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Abstract: The classical linear frequency modulation continuous wave(LFMCW) radar ranging method adopts
FFT transform to carry out signal processing. Calculation amount increases significantly with the sampling
point increasing, which makes the real-time of ranging system not so ideal. To solve this problem, the cross-
correlation function ranging method is introduced. Using the characteristics that LFMCW radar signal
frequency change is triangular and the echo delay is less than one cycle, the distance can be measured with
only one cycle of cross-correlation operation. Combined with the measured value of the cross-correlation
function ranging method, FFT transform is used for the partial sampling points of sampling information,
and more accurate distance information can be measured quickly and efficiently. The simulation results of
MATLAB show that the average ranging measurement error combing with cross-correlation function is

reduced by 1.434 m and the average operation time is reduced by 0.5 s, which improves the real-time
performance and accuracy of the ranging system.
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Fig.l1 Time-frequency FMCW radar signal
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Fig.4 Transmitting and receiving signals of millimeter wave radar.
(a) Transmit signal spectrum; (b) Echo signal spectrum

lll““l‘i\\w']“\ 1N
_m\{Hul P H HHHH

MM wl\IMHMH,H‘MHM M |H
0 10 15 ,‘lr 30
lime/s

(a)

-0.05
-100  -80 60 -40 -20 0 20 10 60 80 100

Amplitude

(b)

Amplitude

0 0.5x10° IX10°  1.5X10° 2X10°  2.5X10°
Frequency/Hz
(c)
Fig.5 Beat signal waveform and its processing. (a) Beat signal;
(b) Autocorrelation function value; (c) Beat signal spectrum
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Table 1 Measuring accuracy of two kinds of ranging algorithm
Seted distance(m) 60 80 100 120 140 160 180 200

Classical LFMCW radar ranging method
Beat frequency(Hz) 5998.8 7968.2 10064.7 11897.6 14305.4 16116.0 18301.4 20432.3
Measured distance(m) 59.988 79.682 100.647 118.976 143.054 161.160 183.014 204.32
Measured error(m) 0.012 0.3181 0.647 1.024 3.054 1.160 3.014 4.323

Improved ranging method

Beat frequency(Hz) 6012 8016 1002 1202 1402 1603 1803 2004
Measured distance(m) 60.12 80.16 100.20 120.24 140.28 160.32 180.36  200.40
Measured error(m) 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40
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Fig.8 (a) Colored noise sequence; (b) Colored noise power spectrum
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Fig.9 Signal processing of beat signal with colored noise. (a) Beat signal with random noise;

{b) Autocorrelation function of random noise; (c) Beat signal spectrum with random noise
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Fig.10 Measurement error of improved algorithm with noise
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