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Single Snapshot Target Location

Part 1: Determination of Amplitude of Plane Wave

by Binning by Geoffrey Sweet, 28/1/93

attn. C. Richardson, Esq, U. S. S. P. Division, D R.
A., Southwell, Portland, Dorset DTS5 2JS

Let L be the length of the array, M the number of hydrophones, Ao the
wavelength of the plane wave, a the amplitude of the wave, # the angle of
incidence of the wave upon the antenna, N the number of bins and P the
power in the binning periodogram at A = Agsecd.

Theorem

In the limit as M — oo, and for values of A for which L cos 8/, is an integer
K,

P N3 s
7= 2 ) (1)
E. g
—I;— = 1.0259, N=3
a
= 16211, N=14
2.1879, N =35

~ %N, large N.
(2)
Thus -3 15 least when N = 3. It can be shown that this makes the estimate
of a? least sensitive to noise on the 51gna.l Hence the term ‘optimal binning’
when N = 3.
Proof

p(r,t) = acos(2xvgt — 27r.l/ Ay + o) , (3)
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where { = (cosf, —sin ).
Now r = (z,0) at point z on the array, therefore at time ¢t = ¢,

2
p(z) = acos( = +4) = acos(x+6) =, A=losech, ()
where
_
X - /\ b
¢ = —21TV0t0—¢0. (5)

In binning procedure (in limit M — oo)

o lin(x + OIF

= ]2\(: (sm(— + ¢) — sin qb)

_ N (%
Bx=(z>)1—2—7rf0 acos(x + ¢) dx

Therefore N ' :
By = = sin(7) cos(é + 1-). (6)
Similarly

~ _N % Na , 3
B, = (p): = 5;/%, acos(x + )dx = ——sin(7) cos(¢ + )

= (Pl = 5 /A‘v—lacos(x+¢) = Tsin(%)cos (¢+ (271;{1)”)

— N o N. _
By =P~ = 9 Jarv—n) acos(x +¢)dx = -—asm( —)cos (¢+ —(2NN 1)"')
N
=

N -
P=B}+Bj+..+B}= n:lz(?)2 sin®( E cos ( M) = %N

n=1 N
()
from Lemma below (all integer N > 2), therefore
P N  m
; = ﬁSlDQ(-fv—), Q E. D. (8)



Lemma

N ———
Y cos? (¢+ (2_nﬁ_1)_1r) = %N, all integer N > 2. (9)

n=1

Proof
N N-1
_ 2 (2n-1)7} _ 1 B 2¢+2r(2n + 1)
IN_Ecos (¢S+—-————N ) = 2"2 1 — cos N
N-1 ) .
= :_I'.N - lgt Z eziﬁz‘l’iﬂ_e%a
2 2 n=0 l -
1 1 : 2w N-1 xin
= EN - 5&62'6'}? Z €
n=0 .
ﬁ,—l
4miN
_eN — 1
eN —1

=0, all integer N > 2

In = %N, integer N > 2, Q. E. D. (10)

N. B. When Lcos@/Ao # integer, then B, # (P). exactly in the binning
procedure; for, after taking the mean of the sums over the K = [L/)\] wave-
lengths A (where A = Agsec#) along the array, there is a bit of order K left
over at the far end.O
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