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ABSTRACT

The Naval Ocean Research and Development Activity (NORDA) has adapted the
Loral Instrumentation Advanced Decommutation system (ADS 100) as a portable
maintenance system for one of its remotely deployable buoy systems. This
particular buoy system sends up to 128 channels of amplified sensor data to a
centralized A/D for formatting and storage on a high density digital recorder. The
resulting tapes contain serial PCM data in a format consistent with IRIG Standard
106-87. Predictable and correctable perturbations exist within the data due to the
quadrature multiplexed telemetry system. The ADS 100 corrects for the
perturbations of the telemetry system and provides the user with diagnostic tools
to examine the stored data stream and determine the operational status of the
buoy system prior to deployment.
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INTRODUCTION

The Naval Ocean Research and Development Activity (NORDA) designs,
develops, deploys, maintains, and upgrades data collection equipment in support
of acoustic and oceanographic programs sponsored by the U. S. Navy. Many of
NORDA’s existing data collection systems use analog tape recorders, and analog
test equipment to validate system performance during system verification. New
generations of these data collection systems are equipped with high-speed digital
electronics and use high density digital tape recorders (HDDRs). The conversion
to digital technology eliminates analog tape constraints, takes advantage of the
improvements in digital signal processing (DSP) products, and meets the
requirements for large numbers of channels within new systems. NORDA
operations personnel must have tools to verify operation of these very complicated



digital systems prior to deployment. The focus of this paper is the application of a
telemetry product, the Loral ADS 100, as a maintenance and verification tool in a
digital environment.

The system to be verified is a remotely deployable buoy system with 128 channels
of digital recorded data. A block diagram of the functional modules is shown in
Figure 1. Because the buoy system is located some distance from the sensors, it
utilizes an AM modulated, quadrature frequency multiplexed scheme to transmit
sensor information to the analog to digital converters (A/D’s) and ultimately the
recorder. Some of the standard telemetry correction circuitry, primarily the phase
offset correction circuits, that connects the sensors to the buoy were removed to
reduce space and power requirements. This lack of correction for the channel’s
telemetry effects, along with the difficulty of reading digital data from tape,
complicated the process to determine the data quality. The requirement to reduce
circuitry was sound, and although perturbated, the data is clearly correctable.

The internal capabilities of the buoy system, due primarily to its DSP section,
allow each of the 128 channels to be recorded at various sampling rates and as
complex values, should frequency translations be required. The operational use of
these capabilities requires the output frame format to be variable and flexible from
mission to mission. Surprisingly, the data frame design was accomplished while
staying compatible with IRIG Standard 106-87. The creation of a flexible frame
format, while obtainable within the buoy system through design of the formatter,
increased the need for a programmable maintenance system. Further
requirements, such as on-the-fly correction of 128 parameters, correction
algorithm manipulation, and visual viewing of individual parameters, created still
more unique difficulties. The selection of the Loral ADS 100 as the base for the
maintenance tool solved these difficulties.

MAINTENANCE “QUICK LOOK” PHILOSOPHY

The buoy system basic maintenance requirements were evaluated, and a general
philosophy was established to govern the design and specification of the
maintenance system. According to the philosophy, the maintenance system must:

1. Probe the digital data stream as an end-to-end diagnostic tool and provide in
a quick fashion reasonable quantitative analysis of the quality of each data
channel.

2. Perform as much with a single box as possible to reduce equipment count
during a deployment.



3. Use field technician-level personnel to operate the maintenance system and
validate the deployable system.

To perform as an end-to-end diagnostic tool, the maintenance system must
ultimately get its data from the playback of the magnetic tape recorder. Here,
pulse code modulated (PCM) data in an NRZ-L with clock arrangement must be
decommutated at the maximum rate of 4.75 Mbps. To achieve the end-to-end
concept, specific calibration signals have to be injected at the sensor end of the
buoy system. These signals are designed to have significant frequency content
over the channel bandwidth range, and be specifically sensitive to the telemetry
system perturbations.

To accomplish the second philosophical goal, the maintenance device has to
perform multiple functions and be portable. Programmability is paramount to
accommodate the variability in parameter and minor frame counts. Where
programmability is concerned, the maintenance device could be programmed in
the lab by trained maintenance system personnel (engineers, programmers, high
level technicians), but once programmed, the device must be operable by field-
level technicians with only minor instruction in the use of the maintenance system.
Besides programmability, on-the-fly data correction is necessary prior to any data
display or output. A complex fast fourier transform (FFT) is necessary to verify the
frequency translated data values. After correction, data could be sent to an analog
output port for display on strip chart recorders, oscilloscopes, and spectrum
analyzers if a particular channel did not meet specifications.

THE LORAL ADS 100 SOLUTION

The remote ocean buoy maintenance system requires a range of flexible
decommutation, processing, and display capabilities to verify the buoy system’s
operation. The ADS 100 is well suited to this type of problem because of its
flexible architecture and high level of user programmability. Its modular design
allows the user to direct each piece of data through various input, output, display
and processing modules. The system can be tailored to a specific application by
combining the appropriate standard and general purpose programmable modules.
The data-driven, programmable pipeline architecture is ideal for custom
algorithms in telemetry applications. This flexible design is complemented by a
user-friendly operating environment designed for ease of operation and
programming.



SYSTEM CONFIGURATION

The ADS 100 is easily configured for the design requirements of the ocean buoy
maintenance system. The design used a single portable chassis, with several
application modules comprising the system’s two major sections: the Processing
Section and System Management Sections. A block diagram of the typical
ADS 100 options is shown in Figure 2.

The system management section provides the user interface and system
programming of the hardware modules. The system is easily programmed by
assembling a set of parameter blocks using simplified commands and look-ahead
menu-driven set-up pages. Programmable function keys allow the user to
automatically change the system set-up and enter commands by storing repetitive
or long keystroke sequences. A variety of system set-ups can be stored on
diskettes for recall to reconfigure the system during operation, These features
enable trained maintenance system programmers to develop a maintenance
strategy in the lab, that can be easily executed by the field-level technicians
operating the system, thus eliminating extensive training of all personnel.

The man-machine interface has a variety of display options including a CRT,
printer interface, and analog output ports. Data can be displayed on the CRT in
one of three methods: engineering unit table, bar charts, or graphs. The graph
method displays up to two parameters simultaneously with a horizontal axis of 256
continuous points and a vertical axis representing a percent of full scale. Displays
on the CRT can be printed. The printer interface also has its own collection and
display formats. The analog ports can be used to output to strip chart recorders
and other equipment. Alarms can be programmed to alert the user via an audible
signal, function key execution, or data printout of alarm conditions in the system.

Each processing element performs various functions described in the software
resident on the module. A central processing unit acts as the system controller
and can access the processing elements by a conventional processor bus. The
system processor and system bus provide the user interface and initialization of
the real time processing elements. Each module in the system describes itself to
the system processor, which in turn determines the system configuration. This
modular design allows new modules to be integrated into the system without an
extensive software configuration effort.

The ADS 100 gives the user full control over the flow of data through the modules.
Changes in input formats or processing requirements can be handled by a simple
redirection of the data. The pipelines can be easily reprogrammed for different 



input formats or processing functions by modifying, adding, or deleting parameters
through the menu-driven pages.

The processing section performs real-time data manipulations. This section is
configured from a comprehensive library of programmable application modules
thus offering an integrated modular solution from standard off-the-shelf
components. Included in this library are modules that perform various data
acquisition, compression, reduction, and display algorithms as well as modules
that can be customized for user-specific applications.

THE ADS 100 ARCHITECTURE

Telemetry processing requirements are well suited to a data-driven, or data flow,
design combined with a pipeline processing architecture and modular approach.
In a data flow design the execution sequence of the machine, or a processing
element in it, depends upon the order of the data items it receives. Therefore, a
process is “fired” when its associated data is received. With a programmable,
pipeline architecture, the configuration of the pipeline itself is determined by the
data and can be tailored to meet the needs of the user[l].

This architecture is implemented on a circular, arbitrated, high-speed broadcast-
type bus, which connects a variety of data-driven processing elements together
into reconfigurable pipelines. Many different pipelines or data processing routes
can occur on the broadcast bus in parallel. Each data item can be processed by
different pipelines in parallel, also.

Data is directed through the system by information contained in Parameter Blocks.
These blocks are indirectly created by the user and maintained by the system
processor. The term “parameter” is used to describe the data and “tag” pairs on
the broadcast bus. The tag identifies the data item. All static information about a
parameter, such as tag number, format, and source is contained in the associated
parameter block. The hardware of individual modules is programmed to perform
tag recognition and data collection. Therefore, data routing within the system is a
simple and fast hardware function completely transparent to the processing
elements.

IMPLEMENTATION OF SPECIAL ALGORITHMS

The Data Correction and Spectral Analysis Module (DCSAM) is an application
specific version of the standard Field Programmable Processor (FPP) and
performs the custom algorithms required to correct the channel data and perform
the fast fourier transform. Once corrected, the data must be displayed, plotted or



printed to determine if the system is functioning properly. Gross errors in the
corrected channel data can be visually detected on a graphic display, such as a
CRT graph or strip chart recorder, but for a true test, a fast fourier transform of the
data is necessary.

The FPP utilizes the Weitek XL-8032 chip set as its processing engine, to perform
high speed logical, integer and floating point processing applications[2]. A block
diagram of the module is shown in Figure 3. The system processor has access to
the random access memory (RAM) on the module and loads the operating kernel,
application software, process control blocks (PCBs) and vectors during system
initialization. The operating kernel examines each parameter and passes it to the
appropriate function in the application software. Application software can be
written in several high level languages, “C” is used for this application. The Weitek
utilities include a software simulator. Thus, development of application software
can be done independent of the target system.

The FPP adheres to the data driven design of the rest of the system. Many
different processes can reside in the module, but each will only be active if data is
directed to it. The hardware has a tag recognition section which determines if the
data present on the broadcast bus should be manipulated by one of the functions
residing in the module. If so, a preprogrammed vector can be read which points to
the process control block (PCB) associated with the parameter. The process
control block has the address of and information for the procedure to be
performed. This design requires a minimum of overhead processing for each
parameter thus allowing for maximum processing throughput.

The application is divided into several algorithms that can be individually executed
as required, including: Phase Offset Correction, Channel Quadrature Correction,
and a 256 point Complex Fast Fourier Transform (FFT).

The Phase Offset Correction algorithm converts DC correction values in the prime
telemetry stream into a phase angle used by the Quadrature correction algorithm
to correct the channel data. The phase angle and corrected channel data are then
placed on the MUXbus for further processing by a variety of display, processing,
and output functions available in the standard system.

The FFT algorithm collects 256 complex or real data points, windows the data with
a Blackman window[3], and performs the discrete fast fourier transform of the
data. The power spectral density of the FFT result is computed and normalized.
The normalized result can then be converted to decibels and scaled for display.
The final result is placed back onto the MUXbus where further processing or
display can take place as desired by the user.



Assuming that the system has already been programmed and initialized, in a
typical scenario the user instructs the system to generate a set of channel phase
correction values. Preprogrammed function keys can start and stop this process.
With the quadrature correction algorithm outputting properly corrected channel
data, a quick look of the data can be done on the graph display page to check for
abnormalities in a channel. A suspected bad channel can then be scaled and
directed to the analog ports modules that connect to strip chart recorders. The
actual data values can be routed to the I/O module and printed both as samplings
or as blocks of contiguous data points. A large error in the data will be apparent by
these displays. Smaller errors are not as clear depending on various factors in the
input data. To further verify the operation of a channel, the corrected channel data
can be routed back to the DCSAM for processing by the FFT algorithm. Small
errors will be more apparent in the FFT result. Also, channel monitoring can be
somewhat automated by using the alarm feature of the ADS. For instance, a
parameter can be created to evaluate the difference in the magnitude of two
frequency bins. An out-of-range value can be programmed to alert the user to a
possible channel error by an audio, visual, or printed alarm.

The requirement of the maintenance system to perform on-the-fly correction,
viewing, and fast fourier analysis of each of 128 data channels is a natural
extension of the ADS 100 capabilities. The system is designed to facilitate
implementation of such application specific algorithms.

CONCLUSION

The Maintenance System has been used extensively to help developers of the
buoy system interpret the PCM output which will be recorded during actual
operation. Spectral analysis of the individual channels via the analog outputs is
extremely useful in determining such things as quadrature channel crosstalk,
orthogonality of the quadrature modulation/demodulation carrier frequencies, idle
channel noise floor, and other input specific parameters, especially frequency
accuracy, correct system gain utilization, and correct DSP circuitry operation.
Visual inspection of the sorted data values are referenced to the time code and
are useful to validate that the system formatter is placing channels in the correct
order and minor frame.

The special algorithms in the FPP module enable fast correction of each of the
128 channels. A quick analysis and verification of each of the 128 channels via
stripchart recorders requires a change to the analog port setup only. This is
accomplished by a quick loading of set-up files for the analog ports. Eventually,
two Soltec 9 channel stripchart recorders will be connected to the 16 analog
output channels. It is estimated that a field technician will be able to record all 128



channels of data and review the plots within forty minutes. Prior to implementation
of this maintenance system, the calibration verification was expected to take as
long as seven hours. The Loral ADS 100 fulfills all expectations as a field
deployable piece of test equipment, and as such, represents an extremely
powerful diagnostic tool to analyze complex data collection systems which either
record or transmit PCM data, Its ease of use and programmability allow for quick
and efficient operation by entry level technicians after set-up by personnel trained
in the ADS 100 capabilities.
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Figure 1.   Generalized block diagram of
                     NORDA’s data collection system



Figure 2. Typical ADS Architecture



Figure 3.  EU Processor Block Diagram
 


