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Quaternion min-norm algorithm for DOA estimation

with acoustic vector sensor array
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Abstract: To reduce the calculation amount of quaternion Multiple Signal Classification (MUSIC)
algorithm, a Minimum Norm (MN) quaternion method based on the quaternion form of an acoustic
sensor vector was proposed for estimating Direction of Arrival (DOA). First, based on the MN
principle, the (M— N) X M dimension (M is the number of array sensors, N is the number of signal
sources) orthogonal noise subspace vectors were converted to a 1 X M dimension quaternion noise
vector. Then, a simplified formula for peak search was proposed. The searching computation amount
of Quaternion MN (Q-MN) was analyzed theoretically. Compared with the Q-MUSIC algorithm, the
Q-MN algorithm can save at least 50 % of the peak search volume. Experimental results show that the

orthogonality of the steering vector with the low-dimensional noise vector derived by proposed method
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is superior to that with high dimensional noise subspace. When the Signal to Noise Ratio (SNR) is 0

dB, the Vandermonde norm and the spatial spectrum peak value of Q-MN algorithm are 1/3 times and
3 times as much as those of Q-MUSIC. The Q-MN algorithm can successfully identify the DOA of

signal sources, and its resolution is equivalent to that of Q-MUSIC algorithm. Moreover, it can be

applied to not only L-shaped arrays, but also plane arrays and parallel linear arrays.

Key words: parameter estimation; Direction of Arrival (DOA); quaternion; acoustic vector sensor; min-

norm algorithm
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