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Limited Warranty

Datum guarantees its products to be free from defects in maternal and workmanship for a
period of one year from the date of shipment. Datum shall, at its option, either repair or
replace hardware products which prove to be defective.

Datum software and firmware products designed to be used and installed in Datum
hardware products are warranted not to fail to execute their programming instructions due
to defects in material or workmanship. If Datum receives notice of such defects during
the warranty period, Datum will repair or replace software media and firmware which do
not execute their programming instructions due to such defects. Datum does not warrant
that operation of the software, firmware or hardware shall be uninterrupted or error free.

All warranty service will be carried out at the Datum - San Jose facilities at 6781Via Del
Oro, San Jose, California 95119-1360 USA. The purchaser shall prepay shipping charges
and shall pay all duties and taxes for products returned for warranty service. Datum will
pay for the return of products to the purchaser except for products returned from another
country.

Limitation of Warranty: The above warranty does not apply to defects of, or resulting
from the following:

1. End items included as part of a system or product selected by, but not designed
by, Datum are subject only to warranty as may be obtained
from the original manufacturers. Such items include, but are not limited to, test
equipment, accessories, batteries, computers, printers,
software, etc.
2. Items manufactured by Datum pursuant to detailed designs furnished by purchaser
or specific components, accessories, support equipment
and software specified by purshaser.
3. Improper or inadequate maintenance by purchaser.
4. Unauthorized modifications, misuse or mishandling.
5. Operation outside of the environmental specifications of the product.
6. Purchaser’s supplied software or interfacing.

THIS WARRANTY IS EXCLUSIVE AND NO OTHER WARRANTY, WHETHER
WRITTEN OR ORAL, IS EXPRESSED OR IMPLIED. DATUM SPECIFICALLY
DISCLAIMS THE IMPLIED WARRANTIES OR MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE.

The remedies set forth above are the purchaser’s sole and exclusive remedies. In no
circumstances shall Datum assume liability for loss, damage, or consequential
expense (including loss of profits) whether based on contract, tort, or any other
legal theory, arising directly or indirectly from the use of its equipment separately
or in combination with other equipment.
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CHAPTER ONE
GENERAL INFORMATION

1.0 INTRODUCTION

This User’s Guide describes the installation and operation of the ExacTime 9390 Global
Positioning System Time Code and Frequency Generator.

1.1 USER'S GUIDE SUMMARY
This User’s Guide is divided into the following chapters:

Chapter One - General Information

This chapter includes a general description of the GPS Timing Unit and provides technical
specifications.

Chapter Two - Installation
Describes initial inspection, preparation for use, interconnections to antenna/preamp, power
connections, and signal interconnections.

Chapter Three - Operation
Describes the local operation of the unit.

Chapter Four - I/O Port Data Input/Output
Provides information on the protocol and data available through the RS-232C 1/0 port.

Chapter Five - Maintenance/Troubleshooting

Provides a guide to the maintenance and troubleshooting of this instrument. A description of the
available adjustments is also provided.

Chapter Six - Parts Lists
Provides a list of parts (by Datum Part Number) of the items/materials in this unit. Customer
specified options are not included in this Parts List.

Chapter Seven - Drawings
Includes the Top Assembly drawing of the ExacTime unit, and associated Assembly and
Interconnect drawings. Customer specified options are not included in this Drawing List.

Option Descriptions
The Option Descriptions for the options included with this instrument are located in the envelope
attached to the inside cover of this User's Guide.
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Appendix A - ASCII Character Codes
Provides the cross reference of the ASCII character set to decimal, octal, and hexadecimal
numbers.

Appendix B - Acronyms and Abbreviations
Provides a list of acronyms and abbreviations used in this User’s Guide.

1.2 NAVSTAR/GPS DESCRIPTION

The Navstar/GPS satellite-based timing and navigation system consists of a constellation of high
altitude satellites orbiting the earth every twelve sidereal hours, a group of ground-based
control/monitoring stations and the user equipment which may be located on land, sea and/or air.

The GPS System was completed in the early 1990°s and provides three dimensional positioning,
velocity, and time, on a continuous world-wide basis. The constellation is comprised of twenty-
one satellites and three spares. The satellites are located in six different orbital planes inclined
approximately sixty degrees to the equator at altitudes of 10,400 miles above the earth.

The GPS Timing Unit determines time and frequency by measuring the time of arrival of the
precise timing mark and measuring the Doppler effect from one satellite. A previously entered
or determined position allows computation of the receivers time offset. An accurate timing mark
(1pps) can be set, and an input 1pps pulse can be measured with respect to UTC. The satellite
positions are known within a few meters and the satellite clocks are calibrated within a few
nanoseconds so position can be computed within an absolute accuracy of better than 120 meters
(with current selective availability).

The GPS signal transmitted from a satellite consists of two carrier frequencies. L1 at a frequency
of 1575.42 MHz and L2 at a frequency of 1227.6 MHz. The L1 signal is modulated with both a
precision (P) code and a coarse acquisition (C/A) code. The precision (P) code is available to
authorized users only. The GPS Timing Unit operates on the C/A code.

Each satellite transmits a unique C/A code that reflects the satellite identity for acquisition and
tracking. The C/A PRN code is a gold code of 1023 bits repeating at a one-millisecond rate.

The L1 and L2 frequency is also modulated with a fifty-bit-per-second data stream providing
satellite ephemerides, system time, satellite clock behavior, and status information on all
satellites. The data message is contained in a data frame that is 1,500 bits long.

Ground based control/monitoring stations track the satellites and provide an upload several times
each day to provide a prediction of each satellites ephemeris and clock behavior for the next
day’s operation.
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1.3 PRODUCT DESCRIPTION

The GPS Timing Unit operates on the civilian L-band (1575.42MHz) utilizing C/A (Coarse
Acquisition) code transmissions to monitor time and frequency data from the Navstar satellite
constellation. Time and frequency is determined from satellite transmissions and calculations
referenced to USNO (United States Naval Observatory) through the GPS Master Clock system.
This link provides traceability to USNO and all international time scales through the use of
publications from NIST (National Institute of Standards Technology), USNO, and BIPM
(Bureau of International Des Poids et Measurements) in Servres, France.

The unit automatically acquires and tracks satellites based on health status and elevation angle.
Time and frequency monitoring requires only one satellite, once accurate position data has been
acquired or entered. In “AUTO” mode, and the “4-SV” mode, four satellites are required for the
GPS Timing unit to do three dimensional (latitude, longitude, and altitude) position fixes. In the
“3-SV” mode, only three satellites are required to do two dimensional (latitude and longitude)
position fixes.

The basic GPS Timing Unit includes the GPS Main Module, an antenna/preamp and a coaxial
cable for interconnection. A corrected 1pps output signal and a 10MHz Sine Wave are provided
in the basic GPS Timing Unit configuration. An RS-232 I/O Port is also provided in the basic
configuration which can be used to control the unit as well to get data from the unit. The basic
unit has an LCD Display and a keyboard. It generates IRIG B Serial Time Code, and has the
capability of measuring the time interval difference between the GPS 1pps and an externally
input 1pps. Optional features such as additional output codes and/or frequencies, an RS-232
printer port, external frequency input or single or triple event log are available to meet specific
requirements. Refer to the GPS Option/Connector Configuration sheet located at the beginning
of this manual for the options supplied with this instrument. The Option Descriptions are in the
envelope attached to the inside cover of this User’s Guide.

1.4 SPECIFICATIONS
The electrical, physical, and environmental specifications for the 9390 are listed below.

1.4.1 GPS SUBSYSTEM

Time Accuracy
Better than 100nS relative to UTC with six or more satellite averaging with 95% confidence.

Position Accuracy

< 100 feet latitude, 100 feet longitude, and 250 feet altitude with current SA. Accuracy
improved to better than thirty feet after twenty-four hours of automatic position averaging in
static position.
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Maximum Velocity
400 meters/second.

Tracking Channels
Six parallel.

Receiver Frequency
L1 1.575 GHz, C/A Code.

Acquisition Time

Time to first fix is less than two minutes with outputs operational in less than five minutes with
timing accuracy better than two uS and frequency accuracy better than 1E-8. Full system
accuracy (100nS) provided within one hour.

1.4.2 TIMING OUTPUTS

Rear panel BNCs J4 through J9 can output a 10MHz sine wave, various pulse rates, or alarm
outputs. The following is the standard output configuration for the rear panel BNC connectors.
To change the outputs from the factory set standard configuration, see the paragraph titled
“Timing Outputs” in Chapter Two and the paragraph titled “Optional Pulse Rate Outputs” in this
section of the User’s Guide. Each output is via a 50Q driver.

1.4.2.1 J4 - TRACKING

This CMOS output level is “low” when the unit is actively acquiring data from one or more
satellites and is “high” when the unit is not acquiring data from any satellite.

1.4.2.2 J5S - LOCKED

When this CMOS output level is “low” (LOCKED), the 1pps output is divided down/down
counted from the internal 10MHz Oscillator. The DAC voltage controls the 10MHz oscillator
from which the 1PPS is derived. When this CMOS output level is “high” (i.e., not locked), the
1pps is constantly being corrected (jammed) to on time using the 1PPS from the GPS Receiver
Module. In this mode, the 1PPS output can jump.

1.4.2.3 J6 - 1PPS

This output is a thirty to fifty psec wide pulse at CMOS levels. The rise and fall times are < 6
nanoseconds. It is positive (rising) edge on time, within £100 nanoseconds relative to either
UTC or GPS with six or more satellite averaging with 95% confidence.
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1.4.2.4 J7 - 10MHz SINE WAVE

This output has a nominal amplitude of one volt RMS into a 50Q load.

Note: The output amplitude of the 10MHz sine wave is dependent on the internal time base.
This amplitude specification is for the Voltage Controlled Temperature Compensated
Crystal oscillator.

1.4.2.5 J8 - IRIG B (AC)

This output is Amplitude Modulated IRIG B122 Serial Time Code. This output is available only
after the unit has tracked satellites and set time.

Carrier 1KHz
Modulation Ratio 3:1
Amplitude Three volts peak-to-peak on the Mark Pulse

Note: Some units may output a modified IRIG B per IEEE Std. 1344 that has data in the
Control Function bit area. Refer to Table One at the end of this chapter for the Control
Function Bit Assignments.

1.4.2.6 J9 - IRIG B (DC)

This output is Pulse Width Modulated IRIG B002 Serial Time Code at CMOS levels. This
output is available only after the unit has tracked satellites and set time.

1.4.2.7 J11 - PRINTER OUTPUT PORT
This DB9 connector can output data to an RS232 compatible serial printer or terminal.

It can be configured to operate in the Standard RS232 output or the One Second RS232 ASCII
Burst Mode output. For the operation and configurations, refer to Chapters Three and Four.
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1.4.2.8 OPTIONAL PULSE RATE OUTPUTS

The following is a list of optional pulse rate outputs available for selection on BNC connectors
J4-19. They are positive (rising) edge on-time. The majority of these rates have a 80/20 duty
cycle with the exception of the 10MHz and the SMHz which are square waves, and the 1PPM
which is 40/20.

10MHz 5MHz IMHz
100KHz 10KHz 1KHz
100Hz 10Hz 1Hz
1Hz 1PPM

For further clarification and/or configuration of the above outputs, See Section 2.6.3 of Chapter
Two.

1.43 ACCURACY
The accuracy of the pulse rates listed in Section 1.4.2.7 is the same as that in Section 1.4.2.3.
1.4.4 TIMING INPUTS

1.4.4.1 J10 - 1PPS INPUT (TIME INTERVAL MEASUREMENT) or
EXTERNAL FREQUENCY MEASUREMENT or
SINGLE EVENT LOG

Time Interval Measurement

Used to measure the time interval between the internally generated GPS 1PPS and an external
1PPS input. The resolution of this measurement is 10 nanoseconds. At power-up, this feature is
DISABLED. If enabled, the measurement is displayed on the Second Menu Screen. Refer to
Chapter Three. Also see paragraphs entitled, “Enable Time Interval,” “Disable Time Interval,”
and “Request Time Interval,” in Chapter Four of this User’s Guide.

External Frequency Measurement
Frequency Range
1Hz to 10MHz (discrete, whole numbers - not fractional parts).

Input Wave Form From 1Hz to 10MHz
Rectangular or square wave (minimum pulse width fifty nanoseconds).
Amplitude Range:

Logic “0” +0.2V £0.2VDC
Logic “1” +2.4V to +15VDC

Input Wave Form From 100KHz to 10MHz
Sinusoidal Amplitude Range: 1 - 5 volts peak-to-peak
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Single Event Log

This option provides the capability of logging the time occurrences of up to 256 events from one
input. A pulse on the event input will cause the time to be logged/stored on either the rising
(positive going) or falling (negative-going) edge of the input pulse. The edge designated as on
time is programmable via the front panel keyboard or remotely via the RS-232 I/0. Each event
will have a defining number from zero to 255 and the channel identifier.

The event memory can be read and/or cleared via the RS-232 I/O. Refer to Chapter Four of this
User's Guide. If the inputs exceed 256 events (occurrences), the new data will be lost. If two
events occur less than ten milliseconds apart, it is possible that one of the events may be lost.
This will be reported as a missed event in the status code when the data is output. This event log
option can also be enabled or disabled. Refer to Chapter Four of this User’s Guide.

The event time resolution is from hundredths of nanoseconds through hundreds-of-days.

1.4.5 J12 RS-232 I/O INTERFACE

Full remote control of all operating functions in a complete ASCII protocol. Baud rate, parity,
word length, and stop bits are selectable. See paragraph titled, “Fourth Menu Screen — RS232
I/O Configuration” in Chapter Three of this User’s Guide. A description of the remote control
functions is contained in Chapter Four.

1.4.6 INTERNAL TIME BASE

This unit can have one of three internal time bases depending on customer requirements. Unless
otherwise specified, the following are the specifications for the oscillators used as the internal
time base - not the specifications of the unit’s 10MHz sine wave output.

1.4.6.1 VOLTAGE CONTROLLED TEMPERATURE COMPENSATED CRYSTAL
OSCILLATOR with the following specifications:

Output Frequency/Waveform
10MHz Sine Wave.

Output Amplitude of Crystal Oscillator
1.0 volt peak-to-peak minimum clipped sine wave into 20KQ load. Harmonics -20dBc
maximum.

Aging Rate
+1.0PPM maximum per year.
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Phase Noise

The following specifications are for the 10MHz sine wave output available on rear panel BNC

connectors J4-J9:

1Hz -72 dBc/Hz
10Hz -98 dBc/Hz
100 Hz -126 dBc/Hz
1KHz -136 dBc/Hz
10KHz -136 dBc/Hz
100 KHz -136 dBc/Hz

Temperature Range and Stability
+1.0PPM from -30° to +75°C.

Adjustment Range
+3.0PPM minimum by internal manual trimmer.

Voltage Control
+3.0PPM minimum from +0.5 to +4.5 VDC.

1.4.6.2 LOW NOISE OVEN OSCILLATOR with the following specifications:

Output Frequency/Waveform
10MHz Sine Wave.

Output Amplitude of Crystal Oscillator
1.0 volt RMS into 50 ohms.

Aging Rate
+5 x 107" per day, +5 x 10°® per year.

Temperature Stability
+1 x 10" over a temperature range of -20°C to +75°C.

Operating Temperature
—20°C to +75°C.

Altitude
Sea level to +50,000 feet.

Electrical Tuning
+1PPM (minimum) / £2PPM (maximum).

Control Voltage
0 to +6 volts.
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Mechanical Frequency Adjust
+1PPM (minimum) / £3PPM (maximum).

The following specifications apply to the selected 10MHz sine wave output at a +13 dbm level:

Harmonics
-45 dBc

Spurious Noise

>-70 dBc

Phase Noise
1Hz -94 dBc/Hz
10Hz -120 dBc/Hz
100Hz -140 dBc/Hz
1KHz -145 dBc/Hz
10KHz -148 dBc/Hz
100KHz -148 dBc/Hz

1.4.6.3 LOW PROFILE RUBIDIUM OSCILLATOR (LPRO) with the following

specifications:

Output Frequency/Waveform
10MHz Sine Wave.

Output Amplitude of Crystal Oscillator
1.0 volt RMS into 50 ohms.

Aging Rate
<5 x 10" per month, 5 x 10™° per year.

Temperature Stability
13 x 10°® over a temperature range of —20°C to +75°C.

Operating Temperature
—20°C to +70°C measured at the base plate.

Storage Temperature
-55°C to +85°C

Altitude
-200 feet to +20,000 feet.
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Trim range
+1x10°

External (Electrical) Frequency Control
<+1x10?at 0 volts.
>+ 1x 10 at +5 volts.

The following specifications apply to the selected 10MHz sine wave output at a +13 dbm level:
Harmonics

-42 dBc

Spurious Noise
>-80 dBc

Phase Noise

1Hz -82 dBc/Hz
10Hz -91 dBc/Hz
100Hz -131 dBc/Hz
1KHz -144 dBc/Hz
10KHz -146 dBc/Hz
100KHz -147 dBc/Hz

1.4.7 PRIMARY POWER

Using the Standard Power Supply.

Input Voltage AC =85 to 264 VAC (47-440 Hz) @ less than thirty watts.
DC =+1201t0 373 VDC
Input Frequency Range 47 t0 440 Hz

Note: When using 120 VAC, install 1 Amp Line Fuses.
When using 220 VAC, install 2 Amp Line Fuses.
Fuses are found in the Shipping Kit.

1.4.8 DIMENSIONS

Chassis
Height 1.75 Inches (9390-6000) or 3.50 Inches (9390-6010).
Width 17 Inches.
Depth 12 Inches Maximum.
1.4.9 WEIGHT
ExacTime Unit Approximately ten pounds.
Antenna/Preamp Less than 1.5 pounds.
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1.4.10 ENVIRONMENT

Operating Temperature
ExacTime Unit Operating:  0°C to +50°C.
Storage: -20°C to +70°C.
Antenna/Preamp -40°C to +85°C.
Humidity
ExacTime Unit 95% (non-condensing) up to 40°C.
Antenna/Preamp Unlimited.

1.5 ADDITIONAL SPECIFICATIONS

The following is additional information regarding the GPS RPU (Receiver Processing Unit)
located within the GPS Time Code and Frequency Generator, and the antenna/preamp.

1.5.1 ANTENNA/PREAMP
The antenna/preamp satisfies performance requirements at altitudes of up to +59,000 feet.

1.5.2 GPS RPU AND ANTENNA

The GPS RPU (Receiver Processor Unit) and antenna/preamp set has burn-out protection which
prevents damage from an RF signal at power densities of up to one watt at the antenna. The RF
signal must be 100MHz out of band. The C/A band of 1575.42MHz has a bandwidth of
20.48MHz.

1.6 FUNCTIONAL CHARACTERISTICS
The following is a description of the functional characteristics of the GPS RPU.
1.6.1 ACQUISITION

The GPS RPU position fix, acquisition and tracking processes feature the ability to determine its
own position (that of the antenna/preamp), not the TC&FG Module, utilizing a position
averaging technique and assuming the unit has been set to the “AUTO,” “3-SV,” or “4-SV”
mode. See “Third Menu Screen” in Chapter Three of this User’s Guide for selection and an
explanation of each MODE SELECTION using the front panel LCD and Keyboard. Mode
selection may also be made via the RS-232 Interface. See the paragraph titled “Select Mode” in
Chapter Four for mode selection using the RS-232 I/0.
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The GPS RPU utilizes the high-6 mode of operation giving it the ability to track the highest six
visible satellites. Almanac data determines which satellite(s) is/are the highest. The ability to
track up to six satellites allows constant GPS signal reception without interrupting the signal
processing while acquiring new satellites, even though the GPS constellation changes for various
reasons, such as satellites coming into and going out of view of the antenna, or being declared
UNHEALTHY.

Upon powering up the system, the unit begins a systematic search for satellites which are
expected to be above the horizon. In this start-up mode of operation it uses the last position data
stored in the battery backed RAM as a starting point. If it is in the “AUTO” mode, it will begin
doing a position fix using position averaging. After 200 averages, the unit will have acquired its
position and will switch automatically to the single satellite (1-SV) mode. The number of
position averages is user selectable via the RS-232 I/O. See paragraph titled “Number of
Averages” in Chapter Four.

If in the “3-SV” mode, the unit will use the last position data stored in battery backed RAM as a
starting point to begin its systematic search for satellites. It will continue to do two dimensional
(latitude and longitude) position fixes upon acquiring three satellites or more until the mode is
changed.

If in the “4-SV” mode, the unit will use the last position data stored in battery backed RAM as a
starting point to begin its systematic search for satellites. It will continue to do three dimensional
position fixes (latitude, longitude, and altitude) upon acquiring four or more satellites until the
mode is changed. If in the “1-SV” mode and a known position has been entered, the unit will use
the position information stored in battery backed RAM as a starting point to begin its systematic
search for satellites.

1.6.2 SIGNAL INTERRUPTION

During GPS ExacTime operation, should the signal from the satellites be interrupted, the antenna
disconnected or blocked, the reacquisition time is dependent upon events during the interruption.
For the first minute of the interruption, the GPS RPU continues to search for the last satellite
signals to which it was locked. If the signal is regained during this minute, reacquisition will be
almost immediate if the users velocity has not changed by more than fifty meters per second.

If the velocity has changed, the Doppler frequency has shifted. The GPS RPU must finish its
search of previous satellite signals and will then expand the search to reacquire. The search time
will depend on the amount of velocity change, but it is usually within fifteen seconds.

If the signal is regained within one minute, the expanding frequency search will already have
begun cycling. In this case, reacquisition may require a few minutes depending upon where the
RPU is in the frequency search when the signal is regained.
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If the signal is regained within one hour, the same search must take place, then the new
ephemeris data must be collected. In this case, reacquisition will occur within a few minutes.

The user should realize that obstructions, shading of the antenna, and satellite transmission
interruptions can degrade the signal reception and length of acquisition times.

1.6.3 POSITION AND VELOCITY SOLUTION

The position and velocity, along with the time tag of the measurement, are digitally output from
the RPU to the GPS ExacTime Processor. The position data is three dimensional and available
in a latitude, longitude, and altitude (WGS-84) coordinate frame. The GPS solutions are
computed at typically less than one second intervals.

1.6.4 DYNAMIC CAPABILITY
The following specifications are operational dynamic limits for GPS Timing Unit operation.

Velocity
The velocity of the user is limited to 400 m/sec for proper GPS Receiver operation.

Acceleration
User acceleration cannot exceed four 4g (39.2 m/sec?).

Jerk
The rate of change of acceleration is not to exceed 20 m/sec’.

1.6.5 RF JAMMING RESISTANCE AND BURN-OUT PROTECTION

The GPS RPU provides resistance to all forms of jamming whose effect results in jamming to
signal power ratios of twenty-four dB or less as measured at the antenna/preamplifier interface
when the input signal is at -163 dBm. The GPS RPU/antenna set provides burn-out protection to
prevent damage at RF power densities up to one watt (CW) at the antenna, provided the signal is
100MHz out of the GPS frequency band.

1.6.6 SYSTEM STATUS AND DIAGNOSTICS

All digital circuitry is tested to the greatest extent possible at power-up. This includes testing the
memory systems, and processors, as well as monitoring the performance of the channel
processors. Should a failure occur in any of these areas, it will be available as status on the RS-
232 /O and will be displayed on the optional LCD Display as an error. Additionally, there is
circuitry provided to monitor the satellite’s signal strength. If at any time the satellite signal is
low (or nonexistent), the message “Signal Level Low” will appear.
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1.6.7 GPS SOLUTION MODES

The user may select one of three modes for position solutions.

e The 3-SV mode which is two dimensional (latitude and longitude).

e The AUTO mode, which is three dimensional (latitude, longitude, and altitude).
e The 4-SV mode, which is three dimensional (latitude, longitude, and altitude).

The AUTO mode, used when the unit is initially turned on, uses the three dimensional solution.
A fourth mode is also available for single satellite tracking, which does no position solutions and
is used for time-keeping and frequency measurements. See SELECT MODE in Chapter Three
for front panel LCD and keyboard selection. See Chapter Four for MODE SELECTION using
the RS-232 1/0.

When powered up in the AUTO mode, the unit will acquire some number of positions in the 4-
SV mode calculating an average latitude, longitude, and altitude when there are at least four
satellites in view. The factory set default number of averages is 200. These position averages

are loaded into battery backed memory for future use. The number of positions used to calculate
the averages is user selectable via the RS-232 I/O interface. Once the average position has been
determined, the unit will switch to the 1-SV mode. This mode provides an averaged solution of
the time information from as many satellites as the receiver is tracking. The minimum number of
satellites is three and the maximum number is eight.

In the 4-SV or three dimensional mode, the system will select the best available four satellites
based on Position Dilution Of Precision (PDOP) and provide a navigational solution in three
dimensions (latitude, longitude, and altitude).

In the 3-SV or two dimensional mode, the system will navigate using an altitude defined by the
user. This mode requires signals from three satellites. The navigation solution uses the
pseudoranges for the three satellites plus altitude. The system will automatically select the best
three available satellites based on the Horizontal Dilution of Precision (HDOP).

1.6.8 SYSTEM MASKS

System masks are limits that are established on specific operating parameters which can be
tailored to the user application. The receiver will hold the previous MASK values in the battery
backed RAM memory while not in operation. These values may be modified via the RS-232
I/O. See paragraph titled “ENTER MASK VALUES” in Chapter Four of this User's Guide for
an explanation of how to select masks via the RS-232 I/O interface.
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Elevation Angle (Elevation)

This mask is used to specify the elevation angle below which the use of satellites is prohibited.
Signal integrity from satellites very low on the horizon can be degraded. Obstructions will block
the signal. For land-based applications where there are local obstructions (foliage, buildings,
etc.) system performance will be smoother with an elevation mask of fifteen to twenty degrees.
For marine or aircraft applications, it is usually possible to use the satellites very close to the
horizon, although the pitch/roll should be considered. The system default is that set by the user.
Refer to Chapter Four, paragraph titled “ENTER MASK VALUES” for instruction on selecting
elevation mask.

Signal Strength

This refers to the strength of the signal received from the satellite (not expressed in decibels).
Below a value of three, the RPU may experience difficulty collecting data and possibly only
track satellites intermittently. The system default is that set by the user. Refer to Chapter Four,
paragraph titled “ENTER MASK VALUES?” for instruction on selecting a signal level mask.

Position Dilution of Precision (PDOP)

This mask prevents the calculation of a navigational solution when the geometry of the satellites
is such that the PDOP is greater than the specified value. The system default is set by the user.
Refer to Chapter Four, paragraph titled “ENTER MASK VALUES” for instruction on remote
selection of PDOP.
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Table One
Control Function Bit Assignments
IRIGB | Control Designation Explanation
Positive ID | Bit#
P50 1 Year, BCD 1 Last two digits of year in BCD.
P51 2 Year, BCD 2 IBID.
P52 3 Year, BCD 4 IBID.
P53 4 Year, BCD 8 IBID.
P54 5 Not Used Unassigned.
P55 6 Year, BCD 10 Last two digits of year in BCD.
P56 7 Year, BCD 20 IBID.
P57 8 Year, BCD 40 IBID.
P58 9 Year, BCD 80 IBID.
P59 N/A | P6 Position identifier number six.
P60 10 Leap Second Pending Becomes 1 up to 59 s BEFORE leap second
(LSP) insert.
P61 11 Leap Second (LS) 0 = add leap second, 1 = delete leap second.
P62 12 Not Used
P63 13 Not Used
P64 14 Time Offset Sign Time offsetsign 0=+,1=-
P65 15 Time Offset - Binary 1 Offset from coded IRIG B time to UTC time.
P66 16 Time Offset - Binary 2 IRIG coded time plus time offset (including
P67 17 Time Offset - Binary 4 sign) equals UTC time at all times (offset will
change during daylight savings).
P68 18 Time Offset - Binary 8
P69 N/A | P7 Position identifier number.
P70 19 Time Offset - 0.5 Hour 0 = none, 1 = additional 0.5 h time offset
P71 20 Time Quality 4 bit code representing approx. clock time error
P72 21 Time Quality 0000 = clock locked, maximum accuracy.
P73 22 Time Quality 1111 = clock failed, data unreliable.
P74 23 Time Quality
P75 24 PARITY Parity on all preceding data bits.
P76 25 Not Used Unassigned.
P77 26 Not Used Unassigned.
P78 27 Not Used Unassigned.
P79 N/A | P8 Position identifier number eight.
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CHAPTER TWO
INSTALLATION

2.0 INTRODUCTION
This section describes the unpacking, inspection, and installation of the GPS Timing Unit.
2.1 UNPACKING AND INSPECTION

The GPS Timing Unit is packaged in one shipping container. Inspect the unit for visible damage
(scratches, dents, etc.). If the instrument is damaged, immediately notify both Datum Inc and the
responsible carrier. Keep the shipping container and packing material for the carrier’s
inspection.

Note: When communicating with either Datum Inc or the responsible carrier regarding shipping
damage, refer to the serial number. This number is located on the rear panel of the GPS
Timing Unit.

2.2 RACK MOUNTING PROCEDURE
The GPS Timing Unit is designed for standard nineteen inch rack mounting.

Optional chassis slides are recommended if the unit is to be installed in an equipment rack. If
slides are not used, a supporting bar or tray should be provided for the rear of the instrument.
The chassis slides attach to the sides of the GPS Timing Unit. To mount it using the optional
slide mounting kit, use the eight #6 self tapping screws provided in the kit.

General Cautions/Hazards to be considered when installing the GPS Timing Unit into an
equipment rack:

e Tmra - The maximum recommended ambient temperature (Tmra) that this equipment is
specified to operate in is 50°C.

¢ Elevated Operating Ambient Temperature — If installed in a closed or multi-unit rack
assembly, the operating ambient temperature of the rack environment may be greater than
room ambient. Therefor, consideration should be given to installing the equipment in an
environment compatible with the maximum rated ambient temperature (Tmra).

e Reduced Air Flow - The equipment has no cooling fans and depends on convection for
cooling. Installation in a rack may cause an excessive heat rise if sufficient air flow is not
available. Installation should be such that the amount of air flow required for safe operation
of the equipment is not compromised.
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e Mechanical Loading — Mounting of the equipment in the rack should be such that a
hazardous condition is not achieved due to uneven mechanical loading.

e Circuit Overloading — Consideration should be given to the connection of the equipment to
the supply circuit and the effect that overloading of circuits might have on over current
protection and supply wiring. Appropriate consideration of equipment nameplate ratings
should be used when addressing this concern.

o Reliable Earthing — Reliable earthing of rack-mounted equipment should be maintained.
Particular attention should be given to supply connections other than direct connections to the
branch circuit (e.g., use power strips).

2.3 ANTENNA/PREAMP INSTALLATION

The antenna/preamp is enclosed in a weatherproof housing suitable for permanent installation in
an exposed location. The unit should be located with an unobstructed view of the horizon for
optimum tracking conditions. The signal will not penetrate foliage. Multi-path signals may be
generated from vertical surfaces, which are above the plane of the base of the antenna/preamp.

The antenna/preamp, which is designed for fixed ground or marine applications, requires no
special ground plane, but a large metal surface below the antenna/preamp may reduce multi-path
effects. The unit may be mounted on any level surface or on a vertical pipe having % - 14 NPT
threads. See Figures 2-1, and 2-4, “Antenna/Preamp Installation,” for mounting.

% % % CAUTION * * *

A high powered radar beamed directly at the antenna/preamp may damage it and a signal within
a few MHz of the carrier frequency may jam the GPS RPU.

2.4 ANTENNA/PREAMP INTERFACE CONNECTIONS

A fifty foot long RG-58A/U coaxial cable is provided to connect the antenna/preamp to the GPS
Timing Unit. For cable lengths greater than seventy-five feet, an optional low loss coaxial cable
(such as Belden 9913) must be used.

The antenna/preamp power is provided by the GPS Timing Unit via the coaxial cable. No
additional cabling is required to power the antenna/preamp.

Cables attached to the antenna/preamp should be strain relieved and secured to some permanent
fixture.
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Cables attached to the antenna/preamp which are exposed to the elements should be wrapped
with a weather-proof tape after being connected.

Cables from the antenna/preamp should be secured as required with cable clamps and should nor
put a strain on the antenna/preamp connector as it may damage the unit.

2.5 PRIMARY POWER CONNECTION

The GPS Timing Unit is operated from external AC power. The AC power specifications are
listed in the specification section in Chapter One of this User’s Guide.

Note: Check the AC line fuses located in the power entry module on the rear panel and assure
the correct fuse is installed for the AC Line voltage being used to power the unit. The
AC line fuse should be 1 Amp for an AC input of 120 volts or % amp for an AC input of
220 volts.

If this unit is provided with a power supply other than the standard, its specifications will be
found in the Option Description envelope located on the inside cover of this User’s Guide.
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Figure 2-1
Antenna/Preamp Installation

25045-00 Bullet II
Antenna (Trimble)

1704-9151 Adapter*
BNC F to "F" PE9151
Pasternack ENTRP

1704-1209 Adapter* BNC
to "N" 1209-18 Kings Elect.
Co. -1 Only.

* Unless otherwise specified.

1. Material* PVC or CPVC Schedule 80, Gray Color.
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2.6 GPS TIMING UNIT INTERFACE CONNECTIONS

The GPS Timing Unit interface connections consist of cabling to the antenna/preamp assembly
from J2 on the unit’s rear panel, the RS-232 I/O port J12 (if used), and the time and frequency
inputs and outputs and/or other optional inputs or outputs.

2.6.1 RS-232 I/O INTERFACE J12
This port provides the basic read/write mode of operation.

Before connecting a peripheral device to this port, read the manual accompanying the product
and be aware of the necessary precautions. Determine the BAUD rate, parity word length, stop
bits, and interconnections with the equipment.

This I/O port is configured as a DCE, and is intended to be used by intelligent peripherals such as
a computer. It supports full duplex communications and operates in a demand/response mode.
The RS-232 /0 port uses a standard DB-9 I/O connector with the pin configuration shown in
Figure 2-2.

The RS-232 protocol is described in Chapter Four in the paragraph titled “Information.”

Figure 2-2
RS-232 1/0 Cable Pin Assignments

GPS ExacTime Computer
I

1 1

2 2 RX

3 3 TX

4 4 DTR
[5 5 GND

6 6 DSR

7 7 RTS

8 8 CTS

9 9

Note: Pin Four is connected to Pin Six inside the GPS Unit.

The RS-232 1/0O interface uses a standard PC compatible one-to-one cable using nine Pin D type
connectors.
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2.6.2 PRINTER OUTPUT PORT J11

This connector can output data to an RS232 compatible serial printer or terminal. It can be
configured to output data in the Standard configuration or the One Second ASCII Burst Mode
Output. Refer to Chapter Three (Tenth Menu Screen) for more specific details on configuration
and operation.

Connector configuration:

NOT USED

NO CONNECTION
TX (Data Out)
NOT USED
GROUND

NOT USED

NO CONNECTION
NO CONNECTION
NOT USED

OCONONEWN=

2.6.3 TIMING OUTPUTS
Various timing output signals can be provided on the rear panel BNC connectors J4 through J9.
The selection of these outputs is made using jumper pins/blocks on the GPS Main Assembly

35002, as shown in Figure 2-3, and the front panel keyboard, or via the RS-232 I/O.

To check or reconfigure these outputs via the front panel keyboard see the paragraph titled
“Configuration of Rear Panel BNC Connectors J4-J9” in Chapter Three of this User’s Guide.

To check or reconfigure these outputs via the RS-232 /0, see the paragraphs titled “Request
MUX Outputs,” and “Set MUX Output” in Chapter Four of this User’s Guide.

The standard configuration is as follows:

J4 Tracking (TTL)* Jumper J14 7 and 8, and J24 1 and 2.
J5 Locked (TTL)** Jumper J15 7 and 8, and J25 1 and 2.
J6 1pps Jumper J16 1 and 2.

J7 10MHz Sine Wave Jumper J17 5 and 6.

J8 IRIG B (AC) Jumper J18 3 and4, and J28 1 and 2.
J9IRIG B (DC) Jumper J19 1 and 2, and J29 1 and 2.
J10 1pps Input (Time Interval Measurement).

*  Tracking output is low when unit is tracking, high when unit is not tracking.
** T ocked output is low when unit is locked, high when unit is not locked.

For additional pulse rate selections available on BNC connectors J4-J9, see Chapter One of this
User’s Guide.
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Configurations other than the standard above will be found in the Option Description envelope
located on the inside cover of this User’s Guide.

2.6.4 1PPS INPUT

A 1pps pulse can be input on a rear panel BNC connector labeled J10. This input can be utilized
when making time interval measurements between the internal corrected GPS 1pps and an
external 1pps input pulse. This is a multipurpose input that may also be optionally utilized to
record an event or accept a frequency for external measurement purposes.

Datum Inc 9390-6000 or 9390-6010 ExacTime GPS TC & FG (Rev G) 2-7



CHAPTER TWO

Figure 2-3
GPS Main Assembly 35002
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Figure 2-4
Antenna/Preamp Installation

25045- OO Bullet IT A

551 17 o

/ Trimble Navigatio
1704-9151 Ad

BNCT 1orE" 1

Pastern Enterp

PVC 3/4" NTP

ol" ipe 1704 1 9 Ad
wL e BNE 1228
Do Not Glue Klngs ElCCt C -1

1" PVC Pipe /

secured to vent Pipe
with screw clamps

Antenna Cable

/ with Type N connector
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CHAPTER THREE

OPERATION

3.0 INTRODUCTION

This chapter describes the operation of the basic GPS ExacTime. Operating instructions for the
optional features are contained in the Option Description envelope attached to the inside cover of
this User’s Guide.

3.1 OPERATIONAL STEPS

The following are the initial installation steps necessary for the operation of your unit:

Connect the appropriate input/output cables and components including as a minimum the
power cable and the antenna and antenna cable.

Apply power to the unit. Initially the front panel TRACKING and LOCKED LED’s will
flash and the POWER LED will illuminate. This signifies that the microprocessor and
associated circuitry have been initialized correctly and are operating.

The unit will then start to track satellites (refer to the First Menu Screen — this chapter).
When the first satellite is acquired, the TRACKING LED will illuminate signifying that the
unit is tracking satellites.

The message “GPS Time Not Acquired” will be displayed until the unit receives the Leap
Second information. At that point, the unit will set time and the message “OSC Stabilizing
XX will be displayed.

The unit will then progress through a series of oscillator stabilization steps (Step 10 through
1). Once the oscillator has sufficiently stabilized, the LOCKED LED will illuminate and the
1 PPS output will be coherent with the internal, disciplined 10MHz oscillator.

Note: 1f the unit stops tracking satellites at any point after initial power-up, the TRACKING
LED will be turned off. At that time, an internal elapsed time counter will be started and the
short term oscillator stability will be stored in memory. Based upon a calculation of the
elapsed time and the oscillator stability, the LOCKED LED will remain illuminated until the
1PPS drifts off more than 700 nanoseconds. This will be at least .5 to 1.5 hours.

On a first time installation, it is necessary to get your position (actually the position of the
antenna) into the unit. However, before starting this process, it is necessary to become
familiar with at least the first three LCD menu screens. Refer to Sections 3.3.1 through 3.3.3
of this chapter.
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e If your position is known and accurately surveyed, see paragraph titled “Initialization
(Known Position).”

e If your position is unknown, see paragraph titled “Initialization (Unknown Position).”
3.1.1 INITIALIZATION (UNKNOWN POSITION)

Apply Power. Set the SELECT MODE to “AUTO” if it is not already in the “AUTO” mode.
See paragraph titled “Select Mode” under “Third Menu Screen” in this section for mode
selection. Within ten minutes, assuming four satellite availability, the TRACKING LED will
illuminate indicating that the unit is tracking and has set time.

After an initial warm-up and an oscillator stability check/delay, the unit will begin doing position
averaging. The number of averages is set to the default number of 200 but is user selectable via
the RS-232 I/O Interface. See paragraph titled “Number of Position Averages” in Chapter Four
of this User’s Guide. A position fix takes approximately two seconds, so the position averaging
itself could take about ten minutes.

Initial warm-up time is affected by the ambient temperature, and the length of time the unit has
been off.

If the LOCKED front panel LED does not illuminate within one hour, check the DAC value
displayed on the SECOND MENU SCREEN, and/or the status displayed on the FIRST MENU
SCREEN, or via the RS-232 I/O interface (see Chapter Four, paragraphs titled “Request DAC
Value,” and “Print Time, Status, Error Code, and Satellite Vehicle Numbers” respectively). If
DAC value number has approached either one of its extremes (00000 or 65535), or if the
STATUS is S14, OSCILLATOR STABILIZING, the internal oscillator needs to be
nulled/calibrated. Refer to the “Internal Oscillator Calibration” procedure in Chapter Five of this
User’s Guide.

Once the unit has accomplished its position averaging, the unit will switch to the single satellite
(SV1) mode. At this time, the 1pps will be coherent with the internal disciplined 10MHz
oscillator and the front panel LOCKED LED will illuminate.

3.1.2 INITIALIZATION (KNOWN POSITION)

Apply Power. Set the SELECT MODE to “1-SV” single satellite mode. See paragraph titled
“Select Mode” under the THIRD MENU SCREEN in this chapter for mode selection.

Enter the known position (latitude, longitude, and altitude) of the GPS antenna. See paragraph
titled “Set Position” in this chapter.

After an initial warm-up and an oscillator stability check/delay, the unit will set time and begin
“tracking” satellites.
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The length of time the unit has been OFF and the ambient temperature affect the initial warm-up
time.

If the LOCKED LED on the front panel does not illuminate within one hour, check the DAC
value, displayed on the SECOND MENU SCREEN, or via the RS-232 1/O interface (see
paragraphs titled “Request DAC Value,” and “Print Time, Status, Error Code, and Satellite
Vehicle Numbers,” respectively, in Chapter Four). If the DAC value number has approached
either one of its extremes, (00000 or 65535) or if the STATUS is S14, OSCILLATOR
STABILIZING, the internal oscillator needs to be nulled/calibrated. Refer to the internal
oscillator calibration procedure in Chapter Five of this User’s Guide.

When the oscillator has been stabilized, and the front panel LOCKED LED illuminates, the 1pps
will be coherent with the internal disciplined 10MHz oscillator.

3.2 OPERATIONAL CHARACTERISTICS

The standard internal time base is a voltage controlled temperature compensated 10MHz crystal
oscillator. When the disciplining feature is ENABLED, its frequency is controlled/corrected to
the internal GPS 1pps using a DAC (Digital to Analog Converter). Disciplining of the oscillator
occurs only when it is ENABLED and used as the unit’s time base, and when the GPS ExacTime
is actively tracking a satellite. During periods when there are no satellites in view or when the
unit isn’t tracking, the last DAC value is retained, and the unit continues to operate normally.
The outputs are then as accurate as the drift/aging rate of the oscillator. See Chapter Four,
paragraphs titled “Enable Disciplining,” and “Disable Disciplining” in this User’s Guide for
enabling and disabling disciplining.

Disciplining is ENABLED by default when the unit is powered.
3.3 LIQUID CRYSTAL DISPLAY

The front panel LCD Display contains two rows of forty characters per row. It displays at least
ten separate MENU screens that are changed by pushing the front panel MENU keyboard switch.

3.3.1 FIRST MENU SCREEN

When power is first applied to the TC&FG, the LCD displays the unit’s ID followed by four
digits that correspond to the serial number of the unit. After approximately 5 seconds, the
display then switches to the First Menu Screen.

Note: If you have just installed revised/upgraded firmware or performed a “Cold Reset” (see
Chapter Five), an additional extra screen will be displayed in front of your First Menu
Screen. This screen will only appear the first time power is applied to your unit after a
Cold Reset or the new firmware has been installed. After that, the normal First Menu
Screen will appear. This additional screen is shown below:
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Column:

1 5 10 15 20 25 30 35 40

| | I | I I | I |

Rowl [000.00:00:12 < DOING TIME INT. CALIB. >

Row 2 157 056 198

This internal, automatic Time Interval Calibration is necessary to get accurate nanosecond time
interval resolution. In the example above, 157 is the high value, 056 is the low value, and 198 is
the number of seconds remaining until the calibration is finished. This number starts at 250 and
decrements to zero at a one second rate.

If the MENU key is pressed prior to completing the calibration process, the calibration will be
interrupted and the process aborted. However, an additional menu screen (the TWELFTH
MENU) will be enabled. The user can access this screen if he cycles through the various menus
by pushing the MENU key. This Twelfth screen will enable the nanosecond time interval
calibration to be completed at a later date.

It is important to note that if this automatic time interval calibration is interrupted prior to
its completion, it will be necessary to restart and complete it (using the TWELFTH MENU
screen) or inaccurate time interval measurements will result.

The following is the normal first MENU that is displayed. It contains the following information:

Datum Firmware Version.
Synchronization.

Time (Seconds through Days).
Status and Error Messages.
Frequency Offset.

Satellite PRN Identification.
Mode.

A sample of the FIRST MENU SCREEN is shown below:

Column:

1 5 10 15 20 25 30 35 40

| | | I | I | | |
Row 1 =537 5755.59 U< DOING GPS CORRECTION >

Row 2 | FRQ:+5437E-12 PRN:03 12 15 21 MODE:4SVé
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At power up, the software version appears on the first row of the LCD display. The software
version appears as Nxxxx/Sxxxx/DTxxxxx, where Nxxxx is the Navigational Processor Software
Version, Sxxxx is the Signal Processor Software Version and DTxxxxx is the Operational
Software Version.

The time-of-year is displayed in Row One, starting with Column One and consists of day-of-
year, hour, minute, and second. This can be UTC, or GPS time, or display of the local time
offset depending on which mode has been selected via the RS-232 I/O port, or via the front panel
- LCD and keyboard. See paragraph titled “UTC Sync” to select UTC time synchronization, and
paragraph titled “GPS Sync” to select GPS synchronization in Chapter Four of this User’s Guide,
or the paragraph titled “Set Time,” under THIRD MENU SCREEN in this section, to select UTC
or GPS synchronization using the front panel LCD and keyboard. See paragraph titled “Enter
Local Time Offset” in Chapter Four of this User’s Guide to enter the desired local time offset via
the RS-232 I/O port. The local time offset may also be entered into the unit using the front panel
keyboard and LCD. See paragraph titled “Local Time Offset” under the THIRD MENU
SCREEN in this chapter.

The letter “U” or “G” which is displayed in Row One, Column Fourteen, denotes whether UTC
(U) or GPS (G) synchronization has been selected.

When the GPS TC&FG is synchronized to UTC time, the time-of-year is displayed and the GPS
corrected 1pps output is on-time with UTC within +100 nanoseconds without SA (Selective
Availability).

When the GPS TC&FG is synchronized to GPS time, there is a time difference between UTC
and GPS time. As of 9 September, 1996, the difference was eleven seconds because of the leap
second difference. Leap seconds are added to or subtracted from UTC time, but not GPS time.

Status and error messages are displayed in Row One, starting at Column Fifteen. The status and
error messages alternate every ten seconds. At initial power-up, this area will display the Datum

firmware version for a few seconds.

The possible status messages displayed are:

Doing GPS Corrections. 3 Usable Satellites.

GPS Time Not Acquired. Selected SV Unusable.
Waiting for Almanac. No SV Scheduled.

PDOP is Too High. OSC Stabilizing XX.

No Usable Satellites. Averaging Position XXXX.
1 Usable Satellite. Unknown Error.

2 Usable Satellites. Flywheel Mode.
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The “STATUS CODES” are via the RS-232 I/O when requested, and output by the printer port if
the option is implemented. The characters SO0 through S15 are printed for the status.

The status message, “DOING GPS CORRECTIONS” is an indication that the GPS Unit is
performing the tasks appropriate to the selected mode of operation. The operational modes
include AUTO, single satellite, three satellite, and four satellite selections. The various modes
will be detailed in subsequent sections of this User’s Guide and are listed here to aid in
understanding of the “STATUS MESSAGES.”

The status message, “WAITING FOR ALMANAC” occurs when the battery-backed RAM
containing the almanac data has failed, the unit has been relocated, or the unit has not been
powered up for a period of a few weeks. The almanac data defines the clock offset, drift, and
orbital parameters needed by the unit to compute the satellite position as a function of time. The
Almanac also contains data relative to the “HEALTH” of the GPS System and particular satellite
vehicles (SVs).

The status message “PDOP IS TOO HIGH” indicates that the Position Dilution Of Precision
(PDOP) exceeds a preset limit. This limit or “MASK?” is factory set at twelve meters in the GPS
receiver. This mask is consistent with the performance capability established for this instrument.
Refer to paragraph titled “Enter Mask Values” in Chapter Four of this User’s Guide.

The status message, “NO USABLE SATELLITES?” is similar to the “DOING GPS
CORRECTIONS” status message, except that the GPS Time has been previously acquired and
has been maintained to at least the oscillator reference precision since the last usable satellite was
visible. Refer to the paragraph titled “Set Mode (Mode Selection)” in this chapter.

The status message “1 Satellite In View” is displayed if only one usable satellite is in view and a
multi-satellite mode has been selected such as the AUTO, 3-SV, or 4-SV. Refer to the paragraph
titled “Set Mode (Mode Selection)” in this chapter.

The status message “2 Satellites in View” is displayed if only two usable satellites are in view
and the AUTO, 3-SV, or 4-SV has been selected. Refer to the paragraph titled “Set Mode (Mode
Selection)” in this chapter.

The status message, 3 Satellites in View” is displayed if only three usable satellites are in view
and the AUTO, or 4-SV has been selected. Refer to the paragraph titled “Set Mode (Mode
Selection)” in this chapter.

The status messages “No Usable Satellites,” “1 Usable Satellite,” “2 Usable Satellites” and “3
Usable Satellites” are used to distinguish between satellites which are in view and which are
“HEALTHY.” For example, if three satellites are in view but only two are usable, for whatever
reason, then the status code “2 Usable Satellites” would be displayed if a multi-satellite mode has
been selected.
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The status message “OSC Stabilizing XX,” where the two digit number (ten to 00) following
“OSC Stabilizing” represents how far away the oscillator is from stabilization. At power on it
will be ten and then down count to 00. The length of time the unit has been OFF and the ambient
temperature will affect how long the oscillator takes to stabilize. Refer to paragraph titled
“Operational Steps” in this chapter.

The status message “Averaging Position XXXX” where the four digit number after the message
“Averaging Position” represents the number of averages remaining before the LOCKED LED
will illuminate. The number starts at the maximum number programmed (default is 200) and
counts down to 0000. This message is applicable only in the AUTO MODE of operation. Refer
to the paragraph titled “Number of Position Averages™ for selection of number of averages.

The status message “Unknown Error” is displayed if an unknown fault has been detected in the
status reporting hardware or software.

The status message “Flywheel Mode” is displayed if the Flywheel Mode has been selected.
(Please note that this mode is optional.) Refer to the paragraph titled “Set Mode (Mode

Selection)” in this chapter.

The possible Error Messages displayed are:

Character Definition
E00 System Check OK.
EO1 Battery Failure.

E02 Processor Failure.
E04 Channel 1 Error.
EOS8 Channel 2 Error.
El6 Signal Level Low.
E32 Offset Too High.

The character error codes are for the RS-232 1/O port and optional printer port outputs.

The “Error Codes” are provided for the same reason as the “Status Codes” in the previous
paragraph.

The error message “System Check OK” is displayed when there are no problems with the system
and “all is well.”

The error message “Processor Error” indicates a signal processor error has been detected. After
this error is detected, it will remain until the receiver is reset.

The error message “Channel 1 Error” indicates that an alignment error, or Chip 1 error has been
detected. After this error is detected, it will remain until the receiver is reset.
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The error message “Channel 2 Error” indicates that an alignment error, or Chip 2 error has been
detected. After this error is detected, it will remain until the receiver is reset.

The error message “Signal Level Low” at power up indicates that the unit has not yet acquired
any satellites. If this error message persists for a period exceeding one hour after the unit is
powered up, or occurs after the time has been set and the unit was actively tracking satellites, the
probable cause of this message is a discontinuity in the antenna cable or a failure of the
antenna/preamp itself. Check the antenna/preamp cable connections since they are the most
likely cause of the discontinuity.

The error message “Offset Too High” is caused by a reference frequency oscillator frequency
offset, which is too high to be usable, by the receiver. Errors as low as one part in 10 could
cause this problem. Generally offsets on the order of a few parts in 10~ can be tolerated before a
problem exists. All errors except the “Battery Failure” error can be cleared by correction of the
causative factor. The “Battery Failure” error can only be reset by cycling the power.

The frequency offset is displayed in Row Two starting with Column One. This offset is the
calculated difference between the units local time base and the GPS System frequency. It
consists of either a plus (+) or minus (-) followed by a four digit number expressed in parts to 10°
? or 10" (the E-exponent).

The satellite PRN identifications are displayed in Row Two starting with Column Fifteen. These
are the SV numbers that the unit is currently tracking. They can consist of up to four two digit
numbers.

The mode is displayed in Row Two starting at Column Thirty-One. At initial power up, unless
otherwise selected, the unit will be in the AUTO mode and 4SV will be displayed, followed by a
number, which indicates the number of satellites, which are in view of the antenna. As an
example, 4SV6 would indicate that the unit is in the AUTO or 4SV mode, and that there are six
satellites in view of the antenna. Once the unit has completed its position averaging, if in the
AUTO mode, it will switch to the single satellite (1SV) mode and display 1SV followed by a
number indicating the number of satellites in view of the antenna.

3.3.2 SECOND MENU SCREEN

Depressing the MENU keyboard switch once will display this screen. It contains the following
information:

Latitude, Longitude, and Altitude.
PDOP Value.

GPS Week Number.

Year.

DAC Value.

Time Interval.
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A sample of the Second Menu Screen is shown below:

Column:

1 5 10 15 20 25 30 35 40

Row1l |33°48.8241N 117°53.3970W +0026M PDOP:09

Row?2 |WK:0698 YR:98 DAC:32767 INT:340276.512uS

A sample of the Second Menu Screen is shown below:

Latitude, expressed in Degrees, Minutes, N (North), or S (South) is displayed in Row 1 starting
at Column 1. It is followed by Longitude expressed in degrees, minutes, W (West), or E (East).
Next is the altitude, starting with a plus (+) or minus (-) followed by four digits expressed in
meters.

If the unit is in the 4SV mode and actively tracking four satellites, the PDOP value is shown in
Row One starting at Column thirty-three. It is a two digit value which reflects the geometry of
the satellites currently being tracked. If the PDOP value exceeds the PDOP mask value, “HI”
will appear in place of the two digits.

The four digit GPS week number is displayed at the start of Row Two.
The two digit year (YR) is expressed as a five digit number in Row Two starting at Column Nine

Starting at Column Sixteen of Row Two is the DAC, a 5 digit (00000 to 65535) number which is
a digital representation of the analog voltage (0 to +5volts) that controls/disciplines the internal
10MHz oscillator.

The last data displayed in this screen is the Time Interval (INT) which is an example of the time
interval measurement between the 1PPS output and an externally supplied 1PPS input.

3.3.3 THIRD MENU SCREEN

Subsequent pushing of the MENU keyboard switch will display the Third Menu Screen which is
shown below and contains the following choices:

Column:
1 5 10 15 20 25 30 35 40

|| | l l | | l |

Row 1 1>SET MODE 3>SET POSITION 5>0FFSET 00.0H

Row?2 | 2>SET TIME 4>SIGNAL LEVEL 6>SET DAC
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If the #0 keyboard switch is pressed, the operational software version will appear in the lower
right-hand corner (in place of “SET DAC”).  /~7/2/0

3.3.3.1 1> SET MODE (MODE SELECTION)
To set the mode, press the #1 keyboard switch. The display will change to that as shown below:

0> AUTO 1> 1SV 3>3Sv 4> 4S8V 5>FW
OPERATING MODE: AUTO

Choice “0>AUTO”

Depressing the “0” keyboard switch selects the “AUTO” mode. Pressing the MENU keyboard
switch will return the display to the THIRD MENU SCREEN. The “AUTO” mode uses four
satellites. If more than four satellites are in view and usable, a set of four based on optimal
satellite (maximum PDOP) geometry is automatically selected for use.

In this mode, after an initial warm-up delay, and an oscillator stability check/delay, the unit will
begin doing position averaging. The number of averages is user selectable but the default
number is 200. A position fix takes approximately two seconds, so the position averaging itself
could take about ten minutes.

Once the unit has completed its position averaging, the unit will switch to the single satellite
(1SV) mode. At this time, the 1pps will be coherent with the internal disciplined 10MHz
oscillator and the front panel LOCKED LED will illuminate.

For additional information on the “AUTO” mode, see Chapter Five.

Choice “1>1SV” (Single Satellite Mode)
Depressing the “1” keyboard switch selects the “1SV Mode.” Pressing the MENU keyboard
switch returns the display to the THIRD MENU SCREEN.

The “1SV” (Single Satellite) mode is the most frequently used mode of operation for timing

applications. This mode of operation assumes that the current position (longitude, latitude, and
altitude) is accurate. It uses either a single, specific satellite to derive the timing information or
an averaged solution of the time information from as many satellites as the receiver is tracking.

When the “1” keyboard switch is depressed, the “Operating Mode” changes to “1SV” and a
double “XX” appears after the mode designator “1SV XX.” The “X’s” prompt the user to input
a pair of digits representing the PRN number of the desired satellite vehicle to be used.

If the user enters a pair of zero (00), the receiver will provide an averaged solution of the time
information from as many satellites as it is tracking (up to eight). This averaged (over
determined) solution will provide a more stable time when operating in the SA environment.
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For additional information on the “1SV” mode, Chapter Five.

Choice “3>3SV” (Three Satellite Mode)
Depressing the “3” keyboard switch selects the “3SV” mode and the “Operating Mode” changes

to “3SV.” Pressing the MENU keyboard switch returns the display to the THIRD MENU
SCREEN.

This selection “3SV” forces the GPS Receiver to use the current altitude as an accurate altitude
regardless of how many satellites are in view. The unit will not perform either “Timing
Corrections” or “Position Fixes” unless a minimum of three usable satellites are in view. This
mode is useful in marine applications where the altitude of the receiver remains relatively
constant. In this mode, the altitude is not relative to WGS-84. The unit will continue to do two
dimensional position fixes until the mode is changed.

For additional information on the “3SV” mode, see Chapter Five.

Choice “4>4SV” (Four Satellite Mode)

Depressing the “4” keyboard switch selects the “4SV” mode and the “Operating Mode” changes
to “4SV.” Pressing the MENU keyboard switch returns the display to the THIRD MENU
SCREEN.

This choice forces the GPS Receiver to remain in the “4SV,” four satellite mode at all times. No
“position fixes” or “timing corrections” will be performed unless a minimum of four usable
satellites is in view.

When four satellites are in view, the unit will perform three-dimensional “position fixes”
(latitude, longitude, and altitude) if the PDOP value is below the PDOP mask.
For additional information on the “4SV” mode, see Chapter Five.

Choice “S>FW” (Flywheel Mode)

Depressing the “5” keyboard switch selects the “FW” mode and the “Operating Mode” changes
to “FLYWHEEL.” Pressing the MENU keyboard switch returns the display to the THIRD
MENU SCREEN.

This choice forces the TC&FG into the Flywheel (time code generator) mode. In this mode the
unit does not get synchronization from the GPS RPU (Receiver Processor Unit). The internal
oscillator is not disciplined. The antenna may or may not be connected. No error messages are
displayed or generated via the RS-232 I/O. To set generated time, refer to “SET TIME (TIME
SELECTION).
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3.3.3.2 2> SET TIME (SET TIME SELECTION)

Pressing the #2 keyboard switch selects the “SET TIME.” The display will switch to that shown
below:

Setting the time is only applicable if the unit is not actively tracking one or more satellites.
ENTER TIME XXX XX:XX:XX

If it is desired to set “TIME” and use the GPS system as a time code generator for any number of
reasons such as a faulty antenna, the desired “TIME” may be entered using the numeric keys of
the keyboard. Three digits must be entered for the day-of-year, two digits for the hour, two digits
for the minute and two digits for the seconds. Leading “zeroes” are required if necessary.

The GPS receiver will use this “TIME” input as its time until the time is acquired from a GPS
satellite. The 1pps output of the GPS receiver will not be on time with UTC or GPS, whichever
“has been selected, until the GPS receiver has acquired time from the satellites.

If the optional “Preset Year” feature is installed, a “Preset Year” message will be displayed when
you have finished entering the time of year, or by pressing the MENU keyboard switch. The
following message will appear which will enable year preset:

ENTER YEAR XX
ENTER TIME XXX XX:XX:XX

Note: If the user enters a two-digit number between 91 and 99, the year is assumed to be 1991
to 1999. If the user enters a two-digit number between 00 and 90, the year is assumed to
be 2000 to 2090.

Pressing the menu key of the keyboard while the “SET TIME” display is selected leads to a sub
menu display as follows:

I>SYNC XXX
XXX 1s UTC or GPS

When this display is shown pressing the “1” key of the keyboard causes “SYNC” to toggle
between UTC and GPS.
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3.3.3.3 3> SET POSITION (ENTER POSITION SELECTED)

Pressing the “3” keyboard switch selects “3>SET POSITION” which allows the user to enter an
accurate position comprised of latitude and longitude in degrees, and minutes to the nearest
thousandth of a minute, the Hemisphere (North, South, East, or West) and the altitude in meters
referred to WGS-84. This causes the display to change to that shown on the following page:

ENTER LATITUDE: XX XX:XXX

Using the numeric keys of the keyboard enter the latitude in degrees and minutes to the
thousandth of a minute and the display will change to that shown below:

ENTER 1 =NORTH, 2=SOUTH

Using the numeric keys of the keyboard enter either a “1” for the Northern Hemisphere, or a “2”
for the Southern Hemisphere and the display will change to that shown below:

ENTER LONGITUDE: XXX.XX.XXX

Using the numeric keys of the keyboard, enter the longitude in degrees and minutes to the
thousandth of a minute, and the display will change to that shown below:

ENTER 1 =EAST, 2=WEST

Using the numeric keys of the keyboard enter either a “1” for the Eastern Hemisphere or a “2”
for the Western Hemisphere and the display will change to that shown below:

ENTER ALTITUDE: XXXX METERS
Using the numeric keys of the keyboard, enter a four digit WGS-84 altitude in meters and the
display will change to that shown below:

ENTER 1 =POS, 2=NEG

Using the numeric keys of the keyboard, enter either a “1” for a positive altitude, or a “2” for a
negative altitude, for above or below the GPS Reference Sphere (WGS-84).

Note: If a mistake has been made while entering this data, press the MENU keyboard switch to
exit, then return to this selection and reenter the data.
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3.3.3.4 4> SIGNAL LEVEL (SIGNAL LEVEL SELECTION)

To request the signal strength of the satellites currently being “tracked” by the receiver, press the
“4” keyboard switch. The information may take up to ten seconds to be displayed. Each satellite .
number and its corresponding signal strength will be displayed.

Pressing the MENU key of the keyboard will return the display to the “MAIN MENU
SCREEN.”

3.3.3.5 5> OFFSET (LOCAL TIME OFFSET SELECTION)

Choice “5>” is the local time offset. This allows the user to input a desired time offset (in /2
hour increments) whereas the LCD, Optional LED display, and/or time output would be offset
from the selected UTC or GPS time by the number of hours input. All offset entries are positive
(0.00 to 23.5) and are calculated as west of the Greenwich Meridian.

The current offset will be displayed. Pressing the “5” keyboard switch will allow entry of the
new offset.

Example:
California is eight hours later than GMT. The local time offset entry would be 08.0.
Japan is nine hours earlier than GMT. The local time offset entry would be 15.0.
The calculation for negative local time offsets (for example, nine hours earlier) is as follows:

(Offset) +24 = entry
(-9)+24=15

3.3.3.6 6> SET DAC

Choice “6>" allows the user to enter a DAC (Digital to Analog Converter) value from 00000 to
65535. This value is a digital representation of the analog voltage (0 to +5 volts) that is used to
control the internal oscillator. This feature is especially useful when attempting to null the
oscillator (see Chapter Five).

When keyboard switch 6 is pressed, it allows the user to enter a five digit DAC value, the
midrange being 32767.
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3.3.4 FOURTH MENU SCREEN - R5232 I/O CONFIGURATION

Subsequent pushing of the MENU keyboard switch will display the Fourth Menu Screen which
is shown below and contains the following choices:

Column:
1 5 10 15 20 25 30 35 40

| | I l | | l I |

Row1 [RS232 I0:<1> 9600<2> ODD<3>8 BITS/1 STOP

Row 2 | 5>CABLE DLY:0050'<6>1344: ON <7>TI: OFF

This screen allows front panel keyboard selection of the RS-232 I/O parameters and the antenna
cable delay.

Use the “1” keyboard switch to select the BAUD RATE. Keep pressing the “1” keyboard switch
until the desired baud rate appears. The choices are as follows:

50, 300, 600, 1200, 2400, 4800, 9600, 19200

Use the “2” keyboard switch to select the PARITY. Keep pressing the “2” keyboard switch until
the desired parity appears. The choices are as follows:

NONE, ODD, and EVEN

Use the “3” keyboard switch to select the desired number of data bits (word length). Keep
pressing the “3” keyboard switch to cycle through the choices which are 7 DATA BITS, and 1
STOP BIT, or 8 DATA BITS and 1 STOP BIT.

The antenna cable length can be entered by pressing the “5” keyboard switch and entering four
digits in feet which corresponds to the length of the antenna cable. This will make the 1pps
output on time by compensating for the propagation delay of the cable.

The “6” keyboard switch allows the user to generate either a modified IRIG B per IEEE Std.
1344 (ON) or the standard IRIG B (OFF) with zeros in the control function area. It is an
alternate action switch. For the format of IEEE Std. 1344, see Chapter One.

The “7” keyboard switch allows the user to enable or disable time interval measurement, and to
select the rising or falling edge of the input pulse as the start (trigger) of this measurement.
Sequentially pushing the switch produces the following:

Off

On 1 (selecting the rising edge as the on-time point)

Off

On 0 (selecting the falling edge as the on-time point)
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3.3.5 FIFTH MENU SCREEN - MULTIPLE TIME CODE OUTPUTS

If the keyboard switch is pushed again, the LCD will display the Fifth Menu Screen which is
shown on below. Although this screen is displayed, it is only applicable if the TC&FG is
configured and furnished with the Multiple Time Code Outputs option, GPS Opt 01 (Assembly
55116).

Column:

1 5 10 15 20 25 30 35 40

|| | I | | | I I

Row 1 [CODE SELECT:

Row?2 | 1> CODE-1 2> CODE-2 3> CODE-3

If this option is provided, its Option Description will be located in the Option Envelope on the
inside cover of this manual.

3.3.6 SIXTH MENU SCREEN - EXTERNAL FREQUENCY MEASUREMENT

Subsequent pushing of the MENU keyboard switch will display the Sixth Menu Screen which is
shown below and contains the following choices:

Column:
1 5 10 15 20 25 30 35 40

|| I I I I | I |

Row1l |EXT FRQ:+0000E-14 / +0000E+00 SEC *

Row2 | 1>ENTER FRQ <2>ENABLE<3>DISABLE

3.3.6.1 OPERATION

This feature provides the capability of using the GPS TC/FG to measure the stability/drift of an
external signal.

Note: Because J10 is a multipurpose input connector, when the External Frequency
measurement option is enabled, the Single Event Log and the 1PPS Input option (Time
Interval Measurement) are disabled.

The GPS TC/FG must be actively tracking at least one satellite, and the oscillator should be
stabilized/locked (i.e., the front panel TRACKING and LOCKED LEDS should be illuminated).
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The external frequency measurement can be set-up/configured from either the front panel
keyboard and LCD display or remotely via the RS-232 I/O port.

Pushing keyboard switch “1” followed by a number (00000001 to 10000000) will input the
frequency that the user is going to measure.

Pushing keyboard switch “2” will ENABLE the external frequency measurement option.
Pushing keyboard switch three will disable it.

Once the correct input frequency has been entered and the option turned on (enabled) if the unit
is not locked, “NOTLK” will appear in place of the asterisk (*). If the external frequency
measurement option is enabled and the unit is tracking a satellite, an asterisk will appear. If the
option is disabled, nothing will appear in this area.

If the unit is locked, the measurement count (once per second) will start to increment. The
number is auto scaled, so it will count from 0000E+00 to 9999E+00. The next count will goto
0100+02, etc.

The actual external frequency measurement number itself is also auto scaled. It will display
measurements in parts to E-09, E-12, or E-14. If the input offset/measurement is greater than
1x10” or if the input signal contains noise, “TOO HIGH” will be displayed.

The frequency input is divided down to 1pps. It is important to enter the correct frequency
number or it will cause a large error in the final result.

3.3.7 SEVENTH MENU SCREEN - SINGLE EVENT LOG

Subsequent pushing of the MENU keyboard switch will display the Seventh Menu Screen which
is shown below and contains these choices:

Column:
1 5 10 15 20 25 30 35 40

[ | | | ! | ! | |

Row1l | EVENT LOG<1>STOP<2>CLR<3>EDGE000<4>START

Row?2 | S00 E000 ? <554 <65

The event log can also be programmed, read, and/or cleared, using the front panel keyboard.
Pushing keyboard switch “1” stops the event log.

Pushing keyboard switch “2” clears the event log.

Datum Inc 9390-6000 or 9390-6010 ExacTime GPS TC & FG (Rev G) 3-17



CHAPTER THREE

Pushing keyboard switch “3” selects which edge of the event input pulse to trigger on. (0=
falling edge, 1 =rising edge). The first digit is for Channel Three and the second digit is for
Channel Two (neither of which are active in this option). The third digit is for Channel One.
Keep pushing keyboard switch “3” until the correct number (either one or zero) appears in the
third digit. The one or zero appearing in the first and second digits is ignored in this option,
therefore the contents of these digits will not be important to the unit.

Pushing keyboard switch “4” starts the events log.

Pushing keyboard switch “5” will send you to the previous event.

Pushing keyboard switch “6” will send you to the next event.

The second line of the LCD displays the status, event number, and the time of the event.
EXAMPLE

Note: The number enclosed in the arrows indicates the keyboard number.
(<1> = keyboard switch number one.)

EVENT LOG<1>STOP<2>CLR<3>EDGE100<4>START
S00*E010 1 165,21:16:04,3267548<5> <6>

100 = Rising edge on channel three, falling edge on channels two and one.
S00 = Event status NORMAL
* = Event Log ENABLED. A blank means the event log has been DISABLED.
E010 = Event Number Ten
1 = Channel Number One
165 = Day-of-Year

21 = Hours
16 = Minutes
04 = Seconds

3267548 = Subseconds (tenths of seconds through hundredths-of-nanoseconds).
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3.3.8 EIGHTH MENU SCREEN - AUTO DAYLIGHT SAVINGS

Subsequent pushing of the MENU keyboard switch will display the Eighth Menu Screen which
is shown below and contains this choice:

Column:

1 5 10 15 20 25 30 35 40

| | l I | | I | |

Row1 | AUTO DAYLIGHT SAVING <1> OFF

Row 2

Pushing the “1” keyboard switch will alternately enable or disable the Auto Daylight Savings
Time feature. It can also be programmed to automatically turn on/off for up to ten years using
the RS-232 I/O port. Refer to Chapter Four of this manual.

3.3.9 NINTH MENU SCREEN - MUX OUTPUT

Subsequent pushing of the MENU keyboard switch will display the Ninth Menu Screen which is
shown below and contains these choices:

Column:
1 5 10 15 20 25 30 35 40

| | | l | I I |

Row1l [ MUX OUT <1>CH: 1 <2>OUTPUT:DC CODE

Row?2 | <3>KEYLOCK: OFF

The rear panel BNC connectors (J4 through J9) can be configured to output various timing
signals using the internal jumper pins and the front panel keyboard.

If the MUX input to any output buffer is jumper selected, one of sixteen inputs to that
multiplexer can be selected via the front panel keyboard.

This menu screen allows selection of the outputs on the rear panel BNC connectors J4 through
J9.

Pushing the “1” front panel keyboard switch cycles through the output channels (1-4).
Channel One controls MUX outputs on J4 and J9.

Channel Two controls MUX outputs on J5 and J8.
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Channel Three controls MUX outputs on J6.
Channel Four controls MUX outputs on J7.

Pushing the “2” front panel keyboard switch cycles through the outputs available for the
respective channel selected.

The choices are as follows (see the paragraph entitled “Optional Pulse Rate Outputs” in Chapter
One):

10MHz 100Hz LOCKED**
5MHz 10Hz +5 VOLTS
1MHz 1Hz Ipps
100KHz .1Hz DC CODE
10KHz 1PPM

1KHz TRACKING*

* Tracking output is a TTL low when not tracking and a TTL high when tracking.
** Locked output is a TTL low when not locked and a TTL high when locked.

Note: The MUX outputs can also be read and selected via the RS-232 1/0 port. See paragraphs
titled “Request MUX Output” and “Set MUX Output” in Chapter Four of this User’s
Guide.

The standard configuration is as follows:

J4 - TRACKING (TTL)

J5 - LOCKED (TTL)

J6 - 1PPS

J7 - 10MHz SINE WAVE

J8 - IRIG B (AC)

J9 -1IRIG B (DC)

J10 - 1PPS INPUT (Time Interval Measurement)

Configuration other than the above standard will be found in the Option Description envelope
attached to the inside rear cover of this User’s Guide.

The internal pins are shown in Figure 2-3 in Chapter Two.

Jumpers J14 and J24 are associated with BNC J4. Jumpers J15 and J25 are associated with BNC
J5, etc. The basic circuitry is explained in the following example:

e Jumpering J24 pins 1 and 2 connects the output of a buffer to J4.
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e J14 selects the input to that buffer. J14 pins 2, 4, 6, and 8 are connected in common to the
buffer input.

e Jl4pins 1,3, 5, and 7 select various inputs to that buffer as shown in Figure 2-3 in Chapter
Two.

o The MUX input (jumpering pins J14 1 and 2) selects a 16:1 software controlled multiplexer,
the output of which is selectable using the front panel keyboard switches (or via the RS-232
1/0).

e The output buffer can also be used to provide a relay closure on J4. The relay closure will
either be an open or closure to ground. To enable this configuration, jumper J24 pins 1 and
3, and J24 pins 2 and 4.

e BNC’s J6 and J7 don’t have the optional relay configuration.

If the MUX input to any output buffer is jumper selected, one of the sixteen inputs to that
multiplexer can be selected by the front panel keyboard.

Pushing the “3” front panel keyboard allows the user to enable or disable operation of the front
panel keyboard. The default condition for Keyboard Lock is OFF. This means that the keyboard
functions normally. If the user wishes to activate Keyboard Lock, push the “3” keyboard switch.

When Keyboard Lock is ON, only the MENU key will function. Nothing can be entered or
changed from the front panel. If the user wishes to turn OFF Keyboard Lock, cycle through the
various menus until the Ninth Menu appears. Push the “3” keyboard switch and XXXX will
appear on the screen. Enter 9975 and Keyboard Lock will turn to OFF.

3.3.10 TENTH MENU SCREEN - PRINTER PORT CONFIGURATION

Subsequent pushing of the MENU keyboard switch will display the Ninth Menu Screen, which is
shown below and contains these choices:

Column:

1 5 10 15 20 25 30 35 40

I | | | | I l | |
Row 1 PRINTER :<1> 9600<2>NONE<3>8BIT<4>1 STP
Row 2 <5> STANDARD MODE

This screen allows front panel keyboard selection of the Printer Output port parameters.
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Use the “1” keyboard switch to select the BAUD RATE. Keep pressing the “1” keyboard switch
until the desired baud rate appears. The choices are as follows:

50, 300, 600, 1200, 2400, 4800, 9600, 19200

Use the “2” keyboard switch to select the PARITY. Keep pressing the “2” keyboard switch until
the desired parity appears. The choices are as follows:

NONE, ODD, and EVEN
Use the “3” keyboard switch to select the desired number of data bits (word length). The choices
are 7 or 8 data bits.

Use keyboard switch “4” to select the number of stop bits (1 or 2).

Use keyboard switch “5” to select the printer output format, either “Standard” or “One Second
Burst”.

Standard RS232 Printer Output

This printer port provides the ability to output time, mode, status, frequency, position, and other
optional data to an RS-232 compatible serial printer or terminal.

For the J11 connector pin assignments, refer to Chapter One.
The following are examples of output data:

94 027.17:04:38 M0 S00 E00 25 00 00 00 -0019-E12 33 48.8270N 117 53.3864W +0028 T1
705337.5

94 027.17:04:43 M0 S00 E00 25 00 00 00 -0019-E12 33 48.8270N 117 53.3864W +0028 T1
705337.5

94 027.17:04:48 M0 S00 E00 25 00 00 00 -0019-E12 33 48.8270N 117 53.3864W +0028 T1
705337.5
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94 = year

027.17:04:38 = time (days, hours, minutes, seconds)

MO - mode (start-up mode)

* S00 = status code (doing GPS corrections)

* E00 = error code (system check OK)

25 00 00 00 = tracking satellite vehicle 25

-0019E-12- frequency offset measured in parts to 1072

33 48.8270N = latitude 33 degrees 48.8270 minutes, north
117 53.3864W - longitude 117 degrees 53.3864 minutes, west
+0028 = altitude in meters

T1 705337.5 = time interval in microseconds

* For a listing of status codes and error codes, see the 9390-6000 ExacTime GPS Time and
Frequency Generator User's Guide.

External frequency measurement or another option can be substituted for time interval if
available and previously enabled.

One Second Burst (RS232 ASCII Time Burst Mode Output)

This interface is configured as Data Terminal Equipment (DTE), synchronous 1PPS “Burst”
mode, using 9600 Baud. No control/handshake lines are utilized. The time word output is
shown below in Table 1. Each byte consists of one start bit, eight data bits, one parity bit (odd)
and one stop bit. However, this configuration can be changed using the front panel keyboard
switches or remotely using the RS-232 I/O.

The data transmission is serial asynchronous by character, and the ASCII character code is used.
The time information is interpreted as being UTC time.

(SOH) DDD:HH:MM:SSQ (CR) (LF)
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See Table 1 for the definition of each field contained in this time information string.

Table 1
Protocol 1
Time Information
Field Definition
(SOH) Start of Header (ASCII control character).
DDD Day of Year.
HH Hours (24-hour clock).
MM Minutes.
SS Seconds.
Q Quality indicator (see description below).
(CR) Carriage Return (ASCII control character).
(LF) Line Feed (ASCII control character).

The on-time point is at the beginning of the Carriage Return character.

Quality Indicator:

This indicator is an estimation of the accuracy of the unit’s 1PPS compared to the GPS
system 1PPS.

ASCII HEX Definition
Character | Equivalent
(space) 20 < 1 microsecond
2E < 10 microseconds
* 2A < 100 microseconds
# 23 < 1 millisecond
? 3F > 1 millisecond (unknown)

3.3.11 ELEVENTH MENU SCREEN - IEEE-488 1/0 INTERFACE

If the keyboard switch is pushed again, the LCD will display the Eleventh Menu Screen, which is
shown below. Although this screen is displayed, it is only applicable if the TC&FG is
configured and furnished with the IEEE-488 1/0 Interface option, GPS Opt 14 (Assembly
55115).

Column:

1 5 10 15 20 25 30 35 40

| | I | | I l |

Rowl | <1> IEEE488 ADDR.17

Row 2
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If this option is provided, its Option Description will be located in the Option Envelope on the

inside cover of this manual.

3.4 CONFIGURATION OF REAR PANEL BNC CONNECTORS J4-J9

The rear panel BNC connectors (J4 through J9) can be configured to output various timing
signals using the internal jumper pins and the front panel keyboard.

Per Figure 2-3 in Chapter Two, the following table details the various outputs available at J4:

JUMPER BLOCK J24 | JUMPER BLOCK J14 OUTPUT AT J4
pins 1 and 2 shorted pins 1 and 2 shorted 1 of 16 selectable Channel 1 Mux outputs
pins 1 and 2 shorted pins 3 and 4 shorted IRIG B AC code out
pins 1 and 2 shorted pins 5 and 6 shorted 10MHz sine wave output
pins 1 and 2 shorted pins 7 and 8 shorted Tracking TTL output
pins 1 and 3 shorted pins 2 and 4 shorted Tracking (relay closure to ground)

Per Figure 2-3 in Chapter Two, the following table details the various outputs available at J5:

JUMPER BLOCK J25 | JUMPER BLOCK J15 OUTPUT AT J5
pins 1 and 2 shorted pins 1 and 2 shorted 1 of 16 selectable Channel 2 Mux outputs
pins 1 and 2 shorted pins 3 and 4 shorted IRIG B AC code out
pins 1 and 2 shorted pins 5 and 6 shorted 10MHz sine wave output
pins 1 and 2 shorted pins 7 and 8 shorted Locked TTL output
pins 1 and 3 shorted pins 2 and 4 shorted Locked (relay closure to ground)

Per Figure 2-3 in Chapter Two, the following table details the various outputs available at J6:

JUMPER BLOCK J16 OUTPUT AT J6
pins 1 and 2 shorted 1 of 16 selectable Channel 3 Mux outputs
pins 3 and 4 shorted IRIG B AC code out
pins 5 and 6 shorted 10MHz sine wave output
pins 7 and 8 shorted unused

Per Figure 2-3 in Chapter Two, the following table details the various outputs available at J7:

JUMPER BLOCK J17 OUTPUT AT J7
pins 1 and 2 shorted 1 of 16 selectable Channel 4 Mux outputs
pins 3 and 4 shorted IRIG B AC code out
pins 5 and 6 shorted 10MHz sine wave output
pins 7 and 8 shorted unused
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Per Figure 2-3 in Chapter Two, the following table details the various outputs available at J8:

JUMPER BLOCK J28 | JUMPER BLOCK J18 OUTPUT AT J8
pins 1 and 2 shorted pins 1 and 2 shorted 1 of 16 selectable Channel 2 Mux outputs
pins 1 and 2 shorted pins 3 and 4 shorted IRIG B AC code out
pins 1 and 2 shorted pins 5 and 6 shorted 10MHz sine wave output
pins 1 and 2 shorted pins 7 and 8 shorted unused
pins 3 and 4 shorted N/A Event 3 input

Per Figure 2-3 in Chapter Two, the following table details the various outputs available at J9:

JUMPER BLOCK J29 | JUMPER BLOCK J19 OUTPUT AT J9
pins 1 and 2 shorted pins 1 and 2 shorted 1 of 16 selectable Channel 1 Mux outputs
pins 1 and 2 shorted pins 3 and 4 shorted IRIG B AC code out
pins 1 and 2 shorted pins 5 and 6 shorted 10MHz sine wave output
pins 1 and 2 shorted pins 7 and 8 shorted unused
pins 3 and 4 shorted N/A Event 2 input
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CHAPTER FOUR
~ I/O PORT DATA INPUT/OUTPUT

4.0 INTRODUCTION

The GPS timing unit has been equipped with an RS-232 interface using a nine pin connector
designated as RS-232 I/0 J12. It can be used to communicate to and from the GPS ExacTime
unit. All communication is in the ASCII format. The standard character protocol is one start bit,
eight data bits, an odd parity bit, and one stop bit. However, the baud rate, number of data bits,
parity, and number of stop bits are selectable using the front panel keyboard switches. See
Chapter Three, “Additional Menu Screens.”

The interface cable pin assignments and designations are shown in Chapter Two.

All communication to the GPS ExacTime Unit consists of two or three categories of characters.
The first category is a single character, which is always an ASCII $ (Hex 24). This is the
attention/log-on character. The second category is an ID ASCII character, which is a command
to the GPS ExacTime Unit. The third category (which may or may not be applicable) is a series
of ASCII data bits to input data into the GPS ExacTime Unit. Leading zeros must be used where
necessary. For example, if the number is fifty-two, and if the data to be entered is a four digit
number, then it must be entered as 0052.

Note: If a mistake is made while inputting new characters (prior to the last character), issuing
the “$” character, this will cause a reset, and the new (correct) characters can be input.

When entering data via the RS-232 /O port, if there is a pause longer than three seconds between
input values, communication with the GPS timing unit will terminate.

Table 4-1 shows the command options available. The ASCII character is shown following its
HEX equivalent. Following the table, each command is described with the necessary steps for

execution.

Table 4-1 is located on the following page.
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Table 4-1
RS-232 ASCII 1/0 Command Table
ASCII ID HEX Description
Character Character
) 60 Datum firmware version.
c 63 UTC sync.
d 64 GPS sync.
e 65 Print frequency offset.
f 66 Print time, status, error code, and SV number.
= 3D Print year (4 digits), time, status, error code and SV number.
i 69 Print position.
j 6A Clear event data.
k 6B Print event data.
| 6C Enable event log.
m 6D Disable event log.
r 72 Select mode.
s 73 Enable time interval.
t 74 Disable time interval.
u 75 Request time interval.
X 78 Request mask values.
y 79 Enter mask values.
z 7A Enable discipline.
{ 7B Disable discipline.
} 7D Enter position.
~ 7E Enter DAC value.
DEL 7F Request DAC value.
P 50 *Select output code.
Q 51 Enter number of position averages.
l 7C Enter local time offset.
S 53 Select satellite vehicle number (for single satellite mode).
T 54 Enter cable delay.
U 55 Request cable delay.
\Y% 56 Enter PDOP limit.
\'Y 57 Re-synchronize minor time.
X 58 Select default values.
Y 59 External Frequency Measurement — Select Input Frequency
Z S5A External Frequency Measurement — Enable/Disable
[ 5B External Frequency Measurement — Request Data
] 5D Request satellite signal strength.
N 5E Request unit operating parameters.
The remainder of Table 4-1 is continued on the following page.
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Table 4-1
RS-232 ASCII I/0 Command Table, Continued...

ASCII ID HEX Description
Character Character

A 41 *Request external 60 Hz measurement data.

B 42 *Set-up external 60 Hz measurement.

C 43 *Enter IEEE-488 address.

H 48 Printer — Set-Up Configuration

I 49 Printer — Request Configuration

> 3E Printer Port Mode Selection

g 67 Printer — Select Output Rate

h 68 Printer — Request Output Rate

n 6E Printer — Enable/Disable & Data Select

JR 4A, 52 Request MUX output.

IS 4A, 53 Set MUX output.

K 4B Set Major Time.

< 3C Set Year.

o 4F Automatic Daylight Savings Time

@ 40 Request Unit Serial Number

* = Optional. Refer to the Option Description in the envelope attached to the cover of this
manual.

4.1 DATUM FIRMWARE VERSION

This command outputs the Datum firmware version installed in the unit.

e The user inputs $'(HEX 24/HEX 60).

e The unit will respond with eight characters followed by CR/LF.

4.2 UTC SYNC

This command will synchronize the unit to the Universal Time Coordinated time standard.
e The user inputs $c (HEX 24/HEX 63).

e The unit will respond with OK, followed by CR/LF.
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4.3 GPS SYNC

This command will synchronize the unit to the Global Positioning System time standard.
e The user inputs $d (HEX 24/HEX 64).

e The unit will respond with OK, followed by CR/LF.

4.4 PRINT FREQUENCY OFFSET

This command will output the calculated difference between the units’ local time base and the
GPS system frequency.

e The user inputs $¢ (HEX 24/HEX 65).

e The unit will respond with a plus or minus sign, four digits, and an exponent having the
weight of parts in 10° or 102

Example: +0579E-09
4.5 PRINT TIME, STATUS, ERROR CODE, AND SATELLITE VEHICLE NUMBERS
This command allows the user to print the year, day-of-year, hour, minute, second, millisecond,

status code, error code, and the vehicle numbers of the satellites being tracked. The Status Codes
are shown in Table 4-2 and the Error Codes are shown in Table 4-3.

Table 4-2
Status Codes

Characters Definition
S00 Doing GPS Correction.
S01 GPS time not acquired.
S02 Waiting for almanac.
S03 PDORP is too high.
S08 No useable satellites.
S09 One usable satellite.
S10 Two useable satellites.
S11 Three useable satellites.
S12 Selected SV not useable.
S13 No SV scheduled.
S14 Oscillator stabilizing.
S15 Averaging position.
S16 Flywheel Mode

Note: If a Status Code is produced other than those listed above, the error is undefined.
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Table 4-3
Error Codes
Characters Definition
E00 System check OK.
EO1 Battery failure.
E02 Processor error.
E04 Channel One error.
EO08 Channel Two error.
E16 Signal level low.
E32 Offset too high.

e [f the user inputs $f (HEX 24/HEX 66).
e The unit will respond with the following:

3 digits of day of year.

2 digits of hour.

2 digits of minute.

2 digits of second.

3 digits of milliseconds (space).

3 character status code (space).

3 character error code (space).

Up to 4 satellite vehicle numbers CR/LF.

Each satellite vehicle is identified by its PRN 1.D.
Example: 056.12:13:45.768 S00 E00 03 13 20 26

It is the 56™ day of the year (February 25™).

The time is 12 hours, 13 minutes, 45 seconds and 768 milliseconds.
The unit is doing GPS corrections.

The system check is OK.

The unit is tracking satellites 3, 13, 20, and 26.
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e If the user inputs $ = (HEX 24/HEX 3D).
e The unit will respond with the following:

4 digits of year.

3 digits of day of year.

2 digits of hour.

2 digits of minute.

2 digits of second.

3 digits of milliseconds (space).

3 character status code (space).

3 character error code (space).

Up to 4 satellite vehicle numbers CR/LF.

Each satellite vehicle is identified by its PRN L.D.
Example: 1999 056.12:13:45.768 S00 E00 03 13 20 26

Year = 1999

It is the 56™ day of the year (February 25").

The time is 12 hours, 13 minutes, 45 seconds and 768 milliseconds.
The unit is doing GPS corrections.

The system check is OK.

The unit is tracking satellites 3, 13, 20, and 26.
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4.6 PRINT POSITION

This command allows the user to read the accurate position known to the GPS ExacTime unit.
The latitude will be expressed in units of degrees and minutes labeled North or South, relativeto
the equatorial plane which is defined as zero latitude. The longitude will be expressed in units of
degrees and minutes labeled East or West relative to the Greenwich Meridian. The altitude will
be expressed in meters either above (+) or below (-) the GPS Reference Sphere (WGS-84).
Altitude can be negative, and a sea level altitude may be above or below the GPS Reference
Sphere.

e The user inputs $i (HEX 24/HEX 69).
e The unit will respond with the following:

2 digits of degrees latitude (space).

2 digits of minutes latitude.

4 digits of ten thousandths of minutes latitude.
N or S (space).

3 digits of degrees longitude (space).

2 digits of minutes longitude.

4 digits of ten thousandths of minutes longitude.
E or W (space).

+ or -.

4 digits of altitude in meters CR/LF.

Example: (Datum’s position.)
33 48.8241N 117 53.3970W +0026

4.7 CLEAR EVENT DATA

This command clears any previously stored events from memory, if the event option has been
installed in the unit.

e The user inputs $j (HEX 24/HEX 6A).

e The unit will respond with OK, followed by CR/LF.
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4.8 PRINT EVENT DATA

The GPS Timing Unit has the optional capability of storing up to 256 events from up to three
inputs (channels). When the command is sent to print the event data, the first response is three
characters representing event status. The user responds with a % character. This is followed by
the unit outputting the event number, the channel number, and the time the event occurred.
When this first event has been output, the user must respond with a % character signifying the
event information has been taken. The unit will then output the second event.

This process of outputting the data followed by the user’s response (%) continues until all events
have been output. If the user does not take the data and respond with a % within three seconds,
communication with the GPS timing unit will terminate. If no data is available, the unit will
respond with a question mark. If more than 256 events occur, subsequent events will be lost or
overwritten. If two events occur very close together, it is possible that one of the events could be
missed. If that happens, the fact that an event has been missed will be reported in the event
status. Table 4-4 shows the possible event status codes.

Table 4-4
Event Status Codes
Code Definition
S00 Normal.
S02 Missed event Channel One.

In the following example are the steps for printing (outputting) the single event log:
e The user inputs $k (HEX 24/HEX 6B).

e The unit responds with SO0 CR/LF.

e The user responds with %.

e The unit will then output the first event. E000 1 056.12:13:45.1437952 CR/LF.

e When this data has been taken, the user responds with %.
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e The unit will output the second event. E001 1 056.12:13:46.5327642 CR/LF.

e When this data has been taken, the user responds with %.

e The unit will then output E002 ? CR/LF.

The question mark signifies that there is no data available. Event E001 was the last event.

In the above example, S00 indicates no missing events. The first event (E000) occurred on
Channel One at the specified time. The second event (E001) occurred on Channel One at the
specified time.

4.9 ENABLE SINGLE EVENT LOG

This command enables the event log option. It consists of the log-on command followed by
three digits. Entering “111” signifies that the positive/rising edge of the input pulse is the on-time
edge of the event. Entering “000” signifies that the negative/falling edge of the input pulse is the
on-time edge of the event.

When sent, this command automatically disables the 1pps time interval function.

e The user inputs $1 (HEX 24/HEX 6C) and 3 digits.

e The unit will respond with OK, followed by CR/LF.

Example: 000

The above example will enable the single event log. The on-time edge of the input pulses will be
the negative/falling edge.

4.10 DISABLE EVENT LOG
This command disables the event data log.
e User inputs $m (HEX 24/HEX 6D).

e The unit responds with OK CR/LF.
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4.11 SELECT MODE

This command allows the user to select the mode of operation. This one digit command
indicates the following modes:

0 = AUTO Mode.

1 = Single Satellite Mode (Highest Available Satellite).
3 = Three Satellite Mode.

4 = Four Satellite Mode.

5 = Flywheel Mode (Optional).

Note: If the single satellite mode is selected, it can be accompanied by the “Select Satellite
Vehicle Number” command (see Chapter Four). This will dictate which satellite the unit
will track.

e The user inputs $r (HEX 24/HEX 72).

e The unit responds with OK CR/LF.

The example above selects the three satellite mode of operation.

4.12 ENABLE TIME INTERVAL

This command enables the time interval measurement using the external 1pps input. The
command must also indicate which edge of the 1pps input is going to be used.

= Negative/falling edge.
1 = Positive/rising edge.

This command automatically disables the event log feature.
e The user inputs $s (HEX 24/HEX 73) 1.
e The unit responds with OK CR/LF.

The example above enables the time interval measurement feature and selects the positive edge
of the 1pps input as the on-time edge.
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4.13 DISABLE TIME INTERVAL

This command disables the time interval measurement.

e The user inputs $t (HEX 24/HEX 74).

e The unit responds with OK CR/LF.

4.14 REQUEST TIME INTERVAL

This command allows the user to request the time interval measurement between the internal
GPS corrected 1pps pulse and an external 1pps input pulse. The response consists of three digits
of milliseconds, three digits of microseconds, and a decimal point followed by one digit of
hundreds of nanoseconds.

e The user inputs $u (HEX 24/HEX 75).

e The unit responds with 134276.512 CR/LF.

The example above indicates that the difference between the internal GPS corrected 1pps pulse
and the external 1pps pulse is 134276.512 microseconds.

Every time a measurement needs to be taken, a request has to be issued.
4.15 REQUEST MASK VALUES
This command allows the user to view the currently selected mask values. They consist of one

digit of dynamics code, two digits of elevation angle, two digits of signal level, and two digits of
PDOP. See Table 4-5 below for dynamic code values.

Table 4-5
Dynamic Code Values
Value Meaning Assumed Velocity
0 Current value is left unchanged.
1 Land. <120 knots.
2 Sea. < 50 knots.
3 Air. < 800 knots.
4 (Default) Static. Stationary.

Note: Unless changed, four (static) is the default/normal mode. The user won’t receive the zero
value when requesting the Dynamics Code value. It is useful only when entering the
mask values and the user doesn’t want to change the current Dynamics Code value.
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The elevation mask is the minimum angle (in degrees) for tracking satellites. The signal level
mask dcfines the minimum signal strength of a satellite to be used in a solution. The PDOP
mask is the maximum PDOP that will be used by the RPU for satellite tracking in any two or
three dimensional solution (when tracking three of four satellites).

e The user inputs $x (HEX24/HEX78).

e The unit responds with 4 05 06 10 CR/LF.

The example above indicates a dynamics code of four (static/stationary), and elevation angle
mask of five degrees, a signal level mask of six, and a PDOP mask of ten.

4.16 ENTER MASK VALUES

This command allows the user to input/change the mask values. The first digit (after the log-on
I.D. characters) is the dynamics code. This is followed by two digits of elevation angle mask,
two digits of signal level mask, and two digits of PDOP mask. When doing position averaging,
the PDOP mask must be 2PDOP Limit.

e The user inputs $y (HEX 24/HEX 79) 4050610.

e The unit responds with OK CR/LF.

The above example indicates that the user inputs a dynamics code of four (static/stationary), an
elevation angle mask of five degrees, a signal level mask of six, and a PDOP mask of ten.

4.17 ENABLE DISCIPLINING

This command allows the user to enable the discipline feature. The internal time base is
periodically disciplined/corrected to the GPS time base.

e The user inputs $z (HEX 24/HEX 7A).

e The unit responds with OK CR/LF.

4.18 DISABLE DISCIPLINING

This command allows the user to disable the discipline feature.
e The user inputs $ { (HEX 24/HEX 7B).

e The unit responds with OK CR/LF.
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4.19 ENTER POSITION
This command allows the user to manually enter the position of the antenna/preamp.
The command consists of :

Two digits of degrees latitude.

Two digits of minutes latitude.

Three digits of sub-minutes latitude.
N (North) or S (South).

Three digits of degrees longitude.
Two digits of minutes longitude.
Three digits of sub-minutes longitude.
E (East) or W (West).

+ (plus) or - (minus).

Four digits of altitude in meters.

e The user inputs $ } (HEX 24/HEX 7D) 3348824N11753397W+0026
e The unit responds with OK CR/LF.
The above example is entering Datum’s position of:
Latitude 33° 48.824 N.
Longitude 117° 53.397 W.
Altitude + 0026 meters.
4.20 ENTER DAC VALUE
This command allows the user to manually enter a DAC (Digital to Analog Converter) value that
is used to adjust the internal time base. This would typically be done prior to the front panel
LOCKED LED turning on, if disciplining was turned off, or to null/calibrate the internal

oscillator.

The DAC value consists of five digits from 00000 to 65535. If a number is entered that is greater
than 65535, it will automatically be converted to 65535.

e The user inputs $ ~ (HEX 24/HEX 7E) 32767.
e The unit responds with OK CR/LF.

The above example sets the DAC value at approximately the middle of its range.
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4.21 REQUEST DAC VALUE

This command allows the user to request the current DAC value.

e The user inputs $ (del) (HEX 24/HEX 7F).

e The unit responds with a five digit value followed by CR/LF.

Note: (del) is the delete key.

4.22 SELECT CODE OUTPUT (OPTIONAL)

This command allows the user to select which code is output if the code output option is installed
in the unit. When entering this command, the time interval and/or event log functions will be

momentarily interrupted. It consists of two digits. IRIG B122 is the default. The optional
output codes are defined as follows:

Number Code Output
00 IRIGB
01 IRIGA
02 IRIGG

e The user inputs $P (HEX 24/HEX 50) followed by two digits (see above table).
e The unit responds with OK CR/LF.
4.23 NUMBER OF POSITION AVERAGES

This command allows the user to select the number of position averages that will be used to
calculate position in the start-up mode of operation. The command is comprised of four digits
representing a number from 0010 to 9999. Ten (0010) is the smallest number of position
averages that can be entered. The default is 200.

o The user inputs $Q (HEX 24/HEX 51) followed by four digits.

e The unit responds with OK CR/LF.

Note: The timing accuracy of this unit is directly related to the position accuracy. The more
accurate the position, the more accurate the time. It is recommended that for timing

accuracy of < 300 nanoseconds, 2,000 to 5,000 position averages be performed to insure
an accurate position or input an accurate, surveyed position into the unit.

4-14 9390-6000 or 9390-6010 ExacTime GPS TC & FG (Rev G) Datum Inc



I/O PORT DATA INPUT/OUTPUT

4.24 ENTER LOCAL OFFSET

This command allows the user to input a desired time offset (in !z hour increments) whereas the
LCD or optional LED display and/or time outputs would be offset from the selected UTC or GPS
time by the number of hours input. All offsets entered (00.0 to 23.5) are positive and calculated
as west of the Greenwich Meridian (or input an accurate, surveyed position into the unit).

e The user inputs $| (HEX 24/HEX 7C) 07.0.

e The unit responds with OK CR/LF.

The above example (07.0) inputs a local time offset to correspond to daylight savings time in the
Pacific Time Zone.

4.25 SELECT SATELLITE VEHICLE NUMBER

This command allows the user to select which satellite the GPS ExacTime Unit will track. Prior
to using this command, the unit must be put into the single satellite mode.

e The user inputs $S (HEX 24/HEX 53) followed by the two digit satellite PRN identification.
(Leading zero is required.)

e The unit responds with OK CR/LF.

4.26 ENTER CABLE DELAY

This command allows the user to enter a cable delay that compensates for the propagation delay
between the antenna/preamp and the RPU caused by the cable. The delay is approximately 1.5
nanoseconds per foot of antenna cable. The user simply enters the total length of antenna cable
as a four digit number expressed in feet.

e The user inputs $T (HEX 24/HEX 54) 0100.

e The unit responds with OK CR/LF.

In the above example, the user has input cable delay to compensate for one-hundred feet of
antenna cable.
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4.27 REQUEST CABLE DELAY

This command allows the user to interrogate the GPS ExacTime unit and find out what cable
delay the unit is currently using.

e The user inputs $U (HEX 24/HEX 55).

e The unit responds with a four digit number that equates to the length of antenna cable (in
feet) that is stored in memory, followed by CR/LF.

Note: This command would only be applicable if the user has changed antenna cable length and
is unsure what delay has been programmed into the GPS ExacTime unit.

4.28 ENTER PDOP LIMIT

This command allows the user to enter the maximum PDOP that will be used in doing position
averaging. It consists of a two digit number. It must always be < the PDOP mask.

e The user inputs $V (HEX 24/HEX 56) 08.

e The unit responds with OK CR/LF.

The above example illustrates entering a PDOP limit of eight.

4.29 RESYNCHRONIZE MINOR TIME

This command allows the user to manually re-synchronize the minor time (subseconds) to the
GPS on-time 1pps pulse. This command must be issued if the antenna cable length is changed
and subsequently a new cable delay is entered.

e The user inputs $W (HEX 24/HEX 57).

o The unit responds with OK CR/LF.
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1/0 PORT DATA INPUT/OUTPUT

This command allows the user to input/reset a series of default parameters into the GPS

ExacTime Unit, which are:

Dynamics Code
Elevation Angle

Signal Mask

PDOP Mask

PDOP Limit

Mode

Position Average Number
Time Interval

Event Log

Exact Frequency Measurement
Local Offset

Cable Delay

Position

MUX Outputs

e The user inputs $X (HEX 24/HEX 58).

e The unit responds with OK CR/LF.

4

10°

3

12

12

Start-up (AUTO).

200

Disabled, falling edge.

Disabled, falling edge (all three events).
Disabled.

00.0

50

Trimble Navigation’s
CH1 IRIGBDC
CH2 10MHz

CH3 1pps

CH4 10HMz

4.31 EXTERNAL FREQUENCY MEASUREMENT - SELECT INPUT FREQUENCY

This command allows the user to specify the input frequency.

e Userinputs $Y (HEX 24/HEX 59) followed by eight digits and CR/LF. The eight (8) digits
correspond to the input frequency. Leading zeros are required to be entered.

e The unit responds with OK CR/LF.

Example: $Y01000000 CR/LF

The above example illustrates selecting an input frequency of 1MHz.

Datum Inc

9390-6000 or 9390-6010 ExacTime GPS TC & FG (Rev G)

4-17



CHAPTER FOUR

4.32 EXTERNAL FREQUENCY MEASUREMENT - ENABLE/DISABLE

This command allows the user to enable the external frequency measurement option.

e The user inputs $Z (HEX 24/HEX SA) followed by a 1.

e The unit responds with OK CR/LF.

This command allows the user to disable the external frequency measurement option.

e The user inputs $Z (HEX 24/HEX 5A) followed by a 0.

e The unit responds with OK CR/LF.

4.33 EXTERNAL FREQUENCY MEASUREMENT - REQUEST DATA

This command allows the user to request the external frequency measurement data. The

measurement and subsequent calculation is done at least once every five seconds and is averaged

over the time period beginning when the external frequency measurement option was enabled.

e The user inputs $[ (HEX 24/HEX 5B).

e The unit responds with a + or -, four digits representing the magnitude of drift/stability, E-,
two digits (exponent - power of ten), space, four digits representing the time period in
seconds, E+, two digits (exponent - power of ten).

4.34 REQUEST SATELLITE SIGNAL STRENGTH

This command allows the user to obtain the signal strength of each satellite in view. The larger
the number, the greater the signal strength.

e The user inputs $] (HEX 24/HEX 5D).

o The unit responds with #, two digits of the satellite PRN number, + or -, and two or three
digits of signal strength. This format will be printed for each satellite in view.

If the signal strength is 0.00, the satellite has not been acquired.
If the signal strength is a negative number, the satellite is not currently in lock.

The last satellite’s information will be followed by CR/LF.
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Example: #12+13.2#24 + 10.6 CR/LF

The above example illustrates the unit responding with a signal strength of +13.2 for satellite

vehicle twelve and +10.6 for satellite vehicle twenty-four. The actual message will contain more

satellites than this example.

4.35 REQUEST UNIT OPERATING PARAMETERS

This command allows the user to request a number of operating parameters that aren’t available
with other specific commands.

e The user inputs $* (HEX 24/HEX 5E).

e The unit will respond with the following example:

UMO0 D1 L00 PL12 PA0200 PRO OSO GPIB17 LK1

Table 4-6
Operating Parameters
U UTC sync.
G GPS sync.
MO Mode 0 (start up mode).
D1 Discipline. 1=on, 0 = off.
L00 Local time offset.
PL12 PDOP limit used for positioning averaging.
PA0200 Number of position averages.
PRO Printer option. 0= off, 1 = on.
0S0 External Oscillator. 0 = internal. 1 = external.
GPIB17 The address (17) of the IEEE-488 interface. This number
will be meaningful only if the option is installed.
LK1 1 = Unit Locked 0 = Unit Unlocked
The last response is CR/LF.
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4.36 PRINTER - SET-UP CONFIGURATION

This command allows the user to set-up the printer configuration. It is applicable to both the
Standard RS232 Printer Output and the One Second Burst RS232 ASCII Time Output.

e The user enters $H (HEX 24/HEX 48) followed by abcd where:
a = baud rate (0-7)
0=50
1=300
2 =600
3=1200
4 =2400
5=4800
6 =9600
7 =19200

b = number of data bits
0=7
1=8

¢ = parity
0 = none

1=o0dd
2 =even

d = number of stop bits
0=1
1=2
4.37 PRINTER - REQUEST CONFIGURATION

This command allows the user to request the current printer set-up. It is applicable to both the
Standard RS232 Printer Output and the One Second Burst RS232 ASCII Time Output.

e The user enters $I (HEX 24/HEX 49).
e The unit responds with: 09600 8/7 N/O/E 1/2<CR><LF>.

(Baud Rate) (8 or 7 data bits) (none, odd, or even parity) (1 or 2 stop bits)
(carriage return) (line feed).
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4.38 PRINTER PORT MODE SELECTION

This command allows the user to specify the printer mode or output format . The selection is
either “Standard” or “One Second Burst”. For a detailed description of these two formats, refer
to Chapter Three — Operation.

e The user inputs $> (HEX 24/HEX 3E) followed by eitheraOora 1.

The “0” is for the standard format.
The “1” is for the one second burst format.

e The unit responds with OK CR/LF.

4.39 PRINTER - SELECT OUTPUT RATE

This command allows the user to specify the interval rate at which the data is output. It can be
any time from three (3) seconds to 9999 seconds. (Leading zeros are required). It is applicable

only to the Standard RS232 Printer Output.

e User inputs $g (HEX 24/HEX 67) followed by four (4) digits corresponding to the number of
seconds.

Example: $g0005
e The unit responds with OK CR/LF (carriage return/line feed).

Example: $g0005
The above example illustrates selecting an output interval rate of five seconds.
4.40 PRINTER - REQUEST OUTPUT RATE

This command allows the user to determine what is the current output rate. It is applicable only
to the Standard RS232 Printer Output.

o User inputs $h(HEX 24/HEX 68).

e The unit responds with four (4) digits followed by CR/LF. These four digits correspond to
the output interval rate in seconds.
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4.41 PRINTER - ENABLE/DISABLE & DATA SELECT

This command is applicable only to the Standard RS232 Printer Output.

User inputs $n (HEX 24/HEX 6E) followed by three (3) digits.

The first digit enables or disables the printer port.

0 = printer port disabled
1 = printer port enabled

The second digit enables or disables position information output.

0 = position information disabled
1 = position information enabled

0 = option data disabled

1 = option data enabled (if the option itself is available and has been
previously turned on)

Example: $n101

The unit responds with OK CR/LF.

The third digit enables or disables the output of option data (if available).

The above example illustrates the user turning on the printer port, not outputting any position
information, but outputting option data (such as external frequency measurement). Refer to the

following examples of output data:

94 027.17:04:38 MO S00 E00 25 00 00 00 -0019-E12 33 48.8270N 117 53.3864W +0028 T1

705337.512

94 027.17:04:43 M0 S00 E00 25 00 00 00 -0019-E12 33 48.8270N 117 53.3864W +0028 T1

705337.512

94 027.17:04:48 M0 S00 E00 25 00 00 00 -0019-E12 33 48.8270N 117 53.3864W +0028 T1

705337.512
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94 = year

027.17:04:38 = time (days, hours, minutes, seconds)

MO - mode (start-up mode)

* S00 = status code (doing GPS corrections)

* EOO = error code (system check OK)

25 00 00 00 = tracking satellite vehicle 25

-0019E-12- frequency offset measured in parts to 10

33 48.8270N = latitude 33 degrees 48.8270 minutes, north
117 53.3864W - longitude 117 degrees 53.3864 minutes, west
+0028 = altitude in meters

T1 705337.512 = time interval in microseconds

* For a listing of status codes and error codes, refer to Chapter Three.

External frequency measurement or another option can be substituted for time interval if
available and previously enabled.

4.42 REQUEST MUX OUTPUT

This command allows the user to find out which output is selected on the four multiplexed
channels. The command consists of the log-in character ($§-HEX 24), the primary character (J-
HEX 4A), and the secondary character (R-HEX 52).

e The user inputs $JR (HEX 24/HEX 4A/HEX 52).

o The unit responds with :

1aa2aa3aa4aaCR/LF.

The digits 1-4 correspond to the MUX channels. “aa” (two digits) corresponds to Table 4-7.
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Table 4-7
Request MUX Output
00 10MHz
01 5MHz
02 1MHz
03 100KHz
04 10KHz
05 1KHz
06 100Hz
07 10Hz
08 1Hz
09 1Hz
10 1PPM
11 TRACKING
12 LOCKED
13 +5 Volts
14 1pps
15 DC Code

See Chapter One of this User’s Guide for specifications.
4.43 SET MUX OUTPUT

This command allows the user to select the signal output on the four multiplexed channels. The
command consists of the log-on character ($-HEX 24), the primary character (J-HEX 4A) and
the secondary character (S-HEX 53).

o The user enters $JS (HEX 24/HEX 4A/HEX 53) followed by:
aabbcedd

Where:

aa corresponds to 2 digits = Channel 1.
bb corresponds to 2 digits = Channel 2.
cc corresponds to 2 digits = Channel 3.
dd corresponds to 2 digits = Channel 4.

Note: The digits (00-15) are the same as in Table 4-7.
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4.44 SET MAJOR TIME - TOD (TIME OF DAY)
This command allows the user to input and change the TOD. This command is only useful when
the unit is in the “Flywheel” mode (See Chapter Three) It consists of the attention/log-on
character, the command character, and nine characters representing days (day-of-year), hours,
minutes, and seconds.
e The user enter $K (HEX 24/HEX 4B) followed by:

DDDHHMMSS
e The unit responds with OK CR/LF.
4.45 SET YEAR

This command allows the user to enter two (2) digits of year into the GPS time. It consists of the
attention/log-on character, the command character, and 2 characters representing year.

e The user enters $< (HEX 24/HEX 3C) followed by two digits.

e The unit responds with OK CR/LF.

4.46 AUTOMATIC DAYLIGHT SAVINGS TIME

This feature provides the capability of offsetting the time by one hour to compensate for daylight
savings time. It can be turned on and off using the front panel keyboard. It can also be

programmed to automatically turn on /off for up to ten years using the RS-232 I/O port.

Primary Command
e The user inputs $O (HEX 24/HEX 4F).

Secondary Command
One of five secondary commands can be issued (in conjunction with the primary command) to

perform the following functions:

Daylight Savings Disable
This command disables the daylight savings time feature.

e The user inputs D (HEX 44).

e The unit responds with OK followed by CR/LF (carriage return/line feed).
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Daylight Savings Enable
This command enables the daylight savings time feature.

e The user inputs E (HEX 45).
e The unit responds with OK followed by CR/LF.

Loading the Default of 10 Intervals — See Table 4-8.
This command allows the following daylight savings time intervals to be loaded into memory.

If you want the unit to automatically increment/decrement, the following command must be
proceeded by the ENABLE command.

e The user inputs F (HEX 46).
e The unit responds with OK followed by CR/LF.

Request a Daylight Savings Time Interval
This command returns a start and stop time for a specific interval.

o The user inputs R (HEX 52) followed by an interval number of 0-9 (HEX 30 - HEX 39).

o The unit responds with:
#c Yaa Dbbb Hmm Dbbb Hmm CR/LF
where:
¢ = interval number (0-9)
aa = year
bbb = Julian day
mm = hour

e The first group Dbbb Hmm indicates the start time of daylight savings.
e The second group Dbbb Hmm indicates the stop time of daylight savings.

Set a Daylight Savings Time Interval
This command allows the user to program a daylight savings time interval.

e The user inputs S (HEX 53) followed by:
caabbbmmbbbmm

where c, aa, bbb, and mm have the same weight/value as explained in the
REQUEST command.
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General Specifications

If the stop time is greater than the start time, then the interval is assumed to be in the same year.
If the stop time is less than the start time, then the stop time is assumed to be in the next year.

Performing a “Cold Reset” will disable the Daylight Savings time feature and load in the ten
default time intervals.

Each time interval must be at least two hours in duration.
Any changes must be made at least one hour prior to the next time interval.
The time intervals do not have to be programmed in sequence.

All set-ups are stored in battery backed RAM so they are retained if the unit is turned off and
back on again.

Table 4-8
Automatic Daylight Savings Time — Default Values
First Sunday of April Last Sunday of October
(Default) Julian Julian
Interval Year Day Hour Year Day Hour
0 98 095 01 98 298 02
1 99 094 01 99 304 02
2 00 093 01 00 303 02
3 01 091 01 01 301 02
4 02 097 01 02 300 02
5 03 096 01 03 299 02
6 04 095 01 04 305 02
7 05 093 01 05 303 02
8 06 092 01 06 302 02
9 07 090 01 07 301 02
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4.47 REQUEST UNIT SERIAL NUMBER

This command allows the user to request the unit’s serial number (the same serial number that is
on the rear panel).

e The user inputs $@ (HEX 24/HEX 40).

¢ The unit will respond with four characters followed by CR/LF.
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MAINTENANCE/TROUBLESHOOTING

5.0 MAINTENANCE

This unit utilizes solid-state components. There are no moving parts (except switches etc.) or
parts with limited life.

5.1 ADJUSTMENTS

Periodically the internal time base may have to be nulled/calibrated due to aging and drift of the
oscillator.

5.1.1 INTERNAL OSCILLATOR CALIBRATION

It is recommended that the oscillator be nulled when the DAC value starts to approach 5,000 or
60,000.

The GPS TC&FG will have one of three oscillators installed in it:

e A voltage controlled temperature compensated crystal oscillator located on the GPS Main
Assembly 35002 in location Y2.

¢ A low noise oven oscillator located on the GPS Main Assembly 35002 in location Y1.
e A low profile rubidium oscillator attached to the bottom plate of the chassis assembly.

There are two methods to null/calibrate the internal oscillator. Use whichever method is suitable
to your means and capabilities.

First Method
The oscillator can be nulled against a known frequency standard with an oscilloscope or other
suitable means by using the following steps:

1. Turmn on the unit and wait approximately one hour for the oscillator to warm up and stabilize.

2. Sync one trace of an oscilloscope on the known frequency standard. Using the other trace,
monitor the 10MHz output of the unit. Remove the top cover of the unit.
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3. The input of the DAC must be held static prior to the nulling oscillator. This can be
accomplished one of three ways:

e Disconnect the antenna from the rear of the unit.

o Select the single satellite mode (1SV), and select a satellite that is not in view (or Pick
SV33 which doesn’t exist).

o Disable disciplining. Refer to Chapter Four, “Disable Disciplining” in the User’s
Guide.

4. Set the DAC value to it’s midpoint 32767. Refer to Chapter Four ,“Enter DAC Value” in the
User’s Guide.

The oscillator is adjusted using a plastic adjustment tool. Depending on which oscillator is
installed, the adjustment screw (inside the oscillator) is in one of three locations:

o The voltage controlled temperature compensated crystal oscillator located on the GPS Main
Assembly 35002 in location Y2 has its adjustment access hole on the top of the oscillator.

e The low noise oven oscillator located on the GPS Main Assembly 35002 in location Y1 has
its access hole on the side of the oscillator. There is an access screw used to seal the
oscillator that has to be removed first. Remember after the adjustment is complete to replace
the access screw.

o The low profile rubidium oscillator attached to the bottom plate of the chassis assembly has
its adjustment hole on the top of the oscillator.

5. Adjust the oscillator until the 10MHz output is stable with respect to the frequency standard.

6. Enable disciplining. Refer to Chapter Four, “Enable Disciplining” in the User’s Guide.
Replace the top cover.

7. After approximately one hour, check the DAC value number again. If it has changed by
more than £5000 from 32767, repeat steps two through six.

Second Method
If a known frequency standard is not available, the oscillator may be nulled as follows:

1. Set the unit to operate in the single satellite (1SV) mode. Make sure the unit is tracking a
satellite.

2. Read the DAC value either from the RS-232 I/O port, or from the LCD display.
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3. Remove the top cover. Locate the oscillator and its adjustment access hole.

4. SLOWLY (no more than 45° each time) adjust the oscillator and watch the DAC value
change. If the DAC value is 65535, turn the oscillator adjustment counterclockwise, which
will decrease the frequency and the DAC value. If the DAC value is 00000, turn the
oscillator adjustment clockwise, which will increase the frequency and the DAC value.

5. Wait approximately one minute between each adjustment to allow the oscillator to stabilize.

6. Keep adjusting the oscillator in the appropriate direction until the DAC value is
approximately at its midpoint (32767). Replace the top cover.

7. If after approximately one hour, the DAC value has changed by more than 5,000 from
32767, repeat steps one through six.

5.1.2 LCD ADJUSTMENT

The contrast of the LCD display may be adjusted using potentiometer RS.

5.1.3 AC CODE ADJUSTMENTS

The modulation ratio of the AC code output can be adjusted from a typical range of 2:1 to 6:1. It
has been factory adjusted for a ratio of 3:1. The modulation ratio adjustment is potentiometer

R3.

The code output amplitude is adjusted using potentiometer R4. It can be adjusted to
approximately eight volts peak-to-peak, terminated into 50Q.

5.1.4 10MHz SINE WAVE

The amplitude of the 10MHz sine wave output can be adjusted using potentiometer R60. The
nominal amplitude is approximately three volts peak-to-peak terminated into 50Q.
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5.2 TROUBLESHOOTING

5.2.1 GENERAL

If at any time the unit fails to operate or operates intermittently, it is a good idea to remove the
top cover and look for any visible problems or damage. Make sure all cables are securely
connected. Insure all integrated circuits are mounted into their sockets where applicable. Look

for damaged components.

Because the design of the unit utilizes LSI (Large Scale Integrated) circuits, and is

microprocessor based, much of the operation is controlled by firmware/software. There are few

user serviceable components. If severe problems are encountered, consult the factory.
Note: When servicing the power supply, disconnect the AC power from the unit.

5.2.2 POWER LED WILL NOT ILLUMINATE WHEN ON/OFF SWITCH IS

ACTIVATED

DC voltage is not present on J21 input connector pins on Assembly 35002.

Table 5-1
J21 Input Connector Pins
J21 pin 1 Ground.
J21 pin 2 -12 volts.
J21 pin 3 +12 volts.
J21 pin 4 +5 volts.

e Check the fuses in the power entry module.

e Check power wiring connections.

5.2.3 TRACKING LED DOES NOT ILLUMINATE

e Antenna/preamp is defective.

e Cable or connections between the antenna/preamp and the unit are open or intermittent.

e SV6 CM3 Timing Module (55146) is defective.

e If the operational mode is 1SV, the satellite vehicle selected may not be visible or even exist
at all. Check that the SV PRN selected is valid and visible.
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If this occurs, the message “SELECTED SV UNUSABLE” will appear on the LCD display and
four usable satellite vehicle PRN numbers will be displayed. The user may go to the SECOND
MENU SCREEN and use the SELECT MODE to enter 1SV and 00 which allows the unit to
utilize the highest healthy satellite. This information can also be accessed via the RS-232 port by
requesting “Print Time, Status, Error Code, And Satellite Vehicle Numbers” which is found in
Chapter Four of this User’s Guide. The SV PRN number desired may also be entered via the
RS-232 port, using the paragraph titled “Select Satellite Vehicle” in Chapter Four of this User’s
Guide.

5.2.4 LOCKED LED DOES NOT ILLUMINATE

e Internal oscillator may have to be nulled/calibrated.

e Mask values may be set too high.

5.2.5 UNIT DOES NOT TRACK STATELLITES, ERROR MESSAGE/CODE - SIGNAL
LEVEL LOW

¢ Antenna/preamp failure.

e Antenna cable open or shorted (center conductor to shield).

5.2.6 COLD RESET

A “COLD RESET” needs to be performed upon the following conditions:

o The unit fails to operate or operates intermittently and it is not a power, tracking, or locked
problem.

Cold Reset Procedure
e Tum off or disconnect AC power.

e While holding down the MENU key of the keyboard, reapply power and observe the LCD
display to read:

COLD RESET DONE, UNIT SET TO DEFAULT
PLEASE RELEASE COLD RESET SWITCH

e Release the MENU key of the keyboard.

e The default values have now been loaded into the unit.
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e Each of the above default values needs to be examined and changed/reentered as necessary.
(See Section 4.31). If the unit is left in the default “AUTO” mode, it will find its own
position.

Note: If new software has been installed in the unit, a cold reset will automatically be
performed the first time power is applied. The following message will appear on the
LCD for approximately four seconds:

COLD RESET DONE, UNIT SET TO DEFAULT
5.3 THEORY OF OPERATION
5.3.1 GPS SYSTEM OPERATION

Before going into the Theory of Operation of the ExacTime 9390-6000 or 6010 GPS Time and
Frequency Generator we must first understand the operation of the GPS system and what the
Satellites are providing. The GPS system is a ranging system, in which satellites inform the ground
user equipment where they are located and give the time information. The function of the user
equipment is to determine its position (X, Y, and Z) as well as the time (T). This is accomplished
through the use of simultaneous equations. Since there are four unknowns it requires at least four
satellites to solve the equations. At power-on the user equipment has no idea where it is located or
what time it is. Once it has acquired (TRACKED) four satellites, it can begin the process of
solving the equations. Once a position has been determined, it can be loaded into memory and used
to solve for the time only. Another aspect of the GPS system that is in need of some explanation is
a deterrent function known as Selective Availability (SA). This is a purposeful degradation of the
GPS system’s performance so that an enemy of the United States can not use the system accurately
against us in time of a war. The degradation that takes place is from twenty-five meters to one-
hundred meters Spherical Error of Probability (SEP) for position information and one-hundred
nanoseconds to 300 nanoseconds 95% of the time for Time information.

5.3.2 MODES OF OPERATION

Now that we understand that a GPS is a ranging system and the user equipment must calculate its
position as well as time, we will now take a look at the different MODES of operation of the
equipment and understand how it affects the operation of the equipment. There are several modes
of operation for the ExacTime (Auto, 1SV, 3SV, 4SV, and Flywheel). We will start off with the
Flywheel mode and work our way back to the normal Auto mode.

5.3.2.1 FLYWHEEL MODE (OPTIONAL)

Flywheel mode is a new, optional mode in which the unit is powered-on and does not operate from
GPS information. The operator can set the time and the unit will function as a stand-alone clock
and frequency source. No correction to the time or frequency are done by the unit, it simply
continues from the last information in terms of the DAC value, position data, output selection, etc.
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5.3.2.2 4SVMODE

The 4SV (Satellite Vehicle) mode of operation is a dynamic mode in that it is solving for all four
variables (X, Y, Z, and T) at the same time. This mode is used either by the system to determine its
location or used in a three-dimensional moving platform (i.e. aircraft). The GPS receiver used in
the ExacTime is a Core 3 Module. This receiver has six channels in which to decode satellite
information (what is referred to as tracking a satellite). Four of the channels will be collecting data
from four satellites while the remaining two channels will be collecting data from as many as four
more satellites in a multiplex scheme. In this way the receivers processor can be solving for the
four unknowns from as many as four sets of equations at the same time. This is referred to as an
“over-determined solution.” Some of the effects of SA can be smoothed out using this process.
However, in this mode the time information is moving as well as a function of newly calculated
positions each second. This is not the most stable timing mode to operate in, but for moving
platforms it is the best mode of operation.

5.3.2.3 3SVMODE

The 3SV mode, like the 4SV mode, is used in dynamic (moving) systems. However, the 3SV
mode only solves for the X, Y, and T values. The altitude (Z) data is fixed at some entered value or
previously calculated value. This would be the case on a ship or land vehicle where the altitude
remains fixed. Like the 4SV mode, the 3SV mode is not a very stable timing mode.

5.3.2.4 1SVMODE

Older equipment of just a few years ago, the 1SV mode was indeed a single satellite solution
solving for the time information from only one satellite at a time. The new core module 3T
provides another added capability. It is better to refer the 1SV mode to a one-dimensional mode.
The receiver will use the stored position in memory and solve for the time information from as
many as eight satellite at the same time. The receiver will then provide an average solution of the
time information to the ExacTime, thus providing a more stable time in which to operate under the
effects of SA. This is the best timing mode of operation as long as the equipment is in a static
environment and a good position has been entered into memory.
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53.2.5 AUTO MODE

The Auto mode is a preprogrammed mode in the ExacTime and is the default mode that the unit is
shipped to the customer in. At power-on the unit does not know where it is nor what time it is, thus
it must determine all of this. At power-on the Auto mode commands the receiver into the 4SV
mode of operation so that it can determine the location as well as time. The ExacTime will first set
an approximate time and position as soon as it tracks four satellites. It will then begin stabilizing
the internal oscillator in order to get it close to the correct frequency. After completion of the
oscillator stabilization the unit will begin collecting position information. It will average the default
selection of 200 positions, the unit can be set to collect as many as 9999 positions. After the 200
positions have been collected it will command the receiver into a 1SV mode, load the average
position into the receiver, set time and begin normal 1SV mode of operation. We will discuss this
normal mode of operation in more detail later.

5.3.3 EXACTIME INTERNAL CONFIGURATION

The ExacTime unit is comprised of several sub-assemblies, power supplies, main clock assembly,
GPS receiver, front panel LCD display, front panel keypad, optional rubidium oscillator, option
motherboard, plug-in option assemblies. For the purpose of this discussion a configuration
including a rubidium oscillator, IMHz and 5MHz sine wave output options will be used in the
understanding of the ExacTime’s operation (please see Figure 5-1).

5.3.3.1 POWER SUPPLIES (P/N 8010-7608-1 & 8010-7624)

The basic power supply in this configuration is 8010-7608-1. This supply is used to power the
ExacTime and all of the electronic assemblies (i.e. main assembly, front panel assemblies, GPS
receiver, and option motherboard). It provides the system with a regulated +5 volts, +12 Volts and
-12 Volts. All of the electronics use these voltages to operate within the ExacTime. An optional
second power supply (8010-7624) is required if the optional internal rubidium oscillator is
provided. The rubidium oscillator requires a regulated +24 Volts at up to two amps during warm-
up so there is a dedicated supply for this purpose. Without some or all of the voltages the unit will
not operate correctly. When checking for any problem within the ExacTime it would be good to
verify all of the power supply voltages to be assured they are correct. This can be done at the
connectors located at each supply or at the end of the power cables.
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5.3.3.2 MAIN ASSEMBLY (P/N 35002)

The main assembly is the center of the unit. It includes a microcomputer, memory, I/O interface,
buffers, and all of the additional circuits to support the ExacTime’s functions. The computer
provides information to the front panel LCD for display of information to the operators as to the
status, error, and many other operational information and selections. It interfaces to the front panel
keypad and scans for operator key depressions and displays the selected information. All inputs
and outputs at the rear panel with the exceptions of the ones provided by the option motherboard
come from the main assembly. All outputs are buffered so as to prevent any damage to the unit
should any output be shorted for any reason. Located on the main assembly is the Core 3 Receiver
Module as a plug-in assembly. It is held in place by four small screws and connects via an OSX
connector and a multi-pin DIP connector. We will discuss the operation of the Main Assembly
later in this section in more detail.

5.3.3.3 FRONT PANEL KEYPAD & LCD ASSEMBLY (P/N 55158)

The front panel keypad is a board that has small buttons and rubber fingers that go through the front
panel to provide the operator with a colored push button and tactile feedback of a button push. The
push buttons are scanned by the main assembly computer for operator entry of information or
commands. This board provides the mounting for the LCD display as well. The LCD provides all
of the operator information, menu selections, and operator feedback of entries. The interface is
through two multi-pin ribbon cables to the Main Assembly.

5.3.3.4 OPTION MOTHERBOARD (P/N 35007)

The option motherboard is used in order to expand the capabilities of the ExacTime. It provides a
computer buss command interface to option assemblies, if required, as well as basic 1pps, 10MHz,
5MHz, IMHz, IRIG B and other signals that may be required for option expansion. The option
slots (1-4) provide this information to optional plug-in assemblies (see the ExacTime Configuration
Guide for a list of the option assemblies available). For this example the only option assemblies
plugged in are the IMHz and 5SMHz sine wave shapers. The sine wave shapers simply take the
IMHz or SMHz TTL square wave signals provided on the buss interface and provide a sine wave
output to the rear panel BNC connectors on the option motherboard. The option motherboard
provides buffers before the signals go the BNC connector so as to prevent and damage should the
output be shorted for any reason. Additional options could be added to this configuration as there
are two additional slots available for customer expansion. Should any of the option outputs fail it is
a simple matter to determine if the buffer has failed or the module assembly has failed by swapping
the modules. The sine wave shapers are interchangeable and can be plugged in to any slot or from
another unit. Power is provided to the assembly through a parallel cable from the power supply.
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5.3.3.5 RUBIDIUM OSCILLATOR (LPRO) (OPTIONAL)

The internal rubidium oscillator is an LPRO (Low Profile Rubidium Oscillator) from the Efratom
Division of Datum Inc. It is powered from a separate +24 volt power supply due to the power
consumption as well as the higher voltage requirements. The interface to the main assembly is
through several connections. The 10MHz frequency output is provided to the main assembly via an
OSX coax cable connection. A second OSX coax cable connection provides the control voltage to
adjust the output frequency of the oscillator. This signal is provided by a digital-to-analog
converter on the main assembly. It is used to “discipline” control the frequency output to the GPS
reference. Occasionally it may be necessary to make a coarse adjustment on the Rubidium should
the electrical control reach the limit. The coarse control is a screw adjustment on the bottom of the
rubidium oscillator and is not a major function. The only purpose is to bring the electrical
adjustment back into the operating range. It is not a calibration requirement just a range control
function. It is accomplished through the use of a screwdriver and simply monitoring the front panel
DAC information. The maintenance section of this User’s Guide describes the process, but a
simple turn of the screw SLOWLY will put the DAC back in the working range. If the DAC value
is going to the HIGH end simply turn the screw until the DAC value is say down around 10,000, if
the DAC value is at the LOW end turn the screw until the DAC reads around 50,000. In this way
the range of operation will be extended until the next adjustment is needed. Typically once the
rubidium begins aging it will age in the same direction for the life of the oscillator.

5.3.4 MICROCOMPUTER PROGRAMMED THEORY OF OPERATION

The microprocessor clock provides a system where by the time as well as the frequencies generated
are “disciplined” phase locked to the GPS reference information. Looking at Figure 5-1 there are
three things that form the interface between the receiver and the clock. First is an RS-422 I/O - this
provides all of the operating commands, status, and GPS data to the clock. Second is a 1pps
reference pulse - this pulse is positioned early by 1 +/- .5 milliseconds from the UTC/GPS true 1pps
time. Third is the 16 F/O (16.368MHz) frequency used by the receiver to track and decode the
GPS signal within each of the six channels. The course acquisition (C/A) code has a chip rate of
1.023Mbps. The 16.368 is an even multiple of this chip rate. Through the use of this frequency
input the receiver can provide some interesting information as well as the receiver providing the
1pps reference output that is locked, divided down from the 16 F/O. If the 16 F/O frequency is
increased it will move the 1pps reference early, and if decreased it will move later. Once the
receiver has positioned the 1pps reference, after it begins tracking satellites, it will report over the
RS-422 I/O the difference between the 1pps reference and the real “on-time” 1pps that is calculated
from the GPS message. This information is called the BIAS data. The receiver will also provide
what is called the BIAS-RATE information or frequency error. This is able to be done because the
16 F/O is used to track the C/A code it then knows the frequency offset used to keep up with the
satellite code rate as well as the rate correction data from each satellite. It will then provide this rate
error over the RS-422 1/O to the clock.
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During the “Oscillator Stabilize™ phase the clock will take the BIAS-RATE information and control
the internal oscillator’s frequency to correct for any frequency offset. When the unit turns on the
LOCK LED the current BIAS information is loaded into the clock to position the output 1pps to the
correct time as reported by the receiver. The clock will read the BIAS information and subtract it
from the LOCK BIAS value, and the difference (after much filtering) is used to control the
frequency of the internal oscillator.

1PPS ref
—_—

Phase

1PPS Comp. _—

Divider

Phase Lock Loop Clock

For a very simple way to look at this process we can use the above diagram of a phase lock loop to
describe the function that is taking place. As you can see the 1pps that is derived from the
oscillator can be controlled by the DAC so that the phase relationship is that of the reported BIAS
information along with the 1pps reference. In this way all of the frequencies as well as the time
information provided by the clock is “disciplined” to the GPS reference information. Both the
integration (filtering) of the information in the computer as well as the oscillator stability form a
very stable system especially when the oscillator is a rubidium oscillator.
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Symptom Possible Cause Solution
No Lights and No | 1 | No Input Power Check AC power cord...is it correctly and
Display firmly installed?

2 | Blown Fuse Check AC line fuses for opens.
3 | No DC Power to (35002) Check J21 for proper cable connection.
Main Board Check J21 for correct voltages:
Pin 1 - Ground
Pin 2 - -12 Volts
Pin 3 - +12 Volts
Pin 4 - +5 Volts
No Information on | 1 | Ribbon Cable Not Check Cable for proper seating.
LCD Connected
2 | Contrast Not Adjusted Check pot.R5 for proper adjustment.
3 | Bad LCD Change LCD with known good.
4 | LCD Drivers Bad Change 35002 main board with known good.
Time Does Not 1 | Bad 16FO Check Output of 16.368 MHz crystal.
Count
2 | Bad Core 3 Swap CORE 3 with known good.
Will Not Acquire 1 | No GPS Signal from Check all antenna cable connections.
SV’s Antenna Swap antenna with known good.
2 | No Power to Antenna (S/B | Check continuity of cable 8§12502-14.
+ 5 udc on J2) Swap CORE 3 with known good.
3 | DAC Level at Extremes ( Do cold reset - See “Cold Reset” in this
S/B 20000 - 40000) chapter of the User's Guide.
4 | No 10 MHz Check 10MHz output from LPRO.
Check LPRO power supply for 24 vdc.
5 | Bad CORE 3 Swap CORE 3 with known good.
6 | Bad 35002 Main Board Swap 35002 with known good.
Will Not Lock 1 { 10MHz not stable Check stability of 10MHz from LPRO against
known standard.
2 | Bad Main Board Swap 35002 with known good.
No Output from 1 | 1 | Amplitude too Low Check amplitude adjustment pot on sine wave
or SMHz Option shaper board.
2 | Bad Sine wave Shaper Swap shaper with known good
Board
3 | Bad Motherboard Swap option motherboard with known good
4 | Bad Main Board Swap main board with known good.
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Symptom Possible Cause Solution
Cannot 1 | RS-232 Cable Not Check RS-232 cable connection at J12 on rear
Communicate Via Connected panel.
RS-232
2 | Wrong Parameters Check RS-232 1/0 parameters for
compatibility with system.
3 | /O Glitch Try cold reset - See “Cold Reset” in this
chapter of the User's Guide.
4 | Bad Main Board Swap 35002 with known good
No / Wrong 1 | Wrong or Missing Jumper | Check Jumper Configuration on 35002.
Output J4-J9
2 | Bad Main Board Swap 35002 with known good.
Push Button 1 | Interface Cable Not Check cable 812515-3 for proper seating.
Doesn’t Work Connected
2 | Bad Switch Swap front panel assembly with known good
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Figure 5-1
ExacTime Block Diagram
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CHAPTER SIX

PARTS LIST
6.0 PARTS LIST

The parts lists listed below can be found on the pages following page 6-2.

Title Number Revision
ExacTime - 1.75 Inches Full Rack Mount | 9390-6000 N
ExacTime — 3.50 Inches Full Rack Mount | 9390-6010 F
ExacTime GPS TC & FG (1U) KT9390-6000-1 D
ExacTime GPS TC & FG (2U) KT9390-6010-1 D
GPS Main KT35002-145 P
Assembly, Front Display 55173 C
Assembly, Front Display 55175 A
Cable Assembly 812362-39 N/C
Cable Assembly 812502-14 N/C
Cable Assembly 812515-1 H
Cable Assembly 812515-2 A
Cable Assembly 812515-3 N/C

Note: The “KT” prefix in front of a parts list number only signifies that it is a kit for an outside
process, and the parts listed are identical to the number without the prefix.

Datum Inc 9390-6000 or 9390-6010 ExacTime GPS TC & FG (Rev G) 6-1



CHAPTER SIX

This Page Intentionally Left Blank.

6-2 9390-6000 or 9390-6010 ExacTime GPS TC & FG (Rev G) Datum Inc



"LINN HOVH
HLIM Q3II'IddNS 39 Ol AIAN (Z800-00S8)
STVYNNYI S ¥3SN AWILOVXE HOVE T

"NOILYY3dO JVA 0£Z b ¥04 Ss3sSnd
JY¥ds AYY (0006-20L0) SASNI dWY S° FHIL

"NOILYYAd0 OVA 021 ¢ ¥0d sdsnd
F4YdS WY (0T00-20L0) SIASNA dWY T FHIL

SALON
ON 00"t ¢ I3 000°0 000°0 00°0 00°0 000 1SaL 00% 0%
0218L - N 4A3Y
ON 00°T & é 000°0 000°0 00°0 00°0 00°0 dSNI 1S4l °Qodd 5y 0€
ON 00°T ¢ e 000°0 00070 00'0 000 000 ASSY HO3W/O4Td-*¥3d0 L2€ 02
WWOZXS ‘8/S ‘A0GZ 'v¥Z/1 :dsnd
é I 0 Y3 00000°¢ 1-0006-20L0 W
WWOZXS ‘€/S ‘A0SZ ‘Y1l :3dsnd
¢ I N v3 00000°2 1-0100-20L0 W
(LINA DISVH) 0009-06€£6
¢ I 0 Y3 000001 a 1-0009-06€6 H
LI¥ ONIINAOW ¥NNIINY Sd9
é £ 0 ¥d 0000071 v 000216 W
0Z€041 OL 4d§1-§ VWAN :QH0D ¥IMOJ
é I 0 Y3 00000°T Z2118-000% W
bag WoH @3eQ SQO 983eQ 33Y 38 184 W/N Altauend uoTsTASY wayy addy
ON 00T ¢ i 000°0 000°0 00°0 00°0 00°0 0TdO-ONILLIN ISNOHNI 522 01
TI®9D jug ¥ZTS SIHIOSIIO SIHYOSXTI Um\muxcoz 2d4/83Hx1q1 SIH Q:uwm SIH w:wDO SIH SAOW COHuQauwaD oM uwQO
13D #4810
N :uoTsTA®Y YOLWYANZO *03dd ¥ D1 S49 AWILOWXE :uotidraosag 0009-06€6 :wdlI
1 :9beg butinoy 3jusrand wsll H-£ZWILI
LETES:60 00/L0/L0 Tasmyosq ONI ‘WOLYd rs 10°10°F d¥3



ON 00°'T

SN 001
ON 00°T

1190 ug 8z1s
130 Ma1d

1 :obeg

2 é 000°0
[ é 00070
é l 000°0
I n Y3
I 0 w3
I n va
L n va
I a ¥3
"Wom 23eq Sq0 e3ea 333 I°M I3d W/
é é 000°0
SIH195330 SIHWOSKT 5d/5 THUOR

4 fUOTSTA®Y MOLWVYANID AONIN0OIHA ¥ AWIL SdD FWILOVXI :uotidriosag

Z0:PSi60 00/L0/LO Tadmyosq

00070

00070
00070
00000°¢
00000°¢
00000°T
00000°T

00000°1

Od/SIHIqT

putinoy usaan)y weyl
‘RNLYA

ONI

0109-06£6 ¥O3 LSIT Sid¥d A0 AN

“LINN HOVA
HLIM Q3I1ddNS 38 OL SAFIN (Z80O0-00S8)
STYONYW §,493SN IWILOWXE HOWA T

"NOILYY3AJO OWA 0€Z ¥0d sdSNA
J4v¥ds 3V (000S-20L0) SASNA dWY G° FHIL
"NOILYHAdO DVA 0ZT1 ¥0d SISNd J¥v¥dS

gy (0T00-Z0L0) S3SNA dWY T FHLI SHION
0070 00°0 00°0 LSAL oot OV
02181 - 4 a9y
00°0 00°0 00°0 dSNI 1S3l "goud ZSy 0t
00°0 00°0 00°0 ASSY HOIW/03T13-"4¥dd0 LZe 02
WWOZXS ‘8/S ‘A0SZ ‘¥Z/T :3snd
1-0006-20L0 W
WWOZXS ‘d/S ‘A0SZ ‘W1 :3snd
T-0T1T00~-20LO W
(LINN DISvd) 0T09-06£6
a T-0T09-06€6 W
LIM ONILNOOW YNNILNY Sd49
-4 000216 W
0ZE€J3I OL dST-S WWAN :Qdd0d ¥3IM0d
Z118~-000% W
UCTSTADY wajyy adiy
00°0 00°0 00°0 0T40-9NILLIM JISNOHNI sZz 0t
SIH dnieg SIH anand SIH SAOW uotadraosag oM xado
0T109-06£6 :wall
d-€ZWILI
rs 10°10° ¥ dyu3



[ I n £
é I n Y3
[ I n Y3
é I n Y3
é I 1) £
[ I n Y3
é I n Y3
4 I 0 w3
é d n £
é I 0 £
< r n £
é I n Y3
é I 0 w3
bag wog @3eq sqo @31eq 334 32 I9d W/N

ON 00°1 3 é 000°0

1180 3ug 8ztTg SIHIBSIIO SIHYOSXTA Od/SIHYDH
130 #21D
q :uoTsTA®Y

1 :ebeg
00:G65:60 00/L0/L0 Yaamyosq

00000°1

00000°1

00000°1

00000°1

00000°1
00000° 1
00000°1
00000°¢
00000°1
00000° 1
00000°1
00000°¢

00000°1

(LI

but

J/N

J/N

J/N

o) uoTsTA®Y

(QIvodAEN)

AYIdSIQ LNOYd ‘ASSY 3F18YD
£-615218

(ov)

YAMOd OV ‘ASSY 3749YD
1-615218

(0a)

ATEWISSY 3TEYD
Z-515218

(YNNILNY)

ATEWISSY AT9YD
b1~205218

(aoT1)

ad1 ‘ASSY 3190
6£-29€¢18

MOV AZT-/2T+/G+ DA/DY :X1ddNS ¥3IMOd
¢-blLdT-0108

N1 X.SSY TANVd INOYJA
C-EE9TTL

JAIM 0T 3ITANVH/YYE MOWwd
I-18STTL

(SXE) YOIVINSNI S/d
LELTTL

N7 ASSY AWIdSIA INOY4
€L1GS

MWYE WIW ‘DSO dLS - NIVW Sd9
Sv1-zoose

HTYWdd NNOD €0S-a0 :LIM MD0T MIA™DS
Z-81v2~-06LT

ZEDDTA 0S1-01048Z DI
0182-£0€0

W

W

wol] adAy

*SALON 3FHL dLSYd dNY Ad0D dASYdTd
$SELON

00°0 ONILLIM 3AISLNO

0d/saHiql  say dnisg SIH ensnd SIH SA0R uot3ydraosag

N0 DISVE) 0009-06€6 :uoTidraosag

InoY JUSIIAND wall
ONI ‘WNIYa

00z o1

oM 12do

1-0009-06£6L% :well

Y-E€ZWALI

rs 10°10° v d43



ON 00°T é é 000°0
[ d 0 138
[ d n w3
e I n Y3
é I n vi
é I n v3
bes WoE 93eq SA0 °3eq 333 3°¥ Iad W/n

T1e0 103 5215 S1H395330 SIHWOSKTA  od/SIHUOW
T30 M810

q :uoTsTAdY

Z :8beg
10:65:60 00/L0/L0 TIamUdsq

000°0

00000°T

00000° 1T

00000°1

00000°1

00000°1

00°0 00°0 00°0 dSNI 1S3l °qo¥d
(NT FWILOVXA) ATEWASSY SISSYHD

v SE9TTL
AaNAOYD SISSYHO~TIEYT

J/N 911626
(Ad¥Y L X Z) NODITIS QIQTOW ‘NOlling

g 990166
FAILOYXI 134V

J/N 901526
ALYIdAWYN ‘TIEVT

2 S01526

uoTstaay wal3l
0d/SIHIqQT SIH dnisg SaH anand SIH SAOW uotadraoseq

(LINO DISYE) 0009-06£6 :uoTidraosaqg

burtanoy 3jusian) wail

ONI 'WALYd

021841 ~ a A3y

25y o€

W

W

adAg

oM 1ado

T~0009-06€£64LM *wdlI

Y~-€ZWALI

rs 10°10° vy d¥3



1190 3ud 921§
13D #Ma1D

1 :ebeg
92:65:60 00/L0/LO

¢ I n va
¢ I n vd
é I n vd
¢ I n vd
é I n vd
é I n vd
¢ I n w3
é d n vd
¢ r n v3a
¢ I 0 va
é I 0 vd
bas Wod @1ed SAO @3ed FII FAU 194 W/N
ON 00°T ¢ ¢ 0000
SI1HI9SIFO SIHUYOSXTJ 24/SIHYOK
d :uoTSTA®Y

TIaMYOSq

00000°T

00000°1

00000° T

000001

00000°1
00000°1
00000°T
00000°1
00000°1
00000°2

00000°T

A3t3uen

(LI

but

(QUYOgAEM)

AYI4SIA INOY4 ‘ASSY 318YO

J/N €~-S16218 W
(oq)
ATAWESSY 319YD
¥ 2-S16218 W
(ov)
HIMOd OY ‘ASSY F1THYD
H 1-G18218 W
(YNNILNY)
XI8WIASSY AT9YD
O/N p1-206218 W
(@aoT1)
Qa271 ‘ASSY 318YD
J/N 6£-29€218 W
MOV AZT-/Z1+/G+ DQ/DVW :ATddNS dIMOd
Z2-v1d41-0108 W
JILSYId ‘¥30WdS NOling
6PSTTL W
(GXE) YOLVINSNI S/d
J/N LELTTL W
MWYE WAW ‘2SO dlS - NIWYW S49
d Sp1-2006¢ W
JTYWIE NNOD d0S-a :LIM XMO0T MIUDS
Z-81h2-06L1 W
Z2€201d 061-070482 :01
0I8Z-£0EQ W
To) uotTsStTADY wal] adAyp
“SALON dHL 3JLSYd GNY A0D 3SvdT1d
“Z200GE NO LN LEMO0S NI d3TTIVISNI
dNY 433¥0 S3TYS 3HL NO NMOHS YIGWNN
LdL d43d d3WAYE00dd SI 018Z-£0£0 WOdd
NOTIJLVWHOANI
d0d 1-0109-06£6-YHASSY 40Ol 3I3S
*SILON
00°0 00°0 00°0 ONILLIM JAISINO 00¢ 01
2d/SiHaq1  saH dniag SiIH anand SiH SAOR uot3ydrIosaq oM 39dp
NO DISvd) 0109-06€£6 :uoTadraosag T-0T09-06€£61M :iwell
INoyY JUDIIN) WIIT Y-€ZWALI
ONI ‘W0LYd rs 10°10°F 443



ON 00°T ¢ ¢ 000°0
¢ 1 n v3
¢ I 0 v3
¢ I 0 va
¢ 1 0 va
¢ I n v3
¢ I n v3
¢ 1 n vd
boS HOG oae a0 °1ed 333 3°Y 184 W/N

T tep wua 9715 SiM198330 SIHWOSKIA 5d/SIHUSK
130 MaI1D

a :uoTstasy

2 :ebeg
9216560 00/L0/L0 TI®MYOSq

000°0

00000°1
00000°1
00000°2
00000°1
00000°1
00000°T

00000°1

(11

2d/sayaqr

N0 DIsvd)

butinoy usxan) woll
ONI ‘Wnlvd

02181 -

00°0 00°0 00°0 dSNI 1S3l "qaoud

NZ ATHWISSY SISSWHD
¥ op9TTIL

NZ A,SSY TANVd INOdd
L4 2-8€911TL

3dIM NZ JTANYH/YYI NOWY
o] 1-28S11TL

NZ ASSY AWI4SIA LNOYJd
A4 SLISS

(AYYYY L X Z) NODITIS QdQTIOW ‘NOLLng
q 990156

JWILOVYXA :73dY'1
O/N 901526

ALYIJANYN ‘T3EYT
o} S016Z6
uoTSTASY wall

say dnisg siy anand SIH SAO0W uotadraosag
0T09-06£6 :uotadraonsag 1-0109-06
£s 1

a asyd

ZSb O

oM aado
£6LY well

Y-E€ZWALI
0°10° v d¥d



o

$8X 00°1 é é
1190 3ug 0775 SIHI9S3I0 SIHUOSKIA
130 481D
d 1uoTSTASY
1 :ebeg

G1:96:60 00/L0/L0 TIBMYDSq

I n v3
I ¢} va
I n w3
I n L]
I 0 v3
I n v3
I n e9s

R

00070

..... e

00000°¢S

00000°8

00000 €

00000° ¥

00000°82

00000 ¥

00000°1

00000°8

03 /s8IHIqT

butinoy jusaan) weirl

GOBOWS ‘%1 ‘MOT/T ‘MO :S3y
¢00¢-€010 W
S6d LLd 9Ld
GLYd €LY €94 vIY 2TY
GOBOWS “$T ‘MOT/T ‘MZ :83¥
1002-€£010 W
P68 6vd GEY
GOBOWS ‘$T ‘MOT/T ‘WT :S3¥
y00T-£0T0 W
bLyd vby 8€Y 1Y
GOBOWS ‘%1 ‘MOT/T ‘00T :s3y
€00T-£010 W
264 884 L8Y
984 G8Y v8Y £8Y ZLd
Ted 04¥ 29d SGY 26H
TGd 09Y €vd L€Y 0o€d
624 8ZY LZd vZYW €£€2d
¢cd 614 814 919 01d
GOBOWS ‘$T ‘MOT/T ‘301 :s3¥
¢001-£010 W
284 6LY 8LY T2Y
SOBOWS ‘%1 ‘MOT/1 ‘M1 :853¥
T00T-€£010 W
€01y
SOBOWS ‘$T ‘MOT/T ‘WHO 00T :S3d
000T-£0T0 KW
€64 164 064 68d 894 ThY 924 TH
SO0BOWS ‘MO 'WHO O ‘YIdWNP :S3Y
0000-£0T0 3
UotTsTARY wazi adA
00°0 c0°'0 00°0 ONILLIM 3QISINO 002 o1
si1H dnias saH anend SIH SAOK uotidraosaqg oM xa8do
LIM Q¥v¥o8 NIVW S49 :uotridriosaq SY1-200G€LM *wsall
Y-€ZWIALT
rs T0°10'F 4¥a

ONI

‘WNLva



GOBOWS ‘%1 'MOT/T ‘WHO T1G :53¥
é I 0 v3 00000°€ 0T116-€010 W

Zed €TY TTY

GOBOWS ‘%1 ‘MOT/T 'MGL'Y :S3H
é I 0 vd 00000°¢ 16LY-€0T0 H

Shd 6c£d

GOBOWS ‘T ‘MOT/T ‘MZ°6€ :S3¥
< I n  v3a 00000°¢ 226€-£010 W

64

GOBOWS ‘%1 ‘MOT/T ‘MC6°€ :S3d
é I N Y3 00000°7T 1Z6€-€0T0 W

Z0Td T0TY 001¥ 6649 864
L6Y b9Y 02" LIY 99

G0BOWS ‘$1 ‘MOT/T ’'WHO Z6€ :S3d
e I n w4 00000°01 026€E-€010 H

Ly

GOBOWS ‘%1 ‘MOT/T ‘MTI0°E :S3Y
é 1 N ¥d 00000°T TT10E-€£0T0 W

Gd

GOBOWS ‘T ‘MOT/T ‘MEV Z STy
é I N Y3 00000°'T 1€v2Z-€010 W

654

GOBOWS ‘$T ‘MOT/T ‘NT°2Z :S3d
é I n  va 00000°1 ¢1ZZ~E010 W

94 994 €9y

GOBOWS ‘%1 ‘MOT/T ‘Miz°Z :S3¥
é I 0o vd 00000°¢ 1122-€010 1)

BGY LGd 96Y vSYd Zhd

beg Wo" @3eQ SAO 93ed 33T F9Y 184 W/N AItauend uotTsTAS®Y waly adAy
1o 304 7S SiH95330 SIHWOSKTA  Od/STHWOR 54/S1HAq1 Si§ dniss siH enend SIH AoW uotadraoseq  om aado
T30 Ma1p
4 iuorsyaey IIM Quvod NIVA §49 :uoridraosag SPT-200GELY :wa3l
¢ tebeg putinoy IUBIIAND WARI H-£ZWILI

91:95:60 00/L0/L0 T¥oMydsq ONI ‘HNIYa rs 10°10°v awd



LbD 9¥D LTO

SOBOWS ‘D00 ‘%S ‘A0S ‘ddzZ :4W0

& I N Y3 00000°€ 0220-£020 W
v9D
GOBOWS ‘¥LX ‘$0T ‘A0S ‘4nT°0 :d¥D

é I 0 Y3 00000°T v0T10-£020 W
860

L6D 96D b6D £60 Z6D
880 08D 61D 8LD 9LD
SLD 890 19D 263 90

GOBOWS ‘D0OD ‘%S ‘A0S ‘3d00T :dWD
2 I n  vda 00000°971 T010~-£020 3}

094 8Y €d

WS ‘WWE ‘LT ‘MG ‘104 :S3¥
é I 0 ¥3 00000°€ 2060-£9T0 W

2:}

WS ‘WWE ‘LT ‘MOT ‘lLO4 :s3d
é I 1 Y3 00000°1 €0T0~-£9T0 n

9€y €€Y

OTZIWS ‘%S 'MP/1 ‘WHO Z2°8 :S3d
é I 0 Y3 00000°¢ 2480-€110 H

184 08d L¥d STH

GOBOWS ‘T ‘MOI/T ‘Mg9°'G :s3¥

¢ I 0 Y3 00000°¥ 1295-£010 W
8vy
GOBOWS ‘%1 ‘MOT/T ‘MIT'G :S3y
‘ I 0 vd 00000°T TTIS-~€0T0 W
G9Y 194 ObY
BoS WOE 93eQ Sq0 °3ed 333 3e¥ Id W/n Aatauend wrstasy wear odAL
T11e0 a 971S  SIHISSIIO STHUOSKTA oa/siuon 54/51H1q1 SiH dnjes sin enend SIH AoW uotadiiossq  om 2edo
T30 #8210
d iuoTsTA®Y LIN Qyv¥o8 NIVA Sd9 :uotidiiosag SPT-200SELN :wall
¢ :abeg butinoy juaiand wajl U-EZWALI

91:95:60 00/L0/L0 TIdMydsq : ONI ‘WNIYQ rs T0°10'v dud



é I n w3 00000°89

é I 0 ¥d 00000°1%

é I 0 w4 00000°91

é I n vd 00000°1

é I n  v3a 00000°1

[ I i ¥3 00000°1

bes wod @3eq sq0 83eq 33A F8Y 134 W/n A3viuend

118D 3ug @215  SIHIBSIJO SIHUOSXTJ 2d/SIHYOK 2d/s1Haq1
130 M8ID

d :uoTrstasy L1IM QYVYOd NIWW S49 :uotidiaosag

sIiyg dnisg

v :abeg putinoy Jusran) wail
91:9G:60 00/L0/L0 TI9myosq ONI ‘HNLYa

PITO 2110 1110

0110 601D 801D LOTD 901D
GOTO pOTO E£0TD 20TD TOID
0010 660 §6D 160 06D

680 L8D 983 68D ¥8D

18D LLD €LD LD TLD

0LD 690 (9D 990 G992

290 8GO LSD 96D €SO

160 08D G¥O ¥¥O EVD

Zvd 1O 0VD 6£D BED

LED 9E€D £€0 TED 62D

8ZD 920 §TO €20 2O

12D 020 81D 91D SID

pTO 110 62 20 1D

GOBOWS ‘dLX ‘%02 ‘A0S ‘3NEEQ° 0 :dWD

€EEO-ETCO R

€90

SOBOWS ‘dLX ‘302 ‘A0S ‘3N10°0 :dWD

€010-£120 W

9110

€112 090 GGO PGSO 6¥O
CED 0€D 61D €10 TIO
01D 60 80 LD €D

GOBOWS ‘MLX ‘$0Z ‘A0S ‘dd000T :4WD

¢010-€120 W

| 28]

GO80WS ‘90D ‘8§ ‘A0S ‘3d09S :dW0

T1960-£020 4

8¥0

GOBOWS ‘90D ‘35 ‘A0S ‘3d06E :dWD

16€0~£020 3}

peo

GOB0WS ‘90D ‘%G ‘A0S ‘JdOEE :d¥D

TEE0-E0T0 134

SIH enanyd SI1H SAOW uotjdtraoseq

rs

oM 19do

SPT-Z00GELN we3l]

d-€ZWIALI
T0°10° ¥ d¥d



1180 3Jud 8z1s
13D Me1d

SIHIBSIFO SIHYOSXTA

d 1UOTSTA®Y

G :abeg
91:9G6:60 00/L0/L0 Taamyosq

I 0 v3
I 0 vd
I n v
I n va
I 0 w4
I n Y3
I n vl
I n va
e
..... oa/STHIR

00000°1

00000° 1

00000°9

00000°1

00000°2

00000° T

00000° 1

00000°9

00000°1

2d/$IHIqT

LIN Q¥¥0d NIYW Sd9 :uoTidraossg

81N

80S 118aV¥ :0I
T-T180-£0¢t0

Ln

£CLOS 608XWHW DI
6080~-£0€0

LED
9€n SEN ven £en Zen

805 pe9dndg (01

bEYO-E£0E0
01N
80S 1986A¥ :DI
9850-€£0€0
110 2n
p8001d 0L-P90€0X DI
p90€-T0€0
€10
82d1d 0£Z1S8a :01I
0€21-10€0
Zin
890014 081082 :DI
08T0-10€0
€80
28D LD G€D YED LID
aSYD 4 ‘302 ‘AIT ‘dNLb 4D
9L¥0-£220
STT1D
aSYD ¥ ‘%02 ‘A0Z ‘anl :d¥D
G0T0-£220
uorstaay wall
siy dn3sg sIH enond siay sAoW uotidiaosaqg

butinoy juaaan) waly

ONI

‘WN0LYa

s

SP1-Z00GELA

W

adky

oM 1ado

Twely

H-£ZW3LI

10°10°v d¥d



1190 3ug °zT1s
130 M21D

SIHIISIIO SIHUDSXTI

d :uOTSTAdY

9 :abeq
LT:9G6:60 00/L0/L0 TIamyosq

n 3

00000°T

00000°¢

00000°1T

00000°1

00000°1

00000° 1T

00000°2

00000°¢

00000° b

04 /SIHUOK

but

(XINO WTOYOLOW)

(AINO WIOYOLOW)

24/8IHIAT

say dniag SIH enand SIH SAOW

LI¥ QYO8 NIWYW 549 :uoridriosaqg

anoy 3uU81In) wall
ONI ‘WNIVa

1zn

020014 (£10664Y DI
1066~£0€0

TEN 610 LIN

B80S 1968Q¥ :0I
1968~£0€0

8€N

80S 6018L 0TI
6-018L-€0€0

zzn

820014 828LAW DI
828L-€0E0

sn

820014 M9Z9LdR DI
929L-€0€0

6N

890014 2GSO9T1IL :DI
25~G091-€0¢€0

ogn 8en

y10S ¥680FT :DI
68V T-£0€0

620 €2N

y10s 882%1 :0I
B8Y1-£0E0

ven ocn yn en

80§ ¥ZZ8av :01
2280-£0€0

uotidraoseq

oM I8do

SY1-200GELN fwal]

Y-€2ZRALI

rs 10°10" v dud



é I n va
é I n vd
é I n vi
i I n \-£€)
é I n =E]
é I n vd
é I n -4
é I n v3
é I n va
bag Wog @3ed sqo d3ed 333 IO¥ I8A W/N
T80 ugd 8zZ1s SIHIBSIIO SIHYOSXTH Od/8IHYOH
130 M31D
d 1UOTSTA®Y
L :obeg

LT:95:60 00/L0/L0 TIamydsq

00000°¢

00000°T

00000°T

00000°8

00000°T

00000°T

00000°1

00000°1

00000°1

2d/SIHAqT

Lzn 9zn

JUAS 1AdS WS :AYVIRY

WS ZHW 88¢°

JAYMANIS ZHR 0T

S¥O pd¥0

T500-€E0GT W
£X

21 IYLSAYO
0000-£T€T H

[2S

SHOLVYTTIIOSO
080V~T0ET W

8YD LYD 9¥D
€80 Z2¥D 1Y

€Z-10S VI6NT :adola

y160-£050 H

sin

9105 BESVOHVL DI

8E-SPOH-E0E0 H

szn

y10S PIOHVPL DI

vIDOH-€£0£0 W

an

¥10S 80OHPL :DI

BOOH-£0€0 W

vin

v1I05 ZOOJHPL DI

C0OH-E0E0 W

n

9105 800¥aG :DI

s1H dn3ag SiIH onand SIH °A0KW

LIM QYv0od NIVYW S49 :uotadriosaqg

but3znoy jusian) well
ONI ‘WAlvd

0O¥a-£0€0 W

we3l adAy

uot3idixosag oM aado

GP1-Z00GELY waly

Y-EZWALI
rs 10°10°F dud



1120 3ud 821§
130 M81D

g :eabeq
LT:96:60 00/L0/L0

SIHI9SIIO SIHUOSXT

Taamyosq

d

IUOTSTABY

I n va
I 0 va
I n \£]
I n w3
I n w3
I n v3a
I n L&
I 0 Y3
1 n w3

2d/SIHYOK

00000°1

00000°1

00000°1

00000°1

000009

00000°1

00000° ¥

00000°1

0000071

0d/SIHIqT

L1I¥ Qyv08 NIVYW S49 :uotidradsaq

say dnias SIH onand SIH 240K

HuT3Inoy JULDIIND WDRI

ONI

‘WOLYd

WS v/d ¥

WS LS ¥

1S ¥

WS 1S

WS 1S

WS 1S

WS 1S

LS

ocr

JAVIH SZXZ 40§ :NNOD
1-06500-£0LT

9zr

JA¥3H ZIXT 421 :NNOD
Z100-£0LT

eze

dAVEH OTXT 401 :NNOD
1-0T00-€0LT

ez

¥3IAVIH LXZ dpT NNOD
LO00-EOLT

610
810 LIL 910 GIL PIP

HIAYIAH YXZ d8 *NNOD
v000-€0LT

oer

HIAYEH €XT dE :NNOD
€£000-£0L1

6zZr 820 sze ver

¥AAYIAH ZXZ d¥ NNOD
2000~€0LT

1ze

y3dvdaH ¥XT1 db :NNOD
AdbE-Z0LT

eir

0d 1S MO¥L XSO :NNOD
£986-20LT

uot3dyaosaqg

oM 18do

SPI~Z00GELN ‘wall

d-EZWALT

rs 10°10°F ayd



119D 3ug 8zT1S
13D MaID

6 :obeg
L1:95:60 00/L0/LO

SIHIBSIFIO SIHYOSX 1A

TI8MUyOSq

d

1UOTSTADY

I n ¥d 000007 ¥
I n ¥a 00000°T
I n Y3 00000°1
I N Y3 00000°1
I 0 vd 00000°¢
I 0 Y3 00000°1
I N ¥3d 00000°1
I N Y3 00000°L
I N Y3 00000°T7

K3tauen

Od/SIHYOR

1

2d/sIKIq7

LIM Qyvod NIVW Sd9 :uoridriosag

¥ ‘aNYM9T/E€ ‘9T/G6X96-2 ‘44 :IJ0ANVILS
9620~-01€EC
qyvod "D *d
r rseveLt
8n

WS D071d d42€ O1 :L3ND0S
ZEOO-ETLY

Te0

LS ¥AAV¥EH SXZ 40T *NNOD
1-0100-80L1

231 620 I31 82C ¥ sZr 231 G2p
b ver 231 ver 231 610 b3 810
9%G LIL 23T 910 8%3L G1L 85%L vIC

*SINIOd ONIMOTTO4
JHL NI3IMLId 40 NO SHddWNL TIVILSNI

an1g O1° INNHS d4¢ *NNOD
20-PLPS-90LT

TdlL

Od 4€9Q° 13Wd¥nl ‘RY3EL
01062-90LT

Lee

WWZ LS dIdLS D08 FXZ d8 :NNOD
1140~p0LT

01f 60
80 LC 9 G0 b0

¥/d MOVYL AYIHMTNEG ONd :NNOD
LLIL-POLT

e

d234/4034 ans-d 6XZ INNOD
a-6000~v0LY

uoTSTASY wely 1

sal dnyas siaH onand $IY 40K uot3ydiaosaqg

buranoy Juszand wsll

ONI

‘WoLYa

adAy,

oM 18do

GVI-200GEdN twd3I

U-EZWALI

rs 10710 v dud



‘vA ANV
ZX ¥3aNn (HONI Z) 1vTLs 3dYL YVIAW 3OV1d

*ayvod
*0°d HONOYWHI SAVAT LUOHS INNOW ZEL

92622 ‘¥dW (¥D0LS '9dW6 YIAYIH
£y-8£Z~9€S-¥D N/d WOdd FAVW NId € SI Zer

wdZ2IS-84 Z00SE-Y # QIV ATEWIASSY 34S

ON 00°T ¢ é 000°0 000°0 00°0 00'0 00°0 1S4l ooy 0%
ON 00°'T ¢ é 000°0 000°0 00°0 00°0 00°0 dSNI 1S3l 'daoyd 26y 0€
$9X 00°T ¢ e 000°0 000°0 00°0 00°'0 00°0 A718W3SSY IAISLNO 052 02
[23
ZHWN 89£°9T1 :¥OIYITIDSO
& I 0 vd 000001 1~080%-10€T I3
LXEWD 9AS :IATNAOW ONIWIL
é I N ¥d 000001 9¥1GS W
1¥0d4ans AINAOW 30D
bas Wog @3ed SAO @3BA 33d 32 184 W/n A3tiuend uotTsTASY wall adAl
118D 3ug 8z1s SIHI9SII0 SIHUDSXTJ 0d/SIHYOKH 04/SaHaql  saH dnisg siIf anand SIH SAOW uotidraoseq oM aedo
130 M81d
d :iUOTSTA®Y LIM Qyvod NIVW S49 :uoTidrassag SPI~200GELM well
01 :ebeq HuTINoy JUBIIND WIII H~-EZHALI

B1:9G:60 00/L0/L0 Taamyosq ONI ‘WALYd rs 10°10°F d¥3



ON 00°T 3
oN 00°T ¢
ON 00°T ¢

ON 00°T é
11e0 jud er7s  S3HIESII0
T30 Ma1D
o]
i1 :ebeg

97:9G6:60 00/L0/L0 tadMyosq

O 0

[

SIHYOISX T3

1UOTSTABY

000°0
000°0
000°0
1 0 v
I n vd
I n vd
I n vd
I n v3
000°0
2d/SIHYON

000°0 00°0 00°0 00°0 LSAL 00b o¥
000°0 00°0 00°0 00°0 dSNI LS3AL "aodd ZSv 0€
“aiv ASSY
GNY "HOS 404 .3Z2IS-D0u ELTGG ONIMWHMQ HIS
gy3g14
HOWE ¢ 0L0" X bH# *MIHSYM HEBOL+«
HOV3 ¥ OIAvd ‘OF-¥ *ION XAH  vGOb«
HOWZ ¥ IVTd b# HIHSUM 6v0b«
HOWY3 ¥ LITdS v# (dIHSYM 8h0b«
HOWE ¢ "H'd 8/EX0b-b :MIAY¥OS PI0b»
$ AdYMAUYH
ONIMOTION 3HI STYINOIAY ATAWISSY SIHIL
$S3LON
00S°0 00°0 00°0 00°0 ASSY HOIAW/DATI~°¥dd0 L2e 0¢
(HLAIM °*XWR WWSG°'€E) ZX0F aOT :AV1dSId
00000° 1 200v-90¢2¢ W
HIMOd ONINDWYL A3INO01
a3asnddarg v/€ 1-1 NIFYO Qa1
00000°€ 089¢€-v022 W
advod "0 °d
00000°1 a do6ebeLt KW
LS ¥3AY3H ZTXT 421 :NNOD
00000°1 €-~2100~80LT W
ANAN 6 8 L 9
S v € 2 T 0
WW9 LSdS NOLLNEHSNd :MS
00000° 1T 200T-¥021 W
A3tyuend uotsTasy wall adAy
000°0 00°0 00°0 00°0 0TdO-SNILLIN ESNOHNI GZZ 01
04/SIHIqQT SaH dniag sag anend) SIH SAOW uoridraosaq oM xadgp
NT ASSVY AWIdSIA INOYWJA :uotidraossg £LTGS well
putinoy juaaand wo3ll H-EZWALI
ONI ‘WALYd rs 10°70°F d4u3



ON 00°T ¢ e
oN 00°T & e
ON 00°T ¢ e

1190 ug 827TS
130 Ma1D

SIHIBSI30

SIHYOSX T3
Y :UOTSTARY

1 :ebeg
B0:LG:60 00/L0/L0 TIamyossq

000°0
000°0
000°0

1 n v

I i Y3

I 0 vd

I 0 va

1 0 va
000°0

04 /SIHUOH

000°0
00070

000°0

00000°1

00000°¢€
00000° 1

0000071

00000° 11

0d/SIHIAT

N7 ASSY AYI4SIA LNOYJI

put3noy 3jusrand wayl

ONI

‘WNLYa

00°0 000 00°0 LSAL o0V 0P
00°C 00°0 00°0 dSNI 1S4l "aoyd Zsb o€
*dIv ASSY
ANY *HOS ¥0d w3ZIS~DJw GLTSS ONIMWNA JIS
¥ag1d
HOV3 V¢ 0LO" X b# *MIHSYM HEBOL«
HOVE b OIAYY ‘O%-b $INN X3H |20 2%
HOVYE ¢ IV1d bP# SHIHSYM 6P0b«
HOWE b LITdS b# YIHSUM 8h0OV«
HOVA ¥ "H'd 8/€X0b-F :M3AYOS AR 2%
$ AHYMAAVH
ONIMOTION HHI SHYINDIY ATAWISSY SIHI
:SJLON
00°0 00°0 00°0 ASSY HOAW/D3Td~ Y340 LZe 02
(HLAIM "XVW WWG'€E€) ZX0b AOT :AWIdSIaA
200v-9022 W
Y3IMOd ONINOWYL Q3xNd01
daiasnaarg y/€ T-1 N3IFYO Q3T
089¢€-v022 W
auvog D °d
g g456b2LT W
LS YIAYAH ZTXT 42T :NNOO
€~2T00-80LT W
ONIK 6 8 L 9
S ¥ € 2 1T 0
WW9 1SdS NOLLNEHSNd MS
¢00T1-b021 W
uoTsSTARY wa3ll adAl
00°0 00°0 00°0 OTJdO-ONILLIN ISNOHNI 6ZZ 01
sif dniag say anand SIH SA0W uot3draosaqg oM xado
tuotidraosasq GLTGG ‘fwalg
¥-CZWIALI
£s 10°1T0° ¥ 4493



ON 00°T & & 000°0 000°0 00°0 00°0 000 RSl 00v 0OV
ON 00°T & & 000°0 000°0 00°0 00°0 0070 dSNI 1S3l *ao¥d 25y o€
ON 00°T ¢ & 000°'0 0SZ°0 00°0 00°'0 000 ASSY HOTW/D3Td-¥Y3dO LZe 02
*SHIHONI TT SI HLONAT ITEYD
OMY 82 MOSNIWM ObT IWId :316WD
é I n 14 00000°1 y100-¥00¥ W
20S IT18YD I¥14 dbT :NNOD
é I 0 Y3 00000°2 pT09-50LT W
bag Wog @3ed sqo °3ed 3139 I9¥ I8d W/n A3tuend uoTSTASY wajr adAy
ON 00'T & é 000°0 0000 00°0 00°0 00°0 0Td0O-9NILLIN ISNOHNI 522 01
1180 3ugd @218 SIHI®SI IO SIHYOSXTJI 53 /SIHYOW 2d4/sIHa1qQ1 SiH dnisg say anend SIH SA0W uotidransag oM x2do
13D M810
J/N :iuoTsTa®Y o1 ‘ASSY 31d8vD :iuotidraosag 6€-29€218 :waal
1 :ebegq buTinoy 3jusran) wall H~-£ZW3LT
SPiLG:60 00/L0/L0 Taemyosq ONI ‘Rni¥d rs 10° 10"y dud



“ITEYD /¥ 88T10-v00F MDO0LS AW dSN
"Z0GZ18 ONIMWEAQ ATHWASSY 33S

ON 00°T ¢ é 000°0 000°0 00°0 00°0 00°0 1541 00% Ob
ON 00°'T ¢ é 000°0 000°0 00°0 00°0 00°0 dSNI 1S3l 'Qoud 2Sb o€
ON 00°T ¢ & 000°0 005°0 00°0 00°0 00°0 ASSY HOIW/DITI~ 9340 LZ€ 02
ITEYD /¥ XYOD XSO INNOD
é I 0 vd 000001 6628-v0LT W
MOYL AYEHNING N 3dAL :NNOD
é I 0 v3 000001 TLOL-bOLT W
bag Wog @3ed sqO @3eg 339 jFou Iad W/n K3irviuend uotTsTAdY wa3l adiy
*ITEYD N/Y 88T0-Y00F MOOLS SAW 3sSn
*20G2Z18 ONIMWMA A1gWISSY 33S
ON 00°'T ¢ & 000°0 000°0 000 00°0 00°0 0TdO-9NILLIN ASNOHNI 522 01
118D 3ud 8z18 SIHIPSIJO SIHYISXTI 24 /SIHYOKH 04/SIHIq7T SiaH dn3as SIH onand SIH 2A0W uot3ydriaosaq oM aedo
T30 Ma1D
O/N :uoTsTA®Y ATEWASSY 318Y¥D :uoTidraoseq v1-206218 :welj
1 :ebeg butjinoy jusaan)y wajl Y-€ZRALI

S0:65:60 00/L0/L0 TIamyosq ONI ‘WNiva rs 10°10'v d¥3



ON 001 é é 0000

ON 00°1 é é 000°0

ON 00°'1T [ é 000°0
i d n va
i I n vi
é I n Ld
& I n £Ld
é I n 14
P I n va
e I n va
é 1 n vi

ON 00°1 é é 00070
1190 U o775 SIHILSII0 SIHUSSKTA  od/SIHUOK
T30 M81d
H :uoTstaey
1 :8beg

1v:65:60 00/L0/L0 TIamydsq

000°0

000°0

005°0
00000°T
00000°2
00000°1
00000°1
00000°1
00000°2
00000°1

00000 T

2d/SIHIqT

"WOYLSYIS
¥3ec

Yig
ATYWIS H-H8T14602-8TANA LINANYE

‘ON7T ¥ATS HL INI 84 Z2-
*€g8L ‘LOANNODSIC ATYWII LLGZ-WH8T
*STYNIWYAL LOANNODSIA-MO1Nd
10LOLw

‘V3Z
1422

10,09y FIvMAYH 1,00V

1-G16218 ONIMWYA JITA¥YO 3I3IS

HuTINOY JUBIIND WA

00°0 00°0 00°0 1S3l [s]0] 2114
00°0 00°0 000 dSNI IS3UL *aoyd 25y 0t
00°0 00°0 00°0 ASSY HOAW/O3T3~"4¥dAd0 Lee 02
WWOZXS 3704 2 +¥3aMydd 3snd
1-€0€V-0SLO n
HWOZXS ‘9/S ‘A0Sz ‘YT :dsnd
1-0100-20L0 24
anigd "LT OMY0Z STOTTN :3IUIM
9~-GT0T-S00¥ W
MOTTIA/NITYD OMY0Z STOTIN 3JUIM
bS-GT10T~S00¢% W
NMOYd OMY0Z STOTIN :3FHIM
T-S10T-500V W
109 OMY $2-8T1 dWIYD :LOWINOD
T110-26LT W
0ZE€D3I FTNAOW AYMLING ¥Md dE€ *NNOD
b1aM-bOLT W
09GT° ONISNOH €X1 dE :NNOD
TE0B-VOLT W
UOTSTADY wa3] adiy
00°0 00°0 00°0 0TdO~-ONILLIN FSNOHNI G2Z 01
saH dn3isg sIY snanyd siIy SAOW uotiydraosag oM asdo
¥3AMOd OW ‘ASSY 319v0 :uotadrioseq 1-616218 ‘fwejll
4~€ZHALI
rs T0°10°v dyd

ONI

‘WNLYA



¢-91GZT8 ONIMWYA JT9VO IS

ON 00°T ¢ é 000°0 000°0 00°0 00°0 00°0 183l 00% 0%
ON 00°'T ¢ & 000°0 000°0 00°0 00°0 00°0 dSNI 1S3l "Qo¥d 2S¥ 0€
ON 00T ¢ é 000°0 00S°0 00°0 00°0 00°0 ASSY HOIW/03T13-¥A40 L2€ 02
13MO0S :1OYINOD
¢ I 0 Y3 000008 ZHAS-26LT W
a109 OMY ¥2-81 dWIND :LOYINOD
é I n v 00000°% T110-26L1 W
0961 ONISNOH ¥XT 4% :NNOD
e I 0 v3 000002 PUHA-P0LT W
096T° ONISNOH 9XTI d9 :NNOD
é I 0 Y3 00000°T 1908-¥0LT W
bss Wog @23ed sqO 93ed 133 IO 184 W/N A3TIuend uoTstTasy waly adA[
Z-G16218 ONIMWNA 319Y0 33S
ON 00°'T ¢ é 000°0 000°0 00°0 00°0 00°0 0TdO-ONILLIN IASOOHNI §2Z 01
112D 3jug 8zrts SIHIOSF IO SIHYOSXTJ 24 /SIHYOH 0d/S3Haq1 SiH dnias saH snand SIAH SAO0W uotjdtraosag oM 3ado
130 M21D
Y {UOTSTASY K18WISSY 319vD :uoTidtaoseqg 2-~G1G218 :wall
1 :ebegd butinoy jua1an) wa3l H-£ZWALI

20:00:0T 00/L0/L0 TI®2MYDSQ ONI ‘WNIVd £s 10°10°v 443



ON 00°1
ON 00°1
ON 00°1

1180 3ud 221§
1310 M81)

1 :ebeg
82:00:0T 00/L0/L0

o000

SI4195330

J/N

T1amMyosq

SO

SIHYOSXTd

1UOTSTADY

I n Ld 00000°¢C

I n ¥3 00000°2

2d/SIHYOW

€-G1GCT8 ONIMYHA dTd¥D 3dS

c000 00°0 00°0 00°0 LSAL 00V OF
000°0 00°0 00°0 000 dSNI J1Sd4 - qoyd AT
0S8Z°0 00'0 00°0 00°0 KSSY HOAW/DJ3T3A~"¥AdO LZe 02
OMY ¥Z JJHOLON DOZT ILV14 :37T4YD
¢100~-v0O0¥ W
OMYPZ OQI ZTXT 421 :NNOD
Z2100-%0LT W
UoTSTADY waly adhy
€-G1GZT18 ONIMVYEAd 3J71dv¥D 33S
000°0 00°0 00°0 00°0 OTdO-ONILLIM 3ISNOHNI szZe 01
0d3/SIHIQT SIH dnids SIy onand SIH SA0W uotidraonsag oM 18do
AUTASIQ INOYd ‘ASSY d71dyD :uotidraossg €-G16218 :wdlI
butynoy juaaan) wall H-£ZWALI
ONI ‘WNIvd rs 10°T0° ¥ 443



CHAPTER SEVEN

DRAWINGS LIST
7.0 DRAWINGS

The drawings listed below can be found on the pages following page 7-2.

Title Number Revision
ExacTime - TC & FG A-9390-6000 M
ExacTime — TC & FG A-9390-6010 E
GPS Main 35002 P
Assembly, Front Display 55173 C
Assembly, Front Display 55175 A
Cable Assembly 812362-39 N/C
Cable Assembly 812502 N/C
Cable Assembly 812515-1 H
Cable Assembly 812515-2 A
Cable Assembly 812515-3 N/C

Datum Inc 9390-6000 or 9390-6010 ExacTime GPS TC & FG (Rev G)
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CHAPTER SEVEN

This Page Intentionally Left Blank.

7-2 9390-6000 or 9390-6010 ExacTime GPS TC & FG (Rev G) Datum Inc



APPENDIX A

ASCII CHARACTER CODE TABLE

ASCII Character Code Table

Part One
DEC OCT HEX CHAR

0 000 00 NUL ()
1 001 01 SOH ("A)
2 002 02 STX ("B)
3 003 03 ETX (*C)
4 004 04 EOT (D)
5 005 05 ENQ ("E)
6 006 06 ACK (“F)
7 007 07 BEL (*G)
8 010 08 BS (“H)
9 011 09 HT (")
10 012 0A LF ("))
11 013 0B VT (*K)
12 014 0C FF (L)
13 015 0D CR ("M)
14 016 OE SO ("N)
15 017 OF SI (~0)
16 020 10 DLE (*P)
17 021 11 DC1 (*Q)
18 022 12 DC2 (*R)
19 023 13 DC3 (*S)
20 024 14 DC4 (*T)
21 025 15 NAK (*“U)
22 026 16 SYN (V)
23 027 17 ETB ("W)
24 030 18 CAN (*X)
25 031 19 EM (*Y)
26 032 1A SUB (*"Z)
27 033 1B ESC ()
28 034 1C FS (*\)
29 035 1D GS (*])
30 036 1E RS (™)
31 037 1F us (*)

Note: First " denotes the Control Key.

Datum Inc 9390-6000 or 9390-6010 ExacTime GPS TCode & FG (Rev G)



APPENDIX A

ASCII Character Code Table

Part Two
DEC OCT HEX CHAR
32 040 20 SP
33 041 21 !
34 042 22 ”
35 043 23 #
36 044 24 $
37 045 25 %
38 046 26 &
39 047 27 ’
40 050 28 (
41 051 29 )
42 052 2A *
43 053 2B +
44 054 2C s
45 055 2D -
46 056 2E .
47 057 2F /
48 060 30 0
49 061 31 1
50 062 32 2
51 063 33 3
52 064 34 4
53 065 35 5
54 066 36 6
55 067 37 7
56 070 38 8
57 071 39 9
58 072 3A :
59 073 3B ;
60 074 3C <
61 075 3D =
62 076 3E >
63 077 3F ?
A-2 9390-6000 or 9390-6010 ExacTime GPS TCode & FG (Rev G) Datum Inc
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ASCII CHARACTER CODE TABLE

Part Three
DEC OCT HEX CHAR
64 100 40 @
65 101 41 A
66 102 42 B
67 103 43 C
68 104 44 D
69 105 45 E
70 106 46 F
71 107 47 G
72 110 48 H
73 111 49 I
74 112 4A J
75 113 4B K
76 114 4C L
77 115 4D M
78 116 4E N
79 117 4F 0]
80 120 50 P
81 121 51 Q
82 122 52 R
83 123 53 S
84 124 54 T
85 125 55 U
86 126 56 A"
87 127 57 w
88 130 58 X
89 131 59 Y
90 132 5A Z
91 133 5B [
92 134 5C \
93 135 5D ]
94 136 5E A
95 137 5F _
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ASCII Character Code Table

Part Four
DEC OCT HEX CHAR
96 140 60 )
97 141 61 a
98 142 62 b
99 143 63 c
100 144 64 d
101 145 65 e
102 146 66 f
103 147 67 g
104 150 68 h
105 151 69 i
106 152 6A f
107 153 6B k
108 154 6C 1
109 155 6D m
110 156 6E n
111 157 6F 0
112 160 70 p
113 161 71 q
114 162 72 r
115 163 73 s
116 164 74 t
117 165 75 u
118 166 76 v
119 167 77 w
120 170 77 X
121 171 79 y
122 172 7A z
123 173 7B {
124 174 7C |
125 175 7D }
126 176 7E ~
127 177 7F DEL
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APPENDIX B
GLOSSARY OF TERMS

2-D, 3-D
Refers to two-dimensional and three-dimensional positions. A 2-D position
provides latitude and longitude only. In a 2-D position fix, the altitude is assumed
to be fixed. Only three satellites are required to do a 2-D position. A 3-D
position fix provides the altitude in addition to the latitude and longitude and
requires four satellites.

- A -

ACPOS
Accurate Position.

Almanac
A reduced precision subset of the ephemeris parameters. The almanac data is
used by the GPS satellite receiver to compute the elevation and azimuth angle of
the satellite. Each satellite broadcasts the almanacs for all satellites.

ALT
Altitude.

Anywhere Fix
The ability of a receiver to start position calculations without being given an approximate
location and appropriate time.

APPOS
Approximate Position.

ASCII
American Standard Code for Information Interchange.

Azimuth
The angle for true North of the horizontal projection of the line of sight vector measured
clockwise.

AZM
Azimuth.
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-B-

Bandwidth
The range of frequencies in a signal.

BIPM
Bureau International des Poids et Measurements, located in Sevres, France.

BPS
Bits per second (data transmission rate from the satellites).

-C -

Carrier
A signal that can be varied from a known reference by modulation.

Carrier Frequency
The frequency of the un-modulated fundamental output of a radio transmitter.

C/A
Coarse/Acquisition code. This is the civilian code made available by the DoD. Itis also
known as SPS (Standard Positioning Service).

Channel
Refers to the GPS receiver hardware that is required to lock to a satellite, make the range
measurements, and collect data from the satellite.

Clock Bias

The difference between the clock’s indicated time and true universal time.

Control Segment
A world-wide network of GPS monitoring and control stations that ensure the accuracy of
satellite positions and their clocks.
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ACRONYMS AND ABBREVIATIONS

-D-

Data Message

A 1500 bit message included in the GPS signal which reports the satellite’s location,
clock corrections, and health. Rough information on the other satellites in the

constellation is also included.

DCE
Data Communications Equipment (See RS-232-C).

DoD
Department of Defense.

DOP
Dilution of Precision.

Doppler Shift

The apparent change in the frequency of a signal caused by the relative motion of the

transmitter and receiver.

DoT

Department of Transportation.
DTE

Data Terminal Equipment (See RS-232-C).
ECEF

Earth Centered - Earth Fixed.
EIA

Electronic Industries Association.
Elevation Angle

The angle between the line of sight vector and the horizontal plane.
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Elevation Mask
Refers to the angle below which a satellite is considered unusable. It is used to prevent
the receiver from searching for satellites which are obscured by buildings or mountains.

Ephemeris
A set of parameters that describe the satellite orbit very accurately. It is used by the
receiver to compute the position of the satellite. This information is broadcast by the

satellites.
FRQ
Frequency.
GDOP
GDOP refers to the Geometric Dilution of Precision. It describes how much of an
uncertainty in range affects the uncertainty in position. The GDOP depends on where the
satellites are relative to the user.
A large GDOP means that a small error in range will translate into a large error in
position. GDOP has two components:
PDOP (Position Dilution of Precision).
TDOP (Time Dilution of Precision).
Geoid
Refers to the actual physical shape of the earth which is hard to describe mathematically
due to the irregularities of the local surface and the land-sea variations.
GMT

Greenwich Mean Time.

GMT Offset/Local Time Offset
An example of the difference between local time and GMT time is:

EST (Eastern Standard Time) minus GMT time is five hours.
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GPIB
General Purpose Interface Bus (IEEE-488 Interface).

GPS
Global Positioning System. Consists of twenty-four NAVSTAR satellites in six
different orbits, the ground control and monitor stations, and the user community.

-H -

Handover Word
The word in the GPS message that contains synchronization information for the transfer
of tracking from the C/A to P code.

HDOP, VDOP
HDOP and VDOP are the horizontal and vertical components of the PDOP. They
describe how an uncertainty in range effects the horizontal position (latitude and
longitude) and the vertical position (altitude). For 2-D position fixes HDOP is all that
counts.

-1-

ICD
Interface Control Document.
ID
Identification.
I/F
Interface.
1I/0
Input/Output.
ION
Ionosphere/lonospheric.
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Ionosphere
The band of charged particles eighty to 120 miles above the earth’s surface.

Ionospheric Refraction
The change in the propagation speed of a signal as it passes through the ionosphere.

_J-

No glossary terms have been defined for “J.”

-K-

No glossary terms have been defined for “K.”

-L -

L1
The primary L-Band signal radiated by each NAVSTAR satellite at 1575.42 MHz. The
L1 beacon is modulated with the C/A and P codes with the NAV message. L2 is centered
at 1227.60.

LAT
Latitude.

LON
Longitude.

LSB
Least Significant Bit.
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MSB
Most Significant Bit.

Monitor Station
One of five world-wide stations maintained by DoD and used in the GPS control
segment to monitor and control the satellite clock and orbital parameters. Corrections are
calculated and uploaded to each satellite once each day.

Multipath Errors
Errors caused by the interference of a signal that has reached the GPS receiver by two or
more different paths. Usually caused by one path being bounced or reflected.

-N -

NAV
Navigation.

NAV DATA
The 1500 bit navigation message broadcast by each satellite at fifty BPS (Bits Per
Second) on both the L1 and L2 beacons. This message contains system time, clock
correction parameters, ionospheric delay model parameters, the satellite Ephermeris and
health status. This information is used to process GPS signals to obtain the users position
and velocity.

NAVSTAR
The name given to GPS satellites.

NIST
National Institute of Standards Technology.

ns/nsec
Nanosecond.
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-0 -

No glossary terms have been defined for “0.”

-P-

P Code
The protected or military code used on both L1 and L2 GPS beacons. This code is
available only to authorized users.

PDOP
PDOP refers to the Position Dilution of Precision. PDOP is composed of HDOP and
VDOP. It has typically good values between two and seven. See HDOP and VDOP.

PPS
Precision Positioning Service. The most accurate dynamic positioning possible with
GPS, based on dual frequency P code.

PRN
Pseudo Random Number

p/s
Picoseconds per second.

Pseudo Random Code
A signal with random noise-like proportions. It is a very complicated but repeated
pattern of ones and zeros.

Pseudo-Range
A measure of the range from the GPS receiver (antenna) to the satellite. Pseudo-range is
obtained by multiplying the speed of light by the apparent transit time of the signal from
the satellite. Pseudo-range differs from actual range because the satellite and user clocks
are offset from GPS system time by propagation delays and other errors.
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-Q -

No glossary terms have been defined for “Q.”

-R-

Rise/Set Time
Refers to the period during which a satellite is visible. For example, when it has an
elevation angle that is above the elevation mask. A satellite is said to rise when the
elevation angle exceeds the elevation mask, and set when the elevation drops below the
mask.

RS-232-C
An EIA specification.

-S -

S/A
Selective Availability. Selective availability is essentially a method for artificially
creating a significant clock error in the satellites. When implemented, it is the largest
source of error in the GPS system.

SCH
Schedule.

SEP
Spherical Error Probable.

SPS
Standard Positioning Service. The normal civilian positioning accuracy obtained by
using the single frequency C/A code.

SS

Space Segment.
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SV
Space Vehicle (GPS satellite).
TDOP
TDORP refers to the Time Dilution of Precision. It depends on the uncertainty in the clock
bias.
TI
Time Interval.
us
Microsecond.
USNO
United States Naval Observatory.
UTC

Universal Time Coordinated. The time standard maintained by the U.S. Naval
Observatory. GPS Time is directly related to UTC time.

-V -

No glossary terms have been defined for “V.”
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WK
Week Number.

WGS-72
Word Geodetic System (1972). A mathematical reference ellipsoid used by GPS, having
a semi-major axis of 6378.137 kilometers and a flattening of 1/298.26.

WGS-84
Word Geodetic System (1984). A mathematical reference ellipsoid used by GPS, having
a semi-major axis of 6378.137 kilometers and a flattening of 1/298.257223563.

-X -

No glossary terms have been defined for “X.”

-Y -

No glossary terms have been defined for “Y.”

-7 -

No glossary terms have been defined for “Z.”
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