. - > —_—
f-"Eif-"fs‘—’ﬁ & e * = . PRS-

www.tju.edu.cn Tl(l’gl

GRIDLESS SUPER-RESOLUTION DOA ESTIMATION WITH UNKNOWN MUTUAL COUPLING
Qing Wang, Xian Wang, Tongdong Dou, Hua Chen™ and Xiaohuan Wu

“Email: dkchenhuaO714@hotmail.com

Introduction Where Simulation Summary

Motivation A=[a(t,),a(f,),- a(f,)] (6) - Algorithm

The resolution of two or more closely spaced sources with a(f)=[1,8(f),B(f),---, ("] (D A Algorithm

high precision from very few snapshots and the mutual I 6 1 6 ooy 0 O ] N 5

coupling effect between the antenna elements are two C=| o ~ = ~ ~— - 05 % (8) 1;“%* N - Stepl: A new clean steering vector Is obtained based
significant issues Involved In the DOA estimation method. 0 0 Gy G 1G G | o i 07F S L % ; on the banded symmetric Toeplitz structure

: - o TR Q| I S § of MCM;

Main Goal The noise-free measurement matrix of X Is & | e % el T Step2: Atomic norms associated with the array stru-
Tackling the super-resolution and the unknown mutual S Ae NS T N LT 3l Lt SR cture are generated, which achieves super-res-

. . . Xo=AS = f)si =) ra(f)d. 9 107 Stgo - . - . .
coupling problems simultaneously in fewer snapshots and 0 = A ;a( )3 ; alf)®, ®) 3 I Gibiiiupioocit E“““%Qz olution estimation problem by directly worki-
lower SNR condition. where s is the ith row of S.r =||s; [,>0and ®. =r's; | =~ napehotmumber -5 : ng on the continuous parameter domain;

- ! : o — e 2 Step3: A semidefinite programming (SDP) method
Wi i h= L o2 4 & 8 w0 1z 1 1 is derived to solve this atomic norm minimi-
I M plement : Then the set of atoms Is o The RMSE S:F;Mv MMV zation problem;
System Model : the nth source Y, :{aM (f.@)=a(f)®|f <[0,1],® e C*" || ® L=13(10) 9. 2 1he >0 o > Step4: The standard ESPRIT method is applied to
Consider a ULA shown in Fig. 1, | and the atomic norm of Xo is = T(u) to estimate the DOAs.
the received model for multiple | O e}
measurement vectors (MMVs) | %o H/,_lnf{Z f\ \Zr aw (f,,®,),5, >0} (11) | Results
under T subsequent obiﬂerTvatlon 1S ;_Q_ O-eee-0 The COFF@SPOHC’IHQ semldeflnlte programming (SDP) for- 107 e euts D D G P 1) An gridless DOA estimation method simultaneously
X=CAS+NeC™ L2 M lation of (11) Is T A { considering about the super-resolution problem and
where Fig. 1 Uniform linear array i 1 (tr (W) + tr (T()) : sl | the mutual coupling effect Is proposed,;
1 ¢ .. Cpy wu 2./ M R 2) The proposed method achieves the super-resolution
6 1 g Gy 0 - —H (12) R and demonstrates a superior performance over
: o (2) =2 at| W Ko | 104F | T2 7 Kooitmin e existing methods in the case of low SNR and fewer
C— pa b G mutual Xo TU)| ¥ _ Algoritum in QWang | snapshots.
. . . . . . . Cou Iin | | — A — CRB |
o LT e matix where W e C™", T(u) is a Hermitian Toeplitz matrix with 5 H e e e 0 T W Future Study
el o o 1 ¢ | (MCM) u e CM2P1  According to the Caratheodory theorem, T(u) Snapshots In the future study, the property (such as the
S T N VA IS decomposed as Fig. 3 The RMSEs versus snapshots. noncircularity) of the signal can be exploited to enhance

) ) TS - DI the performance of the proposed method.
A=[a(f,).a(f,).a(f)] (3) > array manifolc TW)=AZA" =Y za(f)a"(f) (13 s e e = — p o
a(f )=[18(f), -, B(f )] (4) > steering vector " . = ; : Lw,_ Y i References

| 1+sin(6.) where Z =diag(z),z =[z,,z,,---, 2] . PN [1] L. Hao and W. Ping, “DOA estimation in an antenna
p(f)=exp(j2zf,) whend =A4/2, f = "~ e]0,1], Based on (5) and (12), the final SDP problem for MMVs L S “gﬁ N e PR array with mutual coupling based on ESPRIT,” 2013
6. <[-90°,90°] 2 model is IR S S A S ( International Workshop on Microwave and Millimeter Wave
Solution " | 1 B ; T Circuits and System Technology, pp. 86-89, October 2013.
min - = || X-X|E A (tr (W) +tr(T(u)) Z 100} ° ~Arimne | [2] J. Dai, D. Zhao, and X. Ji, “A sparse representation
By analyzing the structure of mutual coupling matrix C in XWu 2 2N'M S % ~ Aorifm n OWeng method for DOA estimation with unknown mutual
equation (2), we note that the center part of C is cyclic. _W % ) U | coupling,” IEEE Antennas and Wireless Propagation Letters,
Thus we construct a selection matrix F = [Op.op.1y1x (p-1) - St. ~0 . (14) S | vol. 11, pp. 1210-1213,2012. |
-1 Omvarm-tisc ] SUCH that X T(u) — [3] Q. Wang, T. Dou, H. Chen, W. Yan, and W. Liu,
(_' )7 IM-2(P-DIX (P-D) _ L o - _ | T ST “Effective Block Sparse Representation Algorithm for DOA
X =FX=FCAS+FN=CAS+FN Cal f) _ H (F)a(f) After obtaining the optimal solution T(u), the standard ESPRI SNR(dB) Estimation With Unknown Mutual Coupling,” IEEE

— /Z\§‘|‘ FN e C[M_Z(P_l)]XT (6) (f) _ Z C ﬂ(f)lJrP -1

|=1—-P

method Is utilized to estimate the DOA:s. Fig. 4 The RMSEs versus SNR. Communications Letters, vol. 21, no. 12, pp. 2622-2625
December 2017.




