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We describe the application of laser remote sensing technology to a wide range of environments by using
our laser radar technology based on Mie scattering lidar, with various laser-sensing methods such as spec-
troscopy and image acquisition. Among various targets, this paper focuses on the field of security, namely,
CBRNE (Chemical, Biological, Radioactive, Nuclear, and Explosive) remote detection. The use of a
high-power, compact femtosecond laser (terawatt laser) enables classifying cesium aerosol (radioactive
and nuclear simulated) and riboflavin aerosol (biological simulated) at a stand-off distance of 10 m and
identifying different plastics (explosive simulated). In turbid water that simulated seawater, visualization
of the 1951 USAF (U.S. Air Force) resolution test chart was achieved using a pulse laser as part of turbid
water visualization technology. Since no information was available from a normal camera, the results
have confirmed the superiority of our method. We also describe laser Raman measurements that have
shown the ability to identify underwater substances.
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Fig. 1 Schematic of our proposed lidar system for detecting and

classifying CBRNE aerosols by LIBS or TPF using a

high-power femtosecond laser® .
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Fig.2 LIBS spectrum observed for cesium aerosol, with laser
energy of 181 mJ/pulse, pulse width of 1000 fs, beam
size of 3 X 5 mm (at the aerosol position) , concentration
of the cesium aerosol of 3.2 ug/L (0.001 wt% of cesium
chloride in aqueous solution) 9,
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Fig.3 TPF spectrum observed for riboflavin aerosol, with laser
energy of 10 mJ/pulse, pulse width of 100 fs, laser beam
size of ~3 mm of diameter at the aerosol position, ribofla-
vin aerosol concentration of 1.3 ug/L (0.0032 wt% of
riboflavin in aqueous solution) K
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Fig. 4 LIBS spectrum observed for bulk organic plastic samples,
with laser energy of 0.6 mJ, the actual pulse width of 150
fs (slightly longer than the nominal value of 120 fs), the

spot diameter of approximately 0. mm (an estimated
).
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Fig. 5 Classification of LIBS spectra of organic materials based
on 2D plot of peak intensity ratios'".
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Fig. 8 Raman spectra of canola oil with thicknesses of 5, 10, and
20 mm located 2 m away in the water tank'¥.
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