 1030 (Ziatech Corp.) Video/Keyboard Support, Driver for LCD Disp!._y

ZT-8950 (Ziatech Corp.) 3.5-Inch Disk Drive

ZT-8952-40 (Ziatech Corp.) 40 MByte Hard Disk

IBM XT Keyboard Keyboard

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.

A more detailed description of the test fixture hardware appears in Appendix A. This includes interface

circuit schematics as well as serial cable pinouts.

2.3 Test Software

This section describes the software developedto gather the GPS data from the five different GPS receivers.

As mentioned in the previous section, the five GPS receivers tested use serial communications to communicate

with another computer. Serial communications require a defined protocol, so that both computers know the

allowed commands and data formats. The serial communications protocols for the different GPS receivers are

listed in Appendix B. The description in Appendix B is limited to the packets used.

The baud rates and serial port configurations of the different GPS receivers are listed in Table 2-5.
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{ Battery Backup ]
1

'_ ' RS-232 1

[ Magellan OEM }"_-"DATA

ACQUISITION RS-232 [ [ --
COMPUTER Interface Circuit lJ Magnavox Eng

.... -- -- -- -- ,,,

,., __ ,,.

[  o.o0],,_

AC Power

Supply GPS RECEIVERS

i DC-AC 1Inverter j + 12 Volt Battery

AVI)-9bI6-5.I

Figure 2-1. Block Diagram of GPS Tcst Fixture (Dynamic Testing),
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Table 2-5. GPS Receiver Serial Port Configurations

Receiver Serial Port Configuration

Magellan 9600 baud, 8 bit, 1 stop, no parity

Magnavox GPS Engine 4800 baud, 8 bit, 1 stop, no parity

Rockwell NavCore V 9600 baud, 8 bit, 1 stop, odd parity

Magnavox 6400 240{) baud, 7 bit, 1 stop, odd parity

Trimble Placer 9600 baud, 8 bit, 1 stop, odd parity

The data acquisition software is outlined in Figure 2-2, The data acquisition program first reads the clock to

determine the time and date. Then, it creates and opens a data file for each of the GPS receivers. The filename

created for each receiver is unique and contains information about the GPS receiver as well as the date and time of

the test. The filename format is shown in Figure 2-3.

The letter at the beginning of the data filename corresponds to one of the five GPS receivers. This relationship

is outlined in Table 2-6,

Table 2-6. Data File Letter Assignments

Receiver File Letter

Magellan OEM Module A

Magnavox GPS Engine B

Rockwell NavCore V C

Magnavox 6400 D

Trimble Placer F

After creating and opening the data files for storing the serial GPS data, the software then initializes the

interrupt controllers on the processor card and the serial card. Then the serial ports are initialized and configured

for the correct baud rate. Once the serial ports are configured, the software initializes the Magellan, Magnavox

GPS Engine, and Tnmble Placer to output data ever)' 30 seconds. This reduces the amount of data stored and

allows taking data over a longer period of time. The Magnavox 6400 outputs data at once per second, and this is
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I Start 1

I

I Get Time & Date

I

I Create & Data Files

Open

I

Initialize Interrupt Controller /
J

1

Initialize Serial Ports /
J

I

I Initialize GPS Receivers 1

,
/ _ Serial Interrupt Service

Store Data \ Routines

t

I Close Files & Exit

AV!)-%16-6-I

Figure 2-2. Software l:low Diagram.
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Da
Receiver 1-3_ Minutes (ASCII for 0-60)

A,B,C,D,F
Month Hour

0-12 0-24
AVD-9616-7-1

Figure 2-3. Data Filename Format.

not easily changed. Therefore, all of the 6400 data was stored. The Rockwell receiver also outputs data once per

second, and is not configurable for other data rates, Therefore, the software only logged every 30th message. This

yields an effective data rate of once every 31 seconds ( a slight bug in the software ).

Once everything is initialized, the data acquisition software uses interrupt service routines to place incoming

serial data into buffers. The main loop of the program empties these buffers into the appropriate data files as time

permits. Because all of the data acquisition is done in fast interrupt service routines, no serial data is lost even if

all of the receivers 'talk" at the same time. The program is exited by hitting the <enter> key on the keyboard.

This closes all of the data files, turns off the interrupt service routines, and exits the program. Some error checking

is used in the program to display communications errors, like overflow and parity errors, to the screen should the),

occur. These errors were never seen during normal operation.

Some software routines were provided by Ziatech Corporation for the scrial card. Thcsc routines initialize the

serial ports and interrupt controller, and also contain the interrupt service routines for putting the serial data into a

buffer. "Fhcsc routines greatly simplified the software dcvclopmcnt. A dcscription of thcsc routincs appcars in

Appcndix C.4.

2.4 Data Post Processing

As mentioned in the previous section, the GPS data was storcd in raw form and post processed to extract

position and navigation data. This was donc so that the raw dala could be analyzed again if lhcrc were any

qucstions with the rcsuits. Also, storing the data as it came in from the serial ports required less computational

cffort and rcduccd the chance of overloading the dala acquisition computer. This section describes the software

used to post proccss the data.

2-10



2.4 DataPostProcessing

The GPS serial data from each rccciver was stored in an ASCII file on the hard disk of the data acquisition

computer. After taking data, the ASCII files _,crc transferred to a PC using the BACKUP and RESTORE DOS

comn]ands and 3+5-inch floppy disks. A 5()-Mtlz ,186 computer was used to post process and analyze the GPS

data. Ttlc raw data files wcrc convcrtcd into new files with latitude, longitude, and navigation triode columns.

The file conversion soflwarc is listed in Appendix C. 1. A typical post proccsscd file is shown in Figure 2-4.

The latitude and longitude are represented in decimal degrees. For the navigation mode, 4 corresponds to 3-D

navigation, 3 corresponds to 2-D navigation, and -1 corresponds to not navigating. This columnar format was

chosen because the data can bc easily loaded into MATI.,AB for processing. MATLAB is a software package for

analyzing and processing matrices and vector data. Thcreforc, it is well suited for analyzing vectors of position

data.

Tile number of significant figures of valid data is a fimction of tile data format of the different GPS receivers.

The data formats for latitude and longitude are outlined in Table 2-7,

Looking at Table 2-7, the minimum resolution of the different GPS receivers varies greatly. However, the

resolution of all of the receivers is still orders of magnitude less than the typical position error of up to 100 meters.

Therefore, this parameter will not bc an issue in the data analysis.

f \

35.4081523 106.5217254 3
35.4081523 106.5217254 3
35.4081524 106.5217254 3
35.4081523 106.5217254 3
35.4081623 106.5217254 4
35.4081524 106.5217254 3
35.4081523 106.5217254 -1
35.4081624 106.5217254 3
35.4081624 106.5217254 3
35.4081623 106.5217254 4

AVI) q_ilt'_ X I

Figure 2--I Typical posl-proccsscd data file shinning I;ilitudc, Ion/,,iiuclc, and Nay mode.
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!

Table 2-7. Accuracy of Receiver Data Formals

Receiver Data Formal Resolution Mininlllm Resolution (mclcrs)

Magellan I() "7 degrees ().()11

Magnavox GPS Fnginc 1.Tx 10.6 degrees ().19

Rockwell NavCorc V I()"11 radians (5.73x 101° 6.36x 1()--_

dcgrccs)

Magnavox 6400 10.8 radians (5.73x 10.7 dcgrccs) 6.36x I()2

Trimblc Placcr 10-5 dcgrccs 1.11

Once the raw data was converted to files with latitude, longitude, and navigation mode in columnar form, the

data was loaded into MATLAB and alml),zcd Simplified examples of the different manipulations performed on

the data arc summarized in Table 2-8. Other MATLAB fealurcs including axis labeling, axis sizing, and

histogram bin dcfinilion wcrc used to make the appropriate plots for Ihis paper.

Degrees of latitude and longitude wcrc convcrtcd to meters using Ihc convcrsion factors listcd bclow. The

conversion factors arc from the survey performed by Santiago Romcro, Jr, a registered professional surveyor in the

slate or Ncw Mexico (scc Scclion 3.1 of this reporl).

Latllttdc (,onvcrsiotl Factor 11.()988x 104 meter/degree latitude

l,ongiludc Conversion Factor 9.126x I()'1nlcicr/degrcc longitude

In summary, Ihe data post processing consislcd of massagittg Ihe raw data Io obtain lalilude, Iongilude, and the

navigation Illodc imo a lbrm suitable lor curD' into MATI,AB. 'rhetL MA'I'I,AB was used to [lllnlyzc Ihc d_ll;I.

I)aia nlanipttlalions included obl;limng the posilion error from a surve,,cd location, gener;itlll_, histograms of

position error and navigation modc, ;llld plotting dynamic position d[lill. The nlcan and variall(.'c o1 the position

errors _vcrcalso oblaincd
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Table 2-8. MATLAB Data Manipulations

Data Manipulation MATLAB Commands

Load data file load C:\SI_A 102209A.OUT

lat=A 102209A(:, !);
Iong=A 102209A(:,2);
sats=A 102209A(:,3);

Determine position error as a fimction of time lat=-(lal-RVR_lat) * 11.0988c4;
Iong=(Iong-RVR_long)*9.126e4;
e=sqrt(lat.*lat + Iong.*long);
plot(c)

Generate histogram of position error hist(c)

Determine mean and variance of position error mean(e)
coy(e)

Plot navigation mode as a function of time plot(sats)

Generate histogram of navigation mode hist(sats)
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3.0 TEST RESULTS

Sections 3.1 and 3.2 discuss the test results for the static and dynamic tests. The results of the static and

dynamic tests provide different information about the overall performance of the GPS receivers. The static test

compares lhe accuracy of the different receivers as they navigate at a survcycd location. The static test also

provides some information about the receiver/antenna sensitivity by comparing navigation modes (2D, 3D, 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 2D may not be able to track a satellite close to the

horizon. This reflects receiver/antenna scnsitivity. Another reason is that difl'crent receivers have different DOP

!imits that cause them to switch to 2-D navigation when four salellitcs are in vicw but the DOP becomes too high.

This merely rcflects thc designer's prcference in setting DOP switching masks that are somewhat arbitrar),'.

Dynamic testing was used to cornpare relative receiver/antenna sensitivity and to determine the amount of time

that navigation was not possible because of obstructions. By driving ovcr different typcs of terrain, ranging from

normal city driving to deep canyons, the relativc sensitivity of the different receivers was obse_'ed, The navigation

mode (2D, 3D, 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 dala. Because of

the qualitalivc nalure of this observation, this data is Ibund in Appendix D and is not analyzed in detail in this

report.

The static and dynamic testing results are summarized in Section 3.3.

3.1 Static Test Results

Static tcsting was conducted at a surveyed location at Sandia National Laboratories' Robotic Vehicle Range

(RVR). The posilion of the survevcd location is described in Table 3-1. The survey was performed by Santiago

Romero. Jr., a registered professional surveyor in the Stale of New Mexico.

Table 3-1, l,ocalion of Survcycd Point at Robotic Vchiclc Range

Survc)cd lmtitudc Surveyed I,ongitudc

35 ()2 27.71607 {dcg rain scc) 1(}631 16 14IGt) (deg rain scc)

35()410322 (dcg) 11)6.5211505(dcg)
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3. TestResults

The data taken for this final report was gathered on October %8, 1992, from 2:21 p.m. to 2:04 p.m. Although

this is tile only static data analyzed in this report, a significant amount of additional data was gathered when all of

thc reccivers wcrc not fimctioning simultaneously. This previously gathered data supported the trends found in the

October 7-8 test.

The plots of the static position error for each receiver are shown in Figt_res 3-1 to 3-5. A sttmmary of the

mean and standard deviation (_) of the position error for the different receivers appears in Table 3-2.

"table 3-2. Summary of Static Position Error Mean and V_mance for Different Receivers

Receiver Mean Posilion Error Position Error STD Deviation
(mcters) (meters)

Magellan 33.48 23, 17

Magnavox GPS Engine 22.00 1606

Rockwell NavCore V 3(),09 20.27

Magnavox 64()0 2801 10,76

Trimblc Phlcer 29.97 2.q.58

As evidenced in Table 3-2, the Magnavox Gi)S l!nginc was noticeably more accuralc when comparing static

position error. The Magellan, Rockwell, Magnavox 64()(), and Trimble Phlccr all exhibit comparable, bid hlrgcr,

average position errors. This trend was also observed when SA was turned off Ilowcver, a I'tmciioning Rockwcll

receiver was not available for this test so the data will not be presented. It is itltercstiug to hole Ilmt lhc Magnavox

6400 unil compares well with the newer receivers when looking at static accuracy This is expected Because the

rcccivcr only has lwo channels, it will takc longer Io rcac(Ittirc s;itellilcs _fftcr block;igcs and will also have morc

difficulty with dynamic situations, l lov,'evcr, in a static test, the weaknesses of a se(luenciny receiver {ire not

_oliced.

The error distributions for the data taken during the slatic lest ;Ire sllov,'l} ill Figures q-6 Io q-I() l,ooking al

Ihc error disiribmions, the Magnavox GPS l'ingine has the most dala points within 20 meters of lhe surveyed

position This corrcsponds with Ihc smallesl tile;In posiliozl error cxhibilcd by the Magl_avt)x rcccivcr The crmr

distributions for Ihc olher four receivers arc fairly sinlilar. 'l'hc Magnavox 64()() unit has slighlly more d;ila points

in lhc 1()-2()meier error bin, but otherwise Iherc arc no uniclllC features. The Magtlavox GPS l:ngine is the only

receiver of lhe five tested that h_lda noliccably superior slalic position crror distribution
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3 1 StaticTest Results

Navigation modc data for the diffcrcnl receivers is summarized in Table 3-3 for Ihc static test. This data is

also prcscnlcd gr_lphic_dly in Figurc 3-11_

Table 3-3_ Stlnlrnlll3.' of Navigalion Mode l)_lla for Static Tcsl

Receiver % No Navigation % 2-I) Navigation % 3-I) N_lvig_iliorl

Magcllan () 17,78 82 22

belagtlavox l,,nginc () 2_.I5 97.65

Rock_,,cll Nay(lore () 2.(_6 _)7.34

magnavox (J4()() 155 2.22 _)(i 23

"l'rimblc Pl_lccr () c'i72 _)3 28

100

90

80

7o

60

5O

40

30

2O

10

o
Magellan MagnavoxEng Rockwell Magnavox6400 Trimble Placer

I IZINo Nay II 20 Nay 133D Nay !
AVI) _H_lfiI_;_I

I"igurc _-II Navigation Mode Data for Slalic Test.



3 TestResults

In order to analyze lilt dala in Figure 3-1 I, one needs1olake into account Ihe I)()P criterion for tile different

receivers, As mentioned previously, some receivers switch from 3-I) navigalion Io 2-1) navigation if four satellites

arc visible bul the DOI_ is above a predelermined threshold The I)OP swilching criterion for Ihc differen!

receivers arc outlined in Table 3-4 As seen in Table 3-4, the difl'crent rcccivcrs usc diffcrcnt I)OP criterion

t lo,,vcvcr, by laking advanlage of l_:qualions (3-1) and (3-2), lhc diffcrcnl I)OP crilerions Callbc comparcd,

I_I)()P2 _::Vi)OP :2_.tll)OP z (3-1)

GDOI:_z-: PI)OP 2 _TI)()I _2 (_-2)

'l'ablc 3-4 Summary oF I)OP - Navigation Mode S_,vilchitlg Criterions

Rcccivcr 2-D/?_-I) DOF' Critcrion PDOP Equivalent

Magclhm If 4 salcllites visiblc and VI)Ot ) >7, will PI)OP ::' (IlDOP z _ 72) 12

switch to 2-D naviglllioll.

l*_nlcrs3-D lmvigalion whctl VDOP<5, l)DOP .; (ltl)OP2 _.52)1 2

Magnavox (;PS Enginc If 4 salcililes visible and VDOP>I(), Pl)O1_ > (ttl)Ol_Z _ 1(12)12
s'_vitchcs Io 2-D navigation.

I!"III)OP> i(), suspcnds 2-I) navigalion

Rock_vcll Nm,'Corc V If ,1 salcllJlcs visible and (]I)OP>I3, PI)OP _ (I 1z .,i,i)OpZ)l 2

s_vilchcs 1o 2-I) navigation.

M_lgll;IVOX_4()() l)ala Not Available irl MX 5400 Mallual
Providcd

Trimblc Piaccr If 4 salcililcs visible ;rod PI)OF_:'8, PI)OP _. 8
sxvitches to 2-I) navigation If
PI)OP> 12, receiver stops navigating

Table 3-4 relates all of the dlfl*crcnl I)()P crilcrions Io the PI)()I ) l]ascd on Ihc infornlalion in Table 3-4.

several comments can be made about tile relative slringcncy of the v;,Iriotls I)OP crilcrions First. tile Magnax'ox

(;PS I!ngtnc VI)OP crllcrion is much less stringcnl titan tile Magcllan VI)OP criterion (these Iv,'o cart bc comparcd

dircclly) ']'hc Magcllan ullil also incorporalcs hysteresis, which makes tile crilcrion cvcn more slringcnl,

('ompariug the Rockv,'cll Io the Trimblc Placer, the Rockwell crilerion is much Jess slrillgcnl A TI)()! _ ol" I() 2

_,ouid bc rcqmrcd Io makc Ihc two criterions cquivalcnl. 'l'hc Rock_vcil and Magnavox (;PS lingillc have Ihc Icast

stnngcnt I)OP rcqulrcmcnls

"l'akillg lnlo at:Cotlnl Ihc I)OF' crilcrions of tile difl'crcnt rcceivcrs. Ihc sigtlificanl atllotlnt of 2-1) n_lvlgalion

cxhibilcd by lhc Magcllall receiver rnighl bc attributed to a more slringcnl DOP criterion, l tmvever, this did nol
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3 2 Dynamic Te_t Resulls

impruve tile tmri,,tmlal (latittzdt'-hm_,.itude)l_t_ili_,l ert(m lhe Magnav().x (iIJN I,ingine ',lill exhihilcd lhe in_m_,l

_K'curale ,,lalic im,_ili_m perr_rnl_m_.'e. Ihe s_linc c_mhe _,ilitl I_r Ihe 1 rinlhle I'lacet tlnil. AIIll_ll_t,,h i_, ha', a _lri_.ler

i)( )I j requilctllelll than tile M_q_,mlv_x I'n_.,.ine, it,, p_,_ili_m h_tali_m _lt't'un_c.v v,m, m_l ,_upe1iq_r. lhe _,t_tlictlavi_,_ttmn

m_tle re,.ults don't c(mtlu_,ivcly _ll_v thai any receiver hm, _Ul)cri(u _,en_itivit). I I_'ever, tilt' _l_lit' p_,,ili_m e_n.

r¢_ull,_ d_ .,,h(_w th;_l tile Ik.la_L,,n;_v_\(ilL"; I,nL,.it_ei', tlcarl,, nl_.e at'curate thatt the _uher re_'eiver-s le',led Ihe

'_tIperi_)r _tt'curat:_'(_lll)e M_L._r)aw_xrec'civer itl the stalit" t¢,_l,,,mi_.,hthe attrihute(I t()n}()re liltering in the ret:eiver. It

ql_ulltl al,,_ he n(_ted that Ihe May/lav(_x (_,1()()unil v,a,_lh¢ _)_}1__receiver Ih_tl did II_l naviy, ale I_)r ',_ttle lime Iwri_)(I

(lurinb,, the 'qalic le'd.

3.2 Dynamic Test Results

1 he dvn_mit' le_l daI;i v,m, _d_laincd I_v dri,,i_.,, Ihc il}'_lrumcnlcd v,tn _vt, r ditierenl type,, (_1 h.'rraitl. Iht,

dillvrt, llt I_pe,, (_1tort;tin _tre '-,tlllllllilll,,%'d ill I_}hle t.a;, Ilw vllrilul'., l(_tllt'_, _,_cIVt'JH)!,Cll _} Ihnt Ihc (il',_ rv_.eiw:rs

the t'il_, dri_.ill_.,. I_(_tk t lill,, _md i(_liayc v,crc I,,pical liu ille Itl(itllll_llll ;lllLI IL_|II_()ll drivir_t.!. I.;ir_.,,e Irm:k,,,

undcrp==,,,,e,,, I_i_hv,;=,, '_i_n,,, I_uihlint.,',, I,di_u.'x, =l'_,,,,ell _=',',,_==11___m_,-_m_, _'erc I,)u,_d ,m ihc it_tt.,rqifl_.,_tml ruHI

I_d_le I-'_ _li,llm_i_\ _1 Icrrainl_setll_ul),,namit' le,,tin_

I _,rr=_inI )t'_,t-l-ipIi,u_ I_,_t(I .":.t'tliCm,,I I,,e(I 1_ I c_,lill__,,

( it',, I)rl_,in_,. ( cnt_,fl AvL'l_uc in AIl'_utluertluU', NM

lliter'_l_itc I lighv,_t\ I)ri_, til_.,, I-,]_, Ntulh ;mtJ _)lllh

Itllcr,,t.'c'li_rl _)1N,k'l 21'I_and 1.-2_(.".hl,ll_lI_,, NM)I(_ il_lel",ecli_m (I._!, .Al_lt_l_'.,,

N,k'1)wllerc I ANI.* I rut:k R_ule (l'_l_,l .h.'me/I,l_)ad)he_.,,in,_ (;tl ll_lllit: lil.,hl)

{ '_m,,_ ! )ri,,,in_,. I,A N I.* 1 ru_:k P,_rote (I .last .lem_.'/I,_();_d)in I.__',A lam_'_, N M

ir(ml Ir_ll'l]c liL,.htt(_It;iflie Iiyhl, _.'lirnt'_i,qJ,l r()_ ,";;irl(li_l('_i,l>'(m uI)Ill the
,%()ulhM L",II

* I .i)"., A];,llllIIh, Nilll(}ll;ll l._il')()l;.tl{u'_,



3 Test Results

The dvnanli¢ IcsIii1_, v,;is c;irricd out over Ihc COllrScof sever;t1 d;IVS 'I'11cd;11csof the dil1"ercul ¢I_,11;1111ictest

roulcs ;i,c s1111u11_1ri/.cdi11T;Iblc_-(_

T;Ibl¢ 1.6 ,_unnn_irv of l)vnaJlli¢ "l'csl l)_itcs

Tort;tin I)cscripI1on l)_iIcs 'l'cstiug J'crfornlcd

('ily I)mtng I(I/22 _111¢II()/2._/92

Mounl;lin l)rlving 111/2_;111cII(V2(,192

lulcrsl;llc I li_,ll_vay l)rivlllg 10/27 ;lud 1()/28/92

Rlir;ll I lib,ll,_;ly l)rlvi111_ 1()/27 ;111¢1i0/28/9Z

(';In_'on l)riviilg 10127_llld I0128192

"i"11,:results o1"the dyn_nnlc testing arc prcscutcd iu I_vo I'orUlillS First, 11 table is used to sumnl;Iri/c lhc

pcrccnt;i_,¢ ¢)I"2-I) ll=ivig;lllon. I-[) 11avig;1Iiou. and 11oniivig_11ion ('l';iblcs ;i-7 through ;I. II) Thcn this inl'ornlillion

is prcSClllcd l.,rilphically in lhc l'c,rnl ol'a bar graph (l;igllrCS .I-12 lhrough 1.1b) The rmv ¢i;II;I, inchlc|iug plols oI'

lhc ;Iclllal (iPS posillon dal_L appc_irs in Appcndix I) I 'l'hc dvnanlic Icsl rcsulls _ls _vcll ;Is _1discussiou of the

rcsulls apl_c;ir on Ihc Follo_ing p;IgCS

Scvcr;11noticeabled11li:rCllCCScxislbcI_ccn l,'igur¢I-II (St_iticN;Ivi_alionMode) _IndFigure 1-12 Thc

M;l_UlilVO',_1,,|11(}iiiiiiisiioilla_'li_illillg;Isq,nllicaulporllonof Illctilll¢This isbCC;lUS¢scquc11¢in£rc¢civcrsdo

not l)¢rl'ornl =is v,'cll in cl._n;inli¢ cnvlronnlcnls v,'ilh r)crio(|ic obslrtlk.:liOllS. 'l'llc M_igcllan (;l),'q receiver =11so

n;ivi_._;iIcd i1121) ;I l;irgcr pc,rccnl;it_c oI' I11¢linlc co111parcdv,ilh lhc olhcr rcccivcrs The Rockv,cll unil ,,v;is ;iblc Io

n;ivi_;11c i1111) lhc lar,Pcsl pcrccnl;11.,.,¢of lh¢ 1ini¢ AIIhoul, h lhis is also ;i rcsull of lh¢ RoL'kv,cll I)Ol ) s¢IIin_,

disctlssc(l 111lhc previous s¢_,:lio_1,II does sccnl Io indi_;iIc lh;11 lh¢ Rockv,¢ll receiver Inighl hm.'c sli_hIl.v boiler

SCllSiI1vily(Ro_:kv,'cllcI111111slhis is one of lhc receiver's scllln9., r)oinls) 'l'hc M;ignavox (ilJ_ I,:11_,in¢;11sodid nol

ll;lvil;;ll_: ;I sln:lll pcrccnl;I/_C oF tilL' 11ni¢ 'l'llis ¢;in b¢ iltlribulcd to the snl;111l')criocl oi" linlc ,,vhcnl lhc receiver _VilS

obslru_:lu,d ;ind lhc olhcr receivers {_O1ich also v,crc obslruclcd} Inil, hl nol llavC b¢c11 ouii)1111i11/_;d;IIa (¢ilUs¢cl l')y

ilsvnchrollOllS s;1111pllng)

The nlou111ain driving ;icluaIly yielded lu,ss obSlrllclions lh;in !11c¢i1},drivi11_., This 111i,1,111hc 11rcs1111ol bctlcr

salcllilc_co111¢Irlcsd11r111_._lh¢lcsll}Crlodllo_vcvcr,I11cM;ignavox (,,I()()utlilo11,,;c_Ib';li11did iioi11;ivi_;llclot;I

si_111fic;n=iportionofthc 11111c.'l'hcM;Ib,clhlnrccclvcr11;iv;gatedin21);isil,j1ilk:anlporlionoI lhc liln¢,billthis

can be attribulcdtosonlcdcgrceIot11¢s11i¢I¢:II)()Plimits The pcrl'ornl;Incc¢,I'lhcl_,ock_vcllNay ['oreV, "l'rimblc

Phlccr,111_¢IM;l_m;Ivox (;il)SI'_I_,iI_c=ireconq_;ir;_blc
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32 Dynamic,TestResults

'l'ablc _-7 Sulnnlilry o[('ily l)riving Rcsulls

Receiver % No Nilvig;lliOll % 2-I) N;Ivigalion '74,]-I) Naviglllioll

Ma_,clhlu () 2_82 7,1_18

M;Igll;IVOx lii1_i!1¢ .'_,12 ._ _.1 91 24

Rock_ell N_lv V () I 12 98 88

M;lyllaVOx (,41111 I() _,I (1.22 89,44

Tri.lhle I)hlcer () 5 18 94,82

100 -

80-

80-

?O-

SO-

60- I

40-

30

20

10

0
Magellan Magnavox Eng Rockwell Magnavox 6400 Trlmble Placer

I1_NO Nav II 2D Nav E!30 Navl
AVl) ,ml,, 2()1

l:igurc _-I 2, Sunullary o1'('it)' l)rivillg Resulls.
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3. Teat Results

'l'{lblc .'t.X.S.mmiin.' o1'Mou.ti|i. I.)ris'i.B Results

Rc¢ci%.cr % No Nlll'i_.;lliOll % 2-1) Nllvigllliotl % !-1) Nllvi_llliOn

M;Igcll;m () 12,2 c) I47,71

M;m_n;l_'ox l.!._illc () ()._)'7 ()(J,().t

llockw¢ll NIl%'V () () I()()

MllgllllVOX 64()() 4, .'i_ () t)5,4_

'rrilllbl¢ I)lll¢cr () I,.t ()8,7()

101

OI

no

70

60

60

40

30

30

lO

o
Magellan MagnavoxEng Rockwell Magnavox6400 Trlmble Placer

I E:]No Nav i 2D Nav FJ3D NayI
AVI) _)t_l_21 I

Fig,re ]-I] SIlIIIIIIIIB' (}1"Mounlllln I)ri..'illg RCslllls
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3,2 DynamicTeatResults

Tablc 3-9. Summary. of Canyon Driving Rcsulls

Rcccivcr % No Navigation % 2-D Navigation % 3-D Navigation

Magcilan 0 15.73 84.27

MagtlaVOX Engitlc 109 4.35 94.57

Rockv,'cll Nay V I. 18 0 98.82

Magslavox 6400 30 17 () 69.83

Trtmblc Phlccr (1 () I()0

leo

9O

80

70

6O

5O

4O

30

2O

I0

0
Magellan MagnavoxEng Rockwell Magnavox6400 TrlmblePlacer

IE::]NONavII 2DNay[:::]3DNavI
AVI) (,_¢i16 22 I

Figure 3-14, SunlnlaD' of Canyon l)riving Results,
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3, TestResults

Table 3.10. Summary of IntersWte Highway Results

Recciver % No Navigation % 2-D Navigation % 3-D Navigation

Magellan 0 32,82 67.18

Magnavox Engine 0,38 0,38 99,25

RockwellNay V 0,20 0,20 99.61

Magnavox 6400 20.08 0 79,92

Trimblc Placer 0 4. i 5 95,85

100

90

80

7o

80

5o

4o

30

20

1o

0
Magellan MagnavoxEng Rockwell Magnavox8400 TrlmblePlacer

[F-INONavII 2DNav[::]3DNav]
AVI)-9616-23.l

Figure 3-15. Summary of Interstate Highv,,ay Results.
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3.2 DynamicTest Results

Table 3-11, Smnmary of Rural Highway Results

Receiver % No Navigation % 2-D Navigation % 3-D Navigation

Magellan 0 7,35 92,65

Magnavox Engine 0,26 1.28 98.47

Rockwell Nay V 1.63 0,54 97.83

Magnavox 6400 I0,39 1,82 87.79

Trimble Placer () 3.89 96. I i

100

90

80

70

60

50

4O

30

20

10

0
Magellan MagnavoxEng Rockwell Magnavox6400 TrlmblePlacer

I_ NoNav"2oNay_3oN_,,]

Figure 3-16. Summary of Rural ltighway Results.
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3 TestResults

The LANL Truck Route C'am,'on testing exposed Ihe GPS receivers Iothe most obslruclions "I'11¢sleep c;myoll

walls and abundant foliage stopped the currenl receiver from navigating over 30 pcrcenl or the lime. The

Magnavox GPS Engine and Rockwell receiver _vcre _dso not n;wigaling a small pcrccnl_lgc of Ihc lime This

particular tcsl clearly shov,'s the superiority of the ncv,cr receivers over the older sequencing receiver llccause the

newer receivers _lrc_tble to tr_Jckexlr_! s_llcllilcs _lnd recover more quickly from obslruclions, Ihcv arc belier stilled

for operation in d.vrlamic environments with periodic obstructions The 'Frimble Phlcer ;tnd P,ockv,ell recch'er

performed the best in this particular test. followed closel.,, by the Magnavox GPS l:.nginc

I)uring lhc lnlcrslalc Itigh_vay driving Icsls. Ihe M;ign_wox 64()1) iiilii did nol 111lVigHIC OV(2r 20 percenl of the

time. This is consistent v,'ith the sonletimcs poor performance exhibited b_ the current navigalion s._slcnl The

olher ncv,'cr receivers did quite v,'cll, with the 'Frimblc Placer, Magnavox GPS Engine. and Rock_vell Nay ('ore V

exhibiting simil;tr performance. Once ;tg_tin, the M_lgellnn trail rJ_tvigated in 2I) a Sigllific;illl portion o!" lilt: 1i111e

This cart probably be attributed to the stricter I)OP limits.

During lhc Rural ttighv,ay tcsling, the Magnavox 6400 unit once agaJrl did not lh{IVlglll(2 II signifiC;llll porlion

of the lime. All of the rlcv,cr receivers had similar pcrfornmnce rcsulls The Magcllall receiver n_p,'igalcd in 21)

considerably less in this Icsl compared to the oilier dvn;imic tests

3.3 Summary of Test Results

130111static and dvnanlic lesls were used to compare the performance of the five differelll (iPS receivers "l'hc

sl;llic lcsl results sho_vcd that the Magnavox (jPS l-nginc _as tile lllost acctir;tIc (for sl_liic sitti_lllOllS) The other

four receivers _verc slighll 3 less ;Iccllr_tlc ;tnd exhibited sinlllar sl;llic position error pcrfornulncc The sl_llic

navig;itioll mode rcslllls did nol (.tifferczlti;.llcthe sctrlsilivil', of the variolts receivers signific_lnlly The M;igcll;lll

i111iinavigalcd ill 2I) much more freqtlenlly Ihari the other receivers, but some of Ihis can be altribiflcd to slriclcr

I)OP limils, t.tox_ever, the stricter I)OP limits of file M;igcllan receiver and "l'ritnble Placer did not ;leld belier

sl;llic posilion nccuracies All four of the newer (JPS receivers oblaillcd a first fix under one 111111111(2,which verifies

the tilllC to first-fix spccific_ttioIIs sl_llcd by the m_lntlf_Jcll_rcrs

The dynamic tests ,_cre used to dlt'ferenli;ite receiver scllsilivil_ ;111dtile ;lbllily to rcct_vcr (luickl._ I'r(ml

periodic obslructiorls As expected, the Magnavox 64(1(I unit did not perform very _ell in lhc dynamic Icslill_l_

The Magnavox 64()() x_as unable to ll;lVigalC for some period of ellch dvlllllilic lest Tills _,_,_;IS111osl llOliccllblc ill Ihc

I,ANI. Truck route cam,on. v,herc the rccetvcr did ti(.)l na_tgate o_er _() percent of lhc Ilille 'l'hc ne_cr rccci_crs

performed mucil belier i_) Ihe dynamic lesting, tlavig;ll_ng Hlli|Osl ;ill of lhc lime The Magnavox (iPS I'il|gillC,

Rockv,eil Na_ (,ore V. ;_ld Trimble Placer exhibited ct)mpar:iblc receiver/nnlem_n SCIISill_'ll% dttrlll,l_ Ihe d_l);llllic

tcsttng based on the 11i!%ig111iOII IllOdC d;lt:l l'hc M;_gcll;in Illlil lliivig{ilcd III 21) Slglli[]cilllll_, lllorc lhilll 11112olher

receivers in the dynamic tests Most of this can probabl3 be ;|ltribulcd It) ;1more slringclll I)()P rc(Imrcnlcnt II
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3,3 SummaryofTestResults

should also bc noted that the Magellan receiver was the only receiver to navigate (2D or 3D) I00 percent of tile

t11ne_n all of the dynamic tests.

Overall, the four newer receivers pcrformcd significantly better than the',Magnavox 6400 unit in thc dynamic

tests !i1 the static tcsl, all of the receivers performed satisfactorily, but the Magnavox GPS Engine exhibited the

most accurate posilion estimation. Recommendations on choosing a GPS receiver arc outlined in the next section.
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4.0 RECOMMENDATIONS

The nc×t two sections outline recommendations for choosing a GPS receiver as well as an integrated

navigation _'stem Section 4.1 discusses the choice of a GPS receiver, while Section 4.2 discussesthe

requirementsof the overall navigationsystem

4.1 GPS Receiver

In order to discusssome of the integration issues involved with GPS receivers, a list of the problems

encounteredwith the receiverstested is outlinedin Table 4-1. The problemsencounteredwith the Magnavox 6400

unit (therewcre several)arc not listedbecausethe Magnavox 6400 unit is not comparableto the newer receiversin

performance.

Based on the problems experiencedtesting the GPS receiversas well as the requirements of the current

application,a listof critical issuesis outlinedin Table 4-2.

One critical integration issue not mentioned in Table 4-2 is price. Almost any level of performance can be

purchased,but at a significantly increasedcost. This issuewill be addressedfurther in the next section.Overall,

the Magellan OEM Module, the Magnavox GPS Engine, Rockwell Nay Core V, and Trimblc Placer are good

receivers. The Magnavox GPS Engine e×hibited superiorstatic positionaccuracy. During dynamic testing, all of

the receivers were able to navigate a large percentageof the time, even in hilly wooded terrain. Based on the

experimental results,other integrationissuessuchas price,software fle×ibility, technicalsupport,size, power, and

differential capability are probablythe mostimportant factorsto considerwhenchoosinga GPS receiver.

4.2 Overall Navigation System

The current navigation systemusesdead reckoning (compassand odomctry) and TRANSIT to supplement

GPS. Becauseof the high value of the assets,a redundantnavigation systemis required. If the assumptionis

made that GPS is going to be operational 100 percentof the time for the long term, then the design of the

navigation system is greatly simplified. Assuming full GPS coverage,a redundantnavigation system must bc

designedthat can handle short periodsof time when GPS is not available becauseof obstructions. The dead-

reckoning system only needs to be accurate for up to several minutes, which makes the design of the dead-

reckoning system much easier (and less expensive).
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4 Recommendations

"Fable 4-1. Summar3,.'of Problcms Encountcrcd with GPS Rcceivcrs "Fcstcd

Rcccivcr Problcms Encountcrcd

Magellan OEM Module No problcms, unit fimctioncd corrcctly out of the box. However, the currcnt
drain on the batter3.' for lhe battcr3' backcd RAM sccmcd high, A 1 Amp-
l-tour 3.6 volt Lithium battcD' only lasted a few months.

Thc Binau, position packct was uscd bccausc of thc incrcascd position
rcsolution. Sometimes the rcccivcr outputs a garbagc binan, packet (about 1
pcrccnl of the time).

Magnavox GPS Engine The first unit rcccivcd was a prc-production unit. It had a difficult timc
tracking satcllitcs. On one occasion it took over 24 hours to obtain a first
fix. This receiver was rcturncd to Magnavox. Magnavox claimed that
upgrading thc softwarc fixed lhc problcm. Howcvcr, thc EEPROM failcd
when tr3/'ing to load the oscillator parameters. A new production board was
shipped and it fimctioncd flav,,lessly out of thc box.

The RF conncctor for the Magnavox GPS Enginc was also difficult to obtain,
Thc supplicrs recommended in the back of thc GPS Enginc Integration
Guide havc large minimum orders. A sample conncctor was finally
rcqucstcd. It never arrivcd and a second sample had to bc requested.

P,ockwcll Nay Corc V The first Rockwcll receiver functioncd for awhilc, and then began
outputting garbage at 600 baud (960() baud is the only sclcctablc baud rate).
Rockwell claims that a Gallium Arscnidc IC that counts down a clock signal
was failing because of contamination from thc plastic package of the IC
(suppliers fault). This Rockwell unit was returned for repair under warranty,

The second Rockwcll unit tested output data but did not navigate. Powcr
was applied to the unit with reverse polarity (Sandia's fault) and an internal
rectifier bridge allowcd the unit to flmction, but not properly. Applying
powcr in the corrcct manner (positive on thc outside contact) fixcd the
probicm.

Trimblc Placer No problems, unit functioned correctly out of the box,
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42 OverallNavigationSystem

Table 4-2. Sumnmr 3, of Critical Inlcgration Issues

Crilical Issue Ralion_ilizalion

l:lexible Soll_;irc l la','ing the flexibility Io control Ihc d;ll;I oulpul by lhc receiver is important.
Interface This includes serial daln Ibrmat (TT! .... RS-232, RS-422), baud rates, and

pncket dala rales. It is desirable 1o Imve the receiver oulpul position data at
fixed datil rate, thai is user sclect:lblc. It is also desirable to be able 1o

rcqucsl olhcr dala packcls when nccdcd All 0| Ihc rcccivcrs v,'ilh lhc
exception of the P,ockwell unit were fairly flexible, 'l'he Rockwell unit on the
olhcrhand outputs posilion dala at a fixed I-llz rate and fixed baud rate of
96()()b;Itl(l.

The formal of lhc dala packcls is also imporlant. ASCII formals arc caster to
x_ork with because the r;p,v data can be stored and then analyzed visually.
The Rockwell unil uses ;)n IEEE floaling point formal. Although Binar)'
data tbrnmts and the P,ockwcll formal might bc more cfficicnt, it is much
caster to Irotlblcshoot a problem when lhc dala does nol havc to bc posl
processed just to lake a quick look.

l)iffcrcnlial (,apabilit._ The capability to receive differential corrections is importanl if increased
accuracy is desired. Although a ncar-lcrm fielded system might not use
diffcrenlial corrections, the availability of subscriber networks that broadcast
differential corrections in Ihc filturc will probably make this a likely upgrade.

"l'ime to firsl fix A fast time-to-first-fix is important, l lowcver, all newer receivers usually
advertise a first fix in under onc minute when the recciver knows its

approximate position. The difference between a 3()-sccond first fix and ;!

one-minute first fix is probably not that important. This parameter also
affects how quickly the receiver can rcacquirc satellites after blockages.

Mcmo_, l',ack tlp l)iffcrcnt manufacturers use different approaches for providing power to
back up the static memory (which slorcs the last location, almanac,
cphemcris, and receiver parameters) when the receiver is powered down.
These include an internal lithium battezT, an cxtcrnal voltage supplied by the
intcgralor, and a large capacitor. The large capacitor has the advanlagc of
never needing replacement. This approach is taken on the Rock',vcll Nay
Core V. t lowevcr, the capacitor charge can only last for several wccks. An
internal lithium batle_' can last for several years, but ',,,,ill eventually need
replacement. An external voltage supplied by the integrator can come from
a number of sources, but must bc taken 1hie account when doing the system
dcsign.

Size, Power, and I,ow power consumption and small size arc advantageous for vehicular
Packaging applications. Some mmmfacturcrs also offer the antenna and receiver

integrated inlo a single package. This has some advantages, but limits
antenna choices.
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4 Recommendations

Table 4-2. Summao' of Critical Integration Issues (continued)

Critical Issue Rationalization

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

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

Receiver/Antenna Increased receiver/antenna sensitivity will reduce the affects of foliage and

Sensitivity other obstructions. The sensitivity is affcctcd by the receiver, the cabling, as
well as the antenna used.

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

'Fechnical 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.

The main integration issue is the level of coupling between the dead-reckoning system and the GPS rcceiver.

A highly integrated system will bc defined as a system whcre the dead reckoning and GPS arc supplied by a single

manufacturer as a complete navigation system. The current navigation system supplied by Magnavox would bc an

example of a highly integrated systcm. A loosely integrated system will be defined as a system where the dcad

reckoning and GPS system are purchased or designed separately and then integrated by Sandia. The highly

, ,tegratcd systenl can actually bc broken down further into two categories. One, a tightly coupled system, can be

defined as a system where the dead-reckoning or inertial data is used in the same filter as the GPS data to estimate

the current position. The other highly integrated system, a loosely coupled system, will refer to an integrated

navigation system from a single manufacturer that does not include the inertial or dead-reckoning data in the GPS

filter. These different configurations are depicted in Figures 4-! and 4-2.

The tightly coupled configuration can use a centralized filtcr or cascade filter design, depending on the level of

integration (Institute of Navigation, 1992). The loosely coupled system in Figure 4-2 results in a sub-optimal

configuration because of the cascading of filters. However, it is often difficult to obtain raw GPS data. The loosely

coupled system also has some advantages. These include caster fault detection and isolation as well as economy of

operation (several reduced state filters rather than one large filter) (Institute of Navigation, 1992).

4-4



4.2 OverallNavigationSystem

[ GPsi [OeadReck°nino'1Inertial Sensors

Vehicle Computer

AVI)-9616-25-1

Figurc 4-1. l_,oosclylntegratcd Systcm.

t ] GPi oea0Reckonno,GPS Dead Reckoning/ Inertial Sensors
Inertial Sensors

...... Filter

Kalman Filter [

[ Navigation Filter ]
J _ J

[ Vehicle Computer ) [ Vehicle Computer ]

Tightly Coupled Loosely Coupled

AVi) 9616-261

Figurc 4-2, ttighly Intcgratcd Systems,
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4 Recornmendations

The only difference belween lhe loosely inlegratcd syslem in l:i_gure ,1-1 and Ihc loosely coupled highly

integrated system in Figure 4-2 is thai Ihc sysletns inlegralion is already done for Ihc highly inlegraled svslem.

vchilc Sandia (or a contraclor) nmsl do lhc inlegralion for the loosely integralcd syslctn.

Tighlly coupled GPS-lncrlial Syslcms arc being developed by several companies. Ilowcvcr, no one has

developed a tightly coupled commercial system where dead-reckoning information, combined u,'ith a vehicle

model, is used with (]PS in a single Kalman Filter. Such a system is dcpiclcd in Figure ,1-3. 'l'llc advantages of

Ihis type ofconfiguratioll include optimal position estimation, llowcvcr, a c{msidcrablc amount o!"Ii111Cv,ould have

to bc spent dcvcloping a vchiclc model as well as characterizing Ihc SCllsor noise. Ill addilion, many of lhc

fimctions already pcrlbrmed by a GPS rccci\'cr would not be ulilizcd because Ihc inpuls lo Ihc filler would bc Ihc

pseudo range estitnalcs AIIhough this type of highly inlcgr;Itcd posilioli location svslcm would provide an

llCCllllllcand Ol_litllaiposition csiilllllle, ihc lilne spcnl developing a good vehicle model and characlcrizing sensors

would make the overall system vet3, expensive

l_,ccausc of Ihc expense invob,'cd in developing Ihc lighlly coupled posilion Iocalion s.vslcm in Figure 4-3, Ihc

mosl economical approach would be to purchase a loosely coupled highly integrated system or to integrate a loosely

inlegralcd sysletll. There arc ad'V,_llllagcs alld disadvanlagcs Io bolh approaches. These arc oullincd in 'l'ablc 4-_.

As seen in Table 4-3, lhc only real disadvantage of inlegraling a loosely integrated syslelll iS that Sandia musl

lake tile time 1odo lhe inlcgralion. The prices of sevcral diffcrcnl systems arc outlined in Table 4-,1 Io compare the

cosl of illc lwo oplions.

Compass *

Rate Gyro Kalman
Estimated Position,

Altimeter Filter Heading, and Velocity
Steering Angle

Hitch Angle
*Because of the amount of steel present

Raw GPS Data the primary heading sensor should
Odometry _ probably be a gyro system

AVI)_If_ 27 I

I:igurc ,1-3. Tighll)' Coupled (JPS Navigation Sysicn|.
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4 2 Overall NavigationSysiem

Table ,1-3. Purchasing a l lighly Integrated Navipalion S.vslcm vs, l_crforming the ,SysIelII Integration ln-llouse

lhnrchasc a Loosely Coupled Integrate a l,ooscly Integrated ,Syst¢ll|
l tighly Imcgralcd Syslcm

.ACI_I_.I!.!!{Iges Ad_7!l!.!!lgCS

• (.i'Oml}l¢lc navigation system is an off-lhc- • Siindia is nol locked inlo a parlicular

shclfitem, manul'aclurcr Ibr the GPS system.

• Simplified lllaixllcll_lncc bccatlSC off-the-shelf • (]PS receivers can be updated as new

s),stcm, lcchnologics become avaihlblc without

alTccling Ihc dead rcckonitlg syslcm

. Sandia illt|illlllills vchiclc navigalion Itch b_is¢

Ihal c_lll bc applicd io IV! IS research

l)is_Ld_a!!!_!gcs !)isady!ml!lgcs

• The lulmbcr of off-lhc-shclf imcgralcd . S;Ixldill has to develop Ihc dcad rcckollin,_

syslcms is limilcd. Thcsc include thc Trimblc syslcm {mighl not rcally bc a disadvanlagc).

Placer I)R and a scmi-cuslom Magnllvox

s.vslClll.

• Saildia v¢ill be Iockcd inlo a parlictllar

xuanufaclurcr for thc complete navigation
sySlClll.

in ordcr to comparc purchasil_b, a Ioosclv couplcd highly inlcgratcd systcm to inlcgraling a svslcm in-housc,

Iwo dil'fcrcnt cascs will bc studicd. 13oth cases assumc that 2()() syslcms will bc purchascd. ('asc I ¢lcscribcs lhc

cosls iIwolvcd ,with a loosely coupled highly inlcb, ratcd S.VSIClII, v,'hilc Case 11 covers thc cosls associalcd with

integrating _1system in-hotlsc.

CASE ! - Purcha,_e a l,_msely Coul)led ili_hl_, lnte_u'_lted S}'stem

Assumc a Trimblc Placer I)R syslcm is purchased. Thc Magnavox inlcgratcd clcacl-rcckoxling GPS systcm is

xlot an oFl'-thc-shclf ilclll. Also, Ihc 'l'rimblc system uses a ralc gyro Ihal should perform bcllcr Ihal| all clcclronic

CoHIpass. The clcad-rcckoniilg accuracy of thc 'l'rilublc Placer I)R is specified as 3-5'¼, of dislancc traveled up to I()

kilomclcrs. 'l'hc cost for 2()()'l'rinublc Placer s.vslcms is calculated bclov,'.

2{)() tll|its x $3183 per imnl _ $636 6K

Total Cost for 200 systcms _ $636.6K
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4 Recommendations

'l'ablc 4-4 Sunmla_ ol"Pricing for l)iffcrent Navigation Systems

(]PS/Navigation System Cost (12/92)

Trimblc Phlcer I')R - patchantenna (QIy 1-24) $'_.74_

Trimblc Placer DR - patch anlenna (Qty 25-74) $t,6?t_

Trimble Placer DR - patch antenna (Qty 75-149) $'t,445

Trimblc Placer DR. patch antelma (Qly 15().299) Sa, ]8_

Trimblc Placer DR - patch lllllellllll (Oly 1()(1-499) $2,V21

Trimble Placer I)R - flange anlcnna (Qly 1-24) $.1.895

Trimble Phtccr 3()()w/differenlial (Qly I) $1195

Magellan OEM Module (QIy !-99) no antcnlul, v¢/difl'erenlial $445

Magellan OEM Module (Qly 4()()_) no antenna, w/differential $.'t45

Antenna for Magellan OEM Module (Avg Price) $135

Magnavox GPS Engine (QIy I-2,1)no ;mtenna, w/differential $1,870

Magnavox GPS Engine (Qly 25-49) no _mlcnnlL w/dJfferenlial $ !,36()

Magnavox GPS Engine (QIy 5(1.99) !1oanlcima, w/differential $ I, 150

Magnavox GPS Engine (Qty !(10-249) no antenna, w/differential $1,0()()

Magnavox GPS Etlgine (Qty 25(}-499) no antenna, v,'/diffcrential $950

Antenna for Magnavox GPS Engine (QIy !) $325- $600

Rockwell Nay Core V (Qty i()o) not differential capable $50o

CASE !! - lnt,et_rate a Loosel.y lntellrated System

Assume, as calculated below, that the least cxpcnsivc differential GPS system is purchased .....the Magellan

OEM Module Then dctcrmiltc how much money would bc av_lilablc for development of the dead-reckoning

syslcnl

Recctvcr cost 200 units x $445 pcr tl|lil :_ $ 89K

Alltenlla cost 2OI)units x $135 per IIIHI =- _ 2"].b",.

Total GPS cost : $116K
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4.2 OverallNavigationSystem

Thus, the following are the fimdsleft to developdead-reckoningsystem:

$636.6K - $116K -"$520.6K,

And then° assuming one-man year of effort (0,5 forodometry,0.5 forgyro system) at $150K, the following funds

are left for hardware:

$52().6K- $150K =-$370.6K

Thus, thc cost pervehicle forgyro hardwarcis calculated below:

$37().6K/200units :--$1,853

These calculations assume thai existing computing powercould be usedfor tile GPSdead-reckoningdata fusion.

Although this is a rough cost comparison, because of the large number of systems involved, integrating the

navigation system in-house might bejustified by the economics alone. Other reasons mtght Include contributing to

Sandia's Intelligent Vehicle Highway Systems (IVHS) tech base as well as keeping sensitive information in-house,

In sumnmq,,,a decision has to be made whether to purchase a fully integrated navigation system with a newer GPS

receiver or to integrate a GPS receiver with a dead-reckoning system developed by Sandia or a contractor. The

expertise for developing the dead-reckoning system is available at Sandia in Departments 9616 (odometry and

vehicle modeling) and 2334 (gyros and inertial navigation),
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S.O SUMMARY AND CONCLUSIONS

In stinmmr)', this report analyzes tile pcrlbrnmnce of Ihc current GPS receiver compared to newer, less

expensive models anl makes rcconuucndations on possible options Ibr upgrading the current system. The test

fixture and Icsl methodology used to pcrlormboth static and dynamic tests arc documented Slatic tests wcrc used

to determine the static position accuracy oF the dilTercnt receivers. OF the receivers tested, the Magnavox GPS

l,:ngiuc exhibited superior static position accuracy All of the other receivers demonstrated similar, but less

accurate st;;tic position accuracy l)ynamic tests were used to determine ho,,v well the various receivers handle

itltermittent obslrttclions as v,'cll as to determine the receiver/antenna sctlsitivily, l]ccattsc of different DOP linfits,

cxlict coniparlsons of"the different receivers v,as difficillt. I lov,cvcr. taking itlto account I)OP criterions lind the

navigation mode data, till of the nearer receivers performed salisfaclorily "l'hc performance of the nev,'erreceivers

was far superior to Ihc current Magnavox 6400 syslem being used l]ascd on tile similar pcrlbrmancc of the newer

receivers in the dynamic tests, other integral;o;) issues like price, soflv.are Ilcxibilily, technical support, size,

pov, cr. and difl'crcmiat capability arc probably tile most important factors to consider when clloosing a GF'S

receiver

The current navigation system uses dead reckoning (compass and odomclD') and TRANSIT to supplement

GPS I]ccaitsc of Ihc high value oF Ih¢ assels, a redundant t|avigatlon s)'slcin is required, If the assumption is

made that (]PS is going to bc operational Itil} percent of tl_c time for the long term, then the design oFthe current

l|avlgatiOl| syslcni is greatly simplified Assumit_g full GI:'S coverage, a redundal_t navigation system must bc

designed thai can handle short periods of time _vhcn GPS is =lot available because o1"obstnlctions, The dead-

reckoning s)stcm only needs to be accurate for up to several re;mites, which makes the design of the dead-

reckoning s) stcm much easier (and less expensive)

The 111ainttltcgration issue is the level of coupling betv,'cen the dead-reckoning systen'l and the GPS receiver

A tightly coupled GPS navigation system that combines GPS data with inertial and dead-reckoning sensors in a

single Kalman filter would ofl'cr optimal performance llosvcvcr, the cost of developing such a system would be

fairly high (this approach should bc taken if the 'best possible navigation system' is desired), A more economical

approach would be to purchase a completely integrated GPS dead-reckoning system (like the Trimblc Placer DR)

or to dcvclop thc dcad-rcckoning system in-house and purchase a diffcrcntial capable (]F_S rcceivcr. Both options

have advantages and disadvantagcs. 'Fhesc are sunmmrized in Tablc 5-1.

A rough cosl comparison of thc I_o options in Tablc 5-1 v,,asconductcd in thc prcvious scclion. The cost of

inlcgrattng thc system lit Sarldia might bc juslificd on economics alone if cnough units arc purchascd. Other

rcasons for doing thc dcad-rcckonlng navigalion in-housc include kccping the navigation tech basc for IVHS

rclatcd projccts. Once a decision has bccn made whclher Io purchase an lntegratcd systcm or to dcvclop thc dcad-
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5_SummaryandConcluslona

Tablc5.1. Comparisonof IntegrationOptions

Purchasea LooselyCoupled Intcgratca LooselyIntegratedSystem
HighlyIntegratedSystem

_A._d.d'a_L_t_l._ Advantages

• Complete navigation system is an off-the- • Sandia is not locked into a particular
shelf item, manufacturerfor the GPS system,

• Simplified maintenance because off-the-shelf • GPS receivers can be updated as new
system, technologies become available without

affecting the dead-reckoning system.

• Sandia maintains vehicle navigation tech base
that can be applied to IVHS research,

D!_sadvantages

• The number of off-the-shelf integrated • Sandia has to develop the dead-reckoning
systems is limited, These include the Trimble system (might not really be a disadvantage).
Placer DR and a semi-custom Mngnavox
system.

• Sandia will be locked into a particular
manufacturer for the complete navigation
system,

reckoning system in-house, no major technical hurdlcs exist in implementing either system. Therefore, a decision

has to be made, based on the data presented in this paper as well as the goals of the program, as to which option is

most desirable.
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APPENDIX A: TEST FIXTURE HARDWARE - CABLE PINOUTS

Developed by:
Raymond H, Byrne

Advanced Vehicle Development Department, 9616
Sandia National Laboratories

Albuquerque, NM 87185
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APPENDIX A: TEST FIXTURE HARDWARE - CABLE PINOUTS

CABI,E PINOUTS

Connector Assignments
Magellan ZT 89{)1J5 (C()M I)
Magnavox Engine ZT 8901 J4 (COM2)
Rockwell NavCore V ZT 8841 J I

Magnavox 6400 ZT 8841 J2
Trimble Placer ZT 8841 J4

Magellan

Signal !)|3-25 (Magellan) 14 Pin (ZT 8901)
TX 3 3
RX 2 5
GNI) 7 13

Rockwell Nav Core V

[ Signal l}B-9 (Rockwell Unit) 14 Pin (ZT 8841)

I TX 2 5

RX 3 3
GNI) 5 13

Magnavox 6400
Signal 1)!3-25 (Magnavox 6400) 10 Pin (ZT 8841)
GNI) I 8
GND 7 7

TX(A) 14 14
TX(B) 2 13
RX{A) 15 !

RX{B) 3 2

Trimble Placer

Signal i}B-25 (Trimble Placer) 14 Pin (ZT 8841)
TX 3 5
RX 2 3
RTS 5 9
CTS 4 7
GND 22 13

Magnavox GPS Engine Serial Interface
- TTL t{}RS-232 c{}nversion done with a Maxim MAX235 chip
- A LM340-5 chip was used t{}generate +5V from the battery supply
- A LM317 chip was used to generate +7V fr{}mthe battery supply
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APPENDIX B.I: SERIAL DATA FORMATS -
MAGELLAN OEM MODULE

Excerpts (pages 3-1, 3-2, 4-1, and 4-2) from the 1992
User Guide.fi_r the Magellan ()I'_MGPS Module.

Reprinted with permission from:
Magellan Systems Corporation

960 Overland Court
San Dimas, CA 91773
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APPENDIX B.I" SERIAL DATA FORMATS -
MAGELLAN OEM MODULE

CHAPTER 3

OEM MESSAGE DEFINITIONS

PORT CONFIGURATIONS

BaudRateoptions: 1200,2400,4800,9600 baud

DataBits: 8

Parity: None

StopBits: 1

The baud rateon theOEM isset by jumperson the PCB. (See DefaultPCBConfigurationin Chapter6.) Once
inoperation,firmwareprotocolwillallowthebaud rate to bechanged. The changewill be retainedwith memory
backup,but if all power is removedthe baud rateresetsto the defaultas setby the jumpers.

MESSAGE FORMATS
Bothbinary and ASCIIformatsare providedfor rnoblof the sentences.The exceptionsare listedbelow:

Binaryonly: J00 - Differentialcorrections

T01 - Almanacdata

T02 - Ephemerisdata

ASCIIonly: PMGLI - Data flowcontrol

Binary
The BINARYsentencestarts with "$$"(two HEX 24)followed by a one-bytesentence identifier(from A to Z in
ASCII)and a one-bytebinary subindex(00to FF HEX), followedby the binarydata field. All of the binary data
are in integerswithdefined precision.The sentenceis terminatedwitha line feed(HEX0A). The checksumof
the sentenceis one byte beforethe linefeed, and is requiredin binary format. The checksum iscalculatedby
XORingthe8 binarydata bitsof eachbyteinthesentencewith eachother, startingwiththefirstbyteafter the '"$$"
and endingwith the first byte before thechecksum. Forexample:

$$RIOOOOOOOOCL
ZMZMXXZZMX

Cx"denotesdata field to be XORed,"C"denoteschecksum,"t" denotes lineteed)

ASCII
The ASCII sentencesconformto the NMEA(NationalMarineElectronicsAssociation)0183 softwareprotocol.
Two typesof sentencesare used. Wherethe 0183 protocol hasa pre-definedsentencefor specific data, this
sentenceis used. This includesGPGGA,GPZDA,GPVTG,GPBOD,GPBWC,GPHDM,GPHDT,GPAPA,and
soforth. For informationlhat does nothavea predefinedsentence,we used themethoddefined inthe protocol
for designingour ownproprietarysentencessotheywillbecompeliblewiththestandardsentences. Theheaders

3.1
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Appendix B.I: Serial Data Formats - Magellan OEM Module

for proprietary sentences use 'P' for proprietary, 'MGL' lor Magellan as manufacturer's identilicat0on, and a primary
Index ol 'A' through 'Z'. The first dala field is a subindex, which has a range of from 00 to 99 The checksum is
the 2-byle hexadecimal ASCII of the binary byte, and is calculated by XORtng each successive byte in the
sentence, between the '$' and the '*'

All dala output sentences have the checksum calculated. The board's firmware does not require a checksum on
ASCII input, but without one the integrity of the data cannot be guaranteed. It you do nol want to send the
checksum, omit the '*' and the two following bytes

Example with checksum

$PMGI.,ll 00, U03, ] , A t 02*C'KP, L
xxxxxxxxxxxxxxxxxx×

('x' denotes data field to be XORed, 'CK' denotes 2 bytes checksum, 'R' denotes carriage r_lurn - hex 0D, 'L'
denoles line feed - hex 0A)

Example without checksum

SPHGLI, 00, IJ0:,, 1, A, 02KI,

32
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Appendix B.1

CHAPTER 4

OEM FIRMWARE PROTOCOL

OUTPUT MESSAGES

Output messages are from the module to the host. Also, the ASCII reference included in each message title is
the one used In the PMGLI (data flow control sentence) for that message.

Time and Date -- AO0

BINARY

$ $A0xxxxxxxCL
1234567

1:1 byte, subindex
2: 1 byte, UTC hour
3: 1 byte, UTC minute
4:1 byte, UTC second
5: 1 byte, day
6: 1 byte, month

7:2 bytes, year

ASCII

$GPZDA, xxxxxx,xx,xx, xxxx,*CKRL
1 2 3 4

1:6 bytes, UTC hhmmss
2:2 bytes, day
3:2 bytes, monlh
4:4 bytes, year

Position and Altitude _ BOO

BINARY

$$B0xxxxxxxxxxxxxx×xCL
12 3 4 5

1:1 byte, subindex

2:4 bytes, timetag in seconds, offset from the beginning of the GPS week (00:00 Sunday GMT)
3:4 bytes, latitude in 107 degree (two's complement)
4:4 bytes, longitude in 10.7 degree (two's complement)
5:4 bytes, altitude in 0.01 meler/feet

4-1
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Appendix B,I: Serial Data Formats - Magellan OEM Module

ASCII

$GPGGAr xxxxxx, xxxx. xx, N, xxxxx, xx, W, x, x, xxx, xxxt Mt XXXX, M*CKRL
1 2 3 4 5 6 7 8 9 10 ]] 12

1:6 bytes, UTC ttrnetag ol position fix (hhmmss)

2:7 bytes, GPS latitude (DDMM.HH where D = degrees, M = minutes, H = hundredlhs of minutes)

3:1 byte, latitude N or S

4:8 bytes, GPS longitude (DDDMM.HH)

5:1 byte, longitude E or W

6:1 byte, GPS availability

0 = GPS not available (last fix more than 10 seconds ago)
1 = GPS available

7:1 byte, number of satellites being used (3 or 4)

8:3 bytes, HDOP (recalculated every 3 minutes or with every fix if PDOP > 8; see message G00 for a brief
explanalion of DOP's)

9-10:3 bytes, antenna height, rneters/leet
(height above sea level)

11-12:4 bytes, geoidal height, meters/feel
(ditlerence between antenna height and geoidal height in the WGS84 map datum)

Position Only _ B01

BINARY

Same as $$B0

ASCII

$GPGLL, x×xx.xx,N, xxxxx.xx,W*CKRL
1 2 3 4

1:7 bytes, last fix latitude (DDMM.HH)

2:1 byte, latitude N or S

3:8 byles, last fix longitude (DDDMM.HH)

4:1 byte, longitude E or W

Extended Altitude _ B02

BINARY

$$B2xxxxCL
12

1: 1 byte, subindex
2: 4 bytes, altitude in 0.01 meters/feet

42
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APPENDIX B.2: SERIAL DATA FORMATS -
MAGNOVOX GPS ENGINE

Excerpts (pages A-1 to A-4) from the 1991
Magnovox GPS Engine Integration Guide,

Reprinted with permission from:
Magnavox Advanced Products and Systems Company

2829 Maricopa Street
Torrance, CA 90503
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APPENDIX B.2: SERIAL DATA FORMATS.
MAGNAVOXGPS ENGINE

CONTROL PORT RECORDS

CONTROL PORT RECORDS

NOTE

The structure of the control port records is based on the NMEA-018:]

Standard for Interfacing Marine Electronics Navigation Duvices (Version

1,5), For details beyond those provided in this appenrlix, refer tu It]e
SI;]lldard document,

Reserved characters are used Io indicate the beginning and tt]e end of records lll the data stream, and

to delimit data fields within a record, Only printable ASCII characters (Hex 20 through 7F) may be used in
tile records, Table A.1 Iisls the reserved ct]aracters and defines their usage. Figure A-1 illustrates Ihe

general Magnavox proprietary NMEA record format

RECORDSTART
CHARACTER

SPECIAL IO

IP = PROPRIETARY)

ORIGINATORID
(MVX = MAGNAVOX)

INTERFACEID
(G = GPS)

RECORDTYPE

DATA

OPTIONAL
CHECKSUMFIELD

_ DELIMITER
OPTIONAL

I _ CHECKSUM

_PMVXG............................ 'CK

[ BLOCK
LABEL

990-2483

Figure A- I Magnavox Proprietary NMEA Record Format

A-1
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Appendix B,2: Serial Data Formate - Magnavox GPB Engine

CONTROL PORT RECORDS

bible A- I, NMEA Record Reserved Ch_ractors

Character Hex Value Usage
............................ , ............................. , ..................................................................

$ 24 Start of Record Idontilier
......................... , ........................................................................

{CR} {LF} OD OA End of Record Identifier

' 2C Record Field Delimiter

* 2A Optional Checksum Field Delimiter

Following Ihe start character ($), Ihe first five characters constitute the block label el the record, For the
Magnavox proprietary records, this label is always PMVXG. Ttle next field alter the block label Is the
record type consisting of lhe ttlree decimal digits.

Tl_e data, delimited by commas, follows the record type, The data is detined for each record in Tables
A-2 through A-37. Note that the GPS Engine" uses a free-format parsing algorithm so, you need not
send the exact number of characters shown in the examples. You will need to use the commas to
delerrnine how many bytes of data need to be retrieved,

Tile notation *CK shown in the tables symbolically indicates lhe optional checksum in the examples,
The checksum is computed by exclusive-ORtng all of the bytes belween the $ and the * characters. The
$, * and the checksum are not included in the checksum computation,

A-2
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AppendixB.2

CONTROL PORT INPUT RECORDS

TableA-2. Record Type $PMVXG,O00

E_gtl_qEon:Initialization/Mode Control - Part A. Initializes the time, positton and antenna height of Ihe
GPS Engine'"

1 2 3 4 5 67 89 AB
I I I I I II II II

E._: DD,MM,YYYY,HHMMSS,DDMM.MMMM,N,DDDMM.MMMM,W,HHHH.H,X*CK

where:

iELelg F__JeldContents D.eS3.u_ aB_o.Dg_

1: DD Day of month - 1 - 31

2: MM Month of year - 1 - 12

3: YYYY Year 1992 1991 - 9999

4: HHMMSS GMT - 235959

5: DDMM.MMMM Latitude (degrees, minutes) 00,000 0 - 89.9999

6: N North (S = south) N N or S

7: DDDMMMMMM Longitude (degrees, minutes) 000,000 O- 179,999

8: W West (E = east) E E or W

9: HHHHH.H Altitude (height above Mean 00,0 -
Sea Level) in meters

A: X Not used - -

B: *CK Delimiter and checksum - -

EXAMPLE MESSAGE:

$PMVXG,000,04,04,1991,181115,3350.5287,N,11820.2131,W,42.7 ,'75

A-3
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AppendixB.2: SerialData Formats- MagnavoxGPS Engine

CONTROLPORT INPUT RECORDS

TableA-3 Ro.cord Type SPMVXG,O01

E_U.Q_c.tL0_:Initialization/Mode Control - Part B. Specifies various navigation parameters: Altitude aiding,
acceleration, maximum DOP limits, and satellite elevation limits.

1 23 45 6 7 89 A
III II I I II I

_: X,X,X.XX,X,XXXX,XXXX,XX,X,HHHMM*CK

where:

E_eld _ O_L_ B_o_

1: X Constrain Altitude: 3 0 - 3
0 = Never constrained. 3-D nav only whbn 4 sats

available. Determine lat, Ion, time, altitude.

1 = Auto, 3-D nav when 4 sats available, and
determines lat, Ion, time, altitude. Switches to
2-D nav when only 3 sats available, and deter.
mines lat, Ion, time using manually entered
altitude,

2 = Always constrained. 2-D nav when 3 sats
available. Determine lat, Ion, time, using
manually entered altitude.

3 = Coast. 3-D nav when 4 sats available, and
deterrnines lat, Ion, dine, altitude. Switches to
2-D nav when only 3 sats available, and deter-
mines lat, Ion, time using last calculated GPS
altitude.

2: X Not used - -

3: X.XX Horizontal acceleration factor (m/sec**2) 1.0 0.50 - 10,0

4: X Not used - -

5: XXXX VDOP limit (3-D nay suspended 10 1 . 9999
when limit is exceeded)

6: XXXX HDOP limit (2-D nav suspended 10 I - 9999
when limit is exceeded)

7: XX Elevation limit (degrees) (sat not 5 0 - 90
used if elevation angle is below limit)

8: X Time output mode: U U, L
U = UTC
L ---Local time

9: HHHMM Local time offset (_.+)from GMT - _ 0 - 2359
A: *CK Delimiter and checksum - -

EXAMPLE MESSAGE:

$PMVXG,001,1,,,5,0,5,10,5,U,-0800*0E

A-4
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APPENDIX B.3: SERIAL DATA FORMATS -
ROCKWELL NAVCORE V

Excerpts (pages 4-1 to 4-15 and 4-21 to 4-23) from the March 1992

NavCore ® V- Rockwell Global Positioning System
Receiver Engine Designer's Guide.

Reprinted with permission from:
Rockwell International
3200 East Renner Road

Richardson, TX 75082
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APPENDIX B.3: SERIAL DATA FORMATS -
ROCKWELL NAVCORE V

NavCore ® V
Designer's Guide

4. SERIAL DATA INTERFACE

4.1 Serial Data Protocol

4.1.1 Data Bit Rate

The serialdata bit rate is determined by the state of pin J2-14 of the NavCore® V at applicationof "Prime"
power. If the pin is held high, the data willbe transmitted and received at 9600 bps. If the pin is held
low,the NavCore V will receivedata at 19,200 bps and willtransmit data at 76,800 bps. Once the data rate
has been e_tablished, itwill remain unchanged throughoutthe current power cycle. (Normal operation is
9600 bps.)

4.1.2 Data Encoding and Format

Each byte of information is transmitted through the serial port as a sequence of 11 bits. The serialdata
port will be configured for odd parity, so that each byte of serial data is encoded into 11 bits for serial
transmission - one start bit, eight data bits, one odd parity bit, and one stop bit (Figure 4-1). The data bits
are ordered from least significant bit to most significant bit. For each data word, the least significant byte is
transmitted first, followed by the most significant byte. Integer and floating point data types consisting of
more than one word are transmitted from the lowest numbered word to the highest numbered word as
indicated in the data type format descriptions below.

DATA FORMATS

i ,i i

I I "c'"°''-"' OneCh=_cter _ --_ IfAwoprlmIdleLine _'

(Logk:I)

Time = Dm

i ii i iiii

Flgure 4-1. Serlal Data Tlrnlng Dlagram.

Rev.F 4.1
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Appendix B.3: Serial DataFormats- RockwellNavCoreV

;Single Precisiop Integer Format

Single precision integer data types are allocated one 16-bit word. The most significant bit is the sign bit.
Negative numbers are represented in two's complement form, where the sign bit is one (Figure 4-2).

Bit 15 Bit 0

Figure 4-2. Single Precision Integer Format.

Double Precision Integer Format

Double precision integer data types are allocated two 16-bit words. The most significant bit is the sign bit.
Negative numbers are represented in two's complement form, where the sign bit is one (Figure 4-3).

Word 0 LS Data LSB

ii lull ,, ,

Sign
Word 1 Bit MSB MS Data

Bit 15 Bit 0

Figure 4-3. Double Precision Integer Format.

Floating Point Format

Floating point data types are allocated two 16-bit words (Figure 4-4). The floating point representation
consists of a mantissa, exponent, and sign bit, where the absolute value of the floating point number

equals the mantissa multiplied by 2Exp °nent, and where a sign bit of 0 indicates a positive number.

The mantissa is normalized so that its most significant bit (the 2"1 place) is a 1, with the exception of the
value 0.0, in which case all bits in the words are 0. Thus, the most significant bit is hidden, and the man-
tissa has one extra bit of precision more than its actual number of allocated bits. The mantissa field width is
23 bits for floating point data types, which allows 24 bits of precision. For all floating point types, the expo-
nent field is eight bits wide. Exponents are represented in excess 128 notation. Since all bits are 0 for the
value 0,0, floating point representations with a zero exponent and a non-zero mantissa or sign bit are not
allowed.

...............

Word 0 LS Mantissa LSB MSB Exponent LSB

,.

Sign MSB MS MantissaWord 1 Bit
......

Bit 15 Bit 0

Figure 4-4. Floating Point Format.

Rev. F 4-2
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l_,_tended Floating Point Format

Extended floating point data types are allocated three 16-bit words (Figure 4-5). The extended floating
point representation consists of a mantissa, exponent, and sign bit, where the absolute value of the
extended floating point number equals the mantissa multiplied by 2Exp °nent, and where a sign bit of 0
indicates a positive number.

The mantissa is normalized so that its most significant bit (the 2-1 place) is a 1, with the exception of the
value 0.0, in which case all bits in the words are O. Thus, the most significant bit is hidden, and the man-
tissa has one extra bit of precision more than its actual number of allocated bits. The mantissa field width is
39 bits for extended floating point, which allows 40 bits of precision. For all floating point types, the
exponent field is eight bits wide. Exponents are represented in excess 128 notation. Since all bits are 0
for the value 0.0, extended floating point representations with a zero exponenl and a non-zero mantissa
or sign bit are not allowed.

WordWord01 LS Mantissa Middle1LSBI'MSB IMantissa Exponent I LSB I

Word 2

Bit 15 Bit 0

Figure 4-5. Extended Floating Point Format.

Further discussion of the conversion routines "from" and "to" the NavCore V formats in
IEEE 754 format is included In Section 11.1.

Rev. F 4-3
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Appendix B.3: Serial DataFormats- RockwellNavCoreV

4.1.3 Message Structure

Each message will consist of a message header, which identifies the message, and message data. A
Checksum word will accompany each component for error detection. Figure 4-6 shows a simplified mes-
sage structure illustrating where the components are placed to form a message.

Word
i i, i, ii i ii ii,

Message Header
4

i i i i

5 Header Checksum
,, i iii i ii Ill

6

Message Data

5+n , ,,

Data Checksum
6+n , = i ii i i ii

Figure 4-6. Message Structure,

Rev. F 4-4
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The message will consist of two paris: a header and a data portion. The organization for a word will be
such that the least significant byte arrives first. The header portion will have a fixed length of five 16-bit
words, consisting of a DEL-SOH byte pair, message ID, Word Count, flags, and the Header Checksum.
The length of the data portion will be defined in the header and, if present, will consist of n data words and
a Data Checksum, where n will be less than or equal to 100 (Figure 4-7).

Word
/

I - 1ooooool1111111,1
2 Message i'D

3 Data Word Count Header

4 00X)( X()00 '0000 00'00 Structure

5 He'ader Checl<'sum '

6 'Data Word 1 " '
,,i

Message Date
• Data
• Structure

5,n _Data W0rdn

6+n Data Checksum
.......... i i

Figure 4-7. Complete Message Structure,

Rev. F 4-5
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AppendixB3: SerialDataFormats- RockwellNavCoreV

4.1.3.1 Header Structure

All messages have a message header that consists of five words as follows: a word indicating the start of
the message, equal to 129 decimal in the high order byte and 255 decimal in the low order byte; an inte-
ger value equal to the message ID; an integer value specifying the number of words of data in the
message; and a word containing protocol related flags. Examples are given for headers "to" NavCore V
(Figure 4-8) and 'from" NavCore V (Figure 4-9).

Word

1 lOOO0o'11111i;1
= a, ge 1O

, ,, i,1 i ill i lU

3 Data Word Count
|

4 000R 0000 0000 0000
i i| i=

5 Header Checksum
ii

Figure 4-8. Header for Message "To" NavCore V.

(R) = Acknowledge Request
Word

li illl i ii ii i1 1000 0001 11 1 1111
IBIII I I II

2 Message ID
.

3 Data Word Count
ii

4 0000 AN00 0000 0000
, ., i _ iii --

5 Header Checksum
i= iii

Figure 4-9. Header for Message "From" NavCore V.

(A) = Acknowledgment Flag
(N) = Negative Acknowledgment Flag

4.1.3,1.1 Header Format Word 1 of 5 (Start of Message)

Word ,, , SO,H / D,EL, ......

1 * 1000 0001 / 1111 1111 *
i, ii i i

2 Message ID
ii i i ii

3 0000 0000 0000 0000
-- ii i

4 000R AN00 0000 0000

5 Header Checksum
= i.ii .i ii,

Figure 4-10. Word 1 Start of Message.

The first word of any header indicates the start of a message (Figure 4-10). This word is divided into two
bytes. The higher order byte (SOH) is equal to 129 decimal, The lower order byte (DEL) is equal to 255
decimal,

DEL = A constant byte valued at 255 decimal (all ones). DEL forms the first eight bits of Word 1 of the
header.

SOH =-A constant byte valued at 129 decimal. SOH forms the second eight bits of Word 1 of the header.

Rev.F 4-_
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4.1.3.1.2 Header Format Word 2 of 5 (Message ID)

Word ii

1 1000 0001 1111 1111

2 * Message ID .
i iii l

3 Data Word Count

4 ' 000R ANO0 0000 0000
,,,, i i i

5 Header Checksum

Figure 4-11. Word 2 Message ID.

The message ID (Figure 4-11) is a binary representation of the "Message ID Number" located in Figures 4-
12 and 4-13

For example, ID #203 is"0000 0000 1100 1011 "

Rev. F 4-7
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AppendixB.3: Serial Data Formats- RockwellNavCoreV

MESSAGE ID = A 16-bil field which uniquely defines the message type and origin. This field con,prises
Word 2 of the header and is a right justified integer.

- - i, ,.,.i ,i ,1,,.L ,1, ....

Message ID Message Description Rate Source
- i ,. i,| ii| ,,, , ,,,...

101 Built-In Test Results On request GPSRE

Visible Satellite Azimuth(s) 2 minute GPSRE
102 and Elevation(s) Intervals

i . i ,,i i ,i ,, ..... . _

103 NavCo_ V Navigation Solution ant 1 Hz GPSRE
Status (Time Mark Solution)

ii i i i iiii i iiii i i

104 Almanac Data On request GPSRE
, ........... lmax. 1 Hz) ....

105 Age of Almanac On request GPSRE

Figure 4-12. Status (Output) Blocks to the Application Processor (AP).
*GPSRE = GPS Receiver Engine.

Message ID Message Description Rate Source

201 Position, Velocity, and As required
Time Initialization (max. 0.1 Hz) AP

/_Srequired
202 Built-in Test Command (max. 0.1 Hz) AP

203 Altitude Hold Enable As required AP
Command (max. 1 Hz)

204 Amended Altitude Hold As required AP
Command (max. 1 Hz)

205 Externally Supplied ,_s required
Almanac Data (max. 1 Hz) AP

-- i i i ii i M | ,

206 Almanac Data Request As required
(max. 1 Hz) AP

207 Age of Almanac Request As required
(max. 1 Hz) AP

| i, ,, ,,i i. ......

208 Manual Satellite Selection As required AP
(max. 0.1 Hz)

-, , _

Figure 4-13. Command (Input) Blocks from the Application Processor (AP}.

Figures 4-12 and 4-13 are described in more detail in Sections 4.2 and 4.3.

Rev. F 4-8
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4.1.3.1.3 Header Format Word 3 of 4 (Data Word Count)

Word

1 ...... 100'0 00_011111 ;"111 .....
i i i

2 Message ID
i|. iii

3 ,, 0000 0000 0000 0000 =
,,,,,,,, i

4 000R AN00 0000 0000
ii

5 Header Checksum
i i iiii

Figure 4-14. Word 3 Data Word Count.

WORD COUNT = A 16-bit field which specifies the number of words contained in the data field (F'_jure 4-
14). The Word Count does not include the Data Checksum word. The value zero is used to indicate a
message containing no data, in which case the message is a header-only message and will terminate with
the header Checksum word. The word is a right justified integer.

4.1.3.1.4 Header Format Word 4 of 5 (Flags)

Word i i

1 1000 0001 1111 1111

2 Message ID

3 0000 0000 0000 0000
i i

4 ° 000R AN00 0000 0000 "
i i

5 Header Checksum
iii ii iiii i

Figure 4-15. Flag Bits.

FLAGS = A 16-bit field allocated to protocol and message related flags (Figure 4-15). These flag bits pro-
vide for the control of the protocol operation. The NavCore V only requires bits 10, 11, 12 for message
acknowledgement. These messages are described in more detail in the following sections.

4.1.3.1.5 Header Format Word 5 of 5 (Header Checksum)

Word

1 1000 0001 1111 1111
II

2 Message ID

3 Data Word Count
Ill

4 000R AN00 0000 0000
-- ill

5 • Header Checksum ,,
--i=

Figure 4-16. Word 5 Header Checksum.

Rev. F 4-9
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AppendixB.3: SerialDataFormate- RockwellNavCoreV

HEADER CHECKSUM = A 16 bit Checksum is used to validate the header portion of the message (Figure
4-16). It is computed by summing (modulo 2"'16) all words (including the word containing DEL and SOH)
contained in the header and then complementing that sum. The computation of Header Checksum may
be expressed mathematically as:

4

Header Checksum =- Mod 216 ,_ Word(I)
I=1

where:

(a) Unary negation is computed as the two's complement of some 16-bit data word.
(b) Mod 216 indicates the least 16 bits of an arithmetic process. That is, carry bits from the bit

position 16 are ignored.
(c) The summation is the algebraic binary sum of the words indicated by the subscript (i).

4.1.3.2 Data Structure

The data structure (Figure 4-17) consists of formatted message data followed by a data Checksum. Data
formats are unique for each message, and are shown in Section 4,2 for status messages and Section 4.3
for command messages. Once the message data is formatted, a Data Checksum is calculated as
described in Section 4,1.3.2.2.

Word

6

t •

6+n

Figure 4.17. Data Structure.

4.1.3.2.1 Data Word Format (Words 6 through 5+n)

DATA = The message data field. This field is totally transparent to the protocol and has no restrictions on
bit patterns or character groupings. The field will contain the number of words specilied in the Word Count
field. When the Word Count field is zero, the data field does not exist. Data fields are formatted as shown
in Figure 4-17. Messages transmitted and received by the NavCore V have a maximum length of 106
words, so that up to 100 words of data, plus the header and Checksums, can be transmitted in a single
message.

Rev. F 4-10
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4.1.3.2.2 Data Checksum Format (Word 6+n)

Word
=iiiii i

6 Data Word 1
i ii

l

Message Data

ii

5+n Data Word n

6+n , Data Checksum ,
ii

Figure 4-18. Data Checksum.

DATA CHECKSUM = A 16-bit Checksum is used to validate the data portion of the message. It is
transmitted as the last word of any message containing data (Figure 4-18). When the Word Count field is
zero, the Data Checksum does not exist. It is computed by summing (modulo 2"16) all words in the data
portion of the message and then complementing that sum. The mathematical expression for the Data
Checksum is'

5+N

Data Checksum = . Mod 216 _ Word(i)
1=6

where:

(a) Unary negation is computed as the two's complement of some 16-bit data word.
(b) Mod 216 indicates the least 16 bits of an arithmetic process. That is, carry bits from the bit

position 16 are ignored.
(c) The summation is the algebraic binary sum of the words indicated by the subscript (i).

4.1.4 Message Acknowledgment

The NavCore V software will respond to requests from the OEM Application Processor to acknowledge
received messages. A request for message acknowledgment will only be recognized if the Acknowledge
Request flag (Figure 4-19) is asserted in the header of the received message, and the header was
received without errors. Upon receiving an Acknowledge Reque_t, an Acknowledgment Message
(Figure 4-20) or Negative Acknowledgment Message (Figure 4-21) will be transmitted back to the OEM
Application Processor within 250 milliseconds.* Serial data messages transmitted to the OEM Application
Processor will not require acknowledgment.

"400 milliseconds at the lower, 9600 bps serial rate.

Rev. F 4-11
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AppendixB3: Serial DataFormats - RockwellNavCoreV

It an Acknowledge Requesl was senl and neither an Acknowledgment message nor Negative
Acknowledgment message was received after 250 mS', then the OEM Application Processor must
assume that a transmission error occurred. And, since messages received in error by the NavCore V are
discarded, the Application Processor must resend the message if it is still desired that the message take
effect.

A new message with Acknowledge Request should not be sent until either an Acknowledgment
Message or Negative Acknowledgment Message has been received in response to the previous
message with Acknowledge Request, or until 250 mS" have elapsed.

The Application Processor must be prepared to receive a periodic message (such as Message 102 or
103) J2f,.Lg.[._receiving the Acknowledgment or Negative Acknowledgmenl to a message with
Acknowledge Request.

'400 milliseconds at the lower, 9600 bps serial rate.

Rev. F 4-12
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AppendixB.3

4.1.4.1 Acknowledge Request ("To" NavCore V)
i i

10000001 1111 1111

Message ID

Data Word Count

000R 0000 0000 0000

Header Checksum
llll

Data Word 1

Message Data

Data Word n
i

Data Checksum

Figure 4-19. Acknowledge Request Flag.

(R) = ACKNOWLEDGE REQUEST FLAG (BIT 12) (Figure 4-19). Indicates that the message block bein
transmitted requires acknowledgment by the NavCore V. This bit (BIT 12) is set to a logical 1 for a requesl

4.1.4.2 Acknowledge Message Description ("From" NavCore V)

10000001 1111 1111

Message ID

0000 0000 0000 0000

0000 A000 0000 0000
i

Header Checksum
i

Figure 4-20. Bit 11 Acknowledge/Flag.

(A) = ACKNOWLEDGE (Bit 11) (Figure 4-20).

Acknowledge (ACK) is transmitted only in response to a message, requiring acknowledgment, which wa
received without parity or Checksum errors.

The ACK message is constructed in the following manner:

(a) Set Flag bit 12 to 0.
(b) Set Flag bit 11 (ACKNOWLEDGE FLAG) to 1.
(c) Set Word Count (Word 3) to 0.
(d) Recompute the Header Checksum.
(e) Transmit the new header (No data words are transmitted for an ACK.)

Rev. F 4-13
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Appendix B.3: Serial DataFormats- RockwellNavCoreV

4.1.4.3 Negative Acknowledge Message Descriptions ("From" NavCore V)
ii i

1000 0001 1111 1111
|, ii i |i,

Message ID
ii i ,

Data Word Count
i |1

oooooNoo-_ooooooo
,, nl ii n,=,

Header Checksum
ii ii

Figure 4-21. Bit 10 Negative Acknowledgment Flag.

(N) = NEGATIVE ACKNOWLEDGE (Bit 10) (Figure 4-21).
Negative Acknowledge (NAK) is transmitted only in response to a message requiring acknowledgment
whose header was received correctly, but whose data portion was received with a parity or Checksum
error. A NAK message also indicates that none of the data in the message requiring acknowledgment was
accepted by the NavCore V. Header-only messages requiring acknowledgment that are received with
errors cannot be negatively acknowledged with a Negative Acknowledge Message. The absence of an
ACK message serves as Negative Acknowledgment for header-only messages.

The message is constructed in the following manner:
(a) Set Flag bit 12 to 0.
(b) Set Flag bit 10 (NEGATIVE ACKNOWLEDGE FLAG) to 1.
(c) Set Word Count (Word 3) to 0.
(d) Recompute the Header Checksum.
(e) Transmit the new header (No data words are transmitted with a NAK.)

4.1.5" Error Handling

Serial data messages received by the NavCore V are validated by detecting parity and framing errors in
received serial data byte transmissions, detecting erroneous data bit transitions, and verifying the Header
and Data Checksum words according to the Checksum calculations of the message protocol. Received
messages that contain errors, as well as messages with unassigned message IDs, are discarded.
Received messages that have errors in the data portion, but whose headers were received correctly, may
be negatively acknowledged.

Rev. F 4-14
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4.2 NavCore V 4o OEM Application Processor Messages

In the following paragraphs, abbreviations for data types are as follows:

I Integer
131 Double Precision Integer
FP Floating Point
EFP Extended Floating Point
B Boolean

Boolean data types are represented as integers, where a value of zero indicates false and a value of one
indicates true. All bits that are designated as spare or reserved within the bit descriptions of binary data will
be set to logic zero by the NavCore V. These may be used in the future so the OEM is advised NOT to rely
on their being zero, but should mask these unused bits prior to processing the defined data bits.

Rev. F 4-15
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4.2.3 NavCore V Series Position, Velocity, Time Solutions and Status
(Time Mark Message) (Message ID 103)

This message contains time, position, and velocity data that is valid for the current Time Mark pulse. It also
contains status information valid for the current Time Mark pulse, including error information, channel
tracking status, signal-to-noise ratios, Altitude Hold status and Receiver Engine Mode information.

Message ID: 103

Rate: 1 Hz

Word Length: 64

Word
No. Name ._ Un_s _ Resolution

1-4 Message Header

5 Header Checksum

6-8 GPSTime of Week EFP sec 0..604,800 10-6 sec

9 GPSWeek Number I weeks 0..32,767

10 UTC Validity B

11-13 UTCTime of Day EFP sec 0..86,400 10"6 sec

14 UTC Day I days 1..31

15 UTC Month I months 1..12

16 UTCYear I year 1980..2079

17-18 Set Time DI 20 ms 0..231 20 ms

19-21 Position X EFP meters +9,000,000 10-4m Note 1

22-24 Position Y EFP meters +9,000,000 10-4m Note 1

25-27 Position Z EFP meters +9,000,000 10-4 m Note 1

28-29 Velocity East FP meters/sec _+1,000 10-4 m/s Note2

30-31 Velocity North FP meters/sec _+1,000 10-4 m/s Note 2

32-33 Velocity Up F'P meters/sec +1,000 10-4 m/s Note 2

34-36 Latitude EFP radians -+_/2 10"11 rad Note 3

37-39 t,ongitude EFP radians _ 10"11 rad Note 3

40-41 /._ltitude FP meters +50.000 0.01 m lYote3

42 Horizontal Dilution I 0.01 1.0..327.67 0.01
of Precision

43 Vertical Dilution I 0.01 1.0..327.67 0.01
of Precision

44 Position Dilution I 0.01 1.0..327.67 0.01
of Precision

45 Time Dilution I 0.01 1.0..327.67 0.01
of Precision

Rev.F 4-21
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Word
No. Name "l'voe Un_s _ Resolution

46 Geometric Dilution I 0.01 1.0..327.67 0.01
of Precision

47 Chan. 1 Measurement State Binary Note 4

48 Channel 1 C/No Binary Note 5

49 Chan.2 Measurement State Binary Note 4

50 Channel 2 C/No Binary Note 5

51 Chan.3 Measurement State Binary Note 4

52 Channel 3 C/No Binary Note 5

53 Chan.4 Measurement State Binary Note 4

54 Channel4 C/No Binary Note 5

55 Chan.5 Measurement State Binary Note 4

56 Channel 5 C/No Binary Note 5

57 Expected Hor;z. Position I meters 0..32,767 1 meter
Error

58 Expected Vert. Position I meters 0..32,767 1 meter
Error

59 Expected Time Error I meters 0..32,767 1meter Note 6

60 Expected Horizontal Velocity I 0.01meters/sec 0..327.67 0.01 m/s
Error

61-62 Reserved

63 Receiver Engine Status Binary Note 7

64 Data Checksum

Note 1:
WGS-84 Earth-Centered/Earth-Fixed coordinate.

Note2:
Local tangent plane coordinate referenced to the WGS-84 ellipsoid, where velocities are refer-
enced to true north.

Note 3:

Referenced to WGS-84 map datum.
North latitude is positive, South latitude is negative.
East longitude is positive, West longitude is negative.

Rev. F 4-22
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Note 4:
Channel Measurement State Words are formatted as follows:

bits 0-5 Satellite PRN Code, integer range 1-32. A value of 0 indicates that no satellite is
assigned to this channel.

bits 6-8 Spare
bits 9-11 Channel Activity

000 - Idle
001 - C/A code search
101 - C/A code tracking

bits 12-14 Channel ID, integer range 1-5.
bit 15 Spare

Note 5:
Signal-to-noise values are formatted as follows:

bits 0-7 Spare
bits 8-13 Integervalue of C/No,range 0-63, in units of dBHz
bits 14-15 Spare

Note 6;
The expected time error can be converted to units of seconds by dividing by the speed of light.

Note 7:
The Receiver Engine Status word contains Boolean indicators and integer data fields formatted
as follows:

bit 0 Altitude Accept - Logic 1 indicates entered or automatic Altitude Hold
measurements will be accepted (if Altitude Hold is enabled) to produce a
navigation solution.

bit 1 Altitude Used - Logic 1 indicates Altitude Hold measurements were used in the
navigation solution.

bit 2 Altitude Hold Enabled.
bit 3 Navigation Mode Logic 1 indicates that the Receiver Engine is in Navigation

Mode. Logic 0 indicates that the Engine is in Acquisition Mode.
bits 4-6 Integer value, range 0 to 5, indicating the number of satellite measurements

being incorporated.
bit 7 Spare
bits 8-11 An integer value indicating the Figure of Merit, which is the _ position

error, where:
1 => less than 26 meters
2 => 26 to 50 meters
3 => 51 to 75 meters
4 => 76 to 100 meters
5 => 101 to 200 meters
6 => 201 to 500 meters
7 => 501 to 1000 meters
8 => 1001 to 5000 meters
9 => Greater than 5000 meters

bits 12-14 Integer value, range 0 to 5, indicating the channel designated as the utility
channel, which is used to acquire and track secondary satellites and to collect
satellite data while in Navigation Mode. A value of 0 indicates that no utility
channel is currently assigned.

bit 15 Spare.

Rev.F 4-23
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APPENDIX B.4: SERIAL DATA FORMATS -
MAGNAVOX 6400

Excerpts (pages D-1 and D-3) from the 1988
MX 5400 GPS Satellite Navigation System - Technical Reference Manual

Reprinted with permission from:
Magnavox Advanced Products and Systems Company

2829 Maricopa Street
Torrance, CA 90503
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APPENDIX B.4: SERIAL DATA FORMATS -
MAGNAVOX6400

EXT INTI.'C CONNECTOR PORT A (COMMUNICAT!ON CHAUNI-IL 1)
RAW DATA FORMATS

This appendix describes the available format options for the raw data transferred

from the _LX 5400 to a user-supplied data device via port A. Data communication is

asynchronous, with the format and transfer rate selectable with KYBD function 3

(IO-PORT A), as described in Chapter 3. The modes selectable with KYBD function 3

relate to the data in this appendix as follows:

KEYBOARD FUNCTION

PORT A OUTPUT OPTION APPENDIX REFERENCE

NAVI Data record 29 only

NAV Data records 21 and 31

NAV+ Data records 21, 31, 903, 904 and all 400-

series

ALL All data records

DBUG All data records plus test messages

RAW Data blocks Q, P, and V

NONE No data output

NMEA Selectable records in NMEA-OI83 format

The data records, as listed in table D-I, are in ASCII format. The RAW output data

blocks, as listed in table D-2, are in binary format. The three raw data blocks are

quality, position, and velocity. The quality data block is always transmitted once

per second. The position and velocity blocks are also transmitted once per second,

but only if the MX 5400 is in the navigation mode. A typical output from port A is

shown in figure D-I. The N_EA record formats are described in Appendix E.

D-1
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Table D-I. Data Record Formats (Continued)

Byte

Field Name Units Type Size Range

POSITION

RECORD (TYPE 29)

Record ID N/A Integer 4 Always 29
Time of Position (UTC) Seconds Real ii 0-604,800

Latitude Radians Real 13 ±_/2

Longitude Radians Real 13 ±H

Height Above Ellipsoid Meters Real 13 0-99999.9
Sat. Selected N/A Integer 3 0-32

Sat. Selected N/A Integer 3 0-32
Sat. Selected N/A Integer 3 0-32

Sat. Selected N/A Integer 3 0-32

Ndop N/A Real 5 0-99.9
Edop N/A Real 5 0-99.9

Vdop N/A Real 5 0-99.9
Mode ID .... 2 --

Terminator (CR,LF) .... 2 --

Total Bytes 8___5

Example Type 29 Position Record:

29 273196.875 1.49123125 -2.14523122 531.1

12 3 9 11 1.4 9.1 11.3 D

NOTE: The last character D denotes DGPS mode. A blank denotes no DGPS.

VELOCITY

RECORD (TYPE 31)

Record ID N/A Integer 4 Always 31

Velocity North Meters/Sec Real 8 ±i00
Velocity East Meters/Sec Real 8 ±i00

Velocity Up Meters/Sec Real 8 ±100
Local Frequency Offset Meters/Sec(2) Real Q ±I00
Terminator (CR,LF) .... 2 --

Total Bytes 39

Example Velocity Record:

30 0.043 0.016 -0.074 -1.035

Note (2):

To convert local frequency offset to parts per million, divide by C/I,000,000
(C/I,000,000 = 299.792458).

D-3
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APPENDIX B.5: SERIAL DATA FORMATS -
TRIMBLE PLACER

Excerpts (pages 1 to 4 of Appendix A,
7'rimble AS(?II Interfizce Protocol [ 7'AH'] Version 1.01)

from the 1991

Placer "rMGPS Intallation and Operator's Manual

Reprinted with permission from:
Trimble Navigation

645 North Mary Avenue
Sunnyvale, CA 94088-3642
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APPENDIX B.5: SERIAL DATA FORMATS -
TRIMBLE PLACER

Trimble ASCII Interface Protocol (TAIP)
Version 1.01

1.0 General

Trimble ASCII Interface Protocol is a Trimble-specified digital communication interface,
based on printable ASCII characters over a serial data link. It supports scheduled and
polled responses. Messages may be scheduled for output at a user specified rate starting
on a given epoch from top of the hour. For communication robustness, the protocol
optionally supports checksum on all messages. It also provides the user with the option of
tagging all messages with the unit's previously specified id. This greatly enhances the
functional capability of the unit in a network environment. Additionally, given the
printable ASCII format of all communication, TAIP is ideal for use with mobile data

terminals, seven bit modems and portable computers. Ahhough, sensors incorporating
this protcx:ol are shipped from the factory with a specific serial port setting, the port
characteristics are fully programmable through TAIP messages.

2.0 Message Format

All communication is done using printable ASCII characters. The interfitce provides the
means to configure the unit to output various sentences in response to query or on a
scheduled basis. Each sentence has the following general format:

>ABB{ C}[; ID =_/YI_'I)] [; *_'TJ]<

where

> start of new message,
A message qualifier,
'.B_B a two character message ID,
C data string,
q_'O'_I) optional 4 character vehicle ID,
:/J optional 2 character checksum,
< the delimiting character.

Notation:

{x } signifies that x can occur any number of times.
[xl signifies that x may optionally occur once.

Start of new message

A '>' is used to specify the start of a new sentence.

"IAII'.IJ(X,; I .asl m¢_l:9/17/91 1
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Message Qualifier

A one character message qualifier is used to describe the action to be taken on the
message. The following table lists the valid qualifiers:

Qualifier Action
Q Query for a single sentence.
R Response to a query or scheduled report
F Scheduled reporting frequency interval in seconds
S Set command

Message ID

A unique two character message ID consisting of letters of alphabet is used to identify
different type messages. Valid message IDs are presented in the tables of section 3.

Data String

The format and length of the data string ,are dictated by the message qualifier and the
message ID. It can consist of any printable ASCII character with the exception of ('>', '<',
and ';'). See section 3 for detailed descriptions of message formats. Most messages are
length sensitive and unless otherwise specified, field separators including space are not
used.

Vehicle II)

A vehicle ID may optionally be used in all the communications with the unit. Each
vehicle may be assigned a four digit ID and be forced to use that in all correspondence.
The default vehicle ID is '00(0)' and the default mode of operation is net to use vehicle ID.

CheckSum

The checksum field provides for an optional two digit hex checks_:,,l value, which is
computed as XOR of all characters from the beginning of the sentence up to and including
the '*'. If provided, the checksum is always the last element tJf the sentence before the
message delimiter. The default mc×te of operation is to include checksum in sentences.

Message Delimiler

A '<' signifies end of a sentence ard is used as message dclimiter.

3,0 Message Formats

The ['ollowing table lists all the messages currently supported:

TAII'I)(X'; I:l'_tm_l:q/17/(_l 2
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Message ID Me_sage Name

CP Compact Position Solution
DC Differential Corrections
DD Delta Differential Corrections
ID Vehicle ID
lrI" Port characteristic

PV Position/Velocity Solution
RM Reporting Mode
VR Version Number

CP Compact Position Solution

Data String Format:

AAAAA BBBCCC_E EEEFG

Item # of Char UNITS Format

GPS Time of day 5 Sec AAAAA
Latitude 7 Deg BBB.CCCC
Longitude 8 Deg _ZYlYl_.EEEE
Source 1 n/a F

Possible Values:
GPS 2D 0
GPS 3D 1
DGPS 2D 2
DGPS 3D 3

Age of Data Indicator 1 n/a G
Possible Values:

Fresh(< 10 sec) 2
Old (>= 10 sec) 1
Unknown 0

Total 22

Position is in latitude (positive north) and longitude (positive east) WGS-84. The GPS
time of day is the time of fix rounded to the nearest second.

PV Position/Velocity Solution

Data String l-:ormat:

"I'AII',I)fX';1.astmill: 9/17/_)1 3
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Item # of Char UNITS Format

GPS Time of day 5 Sec AAAAA
Latitude 8 Deg BBB.CCCCC
Longitude 9 Deg DDDD.EEEEE
Speed 3 MPH FFF
Heading 3 Deg GGG
Source 1 n/a H
Possible Values:

GPS 2D 0
GPS 3D 1
DGPS 2D 2 I
DGPS 3D 3

Age of Data Indicator 1 n/a I
Possible Values:

Fresh(< 10 sec) 2
Old (>= 10 sec) 1
Unknown 0

Total 30

Position is in latitude (positive north) and longitude (positive east) WGS-84. Heading is in
degrees from True North increasing eastwardly. The GPS time of day is the time of fix
rounded to the nearest second.

ID Vehicle ID

Data String Format:

AAAA

Item # of Char UNITS Format

Numeric vehicle ID 4 n/a AAAA

Vehicles unique four digit ID. The default at start-up is '0(O'.

RM Reporting Mode

Data String Format:

[;ID FLAG=AII;CS_FLAG=B]I;EC_FLAG=C]

TAIP.D(XT;t_st rood:9/17/91 4
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APPENDIX C.1: SOFTWARE LISTING -
GPS CONVERSION PROGRAM

Developed by:
Frank Wunderlin*

Technadyne Engineering Consultants, Inc.
P.O. Box 1328

Albuquerque, NM 87192

* Work performed under Contract No. 87-2050 for the Advanced Vehicle Development Department (9616), Sandia
National Laboratories.
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APPENDIX C.1" SOFTWARE LISTING -
GPS CONVERSION PROGRAM

Converts raw GPS data into latitude, longitude, and navigation mode columns.

/* ....................................................................

* FILE: GPSII.C

Developed by Frank Wunderlin
*

* This file contains functions used to read and convert raw

* GPS data files.
*

* Functions included in this file are:
*

* ConvertAfile( char *name )

* ConvertBfile( char *name )

* ConvertCfile( char *name )

* ConvertDfile( char *name )

* ConvertFfile( char *name )

* ConvertToFloatingPt( unsigned char buff[] )

* DisplayLineNwn( int num)

* MakeNames( char filetype, char rawname[], char outname[], char name[] )

* NextDataset( int start, char *datasetname )

* OutputData( FILE *fpptr, double latitude, double longitude, int Sats )

* QueryAbort()

* ReportDataError( char *name, int linenum )

* ReportFileError( char *name )

* Update_llerrs( int err, char fname[] )
*

*/
#include <stdio.h>

#include <conio.h>

#include <io.h>

#include <stdlib.h>

#include <string.h>
#include <fcntl.h>

#include <sys\stat.h>

#include <ctype.h>

#include <math.h>

union

(
unsigned char bd[8];
int iv;

I. ng int iv;
i]oat fv;

double dv;

} valu;

#define GPSdriverFlle "FILES.GPS"

#define TTMINUTES TO FRACTION DEG ( 1.0 / 600000.0 )

#define RADS TO DEGS 57.29577951

#define MAXERROR I0000

#define FALSE 0

#define TRUE 1

int ConvertAfile( char * );

int ConvertBfile( char * );

int ConvertCfile( char _ );

int ConvertDfile( char * ) ;

int ConvertFfile( char * ) ;

double ConvertToFloatingPt( unsigned char [] ) ;

void DisplayLineNum( int );

void MakeNames( char, char [], char [], char [] );

int NextDataset( int, char * );

int OutputData( FILE *, double, double, int );

int QueryAbort( void );

int ReportDataError( char 4, int );

int ReportFileError( char * );

void Update_llerrs( int, char[] );
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/* .............................................................. */

void main()

(
char rootname[10] ;
int err, first;

clrscr ();
first = TRUE;
err = FALSE;
while( NextDataset( first, rootname ) )

(
gotoxy( 5, 12 );
printf( "Processing data set: %s", rootname );
first = FALSE;
err = ConvertAfile( rootname );
if (! er_- )

err = ConvertBfile( rootname );
if ( ! err )

err = ConvertCfile( rootname );
if ( ! err )

err = ConvertDfile( rootname );
if (! err)

err = ConvertFfile( rootname );
if ( err )

break;
}

}

/* .................................................................

* int NextDataSet( int start, char *datasetname )
*

* This function open and reads the driver file returning the dataset ID
* of the next data set to process.
*

* Args: start - an integer that should be set to TRUE the first time
* this function is called, otherwise FALSE.
* datasetname - a pointer to a character array which will be
* filled with the name of the next data set to

* process. This name is valid only when the
* function returns TRUE.

* Returns: more - TRUE if additional data needs to be processed.
*

*/

int NextDataset( int start, char *datasetname )

(
static FILE *fptr;
int more, star;
char dural[100] , dum2[100];

more = TRUE;
if ( start )

(
fptr = fopen( GPSdriverFIle, "r" );
if ( fptr == NULL )

more = FALSE;
}

if ( more )
(
stat = fscanf( fpt[,"'4.[^\nI%[\n]", dural, dum2 );
if ( star != EOF )

strcpy( datasetname, dural );
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else

(
more : FALSE/
fclose( fptr );

return( more )/
}

/* ................................................... */
int ConvertAfile( char *name )

(

FILE *outptr;
double latitude, longitude, asciilat, asciilong, FractionalDegrees;
long int binlong, binlat, tmplongint;
int linenum, stop, stat, ErrslnData, NumSats, filehandle, good;
unsigned char tmpbyte, strl[lO0];
char rawfilename[30], outfilename[30], strid[lO];
char DegreesLatitude[5], DegreesLongitude[5], minutestr[5], hundredthstr[5];

ErrsInData = 0;

stop = FALSE;
MakeNames( 'A', rawfilename, outfilename, name );

Update_llerrs( FALSE, rawfilename );
filehandle = open( rawfilename, O RDONLY i O BINARY );
if ( filehandle == -I )

stop = ReportFileError( rawfilename );
else

(
outptr = fopen( outfilename, "w" );
linenum = 0;
stat = read( filehandle, &stri[0], I );
if ( stat == 0 II stat == -i )

stat = EOF;
while( stat != EOF )

(
while( strl[0] != '$' && stat != EOF )

(
stat = read( filehandle, &strl[O], I );
if ( stat == 0 Ji stat == -I )

stat = EOF;
)

if ( stat != EOF )
(
stat = read( filehandle, &strl[0], 2 );
if ( stat == 0 ii star == -I )

stat = EOF;
)

if ( star != EOF )
(
strncpy( strid, (char *)&strl[O], 2 );
strid[2] = 0;
if ( ! strcmp( strid, "GP" ) )

(
stat = read( filehandle, &strl[0], 38 );
if ( stat == 0 Ji star == -] )

stat = EOF;
if ( stat != EOF )

(
NuaiSats = strl[34] - 48;
strncpy( DegreesLatitude, (char *)&strl[ll], 2 );
DegreesLatitude[2] = O;
asciilat = atof( DegreesLatitude );
strncpy( minutestr, (char *)&strl[13], 2 );
minutestr[2] = O;
strncpy( hundredthstr, (char *)&strl[16], 2 );
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hundredthstr[2] = 0;

FractionalDegrees = atof( hundredthstr ) + ( I0000.0 *
atof ( minutestr ) ) ;

FractionalDegrees *= I00.0;

FractionalDegrees = FractionalDegrees *
TTMINUTES TO FRACTION DEG;

asciilat = asciilat + FractionalDegrees;

strncpy( DegreesLongitude, (char *) &str| [2.[] , 3 ) ;

DegreesLongitude[3] = O;

asciilong = atof ( DegreesLongitude ) ;

strncpy( minutestr, (char *) &strl[24], 2 ) ;

minutestr[2] = 0;

strncpy( hundredthstr, (char *)&strl[27], 2 );

hundredthstr[2] = 0;

FractionalDegrees = atof( hundredthstr ) + ( I0000.0 _

atof ( minutestr ) ) ;

FractionalDegrees *= i00.0;

FractionalDegrees = FractionalDegrees *
TTMINUTES TO FRACTION DEG;u

asciilong = asciilong + FractionalDegrees;

)
}

if ( ! strcmp( strid, "$B" ) )

{
stat = read( filehandle, &strl[0], 15 ) ;

if ( stat == 0 [ [ stat ==-I )

star = EOF;

if ( stat != EOF )

(
binlat = 0L;

tmpbyte = strl [5] ;

tmplongint = (long)tmpbyte << 24;

tmpbyte = str[[6] ;

tmplongint J= ( (long) tmpbyte << 16 ) ;

tmpbyte = st rl [71 ;

tmplongint I= ( ([ong)tmpbyte << 8 ) ;

tmpbyte = strl[8] ;

tmplongint I= tmpbyte;

binlat = tmplongint - I;
binlat = --binlat ;

latitucie = (doub]e) ( binlat: / i0000000.0 ) ;

binlong = 01,;

tmpbyte : st:rl[9] ;

tmplongint = (1ong)tmpbyte << 24;

tIllpbyte = st[ I [ [0] ;

t:mplonglr_t I-. ( (]oi](j) tmlJ:)yte <.< 16 ) ;

tmpbyt:_ = :_t:rl[l]];

t.lnplolLglr_t I= ( (]_ong) t:mpbyte << 8 ) ;

tmpbyte =str [ [ [,'_];

t:mplollgit_t: I:: t:mpbyt._;

))lll]ong = tmplongint - l.;

b.l n] ong ..... b] n].ong ;

]ol_glt:ude = (ctoubl,_) ( bi_n]_ong / iO000000.O );
good = TP,UF,;

if ( tab's( ]oncjittlde ) > [fO.O II tabs( l.otlgitudct ) • .102.0 )

good = FALSE;

][ ( tabs( ]at:itud(:: ) :. 40.0 I I fabs( ]al]t:ude ) < 30.0 )

goo{t = FAI,SE;
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if (! good)
(
longitude = asciilong;
latitude = asciilat;
}

ErrsInData += OutputData(outptr, latitude, longitude, NumSats) ;
if ( ErrslnData > MAXERROR )

(
stat = EOF;

stop = ReportDataError( rawfilename, linenum );
)

}
)

DisplayLineNum( linenum++ );
)

)
fprintf( outptr, "\n" );
close( filehandle );
fclose( outptr )1
)

return( stop )1
)

/............................................................... ,/

int ConvertBflle( char *name )

[
FILE *rawptr, *outptr;
double latitude, longitude, FractionalDegrees;
int linentun, stat, found, ErrsInData, NumSats, stop;
char rawfilename[30], outfilename[30], strl[100], str2[5], strid[15] ;
char DegreesLatitude[5] , DegreesLongitude[5], minutestr [5],
tenthousandthstr[5] ;

ErrsInData = 0;

stop = FALSE;
MakeNames( 'B', rawfilename, outfilename, name );
rawptr = fopen( rawfilename, "r" );
Update llerrs( FALSE, rawfilename );
if ( rawptr == NULL )

stop = ReportFileError( rawfilename );
else

(
outptr = fopen( outfilename, "w" );
linenum = 0;

stat = fscanf ( rawptr, "%[ -_] %c% [\n] ", strl, str2, str2 );
do

(

DisplayLineNum( linenum++ );
strncpy( strid, &str][l], 9 );
stLid[9] = 01
if ( strcmp( strid, "PMVXG, 02I" ) )

found = FALSE ;
else

found = TRUE;
if ( found)

(
NumSats = -i;

if ( strl [75] =-- '5' )
(
if ( str[[76] == 'i' )
NumSats = -I;

}
else

(
if ( strl[76] .....2' )

NumSats = 3;
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if ( strl[76] == '3' )
NumSats = 4;

)
strncpy( DegreesLatitude, &strl[21], 2 )7
DegreesLatitude[2] = 0;
latitude = atof( DegreesLatitude );
strncpy( minutestr, &strl[23], 2 );
minutestr[2] = O;
strncpy( tenthousandthstr, &strl[26], 4 );
tenthousandthstr[4] = 0;
FractionalDegrees = atof( tenthousandthstr ) +

( 10000.0 * atof( minutestr ) );

FractionalDegrees = FractionalDegrees * TTMINUTES TO FRACTION_DEG;
latitude = latitude + FractionalDegrees;
strncpy( DegreesLongitude, &strl[33], 3 );
DegreesLongitude[3] = 0;
longitude = atof( DegreesLongitude );
strncpy( minutestr, &strl[36], 2 )7
minutestr[2] = O;
strncpy( tenthousandthstr, &strl[39], 4 );
tenthousandthstr[4] = 07

FractionalDegrees = atof( tenthousandthstr ) +
( 10000.0 * atof( minutestr ) );

FractionalDegrees = FractionalDegrees * TTMINUTES TO FRACTION DEG;....

longitude = longitude + FractionalDegrees;
ErrsInData += OutputData( outptr, latitude, longitude, NumSats );
if ( ErrsInData > MAXERROR )

(
stat = EOF;

stop = ReportDataError( rawfilename, linenum );
)

)
stat = fscanf( rawptr, "%[ -~]%c%[\n]", strl, str2, str2 );
} while ( star != EOF );

fprintf( outptr, "\n" );
fclose( rawptr )7
fclose( outptr );
)

return( stop );
)

/, ...............................................................,/
int ConvertFfile( char *name )

{
FILE *rawptr, *outptr;
double latitude, longitude;
int linenum, stat, found, ErrsInData, NumSats, stop;
char rawfilename[30], outfilename[30], strl[100], str2[5], strid[15];
char DegreesLatitude[15], DegreesLongitude[15], FractionalDegrees[10];

ErrsInData = 07
stop = FALSE;
MakeNames( 'F', rawfilename, outfilename, name );
rawptr = fopen( rawfilename, "r" );
Update llerrs( FALSE, rawfilename );
if ( rawptr == NULL )

stop = ReportFileError( rawfilename );
else

{
outptr = fopen( outfilename, "w" );
linenum = 0;

stat = fscanf( rawptr, "%[^\n]%[\n]", strl, str2 );
do

(
DisplayLineNum( linenum++ );
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strncpy( strid, &strl[l], 3 );
strid[3] = 0;
if ( strcmp( strid, "RPV" ) )

found = FALSE;
else

found = TRUE;

if ( found )
(
NumSats = -I;

if ( strl[32] == '0' )
NumSats = 3;

if ( strl[32] == 'I' )
NumSats = 4;

strncpy( DegreesLatitude, &strl[lO], 2 );
DegreesLatitude[2] = 0;
latitude = atof( DegreesLatitude );
strncpy( FractionalDegrees, &strl[12], 5 );
FractionalDegrees[5] = 0;
latitude = latitude + ( atof( FractionalDegrees ) *

( I / i00000.0 ));

strncpy( DegreesLongitude, &strl[18], 3 );
DegreesLongitude[3] = O;
longitude = atof( DegreesLongitude );
strncpy( FractionalDegrees, &strl[21], 5 );
FractionalDegrees[5] = 0;
longitude = longitude + ( atof(FractionalDegrees) *

( 1 / [00000.0 ) );
ErrslnData += OutputData( outptr, latitude, longitude, NL_Sats );
if ( ErrsInData > MAXERROR )

(
stat = EOF;

stop = ReportDataError( rawfilename, linenLun );
}

)
stat = fscanf( rawptr, "%[^\n]%[\n]", strl, str2 );
} while ( stat != EOF );

fclose( rawptr );
fclose( outptr );
}

return( stop );
)

/* ............................. */
int ConvertDfile( char *name )

{
FILE *rawptr, *outptr;
double latitude, longitude, RadsLatitude, RadsLongitude;
double newtime, oldtime;
int linenum, i, stat, found, ErrsInData, NumSats, satnum[4], stop;
char rawfilename[30], outfilename[30], strl[100], str2[5], strid[15];

newtime = oldtime = 0.0;
ErrsInData = O;

stop = FALSE;
MakeNames( 'D', rawfilename, outfilename, name );

Update_llerrs( FALSE, rawfilename );
rawptr = fopen( rawfilename, "r" );
if ( rawptr == NULL )

stop = ReportFileError( rawfilename );
else

(
outptr = fopen( outfilename, "w" );
linenum = 0;
stat = fscanf( rawptr, "%[^\n]%[\n]", strl, str2 );
do
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(
strncpy( strid, &strl[0], 4 );
strid[4] = 0;

if ( strcmp( strid, " 29" ) )
found = FALSE;

else
found = TRUE;

if ( found )
(
sscanf( &strl[5], "%if", &newtime );
if ( newtime > ( oldtime + 30.0 ) )

{
oldtime = newtime;
found = TRUE:

}
else

found = FALSE;

}

if ( found )
(
DisplayLineNum( linenum++ );
NumSats = 0;

sscanf( &strl[50], '_%d %d %d %d", &satnum[0], &satnum[l],
&satnum[2], &satnum[3] );

for( i = 0; i < 4; i++ )
if ( satnum[i] > 0 )

NumSats++;
sscanf( &strl[18], "%If %if", &RadsLatitude, &RadsLongztude );
latitude = RadsLatitude * RADS TO DEGS;

lonqitude = RadsLongitude * RADS TO DEGS;
ErrsInData += OutputData( outptr, latitude, longitude, NumSats );
if ( ErrslnData > MAXERROR )

(
star = EOF;

stop = ReportDataError( rawfilename, linenum );
)

}
star = fscanf ( rawptr, "%[^\n]%[\n]", strl, str2 );
} while ( star != EOF );

fclose( rawptr );
fclose( outptr );
)

return( stop );
)

/.................................................................. /
int ConvertCflle( char "name )

{
FILE "rawptr, "outptr;
double latltude, longltude;
int ]inenum, i, star, dummyval, rawval, NumSats, rawSats, stop;
lnt ready, zdl, id2, zd3, ErrsInData;
unslgned char bytes[8]:
char rawfllename[30], outfzlename[30], strl[500], str2[5] ;

ErrslnData = 0;

stop = FALSE;
MakeNames( 'C', rawfi]ename, outfllename, name );
rawptr = fopen( rawfilename, "r" );

Update_llerrs( FALSE, rawfzlename );
zf ( rawptr == NULL )

stop = ReportFzleError( rawfllename );
else
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(
outptr = fopen( outfilename, "w" );
linenum = O;
do

{
DisplayLineNum( linenum++ );
star = fscanf( rawptr, "%d", &idl );
star = fscanf( rawptr, "%d", &id2 );
stat = fscanf( rawptr, "%d", &id3 );
ready = FALSE;
if ( idl == 255 && id2 == 129 && id3 == 103 )
ready = TRUE;

if ( ! ready )
star = fscanf( rawptr, "%[^\n]%[\n]", strl, str2 );

else

{
for( i = 0; i < 63; i ++ )

fscanf( rawptr, "%d", &dummyval );
for( i = 0; i < 6; i ++ )

(
fscanf( rawptr, "%d", &rawval );
bytes[i] = rawval & 0xFF;
]

latitude = ConvertToFloatingPt( bytes ) * RADS TO DEGS;
for( i = 0; i < 6; i ++ )

{
fscanf( rawptr, "%d", &rawval );
bytes[i] = rawval & 0xFF;
)

longitude = ConvertToFloatingPt( bytes ) * RADS TO DEGS;
for( i = 0; i < 47; i ++ )

fscanf( rawptr, "%d", &rawval );
rawSats = ( ( rawval & 0x0A ) );
switch( rawSats )

{
case 0: // Bits 1 and 3 low
case 2: // Bit i low, bit 3 high

NumSats = -i;
break;

case 8: // Bit i high, bit 3 low
NumSats = 4;
break;

case i0: // Bits I and 3 high
NumSats = 3;
break;

)
ErrslnData += OutputData( outptr, latitude, longitude, NumSats );
if ( ErrslnData > MAXERROR )

{
star = EOF;

stop = ReportDataError( rawfilename, linenum );
}

else
stat = fscanf( rawptr, "%[^\n]%[kn]", strl, str2 );

)
} while ( star != EOF );

fclose( rawptr );
fclose( outptr );
)

return( stop );
)

void MakeNames( char filetype, char rawname[], char outname[], char name[]

(
int fen;
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rawname[0] = filetype;
strcpy( &rawname[l], name );
len = strlen( rawname );

strcpy( outname, rawname );
strcpy( &rawname[len], ".DAT" );
strcpy( &outname[len], ".OUT" );
gotoxy( 5, 15 ) ;
printf( "Processing File: %s line:", rawname );
)

/* */
double ConvertToFloatingPt( unsigned char buff[] )

(
if( (float)buff[0] == 0.0 )

valu.dv = 0.0;
else

(
valu.bd[7] = (buff[5] & 0xS0 );
valu.bd[7] I= ( ( ( buff[0] ^ 0x80 ) + 0x7E ) >> 4 ) & Ox0F;

if (( valu.bd[7] & 0x04) && ( valu.bd[7] & 0x08 ))
valu.bd[7] f= 0x70;

if (( valu.bd[7] & 0x04 ) && ( ! ( valu.bd[7] & 0x8 )))
valu.bd[7] I= 0x3C;

if (!(valu.bd[7] & 0x04) && (valu.bd[7] & 0x08 ))
valu.bd[7] ^= 0x48;

valu.bd[6] = (((buff[0] ^ 0x80 ) + 0x7E ) << 4 ) & 0xF0;
valu.bd[6] I= (buff[5] & 0x78 ) >> 3;
valu.bd[5] = buff[5] << 5;
valu.bd[5] I= buff[4] >> 3;
valu.bd[4] = buff[4] << 5;
valu.bd[4] I= buff[3] >> 3;
valu.bd[3] = buff[3] << 5;
valu.bd[3] I= buff[2] >> 3;
valuobd[2] = buff[2] << 5;
valu.bd[2] I= buff[l] >> 3;
valu.bd[l] = buff[l] << 5;
valu.bd[O] = 0;
)

return( valu.dv );

)

/, --*/
int OutputData( FILE *fpptr, double latitude, double longitude, int Sats )

(
int good, err;
char dummy[3] ;

good = TRUE;
if ( fabs( longitude ) > ii0.0 t ( fabs( longitude ) < 102.0 )

good = FALSE;
if ( fabs( latitude ) > 40.0 IL fabs( latitude ) < 30.0 )

good = FALSE;
if ( good )

(
err = FALSE;

fprintf( fpptr, "%10.61f _10.61f %2d\n", latitude, longitude, Sats );
)

else

(
err = TRUE;

Update_llerrs( err, dummy );
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)
return( err )7
)

/. */
void Update_llerrs( int err, char fname[] )

(
static int numerrs = O, linenum = 07
char fileid;

if ( err )
(
numerrs++;

gotoxy( 57, linenum );
printf( "%3d", numerrs );
)

else

(
fileid = fname[0];
switch( fileid )

(
case 'A':

linenum = 2;
break;

case 'B':

linenum = 3;
break;

case 'C':

linenum = 4;
break;

case 'D':
linenum = 57

break;
case 'F' :

linenum = 6;
break;

)
DisplayLineNum( 0 )7
gotoxy( 5, linenum );
printf( "%s", fname );
numerrs = 0;

gotoxy( 20, linenum );
printf( "Number of Latitude/Longitude errors: %3d", numerrs );
)

)

/, ...............................................................,/
int ReportDataError( char *name, int linenum )

(
int finished;

gotoxy( 5, 21 );
printf( "Too many errors in file %s, last error was at line number: _d.",
name, linenum );
finished = QueryAbort();
gotoxy( 5, 21 );
printf( "
,, );
gotoxy( 5, 22 );
printf( .... )7
gotoxy( 5, 23 );
printf( .... );
return( finished );
)
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/, */
int ReportFileError( char *name )

(
int finished;

gotoxy( 5, 21 );
printf( "Error, cannot find input file %s !", name );
finished = QueryAbort() ;
gotoxy( 5, 21 );
printf ( .... );
gotoxy( 5, 22 );
printf ( .... );
gotoxy( 5, 23 );
printf ( .... );
return( finished );
}

/* -*/
int QueryAbort ()
(
int response, finishe_d;

gotoxy( 5, 22 );
printf( "Enter 'P' to abort program, or 'F' to abort " );
gotoxy( 5, 23 );
printf( "processing of this file only. [P/F]" );
do

(
response = toupper(getch() );
} while( response != 'P' && response != 'F' );

if ( response == 'P' )
finished = TRUE;

else

(
finished = FALSE;

}
return( finished );

}

void DisplayLineNum( int hum )

(
gotoxy( 41, 15 );
printf( "'4,5d", num );
)

/ .................................................................. EOF */
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Developed by:
Raymond Byrne

Advanced Vehicle Development Department, 9616
Sandia National Laboratories

Albuquerque, NM 87185

C2-1



C.2-2



APPENDIX C.2: SOFTWARE LISTING -

GPS DATA ACQUISITION PROGRAM

Gathers serial GPS data and logs data to a file, Uses the two serial ports on the
ZT 8901 processor card as well as the four serial ports on the ZT88CT41 Quad Serial Card,

I)u,_uh_lwdh._ Ray It._.rvw.I)el_arlmenl U616

* Ihi,, pIt)l_.'f;llll _.!;llhel'_ ( II),_ sufi;l] (}_llll I't'()lll the 2 _t.'l'iliJ I)()ll'_ _"

* ()n the ZHIIL,u:hX')(II IH'll,.'u'.,sercard =iswell as I'r(Hl| the .1 _'

,,ulial I)l)fl,, _)II Ihe Zl ,X,X41(,}mid .Serial Ih_;Hd _

#tHwh=de,'dush;,

#lilwludu,'_'_)Im)h;..

#inulude<sl_m_h.,

#inclmlccddp.h>
l¢inchLde,'p_uh:-
tllnul|lde ,:',t'l _2Slt.h>

#define huffut st/_.' 2()()
#,.lufinu hall . I'utl II)ll
lldt'l]llU lltlltq_lll l)

11d¢1111¢ t'h () (l
IIdufine uh I I

tlduliiw uh 2 2
#define uh _

lldUt'm¢ u'h 4 4

#dul]nu ch _

lldol'm_' IRI I1'. j
ltdt'l'l Ilu' I'AI ,SI! I}

I* -.................... II'N("I I()N I'R()'I()I YI'I._ ............... 'I

',*Ii¢Il:t'l lilllt' ( llllsl_.'II_-'d_.'h;ll *in_nlh.
linsi_'l|ud _.'ll;ir *d_llu.
IIIIM _.!l|Cd L'hill _ hlllll.

llll"d__'.llU'd U]lill _Iuil lllilllllL'",).

_l_l lllll llll.'llillllL"., ( llliM_.'llUd _.'h;ll IIIIHIIh.

Ull'_l_'.llt-'d k'h;|l d;_t¢.

II II'.,I_2 llt, ll ,.'hill h*HII.

llll_,l'(llU(l _.'hill It'll lllllllllUn.

uha_ All _I

uh;_I I_,II _I.
uhm ( 'I I _I.
_hm I)I I _I.

C,2-3



AppendixC.2: SoftwareListing- GPS DataAcquisitionProgram

char El 13I,
char Iql3i):

voh.t creme files (char A113 I,
char B113I,
chin" ('1131,

char DI 13I,
char El13I.
char FI 13 I):

void lnil PIC (void):

void close fi les (void ):

void Init Serial_Ports (void);

void Save_A (void):

void Save_.l_ (void):

void Save_(' (void):

void Save I) (void):

void Sltve_lL (wfid):

,,'(rid Save_F (void):

',oid Sel_tlp_Rec (wild):

void Recl Magellan (void):

/* .................... VARIABI,I'; I)i-('I,ARA'rlC)NS ..................... */

I:II,E *FA, *I:B. *l:C', *I:D, *1:!:., *!:1':

unsigned char eOllCVal|le : (Ix(la;

tmnigned elmr Rockwell_count = ().
Record .I,h_,.:kwell = I:AI.NI!:

unsigned char Ilio111h,
date.

ho_lr,

tell_ mifltJles:

clmr AI i3i. B1131.C1131, !)( I:11,I'll 131. I:1131:

unsigned char l'mt'fer AI2 * hutl_,r sizel.
buffer 1_,12' huffer sizel.

Imffer_('12 * buffer sizel.
buffer .I )12 * I_ufl'er .size l.
I_uffer 1!12* buffer sizel.
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buffer_l:l 2 * buffer_size I:

/* .................... I'L!NC'TIONS .................... */

void gel lime (unsigned char *monlh,
unsigned char *dale.

unsigned char *hour,
un._igned ctmr *len_nlinules)

I

un.,4igned char dttmnly:

outportb((Ixl::l)C(), (inporlb (()xt:l)('()) & ()x3F)); /* clear ARS. APS */

oulportb (0xFi)DI), ()); /* clear rnonlh */
oulportb (I)xFDDC, 0): /* clel.u"days */
outporlb (Ilxt:I)DB, ()): /* clem' hotlrs */
oulportb (()xFi)DA, (ll; /* clear minutes */

oulporlb (()xFI)C4, ()xg()); /* track current lime */
oulporlb (i)xFI)('4, ()xlil)): /* hitch eurrenl tilne */

duinlny = inporlb (()xi:l)l)l)):
*nlonlh - Idummy & ()xlil'I + (diiinllly >> 4) * I();

dtllilnly = iliporlb ((ixl:l)l)(' i',
*dale - (dilnlniy & (Ix()l:l + (duniiny >) 4) * I():

diiliinly = inporlb (llxFi)l)lt);
*hotlr = (dtllllllly & ()xliF) + (dUlnllly >> 4) * Ill;

dummy = inpoilb (I)X I;I)I)A):
*len_InintllCs = (dt, lnlny & lixlil:) + (dtllnllly >> 4) * I1);

rl21tlFII;

} /* end of gel_lilnel) */

void init lilenallle._ ( tirlsigncd char illililtll,
uii._iglled chtir tl_llt'.
tlllSi_211trtlch;Ir hotlr,

tln._ignedchar l¢ll_lllilltlle_,
char All3 I.
char 1_113I.
dim ('113 I,
char I)1131,
char 1!113I,
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dlar FI13II
I

tmsigned inl nlonlh_tens.
I11011| h_(.)I1L',_,

d_lle..ten_,
dl.|te_ones,
hour lell,_,
hour_one,,,;:

month_tens = month I I(1:
Inonlh_one,_= monlh _ I();
dllle lens = dale / I();
date_ones = date % I(1',
hour tens = hour/I();
hour ones = hour _ 10;

Sl_rintf(A, "A_:i_d%dr_d_d__d(_d",_e.l)A'l'".rnl_rJllUens, month_one,,.;.
date_ten.,,;,date_one.,,;,hotlr_len._,h(mr_one.,,,,ten_minutes + 4_);

sprintf (B, "l'W_d':Ad¢/_dC/cd_'Ad_/rdCAe.DAT",rn_,mlh_len,_,mcmlh_ones,
d_te_ten._,dale_ones, horror_lens.Imur_ones, teru'ninute.',, + 4N).

sprinlf (C, "C,r,_dg_drAd_,_dCAdgl¢,Ig_c.DAT",rnonth_len._, n'ffmlll orles,
dl,lte_ten.'.i,dale one_,hour_tell.,,;,holJr_or]es, fell 111111tllU_+ -.I,X);

sl)rintf (I), "I)9l drAdC:,_d_;_d¢_dr,';d"/_e.I)AT". monlh_lens, rmml hjmes,
d_lle_lens,dale_ones, hoLlr_lells, hotlr_ntles, fell nlintlles + 4_ 1;

_prinlf (IL "I'Z_drAd_#d(_df_d'_,_dg;_'.DAT",rn(mth lens. m_mlh_¢me_,
dl.lle ten,,,i, dllle ()lle._, hoLlr_lells, hl)tlr_()nen, fen. 1111nllle.'.,;+ ,..I._);

,',iprintf(l:, "l:,_d_drAd_d_/_d_l_d_;_c.l)AT",rrr_nlhlen,,.., m(_nllu_nes.
dllle_ lens. dale ¢_lleS,hour_lens, hour_(_ne,,,,,letl n11rttlle.,..+ .-I._);

reltlrn;

} I* end of irfil_l'ilename.,,i() *I

void create_files ( char At13 I,
ehar B1131,
eh;Jr ('I 13I,
char I)I 13I,
char I!I 131.
char F113I)

{
I;A= l'_)l)eniA,"_O):

I:li = I'(_l_en(ll,"a"):
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I:C = fopen(C,"a");

FI) = l'open(D,"u");

I:1_= fopen( I--."u"):
I:!: = l'ol_en(l:."a"):

re tI.irn:

} I* end oi' ¢reale_liles( ) *I

w)id Init_MC (void)
(

unsigned int ercode,
version,

¢pu type = I)DP Z'I'__¢)(II.
savemask = DDP_'I'R(!F_.
addr() = ()xA8.
addrl = ()xAg.

buse_veclor = ()xS(),
musler ir level = 2:

eruode = PichlilSw (&version):

if (ereode)printf ("lirror initializing Pl(' Holtwate\n ):

ereode = Piclniltlw (cpu_lype, save musk):

if (ereode) print f ("Error initial izing PIC Ilardware\n");

ercode = PiclnitSlave (addr(), addrl, base_vector, master ir level);

if (ercode) printf ("lirror initializing Slave PlC\n"):

return;

} l* end oflrlil Pl('*l

void close_files(void)

(

fclose (FA):

fclose (I,1] ):
fclose (1:('):

t'close (!:1));
fclose (I:E):
fclose (FI:):

reItlrn;

} /* end of close_l'iles() */
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void inil_Serial_Potls (wild)

(
unsigned int ercode,

ve rsion:

ercode = Ser82501nitSw(&version):

if (ercode) printf("Error initializing Serial Software\n"):

/* initialize COMI, 960() Baud, 8 bit, I stop, no parity */
/* Magellan OEM GPS Module on J5, ZT89()I */

ercode = Ser825(llnitHw (ch_0, ()x3f8, buffer_A, buffer size, 0x01¢3,0x()c,
DDP_ZT_89(I I, eom_value);

if (ercode) printf("Error initializing COM I port\n"):

/* initialize COM2, 4800 B=ltJd, 8 bit, I stop. no parity */
/* Magnavox GPS Engine on J4, ZT8901 */

ercode = Ser825()lnitHw (ch_l. 0x2fS, buffer_B, buffer_size, ()x()183, ()x()b.
DDP_ZT_S¢)() I. eom v=due):

if (ercode)printf("Error initializing COM2 port\n");

/* inili;dize 8841-COM1,9600 Baud, 8 bit, 1 slop. odd parity */
/* Rockwell GPS I.l=_iton J I, ZT8841 */

crc¢_de = Ser82501nitHw (oh2. ()x3e(). buffer_C, buffer size, ()x()Icb. 0x84,

DDP ZT_8901, eom wdue):

if (ercode) printf ("Error initializing ch_2\n"):

/* initi;dize 8841-('OM2.24()() Baud. 7 bit, I stop. odd parity */
/* M;ign_l,,,_)xSST GI_S System */

crop,de = Sctg25()lnill lw (oh3. ()x2c(), buffer 1), btal'fcr size, ()×()14a. ()x83,

I)DP_ZT_RO() I. eonu_valtte):

if (crcode) l+rilltf ("lit'for initializir+g ch_3\n"):

/* it_iti:di/e SS41-f'()M3.24()(1 I_,attd. 7 bit. I slop, ()tltt i_;=rity*/

crct_tlc = ScrS251111_il}Iw (oh4, ()._3e8. btlfft.,l' li. bttffcr_,,,ize, ()x()14a, ()xS('_.
I)1)t_ .ZT Ht)()I. e_tl} v;llttc):

if (t'lt't)tl¢) i_titltl ("litrt_r it_itializill_Lch 4\tl"):
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/* initialize 8841-(:OM4, 0(,()() Baud. 8 hit, I stop, odd parity */
/* "l'rimhle Placer (;PS on J4. Z'1'8841 */

ercode = .ger825()lnitliw (oh_5. ()x2e8, buffer I:, btlffer_size. ()x()lob. ()x,_5,
DI)I)_ZT 89()1, corn_value):

if (ercode) prin[ f ("l:_rror initializing ¢h 5\n" ):

} /* end of Inil_Serial_Porls() */

void Save_A (void)
{

unsigned int inchar,

ercode;

ercode = Ser825()Recv (oh_I). &inchar, tirneout);

if (ercode)

{
printf ("l':rror c._ion ('hannel ()\n", ercode):
ercode = Ser825()Status (oh_(), &statUs):

}
fprintf (I:A, ,,c_¢,, inchar):

} /* end of Save_A() */

void Save_B (void)
{

unsigned int inchar,
_tatus.

ercode;

ercode = Ser825{)Recv (oh I, &incllar. timeout);
if' (ercode)

{
printf ("krror _>_i on Channel I\n". ercode);
ercode = Ser825()Status (oh !, &staltlS):

}
fprintf (I:B. "r,_c". inchar):

} /* end of Save_B() */

v()id S_I',¢ (' (void)

{
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un,,i_ned in! inchar.
,,,|;11tl,,,
er_.'ode.

,,I;lliu"un,,l_ncd m| fh_ = FAI.SI:_:

erc_l¢ = Ser,_25(IRec,, (oh2. &inch_m |imcou!):

if i crc,)de I

{
prinlf f"l:m_r '., I (m ('h;mnel 2\n". ercodc ):
ercod¢ = .%er,"t,2.S(I.%l;lltl', (oh_2. &,,l;Jltl's):

I
',_vitch linchar)

I
Czl',¢255: l'hl_ = 'lRl!li:

bre.k:

cm,c 12c): zt(l'l;l_ == TRtt_li)
I

R()_.'kweil coum++:
i| ( Rockv_'cil cOtllll == It1 )
i

fprinlf(F( _."\ngi ',;i ". 255. 1291:
tl_l_ = FAI.SI::
Record_Rt)ckv,¢ll = IRI :!-_:

I
itIR_)c^weJlc_Lm|> ?;(lI

i
Record R_)ck_vcll= I-AI.SI-:

Rou'kw¢IIL'_Unl= ().

I
] t_' end of if "'/
cl,,e

(
jt IRec_)rd R_ck_,_,'cll== lkl '1I!

l[}rirlI|If:("."";i'.120).
I
brc_lk:

dcf;lull: If_ll_ == TRI 1:1
I

_I_Rcc-rdR_ck_v¢II== IRI I.i_

lprintIl I;( ". "_'__ ". 255 I:
ll_i_ = I-AI.S!

I
_1(Rcc_)rd R(_.'k,,,,cll == I RI 1:_

ll_r-lrllI il:('. "'+l ". lib.'hal );

} /' .'l|d _)1,,;_.ilch */
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} /* end of Save_('() */

void Save_D (wild)

{
unsigned inl inchar,

,',;lalus.
ercode:

ercode = Serg25()Recv (oh_3. &inchar, timeoul):
if (ercode)

{
printf ("Error c,_ion Channel 3\n", ercode):
ercode = Ser825()Slatus (oh_3, &sttlltls);

}
fprintf (FD, "',_c", inchar):

} /* end of Save_I){ ) */

void Save__l-(void)
I

unsigned int inchar.
_4I;.11tl_,
ercode:

erc()de = Ser825()Recv (oh_4. &inchar. tinleoul):
if lerc_)de)

{
prin/f _"l-rror _/_i on Channel 4\n", ercode):
ercode = Ser825()Stalus (oh4. &statu.,,;):

I
fprintf (I:1_."':/_c'. inchar);

} /* end of Save_E() */

voidSavc t: (wild)
{

/* _;.wesdata to file I-*******.D-VI" lmm Trimblc GPS unit +/

um,igned int inchar.
_lalu,_.
ercode:

crop,de = Scr.'425()Rec,, (oh_5. &inchar. lilnet>tH l:
if (crc_dc I
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printf ("Error c£i on Channel 5\n", ercode):
ereode = Ser825()Status (eh_5. &status):

}
if (inehar == '>')

(
fprintf (FF. "\n"):
Req_Magelhm( ):

)
fprintf (FF, "%c", inehar);

} /* end of Save D()*/

void Set_Up_Rec ( void I
(

char Magnavox[ I = "$PMVXG.()()7.()21. I. I.,3(L,,";
char Trimblel I = ">F:PV0()3()O0[)[)<":

unsigned int ercode, status, i'

for( i=():i<strlen( Magna vox ):i++)
{

ercode = Ser825(iXmit(ch_l ,Magnavox[il.(I):
if (ercode)
{

printf ("Error c,_i on Channel i\n", ercode):
ercode = Ser825()Status (oh_ I. &status):

}

}

Ser825()Xmit(ch_ I .()x()d.(}):
Ser825()X mit(ch_ I .()x()a.(I):

for(i=():i<strlen(Trimble):i++)

(
ercode = Ser825(_Xmit(ch_5.Trimblelil.(}):
if (ercode)

{
prinlf ("[-rror _,_ion Channel 5\n". ercode):
ercode = Serg25()Status (oh_5. &status):

)
}

} /* end of */

void Req_Magellml (void)
I

char Magellanl I = "$1'M(_I.I.()(LB()(). I.B,":
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char Magellan II I = "$PMCil ,I .()fl.l'_()().I ,A.":
unsigned int i, ercodc, slalllS;

for(i={);i<strlen(Magelhm);i++)
{

ercode = Ser,"+25()Xmit(ch_(),Magellanli I,()):
if (ercode)

{
prinlf ("l.lrror ';+i on ('hannel ()\n", ercude):
elcode = ,_erg25(),'qt;.lltls(oh._(), &st;flus):

}

}

Serg25()X rail(oh (),llx()d.()):
Serg25()Xtnit(ch (),()x()a.()):

f'or(i=():i<strlen( Magellan I );i++)
I

ercode = SerX25()Xmil(ch (),Magelhml li ].()):
if (ercode)

{
printf ("lirror q+i on Channel ()\n", ercode);
ercode = Serg25(),Rlalus (cll (), &status):

)

I

Ser825()Xmil(ch ().(Lx(ld,());
Ser,_25(IXmit(ch_().(lx()a.()):

} /* end of Req_Magell;.m */

main( )

{

unsigned inl ercode.
COlll}l, '

s,IIIILIS,

e+mn_courll:

unsigned inl oh:

unsigned int inchar:

_et_lilne (&mtmllk. &<.late.&l,mr. &ten minutes):

init filen;m'kes (month. date, hour, ten_ Ininules. &AII)I. &l+,llll. &('[()]
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.&DI()I, &f+l()l. &I:I(DI):

Init PI('():

Inil Serial P(_rt._():

¢reate_file._(A, B, (', I). li. !-):

Set_tlp_Rec{ );

while { [khhit{ })

I

erc_de = SerX25{)RecvChk {oh_(), &counl};
if (ercode) :}tintf ("l!rmr: Chtmnel ()13tiffer"):
if {c'ounl >= I) .';;ire A{);

ercode = Ser_25(IRecvChk (oh I. ,_'_counl}:
if (ercode) _rintf ('!!rror: Channel I I_uffer"):

if(count >= I) S_lve_B():

ercode = Ser825[)Rccv('hk {oh2, &c¢_unt);
if (ercode))rintf ('l':rror: ('h;mnel 2 I?,uffer" ):

if (c()unt >= I) gave_.('( ):

ercode = SerH25()Recv('hk (oh_3. &c()unt);
if (erc()de) _rintf ("l!rror: ('halmel .] i_,uffer"):

if {counl >= I ) Save_l)();

ercode = .SerH25(lRccv('hk (oh_4, &cOtllll );
if (ercode) _rinlf ("l(rror: ('h;mnel 4 i_uffer" 1:

if (c'()tllll >- ] ) +";aveli{ ):

erco(.Ic = ger_25()Recv('hk (ch S. &courll );
if (er(.:ode) }rintf ("l!rr()r: (,h;innel 5 I:_uffer");

if tot)full >= l; g;lve_l:();

} /* end of while (!kbhil()) */

erc¢_de= ger_25()lixilI ):

if (crop,de) l_rinlf ("l'irr(_r clt_,,ing _eriul p,_rl,,\n" ):

ch_,,e file,,( l:
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) /* eml (}l"main */
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APPENDIX C.3: SOFTWARE LISTING -
ASCII TO BINARY CONVERSION PROGRAM

Developed by:
Frank Wunderlin*

Technadyne Engineering Consultants, Inc.
P.O, Box 1328

Albuquerque, NM 87192

* Work performed under Contract No. 87-2050 for the Advanced Vchicle Development Department (9616), Sandia
National Laboratories.
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APPENDIX C.3: SOFTWARE LISTING -
ASCII TO BINARY CONVERSION PROGRAM

This program converts the raw Rockwell GPS data, stored in ASCII, to a binary file so
that the Rockwell provided programs can be used to analyze the Rockwell data,

t

F1 I,E {_ ,!NVb;P'I. {'

l}{,v{_l,,pt'cl ty F! ,ill}." Wtllitlt'l 1 111.

'l'lllS II lt-_ r_ I11 rllli5 lllIl! t lO|l<_ _l'iq'_i |!i lPrlfl ,lltfl ''<)lt'./_'rl I_ll'{'t_'t:'tt'iI ¢]1"_; {l,_t,l

fllo¢i t_) I'lll,tly dat,I.

l*tlllt;t I_,IlYl lll!'l/ldt'_[ 111 I hl.'_ t t if' rill,:

L't'{)IIV_'I t { _h,'tl *ll,:llllt9 )

Md].;,_['J;:tlllO__ ( _:11¢11 ! (IW|I,'IIIlI, { I , t:[lcl| _nlt |l,llI1P [ ] t:h,:l| lI,:llllt_ [ ]

P. Pl_o.r ! FI I ('1",I I (*1 ( Chill tlldlltt' )

Nt_Xtl"l l o I _'hai t I l ,,11,111/_, [ ] )

/

# 1 lli.7 1.tit]t? £i!,ll C_.}i +

# I ll_: I tltb-' (")1|1 <_.ll '

# lll,'l Udl' 1,,.it '

_11t' 111_1++ r_t(ll ll,.l_ '

# tile Ill!It, Y_,II tIi!I.)l '

#11t_'|lVlt' II_ll! ] .II'

# lll_:l/i_lo .'iyt:_\ _it *1! .}1 •

I_ 1 IV: 1 tlclt" CI _'l_".h '

# ill,: 1 title, In,It ti. )l .

#dvf tn_ 'I'PI!E 1

'.,t_l_'l bl+tkt,rl,qtttt,5 ! ,:tt_t! | _!Wll<l|l/t![ ], ,;It,ll (Ill Ildltlt' ,'h,tl l|it|l'lt _ [ ] ;

111t pt_l f)ll Fllt'l']ll_,l ! _'ll<ll ill,lllli* ! ;

liil ll_.:.:tF'il_'{ 't._il] _:

! i

'J:_i'i lil_ltli I i

I
,'h<il It,cit ll,tilll" I i,,l :

Wtil il' lit,:,:! l"l I _* i I ¢_ 'l 11_1Iltt'

!
If ( I c_l li,iliit. [ ii ] i II

{
< 11'4.'1 i!;

LI<I :';y { _', i, _ ;

IJl lilt I i "t I (_*'i'<i_i lli'i It,; " _,", I !,i,l II<lIlll'

i'( c li_/t.l I I <.!.t ll,llllt'

}
I

I

lilt !'t't_lpi_'l I ! _ ]i<li t ll,tllll'

I
I"IIF 'IdWl,i I:

/lit ii,tll"ilt', eitllltll/yltl I ;

tlllf_lqllt_.l ,il,tl i"l'll_;

llll !.it <i! , liitlll'/+t I _;

,'li,ll t,:iWl I ll.ll<illit.{ _), ,_tl! I ]_,li,llll_' [ _;l!] , ' I I.'

_'l:l_;t:'l_!,tlltt!rl { I<lWl I ]t,li.lllit'_ <J;ll I 1 lt'll<Állli', li<lllil, 1

I,iWl,! 1 - lc_l_t'lii l,iWl 1 l_qi<tiu_', "l " ! ;

i I < I ,-tWl I I IjilI-,l )

pt,l,<,l I FI l_,l.{i i , i ! i +lwl I I t,lidllll ;

C.3-3



Appendix C,3: Software Listing - ASCII to Binary Conversion Program

else

(
if ((handle = open( outfilename, 0 CREAT I 0 WRONLY I O_BINARY)) ==-I)

(

ReportFileError( outfilename );
exit( I );
)

numvals = fscanf ( rawptr, "%d", &dummyint: ) ;
do

{
if ( numvals == I )
(
byte = du,unyint & OxFF;
write( handle, &byte, I );
numvals = fscanf( rawptr, "%d", &dummyint ),'
)
else
star = fscanf( rawptr, "'_.[\n]", str2 );
} while ( stat != EoF );

fclose( rawptr ) ;
close( handle );
)

return( I );
I

/* ..................................................................................................... */
vozd MakeNames( char rawnamo.[], char outriame[], char name[] )

(
int ien;

strcpy( &rawname[O], name ) ;
fen = strlen( rawllame );

strcpy( outname, rawname );
strcpy( &rawname[len], ".DAT" );
strcpy( &outname(lelL], ".BIN" );
)

/ i ..................................................................................................................... */
int: ReportFileError( char *name )

(
gotoxy( 5, 21 );
prllltf( "Error, open.ing flle %s !", name );
gotoxy( 5, 23 );
printf( "Press any key to cont:Inue." );
while( ! kbhit () );

gotoxy( 5, 21 );
printf( " " );
gotoxy( 5, 22 );
printf( " " );
goto×y( 5, 23 );
printf( " " );
return( I );
l

/* .................................................................................................. */
int NextFile( char filename[] )

{
i.nt done, KeepWorking;
char inputstr[40];

done = FALSE;

KeepWorking = TRUE;
filename [0] = O;
while( ! done )
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(
cl rscr ) ;
gotoxy 5, 5 );
pr.tntf "l'_×ten_iovl of file to convert to binary is as_umecl to bp '.I)A'I" " );
got.oXy 5, 6 ) ;
pr_ntf "converted filp will Ilave exten._31ol; '.BIN'." );
gotoxy 5, 10 );
prtnt;f "Input: name o[ file ( do llOt el;t:e[ eXtel;.q]oli ) to convett t:o blliary"

);
gotoxy( .ti, 11 );
printf ( "followed |)y C_{ (:R O[ el|I I[_ I" l(_l t:() I_lt| | t. : " ) _"

,_carlf ( "*_,S", i. llput._t,I; ) ;

If ( _trletl( input,_tr ) ,:-' l )
(
if ( tot|I0per( tnput:nt:t[O] ) =- 'O' )

(
Keel)Working = FAI,SE;
done = 'I'P.tlE;
i

}
el:{e

(
strCl:)y( [tlotlamo, iI|])III:F,I f ) ;
done :- TRUE;

)
)

r_turlq( KeepWorktng )l

)

/* ....................................................................................................................... EOF
,/
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APPENDIX C.4: SOFTWARE LISTING -
DESCRIPTION OF ZIATECH SOFTWARE ROUTINES

Reprinted with permission from:
Ziatech Corporation
3433 Roberto Court

San Luis Obispo, CA 93401
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APPENDIXC.4: SOFTWARE LISTING -
DESCRIPTION OF ZIATECH SOFTWARE ROUTINES

x2g() SIII_,IAI, I)I,_IVI',R \'I,R,NI()N _,!1

1 hr .NL'IX2S()drivel nUl)l.Uln ;nlv nrll;ll cll;mncl Ilull usrn ;m X._SI) liAR I (ul

ctUlll_;lllbh');llI(l;Ill,_i_*) ilIICIIIIIllC()llll_)llt'lInlll_'Ic_I c;l_t;Idt'd)lhln

includessUl)p,,iIl,,lZi',llt,ch's71 .%_()/I XXll.;iIl,llll,)_lZl;llcch( I'Il,,);ml_

lhr l_)lh_vilU,lonlMIIIIIIIIIIIM'_,lhr(lllVUl'_,M_'llllh;IIIIh':Hurcs

lull_inh'llll!H(hi\cll

.Nul)l_,)llsbidllCClnm;_lCIHIIIIIIIIII(;IIIcHI

._lllll,qUts IISL'ldcl]uc,I Ind ()1 \lc_n;=f,c Ill )M) (llal;It'Icl _lclccll,)ll
• lull nlll_l)_yl I*_l cll;u;l_'lt'l I1¢_ _'_1111¢_1IX()_;/X()I-I')
- Iull _Upl,*_,l I_)t h:lid_;uc Ih,_ (,_IIIIt,I (1{ IN/( '1 .NI

-•NII[}I_=_IIt_)l ¢II_C;l*lCd;llltllhlt'cll\ c,HIIIC_h'tl IIIIt'll•lll)l_
I',_crc_)uliylu;il_Ichullcl_i:r_

-,_lll]I)*_ll_llI_h)L'i_lllcll;lllllCI',((;IIIbC IC¢_Ulll_llt'dI_IIII;)IL')

I hc NClX25(}thi_ctiIllplCIllClIIx;ItullyIllICllUI_ldlt\'rfliIHCII;IcCh_X25()

_'_IlII);Iliblt'I'Al:,'I'x('h;IIi=ClClxI_)bt'II;IIl_IllIIIc_l;II_'_lUCUcdiIIl¢)iIIIiIII,,IIIil
hutlc_ ;111(I;tit' II;lll,,It'llc_l ll_ Ihr dr_l_cd I _AI(I ;_ _,,_l_ ;ix lilt' 1!AR'I i_ _';itl_,' I,,

It,CUIVL'Ihclll ('hill',lt'lL'l_, ICCCl\cd ;Ill' _ltlCtlt'd IIII_) ;I It'tcIVt' hllller vvIK'll Ihuv
;lI_' It'_t'i\t,_l 111c3i/t' _1 Ihc ll;lll,,lllil ',ltld lr¢_.'l\t' bullt'l_ ;_lc _'_ml-iI_'ulIIt_h'(}11
;I ch;lllllt'l b;iMx

lhr ._t'l,X251ldllVt'l ;ll',,i C;lll ,_l_ll_n:lll.v chrcl, I_1 ;i II.,Cl-(It,lillt'd I!rltl-( )t-Mc_',lpr
(I.()M) ch;ll;iCk'l_ An I..().M _h;ll;iCIt,l_ JilL,IL'(L'iVL'¢I',111illlt'lll;ll t'IHIIIICI I_,

IIICIL'IIICIIIC(I ill ;ttltltlt¢_tl h) _l*lllll_! lilt' I,()M ch;_l;iclcr III Iht' IL'CCIVUblll lCl

Ihix Illlt'lll;ll L'_IIIIIt'I _';1111_t'cllr_'i,t'_l _i111 lllc ,St'l,_?Slil_,ccvl..,)lll('hk i)ll)cCdlllC /\x
lhc I..( )\1 ctl;ll;iclt'l_ ;lie lt, lll_\t.d 11_111Ihc I_1111_'1Iw c;lllillp .Sct,x2SliP,cc_ Ihe

Illh'lll;ll _.l)tllllt'l I', dt'tlt'lil_'llh'd lllc I _ )_1 ch;ll;iLh'l _'_)IIIIIL'Ii_ c_pcci;llly
I1_'1111h_l IlCIcIIIIIIIIII_' _llt'll ;I _llll_lt'h' \ ;lll;Ibh, It'll_'lll IIIt",'_',l_!t' h;l_ I_t,t'll
ICtt'l \t'(I

1 \_*, h,lln_ _,1II,,\_ t',,llll_l ;11_' I_l_l\ I_lcd h_ IIw _S,.'IS2S(I_hIVUI L'h;II;ICll'I Ih)\v
c_IIIl,_l ;111_1h;ll¢l_\;llC ih,_ c_ulll_l ( h;ll;ICh'l Ih_ C,_lli¿_)l;111,1h',lldW;llC II_)w

(_1111_1(;111hi., t'n;ihlc_l _1 ¢ll_;H_lcd iii ;111\Olllllllll;lli¢Hi ()11;i Lh;lllllUI IlilXl _, I.,u

lilt' I_llll_.lll_, di',cIIXMIHI t_l IIIt'_,CI_L._ItilllllX ()t tI*_V C_llllI_)l. ilMdllllt' _A'UIIIC
dr:_l_Tl_'_iltl Illlt' t'll_l _,1;111I(N .)_._ Ctl;IIIIICl

II:ud\_:nc I1_ C_llll_ll in tlitlflCmrlllc_l U_lll], lilt' RI N _UlllUll ;llld lilt' ("1 ,Silll_lll _I
IIw I :,,\1(I \Vhcll RI ._ =_;l_'ll%t'. lilt dli_c! i_ IC;i,l_ h_ ICt'ClVCd;tl;I \Vhcll Ihclc

I', I_)lllll l_ll ¢_lllv I(I Illlllt' L'II;II;IL'IL'I', III IIw ll'L'l'l\t' blllh'l, IIIc (lllVt'l st'Is P,/,S
h_ III;ICll\l' \Vh_,ll III ch:ll;iclt'l_ ;lie h'll ill Ihc ICcCi\r btlllcl. Iht' dli_Cl
_rl_ I_1 ._ I_l ;It'll\_' All\ ch;ll;IL It'l,, Ii'Ll'i\t'll _,11_'11I(I N l_ III;l(ll\c ;llC bullclcd

tl I_ltHiI I,, ;l\;lil:H_h', _llwl_ I_C, ItlCs ',HeI¢,_1;111¢1',11_tllh'l _\'t'lll,_\_ L'II(H I'_

t,_,_h'_l ('INIxlII_IIII_UCIII_\ lhr_hi\cI \Vhcll('lNl_',lcll\c. lhcdll_t'I

II;lll\lllll_ _l;llll ()_ht_\_`_``c_;_;_`_t._t_(._`_c_i_`_;_(_t_;_ch
IIIlW _lal;I II:lll_llll',Xl_HI I_ IC',llllk'¢l lilt' ;Iclu;H I}11111111111_t'l_I¢_1I( I ._ filial ( 'l ._ _;11\

_lcprll_llll I' Ul,_,=__llclllcl Ihc Imlllclll;ll ch:llllwl I_ Ctulli_'lllt'd I,II I)( 1: (I);11;I
(_HIIIIIIIlll_;lll_lll I _lllllHIIClllI *U I)11 (I);11;I It'lllllll;ll I _lllllllllClll) I(clcl I¢_\lUll

II;ll_l\\;ll_' II1;11111;11I_1 _lt'l;lll-, _HIIIIIIll_t'l ((HIII]'III;III_HI., ',111¢1I_lll IIIIIIIl_t'l_

( II;ll;I, h'l I1,,\\ _,_lIIl_!l I., IIIIlih'lllrllh',l I1.,111,.'II1_'xl;lll, I;ll,I \( )N ;lllll X( )11
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th;ll;klt.l,, [ lit' ¢tllVt.I lllilllllill_, lht' (J:ll;i _llt';llll I_>r X( )N _llltl X( )11. Cll;ll;It*lt'l,,

\Vilt'tl lilt' rt't t+i',t ' l'mllt'i ll;l', l_)tilll I()I 2() lilt)it* t'h:ll:It'I¢l,.., lht' tIll_.t=! ,.,t'lltI,,

X( )II Wht'l= tmi,, Ill ,*h_il'.it'tt'r,, ;Irc h.'lt ill tllc rcu_'_,,t' l'nill_+'l :rod X( )I'I. Ira,,. I>t..t+.ll

kt'lil. Iht' ttll_.t'l _t'ilit', X( )'_ 1\11%'t'h:ii;ic'lt'fk lt'c't'i\t'(! ;illt'_ X( )!-I ti;i_ ht't'li _t'lll

;llltl lit'It!it' X( iX It:ix ht't'li _t'lll ;irt" I+ulfi+'_t'dI1 r(llllll I_, _lvitilli|+h.'; (tlllt'lX_,l_t'. IIIt'_. ,

lilt' h_l ;ilitl +i I+illlt'l (_t+ill(tt_ t'l+rtll Ik liilkll+'<t "1lit' (Irix't'! II+lli_lliil_ ti;il;i

lilllll X( >11 i_ lt'(t.'lVt'(l Allt'l X( )1+1' i_ icc'civt'd, tl:il:i Is tltlc'Ut, tl iililil Xl )N Ik

It'ti'l%t'ti. ;il x+lii_li IIIlit' tl_ll_i II;illkllll_Mllll lt'kllllit'_

I lit' ._t'l _++'_ti tlli_ t'l I+lt_ itlt"_ :il)l)llt"illtlli_ _+_Ilh It'll ltlllc'iillll_

_t'l_Jq(llliil_',_ _ illlll;lli/t'+ lhc' _t'l,_2_(} (lliVt'l

Nt'l_24<llliilli_ + filili:ili/t'_ ;ill _2Gii fill t'_>llil):iliblt') I '_/\i41

_t'l,_?qilXlilll - li;iliknlll ;I t'h:ir',it'It'l l)ll ;I c;h;illlltil

_t.i;s.}qlllTtt.c+\ ic, c'c'lt+t' :i (h:ir;ic;lt'l lilt _1c'h;llint'l

._t,l_)Sli_l;illl_ - t'llc't'l< lhc +_l;llli>_ (ll _1t'h:illrit'l

.St,i._42_ll14t.c'v('lik + +lit'c'k lht' liUliibt'r (+I c'li;ir_lc it'l_ ill lht' l+t'c:t'lVO

hiillt'i ltl[ t'h:inflt'l

Nt'l_241i14t'c'vl.(_lll( 'hk - c'ht'c'k Iht' llllllibt'_ (_1+I{( )N,1 cll;ii_ic'It'l_ ill lilt" rt't+t'lVt'

t+ill lt'_ It tl c'h;liillt'l

_t.1,_424(I.\11i11( lil_ + c+hc't_+l,;,, Ihl" illlllil+t'r (ll ¢'ll;illic'lt'l,, llt,t' iii Iht.

Ii;ill_lllil billi{'r I()_ :i t, ii_llllit'l

Nt'iS?4lllliilI]lii_ti + l]il_h Iht'll+,ill_llill ;ilitl/_! lc, c't'lVt, I+illlt.l_ h_l :i

ch:illllt'l

ht.lX?S|)l l, il + _li_;it+h. till c'lliillllt'l_

I i _t,l,_+'qlilllil?,t_ i, <:llh'tt ,_lltt' 1_) Ii)lllilllit' lht' .kc'l_.++G(I tlil_t'i !+111_liiii_l I+t'

lilt' lll_l c+ill l_,ltit' +_t,iS?Gllttll_t.l _t'i_2S(lliill+_ It'tltillt'_lit'l+_il:iilit'lt'l

lilt tHlllilil

%t'lkltili lilt' \_ill;il_lt' Ill _lilc'tl Ill lt'llllll lilt' tlll_+t'i x.t'ikltlll nililllwl

I lit, \t'l_ltlll I_ _lltlt'(l I11 lit'l) It)l \t'lsi_lll 4 (1(I _i _._illit' (ll

iI_(t I(1tt ix It'ltlllit'tl +1Ili_ ll;iflililt'lc'l I_ I_:i_t'tl liX It'it'It'llt t"

ht'l X+?Gi#liillS_t lt'llll Ilk

I)1)1' I !_!_ N()I I+.R(iRit_i Nt)t'l_,)i

_t'i_?Gilllil!_,'+ _, c+ill', _li,_lihl II',t' lilt' I_ill_\_ ill{' l_)illliil

illl_l'+'llt'tl I ''_ "IUi)tlt + /" t'lltil , ,,tit' lt+lliliic'tl "I

illl_l'+'llt'_l Illl _t'l_Dill t' tlli_,+'l \t'l+,il)l} I('lllllit'ti 'i
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erc{)tle = Ser,_25(llmlSw(&vcisi_m ):

2) Scr,r25(llnill tw inili;dizcn tmc sclial !/() chanrwl. Ibis pr_ccdurc mu,,t he
c,dled uncc I_)r each _'ri;d chamwl t_ be used lhe I'mffers are

inlli;.liized. Ih¢ Iillcrrupl ll;.lrldlcr in inst;lllcd, and Ih¢ I.T,&R'I in

cunfi_'.ured, t'iclnit.";w mid I'iclmll Iv,, musl iw c:dled prmr I_ Ser_25()lnili Iw.

!!i_.hl i_ar:lrn¢lcts ale rctluircd ft_r inl)Ul:

cllml -thechmmclnumbcrh_iflitt:dize<l)-7_. lhlsmzmbcris

used I_ r¢lercvwc :_I_arlwulal ,,erial cl,anncl. "lhis

t};.11;.111101¢1in passed by value
uarl - lh¢ bane mhhcss ul Ihc t i/\lt,l I_r Ihi,, ch:mncl. This

l_;.lr;tllleler is [rushed hv v;.i]ll¢
bulfer - Ihc address <_1the data I)ull_'r. "lhls is a pointer I_>a

character array lh:H is !_ t)e dtvlded t:vcnly into two

huffer.,.,. Thin par:mlt, ter in Im,.,,,,edby value.
huf size - The size _lcach buflcr. 'lhc clmracler array Iminled 1o hy

'buflL'r' must tw 'but size' + 2 char:lt'ters hmg'.. This

parameter in pa_,,.,,edby value
mode - npecilics the opcr:lli(_iHd clmracleri',lic_ for Ihls chanr_el.

The lahl¢ hcluw de,,crih¢,, Ihe hit dcfin_ti_ms liar _hi,,

i_ar,lrrlelcr.This lliIrillllelerI,,,pas,,edl_v,,alto:

btI(.'.,)tlc,,criI'_I1tm
......................................................

Ig-12 Reserved (It'a_.cit'.,:/ero)

II I-ch_inImt.
I_ -dis:_hlt'd

I - t'rmbled

I_-disahlcd
I - cn,lhlcd

_) ('h:lr;lu'lcr l]_>v, _.'_llllt_l (,',((}N/X(,_II-)

() - dis:lblcd

I - ctmbhxl

_-n B:md rate:

XTb

l) III - 3,',;.4K baud

(11()- ?,()1)hattd

() I l - b()(! haud

I 1) t_ - 12<)()h,_ud

I (} I - 24()()b:_ml

I I () - 4XIpI) haud

I I I +._)(+(I()t+aud

_-_ l';IrfI',,

5 4 3

N .\() - N_ ixlrtl}+

1)<I I (hldl_:_v_l', '

() I I I.vcnp;Hil_
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I () I - Mark (lligh)parily

I I I - ,";pace (I,ow) parily

2 Sl_q_ bits:

() - one slop bit

I - lwo slop bits (I.5 for 5 dam hils+)
I-() l)ala bits:

I()

() () - 5 data bits

(I I - 6 dam bits

I () - 7 dala bils

I I - X dala bits

vccl_)r -Iheinlerrupl vecmrnumberlou_e for lhis channel, "l'his

nutnber lllllSl c_rrespond to the inlerrupl vect_r <,.eneraled by
lhe 8259 inlerrupl controller for tim+ [;AR'I.,, inlerrupl

level. This parameter is passed by value.

cptL lyi_c - the ('1'1.1 lype as defined in "DI)I'.! !." This parameler is

passed by value.

eom value - Ihe ['_nd-Of-Message (liOM) characler value. Values eft 0 (hru

255 are supported as wflid EOM characler_. "l't_ disable lhis
l_.ature, use a value grealer than 255. "l'hi_ parameler is

passed by value.

,":,er825()lnill lw returns:

I)I)P fiRR NOI-RR()R (0) - No error

I)I)P i;.RR P,ADAR(_I(I1)- Invalid value for chum

I)I)P. I'IRR I'IAI)AR(II (14) - lnwdid value for i)uf ',ize

Ser_251)Inill lw calls should use lhe l'olh_wing formal

un,,i,._,.nedinl crcode; /* errt)r code relurned "+/

un',iglwd inl than : (): /* inilialize chumlcl () *I

Ilrl',i_ll<.'(/ ifit u;ir! = ()x?lf,_; /* tl;tr! tn;ll)l)cd ;11().',,?,f_ '+'/

tm_,t-Iled char hufl_'rl I()() * 21- /* Sl'Jace1oi 2 hulfet>, */

uu,,U2ued in( bul__.,+ize= lOlL /* single NJIIL'r nize '/

unsigned inl mode = ()×1c3: /* 96()() haud. m_ I_:lrilv. I st_)l_hil,

,gdata bil_. no h:uld,,h:skin_ _/

un,,igned int vector= ()x()c: /* channel i,, _ui iillerrupl vccl_z
(ix(it */

un,qgnedimcpu [ype=Z'l__91():
/* (,I'll is a Z'I _91() *I

tITl'q_.'FlediI1l e()tll V_IIuL' = _ll': /* li()M ch;uacle[ in \n *I

e_c_de = Ser,g25(flnitl Iw(chan.uarl,huffer,l+uf .,,i/e.m_dc,vt.'cl_r.

C'l)U typc,c'_ mL. v;t] uc,_;

_) .%e_,'42S_'lXmiltran>qnil.,, a cluu-:tcler <_na channel. "fhe ch;uacter is tlUetted it_
the II;llb, ll|il buffer ;llld II+;lll,,lllJllt'd tls _()t)ll ;in lilt.' +,.'h;.lllllt?l is; Fc';IdV I<)

I_al],,[_itl ttat:_ 'lhree p;ll;llnClci"t4 ;ir(' I"c(l{litCtl I<>1illl)tll
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chan - the channel mimt'_er used to Irarlsnfil (0-7). This parameter is

passed by value.
ch - tile characlcr Io Irannnlit. This parameter is passed by

value.

limeoul - lhc villue h) use for il lilllCOUlif the Iransruit buffer is

full. If zero, this procedure waits indefinilely until room
is available in the transmil buffer. Non-zero values are
used as a maximum lime to wail for room in the transmil

buffer. This value dcpcmls on CPtl speed. This parameter is

passed by value.

Serg25(lXmit returns:

I)I)P_I_RR N()I-I_,I_,()i_, ((I) - No error

I)I)F'_i:_RR_'I'IMI,_OtlT (3) - 'l'imeout wailing for room in the transmit
buffer

I)I')I'_ERR_I JNF,_I:,t_,I,_OI_,(4) - A line error has occurred on dlis channel

Ser825()Xmit calls should use tile follmvirlg format:

unsigned intercode: /* error code mlttrned */

unsigned inl char_ = (): /* Iransruit to channel () */
urJsigned inl ch = 'A': /* Iransmil a 'A' */
unsigned int titneout = (1: /* no timeout */

ercode = Ser825()Xmil(char_,ch,limeout):

4) Ser825()Recv receives a characfer from a channel. The character is taken

fronl lhc receive t'_ulfcr. "three p:uanlelers arc rctluircd - I_,v¢_for inpul

(cl l:lrl alld limeoul) and one fl_r _ull}ttl (ch)

than - lilt' channel iItllnber l'rolnwhich you receive (()-7). 'l'his

Imrameter is ImSScd by value
ch - the variable in which to return the received character. This

parameter is ptlsscd by tclerem.'e.
lilllC()tll - the value Io use for a lillleouI it" tile receive buffer is

cgnply. If+zero. this procedure waits iiidcfinitely until a
character is itv;.lilahh_'. Non-/.er,,_ value.,, arc used its a

maximum time Io wail for atcharacter I_ be avaihihlc. 'l'his

value tlcpends {>ll('I'll speed. "1his p;llalllCler is passctl by
value.

ScrS25()Rccv returns'

i)1)i' I_I,_R N()I-RR()R ((1)- No ell'()l

!)!)1' !!RR "I'IMI'I()IYI' (3)-'iimcouI w:iitin,,lor',tch:lr:lclcl
I)i)1' 1'3,_RI,INI' I'il,_l,t()R (4)- A line err(it h',l,;(}ccttrrt'd tul this ch:mncl

,',;cr,',;25()Rccv calls _lumhl use lilt' l_dl_)wing f_rnlaE
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unsigned inl ercode; /+ error code relurimd +/
unsi{,ned iru charl = (1; /* receive I'rlml channel () +/
unsigned int oh' /* characler relilmed +/
unsigned int timeout = (): /* no timeout _/

erc(_de = Serg25()Recv(chan,&ch limeout )

5) Ser,R25()Stalus checks a channel's line status. 'lwo palamelers arc requircd -

one for inpul (chart) {llldOlle for Otllptll (.v,lalus);

chart - the channel niJmber whose status y_nt arc checkinR ((i-7). 'lhis
parameter is passed hy value.

StatUS- the variahle in which to relurlq the chamml .slall.Js. The table

below describes the bit definitions for lhis fmrameler. This
parameter is passed hy reference.

bil(s) description
.......................................

15-13 Reserved
12 (?TS active
I I-9 Reserved

8 CTS has changed
7-6 Reserved
5 Software receive buffer overrun
4 Received break indicator

3 Receive framing error
2 Receive parity error
I I IART receive Buffer overrun
() Reserved

SerS25(iSiatus returns:

!)i)1' i{RR N()ISRR()I4 ((I) - No error

Ser,R25(iSlaluscalls shoulci use lhe followiiig f(irlllal

uilsigwled illl ercode; /* error code relurllc'd *t

unsigiled iill chall = (); /* read slalUSfroni ch;ulilel (I */
ilnsi7iled illl slalus: /* slalus relurlled */

outride = SerS25()Siatus(chali.&slallis);

o_Ser£251)Recv('hk delernlines Ihe nuilll_er of chaiaclc'rs av;lil',lt_leill the receive

I_uller f(ir ;i chalilicl. 'l tv(} i_ar;illic'lers are reqilirc'd - ollc Illr iiipul (chall)
:iiid llllt, fllr (lulpul (c()ulil I;

oh;in - lhe nunibc'r _ll lhc ch;iimcl wlios¢ receive t_till{,i is I_l hc

checked 1()-7). lhis p;ilaliieler is iY.i.ssc'dIw value.
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ColJnl - tlw variublc it+ which tt_ relutn tilt: nund'_cr c_lcharactcrs

availal_h.' in Ihu receive Imllt!r. This i)aratnctcr ix Imssud by
rct¢r<.'n¢¢.

,",;¢rx25()Rucv( 'hk lvltHns:

I)!)1' l.;I,tl__ N( )l.il_tl,t()l<t (()) - No t_'rrt>r

.+";CI'X25()I(ocv('hk call:., shlmhl use lilt.' Itdl,_v,'ini.' I+t)rlllilI:

unsigned inI ercode /+ errt>r t.'c_dcrettHned */

tltlslj2netl lilt oh;in = (}: /'q check number _I clmracter.'< in
receive Imfft.'r Ibr elrunnel 1) +/

UllSi_llCd irll _'(HIIII /-+ Iit11111"_¢1-(>1characters ill receive
bttllt:r I¢lllFllC,d +/

ercode = ,",;¢r82S()l,tecv( "hk(clmn.&c_mnt ),

7) S,::r_25()l,,tucvl !t_,vl( 'hk d,..'t¢rnli,lc,., tilt, nt,,nl',ur of l i()M characters available in the

rt.'ccivc bulTcr l'_r ;t <:hatHl¢l. 'Iv+.,t_lint:tractors arc rcqttircd - ont.' l'c_rinlml

(chat+) ill]el oII¢1'()I ()1Ill)tit (COtlllt):

clmn - lhu ntlnd+¢r tJl thu cl+utllncl wht_sL' receive btlllL, r is lu t'>c

chu,,.'kcd (()-7). 'Ibis imramctcr in ImS,st.'dhy value.
ctmnl - the varl:_l>h; in whiuh tt_ return lhu ntJrnbur of li( .)M char;Ictt.'rs

av:til:tt_lu in the rcucivc tmffcr "i'his imramclcr ix ims.,.,edhy
telcrusoe

_u r,"+25()1,t¢c,,,I .i_ml( 'h k rulurns_

I)1)1' I'il,_l,t N()lil._l,t()l,_ <()) +Nt) error

_¢r_2_()i,t¢c','l :tm_( "hk c:,ll>, >,htmld u,.,¢lh¢ IIdltw,'irt? l'orlll:ll:

tlllni_HlU_.Jil_t cru¢>d¢: /+ ¢ll()r u()du rdltll-ilcd :+/

ttllsi_rlCd irlt cll;l_l : 11: /+ check ntnml_cr _>1I!()M ctltlr;_cle[n in
rcc_.'iv¢ huff¢r I't_r elrunnel () +/

utl,.,i[_,nctl i,_t L't)tllll] /+ nttrnlwr td I£( )P',,Icharuclcrs in rccoivu
t+tll'ft'r rcltirned +/

crct _tlc ---Bc r,_._++5<)l,t¢c vl itmK 'Ilk( ¢:hml,& cuu Ill ):

H) ,_cr,"+,2_l)X,_lil( 'Ilk d_:tcrmiJws the nunllwr t>l ¢l+mr-:t¢lc_nlrt'¢ in the transmit

htlllcl lt)r ;l uh_lllllt'l. lwt_ IHtl:illl_.tlClS ;+llCl¢gtlilCtJ - ()llt' I_H illl)Ul (ch;lll)

;llltJ t)llt.' lt)l <)tlti+tll (ctltllit)i

cii:m + lilt+'lltlllil'H.'l td' IiI¢ ch;lllli¢l wh(>s,__' tl;lllSlllil i+ulIct in It+be

ch_',:kc_l (1)-7). 'I I+_>,l+;,ranwwr _n Ir,t','gcd h,, ',:due
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count - the variable in which to return the number of characler_ fret,

in tile transmit buffer. This parameter is passed by reference.

Ser825(}XmitChk returns:

DI_P I'_.'RRNOERROR (0) - No error

Ser8250XmitChk calls should use the following fomlat:

unsigned int ercode; /* error code returned */
unsigned int chan= O; /* check number of free bytes in

transmit buffer for channel 0 */

unsigned int count; /* number of free byles in transmit
buffer retuined */

ercode = Ser8250XmitChk(chan,&count);

9) Ser8250BuffFlush flushes the transmit and/or receive buffers for a channel.
Three parameters are required for input:

than - the channel number to flush tor buffers (0-7). This parameter is

passed by value.
in - specifies whether or not to flush the receive buffer. A non-zero

value causes the receive buffer to be flushed. This parameter
is passed by value,

out - specifies whether or not to flush the tr:msmit buffer, A
non-zero value causes the transmit buffer to be flushed. This

parameter is passed by value.

Ser8250BuffFlush returns:

DDP_ERR_NOERROR (01 - No error

Ser825C)BuffFlush calls should use the follov,'ir_g fl_rmat:

unsigned int ercode; /* error code returned */
unsigned int chan= O; /* flush channel 0 buffers */
unsigned int In = O; /* don't flush receive buffer */

unsigned int out = 1; /* flush transmit buffer */

ercode = Ser8250BuffFlush(chan,in,out);

if)) Serg250Exit disables all channels. No pm'ameters are used

Scr8250Exit returns:

DDP ERR_NOERROR ((I) - No error
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Ser825()l'_xil shollld last'the folh)win b, I'orlnal:

lil)siglled iltl ercode; I '_error code relurned */

erc+t)de= Ser825(ll'_xil<);

[ISIN(; TI I1':,";I-R825()I)I,_IVI':R WH'II MI(,R()SOIT ('
................................................................................

The/Cis compiler optiovl M[ ]ST be sl)ecified for DOS systems. ()therwise, slack
overllows carl occur ct|lrin_ iv|ler|upl service routines,

[ ISIN(; Ti I!! SI-R825() I)RI VI';R WITI I I]OI,H.ANI)'S TIIRiiO C OR T[ ]RB() ('++
...............................................................................

The -N compiler option MUST NOT he specified for I)()S sysletns. Otherwise, slack
overflows can occur during it|lerrupl service roulines,

i ¸ -_(- _ _ ,USIN(] TIll:, SF.R825()I:)RIVI-I£ WITII MI(. R()S )! I S (,)flICK BASIC

The Ser8250 driver is |iol conll_tllal)le wilh Ihe Ouick BASIC envirolm)enl. II is.
I)owever, comparable will) sland-alone Quick BASIC I)rogratns provided lhal Ihe
hllffer is allocaled t.|singlIlt' STATI(' melacotnnmr|d. I:or exan|ple:

rein $i|lclude: 'Se|825().lm.s'

rein $slatic
dim bufl'erC-/,(I()())

eieode_ = Ser825()lrfilSw(version*;4 )
ercodeC.,;= Ser825()lrfitl l,,ve/_-((),&! 131;8,1mffere,4.(()).I()(),&l I I C3.&! I()( ',Z'I' 891)I )

, , ),-)TI !1:.SI,R8,5() S()l ll,',('1! ('()1)1:, I;11.I_S
...............................................................................

The " "_Ser8.SI) driver usesa generic intenUl_l driven serial handler (SERIAl..(')
This gene|ic hal|dler relies on a colleclion of l JAR'I' Sl_ecilic macro clefin|lions.
These |||acre del'inilions are h_caled in SI;.I,1825().('.
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MAPS MADE DURING DYNAMIC TESTING

Dynamic Testing Performed
from October 22 - 28, 1992
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APPENDIX D.I: GPS DATA -
MAPS MADE DURING DYNAMIC TESTING

The following tables summarize the te,_tdales (Table D. I-I) and tile terrain (Table I), 1.2) used for tile
dynamic testing of tile GPS systems. Figmcs I), I-! througtt i). 1-25 present tile mapping of Ihc GPS data taken
during the dynamic Icsting,

Table !). I-2. Summar),.,of Dynamic Test I)atcs

Terrain l)cscription Dates Testing Performed

City l)riving 10/22 and 10/25/92

Mountain Driving, 10/25 and 10/26/92

Interstate Highway Driving 1()/27 and 1()/28/92

Rural Ilighway Driving 10/27 and 1()/28/92

Canyon Driving 10/27 and 10/28/92

Table i), I-2, Summar), of Terrain Used for Dynamic Testing

Terrain l)escription Road Sections tJscd for Testing

City I)riving Central Avenue in Albuquerque, NM .....
from Tramway to 7th Strccl

Mountain Driving Tijcras Canyon, 1-40, East and West .......
I-4{)Tramway Exit (Albuquerque, NM) to Sediilo (NM) Exit

lntcrslate l lighway Driving 1-25, North and South ......
1-25 Tramway Exit (Albuquerque, NM) to NM 285 Exit in Santa Fc, NM

l},uralltighway Driving NM 285 and NM 4 ......
Intersection of NM 285 and I-2.5 (Santa Fe, NM) to inlerseclion (Los
Alamos, NM) where LANI,* Truck Roule (East Jemez Road) begins (at

traffic light)

Canyon Driving LANI,* Truck Roule (East Jemez Road) in l,os Aiamos, NM .....
From traffic light to traffic light, climbing from Sandia Canyon lip to the
Smith Mesa

* l.os Alamos National l.aboratoo,
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Figure D, l-l. City Driving Data, Magellan.
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Figure D, 1-2, City Driving Data, Magnavox GPS Engine.
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Figure D. 1-3. City Driving Data, Rockwcli N_lvCorc V.
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Figure D. 1-4. City Driving Data, Magnavox 6400,
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Figure D. 1-5. City Driving Data, Trimble Placer.
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Figurc D. 1-6. Tijcras Canyon Data, Magcllan.
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Figure D. l-?. Tijeras Canyon Data, Magnavox GPS Engine.
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Figurc D. 1-10. Tijcras Canyon Data, Trimblc Placcr.
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Figure D. 1-12. LANL Truck Route Canyon Data, Magnavox GPS Engine.
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Figure D, 1-14, LANL Truck Route Canyon Data, Magnavox 6400,
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AppendixD.I: GPSData- GPSMapsMadeDuringDynamicTesting
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Figure D. 1-17. 1-25 Data, Magnavox GPS Engine.
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AppendixD.I' GPS Data- GPS MapsMadeDuringDynamicTesting
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Figure D. 1-19. 1-25 Data, Magnavox 6400.
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AppendixD1 GPS Data- GPS MapsMadeDuringDynamicTesting
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Figure D. 1-21. Santa Fe to LANL Data, Magellan.
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AppendixD.I" GPS Data- GPS MapsMadeDuringDynamicTesting

= -30 - ', -

E %
O I

,.1:: -35 - ."" -°
t...)

,=o

_ .

,
u..1 -40 - • -

oo

%'1,

%.

_q,J

°.t
o•

°oo
o,p°

.°

°

-50 - ,,
,p°

,P

"1' "° = _ _" _°,,, ,I,"°''_,,_ *m,,. o_°°° '°"
o. ,o...o,,_ =°

'.° • °
'°,.., .,,,, • o

65 70 75 80 85 90 95

N/S Distance from RVR in Km

AVD-9616-50-1

Figure D, 1-23. Santa Fe to LANL Data, Rockwell NavCore V,
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AppendixD.I' GPSData- GPSMapsMadeDuringDynamicTesting
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Figure D. 1-25. Santa Fe to LANL Data, Trimble Placer.
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APPENDIX D.2: GPS DATA-
STATIC TEST NAVIGATIONMODE

AS A FUNCTION OF TIME
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APPENDIX D.2: GPS DATA-
STATIC TEST NAVIGATION MODE

AS A FUNCTION OF TIME

The following pages show static data in graph form.
i
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APPENDIX E: SAMPLES OF RAW DATA

Samples of Test Data taken during
the GPS receiver experimental period

(July to October 1992)
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,APPENDIXE: SAMPLES OF RAW DATA

Magellan
$GPGGA,201920,3502.43,N, 10631.29,W, 1,4,002,999,M,-023,M*68
$$B_._, _%
$GPGGA,201950,3502.43,N, 10631.28,W, 1,4,002,999,M,-023,M*6E
$$Btii_4A,eJ_tx

Magnavox GPS Engine
$PMVXG,021,332333.00,3502.4450,N, 10631.2908,W,01642.8,-023.0,0000.1,-000.1,03'71
$PMVXG,021,332363.00,3502.4423,N, 10631.2873,W,01627.9,-023.0,0000.3,-000.2,03"7E
$PMVXG,021,332393.00,3502.4394,N, 10631.2815, W,01615.2,-023.0,0000.3,-000.2,03 *70
$PMVXG,021,332423.00,3502.4371 ,N, 10631.2751 ,W,01607.3,-023.0,0000.3,-000.1,03'79

Rockwell NavCore V
255 129 103 0 58 0 0 0 96 125 147 35 180 129 74 34 153 2 1 0 145 140 208 6 230 14 7 0 10 0 200 7 147 I01 79 0
149 16620942 134 181 151 172 113 84254 152 150 140 15820881 94 12423821744 123 12037 175 127220
86 200 128 246 212 252 143 28 129 215 215 159 248 237 139 251 38 76 233 0 44 1 124 1 223 0 184 1 3 26 0 34

21 42041 17 58039267404328820050402053200007681 155 147

255 129 103 0 58 0 0 0 96 125 147 213 179 97 78 34 153 2 1 0 145 84 207 134 245 14 7 0 10 0 200 7 161 107 79
0 149 187 204 194 133 181 151 61 237 166 254 152 150 3 108 I00 81 94 127 25 126 3 125 146 15 56 128 6 9 151
128221 23 140 14328 129718121248237 1391122577233044 1 12412230 184 1 3260282142041 17
580422674042289003150402053200007681 193 134

255 129 10305800096125 147 136 179 65 82 34 1532 10 145 32 20665 15701002007 175 113790 149
229 10 107 133 181 151 85 154 253 253 152 150 18 63 170 81 94 127 118 222 97 127 26 85 154 126 172 156 160
128 148 128 49 144 28 129 114 200 142 248 237 139 121 129 70 188 0 251 0 57 1 181 0 106 1 28 26 0 31 21 42 0
41 17 58042267404139002750402052200007681250 181

255 129 10305800096 125 147 62 I79 186341532 10 145 248 204620 1570 1002007 139 119790 149
128 33 184 132 181 151 223 34 249 253 152 150 39 231 122 81 94 127 93 15 57 123 80 226 5 125 49 32 211 128
126 207 36 144 28 129 21 104 109 248 237 139 75 201 68 191 0 0 1 63 1 185 0 113 1 28 26 0 31 21 42 0 41 17 58
04226740413900285040205220000928142 199

Magnavox 6400
29 332334.479 0.61157228 -1.85914969 1645.0 21 3 17 26 1.3 2.0 3.0

:O 11911DB018EAEEB4405E000000000000006840005C000E9800290041
29 332335.607 0,61157220 -1.85914972 1645.6 21 3 17 26 1.3 2.0 3.0
29 332336.728 0.61157210 -1.85914977 1645.8 21 3 17 26 1.3 2.0 3.0

Trimble Placer
>RPV73170+3504044-1065214900003912;'78<
>RPV73200+3504046-1065213900003912;* 79<
>RPV73230+3504052-1065213100003912;*77<
>RPV73260+3504058-1065211700103912;'7D<

>RPV73290+3504069-1065211200103912;*75<
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APPENDIX F: GPS COMPANY CONTACTS

List of the individual contacts,
who provide technical support and pricing
information for the GPS receivers tested.
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APPENDIX F: GPS COMPANYCONTACTS

The following is a list of the individual contacts, who provide technical support and pricing information for
the GPS receivers tested.

Magellan
Emile Yakoup
Magellan Systems Corp.
960 Overland Court

San Dimas, CA 91773
909-394-6062

Magnavox Advanced Products and Systems
Eric Furlong
Magnavox Advanced Products and Systems
2829 Maricopa Street
Torrance, CA 90503
310-618-1200, Ext. 3056

Rockwell International
Larry Creech
Rockwell International
3200 East Renner Road
MS 461-235

Richardson, TX 75082
214-705-1704

Trimble Navigation
Jeff Jacobs (Qty Pricing)
408-481-2865

Joel Avey (Tech Support)
408-481-8927

Trimble Navigation
645 North Mary Avenue
Building 5
Sunnyvale, CA 94088-3642
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