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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—This paper proposes the design of microstrip patch 

antennas to minimize the polarization mismatch. The proposed 

antenna consists of a circular radiating patch and multiple 

parasitic elements. The number, length, and angular positions of 

the parasitic elements are adjusted to vary the antenna 

polarization as well as the orientation of the main axis. To 

demonstrate the feasibility, we design two sample antennas with 

different axial ratios and the orientation angles. The first sample 

antenna has linear polarization with a orientation angle of 0, 

and the second sample antenna is elliptically polarized with a 

orientation angle of 5. The results prove that the proposed 

antenna can adjust the polarization in the entire range of the 

axial ratio with the capability of rotating the orientation angle. 

Keywords—Antennas, antenna polarization, polarization 

mismatch. 

I.  INTRODUCTION 

In recent wireless communications systems, antenna 
polarization has become an important design factor to 
maximize the reception capability. However, this performance 
is easily degraded by multipath effects causing the 
polarization mismatch. Thus, there have been a lot of efforts to 
minimize the polarization mismatch using various approaches 

[1]‒[3]. Although reconfigurable antenna structures have been 

proposed to adjust polarization properties, the design 
complexity is increased significantly due to the use of 
additional pin diodes with DC bias circuits [4]. In [5], the axial 
ratio (AR) can be adaptively adjusted by simply rotating the 
parasitic element; however, the paper deals with only a single 
polarization adjustment and does not provide an in-depth 
consideration of changing the orientation of the main axis, 
which is denoted as orientation angle. 

In this paper, we propose the design of a microstrip patch 
antenna to adjust the orientation angle and the axial ratio. The 
proposed antenna consists of a circular radiating patch and 

parasitic elements surrounding the patch. The number, length, 
and angular positions of these parasitic elements are varied to 
adjust the orientation angle and the axial ratio, which includes 
the right-hand circular (RHC), left-hand circular (LHC), linear, 
and elliptical polarizations. To demonstrate the feasibility, two 
sample antennas with different polarization characteristics are 
designed, and their polarization properties are compared with 
each other. The results prove that the proposed antenna is 
capable of rotating the orientation angles, and its axial ratio 
can also be adjusted in the entire AR range without a 
significant increase in design complexity. 

II. PROPOSED ANTENNA GEOMETRY 

Fig. 1 shows the geometry of the proposed antenna 
structure. The circular patch has a diameter of d and is 
designed to be approximately a half effective wavelength at its 
operating frequency. The radiating patch is surrounded by N 
parasitic elements, and the ith element is designed by the width 

w, length li, and angular position i. The feeding point lf  and 
the substrate height h are also taken into account as design 
parameters to maintain good impedance matching 
characteristics. 

 

TABLE I.  DESIGN PARAMETERS OF THE ANTENNA 

Parameters d w g h l
f
 # of parasitic 

elements 

Ant. 1 
35 1.8 1.1 4.7 7.1 

22 

Ant. 2 7 

 Unit: mm 

1845



 

Fig. 1. Geometry of the proposed antenna. 

 

Fig. 2 presents the bore-sight gain of the two sample 
antennas operating at 1.575 GHz, and its detailed parameters 
are listed in Table 1. The first sample antenna (Ant. 1) has 

linear polarization with the orientation angle of 0, and the 
total gain and the axial ratio of Ant. 1 are 4.9 dBi and 40 dB, 
respectively. The second sample antenna (Ant. 2) is 
elliptically polarized with the axial ratio of 4.9 dB, and its 

orientation angle is changed to 5. Although the total gains of 
Ant. 1 and Ant. 2 are similar with each other, the RHCP gain 
of Ant. 2 is increased from 1.9 dBic to 4.8 dBic at 1.575 GHz 
due to the change of the polarization properties. Thus, we can 
verify that the proposed antenna is capable of adjusting both 
the orientation angle and the axial ratio. 

 

 

Fig. 2. Comparisons of bore-sight gains between Ant. 1 and Ant. 2. 

III. CONCLUSION 

We proposed the design of microstrip patch antennas with 
parasitic elements to adjust the polarization properties. In this 
structure, the circular radiating patch is surrounded by 
multiple parasitic elements, and the number, length, and 
angular positions of these parasitic elements were adjusted to 
vary the orientation angle and the axial ratio. Ant. 1 is linearly 

polarized with the orientation angle of 0, and Ant. 2 has 

elliptical polarization with the orientation angle of 5. Due to 
the change of the polarization, the RHCP gain of Ant. 2 was 
improved by 2.9 dB compared to Ant. 1. The results verified 
that the proposed antenna was able to adjust orientation angle 
and axial ratio by tuning the parasitic elements. 
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