WO 2006/096208 PCT/U0S2005/030126
1/11

FIG. 1

/20
NS
i

_ 7
(- =
©
<

A 4

o

L ——>




WO 2006/096208

25\

2/11

24

PCT/US2005/030126

28

(G Cy Co)

Xj?

23

FIG. 2



PCT/US2005/030126

WO 2006/096208

311

I E

uoisod
auoydoioiy

Aoyoelel)
joys

uomisod
Ja]O0Ug osje4

Aoyosler |
Joys esje

UoNISOd
lajooyg




WO 2006/096208 PCT/US2005/030126
4/11

FIG. 4

dt,

P,(x)

'y

AysuaQ Ayiqeqoid



WO 2006/096208

Probability of Correct Decision

0.9

0.8

0.7

0.6

0.5

5/11

PCT/US2805/030126

10

20 30
Trajectory CPA

FIG. 5

40

50



WO 2006/096208 PCT/US2005/030126
6/11
Channel i 604 Channel j
9t /603 \ gt
v/ [
601 Compute Compute 602
signal signal
power in power in
Channel i Channel j
A L
Compute
Conjugate Compute
FFT of
FFT of Ch i
Channel i D ?nne(t)j
Data g(t) ala g
Compute Cross-
605 Correlation of 606

Channel i
with Channel j

\ 608

3
Compute TDOA
for each channel
as max. of Cross-
Correlation

610

y
Normalize
correlation

Compute min.

residue

\612

X
Select TDOA,
Correlation for
Channel i with
best overall
residual

FIG. 6

614



WO 2006/096208 PCT/US2005/030126
7/11

( Begin )
e S

Initialize

Population \
71

Gen=0
\72

73 74
3

» Evaluation

y

Assign Fitness

Max # of
Iterations

75 N\
NO 70
79
\ YES NO
Gen =Gen + 1 76 —l ”

YES

Crossover
80 78

A

Mutation

FIG. 7



WO 2006/096208 PCT/US2005/030126

8/11
802
804 810
in. Ampl.
Loud approx. equal
«—NO enough for shock max. ‘;ampl. NO—»
? !
YES YES YES
Sharp
Sharp :
. transient from
oo st rom minpeaic N0~
peak? zero?
YES YES
808 814
At , Peak
suffTéférPfﬁy symmetric from
*—NO wide Zero NO—>
crossing?

YES
v

NO Proceed with sig@
processing
l 816
818

Y
 §

FIG. 8



PCT/US2005/030126

WO 2006/096208

9/11

6 Old
(000

(*d "*d *q)
18100Uysg

ﬁ 1OSUSS 0} pajelpe! s
pUNOS 2I9UM JUIOd

LNOYA SAYMMIDOHS

AHOLOAMVHL
a|iposfoid



WO 2006/096208 PCT/US2005/030126
10/11

Assume initial 202
value M, -
constant bullet
speed

A

204
Measuret__, a - /

ms'

Compute initial range D,

)

Assuming “standard” drag 206
coeff., compute Mach /
number M, at point where |
shock sound is radiated

Compute bullet travel time - 208
to point where shock
sound is radiated

Y

210
Compute revised range /

212

onvergence,
Max # of iterations

300
214

NO Perform GA

Result
reasonable

216
@eﬁned range>/ FIG. 10




WO 2006/096208

11/11

Measure 1_, o
Shock wave TDOA

Popuiate 3-tupels
{RANGE, MA, ME}

Gen=0

322

Gen=Gen+ 1

«—NO

/ 318

PCT/US2005/630126

302
/

/ 304

306
/

Compute point where shock
sound is radiated

/ 308

Assuming “standard” drag
coeff., compute Mach number
M, at point where shock sound

is radiated

/310

Max #
of Iterations for
Generation

YES

\ 4 314
Compute residual /
(fitness function)

Crossover/
Mutation

le—NO

Select 3-tupe! with
smallest residual

316

312

\ 300

320

FIG.

11





