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------- Uniform thinned array

Thinned Transmit Array Configurations

ULA

_ _ Uses separate arrays for Tx and Rx *  Uniform thinning of ULA produces ~ _ Main lobe_| CTT e thmed arey.
?ngular reso(ltlj’ilz? radar that uses fewer elements than a uniform *  Each Tx sends a mutually orthogonal grating lobes (multiple beams) = s y v v v v v v v v v v v
inear array waveform on of tsfe = : o
. . . © :
*  High parameter identifiability, good for RVx ® Random thinning raises sidelobe Q | Grating lobe _
® Previous work on thinned phased arrays lacks efficient direction-of- searching large volumes ’ levels g ; Randomly thinned phased array
. . L
arrival (DoA) recovery algorithms Phased Array (PA) e Other thinning" methods are 'S, v v v v v Y
_ _ ® Each transmitter sends out same computationally expensive, - : :
® We use multi-branch matched pursuit (MBMP) to recover DoA for a waveform seriiel Gl eEer Stk e . Variably thinned PMH
thinned phased array and thinned phased-IVIIMO hYbrld darray ® High coherent gain, good for tracking ’ applicable to small arrays g High side Iobe
targets by forming a focused beam Transceivers e Drior DoA aorith = v v v v v v
® Theoretical performance guarantees to suggest minimum number of T — rior oA recovery algorithms 9 _ “ e e
array elements for perfect DoA recovery Pha'sl'?(darl\rllylvlls(,) dll_\ll?z:lbeiglcln(tlca)l\;”ejlv)eral subarrays E)Bl\i?’)m:c?rr r:]alggélis:ﬁ;gshgges ad g‘ hﬁ l»L Identically thinned PMH
_ _ _ ® Each subarray acts as a PA but sends out 5 inefficient or inaccurate 0_;_;!""'""' it [ﬂﬁf“““““‘m g ‘MM 1 . v v v v v v
® Numerical experiments show MBMP outperforms classical waveforms orthogonal to other subarrays Y v Y - ‘DOA [rad] < > - >
beamforming and orthogonal matching pursuit ®* Combines advantages of MIMO and PA N TaaTa
® Robust to interference
: : : : : MBMP Algorithm- Visualization
Signal Model — Phased Array Signal Model - PMH Spatial Compressive Sensing 9
* Received signal vector for P pulses and K targets: * Transmit signal of the kth subarray: ® Assume the target locations lie on a dense grid of G points
| Sumber of transmitters The branching structure is defined by the !
Receive steering vector—] [~ Transmit steering vector s.(t) = Ms AwT ¢ Measurements N the diSCI‘EtizatiOn frameWOrk (x iS Sparse): branChing vector d :
P—1 K \1: ‘1’ k() D k() Kk
o i 7Y
(t) = x,b(Q )( T(9 Jw)s(t —pT) + e(t) ' Number of, subarrays .
) ;;Tw a kTwTS o *  Transmit s éerfmb vector: Y = AX + E The vector determines the number of
Target reerctivityJ seamfonmine WleigllgsTransmit signal ‘il Transmit steering vector of subarry branches in each iteration. l
* Received pth signal after matched filtering: c(6) = [WiThy(6), ..., wh by (6)]" * Nyquist arrays: A is a square matrix and G=N ht
p—— ® Beamforming can retrieve the support of X In each iteration, the MBMP algorithm d=[111]
y, = vec [ZZ 9(BOb6) + J e(0)s! (¢ — pTYdt * Received pth signal after matched filtering: choose number of peaks (maximum value
eyt T [ ® When A is a fat matrix, SCS framework solves optimization problem of the inner product) determined by the
906 = ¢t Gw r(t) = ZZ = % pb (61 (€(61) © £)"s(t = pT) + e(1) branching vector d.
¢ :{eceiVEd Signal matriX: S TWaveform diversity vector minimize HX”I s
Y = AR 1 E where A8) = (0@, 2] * Received signal matrix: X Highly efficient than other greedy ® © © © © ©
a(9) = g(O)b(0).E = ler, ., ep), e, = vec| [ e(t)s" (¢~ pT)it] Y = A(0)X + E,where: A(6) = [a(6y), .., a(6)], subject to [ly —Ax|| <€ algorithms and well-suited for tree-based /l\ /l\ /l\ /l\ /l\ /l\
a(y) = (c(Wq) O f(Wy)) ® b(6), F(6) = [e=5®), .., e=80®)]" _— search. v vV v VWV
d=[321]
Theoretical Performance Guarantees NE1 - Phased Array NE2 — Variably Thinned Hybrid
* We use probabilistic theory of antenna arrays (Lo, 1964) to guarantee SCS performance for PA
*  DoOA recovery , 107 e
Theorem Let the locations {(}.., of the transmit and receive error vs. humber | SEAIEIIE eDrcl)"g‘rr\e/gO\rlflrnYlber Beamforming
elements of a phased array be drawn z i.d. from a distribution p({). _ of transceivers 4 107 i trans;ﬂitters e
Let X be the solution of (15). Then, with probability at least 1 — &, Comparison of MIMO and PA performance guarantees 2 | OMP divided into 5 g 27}
we have . A_bsolute recovery § / MBMP d=[2 2 1...] subarrays. g -
Ix — |2 < Coe/Cn(W), . . N via ULA - 10} - | MBMP d=[2 2 1...]
as long as the number of elements N satisfies e ofamer e Nomumjorm cOrrespo dsioct 2 | MEME d=[3 & Lu] Absolute recovery 5 . MBMP d-{33 1...]
4 o 1, (, Jro - R TGS, 2 10 s achieved using £ SN
. e WASES 2 f -
N> CK—05) 1n(9) | Thinned MIMO MN>C(K 2) [ et (2111 > )] MN > CK log ( - ) ;5 | a ULA YVIth 25 ;é |
| 3 1075 transmitters. =1
where C = (43 + .12 V7)/ .16, C?o. IS a posmve. constant that depends i pA No ot 1)2[410(9]] N3G (K(1n(G/ )+ () K /) ) .
only on &, Cy(W) is the directivity or the gain that depends on the 2 € Lo ‘ CDM signals were
. . . . . . L3 21 31 41 5} 6l 7. 81 o 10 1S 20 2.5
choice of w, G is the grid size, and K is the sparsity of the vector X. Number of Transceivers, N used here. Number of Transmitters, M
NE3 — Variably Thinned Hybrid NE4 — Identically Thinned Hybrid NE5 — Uniform Thinned Hybrid
Summary
* gﬁﬁrr\elgoxixber 11" —— * DoA recovery L *  DoA recovery error 10’ * Examined various array architectures for DoA recovery with
of tranSIInitters (e);rg,;xzmr:tlégger Beamforming VS. nun_‘lber of Beamforming feW elements_
divided into 5 £ 1078 divided into 5 £ gi?,?jg?netgsg ; : : :
subarrays. 5 subarrays S S * Theoretical performance guarantees derived for thinned PA.
5 / ' 5 107 subarrays. g Y |
. Absol g 0] MBMP d=[2 2 1... S| s _ _
Absolute recovery 5 | MBMP d=(3 3 1... ° Absolute recovery = . Absolute recovery & * MBMP outperforms classic beamforming, MUSIC and OMP
is achieved using z = _; is achieved usi S . . . ey ¢ -
- g 1077 IS dchiieved Using - s d is achieved using a ¢ algorithms.
a ULA consists of o : a ULA consists of é 1072 MBMP d=[2 2 1...] . e 107 %
25 transmitters. < 95 transmitters < | ULA consists of 25 < | MBMPd=[221.]
A 107 - | yewradsai transmitters. A * Further investigation into theoretical performance and other
. - . . ~ MBMP d=[33 1..] : :
Egel\g signals were CDM signals were B |« FDM signals were ] 4 array architectures required.
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