= 25-51-01-12 The Journal of Korean Institute of Communications and Information Sciences *26-01 Vol.51 No.0l
https://doi.org/10.7840/kics.2026.51.1.112

Toeplitz F¥AHS ©]83F 145 WL ®wx+

2w

Fast WL Beamforming Using Toeplitz Covariance

Yang-Ho Choi®
2 o

ULA (uniform linear array)el] Zfsh= 2137} A2 Al 91X o3 4% B3] A(strictly noncircular)d i,
w24 23 = 9l WL(widely linear) W ¥%(beamforming) 792 A|gkglc}l. =efilzr) Alads] A ¢do}
offlo] FEAMRHEL e AEo] 22 Toeplitz FENZE Foix| 32, A (relation matrix)-> HFNZD Q40
ZA =l B =ellds 712 HAeA A8ske Pl Z-al™ (extended sample matrix)2 ©]E Aol ule} 4=
Astel M2 FPAEAEE AL [-norm AR|A 4 RIS 7]E EfsE ) 22 S R/RE 1A
], %HEiﬂ](unitary) B%% o] g3te] AP Wighkd 5 olch o] AGdHES wfEEsl] 4 s
IHH, THEE MR AXlsly, ks Al gk EEshe S 3R-Ette] Al 7]4ksle]
T & A "]El"i-%l{}ﬂlﬂ 7l g derh AlEHeA Ae AlgkAe] 7|& WL xR HbAl e} bf
T ““F: A dei(steady state) 20| FHEEE HolHA] £AE EAAEYLY o] 8ol W FFE HojFch
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ABSTRACT

When the signals impinging on a uniform linear array (ULA) are strictly noncircular and uncorrelated with
each other, this paper proposes a WL (widely linear) beamforming method that can provide fast convergence.
As the incident signals are uncorrelated the elements along each diagonal of the array covariance matrix,
which has a Toeplitz form, are equal while the elements along each antidiagonal of the relation matrix become
identical. In this paper, the extended sample matrix (ESM) conventionally used is rectified according to the

properties of equality. It is shown that in terms of the [,-norm the rectified ESM has less error than the

conventional one and that it is transformed into a real matrix by using a unitary matrix. The eigenvalues and
eigenvectors of the ESM are efficiently obtained from the eigen-decomposition of the real matrix. The
extended steering vector for the desired signal is estimated based on the fact that it is orthogonal to the noise
subspace. Then, the weight vector is found such that it lies in an estimated signal subspace. Simulation results
demonstrate that the proposed WL beamforming method provides much faster convergence speed to the steady

state than the conventional ones, thereby showing the effectiveness of the rectification.
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