Theory of Operation of RadarVision

This document describes, at a high level, the theory of operation of Time Domain’s
RadarVision with specific attention on how the transmitted signal is generated.

RadarVision is a coherent, range gated, proximity detection Time Modulated Ultra-
Wideband (TM-UWAB) radar. It is intended for use by law enforcement and other public
safety officials. With this device, a public safety officer could determine whether or not
there is motion on the other side of a nonmetallic boundary. RadarVision can also
indicate the approximate range of that movement. For example, the device could be used
by a police officer to assess the situation prior to forcibly entering a building. Detection
of motion would warn the user of probable complications with the entry, whereas the
absence of motion would yield relative confidence concerning the safety of the entry.
The device could also be used to determine if an intruder was hiding in a darkened alley
or in foliage.

The following functional block diagram illustrates the key RadarVision components.
Following this diagram is a description of each component of the system as well as an
overview of the operating software.
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Figure 1: RadarVision | Functional Block Diagram



Clock and Noise Coder

The clock and noise coder circuits generate the base timing signal for the radar. The
output from a 20 MHz oscillator is divided by four to create 200 nanosecond Timing
Windows. The Noise Coder produces a Trigger Signal at a pseudo-random time, as
determined by a code word from the Pseudo-Random Noise Generator, in the first 20
nanoseconds of each Timing Window using a pulse position modulator (PPM). The
Trigger Signal is sent to the RF Pulse Generator. In a similar fashion, another PPM is
used to position a trigger for the correlator as determined by the summation of the code
word and delay word. These triggers are illustrated in Figure 2.
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Figure 2: RadarVision timing diagram

RF Pulse Generation and Antenna

The Trigger Signal is used to control the timing of a radio frequency (RF) pulse. The RF
Pulse Generator has a high pass filter to provide extra electromagnetic compatibility with
systems below 1 GHz. This short RF pulse is radiated from the antenna at a precise
moment in time. In order to maintain the coherence of the radar, it is critical that the
timing of the radiated pulse be accurately controlled. In practice, the timing of these RF
pulses has a precision of 5 ps and an RMS accuracy of 20 ps.

The RF pulse generated is approximated by the second derivative of a Gaussian pulse.
The pulse is produced using a Step Recovery Diode (SRD) and a 1 GHz high pass filter
circuit. Basically, an SRD is initially charged and then reverse biased by the Trigger
Signal. Reverse biasing the SRD produces a very fast, rising edge. This edge is then
high passed to produce the RF pulse. The RF pulse is then radiated from the antenna.
The emitted signal has the following characteristics:



Pulse Width: 500 ps

Center Frequency: 2 GHz
3 dB Bandwidth: nominallyl.5 GHz
6 dB Bandwidth: 2 GHz
Average Transmit Power:  approximately 42 uW EIRP.
Average Field Strength: <500 uV/m at 3 m when measured with a resolution
bandwidth of 1 MHz.
Antenna Gain: 7 dBi
Range Delay

The 20 MHz clock is divided to generate a 5 MHz clock. This is sent to a PPM that is
controlled by the summation of the code word from the Pseudo-Random Noise Generator
and a delay word from the Microprocessor. The final result is a Delayed Trigger Signal
that is synchronized to the Trigger Signal but delayed by the amount of time specified by
the Time Delay Word. The resulting delayed signal is then sent to the correlator.

Correlator and Delay

The Correlator is the heart of the receiver and can be thought of as an integrating mixer
or four quadrant multiplier. Reflected energy is received by the antenna, amplified and
sent to the IF port of the mixer. The mixer LO input is connected to the output of the
Template Generator. The delayed Trigger Signal is used to fire the Template Generator.
Firing the Template Generator produces a Gaussian pulse waveform. The mixer
multiplies this pulse by the RF energy received by the antenna. The result of the
multiplication is integrated over the period of the pulse and is then captured by the
Sample and Hold (S/H) circuit. The S/H is triggered by a Delay circuit. The Delay
circuit trigger signal is produced by slightly delaying the output of the Range Delay
triggering circuit. This additional delay compensates for the delay inherent in the
correlation and integration process.

Micro-Processor and User Interface

The microprocessor provides several functions. First, it uses an Analog to Digital
converter to measure the output of the Sample and Hold. The microprocessor can then
integrate this signal over time. Second, the microprocessor can set and change the value
of the Time Delay Word send to the Range Delay circuit. Third, detection algorithms
(described in the following section) are used to process the received energy and generate
various alarms. Fourth, the microprocessor monitors the keyboard for user input,
displays the results on the LCD display and generates audio alarms.

Processing Algorithms

The basic algorithmic approach is to measure a quasi-impulse response of the
environment and to monitor that response for changes. If changes are significant, then a



hit is determined. Once a specified number of consecutive hits are detected, an alarm is
reported.

The response of the environment is measured at four fixed ranges. The microprocessor
controls the ranges by controlling the value of the Time Delay Word. Once a value is
sent, the microprocessor dwells on the range and integrates the response of the correlator.
For example, since light travels approximately 1 ft/ns, by setting the Delay Word equal to
10 nanoseconds, the correlator will integrate the response of the environment at a range
of 5 feet. This process is then repeated for 10, 15 and 20 foot ranges. During this
process, running averages and other statistics are also generated on a range by range
basis.

The final alarm algorithm compares these statistics against sensitivity thresholds. If the
changes are substantial, definite and associated with velocities compatible with human
motion, then a hit is detected. To reduce false alarms, an alarm is generated only when
the number of consecutive hits exceeds predefined criteria for that range as set by the
factory.



