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Abstract

Objective When coherent lidar detects a target at a long distance, the laser beam is affected by atmospheric
absorption, scattering, turbulence, diffuse scattering of target and nonideal detection. Consequently, the noise
exceeds the signal, severely influencing the detection ability for long-range targets. For the weak signal of low-speed
moving targets, coherent lidar usually uses the pulse coherent accumulation method and can receive lower-signal
power, which greatly improves its sensitivity. Range and doppler migrations easily occur in the coherent
accumulation of high-speed manoeuvring targets, resulting in phase inconsistency of the echo signal, energy
dispersion in the frequency domain, and limited coherence accumulation time, which affects the multi-pulse coherent
accumulation. In this case, microwave radars use Hough transform, sequence shift gene algorithm, acceleration
blind estimation to achieve long-time coherent accumulation of the echo signals of high-speed moving targets. Non-
coherent lidar achieves coherent accumulation of multiple pulses for high-speed moving targets using pulse shift and
time-resolution reduction. Meanwhile, the range resolution of the system is also reduced. However, the processing
method for the weak signals of high-speed moving targets using coherent lidar has not been reported. Improving the
detection performance of high dynamic targets in long-distance and high-dynamic targets is a challenge. In addition,
the amplitude and phase fluctuations of the signals considerably affect multi-pulse coherent accumulation; thus,
investigating their effects is necessary.

Methods The theory of multi-pulse coherent accumulation in frequency domains based on frequency modulation
continuous wave ( FMCW ) coherent lidar was confirmed through a laboratory verification experiment. The
experiment was conducted through the following steps. First, fast Fourier transform and multi-pulse non-coherent
accumulation were used to find the signal frequency point. Then, the phase of the signal frequency point in each
pulse was extracted, and phase matching was performed for each pulse. Finally, multi-pulse period signals were
selected for coherent accumulation and to improve Rgq. In addition, the theory under amplitude and phase
fluctuations and speeds was established, and its performance was confirmed through simulations. The relevant theory
was used to compare the experimental results and errors after multi-pulse coherent accumulation in the frequency
domain based on FMCW coherent lidar with phase matching.

Results and Discussions After coherent accumulation in the frequency domain of 1~50 pulse periods, the error
factor of coherent accumulations in the frequency domain of multiple pulses gradually decreased for echo signals with
the same amplitude fluctuation mean value and variance of 0. 0°, 0.5° and 1. 0* (Fig. 2). With amplitude
fluctuations, the Rg of coherent accumulation of multi-pulse in the frequency domain was lower than that of ideal
coherent accumulation, but the effect of poor coherent accumulation of multi-pulse was improved by increasing the
number of coherent accumulation cycles. Rg with variances of 0.5%, 1.0%, 1.5, 2.0 and 2.5° was lower than that
of the ideal case (variance =0), and the variance of the phase fluctuation was higher. These results show that the
R of echo signals is lower than the ideal Rg. Furthermore, the Ry error-factor distribution of multi-pulse
coherent accumulation in the frequency domain of echo signals with phase-fluctuation mean value of 0 and variances of
0, 0.5%, 1.0*, 1.5*, 2.0% and 2.5° was obtained (Fig. 5). When the coherent accumulation period was 30, the
maximum coherent accumulation R« errors of echo signals with variances of 0.5*, 1.0%, 1.5%, 2.0% and 2.5° were
0, 1.29, 4.51, 6.538, 11.59 and 15.81 dB, respectively. The greater the amplitude fluctuation, the greater the
coherent accumulation Rg error. In addition, multi-pulse coherent accumulation in the frequency domain based on
FMCW coherent lidar was independent of the target speed (Fig. 6). For actual moving targets, the Ry of FMCW
coherent lidar increased logarithmically (Figs. 11 and 14), and their maximum error factors in a 50-pulse period

0310003-14



S| 495 £ 3H/2022 F£2 A/hEE

were 0.57% and 0.3% at pair mean values of 2.25 x 10 * and 1.65 X 10" * and relative amplitude fluctuations of
0.69 and 0.93, respectively.

Conclusions In this study, we verified the theory of multi-pulse coherent accumulation in the frequency domain
based on FMCW coherent lidar through laboratory experiments. For echo signals with fixed pulse repetition rates,
the Ry of beat frequency signals after M-cycle coherent accumulation in the frequency domain was 10lg M dB higher
than the log R« of the original signal, and the weak R« of the echo signal increased exponentially. Under the same
pulse accumulation period and target detection, for the frequency modulated continuous wave whose pulse repetition
frequency meets m times, the Rg of the single-cycle high repetition frequency single-pulse echo signals was
—10Ig M dB higher than that of low-repetition frequency signals. With the amplitude and phase fluctuations of
signals, the multi-pulse coherent accumulation Rsy was lower than the ideal coherent accumulation Rsy, and the pair
mean values were 2.25 X 10 * and 1.65 % 10~ * with relative amplitude fluctuations of 0.69 and 0.93, respectively,
and the maximum error factors of the multi-pulse coherent accumulation R sy of the echo signal in the 50-pulse period
were 0.57% and 0.3%, respectively, which are attributed to the amplitude fluctuation of the echo signal, linear
frequency modulation power and fluctuations.

Key words remote sensing; frequency modulation continuous wave; multi-pulse coherent accumulation in the
frequency domain; dynamic target; weak signal detection; coherent lidar; amplitude and phase fluctuation
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