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Abstract: The ranging accuracy of full-waveform LiDAR, also known as ranging repetition accuracy or ranging
standard deviation, is affected by laser output light stability, laser pulse width, detector response time jitter, circuit
noise, waveform shape, waveform sampling frequency, waveform processing algorithm and so on. The effects of
different sampling frequencies and pulse widths of full-waveform LiDAR on ranging accuracy were analyzed
theoretically. The waveform data under different sampling frequency (1.25, 2.5, 5 GHz) and pulse width (1, 2, 3,

-, 10 ns) were collected and preprocessed by filtering, interpolation and waveform extraction. Linear Gaussian
fitting, weighted linear Gaussian fitting, iterative weighted linear Gaussian fitting, expectation maximization

algorithm and Levenberg Marquardt algorithm were used to calculate the ranging value and the ranging accuracy.
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The experimental results show that the ranging accuracy obtained by EM algorithm is least affected by waveform
distortion compared with the other four algorithms, and that the ranging accuracy obtained by weighted linear
Gaussian fitting algorithm is least affected by the change of sampling frequency. Under the condition of the same
waveform amplitude, the actual pulse width increases 2.47 times, and the ranging accuracy obtained by EM
algorithm is reduced from 0.97 mm to 1.18 mm, so increasing the pulse width will reduce the ranging accuracy.
When the optical pulse width is 4 ns, the ranging accuracy of 5 GHz sampling frequency data obtained by EM
algorithm is 1.71 and 3.07 times of that of 2.5 GHz and 1.25 GHz sampling frequency data, respectively, while
when 2.5 GHz and 1.25 GHz data are interpolated 2 times and 4 times to 5 GHz, they are only 1.17 times and
1.29 times, so increasing the sampling frequency can improve the ranging accuracy. On the other hand, the

ranging accuracy close to the high sampling frequency data can be obtained by interpolating the low sampling

frequency data.
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Tab.1 Data average parameters under S GHz sampling frequency

Optical pulse Amplitude of reference Pulse width of FWHM of reference Amplitude of Pulse width FWHM
width/ns light/mV reference light/ns light/ns the echo/mV of echo/ns of echo/ns

1 61.15 3.71 1.82 157.38 3.04 1.42

2 125.78 4.38 2.06 170.69 3.81 1.81

3 163.99 5.12 2.42 177.85 4.6 2.29

4 175.87 6.04 2.92 179.72 5.49 2.84

5 175.61 7.19 3.57 174.54 6.47 3.48

6 175.99 8.28 4.31 177.15 7.5 4.18

7 175.96 9.13 4.96 177.57 8.4 4.83

8 175.94 10.31 5.82 175.02 9.63 5.70

9 176.15 10.92 6.26 176.06 10.25 6.14

10 177.10 12.05 7.03 175.14 11.35 6.89
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Tab.2 Ranging accuracy of different interpolation ratios

Equivalent sampling frequency
after interpolation/GHz

Ranging accuracy of original
5 GHz data/mm

Ranging accuracy of original
2.5 GHz data/mm

Ranging accuracy of original
1.25 GHz data/mm

1.25 Null
2.50 Null
5.00 0.76
10.00 0.72
20.00 0.70
40.00 0.69
80.00 0.69

Null 233
1.30 1.19
0.89 0.98
0.83 0.91
0.77 0.89
0.76 0.87
0.76 0.87
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