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Observation of Okhotsk Sea Ice by a LaserAltimeter in 1995-1995
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Abstract: An airborne laser altimeter using a diode-pumped Nd:YAG laser have been developed for
topography of ice and snow regions. Okhotsk sea ice have been measured in winter seasons of 1993-1995
and the data show unexpected high ice freeboard rising to mean heights of 40 cm and sail heights of 80 cm.
Very high correlation was found between the mean freeboard and ice packing density, which will provide a
new method estimating total ice amounts. Also studied in this paper is the ranging accuracy using a
coherent detection technique which provides improvements of mapping efficiency and eye-safety of the
system. This technique enables scanning the laser beam at eye-safe wavelengths with the range accuracy

of centi-meter levels from satellites and .
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Fig. 1 Optical block diagram of the laser altimeter.
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Fig. 2 Electronic block diagram of the laser altimeter.
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Fig. 3 Plots of the sea ice data; upper is raw and estimated sea level and lower is ice freeboard.
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Fig. 4 Plot of mean freeboard versus packing density.
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Detection Direct (PMT) Direct (PD) Coherent (PD)
gain 5.0ES fc=4.0GHz _ fe=4GHz _
n=0.046 Fb= 1A 1n=0.8, Fb=1A 1n=0.8, (Fb=0.2A)
1d=0.1nA,In=9pA/NHz 1d=0.1nA In=9pA/VHz
wavelength(nm) 532 1064 1064
Aperture (cm) 10 10 1.2
FOV (mrad) i 1 0.11
Ns (photon) 2.0E6 4.1E6 9.5E4
Nb (photon) 25 31 1.1E-3
Nd (photon) 4.1E-3 12 (12)
Nn (photon) - 6.7E4 75
accuracy (cm) 0.07 2 0.4

Table 1.

Estimation of the range accuracy from 1 km altitude using direct and coherent detection with

transmitting laser power of 1 mJ.
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Detection Direct (PMT) Direct (PD) Coherent (PD)
Aperture (cm) 40 40 10
FOV (mrad) 1 1 0.013
Ns (photon) 1.3E4 2.5E4 2.6E3
Nb (photon) 410 490 1.1E-3
Nd (photon) 4.1E-3 12 (12)
Nn (photon) - 6.7E4 75
accuracy (cm) 1 280 3

Table 2. Estimation of ranging accuracy from 500 km altitude. System parameters are the same as in Table 1

except for the laser power of 100 mJ and the receiving aperture.
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