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A Pseudoinverse Update Algorithm for
Rank-Reduced Covariance Matrices from 2-D Data
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Abstract—A number of algorithms have a higher resolution Il. DOWN-TRACE OR TIME UPDATE ANALYSIS

than the common beamformer. These often require the calcula- Th . fthe t VS thods is th vsis d
tion of a pseudoinverse of a matrix, which makes the algorithm € easier ot the two analysis methods Is the analysis down-

very slow for repeated applications. We consider updating the trace (or with time) due to the fact that one entire column
pseudoinverse for window motions either in time or in space for vector is dropped and one entire vector is added during each
two-dimensional (2-D) data taken from a linear array. Our results  move of the window. When one defines the dropped vector

are shown to reduce the computational complexity of the multiple as the first column vector from the previous window
sidelobe canceller (MSC) [1], for example, by more than 75% for x‘)l‘i ix X*~1 and the added t tFr)1 last col
a downward window movement (with time) and more than 55% matrix an € added vectar,.., as the jast column

for a sideways window movement (across traces). vector from the current window matriX(*), then R in (3)
Index Terms—Pseudoinverse update, covariance matrix. becomes
R(k) = (xnewxgew - xoldxz;d)
|. INTRODUCTION —U® .. T @

APOTENTIAL problem with several high-resolution a"wheref2 = diag{1, =1}, andU™ = [zpees Tord]-
gorithms is the large number of calculations necessaryMu|tip|ymg U(k)’ by the blocking m;:rLi)xBo = Iy —u-

for dptermmmg the pseudomyerse of _thg auxiliary correlatllo&\r/M, wherew, is a vector of ones, gives auxiliary matrix
matrix when a square blocking matrix is used. We provide

economical methods for not only the down-trace or time- Ué’“) =B.U®, (5)

update analygls, but also the much more complicated Cross’ZWe have predelayed or beam-steered the data to the trial
trace or spatial update analysis. Our work adds to that for

one-dimensional (1-D) data updates [3]. We will appl thS|gnal source directions thus the unity direction veetyWith
. . P ' PRl ﬁ'wese definitions, the current auxiliary correlation matrix can
matrix inversion lemma [2]

be written as
M=t =(A+BDC)! R® = R=D 4y . |, . yk” (6)
=AT' - ATIB(D'+CcATIB)lcAT. (1 . . . .
( + ) @) Applying (1) to (6) gives the desired pseudoinverse update
Consider the sliding window to be a frame that encloses the RI® = RIG*=1 (1), — ©) 7)
data matrixX, M sensors (traces) amdl time samples . X .
whereC = UM . A-1. U RI*V andA = L+ UM .
1,1 Z1,2 0 XL N RIG=D e
o _ x2,1 2 2 T2, N
X:[a:lazg---a:N]I . . . . (2)
: : : : Ill. CROSSTRACE OR SPATIAL UPDATE ANALYSIS
LTM,1 TM,2 " XIM,N Cross-trace window motion is appropriate when analyzing
spatial variations in wavefronts such as with seismic data. For
cross-trace analysis the problem has changed so that upon each
new iteration each column vector in the window gains one
'new sensor element and loses one old sensor element, causing

having sample correlation matrik, = X X?'/N. The sample
correlation matrix at positiork — 1 relates to the sample
correlation matrix att with the use of a difference matrix

€., diagonally upward shift in the values of the correlation matrix.
R;’“) _ R;’“_l) " R(Ak)' 3) Defining the M x M shifting matrix

o010 00 -~ 00
We will identify parts of (3) with (1) for the inversion. 00100 -- 00
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If one applies the shifting matrix to th&" ™" in (3) the 1007 e i s s -
difference matrix becomes sl | Legend: 1
o o0 - 0 a1 gol. AR USMCyips ]
o o0 - 0 a : : = :
(R) i ] ) '2 Fr I RPN - MSCﬂops 4
Ry =1+ .. : : (10) o , , SEMBfiops _ e

o 0o ... 0 an—1 8 : : MSCfiops

ar a2 - OGM-1  GM e S 1
o
where each elemeniq;, az, -- -, aps] is the difference be-

tween two scalars from within the two sequential correlation
matrices.

Further, the window matrix X drops row g, =
[x kD wpl¥s and adds oW g =

(1,{1,2,~ . i
[X(]W: {17 2, “.JV})]T- NOW dEflnlng ° 10 1 NumbezroofTracesz(Sizech)so
5— (ynew — yold) Fig. 1. Flop count ratio for time update analysis.
N
el = (yg;ew ) ynew)
N
cy = (?J:;de “Yold)
N
c3 =1 + Co. (11)
gives similarly as in (4)—(6)

Percentage

R® =g . RF=D.sT L y®) . [, . UuR"  (12)

where
w DO - e e J
k) _
U - [Oé /3]7 10F i
X® s o : _ . :
o= . S A s s ...ﬂ~...3.(_),,_,.,“-.55...-,.....:6
3 Number of Traces {Size of M}

(1,2, ., M1} = 01,2, ... M—1
/{ e 4 1,2, 4 Fig. 2. Flop count ratio for spatial update analysis.
Gy =C1

P ==z (13) figures, the value of\f increases with a fixed number of
Applying (1) gives the cross-trace pseudoinverse updatetime samples§ = 49), the efficiency of the updating MSC
Sik) _ Bi—1) increases as compared to the MSC algorithm. In Fig. 1, with a
Re™ =Ry (I = ©) (14)  value of M at 25 or more, the average number of flops for the
down-trace updating MSC is only about 22.56% of that of the
MSC algorithm. For the cross-trace analysis results and the
samelM values, Fig. 2 shows the average number of updating

. Alth.OUQh numerical mstablllty_ might occur when matrixy, s flops to be about 42.60% of that of the MSC algorithm.
inversion-lemma-based update is employed [5], we note that

the matrix inversion in both (7) and (14) only involves well-

whereC' = U . 4=1gP" . BI* Y andA = I, + UR"
RiG=D )
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