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1 RINEX

RINEX  The Receiver Independent Exchange Format ¢ )
: GPS :

RINEX: The Receiver Independent Exchange Format Version 2
khkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkikikx

(Revision, April 1993)
(Clarification December 1993)
(Doppler Definition: January 1994)
(PR Clarification: October 1994)
(WIfact Clarification: February 1995)
(Event Time Frame Clarification: May 1996)

(Minor errors in the examples A7/A8: May 1996)
(Naming convention for compressed met files; January 1997)
(Continuation line clarifications: April 1997)
(GLONASS Extensions: April 1997)

(Met sensor description and position records: April 1997)

(Wavelength factor clarifications: April 1997)

Werner Gurtner
Astronomical Institute
University of Berne

0. INTRODUCTION
0.1 First Revision

This paper is a revised version of the one published by W. Gurtner and G.Mader in the CSTG GPS Bulletin
of September/October 1990. The main reasonfor a revision is the new treatment of antispoofing data
by the RINEXformat (see chapter 7). Chapter 4 gives a recommendation for data compression procedures,
especially useful when large amounts of data are exchanged through computer networks. In Table A3
in the original paper the definiton of the "PGM / RUN BY / DATE" navigation header record was missing,
although the example showed it. The redefinition of AODE/AODC to IODE/IODC also asks for an update
of the format description. For consistency reasons we also defined a Version 2 format for the
Meteorological Data files(inclusion of a END OF HEADER record and an optional MARKER NUMBER record) .

* The slight modification (or rather the definition of a bit in the Loss
* of Lock Indicator unused so far) to flag AS data is so small a change

* that we decided to NOT increase the version number!

0.2 Later Revisions:
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* URA Clarification (10-Dec-93):

The user range accuracy in the Navigation Message File did not contain a definition of the units:
There existed two ways of interpretation:

Either the 4 bit value from the original message or the converted value in meters according to
GPS I1CD-200. In order to simplify the interpretation for the user of the RINEX files | propose the
bits to be converted into meters prior to RINEX file creation.

* GLONASS Extensions:

In March 1997 a proposal for extensions to the current RINEX definitions based on experiences
collected with GLONASS only and mixed GPS/GLONASS data files was circulated among several instrument
manufacturers and software developers.

The results of the call for comments have been worked into this document.

A separate document (glonass.txt) summarizes just the necessary extensions.

* A blank satellite identifier is allowed in pure GPS files only
* Met sensor description and position records were added to facilitate the precise use of met values.
* Description and examples for wavelength factors and their temporary changes

(bit 1 of LLI) clarified.

In order to have all the available information about RINEX in one place we also included parts of
earlier papers and a complete set of format definiton tables and examples.

1. THE PHILOSOPHY OF RINEX

The first proposal for the "Receiver Independent Exchange Format" RINEX has been developed by the
Astronomical Institute of the University of Berne for the easy exchange of the GPS data to be col lected
during the large European GPS campaign EUREF 89, which involved more than 60 GPS receivers of 4
different manufacturers. The governing aspect during the development was the following fact:

Most geodetic processing software for GPS data use a well-defined set of observables:

- the carrier-phase measurement at one or both carriers (actually being a measurement on the beat
frequency between the received carrier of the satellite signal and a receiver-generated reference
frequency).

- the pseudorange (code) measurement, equivalent to the difference of the time of reception (expressed
in the time frame of the receiver) and the time of transmission (expressed in the time frame of the
satellite) of a distinct satellite signal.

- the observation time being the reading of the receiver clock at the instant of validity of the
carrier-phase and/or the code measurements.

Usually the software assumes that the observation time is valid for both the phase AND the code
measurements, AND for all satellites observed.
Consequently all these programs do not need most of the information that is usually stored by the
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receivers: They need phase, code, and time in the above mentioned definitions, and some
station-related information like station name, antenna height, etc.

2. GENERAL FORMAT DESCRIPTION

Currently the format consists of four ASCII file types:

1. Observation Data File

2. Navigation Message File

3. Meteorological Data File

4. GLONASS Navigation Message File
Each file type consists of a header section and a data section. The header section contains global
information for the entire file and is placed at the beginning of the file. The header section contains
header labels in columns 61-80 for each line contained in the header section. These labels are
mandatory and must appear exactly as given in these descriptions and examples.

The format has been optimized for mimimum space requirements independent from the number of different
observation types of a specific receiver by indicating in the header the types of observations to
be stored. In computer systems allowing variable record lengths the observation records may then
be kept as short as possible. The maximum record length is 80 bytes per record.

Each Observation file and each Meteorological Data file basically contain the data from one site
and one session. RINEX Version 2 also allows to include observation data from more than one site

subsequently occupied by a roving receiver in rapid static or kinematic applications.

If data from more than one receiver has to be exchanged it would not be economical to include the
identical satellite messages collected by the different receivers several times. Therefore the
Navigation Message File from one receiver may be exchanged or a composite Navigation Message File
created containing non-redundant information from several receivers in order to make the most
complete file.

The format of the data records of the RINEX Version 1 Navigation Message file is identical to the
former NGS exchange format.

The actual format descriptions as well as examples are given in the Tables at the end of the paper.
3. DEFINITION OF THE OBSERVABLES
GPS observables include three fundamental quantities that need to be defined: Time, Phase, and Range.
TIME:

The time of the measurement is the receiver time of the received signals. It is identical for the
phase and range measurements and is identical for all satellites observed at that epoch. It is
expressed in GPS time (not Universal Time).

PSEUDO-RANGE:

The pseudo-range (PR) is the distance from the receiver antenna to the satellite antenna including
receiver and satellite clock offsets (and other biases, such as atmospheric delays):

PR = distance + ¢ * (receiver clock offset - satellite clock offset + other biases)

so that the pseudo-range reflects the actual behavior of the receiver and satellite clocks. The
pseudo-range is stored in units of meters.
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See also clarifications for pseudoranges in mixed GPS/GLONASS files in chapter 8.1.
PHASE:

The phase is the carrier-phase measured in whole cycles at both L1 and L2. The half-cycles measured
by sgaring-type receivers must be converted to whole cycles and flagged by the wavelength factor
in the header section.

The phase changes in the same sense as the range (negative doppler). The phase observations between
epochs must be connected by including the integer number of cycles. The phase observations will not
contain any systematic drifts from intentional offsets of the reference oscillators.

The observables are not corrected for external effects like atmospheric refraction, satellite clock
offsets, etc.

IT the receiver or the converter software adjusts the measurements using the real-time-derived
receiver clock offsets dT(r), the consistency of the 3 quantities phase / pseudo-range / epoch must
be maintained, i.e. the receiver clock correction should be applied to all 3 observables:

Time(corr) = Time(r) - dT(r)
PR(corr) PR(r) - dT(r)*c
phase(corr) = phase(r) - dT(r)*freq

DOPPLER:

The sign of the doppler shift as additional observable is defined as usual:
Positive for approaching satellites.

4. THE EXCHANGE OF RINEX FILES:

We recommend using the following naming convention for RINEX files:

ssssdddf.yyt SSSS: 4-character station name designator
ddd: day of the year of first record
f: file sequence number within day

0: file contains all the existing
data of the current day
yy: year
t: file type:
0: Observation file
Navigation file
Meteorological data file
: GLONASS Navigation file

D= =

To exchange RINEX files on magnetic tapes we recommend using the following tape format:
- Non-label; ASCII; fixed record length: 80 characters;
block size: 8000
- First file on tape contains list of files using above-mentioned naming conventions

When data transmission times or storage volumes are critical we recommend compressing the files prior
to storage or transmission using the UNIX "compress" und "uncompress' programs. Compatible routines
are available on VAX/VMS and PC/DOS systems, as well.
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Proposed naming conventions for the compressed files:

System  Obs files GPS Nav Files GLONASS Nav Files Met Files

UNIX ssssdddf.yy0.Z ssssdddf.yyN.Z ssssdddf.yyG.Z ssssdddf.yyM.Z
VMS ssssdddf.yy0 Z ssssdddf.yyN Z ssssdddf.yyG Z ssssdddf.yyN_Z
DOS ssssdddf.yyY ssssdddf.yyX ssssdddf.yyV ssssdddf. yyW

5. RINEX VERSION 2 FEATURES

The following section contains features that have been introduced for RINEX Version 2.

5.1 Satellite Numbers:

Version 2 has been prepared to contain GLONASS or other satellite systems® observations. Therefore

we have to be able to distinguish the satellites of the different systems: We precede the 2-digit
satellite number with a system identifier.

snn S: satellite system identifier
G or blank : GPS
R : GLONASS
T : Transit

nn :PRN (GPS), almanac number (GLONASS) or two-digit Transit satellite number
Note: G is mandatory in mixed GPS/GLONASS files
(blank default modified in April 1997)

5.2 Order of the Header Records:
As the record descriptors in columns 61-80 are mandatory, the programs reading a RINEX Version 2
header are able to decode the header records with formats according to the record descriptor, provided
the records have been first read into an internal buffer.
We therefore propose to allow free ordering of the header records, with the following exceptions:

- The "RINEX VERSION / TYPE" record must be the first record in a file

- The default "WAVELENGTH FACT L1/2" record (if present) should precede all records defining
wavelength factors for individual satellites

- The "# OF SATELLITES" record (if present) should be immediately followed by the corresponding number
of "PRN / # OF OBS" records. (These records may be handy for documentary purposes. However, since
they may only be created after having read the whole raw data file we define them to be optional.

5.3 Missing ltems, Duration of the Validity of Values

Items that are not known at the file creation time can be set to zero or blank or the respective
record may be completely omitted. Consequently items of missing header records will be set to zero
or blank by the program reading RINEX files. Each value remains valid until changed by an additional
header record.

5.4. Event Flag Records
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The "number of satellites™ also corresponds to the number of records of the same epoch followed.
Therefore it may be used to skip the appropriate number of records if certain event flags are not
to be evaluated in detail.

5.5 Receiver Clock Offset

A large number of users asked to optionally include a receiver-derived clock offset into the RINEX
format. In order to prevent confusion and redundancy, the receiver clock offset (if present) should
report the value that has been used to correct the observables according to the formulae under item
1. It would then be possible to reconstruct the original observations if necessary. As the output
format for the receiver-derived clock offset is limited to nanoseconds the offset should be rounded
to the nearest nanosecond before it is used to correct the observables in order to guarantee correct
reconstruction.

6. ADDITIONAL HINTS AND TIPS

Programs developed to read RINEX Version 1 files have to verify the version number. Version 2 files
may look different (version number, END OF HEADER record, receiver and antenna serial number
alphanumeric) even if they do not use any of the new features

We propose that routines to read RINEX Version 2 files automatically delete leading blanks in any
CHARACTER input field. Routines creating RINEX Version 2 files should also left-justify all variables
in the CHARACTER fields.

DOS, and other, files may have variable record lengths, so we recommend to first read each observation
record into a 80-character blank string and decode the data afterwards. In variable length records,
empty data fields at the end of a record may be missing, especially in the case of the optional receiver
clock offset.

7. RINEX UNDER ANTISPOOFING (AS)

Some receivers generate code delay differences between the first and second frequency using
cross-correlation techniques when AS is on and may recover the phase observations on L2 in full cycles.
Using the C/A code delay on L1 and the observed difference it is possible to generate a code delay
observation for the second frequency.

Other receivers recover P code observations by breaking down the Y code into P and W code.

Most of these observations may suffer from an increased noise level. In order to enable the
postprocessing programs to take special actions, such AS-infected observations are flagged using
bit number 2 of the Loss of Lock Indicators (i.e. their current values are increased by 4).

8. GLONASS Extensions

8.1 RINEX Observation file

8.1.1 Time System ldentifier

RINEX Version 2 needs one major supplement, the explicit definition of the time system:

GLONASS is basically running on UTC (or, more precisely, GLONASS system time linked to UTC(SU)),

i.e. the time tags are given in UTC and not GPS time. In order to remove possible misunderstandings
and ambiguities, the header records "TIME OF FIRST OBS" and (if present) "TIME OF LAST OBS™ in GLONASS
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and GPS observation files _can_, in mixed GLONASS/GPS observation files _must_contain a time system
identifier defining the system that all time tags in the file are referring to: "GPS" to identify
GPS time, "GLO" to identify the GLONASS UTC time system. Pure GPS files default to GPS and pure GLONASS
files default to GLO.

Format definitions see Table Al.

Hence, the two possible time tags differ by the current number of leap seconds.

In order to have the current number of leap seconds available we recommend to include a LEAP SECOND
line into the RINEX header.

I there are known non-integer biases between the "GPS receiver clock™ and "GLONASS receiver clock"
in the same receiver, they should be applied.

In this case the respective code and phase observations have to be corrected,too (c * bias if expressed
in meters).

Unknown such biases will have to be solved for during the post processing

The small differences (modulo 1 second) between GLONASS system time, UTC(SU),UTC(USNO) and GPS system
time have to be dealt with during the post-processing and not before the RINEX conversion. It may
also be necessary to solve for remaining differences during the post-processing.

8.1.2 Pseudorange Definition

The pseudorange (code) measurement is defined to be equivalent to the difference of the time of
reception (expressed in the time frame of the receiver) and the time of transmission (expressed in
the time frame of the satellite) of a distinct satellite signal.

I a mixed-mode GPS/GLONASS receiver refers all pseudorange observations to one receiver clock only,

- the raw GLONASS pseudoranges will show the current number of leap seconds between GPS time and
GLONASS time if the receiver clock is running in the GPS time frame

- the raw GPS pseudoranges will show the negative number of leap seconds between GPS time and GLONASS
time if the receiver clock is running in the GLONASS time frame

In order to avoid misunderstandings and to keep the code observationswithin the format fields, the
pseudoranges must be corrected in this case as follows:

PR(GPS) := PR(GPS) + ¢ * leap_seconds if generated with a receiver clock running in the GLONASS
time frame

PR(GLO) := PR(GLO) - c * leap_seconds if generated with a receiver clock running in the GPS time
frame

to remove the contributions of the leap seconds from the pseudoranges.

"leap_seconds" is the actual number of leap seconds between GPS and GLONASS(UTC) time, as broadcast
in the GPS almanac and distributed in Circular T of BIPM.

8.1.3 More than 12 satellites per epoch
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The format of the epoch / satellite line in the observation record part of the RINEX Observation
files has only been defined for up to 12 satellites per epoch. We explicitly define now the format
of the continuation lines, see table A2.

8.2 RINEX Navigation Files for GLONASS

As the GLONASS navigation message differs in contents from the GPS message too much, a special GLONASS
navigation message file format has been defined.

The header section and the first data record (epoch, satellite clock information) is similar to the
GPS navigation file. The following records contain the satellite position, velocity and acceleration,
the clock and frequency biases as well as auxiliary information as health, satellite frequency
(channel), age of the information.

*** In order to use the same sign conventions for the time and frequency bias as in the GPS navigation
files, the broadcast GLONASS values are multiplied by -1.

The time tags in the GLONASS navigation files are given in UTC (i.e. _not_Moscow time or GPS time).
Filenaming convention: See above.
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10. RINEX VERSION 2 FORMAT DEFINITIONS AND EXAMPLES

g +
| TABLE Al |
| OBSERVATION DATA FILE - HEADER SECTION DESCRIPTION |
o . S +
| HEADER LABEL | DESCRIPTION | FORMAT |
| (Columns 61-80) | | |
o - o +
|RINEX VERSION / TYPE| - Format version (2) | 16,14X, |
| | - File type ("0" for Observation Data) | A1,19X, |
| | - Satellite System: blank or "G": GPS |  AL,19X |
| | "R*: GLONASS | |
| | "T": NNSS Transit | |
| | "M": Mixed | |
o S Fom e +
|PGM / RUN BY / DATE | - Name of program creating current file | A20, |
| | - Name of agency creating current file | A20, |
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e
* | COMMENT
R
[MARKER NAME
R
*|MARKER NUMBER
U
|OBSERVER / AGENCY
P
IREC # / TYPE / VERS

e

|ANT # / TYPE
e

|APPROX POSITION XYZ
e
|ANTENNA: DELTA H/E/N

IT more than 9 observation types:
Use continuation line(s) 6X,9(4X,A2)

The following observation types are

defined in RINEX Version 2:

- Date of file creation | A20
------------------------------------------ oot
Comment line(s) | A60
------------------------------------------ ot
Name of antenna marker | A60
------------------------------------------ F R S
Number of antenna marker | A20
------------------------------------------ ot
Name of observer / agency | A20,A40
------------------------------------------ B S S
Receiver number, type, and version | 3A20
(Version: e.g. Internal Software Version)]|
------------------------------------------ [ T ——
Antenna number and type | 2A20
------------------------------------------ S
Approximate marker position (WGS84) | 3F14.4
------------------------------------------ S
- Antenna height: Height of bottom | 3F14.4
surface of antenna above marker |
- Eccentricities of antenna center |
relative to marker to the east |
and north (all units in meters) |
__________________________________________ I
- Wavelength factors for L1 and L2 | 216,
1: Full cycle ambiguities |
2: Half cycle ambiguities (squaring) |
0 (in L2): Single frequency instrument |
- Number of satellites to follow in list | 16,
for which these factors are valid. |
0 or blank: Default wavelength factors |
for all satellites not contained in |
such a list. |
- List of PRNs (satellite numbers) | 7(3X,A1,12)
I
Repeat record if necessary |
------------------------------------------ S
- Number of different observation types | 16,
stored in the file |
- Observation types | 9(4X,A2)
I
I
I
I
I
I
I
I

L1, L2: Phase measurements on L1 and L2
Cl : Pseudorange using C/A-Code on L1 |
P1, P2: Pseudorange using P-Code on L1,L2]
D1, D2: Doppler frequency on L1 and L2 |
T1, T2: Transit Integrated Doppler on |
150 (T1) and 400 MHz (T2) |
|

Observations collected under Antispoofing]|
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*| INTERVAL
e

ITIME OF FIRST OBS
|

o
*|TIME OF LAST OBS
|

e
*|LEAP SECONDS
|

R,
*|# OF SATELLITES

e
*|PRN / # OF OBS

o

|END OF HEADER
e

o o o —————— — — — o} —— o —— | e — — — — — — | — — — — — — — o o e — — — — — — — — — — —

are converted to "L2" or "P2" and flagged|
with bit 2 of loss of lock indicator
(see Table A2).

Units : Phase : full cycles
Pseudorange : meters
Doppler I Hz
Transit : cycles

The sequence of the types in this record
has to correspond to the sequence of the
observations in the observation records

- Time of first observation record
(4-digit-year, month,day,hour,min,sec)
- Time system: GPS (=GPS time system)
GLO (=UTC time system)
Compulsory in mixed GPS/GLONASS files
Defaults: GPS for pure GPS files
GLO for pure GLONASS files

516,F12.6,

6X,A3

|
|
|
|
|
|
|
|
|
|
|
+
|
+
|
|
|
|
|
|
|
+
- Time of last observation record | 516,F12.6,
(4-digit-year, month,day,hour,min,sec) |
- Time system: GPS (=GPS time system) | 6X,A3
GLO (=UTC time system) |
Compulsory in mixed GPS/GLONASS files |
Defaults: GPS for pure GPS files |
GLO for pure GLONASS files |
__________________________________________ +
Number of leap seconds since 6-Jan-1980 |
Recommended for mixed GPS/GLONASS files |
__________________________________________ +
Number of satellites, for which |
observations are stored in the file |
__________________________________________ +
PRN (sat.number), number of observations |
for each observation type indicated |
in the "# / TYPES OF OBSERV" - record. |
|
|
|
|
|
|
|
+
|
+

IT more than 9 observation types:

Use continuation line(s) 6X,916

This record is (these records are)

repeated for each satellite present in
the data file

Records marked with * are optional
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| OBS. RECORD
[

EPOCH/SAT
or
EVENT FLAG

R
| OBSERVATIONS
|

TABLE A2
OBSERVATION DATA FILE - DATA RECORD DESCRIPTION

- Epoch :
year (2 digits), month,day,hour,min,sec

- Epoch flag 0: OK

1: power failure between
previous and current epoch

1: Event flag

- Number of satellites in current epoch

- List of PRNs (sat.numbers) in current epoch

- receiver clock offset (seconds, optional)

If more than 12 satellites: Use continuation
line(s)

IT EVENT FLAG record (epoch flag 1):
- Event flag:
2: start moving antenna
3: new site occupation (end of kinem. data)
(at least MARKER NAME record follows)
4: header information follows
5: external event (epoch is significant,
same time frame as observation time tags)
6: cycle slip records follow to optionally
report detected and repaired cycle slips
(same format as OBSERVATIONS records;
slip instead of observation; LLI and
signal strength blank)
- "Number of satellites" contains number of
records to follow (0O for event flags 2,5)
- Observation | rep. within record for
- LLI | each obs._type (same seq
- Signal strength | as given in header)

IT more than 5 observation types (=80 char):
continue observations in next record.

This record is (these records are) repeated for
each satellite given in EPOCH/SAT - record.

Observations:
Phase : Units in whole cycles of carrier
Code : Units in meters

Missing observations are written as 0.0
or blanks.
Loss of lock indicator (LLI). Range: 0-7
0 or blank: OK or not known
Bit 0 set : Lost lock between previous and
current observation: cycle slip
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13,
12(A1,12),
F12.9

32X,
12(A1,12)
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11,
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possible
Bit 1 set : Opposite wavelength factor to the
one defined for the satellite by a
previous WAVELENGTH FACT L1/2 line.
Valid for the current epoch only.
t 2 set : Observation under Antispoofing
(may suffer from increased noise)

B

| |
| |
I |
I |
I |
I |
I |
| |
| Bits 0 and 1 for phase only. |
| |
| |
| |
| |
| |
| |
+ +

Signal strength projected into interval 1-9:
1: minimum possible signal strength
5: threshold for good S/N ratio
9: maximum possible signal strength
0 or blank: not known, don"t care
S +
g +
| TABLE A3 |
| NAVIGATION MESSAGE FILE - HEADER SECTION DESCRIPTION |
o . S +
| HEADER LABEL | DESCRIPTION | FORMAT |
| (Columns 61-80) | | |
o - o +
|RINEX VERSION / TYPE| - Format version (2) | 16,14X, |
| | - File type ("N* for Navigation data) |  AL,19X |
o ey o +
|PGM /7 RUN BY / DATE | - Name of program creating current file | A20, |
| | - Name of agency creating current file | A20, |
| | - Date of file creation | A20 |
o S Fom e +
*] COMMENT | Comment line(s) | A60 |*
S S S e R —— +
*|ION ALPHA | lonosphere parameters AO-A3 of almanac | 2X,4D12.4 |*
| | (page 18 of subframe 4) | |
S S . +
*|ION BETA | lonosphere parameters BO-B3 of almanac | 2X,4D12.4 |*
S o o +
*|DELTA-UTC: AO,A1,T,W| Almanac parameters to compute time in UTC| 3X,2D19.12,|*
| | (page 18 of subframe 4) | 219 |
| | AO0,Al: terms of polynomial | |
| | T : reference time for UTC data | |
| | W : UTC reference week number | |
o - o +
*|LEAP SECONDS | Delta time due to leap seconds | 16 |*
o - o +
|END OF HEADER | Last record in the header section. | 60X |
o ey o +
Records marked with * are optional
e S S +



| NAVIGATION MESSAGE FILE - DATA RECORD DESCRIPTION
S o

|  OBS. RECORD I

Sy o

[PRN / EPOCH / SV CLK|
I I

BROADCAST ORBIT - 3

|
|
I
I
|
I
|
I
|
+
|
|
I
I
+
I
|
|
I
+
|
|
I
I
I
+
|
I
I
|
+
|
I
I
I
+
|
|
|
I
+
BROADCAST ORBIT - 7]
I
I
|
I
I

TABLE A4

DESCRIPTION

Satellite PRN number
Epoch: Toc - Time of
year
month
day
hour
minute
second
SV clock bias
SV clock drift
SV clock drift rate

IODE Issue of Data,
Crs

Delta n

MO

Cuc

e Eccentricity
Cus

sqrt(A)

Clock
(2 digits)

(seconds)
(sec/sec)
(sec/sec?)

Ephemeris
(meters)
(radians/sec)
(radians)

(radians)

(radians)

(sqrt(m))

Toe Time of Ephemeris

Cic
OMEGA
CIS

Crc
omega
OMEGA DOT

1DOT
Codes on L2 channel

(sec of GPS week)
(radians)
(radians)
(radians)

(radians)
(meters)
(radians)
(radians/sec)

(radians/sec)

GPS Week # (to go with TOE)

L2 P data flag

SV accuracy
SV health
TGD

(meters)
(MSB only)
(seconds)

10DC Issue of Data, Clock

Transmission time of

message

(sec of GPS week, derived e.g.
from Z-count in Hand Over Word (HOW)

spare
spare
spare
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F5.1,
3D19.12

3X,4D19.

3X,4D19.

3X,4D19.

3X,4D19.

3X,4D19.

3X,4D19.

3X,4D19.



I METEOROLOC
o +

|  HEADER LABEL |

| (Columns 61-80) |
o +

IRINEX VERSION / TYPE]
| I

o +
[PGM / RUN BY / DATE |
|

R,
*| COMMENT
e e
|MARKER NAME

o
*|MARKER NUMBER
|

o
|# / TYPES OF OBSERV

IMET SENSOR MOD/TYPE

I
I
+
I
+
I
I
I
+
I
I
I
+
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
+
I
| I
I
I
I

TABLE A5
ICAL DATA FILE - HEADER SECTION DESCRIPTION

DESCRIPTION

- Format version (2)

- File type ("M" for Meteorological Data)
- Name of program creating current file

- Name of agency creating current file

- Date of file creation

Station Name

(preferably identical to MARKER NAME in
the associated Observation File)

Station Number
(preferably identical to MARKER NUMBER in
the associated Observation File)

- Number of different observation types
stored in the file
- Observation types

The following meteorological observation
types are defined in RINEX Version 2:

PR : Pressure (mbar)

TD : Dry temperature (deg Celsius)

HR : Relative Humidity (percent)

ZW : Wet zenith path delay (millimeters)
(for WR data)

The sequence of the types in this record
must correspond to the sequence of the
measurements in the data records

IT more than 9 observation types are
being used, use continuation lines with
format (6X,9(4X,A2))

Description of the met sensor

Model (manufacturer)

Type

Accuracy (same units as obs values)
Observation type

— ———— o —— — — — — — — — — —— — — —— — ——— — o ——— o} —— — o m— ——— o —— o ——
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16,14X,
A1,39X

9(4X,A2)

A20,
A20,6X,
F7.1,4X,
A2,1X



Record is repeated for each observation | |
type found in # / TYPES OF OBSERV record | |

|
|
e Ly [ S, +
|MET SENSOR POS XYZH | Approximate position of the met sensor | |
| | - Geocentric coordinates X,Y,Z (ITRF | 3Fl14.4, |
| | - Ellipsoidal height H or WeS-84)| 1F14.4, |
| | - Observation type | 1X,A2,1X |
| | Set X,Y,Z to zero if not known. | |
| | Make sure H refers to ITRF or WGS-84! | |
| | Record required for barometer, | |
| | recommended for other sensors. | |
e e [ R, +
|END OF HEADER | Last record in the header section. | 60X |
T S — S S — E TR ——— +
S +
| TABLE A6 |
| METEOROLOGICAL DATA FILE - DATA RECORD DESCRIPTION |
S - T +
| OBS. RECORD | DESCRIPTION | FORMAT |
S - T +
| EPOCH / MET | - Epoch in GPS time (not local timel) | 613, |
| | year (2 digits), month,day,hour,min,sec | |
I | I I
| | - Met data in the same sequence as given in the | mF7.1 |
| | header | |
| | | |
| | More than 8 met data types: Use continuation |4X,10F7.1,3X]
I | lines I |
o e _______ [ R, +
o e e e e +
| TABLE A7 |
| OBSERVATION DATA FILE - EXAMPLE |
o +
----|---110---]---2|0---|---3]0---]---4]0---] ---5]0---] ---6] 0---| ---7] 0---] ---8]
2 OBSERVATION DATA M (MIXED) RINEX VERSION / TYPE
BLANK OR G = GPS, R = GLONASS, T = TRANSIT, M = MIXED COMMENT
XXRINEXO V9.9 AlUB 22-APR-93 12:43 PGM / RUN BY / DATE
EXAMPLE OF A MIXED RINEX FILE COMMENT
A 9080 MARKER NAME
9080.1.34 MARKER NUMBER
BILL SMITH ABC INSTITUTE OBSERVER / AGENCY
X1234A123 XX 777 REC # / TYPE / VERS
234 YY ANT # / TYPE
4375274. 587466. 4589095. APPROX POSITION XYZ
-9030 .0000 .0000 ANTENNA: DELTA H/E/N
1 1 WAVELENGTH FACT L1/2
1 2 6 Gl4 G115 G116 G17 G18 619 WAVELENGTH FACT L1/2
4 P1 L1 L2 P2 # / TYPES OF OBSERV
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18

1990 3 24 13 10 36.000000

90 3 24 13 10 36.0000000 0 3G12G 9G 6

23629347.915 .300 8 -.353 23629364.
20891534.648 -.120 9 -.358 20891541.
20607600.189 -.430 9 .394 20607605.

90 3 24 13 10 50.0000000 4 4
1 2 2 G9 G612
*** WAVELENGTH FACTOR CHANGED FOR 2 SATELLITES ***

INTERVAL
TIME OF FIRST OBS
END OF HEADER
-.123456789
158
292
848

WAVELENGTH FACT L1/2
COMMENT

NOW 8 SATELLITES HAVE WL FACT 1 AND 2! COMMENT
COMMENT
90 3 24 13 10 54.0000000 0O 5G12G 9G 6R21R22 -.123456789
23619095.450 -53875.632 8 -41981.375 23619112.008
20886075.667 -28688.027 9 -22354.535 20886082.101
20611072.689 18247.789 9 14219.770 20611078.410
21345678.576 12345.567 5
22123456.789 23456.789 5
90 3 24 13 11 0.0000000 2
4 1
*** FROM NOW ON KINEMATIC DATAI *** COMMENT
90 3 24 13 11 48.0000000 0O 4G16G12G 9G 6 -.123456789
21110991.756 16119.980 7 12560.510 21110998.441
23588424 .398 -215050.557 6 -167571.734 23588439.570
20869878.790 -113803.187 8 -88677.926 20869884.938
20621643.727 73797.462 7 57505.177 20621649.276
3 4
A 9080 MARKER NAME
9080.1.34 MARKER NUMBER
.9030 .0000 .0000 ANTENNA: DELTA H/E/N
-- THIS IS THE START OF A NEW SITE CYCLE SLIPS THAT HAVE BEEN APPLIED TO
THE OBSERVATIONS COMMENT
90 3 24 13 14 48.0000000 0 4616G12G 9G 6 -.123456234
21128884 .159 110143.144 7 85825.18545 21128890.7764
23487131.045 -318463.297 7  -248152.72824 23487146.149
20817844.743 -387242.571 6  -301747.22925 20817851.322
20658519.895 267583.67817 208507.26234 20658525.869
4 4
***  SATELLITE G 9  THIS EPOCH ON WLFACT 1 (L2) COMMENT
*** G 6 LOST LOCK AND THIS EPOCH ON WLFACT 2 (L2) COMMENT
(OPPOSITE TO PREVIOUS SETTINGS) COMMENT
~===|=-1]0-=| -=-2| 0=~ |-=-3] 0---] -=-4] 0-==| ---5|0-~=| ---6] 0~~~ | --~7| O~~~ ] ---8]
e e e +
I TABLE A8 I
| NAVIGATION MESSAGE FILE - EXAMPLE |
e e +
=== [=-1]0=== | =--2| 0= |---3] O-=-] -=-4] 0---| ---5 0=~ | ---6] 0~~~ | ---7| O---] ---8]
2 N: GPS NAV DATA RINEX VERSION / TYPE
XXRINEXN V2.0 AlUB 12-SEP-90 15:22 PGM / RUN BY / DATE

EXAMPLE OF VERSION 2 FORMAT
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-1676D-07
-1208D+06

.133179128170D-06

.2235D-07 -.1192D-06
.1310D+06 -.1310D+06
.107469588780D-12

-.1192D-06
-.1966D+06

552960 39

10N ALPHA
ION BETA
DELTA-UTC: AO0,Al,T,W

6 LEAP SECONDS
END OF HEADER
6 90 8 2 17 51 44.0 -.839701388031D-03 -.165982783074D-10 .000000000000D+00
.910000000000D+02 .934062500000D+02 .116040547840D-08 .162092304801D+00
.484101474285D-05 .626740418375D-02 .652112066746D-05 .515365489006D+04
.409904000000D+06 -.242143869400D-07 .329237003460D+00 -.596046447754D-07
.111541663136D+01 .326593750000D+03 .206958726335D+01 -.638312302555D-08
.307155651409D-09 .000000000000D+00 .551000000000D+03 .000000000000D+00
.000000000000D+00 .000000000000D+00 .000000000000D+00 .910000000000D+02
.406800000000D+06
1390 8 219 0 0.0 .490025617182D-03 .204636307899D-11 .000000000000D+00
.133000000000D+03 -.963125000000D+02 .146970407622D-08 .292961152146D+01
-.498816370964D-05 .200239347760D-02 .928156077862D-05 .515328476143D+04
.414000000000D+06 -.279396772385D-07 .243031939942D+01 -.558793544769D-07
.110192796930D+01 .271187500000D+03 -.232757915425D+01 -.619632953057D-08
-.785747015231D-11 .000000000000D+00 .551000000000D+03 .000000000000D+00
.000000000000D+00 .000000000000D+00 .000000000000D+00 -389000000000D+03
.410400000000D+06
~==[==-1] 0=~ | -=-2| 0=~ |-=-3] O-=-] -=-4] 0--=| -=-5|0--=| ---6] 0=~ | --~7| O--- | -8
A e +
I TABLE A9 I
| METEOROLOGICAL DATA FILE - EXAMPLE |
A o e +
w-==[-=-1]0=== | -=-2]0-=- |-=-3] O-=- -=-4] 0---| ---5|0=-=| ---§] 0=~ | ---7| O--- | ---8]
2 METEOROLOGICAL DATA RINEX VERSION / TYPE

XXRINEXM V9.9

AlUB

EXAMPLE OF A MET DATA FILE

3-APR-96 00:10

PGM / RUN BY / DATE
COMMENT

A 9080 MARKER NAME
3 PR D HR # / TYPES OF OBSERV
PAROSCIENTIFIC 740-16B 0.2 PR SENSOR MOD/TYPE/ACC
HAENNI 0.1 TD SENSOR MOD/TYPE/ACC
ROTRONIC 1-240wW 5.0 HR SENSOR MOD/TYPE/ACC
0.0 0.0 0.0 1234.5678 PR SENSOR POS XYZ/H
END OF HEADER
9% 4 1 0 015 987.1 10.6 89.5
9% 4 1 0 030 987.2 10.9 90.0
9% 4 1 0 045 987.1 11.6 89.0
~==m]-=-1]0-=-|<=-2| 0= =-3]O-=| =<-4]O=== | -=-5] 0===| -=-6] O-=-| --~7|0-=-] ---8]
e +
I TABLE A10 |
| GLONASS NAVIGATION MESSAGE FILE - HEADER SECTION DESCRIPTION |
o o oo +

|  HEADER LABEL |

DESCRIPTION

7

|  FORMAT |



| (Columns 61-80) |

____________ +
|IRINEX VERSION / TYPE| - Format version (2) 16,14X, |
| | - File type ("G" = GLONASS nav mess data)| A1,39X |
o - o +
|PGM / RUN BY / DATE | - Name of program creating current file | A20, |
| | - Name of agency creating current file | A20, |
| | - Date of file creation (dd-mmm-yy hhzmm)| A20 |
o ey o +

*] COMMENT | Comment line(s) | A60 |*
o S Fom e +

*|CORR TO SYSTEM TIME | - Time of reference for system time corr | |*
| | (year, month, day) | 316, |
| | - Correction to system time scale (sec) | 3X,D19.12 |
| | to correct GLONASS system time to | |
| I UTCU) | I
S S . +

*|LEAP SECONDS | Number of leap seconds since 6-Jan-1980 | 16 |*
S o o +
|END OF HEADER | Last record in the header section. | 60X |
o . S +

Records marked with * are optional
ey +
| TABLE A1l |
| GLONASS NAVIGATION MESSAGE FILE - DATA RECORD DESCRIPTION |
o ey o +
| 0BS. RECORD | DESCRIPTION | FORMAT |
o S Fom e +
|PRN / EPOCH / SV CLK| - Satellite almanac number | 12, |
| | - Epoch of ephemerides TC) | |
| | - year (2 digits) | 513, |
| | - month | |
| I - day | I
| I - hour | I
| | - minute | |
| | - second | F5.1, |
| | - SV clock bias (sec) (-tau)| D19.12 |
| | - SV relative frequency bias (-gamma)| D19.12 |
| | - message frame time (sec of day UTC) | D19.12 |
o o - oo +
| BROADCAST ORBIT - 1] - Satellite position X (km) | 3X,4D19.12 |
| | - velocity X dot (km/sec) | |
| | - X acceleration (km/sec2) | |
| | - health (0=0K) (CD) |
o ey o +
| BROADCAST ORBIT - 2] - Satellite position Y (km) | 3X,4D19.12 |
| | - velocity Y dot (km/sec) | |
| | - Y acceleration (km/sec2) | |
| | - frequency number (1-24) | |
S S S e R —— +
| BROADCAST ORBIT - 3| - Satellite position Z (km) | 3X,4D19.12 |
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velocity Z dot (km/sec)

I I I I
| | - Z acceleration (km/sec2) | |
| | - Age of oper. information (days) (E) | |
e Ly [ S, +
o +
| TABLE Al12 |
| GLONASS NAVIGATION MESSAGE FILE - EXAMPLE |
o +
----1---110---]---2]0---]---3|0---] ---4]0---]---5]0---] ---6] 0---| ---7] 0O---] ---8]
2 GLONASS NAVMESS DATA RINEX VERSION / TYPE
XXRINEXN V1.3 VAX  University of Berne 30-AUG-93 17:57 PGM / RUN BY / DATE
1993 8 7 -0.141188502312D-04 CORR TO SYSTEM TIME
END OF HEADER
193 8 7 1515 0.0-0.161942094564D-03 0.181898940355D-11 0.542700000000D+05
0.129469794922D+05-0.130014419556D+01 0.186264514923D-08 0.000000000000D+00
-0.380712744141D+04 0.266516971588D+01 0.000000000000D+00 0.170000000000D+02
0.216525634766D+05 0.124328994751D+01-0.186264514923D-08 0.000000000000D+00
17 93 8 7 1515 0.0 0.717733055353D-04 0.272848410532D-11 0.542700000000D+05
0.305286718750D+04 0.311648464203D+01 0.000000000000D+00 0.000000000000D+00
-0.108431787109D+05-0.317855834961D+00 0.000000000000D+00 0.210000000000D+00
0.229024404297D+05-0.575817108154D+00-0.186264514923D-08 0.000000000000D+00
793 8 71515 0.0-0.902833417058D-04 0.181898940355D-11 0.542700000000D+05
-0.548300732422D+04-0.442504882813D+00-0.931322574615D-09 0.000000000000D+00
0.227251596680D+05 0.131087875366D+01-0.931322574615D-09 0.130000000000D+00
0.998504833984D+04-0.323978710175D+01-0.931322574615D-09 0.000000000000D+00
293 8 71515 0.0-0.975374132395D-04 0.181898940355D-11 0.542700000000D+05
0.138356103516D+05-0.716581344604D+00 0.279396772385D-08 0.000000000000D+00
-0.190140761719D+05 0.116566944122D+01 0.000000000000D+00 0.500000000000D+01
0.991978125000D+04 0.322995281219D+01 0.000000000000D+00 0.000000000000D+00
893 8 71515 0.0-0.292631797493D-03 0.363797880709D-11 0.542700000000D+05
0.419437841797D+04-0.111876964569D+01 0.000000000000D+00 0.000000000000D+00
0.141901040039D+05 0.262095737457D+01-0.931322574615D-09 0.200000000000D+01
0.207799843750D+05-0.155530166626D+01-0.186264514923D-08 0.000000000000D+00
2493 8 71515 0.0 0.176711939275D-03 0.109139364213D-10 0.544500000000D+05
0.204199819336D+05 0.176556110382D+01 0.279396772385D-08 0.000000000000D+00
-0.796999316406D+04-0.311827659607D+00 0.000000000000D+00 0.100000000000D+01
0.130460561523D+05-0.295512390137D+01-0.931322574615D-09 0.000000000000D+00
~===]-=-1]0-==]-=-2| 0=~ -=-3] 0--~] -=-4] 0---| -=-5]0--~| ---6]0--~] ---7] 0---] ---8]
S
| TABLE Al13
| GLONASS OBSERVATION FILE - EXAMPLE
e ———————— —————
--=-1-=-1]0-=-]-=-2]0-=-]---3]0---] ---4] 0---| ---5] O~ ---6 ] 0~ ] ---7] 0---| ---8]
2 OBSERVATION DATA R (GLONASS) RINEX VERSION / TYPE
XXRINEXO V1.1 AlUB 27-AUG-93 07:23 PGM / RUN BY / DATE
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TST1

VIEWEG BRAUNSCHWEIG
100 XX-RECEIVER
101 XX-ANTENNA

3844808.114 715426.767

1.0

5021804.854

MARKER NAME
OBSERVER 7/ AGENCY
REC # / TYPE / VERS
ANT # / TYPE

APPROX POSITION XYZ

1.2340 .0000 .0000 ANTENNA: DELTA H/E/N
11 WAVELENGTH FACT L1/2
2 1 1 # / TYPES OF OBSERV
10 INTERVAL
1993 8 23 14 24 40.049000 6LO TIME OF FIRST OBS
END OF HEADER
93 8 23 14 24 40.0490000 0 3 2 121
23986839.824 20520.565 5
23707804.625 19937.231 5
23834065096 -9334.581 5
93 8 23 14 24 50.0490000 0 3 2 121
23992341.033 49856.525 5
23713141.002 48479.290 5
23831189.435 -24821.796 5
93 8231425 .0490000 0 3 2 121
23997824854 79217.202 5
23718494110 77092.992 5
23828329946 -40219.918 5
93 823 14 25 10.0490000 0 5 2 517 121
24003328.910 108602.422 5
24933965 .449 -19202.780 5
22203326.578 -2987.327 5
23723851.686 105777.849 5
23825485526 -55529.205 5
93 823 14 25 20.0490010 0 5 2 517 121
24008828.023 138012.178 5
24927995616 ~51188.500 5
22202547907 ~7213.298 5
23729236.758 134533.636 5
23822662.277 ~70749.590 5
93 823 14 25 30.0490000 0 5 2 517 121
24014330.779 167446.477 5
24922041.288 -83151.666 5
22201767457 -11388.909 5
23734633.024 163360.131 5
23819848894 -85881.102 5
-—=]-=-1]0-==] -==2]0-==] ---3] 0=~ ] --~ 4]0---]---5]0---] -=-6]0--=] --=7]0---] ---8]
e e e +
I TABLE Al4 I
I MIXED GPS/GLONASS OBSERVATION FILE - EXAMPLE I
e e +
=== -=-1]0-=-]-=-2]0==- |-=-3] O---| -=-4] O--- | =-5 0=~ | ---6] O~~~ ---7|0-~~] ---8}]
2 OBSERVATION DATA M (MIXED) RINEX VERSION / TYPE

YYRINEXO V2.8.1 VM AIUB

19-FEB-97 13:59
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TST2

001-02-A
JIM
1
1
3851178.1849
1.2340
1 0
2 C1
10
11
1997 2

Y-COMPANY

YY-RECEIVER
GEODETIC L1
-80151.4072 5066671.1013

0.0000

L1

6 11

53

GPS

MARKER NAME

MARKER NUMBER
OBSERVER / AGENCY
REC # / TYPE / VERS
ANT # / TYPE

APPROX POSITION XYZ
ANTENNA: DELTA H/E/N
WAVELENGTH FACT L1/2
# / TYPES OF OBSERV
INTERVAL

LEAP SECONDS

TIME OF FIRST OBS
END OF HEADER

97 2 6 11 53 0.0000000 O 14G23G07G02G05G26G09G21R20R19R12R02R11

22576523.586  -11256947.60212
22360162.704  -16225110.75413
24484865.974 14662682.882 2
21950524.331  -13784707.24912
22507304 .252 9846064.848 2
20148742.213  -20988953.712 4
22800149.591  -16650822.70012
19811403.273  -25116169.741 3
23046997.513 -3264701.688 2
22778170.622 -821857836.745 1
22221283.991 -988088156.884 2
19300913.475  -83282658.19013
20309075.579 -672668843.84713
23397403.484 -285457101.34211
97 2 6 11 53 10.0000000 0 14G23G07G02G05G26G09G21R20R19R12R02R11
22578985.016  -11244012.910 2
22359738.890  -16227337.841 2
24490324.818 14691368.710 2
21944376.706  -13817012.849 2
22512598.731 9873887.580 2
20147322.111  -20996416.338 4
22798942.949  -16657163.594 2
19812513.509  -25110234.795 3
23053885.702 -3227854.397 2
22770607.029 -821898566.774 1
22222967.297 -988079145.989 2
19297913.736  -83298710.38413
20313087.618 -672647337.04113
23392352.454 -285484291.40311
----|---110---]---2]0---]---3]0---|---4] 0---| ---5] 0---| ---6] 0~~~ ] ---7]0---] ---8]
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2
. GPSurvey
. GPSurvey
GPSurvey Trimble
GPS .
GPS

TRIMNET Plus ¢ )

Trimble 4000 GPS

GPSurvey

GPS

. GPSurvey
GPSurvey GPS
GPSurvey Desktop { GPSurvey !
GPSurvey
Project Manager i
GPSurvey
GPSurvey , \
Project Plan & J Quick Plan ¢
GPLoad {GPS J
t  TDC1) GPSurvey
1
Check-in i
GPSurvey
WAVE { i
GPS
GPS

82

= GPSurvey

GPSurvey

, GPSurvey

GPSurvey

4000



GPS

Network Map !

]
\ GPS
B Utilities ¢ J
hl A hl A DXF hl

B GPTrans ¢ i
3. GPSurvey

GPSurvey GPSurvey . Projectt I~ Plan
{ i+ Load ¢ i+ Process | I+ Adjust © I+ View { 1+ Utilities ¢

:l Hép l: :l l: :ls 1 H

4.-'1}1:'51.1.1".'-2}' Froject ;| tryme

Project Flan Load Frocesz Adjust View WUtilitiez Help

17 GPSurvey

B Projec | J
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bt i
1] m
L

L:'? I
o
=]

odi frr

=
(=1
m
L

elete

It = =

tatus

Baclonp
hestiore
Checls Iatabace

Exit

18 Project I K

New i i
Open { !
Modify ¢ J
Close & )
Delete i
Status i
Backup )
Restore i

Backup GPSurvey
Check Database
Exit

GPSurvey.
B Pan! i

AR5 [oad Frocess

Flan Project
Buick Flan

19 Plan ¢ j

Plan Project & i
Quick Plan ¢ !

m Load ! )



From Receiver |,

From RTK Survey Controller {

RTK
From DAT File ©  DAT
DAT!

From SSF Solution File

SSF

From RTK Solution File

RTK

From RINEX File i  RINEX

RINEX

From/To Survey Device !

B Process | )

Basdines | |

B Adust © )

Network & !

B View | )

P;u:u:ess Adjuzt View WUtil
From Receiwer
From ETE Surwew Controller
From DAT File
From 35F Selution File
From BETE Selution File
From BEINEX File

From{To Surwey Dewice

20 Load ! ]
GPSurvey
RTK )
GPSurvey
GPSurvey -
SSF i
GPSurvey
RTK !
GPSurvey a
i
GPSurvey -
!
GPSurvey

Processz EGERGL

Bazelines

21 Process j

Chiroc: [
Hetwork I

22 Adjust (3

! DAT Trimble 4000

: DOS
85

GPSurvey

DAT a



Hetwork Map

P veidities &

23 View [ K
Network Map !

B Utilities | J
Uti1lities QNS

Swstem Checlk

#dj Coords

Eef Coords

Set System Defaults

Froject Report

Eluebooking

Irawing Interchange

Coord Transformations

Anterma Editor

24 Utilities «© 1
System Check | J
’ 5 5 . GPSurvey
GPSurvey ,
Adj Coords !
Ref Coords i
Set System Defaults !
Project Report i
Bluebooking J
B G a
Drawing Interchange ! !
AutoCAD DXF “

Coord Transformations i
Antenna Editor i
B Hdp ! i
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B

Index
Commands
About .

Index ¢ )

Commands ! )

About ... & vt

GPSurvey
GPSurvey { Project)
' GPSUrVGy [
1 Project New: Create a New Project

VCreate a New Project

" Project
Project: |
Cancel
Supervisor: ‘__I
Motes: Options..
Lizt Projects. .. |
25 Create a New Project 3 £27
2. Project o b i
Supervisor o b i
Notes o | )
Options , ,

87



VCreate a New Project

| Project Cieate !
Project: Cancel i
Supervisor: o
Motes: Options..

List Projects. . i

Project Root Directory: |C:\GPSUHVEY\pmiects\

Antenna Type: Cnmact L1/L2 w/Ground Plane _:jl

Ant. Meas. Method: |Measured to bottom of notch on ground plane _'_jl

Antenna Group: |EPSuwe_',|

=

Receiver Type: | 4000S5E

Time Zone: |Greenwich Mean Time

-
-

GMT Time Difference: <’> _*lII ;é

D¥F Coordinate System: Geographic
DXF Zone: WG584

Add Time Zone ; Delete Time Zone ;

Set DXF Coord System ]

26 Create a New Project

Project Root Directory i
Antenna Type { )

Ant. Meas Method i
Antenna Group }

Receiver type | J

Time Zone !

Time Difference from GMT &

DXF coordinate system and zone { DXF

DXF o
Add Time Zone ! ]
Delete Time Zone ! |
Set DXF Coord System . DXF i
DXF
3. Create ' o

88
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N

a GPSurvey

: . DAT
GPSurvey
o b |
Load From receiver GPLoad a

Communications — GPLoad

0
GPS Receiver Da_ta:iHanjbg ;.i EthiCDM'I ;_i Settings...l

Awailable Files: ] Fecords  Created

Sart By:

MWame =

Selected Files: Lol Hemeve | | Add Al [ElEar Fename I Optiars...

LConnect

[isconnest

Tiramster,

[elete

Cloze

Diestination Directony: | coh sprojectshshoretcheckin

Status: Not connected Lids

JUHLF

27 GPLoad
GPLoad Data & ] Raw Obs | s Port .

Settings »  Port Settings i

Fort Settings
Baud Fate:

Diata Bits:

Stop Bita:

Parity: Odd -

Flaw Contral: INone K i
(] 4 I Cancell Help |

28 Port Setting « K

Connect . o ' GPLoad
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© N

GPLoad

Transfer : .
, i Check-Inj.
GPSurvey :
a b J
Load From DAT File 1 Load from DAT File .  DAT
1o
DAT a b Drives  Directories)
Load from DAT File: Interactiwe
Strip underscores from station 1D Create station if it does not exist
Strip leading zeros from station 1D Usze best station coords
Use station ID as name if missing Fail if antenna info is missing
! Location of source files: c:\gpsurvey\projectshshore\rawgpsid92205 Load Dalal
Files Found Files Selected Directories
Cl
00t12054_dat 001 2052 dat [.11 il
00t32054._dat Add -> | oot32053dat | [ i
00152052 _dat 052051 dat
00t62052 dat <-R | basze2050.dat Config. ..
00t62053_dat i -———————-I
00t7 2051 _dat
0t 7 2054 dat Remove Al | About.. |
Add All |
Help |
List Files of Type: |Data Files [*dat) _~| Drives |[-c-] =]
Load Data ,
, Batch Defer; Batch
Prompt Interactive: Interactive a

Checl—in Lag

Change Check-in
MODE [this file

only]:

- Batch Defer
- Batch Prompt

View log

29
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DAT: Verify Receiwer Configuration 1

Configuration Time

st [ F5] [2)f= (=] [
st 2o o] [ o i[5 ] [
Cunliguratiunm |

Operator: |Unknown |

Data Collector| NONE =]

Receiver T_l,lpe:l 400055E _v_ll
oK Cancel | About__ i
30
bl L]

tion for atic Oeccupation 1

Station Identification

BV CHARLESTON 1 =]

Long Name:| CHARLESTON 1 ~]
D11 =1

Station Position

Latitude: ; " (‘

Longitude: i “ :0
Height: m

Position Quality: |Pnint Positioning Lll

| Usable GPS

oK | Cancel i Hotes. I About.___ |

£m o=

31
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Verify Antenna for

Occupation Time [Local)

stone (B __J:[7_|-[23 ] [12 s - 000 ][]
stop: [82__|-[7 ][] [13]: o5 J: d5o00 ][ |

Antenna Information

Height: |1.587 m

Type: | 400055T4S5E L1/L2 Geodetic _ﬂ

Method: | Measured to bottom of notch on ground plane ;I|

Group: | GPSurvey ;I|

Feature Code: |

Occupation Completed Successfully in the Field
| Use thiz DOccupation

oK LCancel About._ .
32
, OK , °
i
a b !
Basdine - { WAVE!.

92

WAVE

Load



4, Load «

5. OK

Files:

¢/ Include processed files:

Mame Start time Stop time Type Processed
00772051 92-07-23 20:25:15 92-07-23 20:39:45  Static Yes -
00752051 92-07-23 20:25:15 92-07-23 20:39:45  Static Yes —
BASE 2050 92-07-23 20:25:30 92-07-23 22:39:45  Static res |
00752052 92-07-23 20:55:15 92-07-23 21:09:45  Static Yes
00712052 92-07-23 20:65:15 92-07-23 21:09:45  Static res
00762052 92-07-23 20:56:00 92-07-23 21:09:45  Static Yes x
Selected hiles:
Mame Start time Stop time Type Processed
Add 1 Add all 1 Bemove i Hore info... 1 Sort by:
Controls. 1 1] 4 ] C ] Hel I
Lontrols ance i Help 1 |
33 Load 3 (13
i Files © i Sdlected files

Include Processed file

| Include processed files

| [Name

Start ime Stop time Type FProcessed
| 00T 72051 92-07-23 20:25:15% 92-07-23 20:39:45  Static Yes -
| 00T 52051 92-07-23 20:25:15  92-07-23 20:39:45  Static Yes —
ASE 2050 92-07-23 202530 92-07-23 223945 Stahc Yes ...
| | 00T 52052 92-07-23 20:55:15% 92-07-23 21:09:45  Static Yes
| (00T 12052 92-07-23 20:55:1% 92-07-23 21:09:45  Static Yes
| 00T 62052 92-07-23 20:56:00  92-07-23 21:09:45  Static Yes *
Seeed e
Mame Start time Stop time Type Frocessed
| (00T 72051 92-07-23 20:2%:1%  92-07-23 20:39:45  Static Yes
| (00T 52051 92-07-23 20:2%:1%  92-07-23 20:39:45  Static Yes
| [BASE 2050 92-07-23 20:25:30 92-07-23 22-39:45  Static Yes
Add | Addall | Remove | Hoeinio | Setby
Controls... I (114 ] Cancel ] Help i |
34 Load I i (27
’ WAVE .

00752051

I

2 of 11 files

35
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7.

8.

: WAVE

Edit

Station name:

[AMPHITHEATRE =
wes 04 [ ox |
Latitude: | I7 25" 24120791 H Cancel i
Longitude: | 122 05" 12 222247 "W Gt
Height [m]: 27520 above ellipsoid Reset 1
st
Position quality: |Baseline Solutions __'__jl
: . . Help I
| Enable precize coordinates

Station position

WAVE

36
WAVE Edit © i Occupation J ,
Occupation List
Receiver: [EYNG—GG |
Mame Start ime Stop time Antenna Ht
AMPHITHEATRE 92-07-23 20:56:00 92-07-23 21:09:45 1.574 =
AMPHITHEATRE 92.07-23 21-25:15  92-07-23 21:39:45 1.574 =
CHARLESTON 1 92-07-23 20:55:15  92-07-23 21:09:45 1.587
CHARLESTON 1 92.07-23 21-55:15  92-07-23 22:09:45 1.637
CHARLESTON 3 92-07-23 21:25:15  92-07-23 21:39:45 1.540 |
CHARLESTON 3 92-07-23 21:55:15 92-07-23 22:09:45 1.540
SHORELINE NORTH 92-07-23 20:25:15  92-07-23 20:39:45 1.658
SHORELINE NORTH 92-07-23 21:55:15_ 92-07-23 22:09:45 _ 1.588 -]
Close |  Selectall | Edit | Help |
37 £13
Edit Occupation
LTS A MPHITHEATRE] =]
{Antenna
Height: (1.574 meters
Iype: |40005ST/SSE L1/L2 Geodetic =]

Method: | Measured to bottom of notch on ground plam__v_ll

Group: |EPSuwey _'jl
(1] 4 I Cancel | Help I
38 27
Process ! i Setup...t "

. WAVE

94



Static baseline generation: Process times:

> Allb Start:[92 - 7 -23 [20:25:15 (654 419115

> User defined Stop: 532 -7 -23 522 :39:45 i854 427185
Kinematic processing:

| Stop & Go Satellites.__. 1 Default 1

—| Continuous Advanced controls. . 1

__| Event markers

| Force continuous processing 0K i Cancel I Help ]

39 WAVE

atellites

Clswatlswen vISYI7 vIS¥ 25
svnz  Isvis sy (svm |
sy _Isvis  _Isver |

Gsvee  pisviz sy (s¥m |
BV w813 vz e
ey es _Is¥1s _Isver _8vV3g
Isep2  _lsvis jsvm | sya |
sves  vISVIE  visvae  (svar |
ITi Cancel I Help

40 WAVE

WAVE

fdvanced Controls

LCategory Category settings: General

Observables Elevation mask [deg):

Static Network
Kinematic Network
OTF Search
Events

Quality

Tropo Comection
lono Comrection
Final Solution

Maximum iterations:

Maximum fixable cycle slip [zec):
|

Ephemerns: Broadcast

| Generate residuals

+| Enable antenna phase comection

41 WAVE

WAVE

Process ! ] Basdine | |
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"_'ﬁ')\‘i - Shore - [Solutien Summary]

m File Edit Frocess BResults Optienzs Windew Help ;I_ilil
Frora Station To Station Solution Type Slcq:ﬂ
11 TRIMBLEBASEBE CHARIESTON 3 L2 code
12 TRINMEBLE BASE BE CHARLESTON 3 Iono fiee triple
13 TRIWELE BASEBE CHARIESTON 3 PiC2 Lw L float
1.4 TRIMBLE BASE B8 CHARLFESTON 3 Tono free fixed
21 TRIMELEBASEBE CHARIESTON 1 L2 code
22 TFRIMEBLE BASE BE CHARLESTON 1 Iono fiee triple
23 TRINMEBLE BASE BE CHARIESTON 1 PiC2 Lw L float
2.4 TRIMBLEBASEBS CHARLESTON 1 Tono free fixed
31 TRIMELEBASEBRE SHORELINE NORTH L2 code
32 TRIMBLE BASE BE SHORELIWE NORTH Tono free triple
33 TRIMEBLE BASEBE SHOFELINE MORTH PiC2 Lwr L float
34 TRIMBLEBASE B8 SHORELINE MORTH Tono free fixed R

10. WAVE File « | Save | o, .
11. WAVE File ¢ J Exit © b GPSurvey
2.
B Static Basdine Genernation & |
All Badine ]
Independent set { !
User defined |
B Kinematic processing | i
03

B Processtime; & ]
Start . |
Stop i
B Sadlites | i
B Default | i
B Advanced controls { J
Genera ! |

<{ Elevation Mask ! ]

<$  Maximum lterations ¢ )
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< Maximum Fixable Cycle Slip i

< Ephermeris J
< Generate Residuals ! )
<> Enable Antenna Phase Correction ! 1
B Observables ! |
L1 Phase (L1 )
L2 full phase (L2 i
L2 half phase (L2 i
L1 P-code L1 P )
L2 P-code ¢ L2 P )
L1 C/A-code ! L1 C/IA |
L2 code iencrypted} L2 i 1l
B Static Network ! )
Minimum basdline observation time {secy Loon
B Kinematic Network ( )

Lo

B OTF Search {OTF |
.o

B FEvents | )
.o

B Qudity & J

Observation editing & i
< Edit multiplier € !
<~ Levd of confidence !, )
Ratio test { Ratio i
< Ratio Cut off {Ratio i
< Level of confidence ¢ )
Reference variance test )
B Tropo Correction J
Modd ¢ j
Estimate Zenith delay interval ihr} ! 1
Use observed met data )
B lono Correction | )
Ambiguity resolution pass )

<~ Correction: lono free/None
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< Appley to al basdline longer than.. .t J

Final pass * i
< Correction: lono free/None : / i
< Appley to al basdine longer than...! !
Finad Solution i
< Solution type...! !
< Freguency type J
. (TRIMNET PLUS)
1.
GPSurvey :
1. GPSurvey, a
2. GPSurvey  View ! i Network Map i :
3. GPSurvey  Adjust i Network ¢ ) : Trimnet Plus
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TRIMHET Flus Hetwork Adjustment

Shore

GP5 Metwork Module

#p 8

Terrestrial Observations Module

K
L

MNetwork Adjustment Module

Geoid Module

Database Connection

@ i 4

About TRIMNET Plus

3

Exit to Project Manager

42 Trimnet Plus

4, GPS Network Module {GPS 1 .

Trimnet Plus

FE R GFE Module

GFZ NETWORE MIDULE

GPS

IS[= B

view Contents of Trimves Directory

View Vectars

SHimarize Hetwark

STATUS

Eclit Hetwork
Hetwork Adjustmert
Save GPS Network to Disk

Networ k. Tryms

Datum WE5-E4

49 Solutians

45 Basalines

i3 Urigue Wectars
17 Stations

view Map of GPS vectars

Wiaw Trimee: File

Frinter OFF
Plotter OFF

ESC=E=IT  T]=MVE Erftzer =SELECT 1=HELP

43 GPS
5. Build Network form Trimvec Directory ©  Trimvec
, GPS .
6 o b i
! GPsurvey Trimvec a
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Save GPS Network to Disk &  GPS s -
: GPS Network Module & GPS I

Loan ¥ECTORS FROM TAIMVEC DIRECTORY

Clear Currenmt Metwork Before Leading Vectors

Return te WMain Menug

F1 = HELF

44

: Add New Vectors to Current Network
R 1 Clear Current Network Before
Loading Vectors | Ia .
Network Adjustment I .

EXIT GPS WETWORKE MODULE

OO YOU WahT TO S&0YE THE KETWORE
TG OISE BEFRE EXITT

[ESC returns to Main Menu)

45

HALN HEMU = = MELWOFK ADUSTHEML MODMILE

HETWORK STATUS |
Adjustment Menw
Hanmne = tryme
Cheange Coordinate Syztem Datwn: WGE-B4
Bycsten® Gsographic
Datum Definition Fone > Global
Linear Unit: neter
Conputation UEilities Conputations* conpubed
17 Ztations
Ilata Baze Connection 147 Qhservations
147 GFS
Save Metuwork to Dizk B Terrestrial
@ Geodid
GIE Metuork FAodwle
Frinter QFF
Terrestrial Hetwork RAodule Flotter QFF
1
ESC-EXIT  T4=MOWE  Enter-SELECT  F1-HELF It
46
Adjustment Menu 1s .
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I ADUSTHENT HENU i

Adjust Hetwork H
Coordinate Fix Ztatus i
Obzervation DisablesEnable
Conpute Observation Closures
Variance Component Strategy
Weighting Strategy
Transfornation Strateguw

Special Controls

Exit
47
10. Specia Controls | J a b SPECIAL
ADJUSTMENT CONTROLS ¢ J J
;- SPECTAL ADJUSTHENT COMTROLE 1
vhal Hdjustnent Gontrols L

Point-hy-Point Adjustment Controls =
Defindition of Precisdion

Exit L}
48 SPECIAL ADJUSTMENT CONTROLS i
11 Global Adjustment Controls I .
Modd all heights on dlipsoid  one-height mode? Y:
Univariate sigma scalar 1.96;
Bivariate sigma scaar 2.45;
F5 , , ADJUSTMENT MENU ¢ ] .
GLODAL ADJUSTMENT CONIROLE MEIUORH ADJUSTHENI MODULE
Display adjustrnent screen graphics Iy
Hrite sllipse displays to disk Files Iy
Write histogran dizplay to disk File Iy
Dizplay covariant terns 'y
Direct all adjustrment text displeys to printer H
Lh=ite plotter File for network map H
Lh=ite plotter File for ellipses H
Compute horizontal adjustnsnt ¥
Conpute vertical adjustment 'y
Use reduced colunn profile if possible H
Modsl all heights on ellipsoid {one-height nodel H
Festrict coveariant terns display to observed lines H
FRave to Disk?' prompt before exit ¥
Univariats s:i.artu. scalar? '
Bivariste signa scalar? 2. 4580
Maximum number of adjustnent iterations: 18
Tolerance on residuals to end iterations: 1. Be=—hds
Lazt-ditch tolerance on residuals = 5. Be—R03
Fi=HELF ENIER=-ACCEFT UALUES ESC=EXIT PL=SAVE MEW EYETEM DEFRULIE
49
12. Weighting Strategy i . : OBSERVATION
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CATEGORIES ¢ i

MEZERVATION CATEGORL

GFE Obzervationz

Terrestrial Observations

Geoid Model

WEIGHTING STRATEGY

o
Fl=llelp ESC=Exit  ENIER=Chouse
50 OBSERVATION CATEGORIES ¢ 3
13. GPS OBSERVATION { GPS . :
{ ) a
WEIGHTTHG ETRATEGY
1
Sunmation r
Station Weighting "
Exit
L
51 WEIGHTING STRATEGY 3
14. Station Weighting ! 1
ADJUSTMENT MENU i "
I ETATION WEIGHTING Il
Error in H.I_.: B_8828
Triheach Centering Ereor: DRI
52 STATION WEIGHTING ( )
15. Adjust Network o
16. : Displays ¢ I
DIEFLAYS l;

Coprdinates

Dhservations
Adjustment Results
Hetwork Haps
Graphics Hard CGopy
Exit

53 DISPLAYS | )

17. Adjustment Results I
ADJUSTMENT RESULT ¢ ) ’
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DISPLAY ADJUSTHEMT RERULTE

Activity Laog

/-y ]

Ohzervation Clozures
ftatistical Sunmary
Conrdinate Bdjustnent
Ohaervation Adjustnent ]
Largest Standardized Resdiduals
Frror Ellipses i
Histagran E

Covariant Ualues

Exit
54 DISPLAY ADJUSTMENT RESULT ¢ 1
18. STATISTICAL SUMMARY © ] . .
Network Reference Factor ! ]
Chi-Square Test © C? )

e
ADJUSTHENT STATISTICE
AJUSTHENT STATISTICE SURHMARY
LR

HET! H = tryme
TIHE = Mon Hay 25 B6:83:28 1798

ADMJUSTHENT SUMAARY

Hetwork Reference Factor = 3.84
Chi-Sgquare Test o = %5xd = FAIL
Degrees of Freedon = 59 .08

GFE DOBEERVAT IONS
Reference Factor = 3.84
r = 99.0@

P2 Solution 1 Reference Factor = 4.2% r = 1.02
P2 Solution 2 Reference Factor = 4.3% r = 2.1
PE Solution 3 Reference Factor = 5.11 e = 2.5%

Exc=EH IE'.I' Pyl Pgln

55 STATISTICAL SUMMARY | = c?

19. Observation Adjustment ¢ L TAU
1 a
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OBSERVATION ADMJUSTHENMT SUMARRY
HETWIRK = tryme
TIAE = Mon Fay 25 B6:B3 =25 1796

COHZERVAT ION ADJUSTAEML (Taw = F.43»

Esc-ERIT

B3 BLE#- TIYPE BACKILGHTL ~ wnuCs OBE ERUWED- 1.76os TAW
REF# IHSTRUHENT A UDPGs ADUSTED- 1.76os
FORESLGHT SHHL HESIDUAL 1.76w
1 1 gpsaz —Hes— e J137OREC 80,7226 148.F61Z" B. 85
1 HUB  —wex—  137°51°51.677V2" PH.GET4"
SFR3 1 —-7.045465" 187.2616"

Th=ECROLL Pgbn

56 OBSERVATION ADJUSTMENT [ 1
20. ADJUSTMENT MENU ¢ ) : Weighting Strategy/GPS
Observations/Scaar: , WEIGHYING STRATEGY--SCALING
y . Current Strategy ) al gps solutions:
Current Value ! Alternative { Jo
[_[O7] =]

VELGHIING SLRAIEGY - SCALLNG HELUORK ADUSTHEHL MODULE
Curpent strategy: all gps solutions Current valus set:
SOL # scaLan | soL w gcaLeR | soL SCALAR | S0L m SCALAR
1 1.88 18 1.88 35 1.08
F i.08 1y 1.e8 36 1.6m
3 i.08 za 1.e8 37 1.6m
4 i.08 21 1.e8 EL| 1.6m
5 i.08 2z 1.e8 37 1.6m
B i.08 23 1.e8 2@ 1.6m
7 i.08 24 1.e8 41 1.6m
B i.08 25 1.e8 42 1.6m
) i.08 26 1.e8 43 1.6m
18 i.08 27 1.e8 24 1.6m
11 i.08 28 1.e8 45 1.6m
iz i.08 2y 1.e8 % 1.6m
13 i.08 EL 1.e8 27 1.6m
14 i.08 EE 1.e8 44 1.6m
15 i.08 3z 1.e8 29 1.6m
16 i.08 33 1.e8
17 1.88 L] 1.ea
F1 = HELF ENTER - ACCEPT WALUES PRUP-PGEON
57 WEIGHYING STRATEGY--SCALING [ — i
21. ADJUST MENU ¢ J , Adjust Network | J
22. 21 c’? .
. s : Current Strategy { 3 Current Valuel 3
= Current Strategy ( )] all gps solutions( GPS ), eachgps
solutions( GPS )  varcompgroup X% Current
Vaue( ) Default £ 3s Alternative( )} User-Defined X
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oo & olne g efE

THENT STATISTICE

AMJUSTHENT STRTISTICS SUAMARY
HEILMREK = tryme
TIAE = Mon Hay 25 B6:13:01 1998

AMJUSTHENT SUMAARY

Hetwork Reference Factor = 1.8
Chi-Sgquare Test o = 5> = PRASE
Degrees of Freedon = 99 .88

GFE OBSERVATIONS
Reference Factor = 1.84
r = 77.898@

s Solution 1 Reference Factor = 1.22 r = 1.8%
'S Solution & Reference Factor = 1.23 r = 2.1z
'S Solution 3 Reference Factor = 1.41 r o= 2.64

Esc=ER IET T4=3CROLL Pylip Fgbn

58 STATISTICAL SUMMARY [ 1 — c?
23. ADJUSTMENT MENU ¢ ) : Weighting Strategy/GPS
Observations/Scalar: : Current strategy i User-Defined
Ta
24. MAIN MENU ¢ i Datum Defination 1
25. MAIN MENU ¢ i Change Coordinate System
26. ADJUST MENU ¢ i Coordinate Fix Status
= cifeey B e A
1
HHLIH
1 1111 41403252294 12 5951 ¥HRH— YHH-
LE%213. 4861 B . pang
2 2222 4140324 8995 12 .9989 ————  YHH-
HE%181.9912 B . papg
3 4434 41403976302 12 .13%5 R YRH-
LOLhZaE.a26y B . gapg
4 GbbEE 414A337.1951 13.5728 ————  YHH-
LELEeY. 122 B . papg
5 BCAPF 4140348 1887 135575 ————  YHH-
LO4B20.5861 B . papg
& BRZY 414REIY 66T a.58049 ————  YHH-
LO4B83.95%TA B . papg
ESC-EZ1T ENTER-SAUE 1).IAB-CURSOR Palp Poln  CALT3F2-F5-{SEI}CLEAH FIX |
59
27. Adjust Network ¢ I .
28. GPSurvey Trimnet Plus: Database Connection P
29. Exit to Project Manager I GPSurvey.
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Almanac

L] hl

Anti-Spoofing { A/S!

P
Azimuth
Basdine

Base Station

o GPS Reference Station.

Block I, II, IR, IIF Satellites
Block I, II, IR, IIF a
: 24 Block Il
: Block IIF GPS

CI/A code { Coarse/Acquisition Code!

CA ] Ja

Chip

1 . (0
2. -

Chip Rate

Clock Buias
Cl ocI: Offset
Cycle S=I|ip
Datu;n
Dithenri ng

, DOD

dilution of precision

DOP = (tr (AT PA))¥?
: A '
Doppler aiding

Doppler shift

dynamic positioning

106

» GPS

: Block |

i C/A

GPS
199%

’ 1978
: Block IIR

1.023MHz.



Elevation Angle
elevation maska
elevation mask

ECEF — earth-centered earth-fixed Cartesian coordinates
Ephemeris
i GPS |
1 m [13 am
epoch
. GPS
event mark
o o GPS

full wave
. GPS i 1
: L2 i 24cm) {
L2 L 12cmi.
Geoid

Geoid Height
Geometric Dilution of Precision(GDOP)

geodetic datum

GPS
{ DoD-Department of Defence!
System. 24

. = GPS .

GPS Time

GPS

GPS Week

GPS . , 0 -
Independent Baselines

|onosphere
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10°

» GPS

L2 P
L2

{ Globa Positioning
GPS



lonosphere Delay

: : (o

|onosphere Refraction

I .
; : Lt

Kaman Filter

L-band
L- - |EEE 521 1.0GHz 2.0GHz
GPS L- 1227.6MHz  1575.42MHz .
L1 Signd
L1 .
L2 Signa
L2 .
Julian date
/ . .
Kinematic surveying

multi-basdline solution

multipath
a GPS a
multipath error

multipath interference

narrow lane
« L1 L2 : L1+L 2
, 10.7cm.
NGS
{ The United States National Geodetic Survey!.
observing session

occupation

PDOP mask

PDOP . PDOP .
RDOP

RDOP = (S jx +S§y +S§z)]/2 ’ m/CyCIeu
SA ({ Sdective Availability?

= DoD ’
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Sync time

TOW {Time of week: i Selective Availability’

trop { Troposheric correction’

Universa Time Coordinate { UTC!
Universal Transverse Mercator £t UTM!

User Range Accuracy ¢ URAJ

10!
Y code
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