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Data Transcription

To begin with, the lofargrams ¢
whale data, I had to read the infOrI(;ilgor:logrl;:n r(:z: zlzlatlab. To use the
data was sampled at the frequency 6250 I (1 el er1"\/D tape. This
were 90 records or 50 seconds worth of data. These vfe second). There
Alliant; however this data was not acceptable to Matlabre Sr::afi fro::in the
Matlab to read the whale time series, David McCoy wroi:e - , In order for
converted the 50 records into Matlab form. T

The Analysis
Once the 50 records were created, I was ready to analyze them. For my

analysis, Matlab was very useful because it had a built-in function for
computing the fast-Fourier transform (fft) of a signal. A Fourier transform

takes a time series and decomposes it into its sine wave components which
are equally spaced in frequency or harmonically related in frequency
(sample rate/s pts). In the whale time series, the fft gives the power
"Pectral density of the whale calls. The spectral density shows the
distribution of energy (or, in this case, the pitch) vs frequency f’f the “thale
ongs. To compute the spectral density, I first smoothed the signal Wlt:i :
012 pt, Hanning window. Then, I took a 512 pt. fft of each' of the 50 reco
Which jg about 8/100 of a second). However, the fit of. a B1gNE 13t
“Wplex numbers, So I multiplied the fit, point-by-point, _by 18 ﬁ-zq sencyil
“Nugate. This gave me a line graph of sine wave amplitude V8
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the | _ e frequen
take L* ction O th ansform of the expected value f th

ed value is the third-order cum,, € g

: dnt,
tool for measuring the frequency T

4l that is stationary over the sampling s

' I first smooth
te the bispectrum, ed the ..
p. 1386). T 0 ca%cula which suppressed the sidelobeg (f thzlghal

It ig
Eng)

ture ()f
0d"

bispectrum wa ben a signal is Fourier transformed, the frequencieg e
ymber of samples (in this case 512): Therefore, the thirg
. this equation should not exceed 256 since the bispectrum fo]dq OVer

term tlgat point (hence the 256 x 256 loop). Since each record had 6250 pts
Zii —ere 12 bispectra. After overlapping, the pumber d(_)ubled-, and there
were 24 bispectra per record. (Matlab. was s-low II.I computing this). ]
graphed the bispectrum in 256 x128 dimension (smcc? the other ?28 pts are
symmetric).' The graph was a 3D mesh plot of the bispectrum (in a
logarithmic scale), which I later converted to a frequency x frequency
contour graph using Matlab's graphic abilities (the contour took time and
memory also). Since the graphs in Matlab couldn't be saved, I had to
transfer them to Canvas (that was another drawback of Matlab).

The Display

Once the spectral density and the bispectrum had been calculated for
eacl? of th? 90 records, I needed an effective and interesting way of plotting

| , using color to denote third
168 famous for its animation. So I
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ime series ..
;h : Wd]:}liiacll;ttllz’?oe In our whale song, Stacy and I picked out an jp,
oun ;

£ about 7 seconds and decided to animate its Correspondip,
part of a Oal densities in one animation. In another animatj,
.and spect:he entire whale song and only the entire lofargrap,
i;lidh:ee focused our attention on the animation itself

n) Wew

Ou]
With i :

hig in

The Animation

First, I needed to convert all data to Hierarchical Daty Fil
which is used by Spyglass. With Elizabeth Miller's extension,
convert my Matlab arrays to HDF files that Spyglass accepted.
used to make the animation for the spectral density. To gener

lofargram and the bispectrum in HDF, Stacy Mechevec came

€or HDf

I coulq
ThiS was
ate the

to the regeye.

began.

The first step was to generate images of all my HDF files. I used
Spyglass Transform to generate horizontal line plots for the spectral
densities



of8* gr I added color, labels,
atisfactory display, I only needed to gg

“ ve .
~ Before I could save anything, I had tg ¢

jmage as a template in one folder. Next usi
" command, I saved the animati()n in In’y Ozﬁg the
er

. 1gt101
31]11Il d this procedure for both of my animationg_

when the actual animation was done, I needed to glay :
untered my second problem- memory. I had uged up a.y it back. Here, I
. .1 memory on both cartridges and the internal harpd.]’;l:: about all of
Mary's Quadra (with a gigabyte for memory) to run ﬂ:e, So I used
n. To animate, I used Spyg]aSS View. I Simply usedet I?(:t.ual
from Memory" or "Animate from Disk" commands 'Ie‘he

Apimate frfom memory command didn't always load all the images (the
qumber of frames depends on the available RAM). So I decided to go with
"Apimate from Disk". Even though the animation is very slow, this
command loads all of the frames (depending on the memory on your disk).
minally, the visual part of my display was complete.

For the final step, we combined the sound with the animation. All it

djusting. This could be done both on the animation

took was a little speed a
itself and on SoundEdit Pro. Once everything was together, the display was

Save
empty folder. I

Tom Dé
animat:io
+Animate

complete.

Future Plans

1 In Depth Signal Prc »ssing Analysis : A possible future step in this
' | Y : ] hones used by Dr.

18 1 ~ross-bicorrelation of different hydrop |
0 time delay between different

Hampton. The cross-bicorrela

signals of different hydrophones. he cross-
- ~ Tp calculate the ¢
specific signal when you have many hydr OPhon?S _ S g

bicorrelation of a signal, there arc

formula (see "The Analysis ) he cro
d-i-menﬂional F ouriel' transform of the




dimensional jnverse Fourier trangf

0
bicorrelation of the three signa]g ’II:}I:;

perform a 1nn | |
product by your third time shift arrays (see program by Jason M

The main problem with this method is keeping track of the indjc
three time shift arrays. The graph should, of course, be the sam
the inverse Fourier method. An interesting study would be to
results of the two methods and to determine which methog 1%

efficient.

AMing)
es of the

€ as that of

INore

2. Further ";3!"‘,L ' h . _""_l‘ LUuInm:
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APPENDIX

Ma!'ab Progl‘gms .

1. Spectral Density
2. Bispectrum

3. Correlation: Inner Product Method
4. Cross-Bicorrelation: FFT Metho
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sqre
oL SRl Ops(pli(Salmpio’ 1)/512));

window=sqre(1:51 2).*han;
a=fft(window);
for num=1:256
for k=1:256
b(k,num)=a(k)*a(num).*conj(a(k+num));
end ’
end
Ib=abs(b);
Ic=.01*ones(1b);
Ib=max(1b,lc);
fb=10Mos b
btry="The Lil" (Big) Disk: |
% Tnal:Mat'ab[OHDgl):(trys’l](biamptry



program by Jason Manning

e
’
®

1me axis.

L

)*(b*b"))
tt

I
L
£v

?

._-'I.".'
;
)
. |
]

e il

..r.,.mﬂ..
o A L
|,.._____._._n.,.“l.q..,___.M.n#”-.n___.-q =

O = .-. ._
o 1 .._ o —"y -l—.___...l.- ._..l )

- o 7

"

Wi :
- ¢

1.*x'
- [
1 .
h‘-,J. I'I i
|
rii
i g
-
= o 9 . . I| |1.__.-
| ..I_ Y e l: - \ .:.
E i : .
: DRl
I'.I m
== N g i s ‘,'}'.J_ =
. = N ] T .
k . = - 4 b -
Ly R |
N g X .
]
]
|
i
|
-
i
L3
J
1
g
=—ur
|
al |
s
-
ix |
"
"1 |
=
L,‘-r"
- Y |
|
—illlll_
i
" I
-t
W
l\l
|
-
.
Ly 1y

_J / L ﬂ‘. -

L -
1

rrrrr



ym on random noise with known lime
this bispectrum should give us the ok

f the three signals.

d

ela
5§ % The

HZ; hydro(10:137);
H3= hydro (25:152); L .
%subplot(221),plot(hydro);tltle( Big Plot');

%subplot(222),plot(H1);t_itle(:H 1 :);
%subplot(223),plot(H2);tftle( HZ');
%subplot(224),plot(H3);tltle('H3 IE

% Smooth out the noise with a 128 pt. Hanning window.
sampno=[1:128];

han=0.5*(1-cos(2*pi*(sampno-1)/128));
wl=HI1(1:128).*han;

w2=H2(1:128).*han;

w3=H3(1:128).*han;

%subplot(221),plot(wl);title('W1');
Josubplot(222),plot(w2);title('W2');
Josubplot(223),plot(w3);title('W3'):

7% Add 128 zeros to the Hanning window & FFT- will be 256 pt. FFT.
T=zeros(1,128);

Fl=[wl],T];
F2=[w2,T):;
F3=[w3,T];
f1=fft(F1):
2=fft(F2):
f3=fft(F3):

% o
o Perform (he 256x256 bispectrum- for the three hydrophon®
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