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THE USE OF TRANSLATORS WITH GPS

Edwin E. Westerfield
The Applied Physics Laboratory

Johns Hopkins University
Johns Hopkins Road

Laurel, Maryland 20707

ABSTRACT

A method for determining position and velocity as a function of time is required in order to
test many systems involving moving platforms, such as missiles or sonobuoys. The Air
Force Global Positioning System (GPS) is ideally suited for providing this information.
Limitations exist, however, in currently available receivers. They are expensive to use in
expendable platforms, plus they require more volume and power than are typically
available. An alternative is to use either a translator or a transdigitizer in the vehicle under
test. The signals transmitted by the GPS satellites are received by antennas on the missile,
translated to a frequency in the telemetry band, amplified, and transmitted to a receiving
station. In addition, if a transdigitizer is used, the signal is digitized prior to transmission.
Specially designed receiving equipment on the ground processes the transmissions from
the translator/transdigitizer, tracks the transmissions from each satellite, and makes the
measurements necessary to allow the computation of the platform position and velocity.
These systems concepts will be discussed, and a system currently using a translator in a
missile and a system using a transdigitizer in a sonobuoy will be described in detail.

INTRODUCTION

Testing of many systems involving moving vehicles requires a means of determining their
position and velocity. These vehicles can range from a large missile to a small, slow
moving device, such as a sonobuoy. The Air Force Global Positioning System (GPS) is
well suited to provide this information. Each system to be tested has its own set of
requirements. For a ballistic missile it may be necessary to track up to 12 satellites
concurrently to provide the desired accuracy. This many satellites will often be in view at
the top of the missile trajectory. To eliminate the effects of ionospheric refraction, two
frequencies from each satellite must be tracked. This of course, would require an
extremely complex 24 channel receiver. On the other side of the coin, for a unit such as a
sonobuoy, which has low dynamics only, the receiver needs the capability to track just 4
satellites. The cost of the receiver must be low however, since the buoy is expendable.



There are, of course, many types of vehicles between these two extremes for which
positioning information is needed including small air-to-air missiles, slow moving drones
and balloons.

It is within the state of the art to provide special purpose receivers for all the applications
described above. The difficulty is that the cost of the receiver becomes high, particularly
when a special receiver must be developed for a low volume application. In addition, a
receiver, such as that for the missile that must track 12 satellites, would probably have a
prohibitive space and power requirement. A means exists however, to meet all these
requirements at a relatively low cost. This is by the use of a device known as a translator
that receives the transmissions from GPS, performs necessary filtering and amplification,
and shifts the frequency to an available band for transmission to a data collection site.
Typically, the S-band telemetry band is used for this transmission. The signals, when
received at the collection point, can be recorded or processed immediately by specialized
receivers. The cost of a receiver capable of tracking two frequencies from each of 12
satellites is more easily justified when the receiver is used in a processing facility. This is
because the equipment can be used over and over again so that cost is a less critical factor.
The same approach can readily apply for a small vehicle, such as a sonobuoy.

A related approach is to use a device within the vehicle called a transdigitizer. This device
is similar to a translator except that the received transmissions from CPS, following
filtering and amplification, are down converted to near baseband and one bit quantized at a
rate of up to 4 megabits per second. This digital data stream can then be combined with
other data, such as telemetry information if required, and transmitted to the receiving site.
Again the received data can either be recorded or immediately processed to provide real
time information.

In general, the use of either of the above techniques restricts the system to utilizing only
the clear acquisition (C/A) code transmissions from the GPS satellites. In the case of the
translator, the down link requires a bandwidth of at least 2 MHz plus a small additional
bandwidth for a pilot carrier. Typically 3 MHz are required. If one were to attempt to use
the GPS Protected (P) code transmission, a down link bandwidth of around 22 to 23 MHz
would be required. This is typically prohibitive not only due to spectrum space but also
because of the difficulty in establishing a down link with the required signal to noise ratio.
For the C/A code transdigitizer a bit rate of either 2 or 4 megabits per second is typical for
a single channel transdigitizer. To use the P code signal component, a bit rate of at least 20
megabits per second would be required, also typically prohibitive.



DESCRIPTION OF A TRANSLATOR

Figure 1 is a block diagram of a typical single channel translator. Single channel refers to
the fact that only one of the GPS frequencies is translated and retransmitted. This is the L1
frequency of 1575.42 MHz. Within the translator channel of course, will be signals from
all satellites that are in view. The input to the translator is received by an antenna located
on the vehicle containing the translator. Ideally this antenna should have a gain of at least
0 dB. Practically it is often necessary to operate with an antenna that has far less gain since
usually it is necessary that the antenna receive signals over the complete sphere. Systems
are currently operating with antenna gains of as low as -14 dBi. A preamp is typically
located as close as possible to the antenna to establish a system noise figure as low as
possible. In addition it is often necessary to place a filter between the antenna and the
amplifier to protect the preamplifier from other transmissions generated aboard the vehicle,
such as the output transmissions from the translator, or from telemetry transmitters.
Following the preamp, the signal is further amplified to a reasonable level and then
converted down to an IF frequency. The IFs shown on Figure 1 are typical frequencies and
are shown to aid in explanation of the circuit. The actual IF values can vary over a wide
range and are dependent on many factors in the design of the system.

Fig. 1  Block diagram of single channel translator.

The translator shown utilizes a hard limiter in the second IF. This not only provides
sufficient gain but also normalizes the output signal level. In place of the hard limiter an
AGC amplifier with an appropriate AGC circuit could also be used. The principal
advantage of the hard limiter is that in case of pulse interference, such as from a radar, the
system gain will not be reduced except during the actual reception of the pulse. Selection
of either a limiter or an AGC stage should be dependent on system requirements. The



principal function of either circuit is to compensate for the gain changes of the various
amplifiers. Because the received signal is typically 25 dB below the system noise, signal
level variations will cause no changes in effective gain.

At the output of the 75.4 MHz IF a second signal is summed in. Its frequency is several
MHz below that of the signal channel. This signal is obtained by direct frequency synthesis
from the master oscillator. Its function is to serve as a pilot carrier by which the receiving
equipment at the base station can compensate for any error in the frequency of the
translator oscillator. This signal and the signal channel are then converted by a series of
mixers to the desired output frequency.

The output signal is amplified to the required output power. Current units produce an
output power of 4 to 5 watts. There is a choice in the type of amplifier used in these final
stages. A class A amplifier can produce the required power with low distortion, however,
it will require a large amount of DC input power into the amplifier to provide the required
output power. Experiments have shown that it is possible to use a class C amplifier with
less than 1 dB degradation to the relayed GPS signals. There will be some degradation of
the pilot due to intermodulation distortion, but by using a sufficiently narrow bandwidth in
the pilot carrier tracking loop it is possible to operate successfully with this distortion. The
advantage of the class C stage is that it requires much less DC power for a given output
power than the class A stage. A disadvantage of the class C however, is that it tends to
spread the signal bandwidth. In many cases this will cause interference with other
telemetry signals, transmitted by either the vehicle in which the translator is located or by
signals from other sources. If the output frequency is a lower frequency within the VHF or
UHF range, it may be possible to provide adequate filtering of this signal without
significant cost impact. In the case of an S-band frequency output, available filters will be
quite wide and may, therefore, not be able to provide sufficient protection to keep from
jamming nearby signals.

PROCESSING OF TRANSMISSIONS FROM TRANSLATORS

There are many possible ways to process the transmissions from translators at the
receiving site. When the system is used on test ranges, it is typically desirable to record the
raw data in addition to processing the signals in real time. If the data is to be recorded on
tape, it is essential that the wow and flutter induced on the signal by the tape recorder be
only a few nanoseconds. This eliminates the use of typical range telemetry recorders
unless special techniques are used to reduce the effects of the tape wow and flutter by at
least 2 orders of magnitude. In the past these signals have been successfully recorded on
rotating head instrumentation machines with minimal degradation. Techniques are
available to allow the use of standard instrumentation recorders by using external wow and 



flutter correction circuits, although at this time these techniques have not been
experimentally validated.

There are two basic types of translator processing systems that can be used. In the first to
be described the signal received from the translator will be converted back to the original
signal frequency of 1575.42 MHz and applied to the input of a standard type receiver. The
pilot carrier will be tracked, and corrections will be made in the process to cancel the
effects of any drift in the master oscillator of the translator. The receiver that does the final
processing must however, be designed to cope with not only the doppler effect between te
satellite and the missile but also an added doppler effect caused by the down like. Due to
the way that the signal is corrected for drift in the master oscillator, the amount of doppler
effect caused by the relative motion between the receiving site will be scaled at the
frequency of 1575.42 MHz regardless of the actual frequency at which the signal is
transmitted. This can readily be shown mathematically but due to space limitations will not
be discussed further in this paper.

Figure 2 is a block diagram of the first type of translating processing system. The signal
received from the translator is amplified, filtered and further amplified and then mixed to a
convenient IF frequency for additional filtering and amplification. At the output of the last
IF section, filters are used to separate the pilot carrier from the signal channel. The
bandwidth of the pilot carrier filter need be only wide enough to allow for the doppler
effect caused by the relative velocity between the translator and the receiving unit and for
errors in the master oscillator frequency within the translator. The signal channel must
have adequate bandwidth to pass the C/A code modulation or about 2 MHz.

The output of the pilot carrier channel is used for two purposes. The amplitude of the
signal is measured in a detector and used to vary the IF gain to maintain a constant output
signal level. This cancels out the signal level changes due to variation of range between the
translator and the receiving equipment. The second output is fed into a phase comparator
in which the signal is compared to an output from the frequency synthesizer.

The output of this mixer is then used to control the frequency of the VCO which services
as the master oscillator for the reconverter unit. Assuming no doppler effect, the VCO will
be set to a frequency identical to that of the master oscillator in the translator. A local
oscillator signal is then synthesized from the master oscillator and used to hetrodyne the
signal channel of 1575.42 MHz. The output of the signal channel must be adjusted in
amplitude so that the final signal will not cause overloading of the receiving system used to
track these signals.



Fig. 2  Block diagram of translator reconverter unit.

The translated signal can then be fed into the antenna input of a standard receiver, such as
those under development by the GPS Joint Program Office. The receiver must be capable
of tracking the doppler frequency variation caused not only by the satellite motion but also
by missile dynamics. This latter effect may be multiplied by a factor of two due to relative
motion between the translator and the receiving site. Also, due to these effects initial
acquisition of the signal with a standard receiver may be slow.

Figure 3 is a block diagram of the second form of translator processing system. The system
shown is similar to that currently used operationally in a Navy program. The signal
received from the translator is amplified and filtered as before. The signal is then down
converted by two mixers in cascade to an IF frequency of about 33 MHz. Independent
filters separate out the pilot carrier from the signal channel. One output of the pilot carrier
channel feeds a detector which operates an AGC circuit that compensates for variation in
the received signal level. The second output from the pilot filter is fed to an assembly in
which the signal is down converted to near base band, i.e., 100 kHz. In the conversion
process, separate conversions are used for in phase and quadraphase components.
Following the down conversion to base band, the signals are amplified, fed through a zero
crossing detector, and then latched under the control of a local clock at a 1 megasample
per second rate. The signal channel is similarly down converted but in this case typically to
a frequency of about 120 kHz. The signals are fed through zero crossing detectors into a
latch. Typically a frequency of 4 MHz is used for the sampling clock. The output of this
system is then fed to a recorder and, if real time tracking is being done, to a suitable
receiver for recovering the satellite signals from the digital data stream.



Fig. 3  Block diagram of translator down converter unit.

USE OF A TRANSDIGITIZER

As an alternative to the use of a translator, a second device known as a transdigitizer has
been developed. Figure 4 is a block diagram of a typical transdigitizer. The received signal
from the satellite is fed through a preamp where the noise figure is established and any
necessary filtering is accomplished. A signal is then fed into the main part of the
transdigitizer where it is down converted to an IF of around 75.4 MHz and further
amplified. The output of this IF is down converted to near base band. In this process an in
phase and quadrature component are generated by separate down converter assemblies.
These signals are filtered and then fed into a zero crossing detector which performs a 1 bit



Fig. 4  Block diagram of transdigitizer.

quantization on the signals. The signals are then latched, ideally at a 4 MHz rate, but
typically at a 2 MHz rate, and fed into a quadraphase modulator.

A carrier is generated within the frequency synthesizer at the desired output frequency.
This carrier is quadraphase modulated and amplified to the desired output power. The
quadraphase modulator currently used is actually a minimum staggered quadraphase key
unit. This device, rather than instantaneously moving the phase of the carrier, linearly
adjusts it during the bit period. This process significantly reduces the spreading of the
signal plus greatly improves the performance of a class C type amplifier, if it is used in the
output stages.

The output format generated by the equipment shown in Figure 4 is one of several that may
be used. The signals received at the transdigitizer input are at least 25 dB down into the
noise. As a result the output of the two sample signals will be principally composed of
noise, which should have a 50% duty cycle. An auto zero circuit is included for assuring
that the signal maintains this 50% duty cycle. As a result the carrier is almost totally
suppressed. This form of transmission would provide the best transfer of the data to the
tracking receiver located at the base station but requires a complex receiver to recover the
carrier and generate the necessary clocks. An alternate form of transmission can be
generated if an interrupter circuit is included in the transdigitizer. The interrupter interrupts
one phase approximately 50% of the time and forces it to a given state. As a result a
residual carrier of a known phase relationship to the signal will be generated. The
receiving equipment can then lock on to this residual carrier and use it in the signal



recovery process. This will result however, in some additional loss in the effective signal
strength of the signals received from the satellites.

Experience with transdigitizers in the past has shown that if the sampling rate is reduced
from 4 MHz to 2 MHz a loss of about 2 dB in the effective signal to noise will result. In
addition, if only one of the recovered signal phases is transmitted to the ground, an
additional loss of about 3 dB in signal to noise ratio will occur. If an antenna is available
with adequate gain these losses are acceptable.

USES OF TRANSLATOR AND TRANSDIGITIZER

Translators have been used operationally to aid in the evaluation of the Trident missile
system for over 5 years. The translators are located aboard Trident missiles during test
firings. When the signals generated by the translators are received at range telemetry sites
they are one bit quantized and recorded by using digital recording techniques on an analog
type recorder. The tapes are then shipped to the Applied Physics Laboratory of the Johns
Hopkins University where they are processed. The GPS signals are tracked by a 16
channel high dynamic receiver and the pseudo range and pseudo range rate data recovered.
This system has shown the capability of determining the position of the missile in flight to
better than 40 feet and the velocity to better than .04 feet per second.

Transdigitizers are currently being used in a program known as the GPS/SMILS program.
In this program it is necessary to determine the precise position of sonobuoys floating on
the ocean’s surface. A sonobuoy has been developed that houses a transdigitizer as well as
an acoustic subsystem. The signals from GPS are received by a collapsible antenna located
in a float assembly. The signals are digitized and then transmitted to an aircraft on a VHF
quadraphase carrier. In this unit the signals are sampled at a 2 megabit per second rate but
only one of the recovered phases is transmitted. The second phase of the uplink carrier is
used to transmit acoustic data received by hydrophones suspended below the buoy. This
system is still in the evaluation phase. One series of tests has been successfully completed
where the feasibility of the use of the translator has been proven. A second set of tests will
be performed shortly where the position of a whole community of buoys will be
determined by three buoys equipped with transdigitizers.

CONCLUSION

Experience with the use of translators and transdigitizers has shown that they can be used
effectively to provide accurate position information of moving vehicles in difficult
situations. Their principal advantage is in allowing the required data to be collected at
relatively low cost, although at this time they also have a size advantage. As the state of
the art advances their current advantages will be eroded as the size and cost of receivers
decreases.


