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1. Introduction

The Microcom Model GTX-2.0 is a highly versatile yet easy-to-use Satellite Transmitter and Data Logger
intended for use in a wide variety of satellite based meteorological data collection applications. While the
GTX transmitter can be used with an external data logger, it can also operate as a stand-alone data
collection platform. Further, the GTX-2.0 can operate in a Data Logger only mode (i.e. data collection
only, no satellite transmissions).

The GTX-2.0 is the second generation of the Microcom GTX and is certified to Version 2.0 of the
NOAA/NESDIS GOES Data Collection Platform Radio Set (DCPRS) CERTIFICATION STANDARDS at
300 bps and 1200 bps. The GTX-2.0 is also certified for use on the satellite systems summarized below.
While this manual primarily focuses on the data collection functions and transmission on the
NOAA/NESDIS GOES systems, various addendums are available that detail the difference for the other
meteorological satellite systems.

¢ MeteoSat/EumetSat at 100 bps — International and Regional Channels
e INSAT at 4800 bps — Random Burst and Self-Timed Modes
¢ ARGOS and SCD at 400 bps Random for Low Earth Orbit Satellites

1.1. Manual Organization

This Operation Manual is divided into the following sections:

Section 1 provides the introduction and theory of operation

Section 2 details the hardware setup of the GTX

Section 3 details the basic operation of the GTX

Section 4 details the setup options of the GTX for GOES operation
Section 5 details the soft configuration option for the GTX

Section 6 details the setup options of the GTX for data collection
Section 7 details the Equation Processor implemented in the GTX
Section 8 details the Min, Max, Average Processor implemented in the GTX
Section 9 details the formatting of transmission buffers

Section 10 details the retrieval of logged data

Section 11 provides a complete RS-232 command summary

Section 12 provides useful troubleshooting information

Appendix A is the Command Summary by Function

Appendix B is the Command Summary in alphabetical order

Appendix C provides information on the GTX reprogramming application
Appendix D is antenna pointing curves

Appendix E provides a summary of acronyms

Appendix F is a list of web references

1.1.1. GTX Configuration and Upgrade Utilities

In addition to detailing the operation of the GTX itself, this manual also describes how to use the GTX
Configuration Utility and the GTX Upgrade Utility. These PC applications are provided at no charge to
GTX users.

Since the GTX Configuration Utility is tightly coupled to the features and operation of the GTX, the use of
this application is covered in conjunction with each specific feature of the GTX. In other words, instead of
a separate section (or separate manual), the application is detailed throughout this GTX manual.

As of the release of this manual, the latest version of the GTX Configuration Utility is V2.42 the latest
release of the GTX Upgrade Utility is V2.16. While the latest release of the Upgrade Utility supports both
the GTX-1.0 and the GTX-2.0, V2.40 and higher of the Configuration Utility is GTX-2.0 specific.

Note that the GUI screens representing both these applications throughout this manual may not represent
the latest version number. However, even though the version numbers may not match, the operational
characteristics and explanation of a particular GUI screen is not affected by this difference.
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1.2. Theory of Operation

The Microcom GTX Transmitter system utilizes two separate microcontrollers to distribute the required
functionality of the system. In addition to ensuring that no one controller is overburdened, separating the
functionality into multiple microcontrollers also facilitates power management and satisfies the
independent Failsafe requirements required by most satellite based meteorological data collection
systems.

The following sections will provide a brief overview of these two microcontrollers and the major functional
tasks of the GTX-2.0.

1.2.1. Main Microcontroller

The Main Microcontroller is the central control unit for the transmitter. It communicates directly with the
Time Keeping Microcontroller (TKM). It is also responsible for scheduling tasks both for itself and for the
TKM, e.g. satellite transmissions and Real-Time Clock updates. It manages all data collection, data
storage and retrieval, system calibration, and system setup functions. It also has direct control of the RF
transmitter hardware and is responsible for formatting and encoding the data for transmissions. Finally,
the Main Microcontroller provides the user interface for setup and calibration via the RS-232 port. A
summary of the major functions related to the Main Microcontroller is provided below.

¢ Time Management

Data Storage

Transmission (aka GOES) Data Formatting
Transmission (aka GOES) Message Formatting
Transmission (aka GOES) Transmitter Control
SDI-12 Data Collection

Internal Sensor Data Collection

e Time Keeping Interface

e System Setup and Control — RS-232 Interface

During idle periods, the Main Microcontroller enters a Power Down state to reduce the system’s power
requirements. Prior to entering the Power Down mode, the Main Microcontroller notifies the Time
Keeping Microcontroller when to be awakened for the next scheduled task.

1.2.2. Time Keeping Microcontroller

The primary functions of the Time Keeping Microcontroller (TKM) are to provide a highly accurate real-
time clock function and act as an “alarm clock” to the Main Microcontroller. However, the TKM provides
several other functions that are critical to the transmitters overall operation.

Specifically, the TKM also provides an independent Failsafe operation (as required by most certification
requirements for satellite transmitters), as well as the GPS receiver interface.

The Time Keeping Module also provides for external events to wake up the Main Microcontroller. When
an event occurs (time or external) that requires the Main Microcontroller’s attention, the TKM will wake it
up and provide upon request the reason for the wakeup.

The TCXO temperature correction, GPS time, and position data are all readable by Main Microcontroller.
A summary of the major functions related to the Time Keeping Microcontroller is provided below.

Real-Time Clock

Main Processor Wake Up
TCXO Temperature Sensor
GPS Interface

Tipping Bucket Counter
Failsafe Transmit Monitor

LED and Push-Button Interface
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1.2.3. GTX-2.0 Operational Overview

The following subsections detail the operational functionality of the GTX-2.0 transmitter, and provides and
overview of how these functions are distributed between the two microcontrollers.

The following functional aspects are addressed.

Time Management

Data Storage

GOES Data Formatting

RF Transmitter Control

Serial Port Interface (RS-232)
SDI-12 Sensor Interface
Internal Sensors

Real-Time Clock

Main Microcontroller Wakeup
GPS Receiver and Interface
Failsafe Transmit Monitor
System Setup and Calibration — RS-232 Interface

1.2.3.1. Time Management

While the Time Keeping Microcontroller provides the Real-Time clock functions, the Main Microcontroller
provides the scheduling of tasks. The Main Microcontroller utilizes the TKM as an alarm clock to wake
itself up to perform the next scheduled task. The three main tasks that are scheduled by the system are
summarized below.

e Data Transmission Scheduler
e Real-Time Clock Update and TCXO Calibration Scheduler
e Data Collection Scheduler

The Main Microcontroller maintains a task list with an entry for each of the configured functions including
the time the next task needs to be completed and the anticipated time required to complete and/or initiate
the task. Prior to entering the Power Down mode, the unit determines the time it needs to be awakened
to complete the task and then notifies the TKM accordingly. Depending on how the system is configured,
more than one task may need to be completed each time the Main Microcontroller is awakened.

The task scheduler, when necessary, will also reschedule tasks to avoid conflicts. For example, if the
next Random transmission is scheduled too close to the next Timed transmission, the scheduler will
reschedule the Random transmission to avoid tripping the Failsafe.

1.2.3.1.1. Data Transmission Scheduler

The primary task of the unit is to transmit logged data at scheduled intervals beginning at a
predetermined start time. Given that the timed transmission may need to occur at very precise times (e.qg.
+/- 0.25 seconds for NOAA Version 2 GOES operation), the Data Transmission Scheduler has the
highest priority. The scheduler must ensure the Main Microcontroller is up and running with sufficient time
to prepare the buffered data for transmission and enable the RF circuitry to commence transmission.
Once the data has been formatted and the RF sections are energized, the Main Microcontroller will
enable the RF Final and begin the transmission at the required time.

The Data Transmission Scheduler is also responsible for scheduling Random Reports (used on GOES
Random channels). The Data Transmission Scheduler utilizes a pseudo-random delay between Random
Reports to minimize the possibility of transmission collisions. In the event a Random Report will conflict
with a Timed Report, the Random Report will be rescheduled to the next pseudo time to avoid tripping the
Failsafe. The task scheduler utilizes a user programmable report interval and a user programmable
randomizing percentage, to determine the delay between multiple Random Reports. This results in a
uniformly distributed pseudo-random delay between reports.

Microcom Environmental 3



Microcom GTX-2.0 O&M Manual V2.20/R2

1.2.3.1.2. Real-Time Clock Update and TCXO Calibration Scheduler

In order to achieve the required time and frequency accuracy, the system can utilizes an internally
installed GPS receiver to synchronize its clock with Coordinated Universal Time (UTC). To provide this
synchronization, the Main Microcontroller will periodically schedule a UTC clock update using the GPS
receiver.

Also periodically, but typically less frequently than a UTC update, the Main Microcontroller will perform a
calibration of the TCXO (Temperature-Compensated-Crystal Oscillator) using the GPS receiver's PPS. A
TCXO is utilized to provide a precision clock source and to provide the transmit frequency reference for
the channel synthesizer.

The primary goal of the Real-Time Clock Update and TCXO Calibration Scheduler is to ensure sufficient
updates are done to maintain UTC time synchronization and transmit frequency accuracy, while at the
same time keeping the number of updates to a minimum to avoid unnecessary power drain on the
battery. The frequency of UTC updates may be configured by the user in hourly increments, while the
TCXO frequency calibration is schedule in daily multiples of Timed Reports. However, the GTX places
limits on the schedule to ensure the unit does not violate system requirements. Specifically, if the
transmitter is unable to obtain a time update or perform a TCXO calibration within 20 days of the last time
update, GOES Timed transmissions will be disabled until a clock sync can be performed. If a scheduled
clock update cannot be completed as scheduled (e.g. failure of the GPS receiver to acquire sufficient
satellites), the Clock update will be rescheduled to re-occur in one hour.

For users with less stringent timing requirements, e.g. Data logger only operation, the GTX’s time can be
manually set and GPS time synchronization can be eliminated. In this mode of operation, the GTX is
available with a battery-backed up RTC (battery can be provided externally for easy field replacement).
In this configuration, the BBU-RTC is only utilized to recall the current time and date when power is
cycled. The operational date and time are still provided via the TKM for improved accuracy, and the GTX
will periodically update the BBU-RTC from the TKM'’s time and date.

1.2.3.1.3. Data Collection (SDI-12, Internal Sensors, and Equation) Scheduler

Inherent in the GTX’s design is the ability to collect, store, and transmit data from a variety of sensors.
Using mechanisms similar to the Data Transmission Scheduler, the unit can schedule collection of data
parameters from SDI-12 sensors, the internal temperature sensor, the unit’s battery voltage and a tipping
bucket counter implemented in the TKM. The data collection rate for each sensor/parameter can be
uniquely configured using RS-232 commands. Once defined and the unit enabled, the Data Collection
Scheduler, in concert with the transmission scheduler, will monitor the task list and ensure data is
collected at the predetermined intervals.

In addition to collecting data, the GTX can also process it in a variety of ways. The GTX firmware
includes a powerful equation processor that allows the collected data to be manipulated and/or re-
formatted to suit the user’s requirements. In addition to user definable equations, the GTX also provides
a Min, Max, and Average (MMA) processor that allows the user to easily collect cumulative sampled data.
The execution schedule for equations and MMA functions is defined in a similar manner to data collection
and is therefore also under control of the Data Collection Scheduler.

Note that while MMA values are handled somewhat uniquely, equations are actually a special form of an
Internal Sensor. Accordingly, equation results can be scheduled and processed just like any other
Sensor.

1.2.3.2. Data/Memory Storage

Various memory storage components are included in the GTX to store transmission data, log data and
events, save calibration and configuration information, and provide the program operation memory.

1.2.3.2.1. Satellite Transmit Buffers

Data for satellite transmissions can be provided via the RS-232, or may be collected either from external
SDI-12 sensors or from various internal sensors.
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Whether data is provided via the RS-232 port or collected from sensors, the GTX will collect and store the
data in one of two buffers until it is needed for a transmission. Two types of transmissions, Random and
Timed, are available and can be configured by the user. The transmitter provides the following two types
of buffers.

e Timed Transmit Buffer
¢ Random Transmit Buffer

The primary distinctions between Timed and Random Transmissions are 1) when they occur and 2) the
allowed length of the messages. Timed messages must occur at a precise instant in time, but can be
quite long (e.g. up to 110 seconds for GOES 300/1200 bps operation). Random messages require a
random interval schedule, and are limited in their duration (e.g. 3 seconds for GOES 300 bps mode). The
limits for all transmission rates are provided in Table 2.

Random messages are typically triggered by an external source (e.g. data being loaded into the Random
Buffer or based on the value of a sensor reading) and usually only transmit a predetermined number of
messages before the random reports are terminated until the next trigger event.

The following subsections provide additional details with regard to Timed and Random transmit buffers.
1.2.3.2.1.1. Timed Transmit Buffer

The Timed Transmit Buffer's associated control functions are responsible for parsing, converting, and
storing data in the self-timed buffer. Data to be stored in the buffer for a Timed Transmission may be
received via the RS-232 port, or may be collected from various sensors.

When data is provided via the RS-232 port, the data loaded into the buffer must be formatted by the host
depending on the transmission format selected, i.e. ASCII, Pseudo-Binary, or Binary (see Section 11.2.9).
Note that while the transmitter does not preclude loading of various prohibited characters, the GOES
transmission function will substitute a valid ASCII character instead of transmitting the invalid character
(see Section 11.3.4). When configured for RS-232 operation, the Timed Transmit Buffer can be
configured to be cleared automatically following a Timed Transmission. If data is received for the Timed
Transmit Buffer after a Timed Transmission has been initiated (approximately 5 seconds before the
scheduled transmission window) or during the actual Timed Transmission, the new data will not be
included in the current transmission, but will be buffered for the next Timed Transmission.

1.2.3.2.1.2. Random Transmit Buffer

The Random Transmit Buffer control function handles buffering of data for random reports. The loading
of data into the Random report buffer is similar in fashion to the Timed report buffer.

Data loaded into the buffer via the RS-232 port must be formatted by the host depending on the
transmission format selected, i.e. ASCII, Pseudo-Binary, or Binary (see Section 11.2.16). Note that while
the transmitter does not preclude loading of various prohibited characters, the GOES transmission
function will substitute a valid ASCII character instead of transmitting the invalid character (see Section
11.3.4).

When configured for GOES operation with data provided via the RS-232 port, receipt of data for the
Random Transmit Buffer Report will trigger the random report sequence. The reports can be repeated
multiple times at a randomly generated intervals (see Sections 11.2.13 and 11.2.15). If data is received
for the Random buffer prior to completing the required number of Random Transmission, the new data
overwrites the previous data and triggers a new report cycle, i.e. the number of random reports is reset.
After the last transmission, the data in the buffer will be flushed.

When configured for collecting and transmitting sensor data, Random Reports are triggered in response
to one or more user defined sensor triggers. Sensor triggers can be configured to initiate a random report
when the sensor value is above a set point, below a set point, and/or if the change from the previous
reading exceeds a threshold. Further, the sensor data that triggers the report may or may not be included
in the Random transmit buffer.

For Random Reports, the user can also configure the number of times to repeat the Random Report
(Section 11.2.15). For sensor triggered reports, the repeat count must be greater than zero. For RS-232
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operation, if the repeat count is not set to zero, then the Random Report Buffer will be automatically
cleared after the last transmission has occurred. A value of zero for the repeat count will cause the
system to repeat the random transmission until the buffer is cleared by the host. Note clearing the buffer
with the repeat count set to a non-zero value will also terminate the random transmissions triggered via
the RS-232 port.

A sequential message count can be sent with each message to identify any missed transmissions.
1.2.3.2.2. Data/Event Log

In addition to capturing data for satellite transmissions, captured data may also be logged in the GTX’s
memory for later retrieval via RS-232. Captured data can also include equation results and the
cumulative information from the Min, Max, Average processor. Further, diagnostic event information can
be captured in the log as well.

The Data/Event Log is stored in nonvolatilie memory. As such, the log is not affected by power supply
interruptions. Data and/or Events are stored in a large circular buffer, whereby the oldest information is
replaced with new data as it is logged. Each entry in the log is time and date stamped. Utilizing a
circular buffer with individual time/date stamps eliminates the need to pre-format the memory based on
the collection rates of information, which means altering the collection setup does not require the logged
data to be erased nor does it prevent stored information from being properly recalled.

Normally, including unique time/date stamps with each entry would result in a significant reduction in the
logging capability since a large portion of the memory would be utilized to store this information.
However, the Microcom GTX implements sophisticated logging/retrieval algorithms to compress entries
into as few bytes as possible. While the actual number of bytes required to store a log entry is dependant
on several factors (e.g. sampling rate, data precision, etc.), most entries can be stored with as few as four
bytes, and the maximum entry is only 8 bytes.

A unique characteristic of the compression algorithm employed in the GTX is that more frequent sampling
actually reduces the number of bytes required to store each entry. Microcom has evaluated numerous
typical configurations and determined that the average number of bytes required to store entries in the
Data/Event Log is approximately 4 ¥4 to 4 Y2 bytes.

The base configuration provides 128 kilobytes of memory, but the logging memory can be expanded to as
much as 1 megabyte. In the standard memory size configuration, approximately 30,000 entries can be
stored in the Data/Event Log. With the full expanded memory the data storage will eight times as large as
the standard memory, or approximately 240,000 entries.

As noted above, the Data/Event Log is stored in nonvolatile memory. The memory devices utilized in the
GTX for this log have a data retention specification of over 200 years, and are specified to withstand over

1 million erase/write cycles (read cycles are unlimited). Since the log is a circular buffer, memory
locations are overwritten very infrequently. For example, assuming 6 entries are written every five
minutes with the standard memory size, memory locations will only be overwritten once every 1000 cycles
(30,000 / (6*5)); this is equivalent to approximately once every 3.5 days. Even assuming 1 byte is written
every second, it would take over 4000 years to exceed the specified 1 million erase/write cycle limit.

1.2.3.2.3. Configuration Memory

Configuration memory consists of three distinct sections: 1) calibration constants, 2) general
configuration, and 3) soft configuration. All configuration data is stored in nonvolatile memory separate
from the Data/Event log. The first two sections are only 256 bytes in size, while the soft configuration
memory size is 6144 bytes (soft configuration is covered in detail in Section 5).

For data integrity, three copies of the calibration constants are kept in two distinct memory devices. Two
copies of the general configuration and soft configuration are kept. Each copy of a configuration block
has it's own unique identifier and data validation checksum. If one copy of a configuration block is
corrupted, the GTX will automatically utilize a valid copy. If all copies of a particular section are corrupt,
the GTX will not operate until the problem is rectified. The CFV command (see Section 11.9.5) can be
used to check the validity of the configuration sections.
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The nonvolatile memory used to store the calibration and configuration information has a data retention
specification of over 15 years and an erase/write endurance of over 100,000 cycles.

1.2.3.2.4. Program/Firmware Memory

The GTX’s operational program or firmware consist of two major elements; the Main Microcontroller's
firmware and the TKM’s firmware. Both of these firmware sections are In-Application-Programmable
(IAP). This means the firmware of the GTX can be upgraded without replacing any memory devices nor
without having to even open up the GTX case.

See Appendix C: for more information on the IAP procedures and utilities.
1.2.3.3. Satellite Message Transmission Messages

The GTX-2.0 fully complies with NESDIS specifications for GOES HDR messages per the GOES Data
Collection Platform Radio Set (DCPRS) CERTIFICATION STANDARDS at 300 bps and 1200 bps,
Version 2.0. Further, regardless of the type of GOES transmission (Timed or Random), the GTX provides
the necessary functionality to properly format a GOES message.

Pursuant to NESDIS guidelines, 100 bps transmissions are no longer to be made on the GOES system
except on for the CGMS approved International channels. The GTX-2.0 is certified for 100 bps operation
on the MeteoSat/EumetSat system, which also supports the CGMS International channels. To use the
GTX-2.0 at 100 bps on the GOES system on the approved International channels, the GTX-2 must be
operated in the MeteoSat mode (see Section 11.2.2). For 100 bps operation, the GTX supports both
Long and Short preambles.

1.2.3.3.1. GOES ASCII and Pseudo-Binary Transmit Buffer Formatting

Formatting for ASCII or Pseudo-Binary data for either GOES Timed or Random transmissions assumes
all data provided is in 7-bit ASCII format without parity (i.e. extended ASCII characters can not be
transmitted). While this assumption applies directly to RS-232 supplied data, it is also indirectly applies to
sensor collected data. In other words, all sensor data is collected and stored in ASCII or Pseudo-Binary.

Data received via the RS-232 port is provided by the Host using the either the TimedData (Section
11.4.2) or RandomData (Section 11.4.6) commands. When loading data from the host, any 8-bit binary
value will be accepted; however prior to transmission the byte value stored will have its most-significant
bit set to odd parity based on the lower 7-bits.

Since all RS-232 commands must be terminated by a [CR] (or a [CR]/[LF] sequence), a literal character
designator, ‘/’ (slash), must precede these characters to embed them in the data to be transmitted. The
transmitter will automatically parse out the literal designator prior to loading the appropriate buffer.

With the advent of Version 2.0 of the GOES Certification Specification, the prohibition of certain ASCII
characters has been eliminated. With on exception all ASCII characters with a hexadecoimal value
between 0x00 and Ox7F can now be transmitted in a GOES ASCII message. The only exception is the
GOES EOT (0x04) control code; ASCII messages must be terminated with single EOT. As such,
additional EOT codes CANNOT appear in the message content.

For Pseudo-Binary transmissions, the transmitter will replace any ASCII character other than space [SP],
slash ('), [CR] or [LF] that does not conform to the Pseudo-Binary specification (Ox3F-0x7F) with a user
delineable character, even if it is another valid ASCII printable character.

For 100 bps transmissions on the CGMS International channels, only the ASCII characters shown in
Table 1 are permitted. When attempting to transmit any other character than those listed in the table
below, the GTX will also replace the noncompliant characters with a user define-able character.

The default replacement character is the ASCII forward slash (‘/, 0x2F), which is valid in both character
sets. While the user can change the replacement character (see Section 11.3.7), the GTX-2.0 does not
limit the choices of the character nor ensure that it is a valid Pseudo-Binary or International character
since the sets are not identical. As such, it is the user’s responsibility to ensure the chosen replacement
character is a valid for the type of satellite transmissions to be utilized.
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b7 |0 0 0 0 1 1 1 1
be 0 0 1 1 0 0 1 1
bs 0 1 0 1 0 1 0 1
bs | bs | b2 | by 0 1 2 3 4 5 ] 7
0 0 0 0 0 SP 0 P
0 0 0 1 1 1 A Q
0 0 1 0 2 2 B R
0 0 1 1 3 3 C S
0 1 0 0 4 4 D T
0 1 0 I 5 5 E U
0 1 1 0 6 ) F v
0 1 1 I 7 7 G w
1 0 0 0 8 ( 8 H X
1 0 0 1 9 ) 9 | Y
1 0] 1 Q A LF : J Z
1 0 1 I B + K
1 1 0 0 C L
1 1 0 I D CR - = M
1 1 1 0 E N
1 1 1 I F / ? o

Table 1: Approved International Alphabet
1.2.3.3.2. GOES Binary Buffer Formatting

Formatting for GOES Binary data for either the Timed or Random Transmit Buffers, assumes the data
provided to the transmitter will be 8-bit binary values. The data to be loaded into the appropriate buffer is
provided by the Host using the TimedData (Section 11.4.2) or RandomData (Section 11.4.6) commands.

The same literal character translation operation defined for [CR] and [LF] characters also applies to
Binary formatting. No other data formatting operations are required for Binary Buffer Formatting.

Note that while the transmitter will support Binary format, binary data transmissions are not allowed by
NESDIS on the GOES system at this time.

1.2.3.4. RF Transmitter Control

All RF Transmitter Control functions (with the exception of the Failsafe Transmit Monitor, Section
1.2.3.13) are handled by the Main Microcontroller. The various functions required to implement a GOES
Transmission are listed below and explained in the following sections.

Battery Voltage Monitor

Transmitter Power Control

Channel Selection Synthesizer

Forward and Reverse Power Monitor
Symbol Timing, I/Q Modulation, and AGC

1.2.3.4.1. Battery Voltage Monitor

Prior to initiating a transmission, the Main Microcontroller verifies the battery voltage is within acceptable
limits. If the voltage is too low (indicating a weak or defective battery) or too high (indicating a
disconnected battery with power coming only from the photo-voltaic cells), the Main Microcontroller will
abort the transmission, and log this event.
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The Battery Voltage is also measured during the carrier portion of a transmission (i.e. under load). This
reading is saved and included in the status report of the last transmission (see Section 11.10.6) and may
also be included as a Header parameter for the next transmission (see Section 11.7.3.1).

If the voltage is too low before any transmit circuits are enabled, the transmission is aborted, and none of
the circuits are energized. However, if the supply voltage is above the limit, a portion of the transmit
circuitry is enabled to produce a partially loaded battery condition. After a brief warm up delay, the high
limit is checked and the low limit is re-checked. Providing a partial load can be helpful under extreme
cold conditions where it is typical for lead-acid batteries to be charged to a much higher level; testing for
the high limit under a load can pull the battery level back within acceptable limits. Further, re-checking
the supply for the low limit under a loaded condition provides a better indication that the battery is able to
support the transmission.

The battery voltage can also be collected, stored and/or transmitted as an Internal Sensor.
1.2.34.2. Transmitter Power Control

Prior to commencing a transmission, the Main Microcontroller will power up the RF circuitry. To conserve
power, these sections are maintained in a power off state except when making a transmission

1.2.3.4.3. Channel Selection Synthesizer

Once the RF circuitry is energized, the Main Microcontroller will configure the Channel Selection
Synthesizer for the required channel depending the type of transmission (Timed or Random), and the
user configured channel. The GTX is capable of tuning the Channel Synthesizer to any frequency in the
range of 400 MHz to 405 MHz with a resolution of less than 20 Hz. This allows operation on a wide
variety of meteorological satellite systems. However, to simplify user configuration, the user simply needs
to enter the correct channel number for the intended system. In other words, the GTX facilitates set up by
allowing entry of channel numbers instead of operating frequency. The reference frequency for the
Channel Synthesizer is provided by the low-power TCXO.

1.2.3.4.4. Forward and Reverse Power Monitor

During a transmission, the Forward Power and Reverse Power are measured by the Main Microcontroller.
The Forward and Reverse power readings are used to calculate the VSWR for the transmission; this
provides a measure of the health of the antenna.

The Forward Power reading is also used by the AGC function to control the transmitter’'s RF output during
the message. The AGC function ensures a constant peak RF output power from transmission to
transmission and accounts for variations in temperature and power supply.

Similar to the Battery Voltage, both the Forward and Reverse (a.k.a. Reflected) power readings are saved
and included in the status report of the last transmission (see Section 11.10.6) and may also be included
as Header parameters for the next transmission (see Section 11.7.3.1).

1.2.3.4.5. Symbol Timing, Data Modulation, and AGC

The Main Microcontroller is in total control of the Symbol Timing, the I/Q Modulation and the AGC
(Automatic Gain Control) functions. Other than setting the desired bps rate, the user does not need to
provide any configuration settings for these functions.

1.2.3.5. Serial Port Interface

All Data Entry, System Setup, Calibration, and Diagnostic functions are performed using an RS-232
Serial Port Interface. The RS-232 port utilizes an ASCII command line interface allowing configuration via
a terminal program, such as Windows® HyperTerminal. Utilizing an ASCII command line interface (as
opposed to a menu system) allows common configurations to be captured in a text editor. The captured
file can then be downloaded to allow multiple units to be quickly configured with a simple terminal
interface.

Microcom also provides at no additional cost, a custom Windows® program that facilitates GTX set up
using a graphical interface.

The Serial Port Interface is also suitable for connection to data loggers equipped with an RS-232 port.
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1.2.3.6. SDI-12 Interface

The GTX transmitter includes an industry standard SDI-12 interface, which provides the basis for direct
data acquisition by transmitter. Using this interface, the GTX can collect data from a variety of SDI-12
sensors, which can be formatted, buffered, and transmitted without intervention from an external host. In
other words, the GTX by itself can act as a stand-alone Data Collection Platform or as a Data Logger.
The transmitter provides a robust mechanism to simplify data collection from SDI-12 devices with
significant flexibility as to the number, type, and sampling rate of SDI-12 parameters. Data collected from
the SDI-12 interface can be stored in the Timed or Random buffer or both. Further, these parameters can
also be used to trigger Random Reports.

Data collected from SDI-12 Sensors can also be stored in the Data/Event log and can be used as inputs
to the Equation and Min, Max, Average processor.

1.2.3.7. Internal Sensors (Temperature, Tipping Bucket, Battery Voltage)

In addition to collecting data from external SDI-12 Sensors, the GTX provides three Internal Sensors, a
temperature sensor, a tipping bucket counter, and the battery voltage sensor. While the primary purpose
of the temperature sensor is to improve the time keeping accuracy by compensating for temperature
variation of the TCXO, the GTX may also be configured to use this sensor as a data collection device.

The GTX also provides an interface for contact closure tipping bucket rain gauge. A 16-bit Tipping
Bucket Counter function is tied to this interface, which can also provide a data source for messages.
While the Tipping Bucket is actually an external device, the Tipping Bucket Counter (TBC) is considered
an Internal Sensor for the purpose of configuration since the GTX directly interfaces to the bucket and the
counting operation is performed internal to the GTX. In addition to being collected as a count value, the
GTX includes the ability to format the TBC reading in engineering units (i.e. inches or mm of rainfall).

1.2.3.8. Internal Sensors (Equation Processor)

In addition to collecting sensor data, the GTX-2.0 incorporates a powerful equation processor that allows
the end user the ability to manipulate the collected parameters numerically. Once an equation is defined,
it can be treated as an Internal Sensor. As such, the sampling or execution interval of the equation can
be defined by the user. Equations will typically use one or more collected sensor parameters as
variables, apply a numerical calculation to the values and return a result. A typical example is an
equation to convert Centigrade to Fahrenheit.

Once the equation is executed the end result is then assigned to the Internal Sensor, the result can be
stored in a transmit buffer, stored in the Data/Event Log, used to trigger a Random Report, passed to the
MMA processor, and/or used an input to another equation. In other words, equation results can be
treated like any other sensor.

Equations are entered and stored as text strings. These strings can consist of a single equation or a
series of calculations with intermediate results assigned to other variables. The final result can be
formatted to a user defined precision.

1.2.3.9. Min, Max, Average (MMA) Processor

The Min, Max, Average (MMA) processor allows the user to easily collect, store, and/or transmit
cumulative information for any defined sensor. Once a sensor is defined (SDI-12, Internal, or Equation),
an MMA process can be attached to the sensor. Independent of the user selected sampling rate for the
sensor, the user can define the MMA interval for the sensor. As data is collected from a sensor, each
collected value is passed to the MMA processor.

The MMA Processor compares this reading to the current minimum and maximum, and updates these
values along with the time the min or max occurred. Further, the reading will be added to the average
accumulator and the average count will be incremented. Upon expiration of the MMA interval, the
average will be computed and the resultant Min, Max and Averages can be forwarded to a transmit buffer,
stored in the Data/Event Log, or used in equations.
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1.2.3.10. TKM Real-Time Clock and BBU-RTC

As noted previously, the primary function of the TKM is to provide a precise, low power Real-Time clock.
The TKM'’s Real-Time clock also has complete calendar functions (i.e. time and date). Time is kept in 24-
hour mode to 0.01 seconds (i.e. hh:mm:ss.ss). The calendar function provides month, date, and year (in
four digit mode) with leap year correction.

Even without periodic updates from the GPS receiver, the GTX provides a time keeping accuracy of
typically 0.1 PPM (0.5 PPM worst case). To facilitate accurate time keeping, the TKM utilizes a low-
power TCXO as its clock source. While the TCXO provides an accurate timing source, its accuracy over
temperature by itself does not yield the £0.1 PPM typical performance. To achieve this accuracy required
the implementation of proprietary functions, which significantly improve the time keeping accuracy beyond
that possible by the TCXO itself.

These functions allow the TKM to make small adjustments to its basic timebase in response to
temperature variations. In essence, the TKM monitors the temperature of the TCXO and utilizes
frequency correction versus temperature table to compute a clock correction factor. The frequency
correction table is pre-loaded at the factory and does not require on-site generation, i.e. this table is NOT
built up over time once the unit is deployed. Using this table, the temperature of the TCXO, and an aging
calibration factor, the TKM determines an overall clock correction factor. By continuously monitoring the
temperature and updating the clock correction factor, the GTX is capable of achieving superior time
keeping performance.

As noted previously, the GTX is available with an optional battery-backed up real-time clock (BBU-RTC)
for use in applications where stringent time keeping is not required and/or GPS time synchronization is
not desirable; for example, when using the GTX to only send Random GOES transmissions or when
using the GTX as just a Data Logger. In this optional configuration, the TKM still provides the operational
time source; the BBU-RTC is simply utilized to replace the dependency on acquiring time from the GPS
receiver when power is cycled.

Further, even in GPS required applications, i.e. to send Self-Timed GOES transmissions, the BBU-RTC
will be used to initially set the clock to allow data collection function to commence immediately upon
power up. Note that while the time and date will be set by the BBU-RTC, Self-Timed GOES
transmissions will not be allowed until the GTX synchronizes its internal clock to UTC using the GPS
receiver.

1.2.3.10.1. TCXO Temperature Sensor

In order to provide TCXO temperature correction for improved time keeping accuracy, the TKM interfaces
to a Digital Temperature Sensor. The TKM communicates directly with the temperature sensor and
initiates a temperature measurement every second. The temperature sensor provides measurements
directly in Celsius with a resolution of 0.25°C. Each new temperature reading is used to enter the TCXO
lookup table to get the corresponding TCXO temperature correction factor. The temperature correction
value is added to the TCXO aging correction to provide the total error correction.

The temperature is also readable by the Main Microcontroller, and can provide a local temperature
measurement for data transmissions.

1.2.3.10.2. Temperature Monitor Function

The TCXO temperature sensor is also used to monitor the operational temperature of the GTX and,
moreover, to preclude certain functions if the temperature is outside safe operating limits. Since this
sensor is internal to the GTX, it provides an accurate measurement of the unit's current operational
temperature.

The GTX, like all GOES transmitters, is certified to operate over a temperature range of —40° to +50°
Celsius. The TCXO temperature curve used to improve the time keeping accuracy of the GTX, explained
in the previous section, covers a range of —40° to + 60° Celsius. All components for basic operation are
specified with minimum operating temperature range of —40° to +85° Celsius. Further, Microcom has
tested numerous GTX units and confirmed with a high degree of certainty, that the two microcontrollers
and their associated circuitry work reliably down to —43°C.
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Since the GTX can remain operational outside the GOES certification temperature range, special code
has been included to disable transmissions whenever the operating temperature is more than 2 degrees
outside this range, i.e. below —42°C or above +52°C ; the additional two degrees does not impact
transmissions and provides some margin to account for measurement errors.

Further, the same algorithm is applied to energizing the GPS receiver albeit with a slightly wider range,
i.e. —42° to +62° Celsius. Specifically, GPS fixes are disabled whenever the operating temperature is
sensed to be outside this range.

Finally, to ensure Self-Timed transmissions are not sent when the internal clock is suspect following
extreme adverse temperature conditions, the firmware will disable Timed transmissions until a GPS fix
can be made. The two conditions that result in disabling Self-Timed transmission until after the next GPS
fix are summarized below:

e Temperature sensed below -45°C or above +65°C
e Operation between —45°C and —42°C or +62°C and +65° C for more than 4 hours

Note that in order for a GPS fix to occur following either of the above two conditions, the operating
temperature must first return to an acceptable value.

It should be stressed that these temperature monitoring and disabling functions only apply to
transmissions and GPS fixes. The GTX will attempt to continue to capture and log sensor data.
However, the validity of this data will depend on the operating temperature specifications of the sensors
themselves. It is good idea that when such extreme temperatures are possible that the GTX be
configured to capture and log its internal temperature so that it can be correlated with any sensor
readings that are captured during times of severe temperature extremes.

1.2.3.11. Main Microcontroller Wake Up

The second main purpose of the Time Keeping Microcontroller is to wake up the Main Microcontroller
when it is required to perform some action or respond to some external event. Provided below is a list of
the possible wakeup sources/reasons. After being awakened, the Main Microcontroller will query the
TKM as to what triggered the wakeup.

¢ Alarm Clock Function
e Serial Port Activity
e Push-Button Wakeup

1.2.3.11.1. Alarm Clock Function

Prior to entering the low power sleep mode, the Main Microcontroller will notify the TKM when to wake it
up. The TKM includes an alarm clock function to provide this wakeup. The Main Microcontroller will
simply configure the time that it should be awakened. Each time the TKM updates its Real-Time clock, it
also compares the current time to the alarm time; when a match occurs, the TKM will initiate the wakeup
sequence.

1.2.3.11.2.  Serial Port Activity

To facilitate waking up the Main Microcontroller in response to RS-232 activity, the TKM monitors the
Serial Port’'s RXD and RTS lines. Three conditions occurring on these lines will cause the TKM to wake
the Main up from its sleep mode. Note that as long as the Main is awake the TKM ignores these lines.

The first condition that will wake the Main Microcontroller from its sleep mode is an active signal on the
RTS line. Therefore, this function requires the RTS to go to the inactive state to allow the Main
Microcontroller to enter the sleep mode. The Main Microcontroller will also de-assert the CTS line prior to
entering the sleep state.

The second condition that will wake the Main Microcontroller from its sleep mode is receipt of the [CR]
attention character; other characters will be ignored. Using this method, it is possible to only use the TXD
and RXD lines to communicate with the transmitter, i.e. the RTS and CTS handshake lines do not need to
be connected.
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The final condition is receiving a break condition on the RXD line. This is essentially the same as the
RTS becoming active.

Note the primary distinction between the methods is that receiving a [CR] automatically gets the
transmitter’s attention. The other two methods only wakeup the Main Microcontroller, a [CR] must still be
issued to allow the unit to respond to serial data.

1.2.3.11.3.  Push-Button Wakeup

For diagnostic and troubleshooting purposes, a discrete push-button is provided through the case of the
transmitter. If the Main Microcontroller is asleep, pressing the push-button will wake the unit up.

This button is also the only mechanism provided to clear the Failsafe in normal operation. To reset the
Failsafe, this button must be continuously depressed for a period of five seconds.

1.2.3.12. GPS Receiver and Interface

The TKM also provides the serial communication interface to the GPS Receiver module. Use of the GPS
is required for GOES operation, and is optional otherwise. The TKM also controls the power to the GPS;
the GPS receiver normally resides in a powered down state to minimize system current drain. The GPS
is be powered up as needed to maintain time synchronization with UTC. The system will also periodically
use the GPS’s Pulse-Per-Second (PPS} signal to calibrate the TCXO to account for aging effects.

The GPS Receiver is directly connected to the TKM. Note that because the system only utilizes the GPS
for self-calibration purposes, which are controlled by the Main Microcontroller, the TKM only enables the
GPS when instructed to do so.

The following sections (summarized below) provide additional detail on the use of the GPS receiver.

e Clock Set and Synchronization to UTC
e TCXO Frequency Calibration
e Lat/Long Position

1.2.3.12.2. Clock Set and Synchronization to UTC

As noted previously, the main purpose of the GPS receiver is to synchronize the Real-Time clock to
Universal Coordinated Time (UTC). Setting the clock and synchronizing to UTC requires coordinating a
GPS time request in concert with the PPS signal. After powering up the GPS receiver, the TKM in
coordination with the Main Microcontroller monitors the status of satellite acquisition.

Once enough satellites have been acquired to allow the receiver to accurately determine the GPS time,
the transmitter will begin monitoring the PPS line. To synchronize to UTC, the TKM waits for a 1 PPS
pulse; upon receipt, the TKM requests the GPS time. This information is converted to UTC (GPS time
differs from UTC by a known offset included in the GPS almanac data) and is loaded into the timing
registers. Prior to loading the registers, the internal time keeping function is temporarily disabled. At the
next PPS strobe (i.e. one second after the first), the time keeping is re-enabled. This procedure allows
the TKM to synchronize it Real-Time clock to within a few microseconds of UTC.

While the GPS is used to synchronize the GTX’s clock to UTC, the GTX can also operate in local time by
providing the Time Zone correction parameter (see Section 11.3.5), and the time and date can be
manually set. Note that the Time Zone correction is only utilized when the GTX performs a GPS
synchronization to adjust the internal relative to UTC. In other words, the GTX essentially always
assumes it is working in local time. However, setting the Time Zone offset is optional and the default
value is 0, which in effect allows the unit to operate in UTC time.

One important consideration resulting from the use of the Time Zone offset in a GOES transmission
environment is that NESDIS always specifies the time of first transmission (FFT) in UTC. Accordingly,
FirstTimedTx configuration parameter (see Section 11.2.5) is always assumed to be in UTC. The GTX
will automatically adjust this value whenever the Time Zone offset is not 0. In other words, it is not
necessary for the user to adjust the FTT value manually.
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1.2.3.12.3.

As explained previously, the GPS receiver's PPS signal is used to calibrate the TCXO to account for
aging effects. Calibration of the TCXO is performed by the TKM under direction of the Main
Microcontroller.

TCXO Frequency Calibration

To perform a TCXO calibration, the GPS receiver must be powered up and must have acquired sufficient
satellites to be able to perform a position fix. When enough satellites have been acquired and the PPS
signal is present, the transmitter will use the PPS as a gate time to count the desired oscillator’s
frequency. Upon completion of the frequency counting process, the unit will compute the frequency error
and compute a revised correction factor.

1.2.3.12.4.

Whenever the GPS receiver is enabled, the TKM will update its Latitude and Longitude information. This
information is stored by the transmitter and can be retrieved by the user/host. Commands to direct the
unit to perform a GPS position fix have also been implemented (see Section 11.12.4). The position
information can also be included in message transmissions as Header parameters.

1.2.3.13.

The TKM provides the independent Failsafe monitor as required by the various transmitter certification
specifications. Whenever the Main Microcontroller activates the RF Final for a transmission, the TKM
senses that it is on and times its duration. The Failsafe will trip if either of the following two conditions
occurs.

Lat/Long Position

Failsafe Transmit Monitor

e Message Too Long
e Message Too Soon

Since the allowed length of a transmitted message varies with BAUD rate and message type (Timed vs.
Random), the “Message Too Long” Failsafe operation requires notification by the Main of the type and
bps rate of the upcoming message. Upon receipt of this notification, the TKM will set its Too Long time
limit to the values shown in Table 2. Detection of a transmission exceeding the appropriate time limit will
immediately trip the Failsafe and terminate the transmission.

If the Main Microcontroller fails to notify the TKM of the impending transmission, the TKM will trip the
Failsafe immediately upon detection of a transmission. Following each notified transmission, the TKM
automatically clears the fact that a notification has been made. In other words, each and every
transmission must be preceded by a notification, even if the new transmission is at the same bps rate as
the previous one.

The “Message Too Soon” limit is based primarily on the satellite system being used and is either 30
seconds or 1 second as detailed in Table 2. Following completion of any transmission, detection of
another transmission within the “Too Soon” limit will immediately trip the Failsafe.

System Timed Length Limit | Random Length Limit Too Soon Limit
bps Rate (seconds) (seconds) (seconds)
GOES 300 110 3 30

GOES 1200 110 15 30
MeteoSat 100 150 10 30
ARGOS/SCD 400 N/A 25 1
INSAT PBRS 4800 N/A 2.5 1

Table 2: Failsafe Time Limits

While the Failsafe status is readable by the Main Microcontroller, it cannot be reset by it. A separate
push-button is connected directly to the TKM. In order to clear the Failsafe flag, this button must be
pressed for a minimum of five seconds. A LED has also been included to indicate the Failsafe status.
When the Failsafe has been tripped, the failsafe LED is illuminated whenever the Main Microcontroller is
not in sleep mode.

The Failsafe status is not reset when power is removed and restored to the system.
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1.2.3.14. Push-Button/LED Interface

The GTX transmitter has one push-button switch and four LEDs. The Push-Button and LEDs are
interfaced directly to the TKM. While the TKM monitors and determines the response to the Push-Button
(although it is readable by the Main), the TKM only updates the LEDs under direction of the Main
Microcontroller, i.e. the TKM functions only as an LED driver.

The purpose of the Push-Button is to be able to wake the Main Microcontroller up when requested without
disturbing the RS-232 port connection and to reset the Failsafe status, as explained in the previous
section.

The four LEDs are utilized to report transmitter status. However, the LEDs are only active when the Main
Microcontroller is awake. This can be in response to an “Alarm Clock” function, serial port activity, or the
Push-Button being pressed. Once activated, the LEDs will only remain active for a short period of time,
i.e. they are turned off to conserve power when the Main Microcontroller is asleep. Provided below is a
summary of the meaning of each LED.

LED1: Red (FS) Lit if Fail-Safe is tripped.
LED2: Green (TX) Lit when RF output is on.
LED 3: Green (GPS) Lit when GPS receiver is on.
LED 4: Green (DATA) Flickers when Main is awake, and
Lit solid when Push-Button is depressed.
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2. GTX Hardware Set Up

The Microcom GTX is housed in a rugged, compact 6"x8"x1.5” aluminum enclosure. All connections to
the transmitter are via end panel connectors as shown in Figure 1.
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Figure 1. GTX-2.0 Case
Referring to Figure 1, provided below is a list of the major end panel components.

Main Power Input Connector - +12.5 VDC
RF Output Connector

Tipping Bucket and Custom I/O Connector
GPS Antenna Connector

RS-232 Serial Port Connector

SDI-12 Interface Connector

Failsafe Reset Push-Button

LED4: Data Information LED (Green)
LED3: GPS Receive Active LED (Green)
LED2: RF Transmit Active LED (Green)
LEDL1: Failsafe Tripped LED (Red)
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2.1. Connector Information
2.1.1. Main Power Connections

The main power input to the GTX is designed for a standard 12 Volt Lead Acid battery. The GTX-2.0
uses a keyed, locking, high current power connection, Molex P/N 50-84-2020; the mating connector is
Molex P/N 50-84-1020.

The GTX-2.0 is supplied with a power cable to simplify the battery/power connection requirements. The
supplied power cable consists of the mating connector with red and black wire leads; the red lead must
be connected to the positive supply terminal and the black must be connected to the negative supply
terminal. The supply lead ends are not terminated; user must provide the appropriate supply
connections. Custom cables can also be provided by Microcom.

2.1.2. RF Output Connections

The RF Output connector (RF OUT) is a standard female SMA RF connector. External cabling must be
provided to connect the RF Output to the GOES transmit antenna. For minimal cost, Microcom can
provide the GOES transmit antenna cable. The standard cable is SMA-to-N with 20’ of LMR-240.
Custom lengths and antenna connections can also be provided. FRLSarE ser1z re

+D-
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2.1.3. Tipping Bucket and Custom I/O Connections

The Tipping Bucket and I/O interface is a multipurpose connection point provided via a four position
terminal block with detachable header as shown in Figure 2; Figure 1 shows the I/O and TB interface
connector with the header removed. The interface connector is a Phoenix Contact P/N 1881464, and the
detachable header is P/N 1881341.

The detachable header provides a zero insertion force compression connection that can accept wire sizes
from 20 to 26 AWG. To insert the individual wires, a small tool is required to depress the compression
release tab located above the wire receptacle. Once depressed, the wire can be inserted and the tab
can be released locking the wire in place.

When viewed from the end panel, the “I/O TB” connector pins are designated A B C D T G left to right as
shown in Figure 2.

Tipping Bucket

A

PS .~
NT (@) ABCcDTG
Ny

©) ceeedd

——
/0 TB

Figure 2: Tipping Bucket Interface Connections

The primary purpose of this connector is to provide a normally-open contact closure Tipping Bucket
interface to the GTX’s internal counter. The connections for the Tipping Bucket must be made to pins T
and G (ground) as shown in Figure 2.

The remaining four contacts (A through D) are routed to an internal connector that provides an interface
to one of a variety of GTX option boards. These optional connections can be used to provide backup
battery or analog inputs, an additional serial port, switched supply outputs, or other custom application
specific signals as required. The specific connectivity is option board dependant.

As an example, if the GTX is ordered with the BBU-RTC option (see Section 1.2.3.10) this connector
provides the input point for an external 3.6V Lithium battery to power the BBU-RTC when the GTX loses
main power or the main battery voltage falls below the cutoff level. The connection points for the backup
battery are shown in Figure 3; the positive lead of the battery connects to A and the negative lead
connects to B.

Backup Battery
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Figure 3: Battery Backup Interface Connections

2.1.4. GPS Antenna Connections

The GPS Antenna connector (GPS ANT) is a standard female MCX RF connector. The GPS Antenna
connection must be interfaced to either a Trimble 3V Bullet (P/N 48360) or a Trimble 3V Magnetic-Mount
Patch (39265-50) antenna. The GTX-2.0 comes standard with the 3V Bullet Antenna, but does not
include an interface cable. If desired Microcom can alternately supply the magnetic-mount antenna or
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can supply the interface cable for the Bullet antenna (the Magnetic Mount antenna incorporates a 5M
cable). The standard Bullet interface cable is MCX-to-TNC with 20’ of LMR-240; custom lengths can also
be provided.

2.1.5. RS-232 Serial Port Connections

The RS-232 Serial Port connector provides the host interface. The connector is a standard 9-pin female
Sub-D connector.

Table 3 provides the signal connection for the 9-pin female Sub-D connector. Note that the signal names
are referenced to the GTX-2.0; e.g. the TXD line is the transmit output from the GTX, which should be
connected to the receive input of the host. All signals are true bipolar RS-232 levels.

Pin Number Signal
1 N/C
TXD
RXD
N/C
GND
N/C
RTS
CTS
9 N/C

Table 3: RS-232 Serial Port Pin-out

O N|O|OIB[WN

The connections shown in Table 3 allow the transmitter to be directly connected to a standard COMM
port on a PC using a straight-through 9 conductor RS-232 patch cable.

Use of the RTS and CTS lines are optional as explained in Sections 1.2.3.11.2 and 3.1.
2.1.6. SDI-12 Connections

The SDI-12 connector provides an industry standard SDI-12 serial interface. The 3-pin connector
provides a 1A recoverable PTC (Positive Temperature Coefficient thermistor) fused supply output, a serial
data line, and ground (battery negative). The screw terminal connector is a Phoenix Contact P/N
1757255 with the detachable header P/N 1757022.

The detachable header provides a zero insertion force compression connection that can accept wire sizes
from 12 to 24 AWG. To insert the wires, a small flat blade screwdriver is required to open and close the
wire compression contact.

When viewed from the end panel, the SDI-12 connector pins are numbered 1 through 3 from left to right
as shown in Figure 4; pin 1 is +V, pin 2 is Data, and pin 3 is GND.

Data
+V GND
< AR
Yo &l

Figure 4: SDI-12 Interface Connector
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2.2. Failsafe Reset Push-Button and LED Indicators

Figure 1 also shows the location of the Failsafe Reset Push-Button and LED indicators that are explained
in section 1.2.3.14.

2.3. Site Cable Connections

The five site cables necessary for operation are shown in the table.

Cable Name Microcom P/N Standard Components
GOES TX Antenna | 1970091-20 SMA-F; 20’ LMR-240; N (packing gland)
GPS Antenna Ext | 1970092-20 SMA-M; 20’ LMR-240; TNC (packing gland)
GTX-Battery 1970093-2 Molex 2 socket- 2 M AWG 14- cut wire
GPS Antenna Int 1970094-.8 MCX - 74 M; 8" RG316; SMA-F
RS-232 1970095 9 Pin D Female- 6’ cable - 9 Pin D Male

Table 4: GTX Cables

The RF cables are for the antenna and GPS cables. The type of antenna cable suggested (LMR-240) is
adequate for cable runs of less than 50’ between the antenna and the GTX. The GTX RF output
connector is an SMA female bulkhead connector. Using 20 feet of LMR-240 cable available from Times
Microwave (http://www.timesmicrowave.com/) with SMA and type N connectors has an estimated loss of
1 dB. The SMA connectors may be used with several packing glands (bulkhead cable seals) from Rose
or Heyco (http://www.heyco.com).

The GPS cable is made up of two portions. Since the GPS connector on the GTX bulkhead is a small
MCX RF connector, it will only mate with small cables that may not be suitable for outdoor cable runs. An
adapter length of RG316 cable (pig tail) terminated in a SMB connector that then can be mated with the
same LMR 240 cable is recommended. If the cable run to the GPS antenna is short (<8 feet) then a
single run of RG316 may be used.

2.4, Power Supply, Battery and Power Consumption

The following Table is a sample derivation of average power consumption of a GTX set up to transmit
once per hour with a message length of 4 seconds at 300 bps into a UB8. Data acquisition is four times
an hour from a small number of sensors (this power budget does not include the sensors’ current
requirements); it is assumed that the data acquisition takes 10 seconds every 15 minutes.

Opera_ti_ng é\:ﬂlzl:;zwtpas'c Eo_wer Seconds Duty A;g\r,\?gf
Condition 12 5 Volts Milliwatts | per Hour | Cycle% Milliwatts
Sleep 2 25 3536 98.22 24.56
Data Acquisition 10 125 40 1.11 1.39
Tx Warm Up 10 125 10 0.28 0.35
Transmission 1500 18,750 4 0.11 20.63
Summary 4.25 3600 46.93

Table 5: Sample Power Consumption

Just under half the power consumption is related to the transmission length. The transmission length will
be about %2 second longer than number of data bits transmitted divided by the data rate. The number of
actual bits transmitted will be related to the transmission format selected and the number of values
transmitted.

2.5. Antenna Selections and Mounting

Output power on the GTX is factory set for the antenna and estimated 1 dB cable loss. Typically, the
GTX is configured for one of the antennas listed in Table 6. However, the GTX-2.0 can be used with
other antennas with gains in the range of 3 to 11 dB. Note that Table 6 applies to NESDIS GOES
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operation only; contact Microcom for information on antenna selection and maximum powers for use on
other satellite systems.

Antenna Gain Max Power Max Power

Manufacturer Model dB 300 (Watts) | 1200 (Watts)
Microcom Environmental | UB6 (XPress) 6 2.5 N/A
Microcom Environmental UB8 8 1.6 5.0
Synergetics 18B-N 11 0.8 3.0

Table 6: Antenna Selection for GOES Operation
In order to ensure optimum operation, it is necessary to properly aim the transmit antenna. Appendix C:

provides the necessary azimuth and elevation curves for any Latitude and Longitude within the satellite’s
look angle.
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3. GTX-2.0 Basic Operation and Configuration

Prior to placing the GTX-2.0 into service, the unit must be properly configured for the intended
application. Configuring the GTX for operation consists of setting up the data collection functions and/or
the transmission parameters.

The GTX may be configured using the intuitive command line interface using either a PC, a PaImTop, or
a PDA. Microcom also provides an easy-to-use Windows® based configuration utility.

In either case, the host computer must have a standard RS-232 port to perform the configuration. The
following sections provide an overview of both configuration methods; additional information with regard
to configuring a specific function is provided throughout the remainder of this manual. Section O provides
a complete reference for the serial port command interface.

3.1. Terminal Interface

The GTX was designed with a highly versatile and intuitive RS-232 port ASCII command line interface,
which allows complete configuration via a terminal program, such as Windows® HyperTerminal. The
interface is also suitable for connection to data loggers equipped with an RS-232 port. By utilizing an
ASCIlI command line interface (as opposed to a menu system), common configurations can be captured
in a text editor, which can be edited and easily downloaded to other units to facilitate configuring multiple
units with similar setups.

The RS-232 port communicates at 9600 BAUD with 8 data bits, no parity and 1 stop bit. The serial port
interface implements the RS-232 standard TXD, RXD, RTS, and CTS signals. While the handshake lines
(RTS & CTS) are provided, the GTX is also designed to work with just the data lines (TXD & RXD). In
other words, only the TXD, RXD, and ground connections are absolutely required for proper
communications.

With few exceptions, all commands are a three character alphanumeric abbreviation or acronym of the
command functionality. Certain commands that are more than three alphanumeric characters in length to
prevent them from being inadvertently entered. Throughout this manual, the three-character commands
are shown in all uppercase and are bolded. Any commands that are longer than three characters are
shown in mixed case for readability. In actual use, the GTX command set is case insensitive, i.e. the
GTX will accept any combination of upper and lower case characters.

Many commands are used to set or retrieve various configuration/calibration parameters. When setting
parameters, the command is followed by an equals sign (‘="). When retrieving parameters, the command
is followed by a question mark (‘?").

Certain commands are used to direct the transmitter to execute a specific function (e.g. clear a buffer); in
such cases, neither a ‘=" or a ‘?’ is utilized. Some of these commands may allow an optional parameter
that further defines what action(s) will be executed. In this case, an equals sign may be utilized.

3.1.1. Typical Command Usage

Figure 5 shows a typical command line sequence to set up a GTX for an hourly timed transmission using
a terminal interface. Following configuring the GTX for GOES mode (GTX=1), the command sequence
sets the NOAA/NESDIS supplied parameters; i.e. the DCP’s Platform ID, the GOES channel and data
rate, the self-timed transmission interval of 1 hour, the start time of the window assignment, and the
window length. Following this information, the example in Figure 5 configures some of the user
determinable settings; i.e. the message data format (ASCII), the message data source (RS-232), and the
Timed Operational Flags.

Figure 6 shows a typical response to the Read Configuration (RCF?) command. The first ten lines of the
response parrot the commands that were used to configure Timed operation in the example of Figure 5.
The remaining lines show the current configuration for Random transmission operation. Using the Read
Configuration command, the user can capture the setup to a text file that can then be edited and
downloaded to another GTX.
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#& GTX - HyperTerminal =]

File Edit Wiew Call Transfer Help

>GTH=1

0K
EEID=?71@@61H
>TCH=195, 360
0K
6&TI=@@:@1:@@:@@
>FTT=00:02:30
0K

>THL=18

1] 4

>TDF=ASCII

0K
>TDS=R5-232
0K

>TOF=01

0K
>

Connected 00:00:27 Auko detect |9600 8-M-1 |SCROLL |CAPS |NL|M |Capture |Print echo

Y

Figure 5: Command Line Configuration Example

“g GTX - HyperTerminal -0l =l

File Edit Wiew Call Transfer Help

Dl =|5]| =olE

>RCF?

GTH=1
PID=7710061A
TCH=195, 300
TTI=00:01:00:00
FTT=00:02:30
THL=18
TDF=ASCII
TDS=RS-232
TDO=NEWEST
TOF=01
RCH=0,N/A
RIN=15
RPC=20

RRC=
RDF=PSEUDO
RDS=RS-232
RDO=NEWEST
ROF=08

>

Connected 00:00:07 Auko detect |9600 8-M-1 |SCROLL |CAPS |NL|M |Capture |Print echo

Y

Figure 6: Read Configuration Example
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3.2. Configuration Utility Overview

The Microcom GTX Configuration Utility program provides the user with a graphical interface to facilitate
the configuration and checkout of the Microcom GTX-2.0. This windows® based application provides an
intuitive flow in a series of tabbed pages to aid the user in setting up one or many transmitters.

Figure 7 shows the Configuration Utilities Main Page as it appears when the program is launched. As
indicated, the Main Page provides four selection buttons that determine how the application will function
based on what the user wants to do.

mMicrocom Design GTX Utility - GOES Dperation - |EI|5|

File Options Adwanced About

I Configuration Optionz

What Do You'want ToDo?—————

Create/Open & Setup Template I

Configure GT From & Template

Monitor £ Inspect GTX

Configure # Caontral / Deploy GTi I

B8 Comt s 2134 | [

Figure 7: Configuration Utility - Main Screen

Using these buttons, the user can 1) Create or Edit a configuration template; 2) Use a template to
configure one or more GTXs; 3) Monitor and Inspect the status and configuration of a GTX; or 4) Field
deploy a GTX, including configuring and controlling it as needed.

While the first option can be done without a GTX connected to the PC, the other three options require a
serial connection to be established between the PC and the desired GTX. To establish the connection,
the user simply needs to connect the GTX to the PC using a standard RS-232 patch cable (supplied with
the unit), provide power to the GTX, and select the PC’s COM port.

The Options/Comm menu is used to select the PC's COM port as shown in Figure 8. When a
communications link has been established, the icon on the bottom left of the screen will turn green as
shown in Figure 7. The configuration utility continuously polls the selected COM port to determine if a
GTX is connected; when the utility cannot communicate with a GTX (e.g. if it has been disconnected) the
icon will turn red.
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[IMicrocom Design GTX Utility o ] S|
File | Qptions Adwanced  About
ICDN ormm IIEHHIIII

ik Preferences ® COM1
COME

Create/Open 4 Sel coM3
Configure GTX Fror  COM4

; COMS

Manitar £ Inzm =
_— . oM
Configure / Contral . comz

COME
Cther ...

Figure 8: Configuration Utility - Options/Comm Menu

3.2.1. Create/Open A Setup Template

Selecting “Create/Open A Setup Template” allows the user to create new configuration template or edit
an existing template. Template configurations provide a mechanism to define common setups that can
be used for multiple GTX transmitters/data loggers. The template can then be used as baseline for
configuring several units using the “Configure GTX From A Template” mode (see Section 3.2.2).

X Microcom Design GTX Utility - GOES Operation . ] =4

Eile Options Advanced About

I Configuration Options  General Setup | Transmission Setup I E quations |

What Do You Want To Dao? |

Check Template I

I Create/Open & Setup Template
Current Termplate Filz :

Configure GTx From A Template
Mo File Selected

Manitar £ [nzspect GTX
Configure / Contral / Deplay GTx

| COM1 | |
Figure 9: Configuration Utility - Create/Open A Setup Template

Once the “Create/Open A Setup Template” option is selected, additional page tab buttons become visible
to allow the template to be defined as shown in Figure 9. For example, selecting the General Setup tab,
allows the user to configure the GTX’s basic characteristics as shown in Figure 10. The first step in
configuring the GTX is to Determine the type and number of “Configuration Quantities” that will be
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required. As explained, in Section 5, the GTX-2.0 uses a soft approach to its configuration memory. This
allows the available memory to be tailored to the specific needs of each user and/or platform.

[ Microcom Design GTX Utility - GOES Dperation . ]

Eile Options Adwanced About

Configuration 0 ptions ” General Setup  Transmission Setup | Equations | SDI-12 Sensors | Intemal Sensors | Sensor Min Max Avg |

Fandom Triggers |

— Configuration Quantiies————————————— [~ Header Infarmation
Platform [0 String

Internal Sensors:

.

. 1
5DI Sensars: Pseudo Binary Header Character 1: I_

.

Equation Constants:
— Pzeuda Binary Header Character 2; I
Timed D ata Parameters: 20

10 Y — Tratismit Power [ atts)
T00ERS  300EBFS 400EBPS  1200EPS 4800ERS

[1z5 4 15 & |20 & [s0 & |00

Fandom D ata Parameters:

Fiandom Triggers:

Min Max Averages:

8]

— GT¥ Enable
Save | Cancel [~ Enable for Transmission On Power Up
— GPS Time Sync — Time Zone

Time Sync TR0 Calibration Offset from GMT; 000 £

|24 5‘ Hours I'ID 5‘ Davs
r— Character Replacement

Sync Timeout I~ Use Farward Slash (4] for Mull

15 = Minut Log GPS Cal

ne I Leg Wze for [hyvalid Characters: I_
B comt [ |

Figure 10: Configuration Utility — Configuration Quantities

Once the “Configuration Quantities” are selected and saved, additional tabbed pages may become
visible. In the example of Figure 10, the changes made added the “Transmission Setup”, “SDI-12

"« ” o«

Sensors”, “Internal Sensors”, “Sensor Min Max Avg”, “Timed Data Buffer”, and “Random Triggers”tabs.

Once these additional tabs are available, the user can continue with the definition of the Template. After
the configuration template has been fully defined, it can be saved using the File/Save Template menu
item as shown in Figure 11.

mMicrocom Design GTX Utility o ] 4 |

File Options Advanced About

Mew Template tup | Transmizzion Setup I E quations | SDI-12 Senzors I Internal Senszors |
Open Template

Buffer I Fiandorm D ata Buffer | R andom Triggers |

Save Template

Dpen Canfiguration File | Check Template I

Save Configuration Ta File Current Template File -

Send|Canfig b GT ate C:AG T Utilibys arual tpl

Exit
Configure / Control / Deploy BT

Figure 11: Configuration Utility - File Menu
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The “Check Template” button shown in Figure 9 and in Figure 11 can be used to validate the template
configuration. If an error is detected, a dialog box indicating what the error is will be displayed and the
user will be prompted go to the error, i.e. the program will automatically transfer control to the field in
question.

3.2.2. Configure GTX From A Template

Selecting the “Configure GTX From A Template” option provides a mechanism to readily configure
multiple GTXs. The user can recall a saved template to define the configuration parameters that are
common to a set of transmitters. Further, the Configuration Utility summarizes the fields that must or
could potentially be different from unit to unit.

Figure 12 provides an example of using this screen. Note that this is where the user can enter the GOES
Platform ID (a.k.a. the NESDIS ID), which must be unique for each unit. However, the fields in the
“Transmission Setup From Template” may or may not need to be altered. For example, the Timed
Channel may be the same for all the units, in which case the First Transmission must be different.
However, it is also possible that the units could be on different channels and at different transmit times.

The Platform ID String is a user definable string of ASCII characters that can be used in a wide variety of
ways. It can be used to uniquely identify each platform, in which case it would be altered for each unit; or
it can define the platforms setup characteristics, in which case it could be common to all. To accomplish
both utilizations, the template could also simply define a base string that can be edited when configuring
individual units; e.g. the user could append unique characters to the end of the base string.

mMicrocom Design GTX Utility - GOES Operation - |EI|1|

File Options Advanced About
I Configuration Options  General Setup | Transmission Setup | Equations | SDI-12 Sensors | Intemal Sensors | Timed Data Bufferl

R andorm D ata Buffer | Random Triggers I
what Do You'want TaDo?

Create/Open & Setup Template |

Send Config To GT

Check Config In GTx

Configure GT Fram & Termplate
Monitar £ Inspect GTH

Configure / Control # Deplay GTi

— GOES Platform ID
PFrirnary:

I??1 00614

—Transmizsion Setup From Template

Current Template Fils :
E:AG T Utilitysbd anual tpl

Timed Channel First Transmission
|19 f00:02:30
Random Channel

|1 18

Platfarm |0 String

|Micracam G210

B comz B |
Figure 12: Configuration Utility - Configure GTX From A Template
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As shown in Figure 12, the “Configure GTX From A Template” page provides a button to send the
configuration to the GTX. A second button allows the configuration to be validated in the GTX after
download.

When configuring a GTX from a template, the user has the option to lock out any changes to
configuration parameters except for those shown in Figure 12. The default case is to allow the user to
view the template settings on the setup pages, but the editing controls are disabled. To enable template
editing in this mode, use the Options/Preferences menu item to call up the “GTX Configuration
Preferences” dialog; select the “Configuration” tab and check the “Allow Template Mod when Configuring
GTX from Template” box.

3.2.3. Monitor/Inspect GTX

The “Monitor/Inspect GTX” option allows the user to quickly, and easily, get status information for a unit.
While this option can be used any time a GTX is connected to the PC, it is most useful for checking the
status of operational platforms, i.e. when the GTX is enabled.

In this mode, the Configuration Utility periodically polls the connected GTX for it's current status. The
status information is summarized in a set of tabbed pages as shown in Figure 13, with the unit's Platform
ID provided at the top of the tab sheets.

mMicrocom Design GTX Utility - GOES Operation o ] |

Eile options Advanced  About
I Configuration Optionz  General Setup | Tranzmission Setupl E quations | SDI-12 Sensors | Intemnal Sensors | Timed Data Bufferl

R andorm D ata Buffer | Random Triggers I

what Do You'Want Ta Dao?
Create/Open & Setup Template

| Retrievve Config From GTH I

Configure GT From & Template

Moritar # Inzpect GT
Configure / Control # Deplay GTi |
r—Platform [D : 77100614

Internal Sensors | Timed Data Buffer | Fandom Data Buffer
GT Infarmation I Last Transmizsion GPS Status I SDI-12 Sensors
Date: 04/30/2013 Firmnware Yersion:  M2.20,T4.0
Time: 17:04:18 Senial Number: 2134
Transmitter State ... Enabled

Time To Mest Transmission ... 0005811
Random Buffer Transmissions. 0

Fail Safe Status ... QK
GFS Calibration Status ... Mat Active
Buffer Size  Mest Transmission
Tiiiiesl Tremamisdtar EE 04/30/2013 18:02:30
Fandom Tranzmission: a NA%
Logaing Memory ..., Total Uzed Free
131072 112 130960

B coM25M: 2134 [ [

Figure 13: Configuration Utility - Monitor/Inspect GTX Information

Using the various tab sheets, the user can get a “GTX Information” summary (see Figure 13), data on the
“Last Transmission” (see Figure 81), and current “GPS Status” (see Figure 88). Tabs are also provided to
view the last sample value and when the next sample will be taken from either the Internal or SDI-12
Sensors as shown in the example of Figure 14. The user can even view the data in the Timed (see
Figure 54) and Random (see Figure 57) transmission buffers.

Microcom Environmental 27



Microcom GTX-2.0 O&M Manual V2.20/R2

The “Retrieve Config From GTX” button can be used to upload the entire configuration setup, which can
then be viewed (but not edited) using the main setup tab buttons.

[XMicrocom Design GTX Utility o ] [

File Options Advanced About

I Configuration Options . General Setup | Transmission Setup | Equations | SDI-12 Sensors I Intemal S ensors I

Senzor Min Max Avg | Timed D ata Buffer | Flandom [ata Buffer | Fandom Triggers |

—what DoYouWant To Do . :
Fietrieve Config From GT |

Create/Open & Setup Template

Configure GT¥ From & Template

Maritar / Inspect GTH
Configure / Cantral / Deploy G |

r—Flatform 10 : CE301218
Mext [ntermal Senzar Sample I Timed D ata Buffer I Random D ata Butfer |
GT¥ Infarmation I Last Transmizsion I GPS Status  SDI-12 Sensars
| | [LastWalue | |Mewt Sample Time «|
0 u2 1.2 101 5/2010,16:07:30
1 U220 284 10/M15/2010,16:07:30
2 TA 18.2 10/15/2010,16:07:35
3 RH 459 1011 5/2010,16:07:35
4. BPHPF 1006.7 10/15/2010,16:07:.35
5 RASWM 3252 10/ 5/2010,16:07:40
E:  AN15 1] 10/15/2010,16:00:00
7 sDI7 Mot Enabled
g 5sDig Mot Enabled
9 5019 MNat Enabled
10: 5010 Mot Enabled
11: 501 Mot Enabled
12 sD12 Mot Enabled
13 5013 Mot Enabled
14; 5D14 Mot Enabled x|

B comz s/ 2022 [ [

Figure 14: Configuration Utility - Monitor/Inspect SDI-12 Sensors

3.2.4. Configure/Control/Deploy GTX

The “Configure/Control/Deploy GTX” option provides total control of the GTX. In this mode, the user can
completely configure the unit, if it has not already been done. This option also provides several controls
to prepare the unit for operation, and to deploy it.

As shown in Figure 15, this page allows the user to Set or Read the GTX'’s clock; Preset or Read the UTC
correction; upload, download, and verify configurations; and Enable (in either transmitter or Data Logger
mode) and Disable the GTX. This page also provides a button to reset all configuration settings to their
factory default values.
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[¥Microcom Design GTX Ukility - GDES Operation I ] =

Eile Options Advanced About
I Configuration Options  General Setup | Tranzmission Setup | Equations | SDI-12 Sensars | Intemnal Sensors | Timed Data Bufferl

Fandom [ ata Buffer | Random Triggers I

“What Do YouWant ToDe?
e Ho Tou want 1o 1 Send Canfig To GTH

Create/Open & Setup Template |

i Retrieve Config From GT
Configure GT From A Template |: S T :

Manitor £ Inspect GTx (el Ol 1o BT

I Configure / Control / Deploy GT=

— GOES Platform ID
Prirnary:

I 100614,

Set GTx To Factory Defaults

tanual Time Set [GMT Qnly——

Dizable GTx
Time|1?:05:14 Set Clack | lzable
Date [04/30/2013 Read Clock.| Enable GTx

~UTC Carrection

Freset LITC
Offset [ 16 =] | el |

Read UTC

B comz B |
Figure 15: Configuration Utility - Configure/Control/Deploy GTX

The GTX contains a GPS receiver to set or sync the internal clock to GMT. Whenever possible, the clock
should be set by the GPS receiver. The “Set Clock” button is provided as a convenience to be used only
when GPS may not be available; e.g. when operation in logger only mode, or when indoors for testing
and troubleshooting. Simply enabling the unit without the clock set (i.e. after initial power up), will cause
the GTX to energize the GPS receiver and perform a time sync prior to scheduling any transmissions or
data collections.

The “Preset UTC” button and associated “Offset” edit box can be used to inform the GTX of the current
offset (in seconds) from GPS time to GMT. While this offset can be obtained from the GPS satellites, the
value is only transmitted once every 12%2 minutes. Presetting the “Offset” value can greatly speed up the
time to synchronize the GTX’s internal clock. As of January 1, 2013, the UTC correction is —16 seconds.

3.2.5. Configuration and Template Files

As noted previously, the Configuration Utility allows the user to save configuration Templates for later
recall (see Section 3.2.1). When the Utility is in the “Configure/Control/Deploy GTX” mode, the user can
also save and recall a complete Configuration file, i.e. the remaining File menu items shown in Figure 11
become enabled.

Both Configuration and Template files actually store the configuration information as ASCII text using the
native GTX command format.

The primary distinction between a Configuration and a Template file is that a Configuration file includes
ALL the commands necessary to completely configure a specific GTX for deployment. Specifically, a
Configuration file includes the Platform or NESDIS ID; whereas, the Template file omits this information.
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Further, a Configuration file also has a CFS (Configuration Save, see Section 11.9.2) command at the
end of the file.

3.3. Terminal versus Configuration Utility

As detailed in Section 3.2.5, the Configuration Utility utilizes the GTX command set to save configuration
files. Further, the Configuration Utility simply encapsulates the GTX’s terminal protocol and command set
into a graphical interface. In other words, any operation that can be accomplished from the Configuration
Utility can also be done using a Terminal interface. Section 11 provides a complete description of the
GTX’s command set.

Since the Configuration Utility saves the configuration information as GTX commands in text files, these
files can also be used by Terminal applications to download the configuration when the Configuration
Utility is not available, i.e. from a PDA or a PalmTop.

Further, since the Configuration Utility is designed to communicate with the GTX using it's standard
command set, it is also possible to issue direct commands to the GTX from the Utility. By accessing the
Advanced/GTX Control menu item as shown in Figure 16, the user can launch the GTX Direct Control
dialog shown in Figure 17.

[XMicrocom Design GTX Utility . ] e

File  Options | Advanced About

I Configuration L &T# Sensar Log tmission Setupl Equationsl sDI12 Sensorsl InternaISensorsl

5T Control

Senzor Min ka ndorn Data B uffer I Fandom Triggers |

3T Skatus

‘what Do'You &7 Transmission Test
Create/0  SDI-12 Terminal

T AntennaPosition Retrieve Config From GT

Send Config To GTX

Configure
- Advanced Settings

M onifar 7 TFEpect G
Configure / Control / Deploy GTi

Check Config In GT:

|
‘ Check Local Config

Figure 16: Configuration Utility - Advanced Menu

Using this dialog, the user can issue any command to the GTX and view the response in the memo field.
This dialog can be useful to quickly check out a GTX or even change a configuration parameter without
affecting the configuration or template currently being worked on.

For example, Figure 17 shows how this dialog can be used to query the status of the connected GTX to
ensure its configuration can be altered, i.e. the unit is Disabled. Once verified, the FTT? Command is
used to query for the current value for the time of first transmission (i.e. the start of the self-timed
window). Next, this parameter is changed to 00:47:00, and a CFS command is issued to commit the
change to permanent memory.

Performing such a sequence through direct control, allows a GTX configuration parameter to be updated
without affecting any of the settings on the various configuration pages.
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x
Tranzmitter Comm
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Figure 17: Configuration Utility - GTX Direct Control

3.4. Enabled versus Disabled Operation

The GTX-2.0 operates in one of two main states, Enabled or Disabled. Either the Terminal Interface or
the Configuration Utility can be used to transition the GTX back and forth between the Enabled and
Disabled state. To deploy a GTX for operation, it must be placed in the Enabled state.

In the Disabled state, the GTX can be configured. It will not automatically collect data from sensors or
send transmissions. However, test commands have been provided to perform these functions for test
and troubleshooting. In the Disabled state, the GTX’'s Main Microcontroller always remains awake (i.e.
does not enter it's low power sleep state) and the RS-232 port is continuously enabled.

In the Enabled state, the GTX’s configuration can NOT be altered. In this state, the unit will collect data
from sensors based on the configured schedules, and will transmit normally, i.e. according to the self-
timed schedule or send random transmission in response to triggering events. When the GTX is enabled,
the unit will also automatically enter the sleep mode to reduce current consumption. In order to send RS-
232 commands, the user or host data logger must first wake up the unit before it will respond to RS-232
commands.

Note that the Configuration Utility’s “Monitor/Inspect GTX” (see Section 3.2.3) mode will provide sufficient
serial port activity to keep the unit out of sleep mode even when it's Enabled.

While the user can NOT send test transmissions when a GTX is Enabled, commands can be issued to
obtain feedback from the Internal and SDI-12 Sensors to confirm proper operation without disabling the
unit.

3.4.1. Transmitter versus Data Logger Functions — Setting the GTX Operation Mode

The GTX-2.0 provides both satellite transmission and data logging capabilities. While the most common
application will utilize both these capabilities, the GTX can be used as a transmitter only and as a data
logger only.

When utilizing the GTX as a transmitter only, the bulk of the data to transmit is provided from an external
device via the serial interface, i.e. the Timed or Random Data Source (TDS or RDS) is set to RS-232.
However, configuring the GTX to operate in this manner does not preclude the use of the data logger
functions, i.e. the GTX can still be configured to sample sensors and log their data, but the sampled data
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cannot be automatically placed in the transmission buffer(s). On the other hand, the external device can
query the data from the GTX for formatting into the appropriate transmit buffer. Further, the GTX can be
configured to automatically prefix the RS_232 supplied data with “Header” parameters, e.g. the forward
and reflected transmission powers (see Sections 9.1 and 11.7.3.1).

Alternately, utilizing the GTX as a Data Logger only does preclude being able to send satellite
transmissions. To configure the GTX for Logger Only operation, the GTX Operation Mode must be set to
a value of zero; i.e. from the serial port, the GTX=0 command (see Section 11.2.2) must be issued.
When using the Utility to configure the GTX, the user must access the “Mode” tab of the “GTX
Configuration Preferences” as shown in Figure 18.

As is also apparent, this tab page is also where a user can configure the GTX-2.0 for operation on other
satellite systems. Since the GTX Operational Mode has a significant impact on what functionality is made
in the Utility, this setting is made as a global preference instead of a configuration item. However, this
preference setting does truly correspond to a configuration setting and determines the value sent with the
GTX command.

mGTx Configuration Preferences |
Sensars I Calibration I Preferences
Maode I Configuration I Tranzmigzion

* Logger Only
" GOES i~ ARGOS " INSAT PERS
" Meteozat " ARGOS / SCD O INSAT Tk

I~ &llow Timed Data Transmission

I~ Allow Bandorn Data Transmission

x Cancel |

Figure 18: GTX Configuration Preferences — Mode Tab

3.4.2. Configuring the GTX to Power Up Enabled

As noted in the previous sections, the GTX must be Enabled to commence operation. While this can be
accomplished in the field using the Configuration Utility or by issuing the ETX command from a Terminal,
the GTX also has a Power Up Enable flag that can be used to simplify field deployment.

To configure the GTX to “Power Up Enabled” using the Configuration Utility, the corresponding box on the
“General Setup” page should be checked as shown in Figure 19. Using a Terminal interface, the PUE=1
command can be used (see Section 11.3.9).

When the Power Up Enable flag is set, the GTX will automatically enter the Enabled state when power is
applied. This will cause the unit to energize the GPS receiver to obtain time sync with UTC. Data
collection and transmissions will not occur until the GTX’s clock is set using GPS. Once the clock is set,
the unit will automatically schedule any configured data collection and the first self-timed transmission,
and begin normal operation.
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Figure 19: Configuration Utility - General Setup Page

3.5. GPS Time Sync and TCXO Calibration Settings

As indicated in Figure 19, the General Setup tab page is also where the user can configure the GPS Time
Sync and TCXO Calibration options. Specifically, four controls are provided in the “GPS Time Sync”
group to customize this functionality.

First, the user can specify how often, in hours, the GPS receiver is energized to synchronize the GTX’s
internal clock. The default setting is 24 hours, or once a day.

Second, an option is provided to configure how often the GTX will calibrate the internal TCXO using the
GPS receiver. The default is once every 10 days, which should be adequate for most applications. Note,
to maintain the required transmit frequency accuracy for GOES operation, the GTX-2.0 MUST perform a
TCXO calibration at least once every 20 days. Otherwise, per NOAA/NESDIS requirements, the GTX will
discontinue making transmissions. However, all data collection functions will remain active.

The third parameter is a timeout value in minutes. If the GPS receiver can not acquire sufficient satellites
to perform a Time Sync or TCXO Calibration in the specified time, e.g. 15 minutes, the operation will be
aborted and re-scheduled for the next hour. This timeout is simply to minimize current drain on the
system battery if some fault exists in the GPS subsystem.

Finally, checking the Log GPS Calibration box directs the GTX to log any occurrence of a GPS Time
Sync, or TCXO Calibration in the event buffer. When a Time Sync event is logged, it's time stamp is the
actual time sync of the event and the data saved is the GTX’s clock error just prior to the synchronization;
this value is measured an stored in seconds with millisecond resolution. When the GTX logs a TCXO
calibration, the correction factor in parts per million is logged.
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The TCXO Calibration and Sync Timeout settings are considered "Advanced Settings”. While these

parameters are always visible, they are only enabled for edit when the “Advanced Settings” menu option
in the “Advanced” menu is checked.

Each of the four settings discussed above has a corresponding serial command (GTS, GTC, GTO, and
GLG) associated discussed in Section 11.8.
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4. GTX Operation with GOES

This section provides an overview of the required setup of the GTX for operation on the GOES DCS
system.

4.1. GOES DCS Description

A more complete description of the GOES DCS is included on the references in the appendices. The
description here is given to aid in the initial operating set up of the GTX.

GOES DCS is a US supported system for the collection of environmental data. Its principal components
are the geosynchronous spacecrafts (East and West), NOAA’s Command and Data Acquisition Station
(CDA) located at Wallops Island, and the Remote Data Collection Platform (DCP) transmitters. These
elements are shown in the Figure 20.

GOES
SPACECRAFT
WEST
GOES
SPACECRAFT
EAST

7 METER
ANTENNA

/ \ 48 METER
/ ANTENNA
d\g& E : / PILOT SIGNAL TO %Z

GOES EAST AND
WEST SPACECRAFT

FIELD of NOAA WALLOPS CDA
RED'\(QSSTE STATION

Figure 20: Major Elements of GOES DCS

The spacecrafts are located at 75 W (GOES East) and 135 W (GOES West) longitude and zero latitude
positions at a geosynchronous altitude of 22,500 miles above the earth’s surface. The remote DCPs
transmit in a frequency band about 402 MHz. The downlink from the spacecraft is at 1694 MHz and
includes the DCS signals from the remote sites along other weather data, e.g. earth imagery. These
frequencies are reserved internationally for exclusive use in this service.

GOES DCS is part of a worldwide system of satellites that provide global coverage for environmental
observations. Some of the other satellite based systems are shown in Table 7 below.

System Location(s) Operator Comments
METEOSAT | 0 Eumetsat
INSAT 80 E and 87 E INSRO of India
GMS 140 E Japan Met
ARGOS Polar Orbit French Government Uses NOAA polar satellites.

Table 7: Related Satellite Data Collection Systems
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In all of these cases the satellite functions as a radio repeater where signals in the specified frequency
band are received by the satellite, amplified, converted in frequency and relayed to the ground receiving
equipment of the system operator.

The system user provides the remote sensing equipment. Received data or messages may be obtained
from the system Operator via various terrestrial communication links (e.g. the Internet). However, the
system user may also provide their own satellite-receiving equipment, also known as a Direct Readout
Ground Station (DRGS), to directly receive the remote transmissions.

Since the satellite repeater is shared by all users, its method of shared use is specified by the Operator.
These methods of use and equipment must be agreed to by the system users.

The GTX-2.0 is certified for use on:

e GOES, all bands

e METEOSAT International and Regional Bands
¢ ARGOS/SCD

e INSAT PBRS Mode

e GMS

Currently the only operating method for GOES DCS is self-initiated; interrogation or polled operation is
not currently supported. The GTX supports two methods of self-initiated operation, self-timed and
random reporting. The self-timed mode uses the remote’s internal clock to trigger a data transmission.
The random mode typically uses sensor activity to trigger a transmission sequence.

The frequency band of operation for GOES DCS uplink is 401.7 to 402.1 MHz. Per the second
certification standard (CS2), the 400 kHz frequency band is divided into 532 channels of 750 Hz each for
low rate operation of 300 bps. Portions of this same frequency band can be allocated to 1200 bps
operation; in the latest standard, a 1200 bps channel requires three consecutive 750 Hz channel, or 2,250
Hz. In the original HDR certification standard (CS1), 300 bps channels were 1,500 kHz wide and 1200
bps channels were 3kHz wide. The allocation of 300 bps channels versus 1200 bps channels is solely at
the discretion of NOAA/NESDIS, the GOES system Operator. For the foreseeable future, NOAA will be
operating in both CS1 and CS2 mode, but CS1 and CS2 transmitters can share common channels.

NOAA/NESDIS (and other Operators) specifies the following items to the user:

List of Certified Transmitters available for selection
Remote Platform ID of 8 Hex characters
Operating channel(s)

Operating data rate(s)

Self-Timed reporting slot

Random reporting daily transmission time loading

An example of received messages and their associated NOAA assigned time slots is shown in Figure 21.
This screen shot is from Microcom’s DAMS-NT GOES DCS Tool Kit.

The yellow lines indicate the actual times of the received messages overlaying the assigned windows as
indicated by the two-tone gray spaces. The messages would be ideally located in the center of the
assigned time spaces.
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Figure 21: Channel 49 GOES East Received Messages Overlaid Time Assigned Slots

4.2. Set Up for Use with Self-Timed Operation

The user should have on hand the following information:

= NOAA/NESDIS information for:
¢ Reporting Channel and BAUD Rate, example is 195 at 300 bps
o Reporting Time, e.g. 02:30 (in UTC/GMT not local time)
o Reporting Interval, e.g. 60 minutes
o Reporting Window length, e.g. 10 seconds

= GTX connected to Laptop, power supply, RF Load, GPS antenna.

Time given by NESDIS is the time after midnight of GMT on which the first transmission of that day will be
made. The GTX’s clock must be set to GMT to ensure proper operation; this will be done automatically if
the GTX’s internal clock is set using the integral GPS receiver.

The following subsections detail the procedures for setting up a GTX for Self-Timed operation. Both the
Configuration Utility and the Terminal interface setup are covered. However, the information provided
only covers the scheduling and formatting of self-timed transmissions; the procedures and set up
information for loading data into the Timed transmission buffer will be covered in later sections.

4.2.1. Terminal Configuration for GOES Self-Timed Operation

Figure 5 provides an example of setting up the GTX for GOES Self-Timed operation. A total of six
commands must be provided to properly schedule and format GOES self-timed transmissions; two
additional commands (TDS & TDO) affect data storage in the Timed Buffer and are covered later.

Note that all the commands involving transmitter set up require the GTX to be placed in the Disabled
mode (i.e. send the DTX command). Complete descriptions of all commands is provided in Section 11.2.
Table 8 provides a summary of the commands required to complete the Self-Timed setup.

When using the Terminal Interface to setup a GTX, it is often helpful to perform an RCF (Read
Configuration) command. This command prints out the current configuration and presents that
information in the proper format as shown in Figure 6.
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Self-Timed Transmission Configuration Commands

Command Short | Section Notes
TimedChannel=ccc,bbbb TCH | 11.2.2 Channel and Data Rate (300 or 1200)
TimedTxInterval=dd:hh:mm:ss TTI 11.2.4 In days, hours, minutes, and seconds
FirstTimedTx=hh:mm:ss FTT 11.2.5 In hours, minutes, and seconds
TimedWindowLength=xxx TWL | 11.2.6 In seconds (5 — 110)
TimedOpFlags=xx TOF | 11.2.7 Bit 0 determines window centering
TimedDataFormat=xxxxxx TDF | 11.2.9 ASCII, Pseudo-Binary, or Binary

Table 8: Timed Transmission Setup Commands

4.2.2.

Utility Configuration for Self-Timed Operation

Figure 22 shows the Transmission Setup page of the Configuration Utility, which is used to perform the
Self-Timed transmission setup. Note that for each of the commands listed in Table 8, there is a
corresponding control to provide this setup. However, there are a couple minor distinctions that need to

be made.

X Microcom Design GTX Ukility - GDES Operation
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Figure 22: Configuration Utility - Transmission Setup Page

First, in order to setup any of the parameters, it's necessary to check the “Enable Self Timed
Transmission” box . This control doesn’t actually correlate to a command, but is provided as simple
mechanism to disable Timed transmissions. With Timed transmissions disabled, the values of the
remaining parameters are irrelevant and are not required. As shown in Figure 22, random Transmissions
are not enabled; as such, all controls pertaining to this feature are disabled.
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Second, the Tx Interval in the Configuration Utility only shows hours, minutes, and seconds. Since
transmission intervals greater than 3 or 4 hours are atypical, the utility omits the days in the control and
will force them to 00 when issuing the command. If daily intervals are required, this control can be set to
include days by checking the “Allow Interval Days” box on the Transmission Setup page of the GTX
Configuration Preferences dialog.

4.3. Set Up for Use with Random Operation
The user should have on hand the following information:

* NOAA/NESDIS information for:
¢ Reporting Channel and BAUD Rate, example is 118 at 100 bps
e Reporting Interval, e.g. 15 minutes
e Reporting Repeat Count, e.g. 3 transmissions

= GTX connected to Laptop, power supply, RF Load, GPS antenna.

The following subsections detail the procedures for setting up a GTX for Random operation. Both the
Configuration Utility and the Terminal interface setup are covered. However, the information provided
only covers the scheduling and formatting of self-timed transmissions; the procedures and set up
information for loading data into the Random transmission buffer will be covered in later sections.

4.3.1. Terminal Configuration for Random Operation

Figure 23 provides an example of setting up the GTX for Random operation using a Terminal interface. A
total of six commands must be provided to properly schedule and format random transmissions; two
additional commands (RDS & RDO) affect data storage in the Random Buffer and are covered later.

Note that all the commands involving transmitter set up require the GTX to be placed in the Disabled
mode (i.e. send the DTX command). Complete descriptions of all commands is provided in Section 11.2.
Table 9 provides a summary of the commands required to complete the Random setup.

Random Transmission Configuration Commands

Command Short | Section Notes
RandomChannel=ccc,bbbb RCH | 11.2.12 | Channel and BAUD rate (300 or 1200)
RandomlInterval=mm RIN 11.2.13 | In minutes
RandomPercent=pp RPC | 11.2.14 | In percent
RandomRepeatCnt=xx RRC | 11.2.15
RandomDataFormat =xxXxxxx RDF | 11.2.16 | ASCII, Pseudo-Binary, or Binary
RandomOpFlags=xx ROF | 11.2.19

Table 9: Random Transmission Setup Commands
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Figure 23: Random Transmission Terminal Setup

When using the Terminal Interface to setup a GTX, it is often helpful to perform an RCF (Read
Configuration) command. This command prints out the current configuration and presents that
information in the proper format as shown in Figure 6.

4.3.2. Utility Configuration for Random Operation

Figure 24 shows the Transmission Setup page of the Configuration Utility, which is used to perform the
Random transmission setup. Note that for each of the commands listed in Table 9, there is a
corresponding control to provide this setup. However, there are a couple of minor distinctions that need
to be made.

First, in order to setup any of the parameters, it's necessary to check the “Enable Random Transmission”
box. This control doesn’t actually correlate to a command, but is provided as simple mechanism to
disable Random transmissions. With Random transmissions disabled, the values of the remaining
parameters are irrelevant and are not required. Figure 23 shows this same page with Random
transmissions not enabled; as such, controls pertaining to this feature are disabled.

Second, note also that there is not a Preamble control in the Random Transmission Setup group (see
Figure 24) nor is there a command in Table 9 for this setting. The preamble type does not apply to HDR
operation and Long Preambles are not permitted for Random transmission at 100 bps so this control is
omitted.
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Figure 24: Configuration Utility - Random Transmission Setup

4.4, Timed and Random Operation Flags

As shown in Figure 24, both the Timed and Random Transmission Setup group boxes include a set of
Operation Flags. Since the four Random Operation flags are identical to four of the Timed Operation
flags, these will be discussed in tandem in the following section. The subsequent section will detail the
flags unique to Timed transmissions.

The operation flags are a bit-mapped value as explained in Section 11.2.7 (TOF) and Section 11.2.19
(ROF). Using the Configuration Utility to control these flags frees the user from having to compute the
Hexadecimal value for the desired flag settings.

4.4.1. Common Operation Flags
The four common Operation Flags are primarily intended for test and troubleshooting.

The two “Dump” flags, when set, direct the GTX to dump test information to the RS-232 port when a
transmission occurs. Using these flags, the user can configure the GTX to dump the contents of
corresponding transmission buffer and/or the status results (see Section 11.10.6) from the transmission.
The buffer dump begins at the start of the transmission, while the status report is sent at the completion of
the transmission.

The two “Log” flags, when set, direct the GTX to log the occurrence and/or results from a transmission in
the event buffer. This information can be retrieved at a later date (see Section 11.11). Logging the
Beginning of the Transmission simply flags the time the transmission was started and the type of
transmission. However, Logging the End of the Transmission directs the GTX to save the battery voltage
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under load, the forward power, and the reflected power in the event log. Recalling this data can provide
useful information with regard to the performance of the unit over time.

4.4.2. Timed Only Operation Flags

Four additional flags applicable to Timed transmissions only are included in the Timed Operation Flags as
shown in Figure 24.

4.4.2.1. Center Transmission in Window

The “Center Transmission in Window” flag, when set, directs the GTX to center the Timed transmission
within the programmed transmission window. Specifically, prior to sending a Timed message, the GTX
will compute the message length, subtracts this value from the TimedWindowLength, and adjust the
transmission start time by one half of the difference. This process ensures that the message is precisely
centered in the window.

Not setting this flag will direct the GTX to start the message at the top of window.

Centering the transmission in the window ensures the maximum protection from being interfered with by a
platform in a neighboring window, especially when the message length is small compared to the window
size. This approach can be critical to reliable message reception when neighboring windows are “owned”
by another GOES user.

4.4.2.2. Timed Buffer Control Flags

The remaining two Timed Operation Flags are related to the Timed message buffer. Both of these flags
are only applicable when the GTX is configured with RS-232 as the Data Source, i.e. when transmission
data is provided by an external host.

The Send “Buffer Empty” flag directs the GTX to send the message “BUFFER EMPTY” if the Timed
message buffer is empty at the start of a timed transmission.

The “Do Not Clear Timed Buffer” overrides the default operation of automatically clearing the Timed
message buffer at completion of a transmission.
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5. Soft Configuration

While the Microcom GTX-2.0 is a highly flexible device capable of being customized to suit a particular
user’s requirements, further enhancing the flexibility of the GTX is its soft configuration design. The GTX
allows the end-user to not only tailor the operational configuration and setup characteristics, the GTX also
provides the user the capability to specify how many types of parameters and sensors are required for a
particular application. This approach maximizes the use of the configuration memory in the GTX.

The GTX includes 6656 bytes of configuration memory. Of this total configuration memory, 512 bytes are
dedicated to fixed setup parameters and calibration constants. The remaining 6144 bytes are available
for soft configuration. Even though this memory provides a significant amount of configuration capability
since the GTX stores configuration setups with a minimum number of bytes, it does present a finite limit.
Further, hard-coding fixed resources, such as configuration memory, unduly limits the requirements of
one application by providing resources for another application. For example, the default configuration of
the GTX allocates 20 Random Data Parameters for the Random Transmission buffer and 15 Random
Trigger events. If Random transmissions are not to be used, permanently allocating the memory for
these setups effectively wastes configuration memory space. Continuing with this example, simply
allowing the configuration memory to be re-allocated when not using Random transmissions frees up
enough memory for over 25 additional sensors (either Internal or SDI-12).

While the user should be aware of how the soft configuration memory affects various applications, the
use of the Microcom GTX Configuration utility frees the user of having to manage these resources. Since
the definition of sensors, transmission parameters, and equations are defined dynamically in the
configuration utility, upon download the utility will produce the proper commands to allocate the resources
as needed.

However, the following section provides detailed information on how the GTX command set and the
configuration utility allocate the soft configuration memory, and provide useful information on the limits
and capabilities of the configuration memory.

5.1. Soft Configuration Allocation and Memory Usage

Table 10 below summarizes the available soft configuration parameters and their associated memory
requirements and limits. As shown in the table, of the 6144 bytes available for soft configuration, only
808 bytes are used in the default configuration. The remaining bytes can be reallocated for additional
sensors or parameters, MMA (Min, Max, Avg) Processor, or can be used for equations. As is readily
obvious, setting all the configuration types to their maximum currently does not exceed the available
memory, and still leaves 1699 bytes for user defined equations.

However, the soft configuration approach was originally implemented in the GTX-1.0 and carried over into
the GTX-2.0. Further, future revisions of the GTX-2.0 will significantly increase the maximum number of
each type of configuration item, which will once again make the soft configuration necessary and useful.

Memory Default Max
Configuration Type | Bytes Per | Dflt | Memory | Max | Memory | Cmd
Internal Sensor 11 5 55 64 704 ISN
SDI-12 Sensor 13 10 130 64 832 SSN
Timed Data Param 13 20 260 100 1300 TPN
Random Data Param 13 20 260 40 520 RPN
Random Trigger 6 15 90 30 180 RTN
MMA Processor 6 0 0 64 384 MMN
Equation Constant 8 0 0 64 512 EKN
Equation Lng+1 0 0 0 0 EQN

Overhead (Fixed) 13 13 13
808 4445

Table 10: Soft Configuration Memory Utilization

Microcom Environmental 43



Microcom GTX-2.0 O&M Manual V2.20/R2

The far right column of Table 10 provides the GTX command that can be utilized to adjust the allocated
memory for each configuration type. These commands are covered in detail in Section 11.

One other useful command when setting up the soft configuration for the GTX is the Configuration
Memory Available (or CMA) command. This command allows the user to query the GTX for the number
of soft configuration bytes currently available. In other words, this command frees the user of having to
calculate the available memory in the soft configuration memory based on the current definitions.

Microcom Environmental 44



Microcom GTX-2.0 O&M Manual V2.20/R2

6. Data Collection

In addition to being a fully functional satellite data transmitter, the Microcom GTX-2.0 is also a versatile
data collection system. By combining these two major features, the GTX-2.0 can function as a complete
Data Collection Platform. Further, with the addition of a few external SDI-12 sensors the GTX can meet
or exceed many satellite based environmental data collection requirements. The ability of the GTX to
provide logging also allows the GTX to operate as stand-alone Data Logger.

6.1. Basic Operation

The GTX-2.0 can operate in one of two main data collection modes for satellite transmission; either RS-
232 or Sensor. As shown in Figure 24, the Timed and Random transmission setups can be
independently set as to which mode to operate in. For example, the Timed Buffer can collect data from
an RS-232 source while the Random Buffer can be loaded from direct Sensor data, and vice versa.

The primary distinction between this two modes of operation is whether the transmission buffer(s) is/are
loaded directly by the sensor data the GTX “collects” or by data that is supplied from an external source.

6.1.1. RS-232 Data Collection Using an External Data System

When the Data Source for Timed or Random transmissions is set to RS-232, the GTX expects the bulk of
the data to be loaded into the corresponding transmission buffer to be provided by an external source
such as a data logger (e.g. the Microcom SI-5).

While the bulk of the data is provided externally, the GTX can also be set up to include health data in the
form of Header parameters (see Section 9.1) in the message stream. Typically, the Header parameters
provide health status about the transmitter captured from the previous transmission by the GTX itself (e.g.
battery voltage under load).

When operating in the RS-232 mode, the external source is responsible for capturing, formatting, and
providing the message data. Data for the Timed Buffer is supplied using the Timed Data (TDT)
command, see Section 11.4.2. Data for the Random Buffer is supplied using the Random Data (RDT)
command, see Section 11.4.6.

Even though the external source or host is required to provide the data for a buffer configured with RS-
232 as the data source, the GTX’s internal sensors and SDI-12 can still be utilized to collect the data. In
other words, the host can use the GTX command set to collect the data from the internal temperature
sensor, the tipping bucket counter, and the battery voltage sensor; the host can even send commands to
SDI-12 devices connected to the GTX while the unit is operating.

To configure the Timed Buffer for RS-232 data collection using the Terminal interface, the command
TDS=R is sent as shown in Figure 5. To configure the Random Buffer for RS-232 data collection using
the Terminal interface, the command RDS=R is sent as shown in Figure 23. Note that when Random
transmissions are configured with RS-232 as the data source the loading of data into the Random Buffer
is the event which triggers the Random reporting sequence.

6.1.2. Sensor Data Collection

When the Data Source for Timed or Random transmissions is set to Sensor, the GTX will collect, format,
and load the data into the corresponding transmission buffer autonomously. The process of collecting
data is independently configured from the processes of formatting and loading the buffers. This approach
provides the user with unprecedented flexibility in designing the data collection system.

The following subsections detail the data collection process, while Section 9 describes the formatting and
loading of collected data into the transmit buffers.

The GTX-2.0 provides for data collection from both internal sensors (temperature, tipping bucket counter,
and battery voltage) and from external SDI-12 sensors. In either case, the user has complete flexibility in
the scheduling and use of the collected data parameters.

Each sensor parameter has a unique collection schedule. Specifically, the user defines both a collection
Interval and Offset. The collection interval defines how often a sensor is read and collected; the offset
defines precisely when in the interval window the collection occurs.
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Permitting sensor parameters to have their own collection interval allows some parameters to be read
more frequently than others. For example, one parameter may be read on a 5 minute schedule and
another parameter may be read on a 15 minute schedule. If both parameters are to be included in an
hourly Self-Timed transmission, 12 readings from the first parameter would be included in the Timed
Buffer while 4 parameters from the second would be included.

It's also permissible to define two different schedules for the same parameter. For example, the tipping
bucket counter can be read on a 15 minute schedule for inclusion into the Random Buffer, and can also
be read on a 1 minute schedule to be used to trigger a Random report sequence.

Providing a unique offset for each sensor allows the user to completely control the timing of data
collection for parameters. This feature can be utilized to fully specify the collection order for parameters
that have the same collection schedule. It can also be useful to schedule data collection around Self-
Timed events, i.e. to ensure the data collection occurs at precisely the desired instant in time with regard
to the scheduled transmissions.

Intervals for sensor sampling must be in the range of 00:00:01 to 24:00:00 (i.e. once a second to once a
day). Offsets can be 00:00:00 (i.e. no offset), and any value less than the Interval. For Intervals and
Offsets in the range of 00:00:00 to 12:00:00, the value can be defined to the second. However, Intervals
and Offsets between 12:00:00 and 24:00:00 must have an even second; i.e. the resolution is 2 seconds.

When a data parameter is collected, it is automatically forwarded to the Data Storage module for
processing (see Section 1.2.3.2). Collected data can be included in either of the two transmission buffers
(Timed and Random), used to trigger Random report sequences, and/or logged in the Data/Event Buffer
for RS-232 retrieval. In other words, how the data is to be used is fully at the discretion of the user.

6.1.2.1. Internal Sensors

The GTX-2.0 provides three types of physical Internal Sensors, temperature, tipping bucket counter, and
battery voltage. Additionally, Internal Sensors can be tied to Equations and can be used to capture the
GTX’s internal clock.

While the Tipping Bucket is actually an external device, the counting operation is performed internally in
the GTX. As such, for the purpose of configuration, the Tipping Bucket Counter is considered an Internal
Sensor. The tipping bucket counter can be collected and processed in raw counts, a scaled value, and/or
both.

Figure 25 shows an example of a typical configuration for the Internal Sensor using the Configuration
Utility. This figure also shows the first step in defining the Internal Sensors. Clicking the arrow button in
the “Type” cell of the desired sensor row calls up a drop down list. In addition to the four physical sensor

options (“Temp”, “Count”, “Value”, and “Battery”), the user can select the “Clock” option and any defined
equation.

In this example, only one equation (EQNO) has been defined. As more equations are defined, they are
automatically added to the drop down list.

The maximum number of Internal Sensors that can be defined is 64. This flexibility not only supports
numerous equation definitions to be scheduled and executed, it also allows the same sensor to be read
on multiple schedules. For example, in Figure 25, the tipping bucket is read on a 15 minute schedule as
a scaled value (i.e. the raw counts times the Multiplier value of 0.01); also, the tipping bucket is read on a
1 minute schedule, un-scaled. The scroll bar on the right of the grid allows access to the remaining
Internal Sensors.

In the example in Figure 25, all three parameters have unique Offsets 1 second apart. Accordingly, when
these sensors are all collected, the temperature will be read first, followed by the tipping bucket value,
followed by the tipping bucket count. Note that it is not necessary to explicitly provide this scheduling as
the sensors will typically be sampled in the order they are defined; the intention of the example is to also
show the versatility of the offset feature.

On the other, when using sensor values to feed equations, the equation must be scheduled to execute
after the sensor sampling will be complete to ensure the most current values are utilized in the equations.
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It is especially important to be aware of and account for any latency in SDI-12 sampling when determining
when to execute an equation (see Section 6.1.2.1.4 for more information).
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Figure 25: Configuration Utility - Internal Sensors Setup Page

While Figure 25 shows how the Internal Sensors are configured using the Configuration Utility, Section
11.5.3.1 provides detailed information on configuring the Internal Sensors via a Terminal interface using
the ISX command. The command sequence shown below will result in the same configuration as Figure
25.

Is0=TM,00:15:00,00:00:00,1
Is1=Tv,00:15:00,00:00:01,0
Is2=TC,00:01:00,00:00:02,D

6.1.2.1.1. Temperature Sensor

While the primary purpose of the internal temperature sensor is to monitor the temperature of the TCXO
for improved time keeping accuracy (see Section 1.2.3.1.2), the temperature readings can also be
captured for other purposes. While this temperature cannot typically be used for environmental
monitoring since the sensor resides inside the GTX, it can provide a useful measurement of the
temperature inside an enclosure.

The measurement reading from the temperature sensor has a resolution of 0.25°C. The ASCII format of
the temperature reading has a maximum width of 7 characters (£xxx.xx); sign, 1-3 digits left, decimal
point, 2 digits right.
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6.1.2.1.2. Tipping Bucket Counter

The tipping bucket counter interface allows connection to industry standard contact-closure style tipping
buckets for measuring rainfall accumulation (see Section 2.1.3). The counter increments every time it
detects a switch contact closure from the tipping bucket; each tip is calibrated to a predetermined amount
of rainfall.

The tipping bucket counts can be collected periodically and transmitted to provide an indication of the
amount of rainfall that has occurred at a remote site. The rainfall measurement can be collected as raw
counts or as a scaled value. Scaling allows the rainfall value to be reported in engineering units (e.g.
inches or millimeters).

The tipping bucket counter can be automatically cleared (reset to 0) on a variety of schedules or simply
allowed to rollover at a user defined terminal value. The counter resolution is 16-bits, which yields a
count range of 0 to 65,535.

The ASCII format of the tipping bucket counts is an integer value with leading 0 digits; the number of
digits is equal to the number of digits in the terminal count minus one. For example, for a roll over count
of 1001-10000, the tipping bucket count will always be reported with four digits (e.g. 0000); for terminal
counts greater than 9999 (i.e. 10001-65535), the counts will be reported with five digits (e.g. 00000).

6.1.2.1.2.1. Tipping Bucket Scaling

As shown in Figure 25, the Tipping Bucket Multiplier can be set to one of 12 standard values; the default
value is 1. When scaling is active (not set to 1), the tipping bucket value will be the scaled product of the
Multiplier times the raw counts. See Section 11.5.3.10 for information on using the Terminal command
(TBM) to set this value.

The ASCII format of the Tipping Bucket Value depends on both the rollover limit and the scaling
multiplier, and includes leading zeroes, if necessary. The number of decimal places (digits to the right of
the decimal point) will be the same as the multiplier. Further, since the value is reported with leading 0
digits; the number of digits to the left of the decimal point can be determined by computing the maximum
value. For example, if the rollover count set to 4000 with a Multiplier of 0.25, the maximum reading is

999.75 (0.25*(4000-1)). Accordingly, for this example, the value will be between 000.00 and 999.75,
inclusive. Figure 29 shows another example for this configuration.

6.1.2.1.2.2. Tipping Bucket Rollover

The user can define a rollover value for the tipping bucket raw counts to limit the range of the counts
and/or the Tipping Bucket Value. As shown in Figure 25 and Figure 29, this value is entered in the edit
box in the “Tipping Bucket Setup” group. The maximum reading for the counts is 1 less than the rollover
count, i.e. the counter rolls back to 0 when it would equal this number. Setting the rollover to 0 allows the
counter to reach the maximum 16-bit value of 65,535. See Section 11.5.3.11 for information on using the
Terminal command (TBR) to set this parameter.

6.1.2.1.2.3. Tipping Bucket Auto Clear

The GTX can be configured to automatically clear the counter on one of the time schedules shown in
Figure 25 (e.g. Monthly). When the internal clock advances the day, it checks the Reset Interval and
zeroes the counter if necessary. The Reset Interval can be a fixed number of days or can be scheduled
to coincide with the 157 of the month. Setting the Reset Interval to Monthly (Jan-Dec), Quarterly (Jan,
Apr, Jul, Oct), Bi-Annually (Jan, Jul), or Annually (Jan) will reset on the first of the months listed
parenthetically. See Section 11.5.3.12 for information on using the Terminal interface to configure the
Reset Interval using the TBA command.

When the “Daily” auto clear option is selected, the user can also specify a precise UTC hour as to when
to clear the tipping bucket as shown in Figure 26. The default value is hour 0, i.e. at the beginning of the
new UTC day, but allowing the hour to be specified can be useful to have the reset occur at the start of
the local day.
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Figure 26: Configuration Utility - Tipping Bucket Daily Auto Clear

6.1.2.1.3. Battery Voltage

The battery voltage sensor allows the unit's power source (battery or power supply) to be read in VDC.
The voltage reading for this sensor has a resolution of 0.1 VDC. The ASCII format of the battery voltage
has a maximum width of 5 characters (xxx.x); sign, 1-2 digits left, decimal point, 1 digit right.

6.1.2.1.4. Equation Internal Sensors

Internal Sensors can also be linked to equations; defining equations is covered in Section 7. Tying an
Internal Sensor to an equation allows the equation to be executed on a prescribed interval. Once
executed, the result of the equation can be logged, stored in a transmission and/or used as a parameter
in an equation as is the case with all Internal Sensors.

To select an equation for an Internal Sensor, ensure the equation is defined and simply select from the
“Type” drop down list as shown in Figure 25; the GTX Utility program will automatically include all defined
equations in the drop down list. Once selected, the Interval, Offset, logging and trigger options can be set
as with any other Internal Sensor.

Figure 27 shows an example of how to setup an equation as an Internal Sensor. For this example,
assume that EQNO (equation zero) has been defined as “9*0/5 + 32”; this example shows how to setup
the GTX to capture and log the internal temperature in Fahrenheit instead of Celsius. Note that the
internal temperature sensor is sampled every fifteen minutes at the top of the minute. One second after
the temperature is captured in Celsius, EQNO is executed; this means the value just placed in the variable
10 is multiplied by 9, divided by 5 and the result is summed with 32. For this example, the “Log Rate” for
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INTO has been set to 0, disabling the logging of the Celsius, and the “Log Rate” for INT3 is set to 1,
enabling the capture of the internal GTX temperature in Fahrenheit in the data log.
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Figure 27: Configuration Utility - Equation Internal Sensor Setup

As noted above, it is important to properly schedule the execution of an equation relative to the sampling
of the sensor values that are to be used in the equation to ensure the correct and most current values are
utilized in the calculations. While the latency in sampling the GTX’s Internal Sensors is negligible (i.e.
equations can be executed within a second of the Internal Sensor sampling), SDI-12 Sensors can have a
considerable time delay (several seconds to even minutes) between the request to perform the sample
and when the reading is available to be collected. These time delays must be accounted for when
scheduling equations that operate on SDI-12 Sensor values.

For example assume, and SDI-12 sensor is sampled every 10 minutes with an offset of 00:00:00 (i.e. at
xx:10:00, xx:20:00, and so on). Further, assume the particular SDI-12 sensor requires 5 seconds to
complete the measurement before the reading is available and that an equation is required to process the
sampled value. In this example, the equation should be scheduled to execute every ten minutes with an
offset of at least 00:00:06 (six seconds) to be certain the latest sample is available for when the equation
executes.
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6.1.2.1.5. Clock Internal Sensors

Selecting a “Clock” internal sensor allows the GTX’s internal clock to be sampled and captured. The
captured value can then be used to place a timestamp in a transmission before and/or be used in a
calculation.

As shown in Figure 28, once the Internal Sensor “Type” is set to “Clock”, the “Delta” and “Log Rate” rate
fields are disabled, i.e. clock samples cannot be logged — there’s no reason to log a clock value since all
logged parameters and events automatically include a timestamp. For a “Clock” Internal Sensor, the
“Trig” cell drop down list is populated with a series of time/date formatting options that are used to select
the desired format for the clock sample.
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Figure 28: Configuration Utility - Clock Internal Sensor Setup

One of thirty-three different formatting strings are available that allow capturing and formatting various
subsets of the GTX’s date and time fields (i.e. secs, minutes, hours, day, month, year). The formatting
options are summarized in Table 11. As the table indicates, time/date strings can be generated with or
without the standard separators (colon for time and slash for date). All fields are generated with leading
zeroes, where applicable, and the year field is always four digits.

If the Clock Internal Sensor is selected to be in an ASCII formatted transmission buffer, the field width
must be sufficient to accommodate the data and separators if specified. When used in a Pseudo Binary
transmission buffer or in an equation, the value of the clock sensor is simply the numeric value of the
digits up to the first separator character, if present.
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Example Output
Format 01/02/2013 Sensor
String Field(s) 12:34:56 Value
S Second 56 56
MI Minute 34 34
MS Minute, Second 3456 3456
M:S Minute, Second 34:56 34
H Hour 12 12
HM Hour, Minute 1234 1234
H:M Hour, Minute 12:34 12
HMS Hour, Minute, Second 123456 123456
H:M:S Hour, Minute, Second 12:34:56 12
JHMS Julian Day, Hour, Minute, Second | 002123456 002123456
J:H:M:S | Julian Day, Hour, Minute, Second | 002:12:34:56 002
D Day of Month 02 02
MO Month 01 01
Y Year 2013 2013
J Julian Day 002 002
MD Month, Day of Month 0102 0102
M/D Month, Day of Month 01/02 01
MDY Month, Day of Month, Year 01022013 01022013
M/D/Y Month, Day of Month, Year 01/02/2013 01
DM Day of Month, Month 0201 0201
D/M Day of Month, Month 02/01 02
DMY Day of Month, Month, Year 02012013 02012013
D/IM/Y Day of Month, Month, Year 02/01/2013 02
MY Month, Year 012013 012013
M/Y Month, Year 01/2013 01
YM Year, Month 201301 201301
YIM Year, Month 2013/01 2013
YMD Year, Month, Day of Month 20130102 20130102
Y/M/D Year, Month, Day of Month 2013/01/02 2013
JY Julian Day, Year 0022013 0022013
JIY Julian Day, Year 002/2013 002
YJ Year, Julian Day 2013002 2013002
Y/J Year, Julian Day 2013/002 2013

6.1.2.1.6.

Figure 29 shows the

Table 11: Clock Internal Sensor Formats and Values

Testing the Internal Sensors

Internal Sensor

page of the Configuration Utility when it

is

V2.20/R2

in the

Configure/Control/Deploy GTX modes (see Section 3.2.4). In this mode, the utility provides access to
“Enable Sensor Test”. Further, to display the “Tests” group, the “Enable Sensor Test” box must be
checked as shown.

The Temperature, Bucket Count, Bucket Value, and Battery Voltage buttons can be used to read the
current sensor values. These buttons are equivalent to issuing the TOT? (Section 11.5.3.7), TBC?
(Section 11.5.3.8), TBV? (Section 11.5.3.9), and RBV? (Section 11.10.17) commands, respectively.

Selecting a row where the Internal Sensor is tied to an equation then clicking the “Equation Test” button
will direct the GTX to execute the associated equation. In the example below, EQNO is defined to convert
the temperature reading from Celsius to Fahrenheit. While equations are defined in standard Infix
notation (see Section 7), the actual process of the equation execution is shown in Postfix notation where
the operands follow the operators (this is also known as Reverse Polish Notation or RPN).
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Note the “Equation Test” function does not operate on the current value of a sensor, but on the last
sampled value. In the example above, the current temperature value is 24.50 °C, which would calculate
to 76.1 °F. The calculated value of 77.9 °Findica tes that the last sampled value for the INTO or 10 was
25.50 °C.
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Figure 29: Configuration Utility - Reading Internal Sensors

6.1.2.2. SDI-12 Data Collection

Up to sixty-four SDI-12 parameters can be collected and processed by the GTX; the default configuration
provides ten SDI-12 sensor parameters (see Section 5.1). These parameters can be collected from a
single SDI-12 device or from multiple SDI-12 devices. As the parameters are collected, they are passed
to the data processing module where they can be included in the Timed or Random transmission buffer
(or both), and can be used to trigger random reports.

To allow maximum flexibility, the configuration of the SDI-12 data collection is independent of the data
storage functions similar to the Internal Sensors. This section will detail how to define what SDI-12
parameters are sampled; what to do with the SDI-12 data samples once they are collected is defined in
later sections.

The following discussion assumes that the user has some familiarity with the use and configuration of
SDI-12 devices. Commands shown in braces { } refer to the actual command sequence (braces are not
to be included) on the SDI-12 bus. The SDI-12 protocol uses the ASCII character set as the basis for
communication.
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Figure 30 shows an example of how to setup data collection from SDI-12 devices. Each SDI-12 device
connected to the SDI-12 bus of the GTX (see Section 2.1.6) must have a unique address. Entering the
correct address in the Address column of SDI-12 setup grid is the first step in configuring the GTX to
sample a particular SDI-12 device. Typically, the address will be in the range of ‘0’ to ‘9’.

Each SDI-12 device must support the basic Start Measurement command {aM!}, where ‘a’ is the sensor
address. Some devices may also support Additional Measurement commands, {aMx!}, where ‘X’ is in the
range of 1 to 9 (i.e. {aM1!} through {aM9!}). The Measurement column of the setup grid allows the user
to define which measurement command is used to collect the data. A value of 0 corresponds to the

{aM!}, while a non-zero value defines x’. For example, referring to Figure 30, SDI-12 sensor designated
SDIO will use the command {OM!}, while SDI2 will use {IM3!}.

The GTX also supports concurrent measurements, i.e. SDI12 commands {aC!}, and {aC1!} through
{aC9!}. To define the use of the concurrent measurement command, simply insert the letter ‘C’ ahead of
the measurement number. Note that it is the end user’s responsibility to ensure the SDI-12 device
supports concurrent measurements.

Finally, the GTX must be informed as to which Value to collect from the sensor’s response. In response
to a measurement directive from the GTX; the SDI-12 device must return at least one value, but may
return as many as nine values. These values may be multiple readings of the same type, or may be
different parameters entirely. For example, an SDI-12 Sensor may return both pressure and temperature
as part of its response. The Value column is used to define which value or parameter is associated with
this collection.

Each of the SDI-12 designations (i.e. SDIO through SDI9 for the default configuration) can only collect one
value. However, since an SDI-12 sensor can return multiple values or parameters per measurement, the
GTX allows a simple mechanism to get more than one of these multiple values. As shown in Figure 30,
sensor SDI1 is “Appended” to sensor SDI0. Checking the Append box literally ties the two SDI-12 sensor
definitions to one measurement sequence; i.e. SDI1 will be collected along with SDIO. Specifically, when
data is collected following the issuance of the {OM!} command, the GTX will parse out the data response
and assign the first value to SDIO and the second value to SDI1.

Note that it is not possible to use the Append function on SDIO since it is the first SDI-12 Sensor. The
Append process can be continued as needed and tie additional sensors to a previous measurement that
is already “Appended”.

To complete the SDI-12 Sensor setup, the Interval and Offset must be defined (see Section 6.1.2).

While Figure 30 shows how SDI-12 Sensors are configured using the Configuration Utility, Section
11.5.1.1 provides detailed information on configuring the SDI-12 Sensors via a Terminal interface. The
command sequence shown below will result in the same configuration as Figure 30.

$s0=0,1,1,00:15:00,00:00:05,1
Ssl=g,2
$s2=1,3,1,00:15:00,00:00:10,1

The actual format of the SDI-12 data depends solely on the SDI-12 sensor itself. However, all
parameters or values returned by an SDI-12 device in response to a measurement command are numeric
values in ASCII with a leading sign character.
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Figure 30: Configuration Utility - SDI-12 Sensors Setup Page

6.1.3. SDI-12 Power Control

As shown in Figure 30, the bottom of the SDI-12 Sensors setup page also includes several controls that
are used to define when the SDI-12 Power bus is enabled. The “GTX Enabled” group box in the “SDI-12
Power” section is used to define how the SDI-12 Power should be controlled when the unit is enabled; the
three options are “Always Off’, “Always On”, and “On Per Schedule”. The “GTX Disabled” group box
defines what the SDI-12 Power should do when the GTX is disabled; the only option here are “Always
Off” or “Always On”. Note that the default settings for both these group boxes are “Always On”, i.e. the
SDI-12 Power is always present.

When the GTX is configured for “On Per Schedule”, the table in the center of the “SDI-12 Power” section
is used to define the On/Off schedule. Up to six schedules (0 thru 5) can be defined allowing for multiple
distinct on times, as well as for overlapping on times.

For each entry in the table, three fields are defined; an interval, an offset, and a duration. The interval
and offset settings operate in a similar fashion to the rate intervals and offsets for sensor sampling.
Specifically, the interval determines how often the power should be turned on and the offset determines
where within the interval the power should be turned on. The duration determines how long the SDI-12
power should be on. In the table, all three fields are specified in “hh:mm:ss” format.

The offset and duration values must be strictly less than the interval. The interval and duration values
cannot be zero; except in the case where all three values are zero which is an undefined or cleared entry.
The minimum interval is 15 seconds and the maximum interval is twenty-four hours (i.e. 24:00:00).
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The ability to turn SDI-12 supply off and on can be useful to reduce the overall system power
requirements by only powering up SDI-12 devices when necessary to make measurements. Note that
this feature should not be used with sensors that provide average (e.g. average wind speed) or
accumulated (e.g. rainfall) readings since the sensor will not be able make the necessary measurements
to update averages or accumulate totals during the time the SDI-12 bus is powered down. Further, when
programming the SDI-12 Power On/Off cycle, consideration must be given to warm-up times required by
the SDI-12 sensors.

While the SDI-12 Power is primarily intended for the SDI-12 bus, this switchable +12 VDC output can be
used to power other devices as well, and the programmable on/off features can be used to only enable
these devices when necessary. The only requirement is that total maximum current for all devices be
limited to 0.5 amps; the +12V supply for the SDI-12 bus has an inline self-resetting fuse of 1 amp.

Figure 31 shows an example of SDI-12 Power scheduling. In this example, the first three schedules in
the table are defined, and the last three are unused (i.e. “Interval”, “Offset”, and “Duration all “00:00:00").
Note that for the schedule to be active, the “GTX Enabled” setting MUST be set to “On Per Schedule”.
This separate control setting is useful when it is desired to disable the On/Off schedule without having to
clear the table values.

= E
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B[ 0| SDI0 a i 1 00:15:00 | 00:00.05 1 Nane =
1: 1 50N v 2 1 MNone = |[==
2| 5DI2 1 3 1 00:15:00 | 00:00:10 1 Nane =
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4| 5DI4 -
5| 5DI5 -
B | SDIE hd
7| 507 b
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FRSSE] ==l
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Figure 31: Configuration Utility - SDI-12 Power Schedule Example
In the example shown in Figure 31, the first entry will result in the SDI-12 Power coming on every fifteen

minutes at 7 minutes into the interval (i.e. at xx:07:00, xx:22:00, xx:37:00, and xx:52:00), and will be on
for two minutes (i.e. until xx:09:00, xx:24:00, xx:39:00, and xx:54:00). The second entry adds an
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additional point in time where the SDI-12 bus will be powered up for 30 seconds before the top of each
hour and stay on until 30 seconds after the hour (1 minute in total). The third table entry defines an
overlapping segment where the SDI-12 Power will be for an entire hour every day beginning at 12:00:00
UTC.

As this example shows, the ability to define multiple entries in the SDI-12 Power table allows for several
distinct and/or overlapping regions. If any entry in the table indicates the SDI-12 Power should be on,
then the SDI-12 bus will be powered. Only when all entries in the table indicate that the SDI-12 Power
should be off will the power be removed from the SDI-12 bus.

Section 11.5.2, details how to define the SDI-12 Power controls using the Terminal interface. Note that
the “On Per Schedule” option in the “GTX Enabled” group box is equivalent to the Auto mode when using
the terminal commands to define the SDI-12 Power Mode (see Section 11.5.2.2).

6.1.4. Sensor Data Logging

As shown in Figure 25 and Figure 30, both Internal and SDI-12 Sensors have Log Rate, Delta, and Trig
columns. As has been noted previously, the data collected can also be logged to a nonvolatile
Data/Event buffer. Each logged data point has its own timestamp.

In a typical DCP application, data is being continuously sampled, buffered and transmitted in “near real-
time”. As long as the data is properly received, this “near real-time” data can be used for rapid response
to changing environmental conditions. However, this data can also be archived for historical analysis.

As long as the communication link is unobstructed, the received data will be readily and reliably available
for both types of use. However, if a fault condition (e.g. a broken antenna cable) disrupts the link, the
data is irretrievably lost for the “near real-time” application. On the other hand, the ability to log and
retrieve data ensures that gaps in the historical archive can be filled in at a later date. This ability also
allows the GTX to operate in a Logger only mode.

While the default is to log all data values collected, the GTX provides a mechanism to maximize the
historical length of the log. In the “near real-time” application, it's quite often necessary to have several
data points collected within an hour for a particular sensor. However, archiving this much data may not
be practical, or simply not required. For example, it may be desirable to have 15 minute data points
collected and transmitted, but only the hourly readings archived. This simple example reduces the
memory requirements by a factor of 4. This memory reduction directly translates into a factor of 4
increase in the archival capabilities of the GTX log. For example, instead of one month worth of data
being logged, four months would be saved; or instead of 3 months, a full year could be retrieved.

Reducing the logging rate will also reduce the time to retrieve a block of data.

Accordingly, both the Internal and SDI-12 Sensor configurations allow each sensor’s data to be logged at
a multiple of the sampling rate. As noted previously, the default Log Rate is 1, i.e. every sample is saved.
If the Log Rate values in Figure 25 and Figure 30, are changed from 1 to 4, then only an hourly sample is
stored in the log.

The product of the Log Rate and the Interval, effectively defines a “Logging Interval”. Further, the GTX
automatically determines a similar, relative “Logging Offset” to ensure the saved sample is at a specific
and determinable time. Continuing the previous example and assuming the Offset is 00:00:00, the GTX
does not simply log every fourth reading beginning whenever the unit is Enabled, instead it will ensure
that the top of the hour readings are saved. If the Log Rate is reduced to 2, samples will be saved ON
the half hour; if the Log Rate is increased to 96 (4*24), then the data point will be logged at midnight.

The GTX also allows the user to define two logging modifier flags, ‘H’ and ‘L’. These flags, when set,
direct the GTX to log all sample points from this sensor when the value is above or below a Random
Trigger Limit for this sensor. Specifically, if the defined sensor is used as a High or Rise random/sensor
trigger and the current reading is above either of these thresholds, the value will be logged regardless of
the log interval. If the defined sensor is used as a Low or Fall random/sensor trigger and the current
reading is below either of these thresholds, the value will also be logged independent of the log interval.

This mechanism allows data to be logged more frequently when conditions warrant, and less frequently
otherwise. A special “Log Only” version the Random Report Triggers can also be defined so that the
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trigger mechanism applies just to the logging of the sensor, i.e. it will not trigger a random report. See
Sections 9.5, 9.6, and 11.7.5 for information on Random Report Triggers.

Figure 32 shows how to set these flags using the Configuration Utility. Selecting “High” only enables the
‘H’ flag; selecting “Low” only enables the ‘L’ flag; selecting “H/L” enables both and “None” disables all
three.

Random triggers can also be defined as Delta, i.e. the trigger occurs when the difference between the
current and the last value is above/below a specified limit. Logging can also be based on these Delta
triggers. In the High case, the logging will be done when the difference value is above the positive limit,
i.e. the rate of change is in the positive direction and exceeds the threshold. For the Low log trigger, data
will only be collected when the difference between the current and the last value is below the negative
value of the limit, i.e. the rate of change is in the negative direction and exceeds the threshold.
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Figure 32: Configuration Utility - Setting Logging Trigger Flags

Another option provided by the GTX is Delta logging. As shown in Figure 32, checking the Delta box
disables the Log Rate and Trig fields, and enables the Delta logging feature. Delta logging directs the
GTX to only save a new value when it is different from the previously stored value. This can be a highly
effective approach for data such as a Tipping Bucket Rain-gauge, where for extended periods of time the
data does not change at all (e.g. it has not rained). Using this approach, collected data can be sampled
at much higher rates and logged with finer resolution when an event is occurring (e.g. when its raining)
without overtaxing the memory storage.

For example, Figure 32 has the tipping bucket count being sampled on a one-minute basis, but a data
point is only logged when the new sample is different from the previously stored value. If each an every
data point were save, the log would have 1,440 points per day; if it didn’t rain during the day, this would
mean 1,440 points with exactly the same value would be stored! However, when it is raining, data is
sampled and stored much more frequently than it is collected for transmission (e.g. every 15 minutes).
This added resolution in sampling not only provides more precise timing to better determine when it
actually rained; it also provides an indication of how hard it rained.

As shown in Figure 25, the Log Rate can also be set to 0, which will disable logging for this sensor. For
the example shown, the Tipping Bucket Value is redundant since the Tipping Bucket Count is being
saved.

6.1.5. Sensor Labeling

The figures shown throughout this section have utilized the default Labels for the Internal (INTx or INxx)
and the SDI-12 (SDIx or SDxx) Sensors. The GTX, and therefore the Configuration Utility, also allows the
user to redefine these the labels. By placing the cursor in the desired Label field, the user can overwrite
the existing designator with any 1-4 character string.
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Figure 33 show a typical example of custom labeling the Internal Sensors. The custom labels are not
simply provided for reference in the Configuration Utility, these labels are actually stored in the GTX.
These labels are utilized when retrieving logged data (see Sections 10 and 11.11.1) and can even be
used in transmissions (see Section 9.4). Further, labels can be used as a variable name in equations as
explained in Section 7.1.3.2.

The SDI-12 Sensors can be similarly customized. Sections 11.5.1.4 and 11.5.3.4 provide the necessary
information to generate these custom labels using the Terminal commands.
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Figure 33: Configuration Utility - Internal Sensors with Custom Labels
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7. Equation Processor

The Microcom GTX-2.0 incorporates a powerful, yet easy to use, Equation Processor to allow the user to
numerically manipulate acquired data in virtually unlimited ways. Equations are defined and scheduled
independently of the sampled sensors they operate on. Further, an equation may consist of a single
evaluation or may have multiple evaluations strung together that are executed in left-to-right order. The
ability to combine multiple evaluations in a single equation provides the user ability to define a subroutine
to be executed.

Once an equation is defined, it can be attached to an Internal Sensor, which allows the evaluation to be
scheduled exactly like any other sensor. Likewise, the end result of the equation is essentially a new
“sensor sample” that can be further processed just like an actual sensor value. In other words, the
equation result can be stored in the Data/Event log, passed on to a Min, Max, Average Processor (see
Section 8), stored in a transmission buffer, used to trigger a Random report, and/or used in a subsequent
equation.

Equations can be used to provide simple data conversion; such as, converting a sensor from one
engineering unit to another, or altering the data precision (adding or removing decimal places for
formatting).

Equations can also be used to provide complex data manipulation such as polynomial curve fitting or
spatial manipulation (combining or averaging multiple sensor readings to produce a single result). By
properly scheduling multiple equations and other processes, even relatively complex tasks such as
producing composite time averages and min/max functions can be readily accomplished. Note that the
Min, Max, Average (MMA) Processor covered in Section 8 allows these operations on a single value; by
combining these processes with the proper scheduling, MMA values can be acquired for the results of
more complex manipulation of collected data.

Equations can even be used to extend the log/sampling ratios for sensors. The GTX logging function
operates as a multiple of sensor samples, but is limited to a log/sample ratio of 250; i.e. for a given
sampling interval, the maximum delay in logged values is limited to 250. With this limit, logging a sensor
once a day requires a minimum sampling interval of 6 minutes (6*240 = 1,440 minutes = 24 hours). By
using an equation to simply capture a sensor value (i.e. assign the sensor reading as the equation result),
the log/sample ratio can be easily extended. To accomplish this the sensor reading is not directly logged
instead, the equation is defined to extract the value at the desired log rate and the equation value can be
logged. Note that the actual sensor sample provided at this rapid rate can still be used for all other
processes (e.g. MMA result, Random triggering, etc.).

7.1 Equation Basics

Equations are defined by the user as ASCII strings. The equations strings are stored in the GTX’s soft
configuration memory, and are recalled based on a user defined schedule (as defined by the Internal
Sensor schedule the equation is tied to). Once recalled, the equation is then parsed and executed.

7.1.1. Equation Operators

Permissible equation operators are provided in Table 12 below. As indicated in Table 12, the GTX
supports all major numerical functions (add, sub, multiply, etc.), as well as, the standard relational
functions (equal to, not equal to, greater than, etc.). As also indicated, parenthesis are supported to
override operator precedence where necessary.

The GTX also supports the exponent operator ("), which allows polynomial equations to be executed for
curve fitting, and fractional roots (e.g. 1070.5 takes the square root of 10).

Note that the Assignment operator and the Equal To operator are both a single equals sign. The GTX will
only accept an equal sign as the assignment operator when it immediately follows a single variable at the
start of the equation; otherwise, the GTX assumes the equals sign is the Equal To operator. For
example, “10=10 ...” is an assignment operation; “(10=10) ...” and “10=I0 ...” are Equal To operators.

The If-Construct operator (?), allows the user to easily enter conditional equations. The use of the If-
Construct is covered in detail in Section 7.4.
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As mentioned previously, multiple evaluations can be strung together in a single equation. The “Equation
End” operators, comma and semi-colon, are used to separate multiple equations. Except for their use in
an If-Construct (see Section 7.4), there is no significance as to which Equation End operator is used.
Note that it is not necessary to include an Equation End operator following the final evaluation, but doing
so is optional. Individual calculations within an equation string can be assigned to temporary variables.
For example, “12=10+11;13=10-11" assigns the sum of 10 and 11 to 12, and the difference to I3. If this
equation is tied to Internal Sensor 13, then the final assignment is redundant, but permissible.

The Format operator is a special Equation End operator that also allows the user to specify the format
and precision of the final result of the equation. The final result of the equation is always the result of the
last evaluation performed and is the value that is assigned to the Internal Sensor which executes the
equation. This value can also optionally be assigned to another variable using the assignment operator,
but it is still assigned to the Internal Sensor that is tied to the equation. Format specifiers are covered in
detail in Section 7.2.

Operator Function Precedence | Operands
= Assignment see text N/A
? If-Construct see text 1
, Equation End 1 N/A
; Equation End 1 N/A
@ Format 1 N/A
() Parentheses 2 N/A
- Unary Negate 3 1
N Exponent 4 2
* Multiply 5 2
/ Divide 5 2
% Modulo (integer) 5 2
+ Add 6 2
- Subtract 6 2
= Equal To 7 2

<> Not Equal To 7 2
> Greater Than 7 2
>= Greater or Equal 7 2
< Less Than 7 2
<= Less or Equal 7 2

Table 12: Equation Operators

Mathematical operators always act on one or two operands. Operands may consist of constants or
sensor variables. As indicated in Table 12, the Modulo operator acts on integer values since the modulus
function is not applicable to floating point values. As such, when performing a modulo operation, the
operands are first converted to integer values by simply truncating the fractional portion of the numbers.

The relational operators are logical evaluations, but still produce a floating-point result of either 1.0 (true)
or 0.0 (false). The use of floating-point results allows relational expressions to be used as a mathematical
operand. For example, the equation “I0=(S0>10)*S0+(S0<=10)*I0" results in 10 being set to the greater
value of 10 and SO. This result occurs because (S0>10) and (S0<=I0) are mutually exclusive, and one of
the logical result must 0 and the other must be 1. Specifically, if (S0>0) is true, then the equation reduces
to 10=1*S0+0*I0=S0. Conversely, if (S0<=0), then the equation reduces to 10=0*S0+1*10=10. Note that
this same functionality can also be accomplished using the If-Construct as explained in Section 7.4.

While the example in the preceding paragraph shows how equations can be used to generate maximums
and minimums, the MMA Processor detailed in Section 8 greatly simplifies the ability to produce Min,
Max, and Averages for a sensor or equation result. However, the ability to utilize relational operators in
equations can provide more complex decisions when acquiring data. For example, the ability to provide a
gradient update, i.e., updating a result, only when a value exceeds the previous value by a given delta.
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7.1.2. Equation Constants

Equation constants can be defined inline as standard numerical values or can utilize one of up to sixty-
four special configurable constants, designated as KO through K63. Inline constants simplify the equation
definition process, but cannot be altered without redefining the equation, which requires disabling the
GTX. Alternately, special provisions in the GTX code allow configuration constants to be modified while
the GTX is enabled. This implementation allows these configurable constants to be altered, which in
essence allows the equation to be modified, even though the GTX is enabled.

Configuration constants are especially useful when it is necessary or desirable to apply calibration factors
or offsets to a sensor reading. Using configuration constants to perform calibration corrections allows the
calibration constants to be tweaked without having to stop normal GTX operations. Further, when a
configurable constant (K0-K63) is changed when the GTX is enabled, the change is captured as an Event
in the Data/Event Log providing a record of any “calibration” changes.

7.1.2.1. Inline Constants

Inline constants are simply numerical values defined in the equation string (e.g. 3.141593). Constants
can be entered with any number of significant digits and can use the exponent designation, E, (e.g. 1E5 =
105). However, the GTX’s mathematical functions are performed in single precision IEEE 4-byte floating-
point format. As such, constants, intermediate results, and the final result have an inherent precision of 7
significant digits.

7.1.2.2. Configuration Constants

As mentioned above, a special class of constants is also available for use in equations that are stored as
part of the soft configuration memory. A unique feature of the constants is that the “constant value” can
be modified even while the GTX is enabled. Up to 64 configurable equation constants can be defined
and are designated KO through K63. Initially these equation constants default to a value of zero, but can
be initialized as part of the GTX configuration.

Since configuration constants are changeable while the GTX is in operation, they are especially useful for
applying calibration corrections to a sensor. For example, assume it is necessary or desirable to apply a
scaling and offset correction to SDI-12 sensor 0. Rather than using inline calibration values in an
equation, the calibration equation could be defined as “K0*S0+K1”. In this example, KO is the scaling
correction and K1 is the offset correction. If no calibration is required, then KO can be initially defined as

1.0 and K1 can be initially defined as 0.0. If over time, the sensor requires a calibration adjustments then
KO and K1 can be modified “on-the-fly” to correct the sensor reading without the need to disable the GTX.

Another useful feature of the configuration constants is that changes to these values are or can be
captured in the Event Log. Changes made to these values when the GTX is enabled are always saved in
the log while changes made with the GTX is disabled can be optionally saved. Capturing equation
constant changes in the Event Log in effect provides an automatic record of the any calibration
adjustments.

Specifying configuration constant values via the terminal interface is accomplished via the EKV
command, which is covered in Section 11.6.3.

The screen in Figure 34 below shows the “Equation Constants” table at the bottom of the Equations page.
First note that the number of available configuration constants is also definable from O up to 64 using the
“General Setup” tab page (see Figure 10) or the EKN command (see Section 11.6.3.1). Further, note
that all constants default to a value of 0 (zero). To configure a constant’s value prior to enabling the GTX,
simply click in the appropriate cell in the table and enter the desired value. If the configuration constant’s
value needs to be changed while the GTX is in operation, this must be manually done using the EKV
command (see Section 11.6.3.2).

Figure 35 shows an example of the “Equation Constants” table with KO defined to be 1.23 and K1 defined
to be 0.04. This example also shows how to “Label” an Equation Constant. Similar to Internal and SDI-
12 Sensors, Equation Constants can be given up to a four character Label that can make the references
to these constants more meaningful. In this example, KO is labeled as “SCL” (scale) and K1 is given the
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label “OFS” (offset). In place of the default references of Knn, labels can be used in equations to produce
a more readable calculation.

Equation Constant labels are also used in the Event log when the value is changed while the GTX is
enabled. As Figure 34 and Figure 35 also indicate, the default labels are KNSO through KNS9 and KN10

through KN63.
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7.1.3. Equation Variables
7.1.3.1. Sensor Variable Standard Designations

Sensor variables are designated 10 through 163 (for Internal Sensors) and SO through S63 (for SDI-12
Sensors). If the sensor variable is an actual sampled sensor reading (e.g. 10 defined as the internal
temperature sensor), then the value used is the latest reading for the sensor. Unused sensors (i.e.
sensors 10-163 and S0-S63) that are not defined to be a sampled sensor can be used as temporary
variables for intermediate results. This allows complex equations to be broken down into sub-equations
for improved readability and possibly faster evaluation (e.g. to reduce repeated complex equation
constructs to a single evaluation).

Note that the use of unused sensor variables for temporary and/or intermediate results is not restricted by
the soft configuration definitions explained in Section 5. Regardless of whether or not the sensor
designation is available as a true sampled sensor, the variable is available; in other words, the sensor
variables are independent of the soft configuration allocation for sensors. For example, even in the
default configuration where only 10-14 and SO-S9 are available for sensor sampling, the variables 15-163
and S10-S63 can still be used in equations.

7.1.3.2. Sensor Label Variable

Sensor labels can also be used in equations as variables. When the GTX parses the equation and
detects a character string, it will search the defined sensor labels for a match and correlate the matched
label to the standard variable designation (i.e. 10-163 or S0-S63). Using sensor labels allows definition of
more descriptive equations. Further, as was noted in Section 7.1.2.2 Equation Constants can also be
given meaningful labels that can also be used in equations to improve readability.

For example, referring to Figure 33, Internal Sensor 0 is specified to be the GTX’s internal temperature
sensor. If it was desired to convert this Celsius value to Fahrenheit, an equation such as ((9*10)/5)+32
could be defined to perform the conversion. While this equation is certainly permissible and
accomplishes the desired task, replacing this equation with ((9*ITMP)/5)/32 clearly produces a more
descriptive equation.

Using sensor labels is also less prone to entry errors and makes the equations easier to troubleshoot.
Further, using labels in place of the standard variable designations allows the sensor order to be
redefined without impacting the equation. For example, assume that for some reason it is necessary or
desirable to move the internal temperature sensor from INTO to INT4. Using the first form of the
conversion equation in the previous paragraph would require it to be edited to replace 10 with 14.
However, as long as the new allocation uses the same label (i.e. “ITMP”), the equation does not need to
be changed. This is because the GTX stores equations as a string and re-parses it as necessary to
evaluate the result.

For backward compatibility, the standard sensor designations of 10-163 and S0-S63 are still recognized
and are considered the defaults. In other words, whenever the GTX encounters a variable of 10-163 or SO-
S63, it will not search the sensor labels for a match; it will simply reference the standard variable.
Accordingly, sensors labels should not be defined using the standard sensor designations.

Note that while using the default variables (10-163 and S0-S63) as temporary variables is not impacted by
the number of allocated Internal or SDI-12 sensors (as explained in the previous section), to define a
descriptive label name for the temporary variable to be used in an equation does require that the
referenced sensor be allocated in the soft configuration.

7.1.3.3. Configuration Constant Labels

As was noted in Section 7.1.2.2, the special Configuration Constants can also be given descriptive labels
that can be utilized in equations. While performing unit conversion (e.g. Celsius to Fahrenheit) is
probably best done with Inline Constants as the example in the previous section demonstrated, using
constants to perform calibration functions is best handled by Configuration Constants since they can be
altered while the GTX is operational. In such cases, using Configuration Constant Labels can further
improve the readability of an equation; much like using Sensor Labels.
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For example, assume SDI-12 sensor SO is tied to some form of a water level sensor that requires a first
order field calibration; i.e. slope and offset. Further, assume that this SDI-12 sensor is given the label
“WLVL” and that’s its desired to use Configuration Constants KO and K1 to perform the linear calibration.
An Internal Sensor can be tied to an equation of the form KO*WLVL+K1 to perform the correction.

While this is certainly permissible, the two Configuration Constants can be labeled as the example in
Section 7.1.2.2 with the descriptive names “SCL” and “OFS”. If this is done, then the equation can be
defined as SCL*WLVL+OFS. While this equation performs the calculation, it better defines the intended
functionality.

It should be emphasized that the standard constant designations can be used interchangeably with
constant labels. As such, whenever the GTX encounters K0-K63 in an equation, it will not search the
labels for a match; it will simply utilize the appropriate standard Configuration Constant designation.
Accordingly, constant labels should not be defined using the standard constant designations (nor the
standard sensor labels for that matter).

7.1.3.4. MMA Processor Variables

As explained in Section 8, the GTX provides a convenient mechanism to facilitate the capture and
computation of the minimum, maximum and average for a sensor reading or equation result. The
resultant output(s) of the MMA processors can also be used as variables in equations. The GTX provides
two mechanisms to reference these outputs; standard variable designators and pseudo functions, which
will be covered in the next two sections.

When setting up an MMA Processor, the user ties the processor to a specific sensor reading or equation
output, and defines the MMA processing interval. As values are collected, they are automatically
forwarded to the MMA Processor and acted upon in real-time. At the end of the user defined processing
interval, the final min, max and/or average can be logged and/or stored in a transmission buffer.

While the final MMA interval results are automatically processed for logging and buffer storage, they are
retrieved for use in an equation when the equation executes. Therefore, to ensure the equation
processes the full interval minimum, maximum and/or average, equations that use these values should be
configured to execute shortly after the MMA interval is complete and before the next sample is collected.

For example, assume an average hourly temperature is being computed by an MMA processor with the
temperature sensor being read every fifteen minutes. If the samples are collected at 0, 15, 30 and 45
minutes into the hour, then the MMA processor should be set up with a one hour interval and an offset
just after the final sample is collected at 45 minute mark and accounting for the sampling time of the
sensor, e.g. 00:45:05 . Likewise, any equation that depends on this hourly average should also have a
one hour interval with an execution offset that causes the equation to also be evaluated just after the final
sensor reading is collected, but before the next sample time occurs.

However, it is not necessary to provide any additional time delay to ensure the MMA Processor completes
it processing before the equation executes. This is because the values extracted from the MMA
Processor are not the last updated min, max or average, but are instead a live value computed as
requested by the equation processor. Further, the min, max and average intermediate processing values
are not cleared or reset at the end of the MMA interval. Instead, the intermediate values remain intact
and a flag is set to direct them to be reset or cleared once the next sample is collected.

This implementation allows equations that utilize MMA results as variables to be executed at any time
after the last sample is collected and before the first sample is collected in the new interval. Further,
since the MMA values used in equations are live calculated values, the first time an equation executes
the values from the MMA Processor will be valid even if collection process began part way into the
interval.

7.1.3.4.1. MMA Variables Standard Designations

Similar to the standard designations for Internal Sensors, SDI-12 Sensors, and Configuration Constants
the standard designations for MMA variable consist of a single letter followed by a numeric value from 0
to 63. The standard letter designators are ‘N’, X', ‘G’, and ‘C’ representing minimum, maximum,
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average, and count; respectively. The count variable is simply the number of samples that have been
collected to determine the min, max and average.

While the sensor standard designators (10-163 and S0-S63) can be used in equations regardless of
whether or not the sensor is defined, the same is not true for the MMA variables (i.e. NO-N63, X0-X63,
GO0-G63, and C0-C63). In order for a MMA variable to be used in an equation, the corresponding MMA
Processor must be defined.

When validating an entered equation, the GTX will declare an error if the equation references an
undefined MMA Processor variable. Further, if an MMA Processor is undefined subsequent to the
equation validation, the MMA variable value used when the equation executes will always be NaN (Not-a-
Number), and the final result of the equation will also be NaN.

Unlike sensor variables, the output of an equation cannot be assigned to an MMA variable.
7.1.3.4.2. MMA Variables Pseudo Functions

While the standard MMA variable designators provide a simple approach to referencing them in
equations, their use is somewhat cryptic. Accordingly, the GTX firmware supports four pseudo function
references to access these values. The four pseudo functions are: MIN(var), MAX(var), AVG(var), and
CNT(var).

These are referred to as pseudo functions since they are entered into an equation using a function
format; function name with an argument enclosed in parentheses. However, unlike an arithmetic function
(see next section), the argument can only be a single sensor variable reference.

The variable reference for the argument can be either a standard sensor variable designator (e.g. |0 or
S0), or it can be a sensor label. In other words, when the equation processor detects the MMA pseudo
function name, it looks for only a standard variable or a sensor label within the parentheses and validates
it as a sensor reference tied to an MMA Process.

For example, AVG(I0) is equivalent to GO and CNT(S2) is equivalent to C2. If the label for 10 is defined
as “ITMP” as in the various examples in this manual, then following are all equivalent ...

GO < AVG(I0) & AVG(ITMP)
CO < CNT(I0) & CNT(ITMP)
NO < MIN(I0) < MIN(ITMP)
X0 < MAX(10) < MAX(ITMP)

The use of pseudo functions for MMA variable references improves the readability of the equations with
very little penalty in storage requirements, i.e. longer equation require more soft configuration memory.
7.1.4. Equation Arithmetic Functions

The GTX-2.0 equation processor includes a variety of standard and transcendental functions. The
available functions are listed in Table 11. Arguments for the functions can be constants, default sensor
variables (e.g. 10), sensor labels, or sub-equations (e.g. SQRT(10*S0)).
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Name Function Format Result

ABS Absolute Value ABS(X) absolute value of X

CEIL Ceiling CEIL(X) smallest integer > X
FLOOR | Floor FLOOR(X) smallest integer < X

RND Round RND(X) closest integer to X

SQRT Square Root SQRT(X) square root of X (same as X"0.5)

SIN Sine SIN(A) sine of angle, A in degrees

COos Cosine COS(A) cosine of angle, A in degrees

TAN Tangent TAN(A) tangent of angle, A in degrees

ASIN Arcsine ASIN(X) arcsine of X, result in degrees

ACOS | Arccosine ACOS(X) arccosine of X, result in degrees
ATAN Arctangent ATAN(X,Y) arctangent of X & Y, result in degrees
LOG Logarithm LOG(X) log base 10 of X

LN Natural Log LN(X) log base e of X

EXP Exponential EXP(X) e raised to the X power

FMOD Float Modulo FMOD(X,Y) floating point modulus of X relative to Y
VALOK | Value OK VALOK(X) 1.0 if X is a valid value, 0.0 if not

Table 13: Equation Arithmetic Functions

7.2. Format Specifiers for Equations

As noted Section 7.1.1, the Equation Processor also allows the user to specify the format and precision of
the end result of an equation. Two format specifiers are provided, “nF” and “nG”. Preceding each of
these format specifiers is a numeric value (n) between 0 and 7 defining the precision or significant digits
of the result.

The “nF” format specifier directs the GTX to format the result with a fixed number of digits after the
decimal point. For example, a format specifier of 3F will produce a result with the format “tx ... x.xxx”;

i.e. the number of digits to the left of the decimal point depends on the value, but the number of digits to
right is always fixed at 3. If the magnitude of the value is less than 1.0, then a single O will follow the sign
character (as in the SDI-12 format, a sign character, + or -, is always included); e.g. for a format of 3F
with a magnitude of less than 1, the result will be “+0.xxx”.

The “nG” format specifier directs the GTX to format the result with maximum number of significant digits;
i.e. the sum of the significant digits before and after the decimal point will always less than or equal “n”.
For example, a format specifier of “3G” for a value of 1.234 will produce a result in the format “+1.23”; a
value of 12.34 with the “3G” will yield “+12.3”. Where necessary, place holder digits (0’s) will be included,
but do not add into the significant digit count. However, the “nG” format attempts to produce a result with
the fewest number of characters; e.g. if the result is 1.23 and the format specify is “56G”, then the result
will be in the format of “+1.23” since appending 0’'s does not affect the number of significant digits and
makes the string result longer. The “nG” format will also utilize the standard exponent format
(“tx.xxxEnn”) if it results in fewer characters. For example, a value of 123,000,000 with a format specifier
of “3G” will yield “+1.23E+08” since this is more compact than “+123000000".

To specify the format for the equation result, the equation must be terminated with “@nF” or “@nG”. For
example, the equation “S0+S1@3F” will sum SO and S1 and produce a result with 3 decimal places. If
the format specify is omitted, then the default specifier of “7G” will be used, ensuing the result is
processed with the maximum number of significant digits possible for the IEEE 4-byte floating-point
format.

Note that the equation capability and format specifiers provide a simple mechanism to re-format sampled
data. For example, assume a SDI-12 sensor SO provides a measurement with 5 decimal places, but it is
desired to only produce logged results with 3 decimal places, defining an equation “SO@3F”, and
operating on the equation result instead of the raw sample will yield logged values with the desired
precision.
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7.3. Entering and Editing Equations using the Configuration Utility

Equations are defined and referenced by an integer index number from 0 to 49 allowing up to 50
equations can be defined in the GTX. However, the ability to have multiple sub-equations within an
equation definition means the number of calculations that can be performed by the GTX is only limited by
the available configuration memory.

Section 11.6.1 provides the necessary information to define equation using the command interface. The
remainder of this section will detail the use of the Configuration Utility to define Equations in the GTX.

Figure 36 shows the Configuration Utility’s Equations page for a default configuration, i.e. no equations
defined. To enter an equation the user simply needs to enter the Equation field and type in the equation.

In addition to simply typing in the equation, the Configuration Utility also provides an Equation Editor
Dialog as shown in Figure 37, which allows the equation to be entered using just the PC’s mouse.

[Hmicrocom Design GTX Utility o ] 4|

File Options Adwanced About
Configuration Options | General Setup | Transmission S etup ” Equations  SDI-12 Sensors I Intemal Sensors |
Senzar Min Max Avg I Timed Data Buffer | Flandom [ ata Buffer | Fiandom Triggers I

Equation =1
L_;I

Figure 36: Configuration Utility - Equations Page
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Figure 37: Configuration Utility - Equations Editor Dialog

Figure 37 and Figure 38 show how an equation can be entered to convert Internal Sensor 0 (I0) from
Celsius to Fahrenheit. In addition to changing the engineering units, this equation also changes the
precision from two decimal places (the default for the internal temperature sensor) to a single decimal
place.
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Figure 38: Configuration Utility - Equations - Temperature Conversion

Figure 39 shows how the equation can be tied to Internal Sensor 4 and how the internal temperature
sensor can now be logged in Fahrenheit instead of Celsius.
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Figure 39: Configuration Utility - Equations - Logging Temperature in °F

Figure 40 shows how the equation can be modified to use the sensor label from Internal Sensor O
(“ITMP”) to make the equation more descriptive. As noted in Section 7.1.3.2, using the sensor label does
not affect the processing of the equation, it simply makes the equation more readable, i.e. the equations
in Figure 38 and Figure 40 are identical from the standpoint of the equation processing and end result.
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Sengor Min Max fvg | Timed D ata Buffer | R andormn Data Buffer I Riandom Triggers I

| Equation
O ([3/5F TMP32E1F

|w

Figure 40: Configuration Utility - Equations - Temperature Conversion with Label
By using the Equations page and assigning additional equations to Internal Sensors substantial
processing and evaluation of sampled data can be readily accomplished.

7.4. If-Construct (?) for Equations

An If-Construct can be defined by using the ? (question mark) operator. If-Constructs allow the user to
execute one or more sub-equations based on the result of the “if’ test. The general format for an If-
Construct is shown below.
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<asgn> = <cond>? <true> : <false>;

where,
<asgn> is an assignment variable (e.g. 10)
<cond> is the condition to test
<true> is the equation(s) to execute if <cond> is true (i.e. not equal to zero)
<false> is the equation(s) to execute if <cond> is false (i.e. equal to zero)

As shown above, the condition (<cond>) to test is terminated with a question mark (‘?’), and the <true>
and <false> equations are separated by a colon (*’). The <false> equations must be terminated with a
semi-colon if additional equations not part of the If-Construct are to be executed; the semi-colon can be
omitted or replaced with the format specifier (‘@’), when the If-Construct is the last equation.

Within the <true> or <false> portions of the If-Construct, multiple sub-equations can be executed.
However, these sub-equations must be separated by commas only (i.e. semi-colons can not be used).

As with all equations, the result of the If-Construct is the last sub-equation evaluated. However, with an If-
Construct, this is the last sub-equation evaluated within the <true> or <false> list depending on the result
of the condition. Likewise, this result can be optionally assigned to a specified variable.

If-Constructs can be used to return a simple variable. For example, “l0=(S0>10)? SO : 10;” will set I0 to the
maximum of SO and 10.

If-Constructs can also be used to effectively create subroutines. For example, the equation below can be
used to set I3 equal to the average of the last ten samples of 10. In this example, 11 is used to count the
number of 10 samples (i.e. 11=11+1), and 12 is used to accumulate the 10 samples (i.e. 12=10+12). Once ten
samples have been accumulated (11=10), the final intermediate sum is calculated (I3=10+I2), the count
and sum values are cleared (11=0 and 12=0), and the average is computed (13/10).

11=11+1; 13=(11=10)? 13=10+12, 11=0, 12=0, 13/10 : 12=10+12, 13;

Note that in the example above, the result of the If-Construct is explicitly assigned to 13. However, the
value assigned to I3 is NOT the result of the conditional portion (11=10) of the construct as might first
appear. Instead, the value assigned to I3 is the result of the last equation executed in either the <true>
(13/10) or the <false> (I13) portion of the If-Construct. The inclusion of I3 at the end of the <false> portion
ensures that 13 is always equal to the last average computed and does not get assigned to the
intermediate sums (i.e. 12=10+12).

As noted previously, format specifiers can also be utilized with If-Constructs. For example, defining the
equation “(S5>S6)? S5 : S6@2F” and tying it to an Internal Sensor, not only sets the Internal Sensor to
the maximum of S5 or S6, it also formats the value to two decimal places, regardless of whether the
<true> clause is executed (i.e. S5) or the <false> clause executed (i.e. S6). In other words, the format
specifier applies to the If-Construct, not just the <false> portion.

It is not possible to directly nest If-Constructs; for example, attempting to define the equation below will
return the error message “ERR: Nested If Test”.

11=(10=0)? 0 : (10>0)? +1 : -1;

However, by using temporary values and multiple consecutive If-Constructs, the same effect the desired
can be achieved. For example, the equation below will result in 11 being set to zero if 10=0, |1 being set to
+1 if 10>0, or 11 being set to -1 if 10<0. Note that following the first test, 11 will either equal zero or will
equal 10; if 11 is set to zero, than the following to tests will both fail and in both cases I1 will be set equal to
itself. However, if 10 is not zero, then 11 will be set to 10 after the first test and one of the following
decisions must yield a true result.

11=(10=0)? 0 : 10; 11=(11>0)? +1 : I1; 11=(11<0)? -1 : I1

The “if” condition does not necessarily have to yield a value of 1.0 to be “true” (as occurs when using the
relational operators), any non-zero value is also considered “true”. Conversely, only a result of zero (0.0)
yields a “false” result. As such, the “if” test (10<>0)? is equivalent to simply (10)?
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Finally, it should be noted that the If-Construct operator (“?’) has higher precedence than the assignment
operator, but lower precedence then any mathematical functions. This means the equation
“10=10+1>10?" increments 10 by 1, tests the intermediate result (10+1) to see if it is greater than 10, and
assigns the appropriate result of the <true> or <false> clause to 10. To increment 10 by 1, save the
incremented value to 10, and then perform the test; the equation must be broken into two parts, i.e.
“10=10+1; 10>107?". While parenthesis around the “if” condition are not absolutely necessary, they do help
to clarify the intent and actual execution of If-Construct.

7.5. Equation Initial Conditions

Once the GTX is enabled and the clock is set, equations will be processed on the time schedule defined
by their associated Internal Sensor configuration. Since the time at which equation processing begins is
typically not at any specific time, it is important to understand the initial conditions and variable settings to
understand how equations are handled to avoid erroneous results until valid sensor readings are
available.

7.5.1. Initial Sensor, Variable, and Equation Values

By default, all unused sensor/variables (10-163 and S0-S63) are initialized to zero when the GTX is
enabled. However, any defined Internal or SDI-12 sensors are preset to a special value that is
designated as NaN (not-a-number). If an equation is executed before a valid sensor reading is acquired
to replace this special value, then the result of that equation will also be NaN. In general, executing any
equation with one or more input variables equal to NaN produces an NaN result.

If the resulting value from an equation is NaN and the Internal Sensor that is tied to this equation is
referenced in a transmission buffer, then no value is copied to the transmission buffer. In other words,
the transmission buffer value remains null and is filled in with slashes or spaces based on the setting of
the Slash Fill flag (see Section 9.7). This protection mechanism ensures that erroneous, albeit possibly
realistic, values are not inadvertently transmitted. For example, assume an equation is defined to convert
a temperature reading from Celsius to Fahrenheit and that the temperature sensor has not been sampled
before the equation executes. If the initial value for the corresponding temperature value was initialized
to zero, then the result of the equation would 32 (°F). While this may be a realistic value, it is m ost likely
not the correct reading for the current temperature.

If it is desirable for a particular sensor variable to have an explicitly defined initial value, then this can be
accomplished using an Initialization Equation as will be detailed in the next section.

7.5.2. Initialization Equations

While equations are primarily intended to be tied to an Internal Sensor so that the equations will be
executed on a scheduled basis, equations do not necessarily have to be tied to an Internal Sensor. Any
equation that is not tied to an Internal Sensor is considered an Initialization Equation. Initialization
Equations are executed whenever the GTX is enabled for operation. Since these equations are executed
only once (when the unit is placed in the enabled state), they provide a convenient mechanism to
explicitly initialize variables.

Using an Initialization Equation, any variable can be explicitly initialized to any value (e.g. 10=10). This
feature can be useful to initially set a counter variable to a value other than zero. It can also be used to
initialize a variable to a default value to produce a valid output the first time it is executed.

As another example, assume an equation is defined to capture a maximum value of a sensor. If the
sensor readings can never be negative (e.g. wind speed), then allowing the maximum variable to default
to zero does not present a problem as the new reading is guaranteed to be equal to or greater than 0.
However, for sensor readings that can have valid negative values (e.g. temperature), an initial value of
zero will not ensure the maximum is properly captured; as long as the value is negative, the default initial
value of zero will be considered the maximum reading. To avoid this, an Initialization Equation can be
utilized to default the variable to a sufficiently negative value (e.g. -100) to ensure the first reading is
always captured as the maximum.
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It should also be noted, that the Min, Max, and Average Processor described in Section 8, eliminates the
need to initialize variables to capture minimums and maximums since it provides the requisite processing
to ensure the first captured sensor value is always set as the initial minimum and maximum.

Note that when a variable is explicitly initialized, this initialization only sets the internal value of the
variable; it does not constitute a sensor reading (i.e. the initial values are not logged nor are they
forwarded to the transmission buffers). In other words, the initial value simply sets the starting value that
will be used in subsequent equations when they are first executed.

7.6. Default Labels, Standard Designators, Functions

As was discussed in the preceding sections, the GTX Equation Processor can utilize Labels and
Standard Designators to represent Sensor, Configuration Constants, and MMA values. For Sensors
(Internal and SDI-12) and Configuration Constants, the GTX also provides “Default Labels”. While the
user can naturally change the Labels from there defaults, the Default Labels can also be utilized “asis”.

However, Default Labels are not the same as the Standard Designators. When a string matching a
Standard Designator is found in an Equation, the GTX never performs a Label or Function lookup; it
simply uses the designator to access the corresponding value or uses it to determine the appropriate
Pseudo-Function of the MMA Processor.

On the other hand, if the Equation Processor encounters a string that does not match a Standard
Designation, then it tries to match it to a function reference or label. If the user hasn’'t provided a custom
Label for a Sensor or Constant, the GTX assumes the Default Label in the search algorithm.

Table 14 summarizes the Standard Designators, and the corresponding Default Labels or MMA Pseudo
Functions used by the GTX-2.0. When defining Labels, the user should avoid using any of the Standard
Designators. Failure to do so can produce unexpected results as the GTX will recognize the designators
before searching the labels. The user should also avoid using MMA Pseudo-Function or Arithmetic
Function (Table 13) names as Labels as well.

Standard Default Label or

Parameter Desighators Pseudo Function
Internal Sensor 10-163 INTO-INT9 and IN10-IN63
SDI-12 Sensor S0-S63 SDIO-SDI9 and SD10-SD63

Configuration Constant K0-K63 KNSO0-KNS9 and KN10-KN63

MMA Minimum NO-N63 MIN()
MMA Maximum X0-X63 MAX()
MMA Average G0-G63 AVG()

MMA Count C0-C63 CNT()

Table 14: Standard Designators and Default Label Summary

Two other important distinction between Standard Designators, Functions, and Labels, and Functions that
need to be made are how the GTX handles letter case and the order in which the GTX looks for these
tokens. The search order and case rules is summarized below:

e Standard Designators: Are case sensitive; e.g. “l0” is recognized as Standard Designator,
but “i0” is not.

e Functions: Are case insensitive; e.g. LN() and In() are both recognized as the Natural
Logarithm function. This applies to both Arithmetic and MMA Pseudo Functions.

e Labels: Are case sensitive; e.g. INTO is not the same as int0. Labels can also mix case; e.g.
TEMP, Temp, and temp are all valid, but are not interchangeable.

Since Functions are recognized before Labels and Functions are case insensitive, Labels should not be
defined as a mixed or lower case version any function reference; if the Equation Processor is to be used.
Naturally, if the user’s application does not require calculations, then the Equation Processor will not be
required and this caution is not applicable.
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8. Min, Max, Average (MMA) Processor

The Microcom GTX-2.0 also implements a special equation processor to allow the user to easily generate
cumulative information for a sensor or equation result. The Min, Max, and Average Processor (MMA)
allows the user to define a process to accumulate, log and transmit the minimum and maximum value
sampled over a given interval, along with being able to easily calculate the average value of the samples
over the interval.

Up to 64 MMA Processes can be defined in the GTX. For each process, the user must specify the sensor
(Internal or SDI-12) to accumulate MMA data. Since Internal Sensors can also be tied to equations, an
MMA Process can therefore operate on the result of an equation as well as sampled sensor data.
Further, the min, max, and average results can then be used in subsequent equations as explained in
Section 7.1.3.3.

8.1. MMA Basics and Configuration Utility Definition

When defining an MMA Process, the sensor to be accumulated must be specified along the accumulation
interval (or rate). An optional accumulation offset allows the user to specify exactly when the Min, Max,
and Average data will be collected and processed within the interval. Finally, the user can specify which,
if any, MMA results are logged to the Data/Event buffer.

[XMicrocom Design GTX Utility oy ] B4
Eile Cptions  Adwvanced  Abouk
Configuration Ophions | General Setup I Transmizszion Setup | Equations I 50112 Senszorz | Internal Sensarz I
I Sengor Min Max Avg  Timed Diata Buffer | R andorm D ata Buffer |
Check To Log
Senzor Interval Offzet Min | Max | Avg | Veo |«
b G S
1: MNowe = e
2 Mone =
3 MNome =
4 MNaoke =
5 MNone =
E: MNowe =
Fs Mone =
=3 MNowe =
9 MNowe = LI
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Figure 41: Configuration Utility - Sensor Min Max Avg Page

Section 11.6.6 details the use of the command interface to setup MMA Processes. The remainder of this
section will detail the setup steps using the Configuration Utility. Note that once an MMA Process is
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defined, the resultant data can also be included in a transmission buffer as explained in Section 9.4.3
(configuration utility), and Section 11.7.3 (command line interface).

Figure 41 shows the main MMA page of the Configuration Utility. This page consists of a single grid with
8 columns and 64 rows. The rows are numbered 0 through 63 corresponding to the index number of the
MMA Processor. It also shows the page with all MMA Processors disabled, i.e. set to “None”. To define
an MMA Processor, simply click on the drop-down arrow in the desired MMA Processor and select the
desired sensor as shown in Figure 42.

i
File OCptions Advanced About
Configuration Ophions | General Setup I Transmission Setup | Equations I SDI-12 Sensors | Internal Sensars I
I Sengor Min Max Awvg | Timed Diata Buffer | R andorm D ata Buffer |
Check To Log
Sensor | Interval | Offsst Min | Max | Avg | Yeo |«
p| O Mone | -
1: s
2 | TEMP SDI-12:0
3 |PRES SDI12:1
4 WwLvL spl12: 2
5 |ITMP Internal : 0
B |RaIN Internal : 1
7 |RCWT Internal : 2
g |ITMF Internal : 3
=3 Nome = [ [ LI
B8 com [ [

Figure 42: Configuration Utility - Defining an MMA Processor

Once the desired sensor is selected, the user can fill in the remaining columns. The Interval column
specifies the processing interval for the MMA Processor, i.e. how often the Min, Max, and Average values
will be collected and processed. The Offset column specifies exactly when in the Interval, the processing
will occur. It useful to ensure the last data value in the Interval has been forwarded to the MMA
Processor. The default Offset is 00:00:00.

For MMA Processes, Intervals must be in the range of 00:00:10 to 24:00:00 (i.e. ten seconds to once a
day). Offsets can be 00:00:00 (i.e. no offset), and any value less than the Interval. For Intervals and
Offsets less than 12:00:00, the value can be defined to the second. However, Intervals and Offsets
between 12:00:00 and 24:00:00 must have an even second; i.e. the resolution is 2 seconds.

The “Min”, “Max”, and “Avg” columns provide checkboxes (once the sensor has been defined). Checking
the appropriate box instructs the GTX to log the equivalent parameter in the Data/Event Log.

Microcom Environmental 74



Microcom GTX-2.0 O&M Manual V2.20/R2

This process is can be repeated for as many MMA Processor as the application requires. Note that the
use of the Configuration Utility frees the user from having to specify the maximum number of MMA
Processors to allocate in the soft configuration memory using the MMN command (see Sections 5 and
11.6.4). The Configuration Utility will set the maximum number to provide sufficient processors as
specified by the “Sensor Min Max Avg” page.

mMicrocom Design GTX Ukility - |EI|1|
Eile ©Options  Advanced  About
Configuration Ophions | General Setup I Transmission Setup | Equations I 50112 Sensors | Internal Sensars I
I Sensor Min Maw Awg  Timed Diata Buffer | R andom D ata Buffer |
Check To Log
Senszar Interval Offzet bin | Max | Avg | Veo | o
0 | TMP_=| 240000 | 234510 [V [ [ W [T
Bl 1 Mone = e
2 MNone =
3 MNowe =
4 MNaoke =
5 MNowe =
E: MNowe =
IS Mone =
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B comt | |

Figure 43: Configuration Utility - Configuring an MMA Processor

Figure 43 shows a completed MMA Processor for Internal Sensor “ITMP”. If “ITMP” is configured as
shown in Figure 33, then it will be sampled every 15 minutes, and the minimum, maximum, and average
values will be logged on a daily basis. Note that the Offset for this MMA Processor is set to 23:45:10;
with this setting the MMA data will be captured and processed 10 seconds after the last value of the day
is processed. Referring back to Figure 33, the first sample of each day occurs right at midnight. Whether
or not the midnight sample is the first sample of the new day or the last sample is at the users discretion,
and either case can be easily accommodated by adjusting the Offset setting.

8.2. MMA Vector Average

A special case of the MMA processor that can be defined is to perform a vector average. Vector
averaging is useful when trying to average a directional value, such as degrees. When averaging
degrees, an erroneous result will most likely occur when individual values fluctuate around the 0° and
360° transition point. For example, the correct av erage of 1° and 359° should be 0° but the numerica |
average of these two values is 180.
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Checking, the “Vec” box for a MMA directs the GTX to perform a unity gain vector average. In this mode
of operation, the values are assumed to be in degrees and the sine and cosine values are computed then
summed. When the average is computed the summed values are converted back to degrees using a four
guadrant arctangent function.
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9. Formatting Transmission Buffers

As noted in Section 6, the GTX’s transmission buffers can be loaded from an external device connected
to the either RS-232 port or can be loaded from sensor data collected by the GTX. While the following
subsections are primarily applicable to the latter case, they are also applicable to the former for two
reasons.

First, even though the external device is primarily responsible for formatting the data when using the RS-
232 port to load the transmission buffers, the GTX still needs to know which format is being utilized. The
GOES certification requirements prohibit certain characters from being transmitted when using Pseudo-
Binary format. Additionally, for GOES transmissions, the DCPs must send a flag byte that identifies the
data format. The GTX supports ASCII, Pseudo-Binary, and Binary. However, at the present time, the
Binary specification is incomplete and Binary transmissions are not permitted by NESDIS. When the
Binary specification is complete, the GTX firmware will be upgraded to allow this type of transmission.

Second, the GTX can be configured to insert Header (see next section) parameters to the message
transmission even when using the RS-232 mode.

Regardless of whether the Data Source is set to RS-232 or Sensor (see Figure 24), the Configuration
Utility uses the same mechanism to configure the Timed and Random buffers. The only distinction is that
only Header Parameters can be defined when in RS-232 mode. Further, the configuration of the Random
Data Buffer is virtually identical to the configuration of the Timed Data Buffer. Figure 44 shows the
Configuration Utility’s Timed Data Buffer page as it would appear for a clean setup, albeit with Timed
Transmissions set for 300 bps.

SI=IE
File Options Advanced About
Configuration Options | General Setup | Tranzmizsion Setup | Equations I SDI12 Sensors | Internal Sensors |
Senzor Min Max Avg II Timed Data Buffer | Flandom Data Buffer | Random Triggers |
Type “Yalug Count | Field ‘width Flags - Inzert
» Mone -
Mahe - Clean Up
Mare - —_—
Meszage Information————
Mone - -
None = Buffer Size: 0 bytes
Nane = =g L_ength: 8 bytes
None = DL_Jratlon: 0.833 sec
Window Rem: 14167 sec
Mone =
Mare = ~Message Stats————————————
Mane - TxRate:  300bps
Mone hd Interleaver:  MNone
Mone = Size AR
Mone = Cariier Dur. 0,50 sec
Maone - Clock Dur:  0.02 sec
Mone hd Frame Dur: 0.0 sec
Mone - Rate: 375 bytes/zec
Mone -
Mone -
Mone =
Mane = j
B comi | |

Figure 44: Configuration Utility - Time Data Buffer Page
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9.1. Header Parameters

Header parameters provide a mechanism to report health and identification information for the GTX in the
message transmission. Figure 45 shows the list of available Header parameters for the GTX. Table 22
in Section 11.7.3.1 provides the same list and summarizes the formatting options of these parameters.
Note the “Text” parameter is user definable string option that is covered in Section 9.8.

[XMicrocom Design GTX Utility o ] B3
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Configuration Ophions | General Setup I Transmission Setup | Equations I SDI-12 Sensors | Internal Sensars I
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|| TeFuwd Par | Header Meszage Staty
|| T#Rev Pwr | Header TxRate:  300bps

| | Tx Temp Header Imterleaver: Mare

|| Latitude Header Size A
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B comi [ | Timed Data Buffer Setup

Figure 45: Configuration Utility - GTX Header Parameters

When the corresponding Data Source for the Data Buffer is set to RS-232 the list of parameters shown in
Figure 45 will be the only ones available.

The first three Header parameters are user-definable string/character constants that will be sent
identically on every transmission. The first parameter is a Platform ID string (see Section 11.7.3.1.1), and
as such has a variable field width. When defined and selected, the Field Width will be automatically set to
the length of the defined string. The two Pseudo-Bin Header parameters, are individually definable
pseudo-binary characters (see Section 11.7.3.1.2). These two parameters will always have a Field Width
of 1. All three of these parameters are defined on the General Setup page of the Configuration Utility
(see Figure 19).

The use and meaning of the Platform ID and Pseudo-Bin Header parameters is solely at the discretion of
the user; from the GTX’s perspective, they are simply fixed data fields that are sent with each message.
For example, these parameters could be used as a more readily discernable identification of the DCP
than the GOES ID, as a mechanism to identify different message formats, or both.
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The “Seq Num” Header parameter is a sequential counter that can be used to identify missed messages.
Separate sequence counters are provided for both timed and random transmissions. In ASCII format the
sequence number is a value between 001 and 999. In Pseudo-Binary format, the sequence number is
encoded as two PB characters; as such, the value will act as a 12