ABSTRACT

FMCW RADAR

Introduction

Industries Radar is target or object detection system that uses electromagnetic waves to determine the range, velocity and angle of the object. The word radar is Radio Detection and Ranging. Radar uses electromagnetic energy with high power to search for target. Radar is used to detect aircraft, spacecraft, ships, missiles, weather formation and motor vehicles. Radar can be classified in to primary radar and secondary radar. A primary radar can transmits high frequency signals those are reflected at targets. Unlike secondary radar sets primary radar set receives its own transmitted signal as an echo. Primary radar also classified in to continuous wave radar and pulse radar. Pulse radar can transmits high frequency signal with high power. Transmitted signal reflected back called echoes. Those echoes received before a new transmitted signal is sent out. Continuous radar sets transmits a high frequency signal continuously. The echoes are received and processed by receiver. Continuous wave (CW) radar also classified in two ways that is unmodulated CW radar and modulated CW radar.

In un-modulated CW radar transmitted signal is constant in amplitude and frequency. These radars are specialized in speed measuring. In modulated CW radar the transmitted signal is constant in amplitude and but modulated in frequency. Advantage of this radar that an evaluation is carried out without reception break and measurement result is continuously available.

FMCW radar is different from pulse radar which continuously emits transmitted signals. It changes its frequency during measurements. Continuous wave radar cannot measure distance, it can measure only speed. That is the disadvantages of continuous wave radar.

The Basic Features

· Ability to measure small and very small ranges to the target, minimal measured range being comparable to the transmitted wavelength;

· Ability to measure simultaneously the target range and its relative speed;

· Small error of range measurement, which with some processing methods is within hundredths or even thousandths of a percent;

· Ability to measure small range changes (less than fractions of a percent of the wavelength);

· Ability to use various types of indicators (panoramic, plan-position etc.);

· Signal processing after mixing is performed in a range of frequencies, commensurable with the modulation frequency (i.e., in a frequency band from hundreds of hertz up to hundreds of kilohertz), considerably simplifying realization of the processing circuits;

· Safety from absence of pulse radiation;

· Compactness, the dimensions of a radar using modern technology being determined, basically, by the dimensions of the microwave block;

· Small weight and small energy consumption due to absence of high circuit voltages.

Examples Of Use Of FMCW Radar

· Radio Altimeters

· Level-Measuring
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Tank with level-measuring radar.

· Navigation

· Vehicle Collision Warning Systems
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Coverage zones of vehicle collision warning system.

Hardware Of FMCW Radar

[image: image3.jpg]Voltaj ayarlt vy epree — Giig Ayirier
osilator

INSQ)—>| ] »1|

"I«;"’—_ e

Sinyal ADC Algak Gegirgen
Isleme Filtre

XHX

Alic
Anten

Diisitk
Giriiltiilii
Yiikseltec




Schematic representation of FMCW radar

FMCW (frequency modulated continuous wave) radar is special type of radar which is different from pulsed radar. FMCW radar uses electro-magnetic signal which is continuously transmitted. Echoes are reflected back and processed by receiver to extract information of targets. The frequency of the signal is change over time.

In FMCW radar RF signal is continuously output. Echoes are received by receiver. This received signal is then mixed with transmitted signal, due to delay caused by reflected signal, there will be frequency difference that can be detected as signal in the low frequency range.

Schematic presentation is showing how a low frequency signal is generated by mixing the received RF signal with transmitted RF signal due to delay, t, caused by transmitted signal in travelling the distances to the reflector and back to the receiver. There is a small difference in frequency between the two RF signals. This is output as an IF signal which is beat frequency fb.

The distance R to the target can be determined by the following relations:

R = C · Td / 2

Where:

· C = speed of light = 3·108 m/s

· Td = delay time in second.

· R = distance between antenna and the reflecting object. Fb / f = Td / Tm

Where:

· Fb is beat frequency.
· Tm is sweep time.

· f is Bandwidth.

· Td is delay time.
R = (C. Tm Fb ) /(2.
f)

Here range is directly proportional to beat frequency.
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Beat frequency variation in time (for stationary objects)
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Beat frequency variation in time (for moving objects)

Figure above shows the transmitted signal which is reflected back from target to receiver. Here Fb is beat frequency, fd is Doppler frequency.

The output of the mixer will be at low frequency. A mixer is followed by a single low pass filter and ADC. The Fourier spectrum is determined by digital method using beat signal sampled by ADC. ADC is the first step of digital signal processing. Analog signal is received form FMCW radar converted to digital signal and processed with the digital signal processing.

Digital Signal processing

In FMCW radar, the target range is measured through measuring beat frequency between transmitted and received signal using FFT. Digital signal processing is simple, fast and accurate. Steps for Digital signal processing of waveform are 1) FFT, 2) Filtering, 3) Detection Rules, 4)

Multiple Object Detection FFT is Fast Fourier Transform which converts time domain signal into frequency domain signal.
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