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Atmospheric Scheimpflug Lidar Technique and Its Progress
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Abstract The Scheimpflug lidar (SLidar) technique has been recently developed for atmospheric remote sensing.
By utilizing high-power continuous-wave laser diodes as laser sources and area image sensors as detectors, the
SLidar technique can measure range-resolved atmospheric backscattering signal when the optical layout satisfies the
Scheimpflug principle. This paper presents the principle, features, system architecture as well as the signal
processing methods of the SLidar technique. The developments and applications of the SLidar technique in

atmospheric aerosol sensing and gas monitoring are summarized in detail. The challenges of the SLidar technique are

also discussed. Finally, the future work and the outlook of the SLidar technique are presented.
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Fig. 1 Optical layout of the Scheimpflug imaging principle
(the laser beam that is transmitted into atmosphere can be
clearly focused on the image sensor, while infinite

depth of focus can be achieved)
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Fig. 2 Principle schematic of the SLidar technique (f is the focal length of the receiving telescope,
O 1is the referenced origin of image sensor)
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between the range resolution and the measurement distance
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Fig. 4 (a) System schematic and measurement diagram of the Scheimpflug lidar system (the CMOS sensor is tilted

by 45° to satisfy the Scheimpflug principle); (b) images in the region of interest of the image sensor, recorded when

the laser diode is turned off and on, respectively; (c¢) the lidar signal is retrieved by vertically binning the recorded images,

subtracting the background signal and performing signal averaging
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Specifications of typical SLidar system

Component Model

Specifications

Continuous-wave high power

Laser source

multi-mode laser diodes

Collimator Tianlang, F6 refractor
Receiver Skywatcher, CFP200
CMOS, CMV2000
Detector
Lumenera, Lt225NIR
Filters Interference filters

Transmitter-receiver

separation

Wavelength: 407, 450, 520, 638, 808, 850,
1064 nm;output power: 1-5 W
Focal length: 600 mm; diameter: 100 mm
Focal length: 800 mm; diameter: 200 mm
Tilt angle: 45°; area: 2048 pixel X 1024 pixel;
frame rate: 170 frame/s; bit depth: 12/8 bit;

exposure time: 20-500 ms
1.7-10 nm (full width at half-maximum)

~806 mm
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Fig. 5 (a) Relationship between the range resolution and the measurement distance after signal resampling (the signal

resampling is performed only in the close range (<C700 m) where the range resolution is beyond 3 m);

(b) atmospheric lidar signal before and after signal resampling
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Table 2 Divergence and emission area of high power multimode laser diode, as well as the filter bandwidth
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(full-width at half-maximum, FWHM) employed in the SLidar system

L Divergence Emission area / Filter
Wavelength /nm Specifications B )
(fast, slow) /(%) (pm X pm) bandwidth /nm
407 Ushio HLL40033G; power: 1 W 45, 13 ~1 X 50 1.7
450 Nichia NDB7k75; power: 3.5 W 46, 14 ~1 X 50 10
520 Nichia NDG7475; power: 1.0 W 46, 11 ~1 X 50 10
808 Power: 3.2-4.0 W 8, 6 1 X 230 3
() laser (b)  laser
diode ______ diode
fast p slow
axis axis

cylindrical lens pair F6 lens

F6 lens

Bl 8 —HEHOLAERMEE . (W B ER, Ak F6 BB E
(b) 12 5l /A Lt ol F6 1Y a8 B 1fE T

Fig. 8 Beam collimation of the laser diode. (a) The fast axis is collimated by the cylindrical lens pair and

then by the F6 lens; (b) the slow axis is only collimated by the F6 lens
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Fig. 9 Atmospheric backscattering signals measured by the SLidar system operating at different wavelengths under

different weather conditions (the signals are normalized to 20 ms exposure time and twice of gain).
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