
Doppler Video Signal Conditioning, Theory of Operation

Item Type text; Proceedings

Authors Cirineo, Tony

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 24/05/2023 20:16:59

Link to Item http://hdl.handle.net/10150/611417

http://hdl.handle.net/10150/611417


Doppler Video Signal Conditioning,
Theory of Operation

Tony Cirineo
Weapons Instrumentation Division, 543E

NAWC-WD, Pt. Mugu

Abstract

This paper describes some of the signal conditioning and processing circuits that were
developed to reconstruct the doppler video signal from a radar receiver under test. The
reconstructed doppler video signal is then digitized and put into a telemetry frame for
transmission to a ground receiving station.
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Introduction

The system described here consists of signal conditioning and processing circuits that
reconstruct the doppler video signal from a radar receiver under test. The reconstructed
doppler video signal is then digitized and put into a telemetry frame for transmission by a
telemetry transmitter to a ground receiving station.

Figure 1 shows a block diagram for the telemetry system. Since the radar receiver under
test has no buffered test points suitable for monitoring, buffering amplifiers were inserted
into the radar receiver or near the points to be monitored. The doppler processing circuits
take the Voltage Controlled Oscillator (VCO), 2nd Intermediate Frequency (IF) and 2nd
Local Oscillator (LO) signals from the radar receiver and reconstruct the doppler signal
along with a marker which is 20 kHz above the receiver tracking frequency. The output of
the doppler processing circuits are the reconstructed video with marker and a buffered tape
drive signal. The Analog to Digital Converter (ADC) and frame controller circuits digitize
the reconstructed doppler signal and put the digital data into a telemetry frame. The output
of the frame controller is a Non-Return to Zero Level (NRZ-L) Pulse Code Modulation
(PCM) signal. The PCM signal then goes to an encryption device, an isolation buffer, a
pre-mod filter and finally the transmitter. There is also a 75 ohm buffered output for
driving a wideband magnetic tape recorder for recording the analog reconstructed video



signal. The front receiver amplitude detector output is a signal from the receiver under test
which is buffer and make available to the another section of the telemetry system.
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Figure 1: Video Signal Conditioning block diagram

Figure 2 shows a block diagram for the doppler processing circuits. The VCO, 2nd IF and
2nd LO signals are mixed together as shown to yield the reconstructed video and marker
signals. The product of the 2nd IF and the LO yields a signal at the sum and difference
frequencies. It is the difference frequency that composes the reconstructed doppler signal.
A band pass filter (BPF) of 3 kHz to 250 kHz limits the doppler spectrum to this range.
The low pass filter (LPF) removes the unwanted mixer products before the AGC.

Figure 2: Doppler Processing Block Diagram

The 20 kHz marker is generated from the difference of the VCO and the marker oscillator.
The low pass filter removes the unwanted mixer components. The marker signal is then
summed with the reconstructed doppler signal.

As shown in figure 3,  The reconstructed video and marker are digitized by a flash eight bit
analog to digital converter. The sample rate is 625 ksps based on the system clock of 5
MHz. With the 250 kHz upper band edge of the filter shown in figure 2, the sample rate is
2.5 times the highest frequency.  This allows sufficient over sampling to accurately
reproduce the doppler spectrum in the range covered by the band pass filter. The Altera
EPM 5032 is programmed with the frame controller firmware  to allow the data to be
placed in the frame along with the synchronization words. The 74HC166 is a parallel to



serial shift register. There was not enough room in the Altera EPM5032 for this function so
it is placed external. The output of the 74HC166 is the PCM data stream.

Figure 3: Frame Controller Block Diagram

Figure 4 shows the format of the telemetry frame. There are 1024 eight bit words in the
frame. The first two words contain the frame synchronization pattern, which is 1110 1011
1001 0000. Data is send most significant bit first.

word 1 word 2 word 3 ... word 1024
Sync: Sync: data data data

Figure 4: Telemetry Frame

Test Results

The overall system was tested to measure the sensitivity, dynamic range and
intermodulation performance. The test setup of the prototype circuits is shown in figure 5.
A number of prototype circuit boards, power supplies and RF signal generators are visible
in the photo. Not shown is the Marconi spectrum analyzer on which the doppler spectrums
were observed nor the network analyzer on which the individual circuits were
characterized.

The test results are summarized in figure 6. The measured MDS is about -120 dBm. The
largest input signal the system can handle without being driven into compression is about -
40 dBm. The dynamic range of the system is about 60 dB. The AGC limits the
fundamental components of the reconstructed doppler to a maximum level of 0 dBm. As
the AGC attenuates the signal the noise floor is suppressed. The third order
intermodulation produced are graphed as a straight line with a slope of three. In the
presence of a large signal the smallest signal observable is a -103 dBm input signal. Other
mixer spurious products appear above the noise floor at an input level of about -60 dBm.
The SFDR is shown in figure 6 as the difference between the fundamental components and
the noise floor or the third order intermodulation products or other spurious products.



Figure 5:  Doppler video prototype circuits and test setup.
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Figure 6:  System third order intercept plot

Figures 7 through 12 show the reconstructed doppler signal monitored at the video buffer.
Figure 7 is a plot from a spectrum analyzer with an input signal of -110 dBm. This input
level roughly corresponds the radar receiver MDS+10 dB. As seen in figure 7, the target
doppler signal is at 50 kHz with the marker signal 20 kHz above at 70 kHz. The amplitude
of the marker is always constant and large. This way it is always the most visible signal in
the doppler spectrum. The target signal can always be located relative to the marker even
when the doppler spectrum is filled with clutter, ECM or other extraneous target signals.
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Figure 7: Analog output 50 kHz target at receiver MDS+10 dB input amplitude, with 20
kHz marker signal at 70 kHz

Figure 8 shows a target signal at an input level of -80 dBm, approximately MDS+40 dB.
At this level the AGC amplifier is just about to start reducing its gain.
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Figure 8: Analog output 50 kHz target at receiver MDS+40 dB input amplitude, with 20
kHz marker signal at 70 kHz

Figure 9 shows a target signal at an input level of -60 dBm, approximately MDS+60 dB.
At this level the over all system is just started into compression. The AGC amplifier is at
minimum gain. Spurious signals are just visible above the noise floor.
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Figure 9: Analog output 50 kHz target at receiver MDS+60 dB input amplitude, with 20
kHz marker signal at 70 kHz

Figure 10 shows a target signal at an input level of -40 dBm,  approximately MDS+80 dB.
At this level the over all system is well into compression. Spurious signals are clearly
visible in the doppler spectrum.
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Figure 10: Analog output 50 kHz target at receiver MDS+80 dB input amplitude, with 20
kHz marker signal at 70 kHz

Figure 11 shows a target signal at an input level of -35 dBm, approximately MDS+85 dB.
At this level the over all system is clearly being over driven. Large spurious signals are
clearly visible in the doppler spectrum.
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Figure 11: Analog output 50 kHz target at receiver MDS+85 dB input amplitude, with 20
kHz marker signal at 70 kHz

Figure 12 shows a target signal at an input level of -20 dBm, approximately MDS+100 dB.
At this level the over all system is being over driven very hard. Very large spurious signals
are visible in the doppler spectrum.
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Figure 12: Analog output 50 kHz target at receiver MDS+00 dB input amplitude, with 20
kHz marker signal at 70 kHz

Figures 13 through 16 show the reconstructed doppler spectrum after the signal has been
digitized and reconverted back to an analog signal for display on a spectrum analyzer. The
decoder box used to decode the PCM signal consists of a digital to analog converter and
some digital logic circuits. Also the frame synchronization words are treated as data. This
results in a doppler spectrum that is much noisier than it should be. The decoder box was
not designed as a piece of test equipment as such the analog output signal does not have a
lot of filtering to remove the artifacts of the conversion process. The spectrum analyzer
plots are only shown to illustrate that the ADC and the frame controller circuits are
working. This verifies that data is being sampled, the frame synchronization words are
appearing in the frame and the PCM data is formatted correctly. The telemetry receiving



site would be expected to have a PCM doppler decoder that could properly decode and
process the data to minimize the frame synchronization and other artifacts. Or, optimally to
process the data in the digital domain and display the doppler spectrum directly by Fast
Fourier Transform without using a digital to analog converter.

Figure 13 shows a target signal at an input level of -100 dBm, approximately MDS+20 dB.
Notice the increased noise floor.
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Figure 13: PCM output 50 kHz target at receiver MDS+20 dB input amplitude, with 20
kHz marker signal at 70 kHz

Figure 14 shows a target signal at an input level of -90 dBm, approximately MDS+30 dB
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Figure 14: PCM output 50 kHz target at receiver MDS+30 dB input amplitude, with 20
kHz marker signal at 70 kHz



Figure 15 shows a target signal at an input level of -40 dBm, approximately MDS+80 dB.
At this level the over all system is well into compression. Spurious signals are not visible
above the noise floor.
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Figure 15: PCM output 50 kHz target at receiver MDS+80 dB input amplitude, with 20
kHz marker signal at 70 kHz

Figure 16 shows a target signal at an input level of -30 dBm, approximately MDS+90 dB.
At this level the over all system is well into compression. Spurious signals are clearly
visible in the doppler spectrum.
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Figure 16: PCM output 50 kHz target at receiver MDS+90 dB input amplitude, with 20
kHz marker signal at 70 kHz

Summary

A general description of the doppler signal processing circuits was given. The description
proceeded from a block diagram level to some test results. The system has a dynamic
range of greater than 60 dB and a sensitivity of about -120 dBm.


