
800 Dr.K.Padmanabham

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 4

April 2018

FMCW Technique to measure Distance.

Dr.K.Padmanabham,
ECE-St.Peters Engineering college

ABSTRACT
Radar (Radio Detection and Ranging) is an instrument to detect the presence of objects and measure the distance of the
object from its own location. The detection is by transmitting electromagnetic wave, capturing the reflected wave and
measuring the time lapse to compute the distance. This article brings out a technique to improve the distance
measurement using “Frequency Modulation Continuous Wave (FMCW)”. The transmitted Carrier frequency is
continuously sweeping with in the band of frequency. The reflected signal is delayed and the frequency differs from the
transmitted frequency. The deference between both the frequencies will be proportional to the distance if the rate-of-
change of the transmitting frequency is kept constant. This paper describes the technique of changing the rate of change
of frequency and maintaining the frequency deviation constant, to make distance proportionate to Sweep Time period.
This Distance measurement technique using FMCW, is useful in various applications i.e High raise buildings, Bridges,
part of Drones, Para suits, para gliding, Aerospace vehicles etc.

Principle of operation.
The basic operation of a distance measurement using FMCW and sweeping the transmitted signal, is shown in
fig-1. The system is with two Antennas one for continuous transmitting and second antenna is for receiving
the reflected wave. The transmitted carrier frequency is swept continuously with in a band width of 0.2GHz
and the base frequency will be around 4GHz band. Since the received signal is differs from the transmitted
frequency due to the delay. The technique used is that the rate-of-change of the transmitting frequency is kept
constant, to make the distance directly proportional to the measured frequency difference between the
transmitter and receiver signals. The difference between both the frequencies is called Beat frequency.

The FMCW sweep waveform is triangular and the slope is used for the measurement. The sweep frequency is
usually between 50 and 400 Hz. The operating frequency will be in GHz with a band of 0.2GHz. In the mixer,
the received signal of frequency is mixed with the transmitted frequency at that instant to get the beat -
frequency (fb). The beat frequency signal is amplified in a low -frequency (LF) amplifier and processed to
extract the altitude information.

The resulting beat -frequency (Fb) is related to the transit time and hence to the distance, as derived below.

 = Transit time (Seconds)
T = Period of modulation (Seconds)
Fb=beat frequency (Hz)
∆F = Total Frequency Deviation (Hz)
D = Distance
C = Velocity of Propagation
Frequency Modulation  = 2D / C
Fb(t) = .dF/dt =  . ∆F/T = (2D/C) * (∆F/T)
From the above D= (C/2) * (Fb.T/∆F)
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Distance Measurement:
The above equation explains the Distance is proportional to Time Period of the Sweep, for the following
conditions:

1. Carrier frequency of the transmitter is swept continuously in the frequency range.

2. The rate-of-change of the transmitter frequency is constant.

3. The total frequency deviation ‘∆F’ is kept constant, by the constant amplitude of the modulating ‘Saw-
tooth’ signal.

4. The slope i.e Period of modulation is varied with the distance, while the beat-frequency is maintained in a
band of Minimum to maximum.

With the above conditions the distance “D” will be directly proportional to time period “T” of the saw tooth
waveform. Also the Beat Frequency will vary from minimum to Maximum as per the distance. By keeping the
beat frequency with in Minimum and Maximum limits the minimum & maximum distance can be derived for
particular Time period.

The accuracy of the distance measurement can be improved by repeat the measurements at different Time
periods and averaging the readings.

The time period can start from µsec and each period can be doubled to the previous one. The distance measure
for a Beat frequency range minimum to maximum and also it can be measured with different time periods.
This technique will eliminate the false measurements by comparing the all the measurements, improves the
repeatability and accuracy by averaging.

The Changing time period technique the minimum distance can be from few feet to maximum  50,000 feet in
10 time periods. The time period starts from µSec and can be increased to milli Sec to cover feet to 50,000
feet. Each time period the transmitted frequency also can vary from minimum to maximum with a beat
frequency between 10Khz to 200Khz.

Block diagram of Distance Measurement hardware:

The Processor based Embedded system block diagram shown in Fig-2. The system consists of RF Module and
Processor module.

R.F Module contains Transmitter, Receiver and Self-test function, in a single block.

Fig-2: Hardware Block Diagram
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The Transmitter is having Voltage Controlled Oscillator (VCO) with a frequency range from 4.2 to 4.4 GHz,
which can be modulated by a ‘Saw-tooth’ signal. The time period of the Saw tooth wave is controlled by
Processor. The VCO’s output (FMCW) is transmitted through an antenna (Tx-antenna). The reflection from
the terrain is intercepted by an identical but separate Rx-antenna. The antennas are installed (in the same
horizontal plane) with a proper spacing to provide required isolation.

Receiver is to measure the reflected RF signal, the received signal is amplified in a Low-Noise Amplifier
(LNA) and mixed with the transmitted signal by the VCO in a ‘Mixer’ to obtain the beat-frequency signal
consisting of different frequency components, corresponding to reflections from the target, depending on the
antenna beam-width and on the instantaneous attitude of the system. The nearest point on the object produces
the least beat-frequency and farther points produce higher beat-frequencies. The signal from the nearest point
is stronger than that from a farther point. This signal is amplified, digitized by sampling at 250KHz (by a 14-
bit A/D Converter). The digitized data is processed by the Processor by applying a suitable algorithm to
extract the altitude information.

ALTITUDE EXTRACTION ALGORITHM
The processor will set the Time period (T) of ‘saw-
tooth’ signal initially to 110µSec and doubles in each
scan by writing a ‘data word’ to a DAC, the analog
voltage output of which controls the saw-tooth
generator. The saw-tooth period is kept constant
during each scan so that number of time samples
required for distance processing are collected. The
next scan will start after processing the data collected
in the present scan (in a duration of 4msec max.) the
process will end when a valid return signal is
detected in two successive scans. After detecting the
correct distance, the time period will remain the same
until the data varies drastically.

In the first scan the time of modulation (saw-tooth
period) is 110µs.with this modulating signal, the
selected beat-frequency band of 15 to 110KHz
allows searching of altitudes within the range of 7 to
48 feet. the period is doubled for every subsequent
scan up to 112ms in the 11th scan.

On power up, the system will be in ‘Scan Mode’,
during the scan, complete range of altitude using
eleven saw-tooth periods will be applied in
succession. The total time will be around 500mSec.
For each saw-tooth the ‘beat-frequency’ information
is digitized and processed before going for the next
saw-tooth (scan). This scheme allows for a minimum
of ‘two’ detections of any altitude (in successive
scans) within in the range.

In each scan the ‘beat-frequency signal’ is sampled at
250KHz, and 2048 samples are collected. These
samples are processed by 2048-point FFT in the DSP processor. The signal is calculated and compared with a
threshold and only the signal above this is considered for further analysis.  Among these signals the ‘Peak-
Signal’ will be determined. The beat-frequency of this corresponds to the actual altitude. The complete
process described above is repeated in the next scan and the altitude is detected when in ‘two’ successive
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scans the signal is same. After the detection of the two successive scans are same, the SAW tooth time period
is maintained same till a signal failed to pass through Threshold.
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