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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 a periodic structure to 

improve isolation using ferrite materials for small controlled 

reception pattern antenna arrays. The periodic structure is 

composed of metal and ferrite plates with high permeability, and 

the ferrite material is used as a replacement of the perfect 

magnetic conductor in the soft surface to reduce the size of the 

corrugated geometry. This structure improves the isolation 

between array elements by eliminating the tangential components 

of electric and magnetic fields on the surface of metal and ferrite 

plates, respectively. The result shows that the proposed structure 

is capable of improving the isolation in extremely small arrays. 

Keywords—isolation, soft surface, ferrite, controlled reception 

pattern antenna (CRPA). 

I.  INTRODUCTION 

A controlled reception pattern antenna (CRPA) array is 
used to form adaptive patterns to mitigate the effect of 
unwanted interferences [1]-[3]. However, the patterns are 
easily distorted by the mutual coupling effect, thus, isolation 
between array elements should be taken into account as an 
important design parameter to maximize the capability of 
interference mitigation. To improve the isolation, the soft 
surface has been introduced in [4] and is inserted into the 
ground platform between array elements [5]. The soft surface 
has a periodic structure that is composed of metal and perfect 
magnetic conductor (PMC) plates and improves the isolation 
by reducing the tangential components of the electric and 
magnetic fields on the surface of the metal and PMC plates, 
respectively. The PMC area is usually replaced with the 
corrugated structure having a depth of about a quarter 
wavelength to equivalently realize the similar properties. 
However, this corrugated surface is not suitable for small 
CRPA arrays because of its bulky structure. 

In this paper, we propose a periodic structure to improve 
the isolation using ferrite material for small CRPA arrays. The 

proposed structure replaces the corrugated structure of the soft 
surface with ferrite plates and is placed between two identical 
antennas. To examine the electromagnetic properties of the 
ferrite material, we observe the magnetic field distributions for 
an electric dipole and compare the result with that obtained 
from the PMC. Then, the number, length, and width of the 
periodic structure are adjusted to maximize the isolation. The 
results show that the proposed structure is capable of 
improving the isolation in extremely small arrays. 

II. PROPOSED PERIODIC STRUCTURE 

To verify the electromagnetic behavior of the ferrite 
material, we observe the magnetic field distributions when an 
electric current source is placed above an infinite ferrite plate 
(xy-plane) at a height of 1 mm, and the direction of the source 
is parallel to the x-axis. The distributions of the ferrite on the 
yz-plane are compared to those of the infinite PMC ground in 
FEKO EM simulator [6], as illustrated in Fig. 1(a) and (b). 
Since the amplitude of the tangential magnetic fields is zero at 
the PMC boundary, only the normal components exist at z = 0. 
These distributions can also be observed in case of the ferrite 
plate because the tangential magnetic fields are significantly 
decayed when the magnetic loss tangent of the material is 
large enough. 

Fig. 2 shows the proposed periodic structure, and a 
commercial ferrite plate of FSF501 manufactured by 
MARUWA is used [7]. The width w, gap gf, and length l of 
the structure are adjusted to maximize the isolation between 
two identical antennas having circular polarization. The 
detailed parameters of the sample geometry are provided in 
Table 1.  

Fig. 3 shows a comparison of the mutual coupling 
according to the existence of the periodic structure. The inter-

element spacing between antennas is 40 mm (0.2), and the 
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periodic structure occupies 7 mm (0.03). The solid line 
indicates the mutual coupling without any structure, and the 
dashed line shows the curve of the proposed structure. As can 
be seen, the mutual coupling with proposed structure is 

improved from 17.3 dB to 23.4 dB at 1.575 GHz.  

 

(a) PMC 

 

(b) Ferrite 

Fig. 1. Magnetic field distributions according to the plate materials. 

 

Fig. 2. Geometry of the proposed periodic structure. 

TABLE I.  DESIGN PARAMETERS OF THE PERIODIC STRUCTURE 

Parameters w l g
f
 g

x
 g

y
 d 

Values 2 40 0.5 80 50 40 

a. Unit: mm 

 

Fig. 3. Mutual coupling of the array with the proposed structure. 

III. CONCLUSION 

This paper proposed the periodic structure to improve the 
isolation characteristic for small CRPA arrays. The proposed 
structure was composed of metal and ferrite plates, and the 
ferrite material was used as a replacement of the corrugated 
structure of the soft surface to avoid its bulkiness. Then, a 
sample geometry was provided to verify the feasibility, and 
the results demonstrated that the proposed structure can 
improve the isolation by 6 dB for two antennas with the inter-

element spacing of 0.2. 

Acknowledgment 
This research was supported by the research fund of Signal 

Intelligence Research Center supervised by Defense 
Acquisition Program Administration and Agency for Defense 
Development of Korea and Civil Military Technology 
Cooperation (CMTC). 

References 
[1] G. Byun, H. Choo, and S. Kim, “Improvement of pattern null depth and 

width using a curved array with two subarrays for CRPA systems,” 
IEEE Trans. Antennas Propag., vol. 63, no. 6, pp. 2824–2827, June 2015. 

[2] Y. D. Zhang and M. G. Amin, “Anti-jamming GPS receiver with 
reduced phase distortions,” IEEE Signal Process. Lett., vol. 19, no. 10, 
pp. 635–638, Oct. 2011. 

[3] J. R. Lambert, C. A. Balanis, and D. Decarlo, “Spherical cap adaptive 
antennas for GPS,” IEEE Trans. Antennas Propag., vol. 57, no. 2, pp. 
406–413, Feb. 2009. 

[4] P.-S. Kildal "Artificially soft and hard surface in electromagnetics", 
IEEE Trans. Antennas Propag., vol. 38, no. 10, pp. 1537-1544, Oct. 
1990. 

[5] P.-S. Kildal, “Artificially soft and hard surfaces in electromagnetics 
and their application to antenna design,” in Proc. 23rd Eur. Microw. 
Conf., pp. 30-33, 1993. 

[6] FEKO Suite 7.0, EM Software and Systems, 2014 [Online]. Available:  
http://www.feko.info 

[7] MARUWA, “Ferrite sheet: FSF501,” Available: http://www.maruwa. 
co.kr 

1848


