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1. Introduction 
 
Wireless communication technologies have greatly progressed in recent years and the markets, 

especially in the mobile communication have been growing enormously. Moreover the next generation 
communication services will use higher frequency band, and require more channel capacity and wider 
bandwidth for a high-speed data communication than nowadays. As a large increase in channel 
capacity and high transmission rates for wireless communications, the technologies for the power 
saving and efficient frequency usability are required. To meet the requirements of the next generation 
wireless communications, a system capable to automatically change the directionality of its radiation 
patterns in response to its signal environment must be indispensable. The use of spatial resource can 
noticeably increase the performance such as capacity and quality of a wireless system. The concept of 
a DBF (Digital Beam Forming) antenna system is to control automatically an antenna's reception beam 
pattern by digital signal processing [1].  

  The DBF antenna system uses spatially separated antennas called array antenna and 
processes the received signals with a digital signal processor after analog to digital conversion. The 
main concept of the DBF antenna system is the automatic or adaptive control of antenna's beam 
pattern by digital signal processing with a software algorithm. A digital device capable of high speed 
real-time processing, consuming low power and programmable is required for practical use of the 
DBF antenna system in wireless communications. In recent year, a FPGA for the implementation of 
the DBF antenna system meets the requirements of high performance processing, programmability and 
low power consumption [2]. This paper describes the DOA (Direction Of Arrival) estimation using 
MUSIC (MUltiple SIgnal Classification) algorithm for the DOA estimation measurement system using 
4-Ch DBF receiver with resistive FET mixer.  

 
 

2. Construction of measurement system  
 
 

2-1.  4-Ch resistive FET mixer with LNA  
 
Fig. 1 shows the structure of the 4-Ch resistive FET mixer with LNA. The signals supplied the 

RF and the LO input terminal are 2.09 GHz and 2.08 GHz, respectively. The LO signal is supplied to 
four mixers by 5-port power divider. In order to obtain the IF signal of 10 MHz at each port, the RF 
signal and the LO signal are mixed each other at the mixer.  

Fig. 2 shows the photograph of the fabricated 4-Ch low-IF receiver with resistive FET mixer. 
The calculated and measured maximum power gains observed at LNA are 15 dB and 11 dBm, 
respectively. When the LO input power and voltage VGS impressed by bias circuit are constantly given 
6 dBm and -0.4 V, respectively, the IF output power is controlled by the RF input power [3].  
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2-2. Configuration of A/D control box 
 
  Fig. 3 shows the photograph of the A/D control box. The A/D control box is composed of 

CPU board, I/O motherboard and 2 ADC board. The CPU board is used for system control, FPGA 
configuration and user interface support of telnet or FTP via ethernet. The I/O motherboard performs 
I/O control of ADC sampled data, supplies powers of multiple standards to the system and sampling 
clock management. On the I/O motherboard, the ADC boards are stacked with a socket. An ADC 
board has 2 FPGAs and each FPGA controls 4 channels of ADCs [4]. 16 terminals as shown in fig. 3 
are connected to each IF channel of a fabricated receiver. 

 
 

2-3. Measurement environment  
 
 In order to measure the basic characteristics of DOA estimation, 4-Ch low-IF receiver is 

adopted and experiment is performed at the anechoic chamber. Instruments for measurement are 
composed of 4 antennas, 4-Ch resistive FET mixer, 4-terminal of A/D control box and monitor ing 
computer. Table 1 represents the specification of measurement system. The frequency band of RF, LO 
and IF are 2.09 GHz, 2.08 GHz and 10 MHz, respectively. The power levels of Rx, LO and IF are -40 
dBm, 6 dBm and about -50 dBm, respectively.  

The power of transmitting antenna (Tx) using a broadband standard horn is supplied by the 
signal generator. Receiving antenna (Rx) is fabricated 4-element monopole linear array. Since distance 
between Tx antenna and Rx antenna is depended on eq (1), the distance of far field required in the 
measurement is determined 3 meter (20.9 λ). The photograph of the Tx and Rx antennas are shown in 
Fig. 4. A/D control box has 12-bit resolution and sampling rates is up to 40 MHz. 
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Note that R is a distance between Tx and Rx antenna, and D is a surface of antenna. 

 
 

3. Experiment Results 
 
  Fig. 5 shows the beam direction results of the DOA estimation computed by FPGA using 

only 4 channels. The observed DOA means an angle of each direction received from one transmitting 
signal source. The measurement of DOA estimation with MUSIC algorithm shows reasonable result 
although a little bit error exists at the direction of 30 ° and − 30 °. 

Fig. 6 shows the measured DOA estimation results observed by 4-CH receiver when 
transmitting signal source is two signals simultaneously.  Two transmitting signal sources are divided 
by wilkinson type 3-port power divider. It shows that DOA estimation results with respect to double  
signal sources are worse than ones of single signal source. Due to increase of correlation interference 
between the receiving antenna elements and to weakness of the received signal, DOA estimation 
performance is not good. Because the MUSIC algorithm is assumed that array antenna elements are 
independence with respect to correlation coefficients each other, Difference between theoretical result 
and experimental result appears frequently. Therefore, in order to obtain the precise DOA estimation 
result, weak mutual coupling coefficients between antenna elements, increase of the receiving 
elements and development of improved algorithm are strongly required. 

 
 

4. Conclusion  
 
   This paper describes the DOA estimation measurement by MUSIC algorithm using 

fabricated 4-Ch low-IF receiver. Operating frequency of RF, LO and IF signal considered in this paper 
is 2.09 GHz, 2.08 GHz and 10 MHz, respectively. In measurement, because of increase of correlation 
interference between antenna elements and weakness of the received signal, DOA estimation results 
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with respect to double signal sources are worse than ones of single signal source. As the future study, 
research for the weakly coupled antenna elements and for the improved algorithm development will be 
performed. 
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Fig. 1 Structure of the 4-Ch resistive FET mixer. 

 

Fig. 2 4-Ch low IF mixer with LNA. 

 

 

Fig. 3 Photograph of A/D control box. 

 
 

 

Fig. 2 4-Ch low-IF mixer  with LNA.

 

Fig. 3 Photograph of A/D control box.
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 Table 1. Specification of measurement system. 
 

  Specification 

Frequency 
[GHz] 

RF : 2.09 
LO : 2.08 
IF : 0.01 

Level 
[dBm] 

RF Rx : -40 dBm 
LO : 6 dBm 
IF : -50 dBm 

Voltage[V] -0.4 V 

Tx Ant. 
Broadband standard horn 

antenna 
1 GHz ~ 18 GHz 

Rx Ant. 2.09 GHz monopole  
4-element array 

Distance of 
Tx and Rx 

3 m 

A/D 
Converter 

12 bit, 40 MHz/s 

 
 

 
Fig. 4 Arrangement of Tx & Rx antenna. 
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Fig. 5 DOA estimation results for one signal. 

 

 
Fig. 6 DOA estimation results for two signals. 

- 16 -




