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Computation Efficient Demodulation Method for Random Phase
Modulated Continuous Wave Light Ranging Based on
Heterodyne Detection

WU Ying, DENG Lihua, MA Chaofeng, LIANG Wei
(Suzhou Institute of Nano—tech and Nano=bionics, Chinese Academy of Sciences, Suzhou 215123, China)

Abstract: Light Detection and Ranging (LiDAR) is a powerful ranging tool. Various types of LIDARs are
widely used in atmospheric and oceanic sciences, such as laser altimeters, deep space exploration, and
underwater target detection, most of which are based on time-of-flight. The integrated echo energy of
pulsed LIDAR is inversely proportional to the square of detection distance. In order to achieve a longer
detection distance, a pulse laser with high peak power is required. The longer the detection distance, the
higher the peak power required. In order to achieve high peak power, complex and bulky lasers are usually
needed. Meanwhile, the repetition rate of the laser is limited by the thermal damage threshold, which will
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reduce the point frequency of laser ranging. In order to achieve long detection distances with a low peak
power lasers, some researchers have proposed a random code modulation continuous wave technology,
which transmits a continuous laser with random pulse modulation instead of a single pulse. The distance
information is obtained by cross—correlating the echo signal and the random modulation signal. Compared
with a single pulse, the equivalent duty cycle of random code modulation is higher, so the peak power of
the light source required to achieve the same integral energy is lower. It is possible to use miniaturized
semiconductor lasers to achieve long—distance detection. In addition to using random intensity modulation
for ranging, a random phase modulation laser ranging system based on heterodyne coherent detection has
also been proposed. Heterodyne coherent detection can greatly improve the ranging sensitivity. More
importantly, the target speed can be directly demodulated by measuring the Doppler frequency shift.
However, the cross—correlation algorithm used for direct adjustment and detection of random intensity
modulated laser ranging can not be directly transplanted to random phase modulated laser ranging system.
A common solution is to sequentially shift the transmitted random sequence and multiply it with the echo
heterodyne signal, and then perform FFT on the product results. When the shift amount is matched with
the echo delay, the influence of random phase modulation will be canceled, and the Fourier spectrum will
have obvious frequency peaks from which the Doppler frequency shift can be demodulated from the peak
frequency of the spectrum. The computational complexity of this method is very high. The number of
Fourier transforms required to complete a demodulation is equal to the length of the sampled data, which
will occupy a large amount of computing resources and computing time. Some researchers have proposed a
phase—encoded sub-carrier modulation technique. The spectrum of the detection signal has two
components, low frequency and high frequency. The Doppler frequency shift can be extracted from the low
frequency component, and the Doppler frequency shift compensation is performed on the high frequency
carrier signal. The phase information of the echo signal is demodulated. The cross—correlation operation is
performed on the phase information and the pseudo—random code. The target distance is calculated from the
position of the cross—correlation peak. The drawback of this method is that the moving direction of the
object cannot directly determined from the low—{requency signal. Some researchers propose to add a prefix
without modulation before the phase modulation of the Pseudo-random Binary Sequence (PRBS). The
echo signal during the prefix calculates the Doppler frequency shift. But this method will lead to a decrease
in the measurement point frequency. In this work, a fast demodulation method is proposed for random
phase modulated heterodyne detection laser ranging. It only needs five times of FFT to complete one
demodulation, which is much less than the traditional demodulation method. Firstly, the Doppler
frequency shift is obtained in the FFT spectrum of the heterodyne signal. The quadrature component of the
echo signal is then digitally down—converted. The fast circular convolution of the transmitted random code
of the echo signal is performed in the frequency domain. The distance information of the reflected target can
be calculated from peak location of the the convolution results. In the experiment, the 11th-order PRBS
with a length of 2 047 is used for phase modulation. The signal modulation rate is 40 MHz. The position
and velocity information is correctly recovered from the echo signal using the proposed fast demodulation
method. A distance resolution of 2.7 meters is achieved in the system.
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