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ABSTRACT

Recently, the number of natural disasters caused by inclement weather conditions such as localized heavy rainfall,
Typhoon, etc. is increasing in Korea, which requires relevant prevention and water management measures. Rain gauges
installed on the ground have strengths in continuously-directly measures ground precipitation but cannot provide accurate
information on spatial precipitation distribution in the areas without the rain gauges. The present research has designed
and developed an electromagnetic-based multi-purpose precipitation gauge(EWRG, Electromagnetic Wave Rain Gauge) that
can measure rainfall at the real time, by overcoming spatial representativeness. In this paper, we propose an FPGA-based
signal processing design method for EWRG. The signal processing of the EWRG was largely designed by calculating the
ADC and DDC of the LFM waveform, pulse compression, correlation coefficient and estimating the precipitation
parameter. In this study, the LFM waveform and pulse compressed signal were theoretically analyzed.
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Fig. 1 EWRG system diagram

Table. 1 Specifications of EWRG system

Classification

Development performance

Antenna shape

Parabolic reflector type

Antenna diameter (cm)

50 (carbon)

Simultaneous Dual-Pol

Polarization (horizontel/vertical)
Beam width (deg.) 1.6
Gain (dBi) 40
Driving range (deg.) Azimuth:0~360, Altitude:-2~+92
Driving speed (RPM) 6 (azimuth), 4 (altitude)
Operating frequency (GHz) 24.15
Transmission power (W) 4 (Horizontal/ Vertical)
Signal form 1/Q demodulation
Effective ob(s;r)vation range 150 ~ 10 Km
Waveform LFM Pulse
Pulse width (ps) 1
PRF (Hz) 10K
Distance resolution (m) 30
ADC resolution (bit) 14

22, LFM % HAQHS

Au}7y4Al= LFM(Linear Frequency Modulation,

AE ke Wx) 9

g8t o] wh-L A17bo

whe} St AR oR WaEs goR WA
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Fig. 2 LFM transmitting and receiving concept
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Table. 2 Specification of EWRG Signal Processor

Classification Specifications

Detection range
and Resolution

Detection range above 3km
Resolution below 30m

Correlation
coefficient
calculation

RO, R1, R2 calculation(PRF=10KHz)

Single polarization meteorological variable:
Zh, Zv, Vh, Vv, Wh, Wv

Dual polarization weather variable: ZDR, p
HV, ®DP

Meteorological
variables

Quality variable: SQIh, SQIv, SNRh, SNRv
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Fig. 4 Signal processor circuit card assembly composition
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Fig. 7 ADC and DDC concept
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Fig. 16 Schematic diagram of rain gauge(KICT)

Table. 3 Difference verification of EWRG and Rain Gauge
of the experiments in the Fig. 16.

Name AN Gauge Diff. Dift(%)
(mm)

GID_17 82.0 84.1 -2.1 -2.5

GID_18 80.8 84.7 -39 -4.6

GID 19 83.1 83.7 -0.6 -0.7

GID 20 79.1 87.2 -8.1 -9.3

GID 21 772 83.2 -6.0 212
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Name E(\IXSI? Gauge Diff. Diff(%)
GID 22 79.8 79.2 +0.6 +0.8
GID 25 91.5 88.7 +2.8 +3.2

AVG 81.9+4.6 | 84.4+3.0 2.5 2.9
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