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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— A dual band C-shaped slotted textile antenna 

with artificial magnetic conductor (AMC) is investigated in 

this paper. The proposed antenna is operates in the 2.45 

GHz (lower) frequency band for WBAN applications and 

in the 5.8 GHz (upper) frequency band for WLAN 

applications.  A diamond-shaped AMC is used to improve 

the antenna performance and reduce backwards radiation 

for on-body usage. The proposed antenna is fully 

fabricated using textiles and utilizes felt as its substrate 

and ShieldIt Super as its conducting elements. Simulations 

and comparison against a same antenna without the AMC 

plane indicated that this conformal antenna operates with 

good reflection coefficients, gains, and radiation pattern 

within the desired bands. 
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I.  INTRODUCTION  

Recently, the rapid development of wireless body area 

network (WBAN) communication systems has propelled 

research on wearable textile antennas for various applications. 

They include their use in bands such as the Industrial 

Scientific Medical (ISM) band (from 2.4 to 2.48 GHz), Ultra-

Wide band (UWB) (from 3.1-10.76 GHz), Wireless Local 

Area Network (WLAN) or WBAN, (in the 2.4 and 5 GHz 

bands) etc. [1-8]. Several important frequency bands of 

operation include which requires the use of such antennas are 

the  

A low profile, compact, easy to fabricate, light weight, 

flexible, inexpensive is attractive for wearable antenna 

applications. The antennas’ mechanical flexibility, while 

serving as its main feature also potentially makes it difficult to 

predict when operated on the human body. Besides that, such 

worn antennas with high back lobes may also be easily 

detuned and cause increased electromagnetic absorption due to 

its proximity of operation in the vicinity of the human body. 

The American National Standards Institute (ANSI) and 

International Commission on Non-Ionizing radiation 

Protection (ICNIRP) stated that human can absorbed limit 

1.6W/Kg per 1g of tissue and 2W/Kg per 10 g of tissue 

respectively [1]. One of the solutions to controlling the level 

of back-radiation is to either choose a topology with a ground 

plane or to introduce a metallic plane to function as a reflector. 

This work chooses to investigate the second option. An 

artificial magnetic conductor (AMC) layer is integrated with a 

slotted patch antenna for operation the WLAN/WBAN bands. 

The antenna is designed to for a dual-band operation in the 

lower band (from 2.4 to 2.484 GHz) and upper band (from 

5.15GHz to 5.8GHz) [2-3]. To validate the effectiveness of the 

proposed AMC, the performance of the proposed C-slotted 

antenna is compared with and without the AMC. 
 

II. ANTENNA DESIGN AND MATERIALS 

The topology of the proposed dual band textile antenna is 

shown in Fig. 1. The proposed antenna integrated with an 

AMC layer between its substrate and ground is shown in Fig. 

1(a) and named Antenna A. On the other hand, the same 

radiator is optimized without the AMC layer and denoted as 

Antenna B. This is shown in in Fig. 1(b). Both antennas are 

designed using the same textile materials. Felt with a thickness 

of 3 mm is used as its substrate, while ShieldIt Super which is 

0.17 mm thick is used as its radiating element. Felt has a 

relative permittivity and loss tangent of 1.44 and 0.044 

whereas the ShieldIt conducting element has conductivity of 

1.18 x 10
5 
S/m. This dual band textile antenna is designed with 

slot C-shaped to control the operating frequencies in the lower 

(2.45GHz) and upper (5.8GHz) frequency bands. To ease 

fabrication, the overall dimension of textile antenna is same 

with AMC plane size which is 90x90 mm
2 

as shown in Fig. 

1(c). The proposed antenna (antenna A) consists of five layers 

which is: a ground layer, two layers of substrate, a layer of 

AMC and a layer of patch as shown in Fig. 1(d). Meanwhile, 

the layer configuration for antenna B is the same, except that 

the AMC layer is not incorporated in this design. The 

1621 978-1-4673-8801-6/16/$31.00 ©2016 IEEE




