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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. 

Keywords—K-band; FMCW; rain radar; low transmitted 
power; high resolution; rainfall; melting layer 

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 compact two elements MIMO antenna is 

designed on FR4 substrate with dimension 60×60×1.6 mm3 and r 
of 4.4. To achieve high isolation between the radiation elements, 
Defected Ground Structure (DGS) technique is applied. The 
mutual coupling between elements reduced considerably and 
gain of the antenna increased.  In return loss plot, low frequency 
band from 1.9 to 5.6 GHz (comprising S and C bands) and high 
frequency band from 57 to 59.1 GHz (V Band) are obtained. 

Keywords— MIMO Antenna, Isolation, Mutual coupling, 
Negative group delay.   

I.  INTRODUCTION  

In recent years a lot of research is carried out in improving 
the data rate and throughput of different communication 
systems [1-5]. Multiple-input-multiple-output (MIMO) 
technology is becoming more important to address such 
challenges. The designing of a compact and simple MIMO 
antenna remain always attractive to researchers. But it inherits 
many difficulties such as high correlation coefficient, low 
isolation, negative group delay and these limits the 
performance of MIMO antenna. 

Space-time coding in MIMO antenna subset selection is 
discussed in a paper [6]. Wong et. al. [7] described joint 
channel diagonalization in multiuser MIMO antenna systems. 
Isolation improvement is suggested in a MIMO antenna 
systems [8-9]. Reconfigurable Negative Group Delay Circuit 
is proposed to improve the performance of a MIMO system 
[10]. Different applications of MIMO antenna systems in 
UWB, LTE/WLAN,  satellite communication and Massive 
MIMO are presented in different papers [3, 11-15]. 

In this paper, to improve the isolation between antenna 
elements we have used DGS on the ground. This structure 
helped in the improvement of the performance characteristics 
such as gain, size reduction and mutual coupling. This design 
is simulated by using HFSS. From the results it is seen that 
this design can be used for S, C and V band applications. 

This paper is organized as follow. Section II describes 
antenna design and characteristics. Results and discussion are 
presented in section III. Conclusion is made in the section IV. 

II. ANTENNA DESIGN  

Figure 1(a) shows the design 1 for the proposed antenna. 
The substrate used has a dielectric constant of 4.4 with a 
thickness of 1.6 mm and dimensions of 60x60 mm2. Two 

radiating elements with similar geometry are made on the top 
layer of the substrate. Both the elements have circular discs 
with four symmetric isosceles triangular slots. The length ‘a’ 
and ‘b’ of triangular slot are 4.66 mm and mm respectively. 
The distance between the two radiating elements is 25.5mm. 
The side view for the design is shown in figure 1(b). The 
ground of this design has the dimension of 22 × 60 mm2. 

 

 
(a)              (b)  

Fig. 1. (a) Antenna design 1 and (b) side view 

Figure 2 shows the changes in the ground of design 1. This 
design can be called as design 2 henceforth. A T-shaped 
structure along with a single branch line is made to arise from 
the center of the ground. The height of this structure is 21 mm. 
The introduction of this ground defect structure reduced the 
mutual coupling considerably, thereby increasing the isolation. 

 

 
 

Figure 2: Design 2 with defect in the ground plane 
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III. RESULTS AND DISCUSSION  

The MIMO antenna design 1 and design 2 had been 
analyzed and the simulated results are recorded. The return 
loss comparison of the antennas without any defect in the 
ground plane (Design 1) and with the defect in the ground 
plane (Design 2) is shown in figure 3. In the return loss 
characteristics of the proposed antenna (Design 2), dual bands 
are obtained with lower frequency band ranging from 1.97 
GHz to 5.62 GHz and high frequency band ranging from 57 
GHz to 59.1 GHz. Figure 3(a) and 3(b) shows the return 
characteristics in the lower and higher frequency band 
respectively. The readings for the return loss vs frequency plot 
are tabulated in Table 1. 

 
(a) 

 

 
(b) 

Figure 3: Return Loss Characteristics of (a) Lower and (b) Higher frequency 
bands. 
 

Table 1: Return Loss values for Design 2. 
Design Bandwidth (GHz) Return loss 

1 1.85 GHz – 6.72  -17.7 dB at 2.4GHz 
 -38.4 dB at 2.7GHz 
 -15.8 dB at 3.4GHz 
 -20 dB at 5GHz 

50 – 55.56   -15.44dB at 54.8GHz 
2 1.97 – 5.62   -17.6 dB at 2.4GHz 

 -16.8 dB at 2.7GHz 
 -12.1dB at 3.4GHz 
 -13dB at 5GHz 

57 – 59.1   -15.8 dB at 58GHz 

 
Further, the simulated S12 and S21 characteristics for the 

proposed antenna are shown in figure 4. Figures 4(a) and 4(b) 
are the isolation characteristics for the lower frequency and 
higher frequency bands respectively. It can be seen that the 
mutual coupling given by design 1 did not even crossed the 
required minimum value of -15 dB in the S- and C- bands in 
certain parts of the plot. On introducing the defect in the 

ground plane (design 2), the mutual coupling between the two 
radiating elements improved covering almost entire S-band 
and C-band. The maximum value of -20 dB in the lower 
frequency band and -47.8 dB in the higher frequency band are 
obtained. 

The gain vs frequency plot of the proposed antenna is 
shown in figure 5 (a) and 5 (b) for the lower and higher 
frequency bands obtained respectively. The maximum gain 
obtained is 16.4 dB in the bandwidth of 1.97 GHz – 5.62 GHz 
at an operating frequency of 1.97GHz..  

 
(a) 

 

                        
(b) 

Figure 4: Isolation Characteristics in the (a) lower and (b) higher frequency 
bands. 

 

(a) 

 

(b) 

Figure 5: Gain vd Frequency plot for the frequency band of (a) 1.97GHz – 
5.62GHz, and (b) 57GHz – 5.91GHz. 
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    (a)    (b) 

Figure 6: Current Density for both the elements of the proposed MIMO 
antenna. 

  
(a) 

 
(b) 

Figure 7: (a) E-plane radiation patterns and, (b) H-plane radiation patterns, at 
2.4GHz, 3.6GHz and 5GHz.   
 

In order to understand better, figure 6 shows the current 
density of both the elements of the proposed MIMO antenna. 
Firstly port 2 was shorted in order to excite port 1 and record 
its current density as shown in figure 6(a). Similarly, the 
excitation of the port 2 when port 1 is shorted is depicted in 
figure 6(b). 

Figure 7(a) and 7(b) depicts the E-plane and H-plane 
radiation pattern in the operating range of 1.97GHz-5.62 GHz 
and 57GHz - 59.1GHz respectively. The radiation patterns are 
obtained at operating frequencies of 2.4GHz, 3.6GHz, 5GHz 
in lower frequency band. In higher frequency band the 
patterns are obtained at 58 GHz and 59 GHz. It is analysed 
that the E-plane radiation pattern is  omnidirectional at 2.4 
GHz and more directional at 3.6 GHz and 5 GHz. The H-palne 
radiation pattern is found to be stable with the changes in the 
frequency. 

IV. CONCLUSION  

The Multiple Input Multiple Output antenna with 
improved isolation between the two radiating element had 
been proposed in this paper. The lower frequencies obtained 
can be efficiently applied in the field of Mobile Satellite 

services, multimedia mobile broadcasting and direct-to-home 
services, all operating in the S-band. Apart from these, FCC 
had approved a satellite based Digital Audio Radio Service 
(DARS) broadcasting in the S-band from 2.31 – 2.36 GHz. 
The proposed antenna provides some useful results for the 
WLAN and WiMAX application frequency range. The higher 
frequency band obtained in this paper from 57GHz to 
59.1GHz can be effectively utilised for various unlicensed 
wireless systems. 
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