
Measurement and Analysis of Weather Phenomena 
with K-Band Rain Radar 

Jun-Hyeong Park 
Dept. of Electrical Engineering 

KAIST 
DaeJeon, Republic of Korea 

bdsfh0820@kaist.ac.kr 
 

Ki-Bok Kong 
Development team  
Kukdong Telecom 

Nonsan, Republic of Korea 
Kbkong@kdtinc.co.kr 

 

Seong-Ook Park 
Dept. of Electrical Engineering 

KAIST 
DaeJeon, Republic of Korea 

soparky@kaist.ac.kr 
 

Abstract—To overcome blind spots of an ordinary weather 
radar which scans horizontally at a high altitude, a weather 
radar which operates vertically, so called an atmospheric profiler, 
is needed. In this paper, a K-band radar for observing rainfall 
vertically is introduced, and measurement results of rainfall are 
shown and discussed. For better performance of the atmospheric 
profiler, the radar which has high resolution even with low 
transmitted power is designed. With this radar, a melting layer is 
detected and some results that show characteristics of the meting 
layer are measured well. 
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I.  INTRODUCTION 
A weather radar usually measures meteorological 

conditions of over a wide area at a high altitude. Because it 
observes weather phenomena in the area, it is mainly used for 
weather forecasting. However, blind spots exist because an 
ordinary weather radar scans horizontally, which results in 
difficulties in obtaining information on rainfall at higher and 
lower altitudes than the specific altitude. Therefore, a weather 
radar that covers the blind spots is required. 

A weather radar that scans vertically could solve the 
problem. This kind of weather radar, so called an atmospheric 
profiler, points towards the sky and observes meteorological 
conditions according to the height [1]. Also, because the 
atmospheric profiler usually operates continuously at a fixed 
position, it could catch the sudden change of weather in the 
specific area. 

In this paper, K-band rain radar which has low transmitted 
power and high resolutions of the range and the velocity is 
introduced. The frequency modulated continuous wave 
(FMCW) technique is used to achieve high sensitivity and 
reduce the cost of the system. In addition, meteorological 
results are discussed. Reflectivity, a fall speed of raindrops 
and Doppler spectrum measured when it rained are described, 
and characteristics of the melting layer are analyzed as well. 

II. DEVELOPMENT  OF K-BAND RAIN RADAR SYSTEM 

A. Antenna 
To suppress side-lobe levels and increase an antenna gain, 

offset dual reflector antennas are used [2]. Also, separation 

wall exists between the transmitter (Tx) and receiver (Rx) 
antennas to improve isolation between them. With these 
methods, leakage power between Tx and Rx could be reduced. 
Fig. 1 shows manufactured antennas and the separation wall.  

B. Design of Tranceiver 
Fig. 2 shows a block diagram of the K-band rain radar. 

Reference signals for all PLLs in the system and clock signals 
for every digital chip in baseband are generated by four 
frequency synthesizers. In the Tx baseband module, a field 
programmable gate array (FPGA) controls a direct digital 
synthesizer (DDS) to generate an FMCW signal which 
decreases with time (down-chirp) and has a center frequency 
of 670 MHz. The sweep bandwidth is 50 MHz which gives the 
high range resolution of 3 m. Considering the cost, 2.4 GHz 
signal used as a reference clock input of the DDS is split and 
used for a local oscillator (LO). the FMCW signal is 
transmitted toward raindrops with the power of only 100 mW. 
Beat frequency which has data of the range and the radial 
velocity of raindrops is carried by 60 MHz and applied to the 
input of the Rx baseband module. In the Rx baseband module, 
quadrature demodulation is performed by a digital down 
converter (DDC). Thus, detectable range can be doubled than 
usual. Two Dimensional-Fast Fourier Transform (2D-FFT) is 
performed by two FPGAs. Because the 2D FFT is performed 
with 1024 beat signals, the radar can have high resolution of 
the radial velocity.  Finally, data of raindrops are transferred to 
a PC with local LAN via the an UDP protocol. TABLE I. 
shows main specification of the system. 

 Fig. 1. Manufactured antenna and separation wall. 
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Abstract—A finite-difference time-domain (FDTD) 
formulation employing an nonlinear bulk velocity of electron is 
studied and applied to analysis of multiple electromagnetic wave 
propagation in an unmagnetized and cold plasma layer with a 
linearly increasing electron density profile. The formulation is 
suitable for studying the performance of communication through 
plasma sheath in re-entry or hypersonic vehicle. Resonant 
absorption of electromagnetic wave and its angle dependency in 
plasma sheath are analyzed using the developed formulation. 
Gradient pressure of linear bulk velocity of the electron and 
distortion of the electron density are applied to the nonlinear 
correction of electromagnetic wave propagation. The nonlinear 
interaction of two incident waves and scattering process are 
investigated. Scattering wave captured at the vehicle shows that 
high frequency pump wave launched at the vehicle is modulated 
by low frequency signal wave transmitted from ground. The 
result is analogous to the Raman scattering process and can be 
applied to show the feasibility of communication through high 
density plasma sheath. 

Keywords— Finite-difference time-domain (FDTD), re-entry 
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I.  INTRODUCTION 

 
Among the plasma related electromagnetic problems, 

communication black out during a hypersonic flight or re-
entry of a vehicle has been an important problem in aerospace 
engineering society [1]. It is well known that the major cause 
of communication black out is high density plasma layer 
formed near surface of the vehicle when the vehicle fly with 
very high speed or emit its rocket plume [2]. Recently, it is 
investigated that oscillation of perturbed charge formed inside 
the high density plasma layer due to resonance absorption can 
be utilized as an antenna itself [3]. A wave with high power 
and high frequency radiated from the vehicle scatters at the 
resonance layer and be modulated by the signal wave launched 
from the ground.  

In this paper, a finite-difference time-domain (FDTD) 
formulation employing the nonlinear bulk velocity due to the 

 
 

Fig. 1. Schematic of multiple electromagnetic wave interaction in plasma 
sheath with a linear electron density profile 

 
gradient pressure of the linear bulk velocity is studied and 
applied to multiple electromagnetic wave propagation in an 
unmagnetized and cold plasma layer with a linearly increasing 
electron density profile. Nonlinear interaction of two incident 
waves and scattering process are considered. The scattered 
wave captured at the vehicle shows that high frequency pump 
wave is modulated by low frequency signal wave transmitted 
from the ground. 

II. FORMULATION 

We assume the plasma is cold and unmagnetized, also the 
motion of ions and neutrals are negligible. Then only a motion 
of the electron is important in behavior of electromagnetic 
wave propagation in the plasma. In above assumptions, the 
Maxwell’s equations, the Lorentz’s equations of force, the 
nonlinear bulk velocity and the charge conservation law are 
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given to be solved [3]. To formulate the Maxwell’s equations 
in the Yee grid, the E-J collocated scheme is adapted to 
natural coupling of currents to the electric field in Ampere’s 
law and the nodes for the electron density are located at 
vertices of the Yee grid as described in [4]. For the sake of 
simplicity and comparison to the existing analytic solutions, 
we only consider the 2-D transverse magnetic (TM) mode 
electromagnetic wave propagation. 

 

III. NUMERICAL RESULTS 

As a validation test, the resonant absorption of TM mode 
electromagnetic wave is investigated using the developed 
FDTD formulation. It is well known that normally incident 
TM mode electromagnetic wave is all reflected at the 
resonance layer, i.e., z = zୖୣୱ, where the plasma frequency is 
same as the incident wave frequency [5]. The oblique incident 
wave, however, reflects at the turning point of plasma, i.e., z = z୘, where the plasma frequency corresponds to the value ω௣ = ߱௦cos	ߠ, and converts a part of its energy to electrostatic 
oscillation in cold plasma layer with a linear electron 
density. 	ω௦  and θ  are angular frequency and angle of the 
obliquely incident wave, respectively. The maximum electron 
density is n଴ = 1.0 × 10ଵ଼	݉ିଵ  and the effective electron 
collision frequency is ν = 1.0 ×  The depth of plasma .ݖܪ	10଼
layer is z௩௘௛ = 1	݉. The time step value for simulation is ∆t =2.5	ps and the width of each cell is 1.5	mm long.  

The validations for the resonant absorption are performed 
with normal and oblique (θ = 30) angles. The magnitude result 
of electric field component Ez which is parallel to the 
direction of density gradient of plasma layer is described for 
each case in Fig. 2. The resonant absorption is shown only in 
oblique incident case as expected.  

With the same geometry and plasma regime mentioned 
above, two incident waves are considered in the FDTD 
simulation. We refer the secondary incident plane wave with 
high frequency the pump wave (kሬԦ௣௨௠௣). The pump wave with 
incident angle ψ = 0˚ is launched from the vehicle as described 
in Fig. 1. The fast Fourier transform (FFT) result of the 
magnetic field of scattering wave at the vehicle, i.e., z = zR, is 
described in Fig. 3. The result was normalized to its maximum 
value. It is shown that the scattering modulated by the signal 
wave has the frequency corresponding to difference of the two 
incident waves, i.e., f௦௖௔௧ =  . ݖܪܩ	13

 

IV. CONCLUSION 

In this paper, an FDTD formulation for an unmagnetized 
cold plasma layer with a linear density profile is investigated. 
The gradient pressure and time dependent perturbation of the 
electron are employed with the Maxwell’s equation. The 
scattering wave captured at the vehicle has the frequency 
corresponding to the frequency difference between the signal 
wave and the pump wave. It is because the pump wave has a 

 
Fig. 2.  Resonant absorptions for (a) normal incident and (b) oblique incident 

 

  
Fig. 3.  The normalized amplitude of FFT for Hx component of scattering 
wave 

 
nonlinear interaction with the perturbed charge at resonance 
layer due to resonance absorption. The results indicate that it 
is feasible to simulate the communication through high density 
plasma layer with developed FDTD formulation. 
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