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apart and will therefore be assumed lossless. The RF power switch follows the isola-
tor and controls when the system is transmitting into the surrounding environment.
Based on this configuration, the RF oscillator is not turned off by the RF power
switch; the RF power switch only disrupts the path between the oscillator and the

transmit antenna.

A directional coupler follows the RF power switch and splits power between the
LO and the remainder of the transmit system. The technical manual for the Lab-
Volt transmitter states the power out of the directional coupler towards the transmit
antenna ranges from -1.5 to 2.5-dBm [15]. The characterization process will determine

the ratio in which the directional coupler splits power between the RF oscillator and

the LO.

The output of the directional coupler is sent to the transmit antenna as a CW
signal or continues to the pulse generator to produce a PAM signal. The pulse gener-
ator produces a pulse width ranging between 1 and 5-ns. The pulse generator receives
an input pulse in the form of the PRF from the RADAR synchronizer module telling
it when to activate the pulse. The technical manual for the Lab-Volt transmitter

states the output power of the pulse generator is between -1.5 and 2.5-dBm [15].

3.1.2.3 Parabolic Antenna and Pedestal.  The dish antenna consists of
a horn antenna and a parabolic reflector. The dish antenna connects to a pedestal
through a rotary joint. The horn antenna transmits microwave power toward the
parabolic reflector. The parabolic reflector culminate the waves into a narrow beam
parallel to the parabola surface. Due to the curvature of the parabolic reflector, the
waves originating from the horn feed are converted into a plane wavefront of uniform
phase. The arrows in Figure 3.4(a) show how the parabolic reflector changes the
transmitted microwave energy from the horn antenna into a uniform plane wave. The
parabolic antenna has a 27-dB gain and a bandwidth spanning 46.5-GHz. The tech-
nical manual for the Lab-Volt antenna states the half-power beamwidth is 6 degrees

in azimuth and 8 degrees in elevation [13]. Figure 3.4(b) shows the front panel of the
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(a) Parabolic dish antenna obtained from [13].
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(b) Antenna pedestal front panel obtained from [13].

Figure 3.4:
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Lab-Volt antenna pedestal module.



antenna pedestal and is marked for reference in the characterization and simulation

process.

The Lab-Volt system also provides a tracking antenna. The tracking antenna
is more relevant so as to support the overarching goal of HILS for ECM and ECCM
techniques; however, no operating parameters are specified for the tracking antenna.
For this reason, the tracking antenna patten and frequency response must be deter-
mined. The characterization process will verify the bandwidth and beamwidth for

the tracking antenna.

To allow the antenna to function simultaneously on transmission and reception,
the Lab-Volt system employs a circulator as opposed to a duplexer often used in a
real world RADAR system. Pozar [18] describes a circulator as a three port device
that is nonreciprocal and has matched inputs. The antenna pedestal connects the
Lab-Volt transmitter and receiver by introducing and collecting RF energy into the
surrounding environment as shown in Figure 2.1. The antenna pedestal contains the
antenna drive motor used to control antenna rotation. An incremental optical shaft
encoder encodes the angular position of the motor shaft. Motor voltage and current
levels are sent from the antenna pedestal as feedback signals. Angular position and
voltage and current feedback signals determine antenna position and control rotation
speed of the tracking antenna during tracking and scan modes. RF coupling allows

the antenna to rotate without breaking transmission.

3.1.2.4  Receiver. The Lab-Volt system incorporates a homodyme
receiver because the received RF signal is converted directly to baseband without
an [F stage. The LO from the transmitter module serves as the reference signal to
demodulate the received signal. Based on this configuration any difference in phase
between the reference signal and the received signal is due to target parameters.
Because the receiver preserves phase differences, the Lab-Volt receiver module can be
viewed as a coherent system. Figure 3.5(a) shows a block diagram of the Lab-Volt

receiver module. Figure 3.5(b) shows the front panel of the Lab-Volt receiver module
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(b) Front panel obtained from [14].

Figure 3.5:  Lab-Volt receiver module.
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and serves as a reference for the I- and Q-channel PAM outputs used extensively in

the characterization process.

The first power divider divides the received RF signal into the I and QQ channel
prior to MIXERs 1 and 2. The LO reference signal from the transmitter module
is divided at the HYBRID JUNCTION into two reference signals separated by 90
degrees in phase. To avoid taking apart the receiver module, it is assumed that each
reference signal is of equal power. Mixing these reference signals at MIXERs 1 and 2
with the outputs of the first power divider converts the received RF signal to baseband.
Maixer 1 and Mizer 2 outputs are referred to as the in-phase and quadrature channel

or the I and QQ channels, respectively.

Power dividers following Mizer 1 and Mizer 2 divide the I and Q channels into
various outputs. For PAM mode, I-and Q-channel baseband signals are amplified by a
wideband amplifier after the mixer and prior to the pulsed output. According to [14],
the wideband amplifiers have a gain of 45-dB and a bandwidth of 1-GHz. If the Lab-
Volt system is set up as a CW RADAR, a 1-kHz low pass filter (LPF) is applied to
the baseband of the I-channel signal prior to the CW DOPPLER OUTPUT. The LPF
preserves the doppler frequency components by removing unwanted higher frequency
components to include harmonic by product of the mixer. If the Lab-Volt is set
up as a CW RADAR, a baseband Q-channel signal is passed through a 1-kHz high
pass filter (HPF) prior to the FM-CW OUTPUT. Removing low frequencies causes
the baseband signal to have uniform amplitude and thus facilitates measurements
in frequency. In an FM-CW configuration, accurate measurements in frequency are

important to determining the range of an observed target [14].

3.1.2.5 Dual-Channel Sampler. After exiting the receiver module,
the received signal is at baseband and pulses occur at 1024 times the PRF. The
relationship established between pulse width and bandwidth as outlined in Section
2.1.1 and Figure 2.1, states that a pulse width on the order of nanoseconds has a

bandwidth on the order of gigahertz. This signal is unobservable with inexpensive,
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Figure 3.6:  Dual channel sampler front panel obtained from [11].

low-bandwidth oscilloscopes found in a typical academic environment. To solve this
dilemma the Dual Channel Sampler (DCS) module samples the received signal on the
I and Q channel in time and delays each sample so as to stretch the signal on the
order of microseconds. Stretching these signals in time reduces the bandwidth and

allows less complex and costly equipment to be used for further processing.

The DCS’s sampling period is slightly larger than the PRI. The overlap between
the sampling period and PRI causes received pulses to be sampled at different points.
Samples are held for an extended period of time so as to increase the time between
samples and effectively stretch the signal in time. It should be noted that the DCS
does not slow the rate at which pulses occur; the PRI remains unchanged. The range
origin control delays the SYNC signal so as to control the time range within the PRI
(and hence radial distance from the antenna) that is sampled. The samples captured
by the DCS span 1.8, 3.6, or 7.2-meters in range. It should be noted that stretching
the signal in time increases the pulse width and seemingly increases the signal’s duty

cycle [11].

3.1.8  Comparison with a Real World RADAR System. The ultimate goal
of this research is to show the Lab-Volt RADAR characterization process can be
extended to a real world system. For this reason it is important to note the differences

between a real world RADAR system and the Lab-Volt system. The FM-CW Delft
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Figure 3.7 DELFT atmospheric research obtained from [3].
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Atmospheric Research RADAR will serve as the reference RADAR system. Figure
3.7(a) and 3.7(b) show the Delft’s transmitter and receiver respectively [3].

The first major difference between the Delft and Lab-Volt transmitter is that
the Delft transmitter is strictly a CW system while the Lab-Volt system allows for
PAM. Immediately following the y.i.g. tuned oscillator, a power divider splits the
RF signal to produce a COHO just as in the Lab-Volt transmitter. The first power
divider produces a COHO because it has the same phase as the transmitted signal
and after demodulation, any resulting phase differences are due to target parame-
ters. The Delft transmitter splits the signal a second time to produce a stable local
oscillator (STALO). Mixing the split signal with a 3480 MHz signal twice, decreases
the variations in signal frequency and thus produces a LO. The Delft system imple-
ments a traveling wave tube (TWT) to produce high power. Various tuners are found
throughout the Delft system so the Delft system is expected to have a significantly
more stable signal. The Lab-Volt system does not use any amplification; therefore,
if the Lab-Volt characterization process were extended to the Delft system, the noise

introduced by the amplifier would need to be included.

After the receive antenna, the Delft system intermediately incorporates the
STALO to bring the received signal to baseband. A low-noise amplifier, not found
in the Lab-Volt receiver, follows the demodulator. The Lab-Volt system lacks a low
noise amplifier. If the Delft system were to be characterized, care must be taken to
incorporate the noise figure of the low noise amplifier. The d.c. block prevents un-
desired biasing of the solid state mixer. The signal is then demodulated to baseband
with the COHO. Finally an IF amplifier is applied. With the primary differences
noted, the Lab-Volt characterization process is much simpler than characterizing the

Delft system.

3.2 Methodology

The characterization process explores the Lab-Volt transmitter module, tracking

antenna, parabolic antenna, receiver module, and DCS module. Prior to delving into

31



