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1. Algorithm

THE algorithm implemented in this work is based on a phase interferometer design. Four
antennas (N, S, W, E) are placed in a circular pattern, two on the north-south axis and

two on the east-west axis, as shown in Fig. 1.

Figure 1: Implemented antenna array configuration

Firstly, the FFT of the received signals is calculated as X1, X2, X3, X4. In the next step, the
differential signals in each axis are calculated in the spectrum domain:

XNS(k) = X1(k)−X2(k)

XEW (k) = X3(k)−X4(k)
(1)

together with the sum signal, needed as the amplitude and phase reference:

XΣ(k) = (X1(k) +X2(k) +X3(k) +X4(k))/4. (2)

Finally, the DoA is estimated based on (1), (2) with a few divisions and atan() calculation,
expressed in general simplification as:

α(k) ≈ atan2
(
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XΣ(k)
,
XEW (k)

XΣ(k)

)
. (3)

The block diagram of the implementation is presented in Fig. 2.

Figure 2: Block diagram of the implementation

2. Tests

Measurements have been carried out using USRP-2955 as an FPGA hardware platform and
a radiotelephone working in the PMR446 band (446,0–446,2 MHz) as a signal source.

Figure 3: Hardware components of the teststand

Figure 4: Setup during measurement

3. Results

The results of the tests are shown below. FPGA implementation of the algorithm has been
proved to be working correctly in presence of a stationary and a moving source. For
NFFT = 2048, the average time needed to obtain DoA estimates from the block of
received signal samples was reduced from 13 ms to 140 µs.

Figure 5: Stationary source on azimuth 135◦

Figure 6: Mobile source moving from 180◦ to 270◦ azimuth
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