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Accuracy and precision of radial Doppler velocity measured with phased array weather radar
and Doppler wind lidar fusion data system

Makoto AOKI' and Hironori IWAI
' National Institute of Information and Communication Technology, 4-2-1 Nukui-Kitamachi, Koganei, Tokyo 184-8795

NICT installed two commercial 1.54 pm coherent Doppler wind lidars (CDWL) as phased array weather radar
(PAWR) and Doppler lidar network fusion data system (PANDA) in NICT Kobe and Okinawa on March 2014. To
validate the accuracy and precision of wind measurement using CDWL, we evaluated the systematic bias in the radial

wind velocity through measurements with a hard target and experimentally observed velocity random error as a

function of wideband SNR. The bias and random error of radial Doppler velocity measured with PAWR were

evaluated on the basis of comparative measurements with highly reliable CDWL. These experiments show that

CDWL and PAWR fusion data system possesses high accuracy and precision of wind measurements.
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Fig. 1. Probability of radial wind velocities
measured with CDWL at the point of hard target.
Mean radial wind velocity is Vimean = 0.016 m s!
and its standard deviation is ovr = 0.015 m s,
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Fig. 2. Comparison of standard deviation of radial
wind velocity measured with CDWL with theoretical
Probability of radial wind Cramer-Rao lower bound.
Errors are constant (about 0.02 m s) in the high
wideband SNR region and increase with decrease in
the wideband SNR to 0.1 m s at wideband SNR of
-30 dB, where is minimum wind-measurable region.
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Fi1g. 3. Scatterplot of ship velocities measured with
PAWR and CDWL from 21 to 31 May 2016. Solid
line represents a regression line estimated by the
least-squares method. In the legend, R means
correlation coefficient, slope and intercept are for
the  regression line, and RMSD  means
root-mean-square difference between PAWR and
CDWL measurements.
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Fig. 4. Probability of difference between PAWR and
CDWL ship velocity measurements. Average of
differential velocity is Vrdiff,mean = -0.00013 m s
and its standard deviation is ovrditt = 0.130 m s™L.
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Fig. 5. Example of Doppler spectrum obtained
during a rain event (open circles) and fitting curves
calculated with the two-component Gaussian model
at the range of 1300 m, azimuth of 260 degree, and
elevation of 30 degree (22:59:48 JST on 13 June
2016). Dashed, dotted, and solid lines show the
Doppler velocities of radial wind and rain particles
velocity estimated by CDWL and radial Doppler
velocity measured with PAWR.
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Fig. 6. Scatterplot of radial Doppler velocities
measured with PAWR and CDWL during rain events
at 3 and 13 June 2016. Filled and open circles show
the velocities retrieved from CDWL aerosol and
raindrops spectra, respectively. Solid line represents
a regression line between PAWR and CDWL
measurement. Legend as in Fig. 3.
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