
A Meteor Burst Telemetry System
for a Nuclear Lunar Power Plant

Item Type text; Proceedings

Authors Swisher, B. F.; Johnson, R. E.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 16:13:39

Link to Item http://hdl.handle.net/10150/578398

http://hdl.handle.net/10150/578398


A METEOR BURST TELEMETRY SYSTEM FOR
OCEANOGRAPHIC DATA ACQUISITION

B. F. SWISHER and R. E. JOHNSON
Command & Control Systems Department

The Boeing Company

Summary    The meteor burst telemetry system to be described was conceived, designed,
and developed as an Engineering Model. The telemetry system will be used to telemeter
oceanographic data from an experimental instrumented ocean buoy to be moored at
continental shelf depths on Cobb Seamount to shore facilities at Seattle, Washington.
Cobb Seamount is located in the Pacific Ocean approximately 300 miles off the coast of
the State of Washington.

A general description of the telemetry system and its operational characteristics, which
are dictated by the statistical characteristics of the meteor burst mode of propagation, is
presented. This is followed by a more detailed description of equipment elements of the
system. The developmental status, the results of a propagation path field test, and plans
for additional tests are discussed. Development results to date are sufficiently
encouraging to generate confidence in the utility of a meteor burst telemetry system for
oceanographic data acquisition.

Introduction    The meteor burst telemetry system to be described was conceived and
developed as a result of three major factors. They were: 1) A desire to apply the
knowledge gained from independent research and development to the development of a
practical data transmission system; 2) the pursuit of knowledge about the ocean creates a
need for unmanned platforms with telemetry systems capable of operating beyond line-
of-sight ranges, and 3) an opportunity existed to cooperate in the development of an
oceanographic acquisition platform which required a telemetry system.

Millions of meteorites enter the Earth’s atmosphere daily leaving ionized trails or
“bursts”. During the latter part of World War II, it was recognized that back scatter from
these ionized meteor trails were the cause of “False Targets” displayed on Radar
Indicator Screens. The natural desire to learn more about this phenomena has since
spawned many research and experimental programs by Government and Industry,
nationally and internationally. To date, hundreds of articles have been published
describing the results of these programs. Boeing entered into a company-funded meteor
scatter research and development program in 1958. In 1959, a 600 mile experimental



Very High Frequency (VHF) link was established between Seattle, Washington and
Montana State College at Bozeman, Montana. Subsequent to link parameter verification
tests, original experiments were conducted exploring the phase stability of the link.(1)

These experimental results were encouraging. The experiments continued and
demonstrated, for example, that precision long-range automatic time synchronization
could be accomplished.(2) Applications studies were made. One of these, the suitability of
the meteor scatter mode of propagation to telemetry of oceanographic data occurred in
1963. This study favorably concluded that: (1) Real time transmissions are not usually
mandatory; (2) available primary power endurance capabilities dictate extremely careful
power management; (3) the power endurance limitation implies a master-slave
relationship inherent to meteor burst communication links (4) beyond line-of-sight
coverage is required; (5) data reliability is at least as important as data volume; (6)
efficient channeling of data for centralized computer data processing is necessary; (7) an
alternative to existing High Frequency (HF) telemetry systems for beyond line-of-sight
coverage would be desirable.

The ocean is technically a “hostile” environment and not as physically and economically
accessible as the atmosphere for observation and study. Consequently there is emphasis
on development of unmanned instrument platforms, such as buoys, and telemetry
systems to serve them. (3) From an unmanned instrument platform, by means of suitable
instruments, both sub-surface and surface ocean environmental phenomena may be
observed and recorded. These observations should be made several times a day over a
period of many days in order to obtain a general view or synopsis of the daily and
seasonal variations. Several such platforms or stations may be required to study a very
small area of the ocean.

The University of Washington, Department of Oceanography, Developmental
Laboratory had conceived and was proceeding with the development, sponsored by the
National Science Foundation, of a submerged buoy suitable for use as an instrument
platform at Continental Shelf depths. A cooperative effort was established whereby
Boeing would participate in the program and develop and demonstrate an Engineering
Model of a “Meteor Burst” telemetry system.

Development of the telemetry system has progressed to the laboratory system integration
test stage. The system and its operational characteristics are described. Some technical
details of the equipment comprising the master and slave stations are presented. The
results of a propagation path test are discussed. The test was conducted between Cobb
Seamount and Seattle. Cobb Seamount is the site of the proposed buoy plant and is
located in the Pacific Ocean off the Washington Coast.

System Description    The system has been designed to exploit fully the master/slave
and meteor burst characteristics. The master station or master control terminal (MCT)



normally probes at regular intervals with a fixed length interrogation message. The slave
station or Instrumented Ocean Buoy (IOB) is normally silent. When a suitably oriented
meteor trail enables the IOB to receive the probe, the IOB transmitter is automatically
turned on. The stored data is then formatted into a fixed length message and transmitted
to the MCT. The MCT stores and records the data.

The message structure was designed, taking into consideration both the information
necessary to be transferred and the burst duration distribution. The messages, both
interrogation and reply, are illustrated in Figure 1. The interrogation message and the
beginning of the reply message have the same format. The basic word length is eight (8)
bits. The first three words of the fixed length interrogation or probe message are for the
purpose of bit synchronization. The fourth word is for the purpose of establishing frame,
or word, synchronization. The fifth word is divided into two sub-words, message block
starting point address, and command code. The reply pre-message consists of six words.
The first five are identical to the probe with a sixth word which is subdivided. Seven bits
are used for elapsed time and one for an emergency flag. The complete fixed length reply
message consists of the pre-message and 64 data words. At a 3,500 bit/second rate an
interrogation and reply over a 1000 mile link can be accomplished in approximately 185
milliseconds. Slightly more than 11 milliseconds is required for the interrogation probe;
12 milliseconds is allowed for two-way propagation time; one (1) millisecond is allowed
for switching from receive to transmit at the slave station; and the reply message requires
slightly more than 160 milliseconds.

The 64 data words are digitized, 0 to full scale, samples representing one full scan, or
synoptic scan, of the sensor group. Four of the synoptic scans are stored in the core
memory resulting in a total storage of 256 words. The data words are arranged in blocks
of eight words for a total of 32 blocks. With the message block starting point address
feature in the message, the smallest receivable quantity of data is an eight word message
block. The MCT continuously indexes the data words as they are received and
transferred into memory. If a meteor burst dropout occurs prior to receipt of the complete
reply message, the MCT programmer automatically inserts into the interrogation
message assembly register, the correct starting point address for the next probe. This
message block starting point address will correspond to the block immediately following
the last block completely received by the MCT. There are only two of eight possible
command codes presently programmed. They are threshold fill and memory fill. The
threshold fill command will result in IOB data processing equipment accomplishing a
sensor scan when an itern of specific interest, such as wave heighth, exceeds a pre-set
value. The memory fill command will result in a sensor scan being accomplished
subsequent to the reply requested. This procedure is due to the fact that the sensor group
requires three minutes for both sensor stabilization and time averaging prior to the start
of sampling and storage of the data. The elapsed time word represents the time elapsed
since the last memory fill and the report being transmitted. The emergency flag bit is



provided as an emergency warning signal which may be actuated by any one of several
possible integrity monitoring devices installed on the buoy.

Requirements for the receiving and transmitting elements of the system were developed
by a system power budget analysis. The message structure response requirements and the
necessity for conserving primary power defined a need for a solid state transmitter for
the IOB. The RF power budget analysis used the frequency (approximately 47
megacycles) of the experimental VHF link for calculating propagation losses in order to
use available test data. The results of the analysis, considering a propagation path of
1000 miles, indicated the need for a transmitter of 600 watts power output at the IOB.
Low gain antennas, on the order of 6 db or less, are desirable at the IOB so that
orientation restrictions can be held to a minimum. Differential phase shift keying (PSK)
modulation will be used. The experimental evidence of the phase stability of meteor
burst links, better spectrum utilization and a nominal 3 db margin over frequency shifted
keyed (FSK) system (4) all contributed to the selection of PSK for a modulation scheme.

The operation of the system is largely controlled from interrogation and recording
control panels at the MCT. Figures 2 and 3 are photographs of the interrogation control
panel and the MCT data processing and recording groups. Synoptic scanning is initiated
at scheduled times at the IOB. Unscheduled operations are manually controlled at the
MCT. Thus, automatic and manual interrogation modes have been provided.

In the automatic interrogation mode internal timing and logic circuits initiate and control
the frequency of the interrogations or probes. There are controls by which types of
reports, full memory or 1/4 memory, may be chosen. When both the interrogation and
recording automatic modes are selected, probes are initiated every 33 milliseconds at the
scheduled synoptic scan time. When a reply is received, further probes are inhibited until
either the reply message has been received or a burst dropout occurred. Probes and
replies continue until the complete report selected has been received and stored.
Recording of the report is automatically initiated when the complete report is in storage.
Indicating lights are provided on both the interrogation and recording control panels for
monitoring the status of the information receipt and storage.

The manual interrogation mode enables an operator to obtain data of particular interest
which could not normally be obtained by the synoptic scanning method. This is
accomplished by providing controls for selecting message block starting points and
command codes. The interrogation is initiated by a manually controlled switch.
Recording is normally controlled by manual means in this mode. Interrogations are
automatically continued until the report requested has been received and stored. The
commands, threshold fill and memory fill, are executed after the report requested has
been completed. An interrogation may be made any time after the command has been 



executed to extract the new data from the IOB memory. Appropriate indicating lights are
provided on both the interrogation and recording control panels for status monitoring.

Slave Station - Instrumented Ocean Buoy (IOB)    The Instrumented Ocean Buoy
portion of the Meteor Burst Telemetry System consists of four main groups of
equipment. Figure 4 illustrates, by means of a block diagram, the relationship of the
sensor, data processing, power and receive/transmit groups.

Sensor Group - The sensor group may consist of a variety of sensors depending upon the
type of environmental investigation desired or planned. Thus, provisions were
incorporated for accommodating high and low level analog sensors as well as digital
sensors. Since sensor technology is a subject by itself, no detailed discussion of the
sensors will be made. Figure 5 is a measurement list planned to be used on the first buoy
plant. The measurement list shows about an equal representation between buoy
performance and oceanographic sensors. Excitation, and primary power is regulated and
sequenced by the data processing group.

Data Processing Group - For descriptive purposes, the data processing group is divided
into three main categories, the multiplexer, programmer, and memory. The multiplexer
and programmer will be packaged together in one water-tight container. The memory
unit, because of its form factor, requires a separate water-tight container.

The multiplexer consists of a solid-state time division switching device, applicable
power regulators, signal conditioning circuitry, an analog-to-digital (A/D) converter, and
a low-level differential amplifier. There are 64 sampling time slots which provide a 64
channel capability. It is presently connected to provide 7 active low-level and 13 active
high-level channels. A differential amplifier packaged with the A/D converter raises the
low-level Pulse Amplitude Modulated (PAM) train to high level. After amplification, ‘it
is gated through a high-level channel, inserted in the high-level PAM train and routed to
the A/D converter. The five digital channels occupy five sampling time slots.

The programmer block diagrammed on Figure 6, is sectionalized by function and for the
purpose of primary power consumption management. There are essentially five chassis
which make up the programmer. One of the chassis contains the power sequencer and
two clocks; a six hour and a three minute clock. The power sequencer performs the
function of switching the power in a functional sequence to other elements of the
telemetry system. The other four chassis are generally referred to as Micrologic Sections
because these sections are made up of micrologic elements. A photograph of a
representative chassis section and circuit cards is presented in Figure 7. Micrologic was
chosen for two primary reasons; low power consumption, and to obtain an easier form
factor for packaging. Micrologic Section I requires continuous power and performs the
primary programming functions. Micrologic Section II is switched on for 210 seconds



for each memory fill. This section accumulates, time averages, and temporarily stores the
digital sensor data. This section also contains the Memory Address Register (MAR). The
MAR is switched on for approximately 30 seconds during each memory fill and
approximately 160 milliseconds for each reply to interrogation. The MAR provides the
logic control for memory addressing for both the memory fill and the reply. Micrologic
Section III is switched on for approximately 160 milliseconds for each reply to
interrogation. The function of this section is to assemble the reply message and
accomplish the format conversion for transmission. Micrologic Section IV is switched on
for approximately 30 seconds during each memory fill. Its function is to provide logic
control for accomplishing the sensor scan and inserting the resulting scan into the
memory unit.

The memory unit is an off-the-shelf core memory unit modified to meet the needs of the
system. The modification makes provision for power and timing to be applied from an
external source and accommodates differences in logic levels. The unit has a storage
capacity of 512 eight-bit words though only half of the storage capacity is used in the
present system. Power is applied to the memory unit and its auxiliary circuits for
approximately 30 seconds during memory fill and approximately 160 milliseconds
during reply to interrogation.

Power Group - Several power systems were investigated. Initial deployment will use
conventional battery power, regulated as required. The power system is considered the
major endurance limiting factor in an unmanned oceanographic data acquisition system.
The planned battery system, using conventional lead-acid batteries, has an expected
endurance of 45 to 50 days. Most of the system elements have demonstrated lower power
consumption than initial estimates. This might indicate a higher expected endurance but
the endurance will primarily depend upon the number of unscheduled or unprogrammed
requests for memory fills and replies.

Receiver/Transmit Group - The receive/transmit group consists of a receiver, transmitter,
duplexer and antenna. The receiver and duplexer are to be packaged in one water-tight
container. The transmitter will be packaged in an individual water-tight container. The
antenna will be located atop the mast on the buoy.

The receiver is a double-conversion system with the output of the 2nd IF amplifier
driving the demodulator and a signal presence detector. The demodulator consists of a
local oscillator, controlled in frequency and phase by the input signal via a dual mode,
phase-locked-loop filter. The local oscillator output, after division and filtering, is
multiplied with the input signal in a phase sensitivie detector. The detector output is then
filtered and amplified to give the final output signal. The heart of the demodulator unit is
the dual mode, phase-locked-loop filter. It is outlined by dashed lines in the block
diagram of the receiver on Figure 8. The demodulator as designed achieves a lock-up



time of 3 milliseconds for a ten kilocycle offset frequency. Error rates were within 2 db
of the theoretical 8 db signal to noise ratio (SNR) for PSK. Figure 9 is a photograph of
the receiver. The signal presence detector generates a positive voltage level signal which
is provided to the programmer section of the data processing equipment. The signal
presence detector, as its name implies, indicates when a transmitted probe, or reply,
exceeds a specific SNR threshold. Since the SNR is primarily affected by sources
external to the receiver, an automatic level adjusting circuit was designed and
incorporated in the receiver.

Considerable development activity is being applied to the transmitter. It was necessary to
design the transmitter to use solid state devices for their inherent primary power
utilization efficiency. For example, no warm-up is required; negligible power, only a few
milliwatts is consumed during “standby” operation; overall efficiencies of better than
501/o have been achieved. The solid lines of the block diagram, Figure 10, show the
configuration of a transmitter breadboard model, a photograph of which is shown in
Figure 11, that is capable of an output of over 300 watts. A configuration, adding a
fourth parallel amplifier as depicted by the dashed lines, has produced over 400 watts.
Addition of a fifth parallel element, as shown by the dotted lines, did not successfully
obtain higher power outputs. This was due mainly to an unwieldy laboratory set-up.
These units used 20 watt transistors. With 35 and 50 watt transistors now available,
further development will be concentrated on configurations with either two or three
parallel final amplifiers. The exciter consists of an oscillator, a buffer/amplifier,
modulator, and two amplifiers. Control of a single power source, -12 volts DC, enables
turn-off of the exciter and consequently the complete transmitter. The pre-driver, drivers,
and final amplifiers use transistor amplifier stages which are identical in design. In each
of the final amplifiers are six transistor amplifiers in parallel. Power splatters and adders
are used in the parallel operation. The power adders and splatters are exactly alike in
design and shape. Several different adder/splitters were constructed and used
successfully.

A duplexer is required when the same antenna is used for transmission and reception. A
duplexer switch was designed and constructed. In addition to impedance matching, the
switch provides greater than 70 db of protection to the receiver during transmission. The
switching time is less than 0.1 millisecond.

A three-element Yagi-Uda antenna array will be used. The antenna transmission line has
a nominal impedance of 50 ohms. Vertical and horizontal radiation patterns are
nominally 70E and 40E respectively, horizontally polarized.



Master Station - Master Control Terminal (MCT)     The Master Control Terminal
consists of three groups of equipment. The transmitting/receiving group, the data
processing group, and a data recording group. The overall block diagram of the MCT is
shown on Figure 12.

Transmitting/Receiving Group - The transmitting/receiving group, consists of antennas,
a transmitter, and a receiver. Since the MCT is planned as a shore station, separate
antennas are used for transmitting and receiving. A duplexer and a single antenna may be
used if desired. The antenna are of the Yagi type to send and receive horizontally
polarized signals. The transmitter uses an exciter, similar to the slave station exciter,
driving vacuum tube drivers and power amplifier. The transmitter has been, and is still
being used to support experiments on the Experimental Meteor Scatter link between
Seattle, Washington and Montana State College in Bozeman, Montana. The receiver and
demodulator is a duplicate of the slave station unit. The transmitter and receiver are
assembled on one rack.

Data Processing Group - The data processing group, assembled on one rack, consists of
three main sections. They are: (1) receiving, (2) recording, and (3) transmitting.

The receiving section, shown in block diagram form in Figure 13 is concerned with the
reception of signal presence indication and non-return to zero mark (NRZM) data from
the receiver, converting the data to non-return to zero level (NRZL) format, decoding the
pre-message words, and storing the data words in core memory. Bit synchronization is
derived from the NRZM bit train. This time extracted signal provides the basic clock for
the decoding and temporary storage of the reply message.

The NRZM bit train from the receiver is routed to both the bit sync unit and the NRZM
to NRZL converter. Bit sync is accomplished during receipt of the sync words. The time
extracted clock pulses, are used in the NRZM to NRZL conversion and in shifting the
NRZL data into the input register. When the frame sync word is detected, a frame sync
signal is generated. The frame sync signal enables decoding of the remainder of the
message and inhibits initiation of probe messages during receipt of the reply message. If
the reply address is correct, transfer of the data words to memory is enabled. If it is not
correct, an error signal is generated which energizes a control panel error light. The error
light must be manually reset though data word transfer into memory may be enabled by a
subsequent correctly addressed mess-age. The recording section is concerned with the
transfer of data words out of core memory, data conversion, and recording control logic.
A realtime generator is included in this section.

The transmitting section is concerned with the sensing of the start interrogation signal
(whether automatic or manual), probe message assembly, and the transfer of the probe 



message to the transmitter. A block diagram of the transmitting section is shown in
Figure 14.

Portions of the transmitting section are programmed automatically regardless of whether
interrogation mode is automatic or manual. The required clocking signals are generated
by the programmer. When the start interrogation signal is sensed, either automatic or
manual, the assembly and transmission of the interrogation proceeds, unless inhibited by
the signal presence circuit. The three bit sync words are generated and assembled as is
the frame sync word. The address and command code words are also assembled. The
differences in content of the Address and Command code words are determined by the
automatic and manual modes. Likewise, the sequence of interrogation probes. The NRZL
to NRZM conversion and modulation of the transmitter occurs in sequence with the
message assembly.

Recording Group - The recording group consists of an electric typewriter and paper tape
punch. The unit now being used is a Friden Flexowriter. The print-out mode is
determined by the display panel Printout Mode Switch. When in automatic print-out
mode, the flexowriter control sense line senses -the report completion signal and initiates
the recording of data at 571 characters per minute. When in “Select” printout mode, the
recording sequence is manually initiated by the “print” button on the display panel. Print-
out will begin, unless inhibited by receipt of a reply. Once print-out begins, unless a stop
print-out signal is generated, it will continue until the entire memory contents have been
recorded. Two timing words are included in every data recording. These two words are
(1) the reply elapsed time word; and (2) the real-time reception of the reply final message
block. When so desired, the data may be recorded on paper tape at the same time it is
being typed. An example of the typewriter print-out format is shown in Figure 15. The
total print-out time is slightly more than 3 minutes.

Developmental Status and Test Results    With the exception of the solid state
transmitter, all of the equipment items have completed design and fabrication.
Preliminary system integration tests have given encouraging results in the laboratory.
The transmitter development will proceed based upon newer higher power transistors
which have only recently become available.

A field test of the proposed propagation path, Cobb Seamount to Seattle, was conducted
during the last week in July 1964. The MGT transmitter and a 6 db gain antenna was
installed on the University of Washington Research Vessel (R. V. ) Brown Bear. The
primary objective of the R. V. Brown Bear’s cruise was to survey the Cobb Seamount for
a suitable anchoring area for the Buoy. Cobb Seamount is located approximately 270
nautical miles west of Grays Harbor, Washington. It is approximately 400 miles distance
from Seattle and approximately 900 miles distance from Bozeman, Montana. The
transmitter was operated approximately 6 hours per day for five days while the vessel



was anchored on the Seamount. The modulation used was differential PSK at 3500 bits
per second. The transmissions were received in Seattle using a 6 db gain antenna and the
MCT receiver adjusted to an 8 db SNR threshold. The transmitter power was 500 watts.
The power was reduced to 300 and 1.50 watts for one-half hour periods during the last
two days of the test. The transmissions were monitored at Bozeman, Montana during one
of these days. However, severe lightning activity in the Bozeman area obscured much of
their data. This and the limited time of operations at reduced power reduced considerably
the quantitative significance of the low power data. The following table lists the duty
cycles obtained during the same monitoring period for equivalent intervals of time.

Power Level Duty Cycle - Seattle Duty Cycle - Bozeman
500 watts 1.87% 1. 3    %
300 watts 1.48% 1.16   %
150 watts 0.55% No bursts observed

The average duty cycle for the weeks operations at 500 watts power level was 1.87%.
The duty cycle was enhanced by two factors. They were (1) the annual northern delta
aquaride meteor shower, and (2) transmissions were made in the early morning hours on
a non-interference basis with survey activities. The most significant result of the test was
that representative duty cycles were obtained while transmitting from a platform whose
motion was influenced by the sea state. Rotational motions (rolls) of 20 to 30E were
common. Antenna orientation was manually controlled to within approximately 10
degress of the proper azimuth. This indicates that the telemetry system will not be a
limiting factor on the stability requirements of the instrument platform.

Field testing of the telemetry system is planned for Spring 1965 on another cruise of the
R. V. Brown Bear. The tests will exercise the telemetry system from the sensors through
the computer reduction of the data.

Conclusions    The laboratory integration testing coupled with the propagation path test
results continue to demonstrate the validity of the feasibility study conclusions. A
telemetry system employing the VHF meteor burst propagation mode is a good candidate
for the acquisition of oceanographic data. Telemetry of oceanographic data is becoming
more and more an essential tool of the ocean scientist. The meteor burst telemetry system
is another tool in the kit from which the ocean scientist may choose. It will fit many of
his needs in the search for knowledge about the oceans.
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Fig. 1-Message Structure



Fig. 2-Interrogation Control Panel.

Fig. 3-Master Control Terminal
Data Processing and Recording Groups



Fig. 4-Slave Station - Meteor Burst Telemetry Instrumented
Ocean Buoy (IOB) Block Diagram

Fig. 5 - Measurement List



Fig. 6-Programmer Block Diagram IOB Data Processing Group

Fig. 7-Micrologic Section and Circuit Cards



Fig. 8-Receiver Block Diagram

Fig. 9-Receiver - Demodulator



Fig. 10-Transmitter Block Diagram

Fig. 11-Solid State Transmitter
300 Watt Breadboard



Fig. 12-Master Station - Meteor Burst Telemetry Master Control Terminal (MCT)

Fig. 13-MCT Receiving - Recording Block Diagram



Fig. 14-MCT Transmitting Section Block Diagram

Fig. 15 - Automatic Data Printout Sample Format


