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ABSTRACT

To help students learn the principles of microwave engineering and electromagnetic theory,
labs were developed in which the students built a rail-synthetic aperture radar(SAR) and a
Doppler radar. These labs gave the students practical experience in the paper design,
simulation, construction, testing, and debugging of RF circuits. This paper includes a
description of the design, physical construction, the basic operation, and the results from
these projects.
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INTRODUCTION

A 3 GHz Doppler radar was developed for students in the junior level electromagnetic theory
class. The end product of the Doppler radar was motion measurement. A more ambitious
project was designed for the senior level microwave engineering class: a 5 GHz rail SAR
system. The rail-SAR is a radar which is conveyed along a track to use the instrument's
motion to form a synthetic aperture. A track was constructed on the top of the engineering
building. The rail-SAR produces an image of the scanned area.

These lab projects were designed for students who had limited time to devote to making
these systems work. A backup system was developed to insure all systems could be made
operational by the end of the school semester. This backup was developed for the rail-SAR
only; the Doppler radar was robust enough that the backup wasn't needed.

For both projects, the design was first simulated in software using EESof or Momentum.
After computer simulation the individual circuits were constructed for testing. Testing and
debugging provided the knowledge that individual circuits would satisfactorily operate in a
combined circuit. Once all the pieces were individually tested, the final project was
assembled.



3 GHz DOPPLER RADAR

The Doppler radar included a 3 GHz oscillator, a transmitter, a receiver, mixer, and
amplifiers. The Doppler radar schematic is shown in figure 1. The 3 GHz carrier was
generated by a custom oscillator. The 10 dBm signal from the oscillator was split by a power
splitter into two equal power signals. One of these signals was amplified and transmitted
through a patch antenna. The other signal was used as the local oscillator(LO) of the mixer.
The 3 GHz carrier was mixed with the received signal to obtain the Doppler shifted
frequency, Fd. An oscilloscope was used to measure Fd at baseband. The line-of-sight
velocity of the object V,could be calculated using, V=Fd�/2, where � is the free space
wavelength. Amplifiers were used in the circuit to improve signal to noise ratio(SNR).

FIGURE 1 - The Block diagram of the Doppler radar circuit. The output is at
baseband, ranging from 20 Hz to 2 kHz.

5 GHz RAIL-SAR

The rail-SAR generated a 5GHz carrier, mixed with a linear frequency modulated(LFM)
chirp, filtered out the upper sideband, transmitted and received the signal, and mixed the
received signal to baseband. A block diagram of the rail-SAR is shown in figure 2. In-phase
and quadrature filtering were used to get the real and imaginary parts from the received
signal. An arbitrary waveform generator created the LFM 20-100 MHZ chirp. Data was
recorded using a digital oscilloscope and processed on a workstation using Matlab.



FIGURE 2 - Block diagram of the rail-SAR circuit. The outputs of the
rail-SAR, in-phase and quadrature, are recorded by a digital oscilloscope. The
data is then processed on a workstation using Matlab.

DESIGN

Hewlett Packard's EESof CAD program was used to simulate and layout the designs for the
two projects. Full wave analysis software, Momentum, was used to simulate the bandpass
filter and the patch antenna. Libra was used to simulate all the other microstrip components
including power splitters, branch line coupler, 50 � lines, the oscillator, and the matching
networks. All of the custom components were simulated before construction.

The two most notable custom components were the bandpass filter and the patch antenna. A
procedure for designing a coupled line filter was compiled from several books on microwave
design [1,2]. After the filter was simulated using Momentum, the parameters were adjusted
to optimize the performance for the system. Figure 3 shows the measured filter frequency
response for the bandpass filter.

The microstrip patch antenna was designed using techniques in [3,4]. Since the Doppler
radar operated at a single frequency, it was fairly easy to construct a single patch antenna
that would satisfy the bandwidth requirements. The antenna was built and measured. This
value was then used to tune the oscillator to the desired frequency to achieve optimum
performance.



FIGURE 3 - Filter response for the rail-SAR bandpass filter.
The filter was used to remove the upper sideband.

The antenna design for the Doppler radar was much simpler than the rail-SAR antenna. The
rail-SAR required a narrow beamwidth antenna with a broad bandwidth. Narrow beamwidth
was achieved by designing an eight by one array of patches. This gave a narrow azimuth and
broad range beamwidth. In order to get a broader frequency bandwidth from the antenna,
several design schemes were attempted including quarter wave stub matching and regular
stub matching. The overall result was a 200 MHz bandwidth antenna. At 5 GHz, the
oscillator design did not have enough tunability to guarantee the antenna would be operating
at its resonant frequency. A backup procedure was developed to insure all the students had
an operable SAR in the allotted time of the school semester. The backup plan for the
microstrip patch antenna was to use a standard gain horn. This plan guaranteed a match on
the output and input and also provided a broadband antenna.

PHYSICAL CONSTRUCTION

After EESof was used to layout the microstrip board, the boards were milled using an LPKF
91s milling machine. The milling machine used bits designed specifically for RF system
construction. After milling the desired microstrip traces, extra copper was removed by hand.
The end result of this process was a board with all the microstrip lines and the footprint areas
for mounting surface mount(SM) components.

SM components were easily attached to the microstrip substrate using SM equipment: solder
applicator, solder pencil, and a convection oven. First, the solder applicator was used to
apply solder paste in all areas in which a SM component would be attached to microstrip.
After the paste was applied, inexpensive MiniCircuits SM components were placed on the
solder paste on the microstrip. A convection oven was then used to heat the combination
through a temperature profile which would cause the solder paste to reflow and result in a
solid solder connection.



RESULTS

Results from the Doppler radar were quite positive. The design for the circuits was very
robust. After testing and debugging, all the students radars worked. The result of the Doppler
radar was Fd which was measured using a digital oscilloscope. This value for Fd was used to
compute the velocity. The return signal amplitude was dependent on how well the system
was designed and optimized and the distance from the moving object to the radar.

The rail-SAR was difficult for students to implement in a single semester. Several of the
backup components were used as a result. The backup pieces which were used were the
horn for the microstrip patch antenna and an HP signal generator in place of the oscillator.
Since the oscillator was the backbone for the entire circuit, it was ensured that the oscillator
was a signal at the right frequency and power. All other components were used as designed
by the students. Any other component which did not operate properly reduced the SNR of
the radar data.

FIGURE 4 - Range compressed image using Matlab to process the SAR data. The range
resolution was determined to be .75m. The image was taken looking from the top of a
building towards other buildings.

For rail-SAR signal processing, a 500 megasample per second oscilloscope digitized the
signal. Matlab was used to process the raw data into an image. Since this class was not a
signal processing class the basic processing code was given to the students. First, the received
signals from in-phase and quadrature were combined as real and imaginary components. For



range compression the LFM chirp was autocorrelated with the return signal. Range
compression is shown in figure 4. All students succeeded in performing range compression
on their data. Next, an azimuth chirp was computed using the parameters of pulse repetition
frequency, the speed of the radar on the rail, and the antenna azimuth beamwidth. This chirp
was autocorrelated with the range compressed values to give the final image. An azimuth
compressed image can be seen in figure 5.

FIGURE 5 - Azimuth compression for the SAR image. A comparison with figure 4 shows
the best example of range compression is seen at about 50 meters.

CONCLUSION

Students gained hands-on experience in design, simulation, construction, and debugging of
the RF circuits in the Doppler radar and rail-SAR. The operation of these circuits depended
on their complexity. The Doppler radar was a relatively simple, robust circuit. As a result, all
of the students in the class built an operational radar. The rail-SAR was more complex and
required more time spent in testing, debugging, and insuring the circuit would get optimal
performance. The labs were effective in teaching students RF system principles. Future
research possibilities include the development of these systems on coplanar waveguide and
also in separate modules.
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