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ABSTRACT

The free balloon provides science with a very useful means of reaching the upper levels of
the earth’s atmosphere. To take full advantage of the balloon’s capability as a scientific
platform, methods for determining the balloon’s trajectory, recovering the scientific data
and controlling the scientific equipment and balloon system are required. Several modes of
communication are available to accomplish this task. This paper describes the techniques
used by the National Scientific Balloon Facility for data recovery, data presentation,
recording and system control including standard telemetry methods and current and
proposed satellite techniques.

INTRODUCTION

Increasingly complex experiments in scientific studies of the upper atmosphere and studies
in geophysics and astrophysics are performed through the use of balloons. The success of
these experiments depends upon instrumentation for balloon trajectory determination, for
control of the on-board research equipment and for recovery of the scientific data. This
paper is concerned with the various instrumentation techniques used at the National
Scientific Balloon Facility (NSBF) to satisfy these requirements.

Many scientific applications utilize zero pressure balloons which readily achieve a floating
balance based on system weight, balloon volume, and atmospheric density. Thin
Polyethylene or Mylar film is used in the construction of balloons of this type. The film is
cut to form panels, called gores, to assemble a natural shaped tear drop envelope. Load
tapes of nylon are attached to the seams where the gores join and these converge to the
bottom of the balloon to support the payload. Vent ducts are attached to the zero-pressure
balloon to release excess lifting gas when the gas expands to full balloon volume at the
float altitude. Balloon volumes of 566,500 cubic meters capable of supporting a 1500 kg



load at 37 km altitude are common, although smaller and larger balloons are used,
depending on the requirements. A typical flight train is shown in Figure 1. This includes
the balloon, load coupling, recovery parachute, scientific payload, support equipment and
crush pads.

Other types of balloon systems are the super pressure and the tandem system, both of
which are meant for long duration flights where gas loss due to night-time cooling does not
result in a permanent loss of altitude. The super-pressure balloon is a closed cell vehicle
which maintains a positive internal pressure throughout its lifetime at float. The tandem
system consists of a zero-pressure balloon with a super-pressure balloon suspended below
it to create a system which is self-compensating for overall atmospheric density balance.

There are three principal areas of electronic instrumentation used in support of balloon-
borne experiments. These are trajectory determination, telemetry and data recovery, and
radio-command for the balloon system and the scientific payload. As shown in Figure 1
there are several radio linkages between the ground station and the balloon system. The
MPS-19 radar provides precise position information for a range of about 160 km from the
launch site. The telemetry system communicates the scientific and engineering data from
the balloon system. The command equipment at the ground station is used for balloon
control and for scientific equipment control. The NSBF electronics is self-contained in a
temperature stable Consolidated Instrumentation Package (CIP). Down range ground
instrumentation stations are available to extend the operating range of the flight beyond the
radio horizon from the main ground station at the launch site (1).

Soon after a balloon is launched, a tracking aircraft is dispatched to be in the vicinity of the
floating balloon and to manage flight termination and assist in payload recovery. It is
equipped with direction finding equipment, a command transmitter and a telemetry
receiver for essential tracking data such as altitude.

TRAJECTORY DETERMINATION

Radar

The MPS-19 radar is an S-Band autotrack system which tracks the balloon within a radius
of 160 km. Tracking is done entirely by a reflected signal since no balloon-borne radar
transponder is used. Balloons manufactured recently have a yarn composed of many
strands of metalized glass filaments built into the load tapes. This material greatly
improves the radar reflectivity characteristics of the balloon system. The radar ran measure
azimuth and elevation angles to an accuracy of ± 0.02E and range measurements to an
accuracy of ± 7 meters to a maximum range of 160 km.



FAA Transponder

ATC transponders, similar to those used by many aircraft, are used on scientific balloons.
The FAA (Federal Aviation Administration) may then determine the balloon position and
provide trajectory information. As the FAA radar scans the horizon, it transmits a pulsed
signal which is received by the balloon transponder. The received pulsed signal in turn
causes the transponder transmitter to send a pulsed reply which is then received by the
radar receiver. This reply signal consists of a digital code identifying the balloon, which
has been assigned a special code. The distance is determined by the radar ranging circuits.
A complex system of FAA radars provides a wide, though not complete, geographical
range of coverage for vehicles carrying transponders.

Omega

The NSBF extensively uses the World Wide Omega Navigation System for balloon
position determination throughout the trajectory. This system, established primarily for
maritime navigation, consists of an array of eight VLF transmitting stations located in
Norway, Trinidad I., Hawaii, North Dakota, La Reunion I., Argentina, Australia and
Japan. The Trinidad I. station will be changed to Australia in late 1980. These stations
sequentially transmit in-phase frequencies of 10.2 kHz, 13.6 kHz and 11.333 kHz. Phase
comparison of received signals of the same frequency from any two stations will generate
a family of hyperbolic lines of position (LOP) curves with the stations at the focal points.
By comparing the phase of signals received from another pair of stations, another set of
LOP curves is generated. The space between lines of constant phase is referred to as a
lane. The lane width at 13.6 kHz on the baseline between two stations is six n. mi.

The balloon electronics package contains an Omega receiver (13.6 kHz Amplifier) with its
output signal mixed with the FM/FM telemetry subcarrier channels. The Omega signal is
extracted at the ground station where it is utilized by a Tracor Automatic Omega Receiver.
By having a known reference position for the balloon and by keeping account of lane
crossings and centilane positions the latitude and longitude is calculated by a
microprocessor in the Omega receiver. Propagation corrections are applied and a high
degree of position accuracy is obtained. The balloon position coordinates are displayed on
the panel of the receiver as well as being printed with time on a small printer. This data is
also supplied to a minicomputer where it is formatted with PCM digital telemetry from the
balloon. The World Wide Omega System allows the reduction of lane ambiguity by using
more than one VLF frequency such as 10.2 kHz and 13.6 kHz where the width of three
lanes at the lower frequency is equal to the width of four lanes at the higher frequency.
This technique is not used by the NSBF because the extra complication in equipment is not
warranted.



Pressure-Altitude

Even though various types of transducers such as thermo-conductive devices, ionization
chambers and hypsometers have been used for balloon pressure-altitude determination, the
variable capacitance pressure transducer is more desirable as an operational device (2).
These consist of a taut membrane or diaphrapm stretched between two capacitor plates.
The space between the membrane and one plate contains a reference vacuum while the
space on the other side is exposed to the ambient atmosphere to make an absolute pressure
gage. The displacement of the membrane with respect to the stationary plates is a measure
of the pressure and is determined by the capacity measurements between the membrane
and the stationary plates. The capacity measurement circuits generally produce an output
voltage ranging between 0 and 5 volts which varies linearly with the pressure.

An assembly of these diaphragm type gages is used to cover the complete pressure range
traversed by balloons during ascent and descent. Three transducers are used, with each
one engaged in the pressure interval to which it is most sensitive. Electronic circuits are
used to select the appropriate transducer for each pressure segment. Typical pressure
ranges of these transducers are 0-1100 mb for altitudes below 18 km, 0-70 mb for the
range between 18 and 34 km and 0 to 7 mb for altitudes above 34 km. With careful
calibration, the low pressure unit is accurate to less than 0.1 mb. To conserve power, only
the active gage is supplied with power. The output analog voltage is telemetered to the
ground station on FM/FM and PCM/FM telemetry. Better resolution and accuracy is
obtained by reading the subcarrier frequency (3).

Ranging

A simple means of balloon trajectory determination, which uses the command system and
telemetry is sometimes used by the NSBF. With this technique the command transmitter is
modulated with a steep front 150 ms pulse, which is received on the balloon and used to
modulate a high-frequency subcarrier oscillator of the FM/FM telemetry. When the pulse
is recovered at the ground station the delay is measured in n, mi. and presented on a
decimal display. The range accuracy is ± 3 n. mi. By using this range, the balloon altitude
and the telemetry receiving antenna azimuth, the balloon position can be determined.

TELEMETRY

Two types of telemetry are used by the NSBF. These are FM/FM and PCM/FM with the
PCM/FM being more widely used (4).



FM/FM Telemetry

The FM/FM is typical of this type of telemetry and conforms to the requirements of the
Inter Range Instrumentation Group (IRIG) (5). The analog information to be transmitted is
generally a dc voltage, ranging between 0 and 5 volts. These voltages are applied to
appropriate VCO’s, depending on the data frequency requirements, which are mixed with
proper modulation taper, and with the VLF Omega signal where they are used in turn to
frequency modulate the three watt L-Band UHF transmitter.

After reception and detection of the telemetry signal at the ground station, the subcarrier
frequencies are separated by bandpass filters in the FM/FM discriminators. The
discriminators convert the subcarrier frequencies into dc analog voltages, representative of
the voltages applied to the VCO units in the balloon-borne equipment. These outputs are
used to drive graphic charts, and may be recorded on analog magnetic tape for later
reproduction. The composite receiver output may also be recorded on tape for later
playback through the discriminators.

PCM/FM Telemetry

PCM telemetry is the usual type of telemetry used at the NSBF for scientific data recovery.
This telemetry complies with the IRIG standards and uses commercially available
encoding and decoding equipment. Some special interface circuits are provided by NSBF.
Minicomputers are used to program the decommutating equipment, record the PCM data
on industry compatible tape and provide an immediate printout of some of the data
parameters.

The data encoders are quite versatile in that a wide variety of formats of analog and digital
inputs are available. These formats are programmed into a PROM at the factory and
special formats are generally available on short notice. The standard format used by NSBF
is one of 10-bit words, 20-bit synch, 32 words per frame and 16 or 32 frames per subframe
with complemented subframe sync. The bit rates used by NSBF range from 1.28 kb/s to
81.92 kb/s in binary multiples. Any output code is available, however NRZL or S0/C are
generally used, the choice depending on bit-rate and bit-stream recording requirements.
Some of the scientific experiment packages are equipped with their own encoder of
different formats which presents no problem to NSBF as long as it complies to IRIG
standards. The digital output of the PCM data encoder is applied to the FM/FM
transmitting system either to a subcarrier channel or by direct modulation depending on the
bit rate used.

At the ground station the PCM signal is taken directly from the receiver or from the
subcarrier discriminator as appropriate and fed to the demultiplexing (or decommutating)



equipment. This consists typically of the bit synchronizer, frame synchronizer, subframe
synchronizer and digital-to-analog converter for graphic displays. The earlier equipment
consists of discrete units of the above but later designs are more compact systems which
are microprocessor controlled and have a wide variety of data display options on a video
screen.

A block diagram of the PCM ground station is shown in Figure 2.

The complete PCM data recovery system consists of the decommutator, a PDP-11
minicomputer with two digital tape drives, high speed paper tape reader-punch, printer and
video terminal. The PCM equipment can be programmed manually or by the computer to
the required data format. When the serial bit stream of data is being received, it is loaded
into a computer buffer with each buffer location containing one PCM data word. When the
buffer is filled with the prescribed number of data frames (usually about 2000 tape bytes),
an additional 32 bytes of ASCII data, called the ground frame, is inserted at the end of the
buffer. This ground frame contains the date, time, latitude, longitude and pressure-altitude
in mb. The date is inserted into the computer from the keyboard during initialization, the
time comes from a digital clock, the geographical coordintes from the digitizer in the
Automatic Omega System, discussed earlier and the altitude is taken from the PCM format
when the pressure transducers are sampled by the PCM data encoder. When the data
buffer is filled with data, another buffer begins to fill while the ground frame of the first
buffer is added. The filled buffer is then logged on computer tape and the procedure
continues in alternate sequence. On an interrupt basis, data from the computer buffers can
be presented on the printer or the video terminal. This data can be displayed in binary or
decimal form or converted into meaningful units. A special computer program must be
written for individualized printouts.

There are two complete PCM telemetry systems available at the NSBF in Palestine, Texas.
This will allow two simultaneous flights using PCM. One PCM ground station is shown in
Figure 3. The remote sites are equipped with the newer microprocessor versions of the
PCM decommutators which are useful for flight monitoring since they provide such a
versatile display system. No computer tapes can be made in real-time at these locations,
however, they can be made at a later date from analog tapes of the PCM signal.

Radio Frequency Link

The telemetry radio frequency link consists, essentially, of the transmitter and its antenna
at the data source on the balloon, the receiver and its antenna at the ground station and the
propagating medium. The transmitters used by NSBF have an RF power output of two or
three watts. The RF energy is radiated by a vertically polarized antenna with an
omnidirectional horizontal pattern. The receiving system at the ground station consists of



the antenna, preamplifier and the receiver with its detectors and amplifiers. The receiving
antennas are parabolic dish antennas with diameters of three to eight feet, depending on
the requirements and station location. The preamplifier has a noise figure of three to four
dB.

As an example of the signal margin for a balloon at 400 n. mi. (at the radio horizon) with a
3 watt, 1485 MHz transmitter the following information will apply. The transmitter power
output is 35 dBm. With 2 dB antenna gain, 1 dB cable loss, 153 dB space attenuation,
4 dB atmospheric attenuation and an antenna gain of 29 dB (8-foot dish) and 1 dB cable
loss at the receiver, the available signal at the receiver input is -93 dBM. If the kTBn

thermal noise is -119 dB and the preamplifier has a noise figure of 3 dB then there is a
-116 dB noise level. The signal to noise difference is 23 dB which is more than adequate
for a bit error rate of 10-5 (6).

Satellite Telemetry

The two Geostationary Operational Environmental Satellites (GOES) operated by the
National Environmental Satellite Service (NESS) are used by NSBF on some of the long
duration balloon flights with the specialized balloons mentioned earlier. This telemetry
system consists basically of a data transmitting platform on the balloon, the GOES relay
satellites, the receiving station at Wallops I. Virginia, and the data processing center at the
World Weather Building in Camp Springs, Maryland (7).

The platform accepts digital data such as that coming from an IRIG encoder or a
microprocessor and combines it with a 250-bit clock preamble of ones and zeros, a 31-bit
platform identification word and a message synchronizing word of 15 bits to form a data
message to be transmitted. The data bit stream is broken into 6-bit words to which are
added a parity bit and an extra “one” bit to prevent it from appearing as a control character
to a computer terminal. These 8-bit groups appear as ASCII characters to a terminal and
are transmitted at a rate of 100 bits-per-second on a 400 MHz carrier signal. The data is
then transmitted from the GOES satellite to the receiving station at Wallops I. Virginia
where it is processed and sent by data communication circuits to the World Weather
Building Processing Center. There it is tagged with with a user identification number and
the date and time and stored on a computer disk where it can be accessed. NSBF has a
TI 742 Silent 700 terminal with cassette tapes. By using direct-dial circuits the data
messages stored on the disks can be transferred to the terminal tapes. They are then read
into a computer where the data is processed at NSBF.

 Preparations are being made to use the NASA Tracking and Data Relay Satellite System
(TDRSS) for transglobal balloon flights when it becomes operational, NSBF is presently
having a transmitter developed for use with this system (8). The transmitter uses Staggered



Quadriphase Pseudorandom Noise (SQPN) Modulation for multiple access to the satellite.
The transmitter will develop five watts of power at 2287.5 mHz. It will be modulated with
a typical IRIG data encoder using a forward error correction circuit for bit error
improvement. A one-kilobit data rate is planned for the initial system.

After the data is received by the TDRSS satellite, it is retransmitted to the ground station
near White Sands, New Mexico where it is processed and made accessable to the user
through the NASA Communications Network (NASCOM). NSBF will use dial-up
communication circuits to access the data and process it with regular PCM ground
stations.

COMMAND CONTROL

The command control system used at NSBF consists of a PCM encoder at the ground
station and a decoder on the balloon. The basic modules of the encoder and decoder are
Data Communicator Modules manufactured by the Larse Corporation of Palo Alto,
California. The SEN unit at the ground station accepts 16 bits of data input and provides
time division multiplexing encoding and frequency-shift keying of a 1620 Hz tone to
frequency modulate the command transmitter. The 16-bit word contains an address code
for the intended receiver. The REDE unit accepts the detected output from the command
receiver, decodes the data and presents it in its original state as 16 bits of output. Several
security and reliability features are built into the Larse system such as duplicate
transmission with bit-by-bit comparison, addressing and special encoding-decoding
techniques.

Three modes of operation can be selected at the encoder by using selector switches. In the
command mode, one of 63 open-collector drivers in the decoder unit is activated for
control of relays, or for the application of logic levels to digital circuitry. The Data Mode
allows transmission of a 16-bit data word as one command. The states of the 16 bits are
established by setting toggle switches on the front panel of the encoder. The REMOTE
Mode deactivates the panel switches and allows remote operation of the encoder, as from
a computer.

Command Radio-Frequency Link

The radio equipment at the ground stations is the same as that used for communication
with tracking aircraft, launch, and recovery vehicles. This is narrow band VHF FM
equipment (± 5 kHz) using a 60 watt transmitter with a vertically polarized omnidirectional
or a directional antenna with 8 dB gain. The receivers are modules designed for portable
VHF-FM gear which have been repackaged for noise suppression. They have a sensitivity
of less than one microvolt for 20 dB quieting. The receiving antenna on the balloon is a



vertically polarized coaxial dipole. Calculations for available signal indicate worst-case
signal levels at the receiver of 11 to 28 microvolts where only a few microvolts are
required.

BALLOON CONTROL

The trajectory of a free balloon is determined.by the ambient winds and one has little
control except by controlling the float altitude. This altitude is determined primarily by the
weight of the system and the volume of lifting gas. There are instances when it is desirable
to reduce the system weight or gas volume.

Several pounds of ballast, in the form of small metallic shot or glass beads are carried aloft
as part of the balloon payload. This ballast is contained in a hopper with a release port at
the bottom which can be opened or closed by command-control. Reduction of system
weight by dropping ballast results in increased lift and float altitude.

In cases where the lift of the balloon is excessive, it may be necessary to release some of
the gas. Gas release is also necessary when a slow descent is required to satisfy the
scientific experiment. The release is accomplished by opening a motor-driven valve at the
top end fitting of the balloon by command-control.

After the scientific experiment is complete or if it is necessary to terminate a balloon flight
for other reasons, the radio command system is used. Since the recovery of the expensive
scientific payload is important, the primary function of the termination sequence is to
separate the scientific assembly and its parachute from the balloon vehicle. When the
termination command is transmitted (usually by the tracking aircraft) a pyrotechnic cable
cutter separates the payload coupling, allowing the payload-parachute system to drop. The
parachute is attached by a cord to a rip panel in the balloon and at termination the balloon
is ripped open. The gas escapes and the balloon and the parachute system separately fall to
the earth. The tracking aircraft pilot observes the impact point and directs the recovery
group who are generally in the area.

CONCLUSION

Scientific balloon instrumentation has made many advances since the inception of the
stratospheric research balloon. Techniques are being improved constantly by the NSBF
and by the experimenter as technology advances. This paper has attempted to describe
briefly some of the details of balloon instrumenation but space does not permit a detailed
description of all the systems involved.
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 FIGURE 1.  BALLOON INSTRUMENTATION



FIGURE 2.  BLOCK DIAGRAM OF PCM DATA RECOVERY SYSTEM


