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PASADENA, CALIFORNIA 91109

ABSTRACT

Multiple channel magnetic tape recording is often used for
signal analysis of intelligence and telemetry data. To
insure accuracy of the reproduced data, these systems
require frequent calibration and alignment. As the number of
tracks on these systems has increased, this task has become
more time-consuming. Even with a well-trained technician,
this task can take several hours at a minimum. To alleviate
this problem, we developed a system for performing this
calibration automatically. The implementation utilizes a
Fast-Fourier-Transform technique to analyze the output of a
pre-recorded signal on tape. The desired response, most
frequently defined by IRIG Standards, is stored in a look-up
table in the machine. The actual response is compared to
that desired, and, under micro-processor control, adjustment
made in the signal channel until an acceptable response is
achieved. A unique photo-resistor technique is used in the
signal path to control such parameters as gain and phase. A
description of the hardware system will be given, as well as
a description of the algorithms utilized for implementation.
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INTRODUCTION

Modern instrumentation recorders incorporate signal path
electronics which are both phase and amplitude equalized. It
is, therefore, necessary to measure the phase as well as the
amplitude response of the channel in order to obtain the
information necessary to provide proper equalization. The
Fourier Transform of the channel signal waveform yields both
the phase and amplitude information, i.e., the Asignature@
of the channel response. If, then, this channel Asignature@



is compared to the expected Asignature@ of a properly
equalized channel, error information in both phase and
amplitude is available for auto-calibration of the channel.
Just such a method has been implemented in a laboratory
recorder/reproducer system to perform the automatic
calibration of the system to meet IRIG 106-89 performance
specifications.

Calibration of a multi-channel instrumentation recorder/
reproducer system is both tedious and time consuming as well
as prone to calibration errors. Typically, a signal channel
has 7 adjustments, so in a 14 channel system one needs to
properly make approximately 100 adjustments.

By providing programmable adjustments on the signal path
electronics cards, a switchable signal source, a signature
analysis measurement system and a supporting microprocessor,
automatic calibration can be realized. A further advantage
of such a system lies in its ability to automatically
calibrate a reproduce only system using a suitable pre-
recorded signal.

CALIBRATION SIGNAL DESCRIPTION

The most difficult adjustments to accomplish are those
associated with the transfer function equalization or
shaping. Typically several controls are provided to shape
the amplifier transfer function to compliment the head/tape
transfer function resulting in flat amplitude response and
linear phase response. Such equalization controls are
effective over specific in-band frequency ranges. Therefore,
it would be desirable for the calibration signal to contain
information in these frequency bands. Typical amplitude
adjustment controls are effective at 1/10 band edge (BE),
2/3 BE, and BE; while phase adjustments are effective
between 8/10 BE and BE. The simplest signal that has
harmonic energy at the frequencies of interest is a 1/11 BE
square wave. Such a waveform contains harmonic information
at odd harmonic frequencies of the fundamental such that the
7th harmonic is at 0.6363 BE, the 9th harmonic is at 0.8181
BE and the llth harmonic is at BE. The fundamental of course
is at .0909 BE, i.e., approximately equal to 0.1 BE.

Other waveforms can be generated which would have harmonic
content at the desired frequencies. For example, certain
pseudo-random generated digital waveforms contain
appropriately related harmonic information.



In any case, the channel signal stimulus used for
calibration must contain harmonic energy of known
relationships preferably at frequencies where the
equalization controls are most effective.

SYSTEM ANALYSIS DESCRIPTION

The Fourier Transform of a signal waveform dissects that
signal into a series of harmonically related signals of
exact phase and amplitude relationship to each other.
Therefore, if a Acomplex@ waveform of known harmonic content
(such as the square wave) is passed through a system and its
resulting output harmonic content measured, one has the
signature (transfer function) of the channel. The channel
transfer function is calculated from the difference between
the Fourier Transform of the stimulating signals and the
Fourier Transform of the resulting output signal. It is this
transfer function that the equalization controls are used to
shape.

To equalize, or shape, the transfer function of a data
channel it is then only necessary to know the expected
Fourier Transform to a known complex stimulus.

THE CALIBRATION ALGORITHM

The basic calibration algorithm is as follows:

1. Stimulate the channel with a complex signal of known
harmonic content.

2. Measure the channel response to obtain the Fourier
Transform coefficients.

3. Compare the measured response coefficients to the
response coefficients of a properly equalized channel.

4. Use the error difference information to appropriately
adjust equalization controls, if outside the error
limits.

5. Repeat Steps 1 thru 4 until the response is within the
error limits of a properly equalized channel.

The time to equalize a channel using the Fourier Transform
Asignature@ measurement method is reduced over single or
swept frequency measurement methods because the Fourier



Transform simultaneously provides phase and amplitude
information at all the frequencies of interest. It is thus
only necessary for the controller software to solve multiple
simultaneous equations to develop the new control values.
For each iteration of the above algorithm, multiple control
values are adjusted rather than the control values being
iterated serially.

SYSTEM IMPLEMENTATION

The auto-calibration system has been implemented in a modern
laboratory recorder, the 3700J shown in Figure 1. A block
diagram of the system is shown in Figure 2. A programmable
signal generator provides a 1/11 BE square wave to be
recorded on tape. When reproduced, the signal is digitized
by a high speed AFlash@ A/D converter and then analyzed by
means of a Fast Fourier Transform (FFT). The Flash A/D
converts the reproduced analog signal at 64 megasamples per
second with 9 bit accuracy. The digitized signal is stored
in a high speed random access memory (RAM) for subsequent
processing by a Digital Signal Processor (DSP). The DSP
implements a 128 point FFT of this stored digitized
representation of the reproduced signal.

A controller microprocessor is used to implement the actual
auto-calibration algorithm. The algorithm uses the ratio of
the appropriate harmonics to determine what adjustments need
to be made to the amplifier equalization controls.
Programmed into the algorithm is the relative control
interaction. That is, the algorithm solves simultaneous
equations to provide the correction for several controls
simultaneously. Thus, each iteration of the auto-calibration
loop outputs new control values simultaneously to the
interactive equalization controls. This markedly reduces the
number of iterations to calibrate.

As a further enhancement to the auto-calibration process, a
fast closure algorithm is implemented. This algorithm fits
the slope by using the last two data results to approximate
the slope of the control curve. Thus with successive
iterations the control curve slope is more closely
approximated in the vicinity of closure. Thus, the next
value calculated is a better estimate of the required value
to close. As a result even for the most non-linear control
curves encountered, closure is achieved in a maximum of
about five (5) iterations further speeding the calibration
process.



Figure 1 - 3700J Transport with Auto-Cal



Figure 2 - Auto-Calibration Block Diagram

The implementation of the control is done by means of an
optical control element, shown schematically in Figure 3.
This approach has the advantage of providing isolation
between the control signal and the optical potentiometer.

Figure 3 - Control Element Schematic



A user-friendly menu is used to guide the operator through
the calibration process. A key pad and display are provided
as shown in Figure 4. The menu allows the selection of
standard calibration parameters, such as those meeting IRIG
106, which are permanently stored in memory in the machine.
Alternatively, the system allows the operator to use
nonstandard calibration parameters, using the control
elements as electronic screwdrivers. If desired, the
calibration parameters for any session can be stored on an
optional removable memory element. This element has been
designed such that it can be stored within the hub of a
standard reel of tape, allowing shipment of the memory with
the reel if it is to be reproduced at some other location.

 Figure 4 - Auto-Calibration Display and Key Pad



Also included in the system is a CRT which allows the
operator to select from a variety of displays. Included are
the selection menu, configuration status, bar graphs of the
input and output signals, and waveforms of input and output
signals on specific channels.

The 3700 Auto-Cal system includes a built-in signal source,
allowing calibration to be carried out without the need for
additional test equipment. Since the system is menu-driven,
the procedure can also be carried out without the need for
manuals. The signal source can be selected to provide the
recommended square wave stimulus, or, alternatively, a sine
wave or pseudo-random signal.

The main system memory is contained in a non-volatile RAM.
Included is battery back-up to provide up to ten years
storage capability without power to the transport. When
power is applied, the battery is automatically recharged.

Remote operation can be carried out through either an IEEE-
488 or an RS-232 port. In addition, an RS-170 video monitor
port is provided to allow display of the CRT at some remote
site. An RS-232 printer port is also provided for use when
hard copy is desired.

CONCLUSIONS

A system has been described wherein automatic calibration of
a laboratory instrumentation recorder is achieved by means
of a Fast Fourier Transform. The FFT performs a Asignature@
analysis of the signal channel’s response to a complex
stimulus waveform. This technique provides all the phase and
amplitude information necessary to perform simultaneous
adjustment of the channel’s equalization networks, bias, and
record levels. The actual response is compared to pre-stored
values which indicate the desired response, and, under
micro-processor control, a photo-resistor is adjusted until
an acceptable response is achieved.

The system currently utilizes a square wave stimulus. Since
the control is done in software, it would be a simple matter
to modify the system if a better stimulus is found which
would give either a better characterization of the channel’s
response or allow a more rapid calibration to be achieved.
This approach insures that immunity to obsolescence is
provided.



In addition, the use of an operator menu allows calibration
to be carried out without the need for manuals, while the
built-in signal source allows the calibration process to be
done without the need for any external test equipment.
Capability to obtain a hard copy of the system’s
characteristics is also provided. The use of this auto-
calibration scheme significantly reduces the time required
for calibration. The rapidity also allows calibration to be
done at all tape speeds of interest, rather than using a
ratio technique as is done with some alternative approaches.

The system described has been designed in such a manner to
allow modification of systems already in the field to be
carried out simply by the addition of new circuit cards
within the present transport enclosure. It is believed that
this development represents a significant step in increasing
the efficiency of operation at test ranges.


