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Study of wide-pulse photon counting polarization lidar

to detect shallow water layer (Invited)

Xu Lu, Liu Xiaxia, Yang Xu, Zhang Yijia, Wu Long"
(School of Information Science and Technology, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Due to the limitation of laser pulse width, traditional lidar cannot achieve shallow water measurement
of tens of centimeters. A polarization lidar with dual Geiger-mode avalanche photodiodes (Gm-APD) was
designed to achieve high-precision depth image of shallow water layer by using a wide laser pulse. The surface of
the shallow water layer was smooth and had good polarization-maintaining characteristics, whereas the bottom
surface was rough and had certain depolarization characteristics. According to this feature, by emitting horizontal
linearly polarized light, a polarization beam splitting prism was used in the receiving system to separate the front
and rear surface signal lights, and then they were detected by two Gm-APDs respectively. The system was not
limited by the pulse width of signal light, and made full use of the dead time mechanism of Gm-APD to realize
the depth measurement of ultra-thin shallow water. Using the principle of polarization transmission of the Stokes
parameter and Muller matrix, the principle of light splitting of the dual Gm-APD polarization lidar was
theoretically analyzed. Signal restoration & center-of-mass algorithm method was used to restrain the range walk

error to obtain high range precision. The thin shallow water layer had a gradient from 4.5 cm to 8 cm in depth, and
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the bottom surface of which was covered with black and white sand. In the experiment, a 6 ns width laser pulse

was used to obtain a high-precision depth image of the thin shallow water layer at the detection distance of 5 m

with the accuracy of 0.8 cm. This effectively verifies the feasibility of the scheme. This scheme can provide

certain reference for the measurement of shallow ocean water layer in in airborne lidar bathymetry systems.

Key words: lidar;  photon counting;
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Tab.1 Performance parameters of the devices in our experiment

Devices

Performance parameters

Semiconductor laser

Receiving telescope

Gm-APD module

Wavelength, 1064 nm; Pulse width, 6 ns; Repetition frequency, 2 kHz; Work wavelength of the system, 532 nm.
Field of view, <70 mrad; Diameter of telescope, 50 mm.
Laser components GmbH, COUNT-100C-FC; Photon detection efficiency, 70%@532 nm; Dead time, 45 ns; Dark count rate,

100 Hz; Maximum count rate, 20 MHz; Temporal jittering, 1000 ps; Length of TTL output pulse, 15 ns; High level, 3 V.

Photon correlator card

Becker & Hickl GmbH, DPC-230; Collection time, 60 s; Operating mode,“Multicaler”; Time duration of time-bin, 164 ps.
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Fig.5 Depth image of the shallow water layer obtained in the experiment. (a) Before the restraint of range walk error; (b) Depth image under another

view of (a); (c) After the restraint of range walk error; (d) Depth image under another view of (c)
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Fig.6 Histogram of range error distribution of experimental data points. (a) Pixels of the shallow water surface in Fig.5(a); (b) Pixels of the bottom

surface in Fig.5(a); (c) Pixels of the shallow water surface in Fig.5(c); (d) Pixels of the bottom surface in Fig.5(c)
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