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Implementation of Real-Time Direction Finding System Using Time-Modulated
Array with Two Antenna Elements and One USRP
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Abstract

In this paper, we implemented a real-time 2.4 GHz direction finding system using a time-modulated array(TMA) and an Universal
Software Radio Peripheral(USRP). Our system consists of two commercial monopole antennas, self-designed switch board, and an US-
RP, and it is controlled using LabVIEW program in real-time. From measured results, it is verified that our system can exactly detect
the incident angle within 4 degree in the range of 30 degree. Our direction finding system has advantages of a simple hardware archi-
tecture than conventional one with multiple receivers, and a simple algorithm only by using a main lobe and a first side-lobe of swit-
ching frequency.
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Fig. 1. Block diagram of direction finding system using TMA.
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Fig. 2. TMA circuit and circuit diagram.
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Fig. 3. USRP receiver on the LabVIEW.
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Fig. 5. Variation of power spectrum with respect to diffe-
rent directions.
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Table 1. Experimental results.

Direction ag ay Result Error
[deg] [dBm] [dBm] [deg] [deg]
0 —34.46 —67.91 1.26 1.26

5 —35.16 —53.15 7.44 244

10 —35.48 —51.18 9.62 0.38

15 —35.80 —47.17 15.42 0.42

20 —35.92 —44.38 20.78 0.78

25 —36.45 —41.38 28.84 1.16

30 —36.83 —39.75 33.98 3.98
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