
ECE332 Lab #3 Spring 2008 Microwave Reflection, Scattering, and Remote Sensing

This lab explores the basics of wave reflections; microwave scattering from a small 
dipole; wireless remote sensing of moving objects; and simple wireless data collection 
methods.  The apparatus is a 6 GHz Doppler Radar and various microwave reflecting 
objects.

Figure 1  Doppler Radar

The Doppler Radar block diagram is shown in figure 1.  A source of 6 GHz waves is 
split.  One path goes directly to a horn antenna, and the other path is connected the 
Local Oscillator port of a frequency mixer.  The RF port of the mixer is connected to a 
second horn antenna.  A frequency mixer performs the math operation cos(a)cos(b) 
where cos(a) is the 6 GHz Local Oscillator signal and cos(b) is whatever arrives at the 
RF port of the mixer.  Suppose that the local oscillator frequency is 6.000000 GHz and 
the signal at the RF port is a few microvolts of sine wave at 6.000001 GHz.   Since 
cos(a)cos(b) = 0.5cos(a+b) + 0.5cos(a-b), the output of the frequency mixer will be 
about a microvolt at 12.000001 GHz and another microvolt at 0.000001 GHz, or 1 kHz.  
12 GHz is above the frequency our low-noise audio amplifier can amplify, but 1 kHz is 
just right.  After about 100 dB of gain, we end up with a 1 kHz audio signal of about 100 
millivolts--enough to hear on the speaker.
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Doppler Radar is sensitive only to signals that have a small frequency difference from 
the original source.  One way to obtain a small frequency difference is to bounce the 
signal off a moving object.  The reflected signal is then Doppler Shifted by Vo/l Hz 
where Vo is the velocity the object is moving toward the radar and l is the wavelength 
of the microwave signal in meters.  Since both the path to the object and the path back 
to the radar are decreasing at Vo meters per second, the Doppler shift observed by the 
radar is 2 times Vo/l Hz.  



Week 1.  We currently have only one low-power 6 GHz Doppler Radar, so lab teams 
will have to move around.  The first step is to recover a signal from a simple modulated 
scatterer.  Electromagnetic signals bounce off everything, so all we need to do is figure 
out how to change reflecting properties at an audio frequency rate.  A 1N4148 diode 
with it’s leads cut to a total length of 1/2 l  will reflect different amounts of signal when 
the diode is conducting or not conducting.  Cut the diode leads to  l/2, connect a BNC 
cable with clip leads to an audio signal generator, and confirm that audio modulation 
appears at the output of the Doppler Radar when the diode is held in front of the Radar 
Antenna.  Rotate the diode and observe a null at cross polarization.  Measure the path-
loss versus distance.  How does it compare with the Lab 2 results?

We can also generate a signal with a small frequency offet that may be picked up by a 
Doppler Radar by collecting the transmitted signal, modulating it, and re-radiating the 
modulated signal back toward the radar.  In principle it is possible to receive the signal 
from a police radar unit, calculate the path geometry, measure the frequency of the 
original signal, and then retransmit a stronger signal at precisely the frequency offset 
so that it will appear that you are driving at the speed limit instead of much faster.  You 
are encouraged to design such a system.

If the moving object is your car, how fast would you be moving if the 6 GHz reflected 
wave is Doppler Shifted 1 kHz?

Practical Doppler Radar  Figure 2

Several of the functional blocks in figure 1 are usually combined to simplify the block 
diagram as shown in figure 2.
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Doppler Radars are extremely common.  In addition to measuring the speed of cars, 
baseballs, and approaching storms, they are also used to detect people walking toward 
the grocery store entrance to trigger the automatic door-opener.  Air Traffic Control 
Doppler Radar systems detect moving airplanes while ignoring reflections from station-
ary buildings and mountains.



Exercises for Week 1.  Draw the block diagram of a Microwave Doppler Radar and 
explain its operation.  How many miles-per-hour are you going if the 6 GHz Doppler 
Radar output is a 1 kHz tone?  Police speed radars usually use either 10 GHz or 24 
GHz. What is the output tone for a Honda Civic travelling at 85 miles-per-hour through 
a 35 mile-per-hour zone on a 24 GHz Doppler radar?  With the block diagram in figure 
1, you can’t tell if the object is travelling toward or away from the Radar unit.  Explain.

The diode modulates the incoming signal using the familiar cos(a)cos(b) relationship.  
The incoming signal provides the cos(a) term, and the modulator provides the cos(b) 
term.  Write out expressions for the incoming and modulated scattered signals using 
the appropriate 2pft frequency terms for the 6 GHz signal and the modulating signal.  
Now explain why the reflected signal from the modulated scatterer has nulls every half 
wavelength as the scatterer moves toward the radar.

Week 2.  Demonstrate a system to remotely measure the frequency of an audio signal 
generator over a short distance.  Note that the audio signal generator could be a 555 
timer circuit, with its frequency controlled by an external voltage, temperature sensor, 
photocell, etc.  This is a practical method for recovering data over a short range mi-
crowave link, with exceptionally simple hardware at the data sampling end of the link.  
This hardware is closely related to some microwave RFID systems.

Make a plot of reflected signal amplitude versus distance between the diode and the 
Radar.  Include both the trend in amplitude, and the rapid fluctuations with distance.  
Your plot needs enough detail to show the distance scale of the rapid variations, and 
the signal strength versus distance law.


