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1. INTRODUCTION

The Texas Instruments 4100 (TI4100) receiver collects data from the US Defense Department's
NAVSTAR Global Positioning System of Satellites (GPS). The Defense Mapping Agency (DMA) and a
number of other organizations have utilized these receivers to exploit GPS for a variety of geodetic
applications. This report provides a comprehensive set of operational procedures and guidelines for the
estimation of geodetic point positions (absolute positions) from data collected with the TI4100 receiver.
The specific algorithms which are addressed here have been developed into efficient, portabie FORTRAN 77
programs which are known as STARPREP and GASP. The name STARPREP is a coatraction for
GEOSTAR PREProcessor while GASP is an acronym for Geodetic Absolute Sequential Positioning
program. These two programs are designed to work in concert to exploit GPS data for geodetic point
positioning applications. A few other utility programs are also addressed which perform functions such as
data transfer, data screening and data analysis. A set of minimum observation requirements are specified
such that a geodetic point positioning survey can be planned and conducted efficiently.

This report does not address the use of GPS data which has been subject to Selective Availability
(SA) or Anti-Spoofing (AS). This report will be updated when guidelines and standard operating procedures
have been established for such data.

1.1 GPS Geodetic Point Positioning Applications

For the last few decades, DMA has exploited the Navy Navigation Satellite System (NNSS)
(TRANSIT, Doppler) for geodetic point positioning. Over 6000 geodetic point positions have been
estimated in a global reference frame and have been effectively utilized for activities such as mapping
control, estimation of transformation parameters (regional datums 10 World Geodetic Systems), and other
MC&G activities. Since the NNSS is scheduled to terminate operations when GPS becomes fully
operational, and since there is a continuing requirement to generate geodetic point positions, DMA has
developed an ability to utilize GPS data for the estimation of individual geodetic point positions.

While many organizations have developed algorithms and programs for relative positioning, only
DMA and the US Naval Surface Warfare Center (NSWC) have developed proven methods to exploit GPS
for point positioning. The relative positioning (differential positioning) and point positioning (absolute
positioning) concepts are shown graphically in Figure 1. Rclative positioning can be described as the
estimation of the vector (baseline) connecting a known station to an unknown station while point
positioning can be described as the estimation of the vector connecting the origin of a global reference frame
with an unknown station anywhere on the surface of the Earth. The NSWC GPS point positioning
algorithm has been described by Hermann [1987] while the DMA algorithm has been presented in Malys
and Ortiz [1989] and Malys and Jensen [1989].

Before planning a tracking campaign, geodetic users of GPS data must decide on the accuracy and
precision goals of the survey as well as the logistics requirements of the personnel and ear.ipment. In
general, a relative positioning survey requires a large degree of coordination among field ;. arty members
since simultaneous tracking is essential for the success of all baseline estimation algorithms. In contrast,
point positioning surveys can be conducted with little or no coordination among field parties. Any relative
positioning survey requires a minimum of two receivers while point positioning surveys can be conducted
with a single receiver.

While most relative positioning software packages offer the potential ci centimeter-level baselines,
the coordinates assigned to the unknown end of a baseline are limited in accuracy by the accuracy of the
known" (fixed) end of the baseline. When the fixed end of a baseline is a very well-known station (a
fiducial site) the baseline to the unknown station can be estimated with sub-centimeter accuracy if special
care is given to cycle-slip repair and atmospheric modeling. If on the other hand, the station at the fixed end
of a baseline is not very well-known, the baseline will suffer scale distortion at a level proportional to the
error in the assumed fixed-site coordinates [Hilla, personal communication, 1988). In many cases, reliable
error estimates for the coordinates of the fixed end of a baseune will not be available.

Since GPS point positioning is generally simpler and less costly in terms of logistics, many
geodetic GPS users will find it desirable to design and conduct point positioning surveys instead of the
more complicated relative positioning surveys. This is particularly true when the positioning results will
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be used as as basis for mapping control. Moreover, when GPS positions are to be used in the estimation of
transformation parameters between the World Geodetic System 1984 (WGS 84) and a local datum, these
GPS positions must be expressed in the WGS 84 reference frame. Once the NNSS is removed from
service, the only direct method of obtaining WGS 84 station coordinates will be by estimating point
positions with GPS data. Any other methods will be subject to a complicated sequence of error
propagations which will undoubtedly be difficult to perforin with any degree of confidence.

Y <

¥

ABSOLUTE POSITIONING RELATIVE POSITIONING
(POINT POSITIONING) (DIFFERENTIAL POSITIONING)

Figure 1. Relative and Absolute Positioning




1.2 Processing Flow Overview
A streamlined process has been developed for the flow of tracking data from the field to the DMA
point positioning program (GASP). This process is summarized below in Figure 2.

T14100

GESAR or
BEPP/CORE

'

PRECISE PREPROCESSOR
SATELLITE EPHEMERIDES
AND CLOCK STATES (STARPREP)

'POINT' FILE

GEODETIC ABSOLUTE
SEQUENTIAL POSITIONING
(GASP)

Figure 2. Generalized Data Flow Diagram

The flow diagram depicted in Figure 2 is generalized in the sense that it shows the main
components of the process. For readers who are unfamiliar with the components shown in Figure 2, the
following descriptions will be helpful:




GESAR: An operating system for the TI4100. GESAR was developed by the Naval Surface Warfare Center
(NSWC) and is loaded into the TI4100 memory when in use. It was designed to collect GPS data
with geodetic applications in mind. Details regarding its operation and outputs can be found in
Darnell [1987].

BEPP/CORE: An operating system for the TI4100 developed by the Applied Research Laboratories of the
University of Texas at Austin (ARL/UT) for the environment where the receiver is driven by a
personal computer. Such an environment exists at the five DMA GPS fixed tracking sites which
support GPS precise orbit determination. The BEPP (Basic External Processor Program) resides in
the laptop PC while CORE resides in the TI4100.

FICA: An acronym for Fixed, Integer, Character, ASCII formatted data files. This data structure was
developed by ARL/UT for a variety of receiver types. A series of specific block identifiers has
been assigned for specific uses. For example, FICA Block 6 contains the pseudorange and carrier
beat phase data from the four trackers of the TI4100 when GESAR is used. FICA Block 55
contains this information (with additional quantities) when BEPP/CORE is used. This file
structure preserves the original data recorded by the receiver and is thus suitable for archiving
purposes. It is also suitable, in many cases, for data exchange with other organizations. A
non-ASCII (machine dependent binary) structure (FIC) is also available if desired. A complete
description of the FICA structure can be found in ARL/UT {1987].

EPHEMERIDES AND CLOCKS: The ‘post-fit' (precise) GPS ephemerides and satellite clock state
estimates are obtained from DMAHTC/GG as output from the weekly (8-day) orbit determinations
using the OMNIS program. The satellite position and velocity vectors are given in the WGS 84
reference frame at 15 minute intervals while the clock state estimates are given at hourly intervals.
A complete mathematical formulation of OMNIS is found in Swift (1987]. Note that the
broadcast ephemerides and clock state predictions are available in the FICA (or FIC) file. An
assessment of the weekly precise ephemerides and clock states has been presented by Gouldman et.
al. [1989).

STARPREP: The GEOSTAR PREPROCESSOR described in Section 6.

POINT FILE: A binary file produced by STARPREP which contains identifying information, the corrected
tracking data, individual correction values, and interpolated GPS ephemerides and clock states.

GASP: The Geodetic Absolute Sequential Positioning program described in Section 7.
Users of the algorithms and programs described here will find it highly desirable to perform as

many steps as possible on the same computer equipment. Experience has shown that transfer of data files
from one machine to another causes the most delay in the processing flow.




2. MISSION PLANNING AND OBSERVATION
REQUIREMENTS

Since the TI4100 receiver is limited to collecting data from 4 satellites at a time, a range of
possible tracking geometries will be available. The user must design a data collection scheme which will
maximize the geodetic utility of the data set. Primarily, this involves selecting the appropriate hours for
tracking and the specific satellite combinations that are to be tracked. This process is referred to as
selecting scenarios. Ideally, a geodetic user would like to encounter a geometric situation where GPS
satellites are present in all four quadrants of his local horizon. Moreover, the satellites should be observed
through a range of elevation angles. Sky-plots such as those shown in Figure 3 are very helpful when
performing mission planning. They allow an easy visualization of azimuth and elevation angle. The
tracking geometry during any particular data collection period will primarily be a function of geographic
location. The GPS orbital characteristics cause the current (Block I) constellation to be available, at any
given location, approximately 4 minutes earlier each day. This rule of thumb can be used to avoid
generating mission planning plots for each day of a tracking campaign. The distribution of the Block I
satellites purposely optimizes the tracking geometry for stations located in the southwestern US. Although
plots such as those shown in Figure 3 are helpful during the planning phases of a survey, one should be
aware of the limitations of such plots. For example, they do not reflect the local environment where the
receiver is to be placed and thus cannot account for local obstructions such as mountains, buildings, heavy
forestation, power lines, towers, fences, etc. The field personnel may find that local conditions such as
these severely affect the planned data collection scenario. The field personnel should attempt, if possible, to
remove all obstructions such that the receiver can successfully track (with minimal multipath) down to ten
degrees elevation angle. If obstructions cannot be cleared, construction of a tower may be necessary to raise
the antenna above the obstructions.

Note that the elevation angles shown in Figure 3 (and similar plots) are measured from the tangent
to the ellipsoid (or sphere) and thus do not account for the geoid or the local terrain.

Experience has shown that the quantity known as Position Dilution of Precision (P-DOP) can be
helpful in evaluating the geometric situation. This quantity, along with a subset of similar quantities
(G-DOP,H-DOP, etc.) is available from some survey planning packages. For point positioning as well as
relative positioning, a falling P-DOP is highly desirable. The tracking schedule should always be
organized around the times of falling P-DOP.

Since the TI4100 tracks only four satellites at a time, and more than four satellites may be in the
user's sky during a tracking session, a change in scenario during a tracking session is possible. These
scenario changes are desirable for point positioning since they provide an expanded range of geometries
during the tracking session. Experience gained to date indicates that a geodetic-quality point position (a
position with a standard deviation on each component of less than one meter) can easily be obtained with
the GASP algorithm when the data set spans a period longer than about 4 hours. If, however, the
geometric situation is very favorable, a geodetic-quality point position can be achieved with GASP from a
smaller amount of data. The GASP output contains a number of quality control measures which the user
can examine to evaluate the precision of the estimated position. The minimum observation requirements
for geodetic point positioning are summarized in Table 1.

Since the differencing algorithm employed in GASP removes most of the effects of the receiver's
clock, there is no requirement to utilize an external frequency standard with the TI4100 receiver.
Experiments have been performed which compared results obtained from receivers which operated on quartz
crystal and rubidium oscillators. No difference in the quality of positioning results was detected. This issue
will have to be reexamined when data is collected in the AntiSpoofing / Selective Availability (AS/SA)
environment. All developmental testing and evaluation of the GASP and STARPREP algorithms has been
done with the data collection interval set at 30 seconds.

The a priori (starting) station coordinates which STARPREP and GASP use are usually assumed
to have standard deviations of 1/2 kilometer in each component. In general, the starting coordinates will be
more precise than this. These coordinates are contained in the FICA file (Block 101 with GESAR or Block
124 with BEPP/CORE). They are input by the TI4100 operator at the beginning of the tracking session.
They can be updated or edited in the FICA file if necessary.
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Table 1. Minimum Observation Requirements for Geodetic Point Positioning with the TI4100

Criteria \ Desired Precision Standard Deviation (1 Sigma in each position component)
0.75 meters 1.5 meters

Minimum observation period 240 minutes 90 minutes

Data collection interval 30 seconds 30 seconds

Minimum number of SVs to be
tracked simultaneously 4 4

Minimum number of scenarios
of 4 satellites 2 1

Minimum number of SV orbit
planes 2 2

PDOP PDOP for each scenario is to fall as much as possible
over the period of observation. For the last 40 minutes,
the PDOP should be less than 10 and no greater than 5 at
the end of the tracking session.

Satellite geometry The SVs should be distributed in all four quadrants of the
observer's sky. At least one SV should appear within 50
of the prime vertical, anywhere within the elevation angle
range of 100 to 500. All observations are to be above 100

clevation angle.
TI4100 operating system GESAR or BEPP / CORE
Frequency standard Intemal crystal or external atomic
Minimum f:rystal oscillator 1 hour 1 hour
warm-up tme
Meteorological observations Recorded at commencement, each hour, and on completion

of tracking session. Temperatures are to be accurate to +1°C
barometric pressure to +1 mb and relative humidity to +
5%.

Antenna heights and local Height from the monument to the base of the antenna is to

survey ties determined to +1cm. All local survey ties should aiso be
accurate to +1 cm. An annotated sketch of the local survey
is essential.




L O

3. FIELD VALIDATION

Before leaving a remote tracking site, a TI4100 user should know that the data collected will be
geodetically useful. If the mission planning stage is performed correctly, the tracking session followed the
mission plan, and the equipment performed normally, there would be no need for any in-field validation.
Of course, a number of unexpected events can occur before or during a tracking session which necessitate a
change in plans. Such events could include a satellite becoming 'unhealthy’, a delay in getting personnel
to a remote tracking site, malfunctioning equipment, severe environmental conditions, etc.

Most forms of in-field validation require computer resources and a power supply. If the TI4100
data is recorded on a cassette tape, a tape reader may also be necessary. If resources such as these are
available in the field, a number of software packages can be utilized to verify that the data will be
geodetically useful. These packages include but are not limited to:

PROGRAMNAME SQURCE  BASISFOR VALIDATION

a. GS2FIC and FICFICA ARL:UT Detects certain errors
Provides number of data blocks recorded
ASCII (FICA) file can be examined directly
b. PRTN DMASC/EG Summarizes all data collected
Predicts data quality using GDOP, PDOP
Detects anomalies and receiver errors
¢. DSUMI'Y ARL:.UT Summarizes data blocks, satellites,
observation periods

Each of the above computer programs is operational on an IBM PC/XT (or compatible
equipment). In the event that computer resources are not available in the field, the DSUMRY program can
be loaded on the TI4100 memory and used to verify the data file's contents.

In all cases, the field personnel must record accurate field notes regarding the local conditions and
report any anomalous incidents such as thunderstorms, a weather front passing through, electronic
malfunctions, power failures, etc. The following information is gssential in the post-processing stage:

v Receiver operating system system and version number {ex: GESAR v1.5, BEPP/CORE v2.0)
v Type of frequency standard used (internal crystal; external rubidium, cesium, maser)

v Weather observations; Time, Temperature (°C), Pressure (mb), Relative humidity(%)

v Accurate antenna height measurements (from monument to base of antenna)

v Accurate local survey tie data, if applicable, including detailed sketch

V The TI4100 navigation solution and any other reliable a priori position estimate

Even when information such as this is recorded in the data set itself, a set of accurate field notes is
to be maintained which clearly record this important information. Standard field log forms have been
developed for this purpose. A complete set of field log forms is given in Appendix A.




4. TRANSLATION OF GESAR OR BEPP/CORE TO THE FICA
STRUCTURE

4.1 Overview

If the tracking data collected with the GESAR or BEPP/CORE operating systems is to be used for
GASP point positioning, it must be translated into the FICA file structure. This is the structure required
by the STARPREP preprocessor. If the original data is a GESAR file on cassette tape, a2 minimum of
three utility programs must be executed in order to accomplish this translation. These programs are named
MFERD, GS2FIC (GESAR to FIC or BEPP/CORE to FIC) and FICFICA (FIC to FICA). These
translation programs have been developed by ARL/UT. If the original data file was generated with
BEPP/CORE, the file will be on a diskette. In this case, only the GS2FIC and FICFICA utilities are used.
Versions of these programs for a personal computer are available. As mentioned above (section 3), this
translation process can serve as a type of field validation if it is performed before the data set is sent for
post-processing. Upon execution of the GS2FIC program, a tabulated summary of FIC block types is
presented. A detailed set of standard operating procedures for this translation and electronic transfer of the
data files is given below.

4.2 Data Translation: Operating Procedures

This section describes a routine procedure for transforming TI4100 GESAR or BEPP/CORE
tracking data from cassette tape (GESAR) or diskette (BEPP/CORE) to 9-track magnetic tape for transport
to a computer where the point positioning program (GASP) and its preprocessor (STARPREP) reside.
These procedures were developed from Ison (1988] and Yambot {1988], and are specific to the MS-DOS
based Zenith PC and the DEC MicroVAX computer equipment at the DMAHTC/GGSC facility.

The FICA file structure requires about 5 times more storage space than the original binary data
(GESAR or BEPP/CORE). The FICA structure facilitates portability since these ASCII files are machine
independent. The STARPREP preprocessor was designed to read these FICA files. If a continuous data set
is stored as a series of files on the Zenith PC, they should be concatenated in chronological order before
conversion to FIC and FICA structures. With the Block I GPS constellation, this usually only occurs with
BEPP/CORE data from the DMA fixed sites.

Note: To avoid confusion on the instructions of the remainder of this section (4.2), the
responses by the operator will be shown in boldface type.

4.2.1 Reading GESAR Data From the Cassette Tape to the Zenith PC

a. Connect the interface cable from the MEMTEC 5450XL reader to the back panel of the Zenith PC. The
port at the Zenith PC is the first one from the left viewed from behind (ports and connectors should be
properly labeled),

. On the surge suppressor box (or the power protector box) turm the power switch on.

. On surge suppressor box only, press the Reset button,

. On the MEMTEC cassette tape reader, tum power on.

. Load data cassette tape into MEMTEC tape reader. Make sure the cassette tape is at the beginning.

If not, press the "RWND" button on the MEMTEC reader to rewind it to the beginning.
On the Zenith PC, access the D disk drive by typing in: D: <Return>
g- To change the directory to the FICA directory, type in: CD FICA <Return>

e QO g
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h. Execute the program that reads the cassette tape by typing: MFERD <Return>
i. The program prompts for the output file name. Type in a file name of twelve characters in the
following way: . :
Character 1,"G"  indicates GESAR data, "B" indicates BEPP/CORE data
Character 2, "B"  indicates binary image file
Character 3-6, last four digits of station ID
Character 7, cassette number or session letter
Character 8, last digit of the year
Character 9, "."  period required by MS-DOS
Character 10-12,  Day number of year, when data was collected

For example, the file GB5271A9.148, will represent GESAR binary data from station 85271, cassette
session A, of year 1989 on day 148.
(Enter input file name) <Return>

j- Now the program asks for the type of dump. Zero (0) for binary and one (1) for hexadecimal. Select
binary by typing in: 0 <Return>

k. Press "Load Point" button on the cassette reader.

1. Press the "Return” key.

m. Reading process starts when the "Busy”, "Data”, and "Ready" indicators flash and "BIN" button
flashes on the MEMTEC reader. When reading is completed the prompt: "Stop - Program terminated”
appears. After this message appears, press the "RWND" button to rewind the cassette tape.

n. Remove the cassette tape.

0. Check the new file name and its number of bytes on the disk directory by typing: DIR <Return>

p. Log the file name and the number of bytes on a processing log sheet.

4.2.2 Creating the FIC file

The GESAR or BEPP/CORE binary files may be translated to FIC and FICA on either the Zenith
PC or the DEC MicroVAX. If the latter is used, the data is transferred from the PC to the MicroVAX
using the procedures in section 4.2.4. The FIC file is then created following steps ¢ through i in this
section. The MicroVAX command procedures are located in the directory: [GSGC.HTLRM.
EXPORT.COMMAND)]

a. If the current disk is not the D drive, type in: D: <Return>

b. Access the FICA directory by typing: CD FICA <Retum>

¢. To execute the necessary program, type in: GS2FIC <Return> (@GS2FIC <Return> on MicroVAX)

d. The program prompts for the "INPUT FILE NAME". This is the file that was read from a cassette tape
(GESAR) or diskette (BEPP/CORE) onto the Zenith PC. (Enter input filename) <Return>
(on the MicroVAX, the file name is: [GSGC.DEPOT.FICA |filename <Retum> )

e. The program now prompts you for the "OUTPUT FILE NAME". A maximum of twelve characters is
allowed. Use the naming convention specified in Section 4.2.1 except on Character 2 where "B" will
become "F” to define a FIC output file. (Enter output filename) <Retumn>
(on the MicroVAX, the file name is: [GSGC.DEPOT FICA|filename <Return> )

f. Next, the program prompts for "ORBIT FILE NAME". Type in: NUL <Retumn>

g. Then, the program asks for header information with the message "ENTER TITLE UP TO 37
CHARACTERS". This header will become the first record in the FIC and FICA file. This step is
critical since this record is the only means of identifying the file's contents once it is put on a 9-Track
tape. Enter the information in the following way:

Character 1-9, Project Name;

Character 10-19, Station Number or Station Name;
Character 20-29, Year,

Character 30-37, Day of year, when data collected started;

10
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It is Jeft justified. Leave blanks in remaining spaces. Here is an example:

GREENLANDS1399 1989 176
Press the "Return” key.

h. While the program is running, messages describing skipped data will be displayed. These error
messages are, in most cases, normal and are the result of the method by which data is recorded. When
finished, several messages appear on screen . One of them states "GS 2 FIC CONVERTED".

i. Log the created file name and number of bytes on the file management sheet (a sample of a file
management sheet is given in Appendix A).

NOTR: Files in the FIC format cannot be transferred from one machine to another since this structure is
machine-dependent binary.

4.2.3 Creating the FICA file

The computer which created the FIC file must be used to create the FICA file. If the MicroVAX
was used to create the FIC file, follow steps ¢ through f in this section to create the FICA file. The
MicroVAX command procedures are located in the directory: [GSGC.HTLRM.EXPORT.COMMAND)]

. If the current disk is not the D disk drive. Type in: D: <Return>

. Change into the FICA directory by typing: CD FICA <Return>

. Execute the program by typing: FICFICA <Rewum> (@FICFICA <Retum>on the MicroVAX)

. The program prompts you for the input file name. This is the FIC file that was created in an earlier

process (see Section 4.2.2). (Enter input filename) <Return> (on the MicroVAX, the file name
is: [GSGC.DEPOT.FICAJfilename <Return> )

e. The program now prompts for the output file name. Again, a maximum number of twelve characters is
allowed. The input and output file names should be identical except on Character 2 where "F" (for EIC)
will become "A" (for FICA). The "A" represents ASCIL. (Enter output filename) <Return>
(- n the MicroVAX, the file name is: [GSGC.DEPOT.FICA filename <Retum> )

f. When finished: "FIC TO FICA: TRANSLATED ## RECORDS" will appear on the screen. Here,

"##" represents an integer number that is displayed and it is the total number of translated records.

Log the file name and number of records on the file management sheet.

QN oW

4.24. Transferring GESAR, BEPP/CORE or FICA Files from the Zenith to the
MicroVAX

a. Connect the gray interface cable from the MicroVAX computer to the first port from the left as viewed
from behind on the back panel of the Zenith PC.

b. Set the directory where the files to be transferred are jocated. This will usually be the FICA directory on
the D disk. The transfer program is KERMIT. To execute this program, type in this name and a
pre-defined directory path will take you directly into KERMIT. With any prompt, type in:

KERMIT <Retum>

c. The KERMIT prompt will appear. Connect to the MicroVAX computer by typing:
Kermit-MS>CONNECT <Retum>

d. Hit the Return key two or three times. The screen will clear.

e. The MicroVAX computer will ask you for your username and password. Type these in:
Username: GSGC <Retum>
Password: (Enter your password here) <Return>

f. After access is gained to the MicroVAX system, the $ prompt will appear. Type and enter the directory
name where the file is to be sent. Enter:  $ FICA (directory-name) <Retum>
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g. Next, enter: $ KERMIT <Returmn>
h. If file to be transferred is ASCII (an FICA file) type, skip 10 step i. If the file is binary (a GESAR or
BEPP/CORE file), then type and enter:  Kermit-32>SET FILE TYPE BINARY <Return>

NOTE: FIC files cannot be transferred; only GESAR, BEPP/CORE or FICA can.

i. Type and enter: Kermit-32>SERVER <Returmn>
j. A long message will appear on bottom of the screen. Depress the CTRL and the right bracket ] keys
simultaneously and then release them. Then press and release the C key:
k. Send the file of your choice from the Zenith to the MicroVAX by typing:
Kermit-MS>SEND D:\FICA Vilename <Retumn>

Here, "filename” is the name of the file being sent. Inmediately the screen is cleared, and transfer
information is displayed. For example, if the file GB5271A9.148 is being transferred, the top of the screen
will appear as follows:

File name: GB5271A9.148
KBytes transferred: 3
Percent Transferred: 25%
Sending: In progress

Some of the numbers will be changing fast and continuously. When
“Percent transferred” reads 100% and "Sending" reads Completed, the transferring is finished.

If another file(s) is to be transferred, repeat this step (k) with the new file name(s).

1. Then type: Kemit-MS>FINISH <Return>

m. Now, just type: Kemit-MS>C <Return>

n. Press the "Return” key to connect back to the MicroVAX computer. The '$' prompt will appear.
o. To verify a successful transfer, check the file name(s) in the directory. Type and enter:

$ DIRECTORY <Retum>
p. If a FICA file was transferred, verify the first few Blocks in the transferred FICA file by viewing it with
the editor: $edit (GSGC.DEPOT.FICA [filename

Exit the MicroVAX editor by typing SHIFT and PF1 keys simultaneously, then press
Q

q. If transferring is complete, just repeat steps g, i, j, and exit from Kermit by entering:
Kermit-MS>BYE <Return>
This will return control to the Zenith PC in the directory: D:\FICA

4.2.5 Saving a Blocked FICA File Onto 9-Track Tape From the MicroVAX

a. This procedure can be performed either from the Zenith (as a MicroVAX terminal) or the MicroVAX
computer. If the Zenith is used, follow steps a through e of Section 4.2.4 to connect to the MicroVAX.
If using the MicroVAX directly, follow from step e in that same section.
b. Set the default directory as follows: $SET DEF $DISK2:[GSGC.DEPOT.FICA]
c. If the file name needs to be changed, type and enter the following:
$ RENAME (Old filename) (New filename)<Return>
d. To get the total number of records of the file, call the line counter program by typing:
SREC (filename)<Return>
e. Repeatstep d until all the number of records for all of files are logged.
f. The files can now be written on 9-track tape. Load a blank tape with write ring on, into the Digital
TSO05 Tape Drive (press the “Load and "On-Line" soft padded buttons).
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g. Execute the program to save and block the files by typing this:
$ @[{GSGC.DEPOT]100BLOCK.COM <Return>
This program will write ASCII records (80 characters long) in 100 record tape blocks until the entire file
has been written to tape. An end of file mark will be placed at the end of the file.

h. The program will prompt for the file name to be saved on tape, Enter the file name you want. Note that

the default directory has already been set in step b so the entire path name need not be specified.
$ (Enter filename) <Return>

i. At the message "MOUNT THE TAPE& PRESS <RETURN> TO CONTINUE:", press the Return
key.

Jj- At the message "NUMBER OF FILES TO SKIP?" enter the appropriate number of files to skip over
which may have already been written on the tape. If the tape was blank and this is the first file being
written this question will not be asked. If you are writing over a previously used tape, enter O, for the
second file enter 1, for third enter 2, etc. Press the "Return” key after your answer. The file will then
be written to the tape.

k. When finished, the screen will display the number of input records and the number of output records (or
the number of blocks). Log these numbers. Compare number of input records here with the one
obtained from the line counter program for the same file. Make sure they are the same. If they are not,
check the tape, the tape drive, or get help from the MicroVAX room personnel.

1. Upon completion, the following message is displayed on the screen:

DO YOU WANT TO COPY ANOTHER FILE? <YES OR NO>.

If other files are to be written, answer YES and repeat steps h through 1. If no further files are to be
copied answer NO. The tape will be rewound and unloaded automatically. Press the "Return” key

after all answers.
m. Remove the tape from the tape drive when finished with all files and log off from the MicroVAX by
typing: $ LO <Return>

4.3 FICA Files From 9-Track Tapes

Once the translation is successfully performed, the FICA file may have to be transported to another
computer. Typically, the 9-track tape generated for this transfer will also be used for data archiving. The
recommended tape density is 1600BPI since this capability is common to most equipment. If the data is
exchanged with another organization at a later date, regenerating the tape will not be necessary (a simple
ASCII tape copy utility can be used). Experience has shown that 30 to 40 FICA files (each containing 6
hours of 30 second data) can fit on one 2400ft 9-track tape when 1600BPI is used and the tape is blocked at
100 records per tape block. Each record contains 80 ASCII characters. Simple utility programs for writing
and reading blocked ASCII files are necessary for this task. Once a FICA file is loaded into a mass storage
file from the 9-track tape, it can be treated the same as any other FICA file.

A FICA file naming convention has been established within DMA. The structure of the FICA file
name is as follows:

Example: GEOSTAR*GA271A9148,

Where 'GEOSTAR™*' is the Unisys qualifier and thus would not be necessary on non-Unisys
equipment. The remainder of the file name is the critical part:
Character 1 ‘G'  indicates Gesar, 'B' indicates BEPP/CORE

2 ‘A’ indicates ASCII file

3-5 271" indicates last 3 digits of station ID

6 ‘A" cassette or data subset, sequencing A,B,C. etc.

7 ‘9" last digit of year data was collected

8-10 '148' day number of year that data was collected

1 use E’ for edited file if the file is a subset of the original
On DEC (VAX or MicroVAX) equipment, the file name extension .DAT should be used.
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5. SCREENING AND EDITING FICA FILES

Once a FICA file is loaded onto the computer where it will be processed, it can be examined and
manipulated in a number of different ways. The simplest tool one can use is any appropriate ASCII file
editor. An analyst can simply browse through the file and visually verify that the file contains the properly
structured, necessary information. The analyst must be familiar with the FICA block identifiers. For
example, when working with a BEPP/CORE - created file, the Block 10's should be checked 1o verify that
the weather observations in the data file match those recorded on the field sheet. If no Block 10's are present
(the case when GESAR is used), the weather data from Block 101 will be used for the entire data set. If
necessary, the editor can be used to modify the contents of the file.

Since manually screening a data file is very tedious and provides only a limited amount of
information, a comprehensive screening program has been written at DMA to allow analysis and editing of
FICA files and provide a summary of a data file's contents. This program has been designated PRTN,
which is a contraction for PaRTitioN a data file (s). This utility program can screen and partition an
individual data set or a pair of simultaneous data sets which will be used for baseline estimation programs.
A user's guide for PRTN has been prepared by Ayrandjian (1989]. The point positioning user may desire to
split up a data set before processing, if for example, a significant part of a data set is to be discarded (if it
contains only 2 satellites for example).

PRTN provides a comprehensive summary of a FICA file's contents and allows selective editing
of a file(s) by choosing options from a menu. One essential piece of information obtained from PRTN is
a list of satellites which are present in the data set being analyzed. The user will always need to know
which satellites are present before giving the data to STARPREP. Moreover, if the FICA file contains less
than 4 satellites for significant periods during the data span, these periods may be removed from the data set.
Whenever PRTN performs any editing of an FICA file, it maintains the original FICA file contents and
creates a new FICA file which will contain the updated contents. The label 'UPD' is added to the new
(edited) FICA file name. The placement of this identifier depends on which computer equipment PRTN is
being used on. If PRTN is used to modify the contents of a file, the updated FICA file is to be used from
that point on.

Independent of PRTN, another utility program, named EDITFICA, may also be used to divide a
FICA file into subsets. This relatively simple program prompts the operator for the start and end times of
the data subset being created. This program is especially useful when operating on BEPP/CORE, DMA
fixed-site data sets since it filters out the numerous weather blocks (Block 10s) and keeps only one weather
block per hour. STARPREP can handle up to five weather blocks in any single FICA file,

When analyzing the contents of a FICA file for positioning use, the following items must be
checked:

1. A yalid antenna height (From Block 101 or Block 124). This antenna height must be the
measured distance from the monument to the base of the TI4100 antenna. GASP applies the calibrated
distance from the base of the antenna to the mean electrical center of the TI antenna. The value in the FICA
file should agree with the value written on the field sheets. Note that this antenna height may change from
day to day if the receiver occupied a site for repeated days.

2. Valid weather data (From Block 101 or Block 10) If default values are used, a degradation
in positioning results will occur which is difficult to detect by the user. If default values are found, or any
error is detected in the values in the FICA file, the user should correct these errors before continuing with
processing. The weather values in the FICA file should be checked against the values written on the field
sheets. The barometric pressure values can be checked for gross errors by comparing to a crude value for
atmospheric pressure which can be estimated from the station's elevation above mean sea level. Charts are
available for this conversion. If a gross error is detected, it may be due to the use of a barometer that has
not been calibrated. If this occurs, the user of the data should not resoet to a default atmospheric pressure.
Instead, the user should use a value implied by the station's elevation above mean sea level.

When the GESAR operating system has been used, one set of weather values will be found in
Block 101 of the FICA file. When BEPP/CORE has been used to record data, a series of weather Blocks
(Block 10) will be present in the data.
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3. The year and the day number (Block 101 or Block 124) that the data file was recorded
should be noted so the user can assign the appropriate precise ephemeris files when the preprocessor is run.
If the FICA file contains data after 12:00 UT on a Saturday (561600 seconds into the GPS week),
'HALF-WEEK' precise ephemeris and clock files must be used. These HALF-WEEK' precise ephemeris and
clock files are specifically designed to allow processing of data which was collected through a
week-crossover. The standard precise ephemeris files distributed by DMAHTC consist of one full GPS week
(00:00:00 Sunday to 24:00:00 Saturday, plus 1/2 day overlap on each end). The HALF-WEEK' precise
ephemeris files begin at 00:00:00 Wednesday and end at 24:00:00 on Tuesday. There is no smoothing
performed across the two separate GPS weeks when the HALF-WEEK files are created.

4. The user should take note of any week-crossovers (Block 101 or Block 124) in the data files.
If a satellite other than the first available satellite in the file experiences a week crossover and the first
available satellite data span falls completely into the later of the two weeks, it is necessary to edit the file
such that the edited file begins in the later of the two weeks. The day number in the Block 101 of the edited
file must be modified to represent the first day of the later week. If the first satellite tracked experiences a
week crossover, there is no need to edit the file CHALF-WEEK' precise ephemeris and clock files must be
used).

S. The a_priori station coordinates (Block 101 or Block 124) should be verified. The
nominal accuracy of these coordinates is assumed to be half of a kilometer in each component. If GASP
rejects a large percentage of data on the basis of the RMS edit, or if the residual plots produced by GASP do
not appear random on the third iteration, there is probably a gross error in these a priori coordinates in the
FICA file. If improved coordinates are not available, STARPREP and GASP should be run to completion
and the resulting position estimate should be put into the FICA file as new a priori coordinates. Note that
STARPREP must be run again (with the improved a priori coordinates) because some of the data
corrections are a function of these coordinates. If the a priori coordinates are t0o far off, some of the data
correction applied by STARPREP will be biased.

6. The PRN numbers of the satellites tracked (Block 101 or Block 124) and the number
of satellites in the data set should be noted. Moreover, any data gaps or periods where less than 4
satellites have been tracked should be noted. The length of the data span should also be noted.

7. The following FICA Blocks must be present in the data file for STARPREP and GASP to
produce a valid point position estimate:

GESAR DATA BEPP/CORE DATA
One Block 101 (Configuration) Block 124 (Configuration)
One or more Block 9 (For Broadcast Ephemeris) Block 9 (For Broadcast Ephemeris)
Many Block 6 (Data Blocks) Block 55 (Data Blocks)
One or more Block 10 (Weather)

The configuration Block (101 or 124) must appear before any data blocks.
The first weather block (BEPP/CORE only) must appear before any data blocks.
Any FICA Blocks not shown above are ignored by STARPREP and GASP.

After verifying these essential pieces of information discussed here, the FICA file is ready for
preprocessing in STARPREP. If the FICA file was edited in any way, the new (edited) file must be
checked for these essential elements before proceeding. If more than one configuration Block (101 or 124)
exists in a file, only the first one will be used by STARPREP.
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6. PREPROCESSING (STARPREP)

6.1 Overview

The GEOSTAR PREPROCESSOR program is designed to accomplish a number of essential,
routine functions which are necessary to exploit the data for the maximum precision possible. A list of the
standard data corrections applied by STARPREP and their functional dependencies is shown in Table 2. A
detailed mathematical formulation of these corrections can be found in Malys and Ontiz [op.cit.]. The main
function of STARPREDP is to create the 'POINT File' which GASP uses to perform point positioning. The
POINT File contains the corrected L1 tracking data, the interpolated satellite ephemerides and clock states
and the values for the individual data corrections which were applied. It also contains a header which
identifies the data set. Sample STARPREP runstreams are given in Section 6.2.

TABLE 2. Data Corrections and Their Functional Dependencies

Correction / Function of Data Surface A priori Adopted
Values Weather Position Ephemerides/
Obs. Estimate Clock States
1. Epoch of Receipt to
Epoch of Transmission v
2. Satellite Clocks v
3. Receiver Offsets®
4. Ionosphere v
5. Troposphere ) ) v
6. General Relativity v
7. Earth Rotation v v
8. Satellite Antenna Offsets v v

* The TI4100 frequency offsets of -6000 Hz and +7600 Hz are modeled away by adding 6000(At) cycles and
subtracting 7600(At) cycles to/from the L) and Ly recorded carrier beat phase respectively, where At

represents the time interval (seconds) between the data value epoch and the current reference epoch for a
particular satellite.

6.2 Sample STARPREP Runstreams

Sample runstreams which specify the selection of broadcast or precise ephemerides/clocks are given
in Figure 4. The following 7 data corrections are to be applied for all geodetic positioning applications:

Range Ionosphere (IR) Satellite Clock (SC)

Doppler Ionosphere (ID) General Relativity (GR)
Earth Rotation (ER) Satellite Antenna Offset (SA)
Hopfield Troposphere (TH)

These corrections are selected in the STARPREP runstream by the use of their two-letter codes
shown above. The 'CMPUTCOR' card image in the runstream designates which corrections are 10 be
computed, while the '"APPLYCOR' card image designates which corrections are 10 be applied to the
pseudorange and converted, carrier beat phase data. The 'PLOTCORR' card image in the STARPREP
runstream is used to designate which corrections are to be plotied.
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The cosrections for the TI4100 receiver frequency offsets are automatically applied in conjunction
with the doppler ionosphere correction. Further details regarding the frequency offset correction are given in
Malys and Jensen (op.cit.}, and in the note at the bottom of Table 2.

Occasionally, there may be reason to belicve that a particular GPS satellite was behaving
erratically or experienced some anomaly during the collection of a given data set. By modifying the
STARPREP runstream, any particular satellite(s) may be exciuded from the point positioning process.
Satellites which operated on a quartz crystal frequency standard during the data span
must always be excluded. To accomplish this exciusion, the user removes all lines in the runstream
which refer to the PRN number of the satellite(s) to exclude. The unit numbers for the file assignments
must be modified such that they are continuous, sequential, in ascending order and commence at 11 and 51
(for broadcast preprocessing) or 11, 21, and 51 (for precise preprocessing). The excluded satellite(s) must
aiso be removed from the satellite selection list represented by the 'SELECTSV' card image. The sequence
of PRN numbers in the 'SELECTSV' card image must match the sequences of PRN numbers in the file
assignments. Examples are given in Figure §.

In all cases, only satellites which are known to contribute to the FICA file are allowed to be
referenced in the STARPREP runstream. If a particuiar satellite is listed in the STARPREP runstream and
this satellite is not present in the FICA file being processed, the preprocessor will fail. The overall
STARPREP processing time for a typical FICA file is only about 2 to § minutes (on Unisys equipment).

STARPREP PLATIVILLE DAY 223 1989

SHOG.P *oUKNCLASSIFIED® SHOG P s *LNCLASSIFIEDew

IPRT .S ESOT*MAL YS.NCWSTARJRUNBALL APRT, S CSGT MAL YS.NEWSTARJRUNPALL
SXQT CPS AFICASTARPREP.PTSTARPREP/PCL OCK EXQT (FS*FICASTARPREP.PTISTARPREP /PCLOCK
ASGFILES 3 GELOSTAR®*STATICNLOG. ASGFILES 4 GEOSTAR*STATIONLCG.
ASGFILES 7 CGEOSTARSGASPLAAS 223, ISGFILES 7 GEOSTARSGASPLAAG 223,
ASGFILES 10 GLOSTAR®*PTPLASZ2:Y6. ASGFILES 10 GEOSTAR*PTIPLAS2Z3P,.
ASGFILES 11 GEOSTAR«038SPLA9223T . ASGFILES 11 GEOSTAR+O385PLAG223T .
ASGFILES 1c GEOSTAR®O0 &S SPLADZZST o MSGFILES 12 GEOSTAR®(685PLAG223T,
ASGFILES 13 CEOSTARQI8SPLAS 23T & ASGFILES 12 GEOSTARSCO8 SPLAS223T .
ASGFILES 14 GEOSTARSTIE SPLA9 23T . ASGFILES 14 CEOSTARC1185PLAS223Y.
ASGFLILES 15 GEOSTAR®1285PLA9 23T . ASGFILES 13 GEOSTARST285PLAG 2.3V .
ASGFILES 16 GEOSTAR® 1 38SPLAS2.3T . ASGFILES 1o GEOSTAR®1385PLAG223T .
ASGFILES 31 GEOSTARSHTE SPLAG223P ASGFILES 21 GPSPEFD389218.
ASGFILES 32 GEGSTAR®RCESPLAD2:3P o ASGFILES 22 GPS*EFDO89218.
ASGFILES 33 CEOSTAR®SVESPLAD2:3P . ASGFILES 23 GPS*EFC989218.
ASGFILES 34 CEOSTARASTASPLAD223P & ASGFILES 24 GPS*EF1189218,
ASGFILES 41 GEOSTARSMNE T, ASGFILES 25 GPS*EF1289218.
ASGFILES 42 GCOSTARSMRC V. ASGFILES 26 CPS+EF1389218,
ASGFILES &3 GEOSTAR®NSAT. ASGFILES 31 GEOSTAR®NTASPLASZZSP .
ASGFILES 44 GEOSTAR*MST A. ASGFILES 32 GEOSTARSRCESPLAGZZIP .
ASGFILES 51 GEOSTAR®PTD 3223L0UT, ASGFILES 33 SEOSTAReSVESPLAG223P .
ASGFILES 52 GEOSTAR*PTD6223LOUT. ASGFILES 34 GLOSTARSSTESPLAOZ23P.,
ASGFILES 53 GEOSTARSPTD9223L0UT, ASGFILES &40 SPSePC89218.
ASGFILES 54 GEOSTAR*PT131223LCUT, ASGFILES &9 GEOSTARSANE T,
ASGFILES S3 CEOSTARSPTI2232L0UT, ASGFILES 42 GCEOSTARSRRC V.
ASGFILES So GEOSTARSPTT 3227 OUT, ASGFILES 43 GEOSTARSMSAT.
PPROCSFA  EDIT TTAGCOR DATACOR ASGFILES 44 GEOSTAR®NSTA.
CHPUTCCR 10 M ER TC SC R SA 1IN ASGFILES Sq GEOSTARSPTO3223LCUT,
APPLYC CR 10 M ER TH SC GR SA ASGFILES S GEOSTAR*PTOO223L0UT.
PLOTCC AR ID IM ER TH SC GR SA ASGFILES §3 GEOSTARPTO9223LCUT,
EPHENK IS 8 ASGFILES S4& GLOSTAR-PTT1223LQUT,
EDCATRCL RCYOPT TOLOPT ASGFILES S5 GEO5TARSPTT2227LCUT,
DEBLGS CN QBUG ASGFILES So GECSTARePTT I223L0UT,
LOGICALS SETERM PPROCS EQ CDIT TTAGCOR DATACOR
SLLEZCTSY 36 9 1112 13 CHPUTCCR I0 IR ER TC SC &R SA M
ENDLINFLT APPLYCCR ID IR ER TH SC GR SA

PLOTCCRR D IR OER TH SC 6R SA
EPHEMA IS 4

EDCRTRCL RCVOPT TOLOPT

DCaUGS Cn (3171

LOGLCALS SETEM
SLLECTSY 3 6 911 12 13
ENDINFLY

Figure 4. Broadcast and Precise STARPREP Runstreams
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SHDG P * SLNCLASSIFIEDee STARPREP PLATIVILLE DAY 223 1989 NO PRN 9
SPRT, S €ESOTeMALYS NEWSTAR JRUNPALL :

SXQT GFS*FICASTARPREP.PTSTARPREP /PCL OCK

ASGFILES 4 GEOSTARCSTATIUNLCG.

ASGFILES 7 GEOSTAR®GAS PLAAG 22X,

ASGFILES 10 GEOSTARPIPLAG2Z3IPE.

ASGFILES 11 GEOSTAR=Q325PLAG223T .,

ASGFILES 12 GEQSTAR=OGBSPLA9223T.

ASGFILES 13 GEOSTAR®191ESPLAS223T,

ASGFILES 14 GEQOSTAR®TI2BSPLAG223T .

ASGFILES 15 GEOSTAR®1325PLAG2:3T .

ASGFILES 21 GPSeEFO 329218,
ASGFILES 22 GPS*EFO0689218.
ASGFILES 23 GPS*EF1189218.
ASGFILES 24 GPS*EF 1289218,
ASGFILES 25 GPS*EF1389212.,
ASGFILES 31 CEOSTAR*BTIS SPLAG223P
ASGFILES 32 GEOSTAR®RCBSPLAY 223P
MSGFILES 33 GEOSTAR*SVESPLAG223P
ASGFILES 34 CEQOSTARSSTE SPLAG223P
ASGFILES 40 GPSePCE5218.
ASGFILES 41 GEOSTAR*MME T,
ASGFILES 42 GEOSTARMRC V.
ASGFILES 43 GEOSTARMSAT.
ASGFILES &4 CEOSTARMSTA.
ASGFILES St GEOSTARSPT(322FLOUT,.
ASGFILES S2 GEOSTAR*PTD62231L 0UT,.
ASGFILES S3 GEOSTARSPTI1223L0UT,
ASGFILES S& GEOSTAR*PT2222LCUT,.
ASGFILES S5 GEOSTAR®PTT 3223L0UT,
FPROCSEE  EDIT TTAGCOR DATACOR
CHPUTLCR 1D I ER TC SC GR SA 1M
APPLYC(R ID M ER TH SC GR SA
PLOTCC AR I0 IR ER TH SC GR SA
EPHEMR IS 1 4 :
EDCNTRQAL RCVOPT TOLOPTY

DEBUGS ON asue

LOGICALS SETER

SELECT SV 3 611 12 13

EUDINFUT

¢ s o 0

Figure 5. STARPREP Runstreams for Excluding a Satellite (PRN 9 has been excluded)
6.3 Broadcast or Precise Ephemerides and Satellite Clock States

The STARPREP preprocessor allows the user to choose from two sources of GPS ephemerides
and satellite clock state estimates. These two sources are referred 10 as broadcast and precise. The broadcast
ephemerides and clock states are predictions which are derived from the 5-station network operated by the
US Air Force while the precise ephemerides and clock states are weekly post-fit estimates computed at
DMAHTC using the OMNIS program. The precise ephemerides and clock states are estimated from data
collected at the 5 DMA fixed sites and the 5 Air Force sites. This combined 10-station network provides a
globally distributed, balanced station set and thus considerably improves the estimated ephemerides and
clock states. While the broadcast and the precise ephemerides/clocks are both generated using the WGS 84
system of constants and models, the geodetic user must remember that the broadcast messages are
predictions of where the satellite will be in the future and can never be as precise or accurate as the post-fit
estimates which are generated by OMNIS. The disadvantage of using the precise ephemerides/clocks is the
delay of a few weeks before the precise ephemerides/clocks are available. This is rarely a problem in
geodetic surveying.

The STARPREP algorithm is designed 10 use precise satellite clock states which were estimated
along with the precise ephemerides. The only time the broadcast clock states are used is when the broadcast
ephemerides are selected. This selection occurs automatically in the STARPREP algorithm.

One of the reasons for maintaining the option to process broadcast ephemerides/clocks is the
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possibility of using STARPREP/GASP in the field on an appropriate portable computer. Field use would
require the use of broadcast ephemerides/clocks. While the positions estimated in the field would be inferior
to those estimated from the precise ephemerides, they would be adequate for validating the data set and
would provide initial coordinates for the fixed end of a baseline. In the usual post-processing environment,
the use of broadcast orbits can facilitate the resolution of problems with a data set and provides an
opportunity to evaluate the broadcast data if the station coordinates are precisely known in advance. For

routine, precise geodetic point positioning, the DMA precise ephemerides and satellite
clock states must be used.

6.4 The Point File

The primary file which is generated by STARPREP is referred to as a POINT FILE'. This point
file contains the corrected L; data, the interpolated ephemerides and satellite clock states and identifying
information which indicate the corrections that were applied and the source of the ephemerides and clock
states. A sample of the ASCII form of a point file (generated by the utility program PTDUMP) is given in
Figure 6. Note that the point file form used by STARPREP is binary. The structure for the contents of a
point file is also given in Figure 7. The ASCII form can be visually inspected if problems occur.

A POINT file naming convention has been established within DMA. The structure of the name is
as follows:

Example: GEOSTAR*PT2719148PA.

Where ‘GEOSTAR? is the Unisys qualifier and would not be necessary on non-Unisys equipment.
The remainder of the file name is the critical part:

Character 1-2 PT indicates a POINT file
3-5 271 last 3 digits of station identifier
6 9 last digit of year data was collected
79 '148' day number of year that data was collected
10-12 PA’ P’ indicates Precise ephemeris/clocks,

'B' indicates broadcast ephemeris/clocks
'A’ (optional) or some other designator
indicates which subset of the original data set
was used.
For DEC (VAX or MicroVAX, the file name extension ' PNT should be used.
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Figure 6. Sample of a Portion of a Point File
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PCINY FILE RECORT OESCRIPTION

RECO®L #1 (FILf HEADER, 1 FER FILE)

- S T S Y R @ R R T G T R D e U WA T e A A S = S e > - m—

WOKD & - VARIfBLE - TYFE - LESCRIPTION
1 sTIe 1 STATION HLPEER
2 SIT 1D 5 STATION NUPEER
3 STLITI r STATION CCCRDINATE, LATITUDE (DEG)
4 STLENT e STATION CCCRDINATE, LONGITUDE (DEG)
s STHIL t STATION CCCRDINATE, HEIGHT (KM)
é NUM SV 1 NUPEER OF SATELLITES IN DATA FILE
7 ISVLLIST 1 LIST OF SATELLITES IN DATA FILE
15 SVRECN 1 ALDRESS FCF EACH SATELLITE”S DATA (NOT USEC)
23 CAT £ €*6  PROCESSINE DATE
2% 1R 1 YEAR OF STZRT OFf DATA
25 MSTYPE t*2  MEASUREMEAT TYPES ON FILe
2 EPHIYP Ce2  EFHEMERIS TYPE
27 NCO FRA X NUMEER OF CORRECTIONS APPLIgD
28 CCRFA €2 LIST OF CCRRECTIONS APPLIED
29 NCOFRC 1 NLMEER OF CORRECTIONS CO™PUTED
39 CCRFC - Ce2 LIST OF CCRRECTIONS COMPUTED
31 RRM 11 s REQUESTED FEASUREMENT INTERVAL, SgC
32-%: COMNT C*3¢ CCMMPENTS CN FILE HEADER

RECCRE 82 (DATSH RECORDS, 1 FOR EyEqY CARATA PCINT)

L S ettt TR A L Ll Dol Lt Ll Lt

R W - . - - . e . -

—— e - - - -— - -— ——

WORD # - VARIMLE - TYFE -~ EESCRIPTION
1 PRN b SATELLITE FRN NUMBER
< NGK R I GFS WEEK MLFMBER
2 T C MEASUREMENT TIME OF TRANSMISSION, SEC
4 RC D CCRRECTED RANGE MEASUREMENT,
5 11 D CCRRECTED COPPLER MEASUREMENT,
¢ Teur 0 CLFULATIVE TIPE
7 XSAT(9) [} INTERPOLATED SATELL1ITE POSITIONMN, X~COMPCNENT
& XSaAv(2) o INTERPOLATED SATELLITE POS1IT10N, Y~COMPCMENT
S XSaT(3) b4 INTERPOLATED SATELLITE POSITION. I~COMPOANENT
1C DOPCFF t DCPFLER OFFSET CORRECT ION, KM (NOT USED)
1 EROT ] EARTH ROTATION CORRECTION, K™
1c GENFEL 1} GENERAL RELATIVITY CORPECTION, XP
12 ICNCR ] RANGE IONCSPHERIC CORKECTICh, KM
14 ICNCD 2 DCPPLER ICNOSPHERIC CORRECTION, KM
1% ARTCEF t ANTENNA OFFSET CORRECT ION, KM
1¢ SVCik e SATELLITE (LOCK CORKECTICN, KM
17 TROFCH £ CEAQ TROPCSPHERIC CORRECTION, KM
18 TROFHO D HCPFIELD TROPOSPHERIC COPRECTIOK, KR
19 TCF e . t TI®E EIAS LPDATE, KXm
2¢ RVAR S RANGE MEASLREMENT VARIANCE, Khewr?
21 DVAFR S DCPFLER MEMPSUREPENT VARIANCE, KMee2

Figure 7. Point File format




6.5 Quality Control - Analysis of STARPREP Output

Selected output from a normal STARPREP run is shown in Appendix B. The collection of input
files which were used to generate the output shown in Appendix B is available as a test data set. The input
files consist of the FICA file, the DMA precise ephemeris files, and the precise satellite clock file. The
PLOTCORR option should always be invoked in the STARPREP runstream. This option produces plots
of all applied data corrections, by satellite, as part of the STARPREP output. These plots are very helpful
in understanding the corrections. They are also very helpful in resolving problems with a particularly
difficult data set. Note that the plots do not contain values for every data point. Only every nth point is
used to generate the plots. Each STARPREP output plot should be examined for the following
characteristics:

> 'Uncorrected range vs time' and 'Uncorrected Doppler vs time': The plots should be linear or 2nd order
curves with possible gaps where no data was collected from a particular satellite. Discontinuities in the
Doppler plot should correspond to cycle slips or scenario changes.

> ‘'Satellite # range iono vs time': Corrections plotted on this graph should range between 0 and -15
meters. All corrections should be negative. The random nature of these corrections reflects the normal
pseudorange noise.

> ‘Satellite # Doppler iono vs time": These ionospheric corrections are used to identify cycle slips in
either L or Ly, These cycle slips appear as steps in the comrection values. While these cycle slips
normally do no harm in the GASP algorithm, they are of interest for further detailed analysis. These
corrections should be in the range of 0 to +15 meters.

> ‘Satellite # sat. clock vs time": This graph should appear linear or vary smoothly over the span of
data. These corrections are interpolated from the precise satellite clock biases and serve to correct the
individual satellites to GPS time. When broadcast ephemerides and clocks are used, these corrections
are computed from the polynomial coefficients found in the FICA Block 9s.

> ‘'Satellite # relativity vs time": This plot should vary smoothly over the data span. The plot should be
linear, or a 2nd or 3rd order curve.The correction values should range between 0 and +15 meters,

> ‘'Satellite # earth rotation vs time": This plot should be linear, or a 2nd or 3rd order curve. The
correction values should be in the range 0 10 +40 meters.

> 'Satellite # sat. antenna vs time': This small correction should be linear, or a 2nd or 3rd order curve.
The correction values should be less than 1 meter.

> ‘Satellite # Hopfield roposphere vs time": The plot should be linear or a 2nd or 3rd order curve. This
correction is dominated by the elevation angle and as such, should vary smoothly over the span. A
spike or discontinuity may indicate that an incorrect ephemeris file was assigned in the runstream.
Correction values should be in the range 0 to 30 meters.

Other items to check:

> Check that the Ephemeris Source' is Reference’ if the DMA precise ephemerides and clock states were
selected in the runstream. In the rare cases when STARPREP encounters a problem locating the proper
precise ephemeris and satellite clock files, it will default to the Broadcast ephemeris and clocks. This
will be noted in the '‘Ephemeris Source’ message.

> Check that the 'Corrections : Computed Applied' are as expected.

> Check and note 'Output File Name' as the Point File name which will be used to input 10 GASP.
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7. POINT POSITION ESTIMATION (GASP)

7.1 Overview and Sample Runstream

Two files which STARPREP produces are required inputs to the point positioning program
(GASP) (The Geodetic Absolute Sequential Positioning Program). These files are the poijnt file and the
station file. The only information needed from the station file is the antenna height (monument to base
of antenna). STARPREP obtains this antenna height from the FICA file Block 101 or Block 124. Recail
that the antenna height should be verified against the field sheets when the data set is reviewed. GASP
automatically applies the constant, known offset from the base of the TI antenna to the mean electrical
center (0.22733 meters).

The standard GASP runstream is much simpler than STARPREP's. Only two files are assigned
and unless some experiments are being conducted, the standard options (A) are all that need to be specified.
An example of the standard GASP runstream and an example of a GASP runstream which allows selection
of non-standard options are shown in Figure 8. A complete sample GASP output is given in Appendix C.

Typical overall processing time for GASP is only 1 to 2 minutes (Unisys equipment).

SHDG LN LASSIFIB GASP PLAT TEVILLE DAY 223 -—PRECISE EPHR=—
SPRT +S GSGT ~MAL ¥YS .RUNSTD

SASG,T 35,

SERS %

8XAT GFS *CASP.GASP

GEOSTARe FIPLAGZZZ P,

A (CHODSE STANDARD OPTICNS)
GLOSTARe SIEZSPLAR23P,

SHDG UNCLISSIFIE® GASP PLATTEVILLE DAY 223 ~~=PRECISE EPHR-~-
2PRT,S GSGT«MAL YS cRUNGASP

SASG.T 15,

QERS 35,

SXQT GFS *GASP.GASP

GEOSTARe PIPLAGZ TP,

-] (CHOOSE OPTIONS)

P {PLOT TO PRINTER)

1s CELEVATION ANGLE CUTOFF, DEGREES)

3.03 (RRS SCREENING PULT IPLIER)

5,00 C(PSEUDORANGE COITING TOLERANCE, METERS)

(] (DO NOT CSTIMATE 4TH PARAMCTER)

2 (USE A PININUS OF “N° SVS PER EPOCH PAIR:2,3,0R4)

L3 (MO OFFSLT TO APRIORI STATION POSITION)

20.0 (SID DEV OM GAsp Q3 SERVABLES, CMm)

gaﬂi (STO OEV OEEAPRIORI PCSITION CORPOKENTS. KN)
(PRN 7 AS ASE” SAY

GEOSTARe S18SPLAG Sob 3 o DEFAULY IS 0g (SEQUENCES))

BAT

c3

SEQ

c?

Eno

Figure 8. Sample GASP Runstreams




7.2 Algorithm Description

The corrected carrier beat phase data is known to contain biases, integer cycle ambiguities and other
undesirable characteristics which are dependent on factors such as initial acquisition epoch, cycle slips and
receiver frequency standard fluctuations. Moreover, common errors may be inadvertently introduced through
the application of less than perfect data corrections such as those associated with the atmosphere, and less
than perfect estimates of the satellite ephemerides and clock states. In an attempt to remove these
undesirable contributions, the GASP algorithm is designed around a differencing scheme which cancels
common errors in the corrected data and adopted satellite ephemerides and clock states.

The first step in forming an observable is to difference two consecutive carrier beat phase
observations (converted to kilometers) of the same satellite. Typically, the interval between consecutive
observations is 30 seconds. This between-epoch difference (a biased delta-range) is then differenced with a
corresponding between-epoch difference from another satetlite. One 'GASP observable' is formed from data
collected at one station from two satellites at two consecutive epochs. Since the TI4100 receiver tracks up
to four satellites simultaneously, a given pair of data epochs can yield up 1o three 'GASP observables'. A
graphic representation of this differencing scheme is given in Figure 9. For each pair of data epochs
utilized, one satellite is used as the reference from which the others are differenced.
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Figure 9. Formation of GASP Observables (A & B represent two epochs separated by a 30 second interval)

After forming an array of GASP observables, a least squares estimation technique is applied such
that the vector of estimated parameters contains an ‘alteration’ to the a priori Earth-centered, Earth-fixed
Cartesian station antenna position components. No other parameters are estimated. After three iterations of
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the non-linear model, the estimated parameters, their scaled variance-covariance matrix and the RMS of
residuals are passed to a sequential estimation algorithm. This sequential technique (a Kalman filter)
utilizes the RMS of residuals from the least squares fit as the variance of a GASP observable. In the
sequential estimation technique, a parameter update is performed after each observable is processed. This
allows plots to be generated which show the position component estimates as a function of the data set
span. The level of convergence in the plots is one indication of the precision of the position estimate.
Analysis of residual plots and of a posteriori variance-covariance matrices are also helpful in evaluating an
individual result.

7.3 Pseudorange Minus Carrier Beat Phase Biases

Before the GASP observables are formed, each satellite is analyzed for consistency between its
pseudorange data and its carrier beat phase data. A delta-range is computed for each pair of data epochs by
subtracting two corrected pseudorange observations and also by subtracting two corrected, converted carrier
beat phase observations. Theoretically, these two delta-ranges should be equal. Since however, there are
different noise levels associated with these two data types, they will not, in general, be equal. A mean
difference between these two types of delta ranges is computed for each satellite in a point file. These mean
differences are listed in the beginning of the GASP output. These mean differences are referred to as delta
pseudorange minus delta carrier beat phase biases. These mean values are removed from each observable
tested in the procedure which edits data based on a 5 meter tolerance. (They are removed only for the
tolerance test, not in the construction of the observable.) Occasionally, the list of these biases will reflect a
problem with a particular satellite in the data set. Quality control criteria regarding these biases is presented
in Section 7.8.

7.4 Reference Satellite Sequencing

Whenever the GASP standard options are used, the reference satellite is selected sequentially, such
that for every new pair of epochs processed, the next higher available PRN number is used as the reference
in the differencing scheme. The choice cycles back to the lowest available PRN number after the list of
tracked satellites has been exhausted.

Before adopting this sequential reference satellite selection process, the authors tested the concept
that the satellite with the most stable clock should be used as the reference throughout the data span.
Comparison of statistics from repeated estimates however, indicated that the sequential approach offered
many more benefits. These benefits are rationalized in terms of reduced correlation among the observables.
The implementation of this sequential reference satellite selection process improved day to day repeatability,
the RMS of residuals (for most fits), and the variance-covariance and correlation matrices of the estimated
parameters by up to 30%. In particular, the GASP-estimated longitudinal component reaped almost all of
the benefits. There remains an option in GASP which allows the user to override the automatic sequencing
of reference satellites. This option is only meant for experimental purposes.

7.5 Rejected Data

Two kinds of data editing are performed by GASP. The first kind, discussed briefly in Section 7.3,
relies on a comparison of delta pseudoranges with delta ‘converted carrier beat phase'. If these two kinds of
delta ranges differ by a user-selected tolerance (5 meters), the GASP observable (composed of two delta
converted carrier beat phase observations) is rejected from the data set. This kind of editing is referred to as
pseudorange editing. A cecond editing method uses an RMS screen of 3 times the previous iteration's RMS
of residuals (the RMS is initialized before the first iteration). Any observables which have a residual greater
than 3 times this RMS are rejected from the data set.

Experience with GASP has shown that the pseudorange editing process generally performs most of
the editing. The RMS screening process usually only edits significant amounts of data when the a priori
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coordinates are very poor or if a particular satellite is behaving erratically. Quality control criteria regarding
rejected data are given in Section 7.8.

7.6 Batch Least Squares versus Sequential Estimation

As described in Section 7.2, GASP utilizes two different estimation methods. The first is a batch’
least-squares technique and the second is a sequential technique, usually referred to as a Kalman filter. Since
each of these methods offers specific advantages, they are used together to maximize the extraction of useful
information from the adjustment process. The standard options in GASP employ three iterations of the
batch least squares method, then one iteration through the sequential method. Results from the batch
method provide all the inputs to the sequential method. The estimated station coordinates from the batch
method serve as a priori coordinates for the sequential method. The uncertainty on the coordinates entering
the sequential stage are de-weighted to avoid constraining them to the batch results. The standard deviations
are multiplied by 100 before they are used in the sequential processor. Most importantly, the batch method
provides a measure of data noise to the sequential processor. The final RMS of residuals from the batch
processor is used as the standard deviation of one GASP observable processed through the sequential filter.
Any data that was rejected in the batch processor remains rejected in the sequential processor.

Since the sequential processor updates the estimated station coordinates as each new observable is
processed, a series of estimated station coordinates can be plotted as a function of the data span used. These
plots are provided as part of the standard options. The level of convergence in these plots (one each for the
X.Y and Z components) serves as an indication of the precision of the final estimated coordinates.

7.7 Variance-Covariance and Correlation Matrices

The batch least squares and sequential estimation techniques both provide for the estimation of
uncertainties on the estimated parameters. In our application, the estimated parameters are the three
Earth-centered, Earth-fixed (ECEF) Cartesian station coordinates. An estimate of uncertainty on these
coordinates can be obtained from the variance-covariance matrix for the estimated parameters. A measure of
linear independence among the estimated parameters is obtained by developing the correlation matrix of
estimated parameters. The variance-covariance matrix and the correiation matrix are symmetric matrices.

A posteriori standard deviations for the estimated ECEF station coordinates are obtained by taking
the square root of each diagonal element of the variance-covariance matrix. These diagonal elements
represent the estimated variance of each ECEF component. Experience has shown that these standard
deviations are realistic estimates of the precision of the estimated point position components. The user will
notice very good agreement between the standard deviations estimated in the batch least squares processor
and the sequential processor.

The off diagonal elements of the variance-covariance matrix are the covariances and are used to
compute the linear correlation coefficients which make up the correlation matrix.

7.8 Quality Control - Analysis of GASP Output

The output from each GASP run is to be analyzed to ensure that the estimated position and
relevant statistics are reliable. The following list describes the items which must be checked.

> 'The selected options that will be used are': Check all values. For normal, standard processing, the
reference satellite should be 00 to indicate reference satellite sequencing.

> ‘'Echo of station file' (unit 34)": Check station file name and a priori station coordinates.
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> 'Distance From Ground Mark to Base of TI4100 Antenna: Check against height from field notes.

> 'Summary of Reference Satellite Selections: All PRN's in the associated STARPREP run should be
shown. When reference satellite sequencing is used (as it should be in all standard runs) the No. of
Times Used' should be approximately commensurate with the amount of data available from each PRN.

> 'Mean of Delta Pseudorange - Delta Carrier Beat Phase for Each Satellite in this Data Set”: In general, a
good data set will yield values for these biases which are in the range of a few centimeters to a few tens
of centimeters. Values higher than about 50 centimeters indicate a problem with that particular
satellite or a small amount of data from that particular satellite. If any of these biases is orders of
magnitude different from those of the other satellites, go back to STARPREP and exclude the outlier
satellite from the data set.

> 'Rejected Data': Whenever an observable is rejected by GASP the following information is provided to
the user:

Reason for rejection: PSR EDIT=> Psendorange edit iolerance failed; RMS EDIT=> Residual outside of RMS screen
Observable location in the data array (DPAR) (two locations, this array is arranged in maiched pairs)

Satellite PRN numbers (two different PRN numbers representing the between satellite difference)

Time tags (these should always differ by the data collection rate, usually 30 seconds)

Difference of delta ranges for each satellite (for a PSR edit)

Residual and RMS screen limit (for an RMS edit)

In very rare cases, large systematic values for a PRN# in PSR EDIT> are found. This condition
indicates a problem with the data (anomalous pseudorange or carrier beat phase data values have entered the
Point file). Since each PRN number is sequentially paired with other PRN numbers to form the
observables, a large amount of data from 'good' satellites can be thrown away. If the anomalous data values
cannot be located and removed, the satellite must be excluded in the STARPREP run. This problem is
sometimes eliminated by altering the data span by 30 seconds.

7.8.1 After Three Batch Iterations Check the Following:

> A Posteriori Variance of Unit Weight": Should be in the range 0.8 to 1.2. This insures that a valid
measure of data uncertainty has been passed to the sequential estimation module.

> 'Correlation Matrix of Cartesian Estimated position': If any off-diagonal correlation coefficient is near 1
in absolute value (>0.8), a problem should be suspected. The geometry of the data set should be
analyzed along with the data rejected by GASP.

> 'Estimated Standard Deviations on X,Y,Z (m)": These standard deviations should be less than 1.5
meters. The Z component is usually smaller than X or Y.

> 'Current RMS of (Mean(O-C)-(0-C))": Should be less than 5 cm. ‘O-C' is Observed minus Computed
where 'O’ is the GASP observable constructed from the corrected L1 carrier beat phase data and 'C' is
the predicted (modeled .computed) value, obtained from knowledge of the satellite state vectors and the a
priori station position vector.

> Number of GASP observables Used": Should be greater than 220.
> 'Percentage of Data Rejected”: After each iteration, the percentage of rejected data is given. Typically,

this percentage is between about 5 and 15%. Before each new iteration is started, a summary of the
remaining data epoch pairs, sorted by satellite, is listed. By analyzing the rejected data and the
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remaining epoch pairs list, it may be found that a particular satellite is being nearly completely rejected
from the data set. If more than 25% of the data was rejected, go back to STARPREP and regenerate the
point file with the troubled satellite exciuded.

Check the Plot: 'OMC(km) vs Time (secs) for # 3 Iteration' These 'residuals’ must be of a random
nature on the 3rd iteration. Note that in the first iteration, poor a priori station coordinates will
produce systematic traces on these plots, this condition presents no problem as long as a normal
amount of data was rejected. The 'O-C' plot on the third iteration must always appear random. Bad
data or incorrect ephemerides will also produce systematic traces.

7.8.2 After the Sequential Filter Processing, Check the Following:

All items listed in section 7.8.1 (there will only be one 'OMC vs Time' plot and no a posteriori
variance of unit weight)

"Mean of Delta pseudorange - Delta carrier beat phase for each satellite in this data set': as described in
section 7.8.

Plots of 'X,Y and Z Coordinate (km) vs Time (secs): These important plots show how the Kalman
filcer estimate converges over the data span. If any of these components appear to 'wander around'
beyond the level of 1 meter after a few hours of data has been processed, the user should suspect a
problem and begin examining the data set. The user might find, for example, that the receiver tracked
only 2 satellites for some period of time. This period may correspond to the period where the station
coordinate estimates are ‘wandering'. If such a situation occurs, the data set should be edited (to keep
only periods where 4 or more satellites were tracked) or discarded.

Compare the filter's position estimate to the estimate given at the end of the batch processor. The
numeric comparison is already done where the ‘Initial - Final Station Differences' are given, In the case
when the sequential processor is used, the 'initial' station position estimate is provided by the baich
least squares processor. These two position estimates should not differ in any component by more than
30 cm. Theoretically, if no further data is rejected in the sequential processor, and if the 'Q'ing is set to
zero in the filter, these two position estimates should be equal.
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8. PRECISION AND ACCURACY
8.1 Definitions

The terms ‘precision’ and 'accuracy’ have distinct meanings and should not be interchanged in any
discussion of geodetic positioning results. The precision of an estimated parameter is a measure of the
degree to which the results are repeatable. In general, it is acceptable to interchange the terms
'repeatability’, 'internal consistency’, and precision. The standard deviations of the estimated station
coordinates which GASP generates are measures of precision.

In order to evaluate accuracy, a well-known, independent standard of known higher accuracy must
be available. In other words, some 'truth’ values must be available for comparison. In geodetic positioning
work, these ‘'truth coordinates' might be obtained from other advanced satellite geodesy methods such as
Satellite Laser Ranging (SLR). If no such independent standards of accepted higher accuracy are available,
there is no direct way to evaluate the accuracy of positioning results. Even when highly accurate standards
are available, reference frame differences may be present which will complicate the evaluation.

Figure 10 graphically portrays the distinction between accuracy and precision for a 2-dimensional
example. In the diagram shown on the right side of Figure 10, the offset between the cluster of estimates
and the 'truth’ position is referred to as a 'bias'.

y y o(go
o) @ Truth
¢ ° ®
(@) QO Estimate -
X X

More Accurate, More Precise,
Less Precise Estimates Less Accurate Estimates

Figure 10. Graphic Example of Accuracy and Precision

To quantify the precision and accuracy of GASP position estimates, an extensive study was
conducted by Malys and Jensen [1989]. Using over 200 data sets and the standard operating procedures
outlined in this document, the overall level of precision, measured by the standard deviation of repeated
positioning results, was found to be 73 centimeters in each component. An accuracy assessment was
performed by comparing a small number of GASP results to positioning results obtained through
VLBI/SLR methods. The mean difference between a GASP component and a VLBI/SLR component, in
absolute value, was 76 centimeters. These levels of precision and accuracy are achievable on a routine basis
by following the guidelines presented here.

8.2 Reporting Positioning Results

Since there are a number of methods available for geodetic positioning with GPS data, results
must always be carefully documented and cataloged in a way which clearly shows which kind of positioning
was performed (absolute, static relative, or kinematic relative) and which software packages were used.
Since many GPS positioning aigorithms are still under development and undergoing enhancements, the
software version numbers should also be recorded. For point positions estimated by GASP, the following
minimum specifications should be entered into the user’s data base or whenever the results are provided 10
another organization:
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Station Name: DMA123
Method: GPS WGS 84 Absolute Point Positioning
Software: STARPREP (version 1.0), GASP(version 1.0)
Ephemerides and Satellite Clock States: Precise WGS 84 EF##89246, PC89246
Date(s) of Occupation: Day 247, 1989
GPS Receiver: TI4100 using GESAR (version 1.9)
Date of Point Position Estimation: 05, December, 1989
Data Collection Span: 4.5 Hours
PRN Numbers Tracked: 3,69,11,12,13
Final Number of GASP Observables: 350
Percentage of Data Rejected: 11.2%
RMS of Residuals: 4.1 cm
WGS 84 Fstimated Station Coordinat
Monument (X,Y,Z) (meters): 327259205 -6340165.804 612494684
Standard Deviations (X,Y,Z) (meters): 0.732 0.643 0451

Geodetic coordinates (monument): ¢= 5032'51.284" A=272057"17.293" h= 144.823 meters
Antenna Height (monument to electrical center of antenna): 1.523 meters

The standard deviations listed above can be used in number of ways 1o express statistical
probabilities regarding the positioning result. Under the assumption that the errors in a positioning result
are normally distributed, one standard deviation (+10) represents 68.27% of the area under the normal
distribution curve. If one wishes to express a 90% confidence level for a positioning result, the standard
deviations listed above should be multiplied by 1.6449. Ninety percent of the area under the normal
distribution curve is represented by 1.6449 . For example, using the sample Cartesian position
component uncertainties listed above, one can state: There is a 90% probability that these components have
precisions better than 1.2, 1.1, and 0.7 meters in X,Y and Z respectively.’ Note that this is linear error for
each component and not circular or spherical error.

Further details regarding statistical statements and probabilities can be found in ACIC Reference
Publication No. 28 [1971].
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9. Summary

The guidelines and procedures presented here provide a detailed overview of the STARPREP/GASP
GPS geodetic point positioning process. The specific' versions of STARPREP and GASP which this
document addresses have each been designated version 1.0. These initial 'production’ versions are based on
well documented, thoroughly tested, easily-maintained, portable FORTRAN 77 source code.

As of October, 1989, over 200 STARPREP/GASP point positions have been estimated using
version 1.0. If the procedures presented here are followed, very few operational problems are expected.
Users of the STARPREP/GASP software packages are encouraged to communicate with the authors of this
document if any discrepancies or anomalies are encountered when using the software with these guidelines.

Future upgrades of the STARPREP/GASP algorithms are anticipated. These upgrades would
involve refinements such as the inclusion of a stochastic zenith tropospheric delay parameter in GASP and
the ability to process new FICA configuration Blocks from BEPP/CORE data. As significant changes,
enhancements or modifications are made to the algorithms or software, this set of guidelines will be updated
as required.
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Appendix A. Field Logs and File Management Sheet

GPS FIELD LOG INSTRUCTIONS (OCTOBER 1988)

This GPS Field Log will be used with all GPS receivers, and serves as the official record of
observations. The form has been designed to provide complete documentation of each tracking
session, allowing the analyst to identify the data collected, the operational scenario and any
notable events that occurred during tracking.

The form is organized as follows:

Tracking Session Identification (top of each page)

Weather Data

Station Identification Real-time Receiver Position & Clock Solutions
Operator Identification Chronology of Events Log

Receiver Information GPS Antenna Height Worksheet

Tracking Scenarios

Complete this form for each tracking session. A “tracking session” is defined as a continuous
collection of data during which there are no intentional, deliberate or pianned breaks in the
tracking. It begins at a specific time when recording begins and it ends at a specific time when
recording is terminated. Any number of changes in scenarios may occur during one tracking
session. Tracking sessions differentiate data sets taken on the same day.

For items that are Not Applicable, enter "N/A".
For items that are Unknown, enter "Unknown®.
Enter page numbers at the bottom of each sheet.

TRACKING SESSION IDENTIFICATION (ALL PAGES)

PROJECT ID: Name of the project or campaign. Exampla: JPL Casa Uno Campaign Jan 88.

STATION NO. (DMA):  Station number assigned by DMA. If unassigned, leave blank for later
assignment during processing. Example: 85269.

DATE (UT): Day-Month-Year for the Universal (UT) GMT date when the tracking session

began.
Example: 23 Jul 88.
DAY of YEAR: Day number for the Universal (UT) GMT date when the tracking session
began.
Example: 209.
SESSION NO.:  Letter code to distinguish one tracking session from another on the same date
1st tracking session . ......... A
2nd tracking session ......... B
3rd tracking session . . ........ C., oetc

NO. OF CASSETTES: Total number of cassettes used during this tracking session. (Cassettes
shoukd be numbered sequentially for a given tracking session, station and
date.)
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DATA FILE NAME: File naming convention for data stored in computer or on diskettes. Use
an 11-character filename in the form "TXXXXYSF.DDD" where

T = filetype: ASCll......... A
Binary...... ... B
XXXX = rightmost 4 characters of DMA station no.
Y = lastdigit of the year
S = tracking session no.
F = diskfileno. : 1st file this tracking session . ... 1
2nd file this tracking session .. .. 2, etc.
DDD = Day no. (UT) for this session

Example : B52698A1.209

STATION IDENTIFICATION

ALTERNATE STATION NO.: Note other station numbers assigned to this station (benchmark, antenna
site) either before or during this project. Example: 11761.

STATION MARK AS STAMPED:Record the stamped information (not original castings) and type of mark
{brass, iron rod, cross chiseled in stone, unmarked, etc.).
Example: Herndon Optrack Army Map Service 1965.

MONUMENT ESTABLISHED BY:Organization responsible for establishing the monument; use the station
description card if available; otherwise use the casted identification or
agency that set the mark.

Example: U.S. Corps of Engineers.

LOCAL DATUM: Local datum associated with the station mark and description card.
Example: NAD 27.

LOCATION: Address, site, town, province, state, country, as appropriate.
Example: DMA Hemndon Facility, 925 Springvale Rd., Great Falls,
Fairfax County, Virginia, U.S.A.

LATITUDE: Station latitude in degrees-minutes-seconds; Indicate North (N) or South (S).
Use any available source - map, receiver solution, geodetic control sheet, etc.

Example: N 31deg 25 min 13 sec.

LONGITUDE:  Station longitude in degrees-minutes-seconds; Indicate East (E) or West (W).
Use any available source - map, receiver solution, geodetic control sheet, etc.
Example: E 243 deg 10 min 44 sec.

HEIGHT: Station height in meters. Enter either ellipsoid height or mean sea level height
as used for receiver input.
MSL = estimated mean sea level height (can use map)
ELLIPSOID = height above the reference ellipsoid, if known.
Example: 56.2m.

33




COORDINATE SOURCE: Source of latitude, longitude and height coordinates. If map sheet, record series,
date, agency, scale; If receiver, give manufacturer and model.
Examples: ONC E-19, 5/76, DMAAC, 1:1,000,000 or mission planning package.

REFERENCEDATUM:  Datum to which the above coordinates are referred. Example: WGS 84.

IS THIS A BASE (REFERENCE) STATION?: Enter yes, no, or N/A as follows --
Yes.... This station is a primary survey point or control point and will be used as one
of the primary geodetic positions for processing the data.
No...... This station is a secondary survey point not used as a primary reference station
for geodetic coordinates.
N/A... Not Applicable. This station is an independent point being computed as an
absolute position.

OTHER STATIONS TRACKING SIMULTANEOUSLY:
Station numbers of other stations simultaneously tracking during this session.

ANTENNA LOCATION: Antenna height in meters, as computed on the GPS Antenna Height Worksheet.
This value is entered into the receiver. Antenna height is measured from the top of the station mark to
the base of the GPS antenna. This does not include the distance between the electrical center of the
antenna and the base. Example: 1.68 m.

OPERATOR IDENTIFICATION
OPERATOR'S NAME: Name of operator of receiver.  Exampie: I M. Smart.

OPERATOR'S ORGANIZATION: Organization with which the operator is affiliated.
Example: DMA.

RECEIER INFORMATION

RECEIVER MANUFACTURER, MODEL, SERIAL NO.: Identify completely the receiver unit used.
Example: Texas Instruments, T1 4100, SN 85000555183.

ANTENNA MANUFACTURER, MODEL, SERIAL NO.: Identify completely the antenna used.
Example: Texas Instruments, Ti4100, SN 4141,

CLOCK MANUFACTURER, MODEL, TYPE, SERIAL NO.: identify completely the external oscillator
used, if applicable.
Exampla: Efratorn, FRK-30, Rubidium, SN 8585.

NO EXTERNAL OSCILLATOR USED:
If no external oscillator was used, check here on the form.

NAVIGATION PROCESSOR SOFTWARE NAME AND VERSION:
Name and version of navigation processor software used
inside the receiver to track satellites and make
measurements.
Exampla: GESAR Version 1.9.
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MEASUREMENT INTERVAL:

MEASUREMENT RECORDING INTERVAL:
Rate (interval) at which measurements are recorded or written

to tape or disk. Example: 30 sec.

REAL-TIME SOLUTION INTERVAL.:

Rate (interval) at which the real-time navigation solution
(position) is computed or updated by the receiver.
Example: 30 sec.

TRACKING SCENARIOS

For each scenario provided by the lead organization, enter the following information:

START TIME (UT) : Enter the SCHEDULED start time and the ACTUAL start time.
Example: 1020 1030.

SATELLITES TRACKED: Enter the PRN numbers of the satellites tracked.
Example: 6 9 11 13

WEATHER DATA

At planned, regular intervals, record the following weather data and key into the receiver if
required:

TIME (UT): UT time of the weather station readings. Exampla: 1430.

TEMPERATURE (°C) :Wet bulb and dry bulb temperatures in degrees Calsius.
Example: 24.6/36.8.

PRESSURE (Mb) : Barometric pressure in millibars. Example: 984.

RELATIVE HUMIDITY (%) :Relative humidity in percent. Example: 59.
REAL-TIME RECEIVER POSITION & CLOCK SOLUTIONS

During the tracking session, it is useful to record the position and clock solutions in order to
monitor changes in the receiver’'s position and clock estimates for quality control purposes.
This should be done at planned, regular intervals.

TIME (UT) :UT time at which the real-time receiver position and clock solutions are entered on
the form. Example: 2330.

LATITUDE (deg, min, sec) :Latitude displayed by the receiver in degrees, minutes and seconds.
I the receiver only displays positions in decimal degrees, use decimal degrees.
Example: 62-25-40 or 62.4278.

LONGITUDE (deg, min, sec):Longitude displayed by the receiver in degrees, minutes and

seconds. If the receiver only displays positions in decimal degrees, use decimal degrees.
Example: 288 -30-18 or 288.5050.

35

t——




HEIGHT (m) :Ellipsoid height displayed by the receiver in meters. Example: 141.3

CLOCK BIAS (time units) : Receiver clock offset from GPS time displayed by the receiver in
seconds. Example: -0.1407 microsec.

CLOCK DRIFT (timestime units) :Receiver clock drift (frequency offset) displayed by the
receiver in sec/sec, microsec/hr, etc.

. Example: 0.7671 microsec/hour.
CHRONOLOGY OF EVENTS LOG
TIME (UT) :UT time at which an event occurred. Example: 1317.
COMMENTS: Record error messages. Describe special actions taken, note if and when the
receiver was left unattended, document interruptions to tracking, etc.
GPS ANTENNA HEIGHT WORKSHEET
Compute the height of the antenna basa above the mark as indicated on the worksheet. Measure
heights in both meters and inches. Use the antenna constants provided on the worksheet or
supply new ones as appropriate for the antenna being used. Record any new constants on this

worksheet. Transfer the "Computed Antenna Height" to page 1 of this log form under the item
labeied "Antenna Location”.
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Station No. (DMA)

GPS FIELD LOG Date (UT)
Day Number
Session No.
No. of Cassettes
Project ID Data File Name
STATION IDENTIFICATION
Alternate Station Number Latide deg min
Longitude deg min
Station Mark as Stamped Height (meters)
MSL
Monument Established by Ellipsoid
Local Datum Coordinate Source
Location Reference Datum
Is this a base (reference) station? Yes No N/A
Other stations tracking simultaneously:
Station No. Station No. Station No.
Station No. Station No. Station No.
Antenna Location
Antenna Height (meters)
(see attached worksheet)
OPERATOR IDENTIFICATION
Operator's Name Operator's Organization
RECEIVER INFORMATION
Manufacturer Model Type Serial No.
Receiver ).9.90.9.9.0.9.0.9.4
Antenna ). 0.9.9.9.9.0.9.9.4
Clock
No extemal oscillator used
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10/88

GPS FIELD LOG

Page of

Station No. (DMA)

Date (UT)
Day Number
Session No.
No. of Cassettes
Project ID Data File Name
Navigation Processor Software
Name Version
Measurement Interval
Measurement Recording Interval Real-time Solution Interval
TRACKING SCENARIOS
Start Time (UT) Satellites Tracked
Scenario Scheduled Actual PRN Nos.
1
2
3
4
5
6
7
8
9
10
WEATHER DATA
Temperature (C) Relative
Time (UT) Wet Bulb Dry Bulb Pressure (Mb) Humidity (%)
Page____ of
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Station No. (DMA)

GPS FIELD LOG Date (UT)
Day Number

Session No.

- No. of Cassettes

Project 1D Data File Name

REAL-TIME RECEIVER POSITION & CLOCK SOLUTIONS

Time Latitude Longitude Height CIk Bias Clk Drift
(UT) (deg,min,sec) (deg,min,sec) (m) (sec) (sec/sec)

CHRONOLOGY OF EVENTS LOG

Time (UT) Comments
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Station No. (DMA)

Date (UT)

Day Number

Session No.

No. of Cassettes

Data File Name

GRS ANTENNA REIGHT WORKSREET

Orientation to North

B
TI 4100 l 0.084 m
7

BASE OF PREAMP
ComputedAntenna .
Heigl‘:t--- -Measured Slant Height
A= meters C= meters
inches = inches
2 2
A=(C -B) 12
Ht. of Mark
aboveGround
D=___ meters
—_inches
Page of
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Appendix B. Sample STARPREP Output

The selected pages of STARPREP output reproduced here represent the typical
output from a normal program execution. The entire output has not been included since
much of it is simply repeated for each satellite which was processed. The complete output
from which these samples were extracted was 97 pages.
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**ULCLASSIFI ED** DTARFRLP PLATTVILLE DAY 203 159§

GSGTAMALYS (1) NeWESTAR/RULEPALL (C)

1 S3USPI ML
2 ZHDGoF **LNCLASSIFIZD* STARPREP PLATIVILLE DAY 223 1959
3 SPRT, S CSUT*Mal YSJNEWSTARJRUNPALL
4 EXGT CF3$FICASTARPREP.PTSTARFREP/IPCL OCK
5 ASGFILEL 4 GEOLTAR®STATIONLOC.
o ASGFILES 7 GiOSTAR*GASPLAAG 223,
7 ASGFILES 10 GEOSTARSPTPLAST ¢3F,
g A5GFILES 11 GEO3TAF*DIC5PLAG 23T,
9 SGFLILES 10 CEOLTAR®06B SPLAYZCIT
1C ASGFILES 12 CEOSTARCOESPLAG2L3T,
11 ASGFILES 14 CEOLTAR=T185PLAG 3T,
12 ASGFILES 15 GLOSTAR®1.85PLAGZL2T.,
13 ALGFILES 1¢ GEOSTAR®*1 38 5P A% 2,31,
14 ASGFILES 21 GPSeEFCs89218.
15 ASGFILES 22 GPS*EFDuB921E.
16 ASGFILES 22 GPS»EF0989218,
17 ASGFILES 24 CPS*EF118921E.
18 ASGFILES 2% GPS+EF128921¢E,
14 ASGFILES 2¢ GPS*EF1358621L.
Q ASGFILES 21 GEOSTARSMTBSPLAG2:3P,
21 ASGFILES 32 GEOSTAR®RCESPLAS2:S3P .
22 ASGFILES 33 GEOSTAR*SVESPLA92C3P .
2 ASGFILES T4 GEO3STAR*STBSPLAY223P .
24 ASGFILES 4§ GPS*PCE9218.
S ASGFILES 41 GEOSTAR*MNMET,
6 ASGFILES 42 GEOSTAR=MRC V.
2? ASGFILES &2 GEOSTAR®MSAT.
26 ASGFILES 44 GEOSTAR=MST Ae ‘
29 ASGFILES 51 GEQSTARSPTQST23LOUT,.
30 ASGFILES 5S¢ GEOSTAR*PTI0OG2ILOUT,.
3 ASGFILEFS S3 GEOSTAR*PTL9223LOUT.
3 ALGFILES 56 GEOSTAR=PTTI1222LCUT,
13 ASGFILES 5S¢ GEOSTAR*PTYI ZL3LCLT,
34 SGFILES S50 GLOSTAR®PTII22YLCUT.
35 FPRJCS gL LDZYT TTAGCOR DATACGR
3¢ CMPUTCCR 10 IF IR TC SC GR SA TIM
37 APPLY CCh 1D IR ER TH SC GR SA&A
3z FLOTCCFR 1D IR ER TH SC R &
39 EPHEMK 1S P
4C EoCNTRCL ACVOPT  TOLOPT
41 DEBUGSCN QEUG
< LOGLCALS SETERM
%] SELECT SV 3 &6 9 11 12 13
44 ENCIMNFLY
45 SREJUPE,EC
4o L SJURCE
47 F 22

AXCT GPL*FICASTARFRLFLPTSTARPREP/PCLOLK

*2ULCLASSIFLED®e STARERLP PLATTVILLE DAY 2.3 195§
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*sUKNCLASSIFlEL*x STARERLP PLATTVILLE ©OaAY 223 19E&9
DATA CORRECTIONS LMMARY
PRN NG« NG+ OGS INPUT FILE KO. INPUT FILE [AME
3 c47 1" GeOSTAR*0325FLA9¢22T.
¢ 163 12 GEOSTAR®OG 85FLA9 23T,
g <C4 12 GIOSTAR=0y 85PLAT223T.
11 w62 14 GECSTAR*11 85FLAF222T.
1< 418 1% GEOSTAR*1c B5FLAT223T.
13 243 [ GEOSTAR*1385FLAP222T.

EPHEMERL1S SGURCCZ: REL FERLCNCIE

FRN NO. cPHEF « FILE L0 EPHEN. FILE KLAME
3 21 GPS*EFD3&921b.
‘ [ Ay GPS*EF0639216.
° o2 GPS*EFQ9:921E .
- 11 b GPS*EF1189216.
12 < S GPS*EF1239218,
13 6 GPS*EF1389216.
: CORRECTIONS 2 CCHPLTED APPLLED
RANGE IOLO RANGE IGONO
4 OCCPPLER IO0ND DOPPLLCR ICNO
SAT . CLOCK SAT. CLOCK
RELATIVITY RELATIVITY
EARTE ROTATE EARTH ROTATC
SAT o ARNTENRA SAT. ANTERNMNA

CFAC TROPO
hCPFLD TROPO

HOGPFLL TROPO

OUTPUT FILE NO.: 1%
OLTPUT FILE NAME: CLCSTAR*PTIPLAG223P.

3°

*e2ULCLALSLIFIE0*% STAFERLP PLATTVILLL
EEEEEEEE—— |
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S O GSUNCLASSEFITuce L YARERLP PLATIVILLL DAY 223 19E9

FILL SUMRARY

THE FOLLOMING FEILLS WwiRL ACCLSSED DURING THJIS RUN:

FILE NO. FILE kary NO. TINLS CPEHED PURPUSL
4 GEDSTAR S 12T I0UHLAC o 1
? GLOSTARSLASPLAAT X 3. 1 FICA~FORMATTLD INF.U'T DATA
10 GEOSTAR P YFLATL2OP, 1 POINT FILE CCORRLCTEL REASUREMENTS)
11 GLUSTIR Y IISPLAG 2 3T, 3 COLT/TTAG MEASURENMENTS, SATELLITE NO. 3
12 GEOSYA&'Uf&SI'LiﬂZZiT- 3 EDLIT/TTIAG NEASUREPLNTIS, SATILLITL 0. 6
13 GEOSTAR*QSESPLADP 23T, 3 COLT/TYAG MEASURPEMENTSy SATELLITE N0 9
14 GEOSTARSI TESPLAT 23T, 3 EDIT/TYAG MEASURLMENTS, SAVELLITL NO. §1
15 GEOSTAR ¢1 2ESPLAT 23T, 3 CDLIT/TYAG MEASUREMENTS, SATELLLITE NO. 12
16 GEOSTAR 41 3ESPLAY DT, 3 EDIT/TYSG MEASUREMENTS, SATELLITE NO. 13
ra) GFSSEFC5Site. 1 REFERENCE EPHEMER]IS, SATELLITE NO. 3
) 2 GFIOEFLCESC18. 1 REFERENCL EPHERERIS, SATLLLITE NU. O
23 GPSeEFCSbSaTE. 1 REFERENCE EPHERERIS, SATELLITE %O. 9
24 GPSCEF1S:1C, 1 REFERENCL EPHERERIS, SATELLITE NQ. 11
s GPSEF1ZuS 1L, 1 REFERENCE EPHERERIS, SATRLLITE NO, 12
26 GPSSLF12 ScT8, 1 REFERENCE GPHERERIS, SATELLITE NO. 13
31 GEOSTAR M TESPLAO 2P, 1 TRANSACTION WEATHER DATA
32 GEDSTAR R CLSPLAG 2 3P, 1 TRANSACTION HRECEIVER DATA
33 GEUSTAR Y, VESPLADZ 3P, 1 TRANSACTION SAIELLITE 0ATA
34 GEUSTARSS TESPLAY 3P, 1 TRANSALTION STATION DATA
. 40 GPS*PCRSI 1L, 1
bY) GEOSTARP T(3L2J VT, 1
52 GEQSTAR WP T(6.23LWT. 1
) 53 GEOSTARSP TL9.23L U T, 1
54 GEOSTARSP TII23LWT, A}
55 GLOSTAR*P 1922231 VY. 1
- SOUNCLASSLIFLEUS® STARFRLP PLATTVILLE DAY 223 1989 DAL’
. SSUNCLASSIFIED®Y STARFREP PLATTVILLE DAY 223 1989 DAT”
) 36 GEUSTARSP TI3223LTUT,. 1
-
-
<
¢
| 8
|
«
60 :
&




Appendix C. Sample GASP Output
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Appendix D. Troubleshooting

The chart provided below is intended to help new STARPREP/GASP users diagnose and solve processing
problems which may occur during familiarization and training phases.

Symptom Possible Problem Solution
STARPREP defaults to One or more precise Include all required ephemeris
broadcast ephemerides ephemeris files missing files in runstream

or

Tracking span is to large Shorten Tracking span or

(requiring over 100 ephemeris points) eliminate large data gap
Point file contains Data spans week crossover, Use half-week'
meaningless interpolated but standard (full week) ephemerides ephemeris / clock files
ephemerides were assigned in the STARPREP o
or Tunstream
GASP message: no data in Edit FICA file to remove
point file week crossover
Non specific error message: Wrong Precise clock file Assign correct
when running STARPREP assigned clock file
on UNISYS: Guard mode
GASP position plots do not Data set is too short (or too much rejected) Use different data set
converge or or or
High correlation coefficients Very poor geometry Determine why too much data
High standard deviations was rejected and resolve
GASP residual plots do not A priori siation coordinates Rerun STARPREP and GASP
appear random at last iteration are too gross with improved a priori
or ar station coordinates (obtained
Large percentage (>30%) of data Data set contains an erratic satellite from initial GASP result if
rejected (check delta pseudorange - delta some data was processed)
or carrier beat phase biases, and rejected or
Most datarejected in GASP by  data by satellite) Eliminate erratic satellite
RMS screening
GASP position plots do not Missing or empty clock file Assign correct clock file
converge or
High RMS of Residuals
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