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— Summary —

Due to economic development and increasing population, the potential values of
the resources, energy and space oh the ocean are being recognised anew. When is
the infrastructure is established in the ocean, the external force operating to the
ocean infrastructure is means. The ocean infrastructure must be safe from the
external force caused by the wave motion of the ocean. The sea-surface
displacement of this ocean is very irregular.

Fourier, a French mathematician and physicist, Wwho announced Fourier seriouse
and Fourier coefficient. This Fourier application became the solution to the problem
of heat transfer. And this interpretation is a possibility of putting out indolently
with numerical formula to wave motion of the ocean. This Fourier analysis to
synthesis of the sine group which is periodic is one of the best solution to analysis
of wave’'s time domain analysis in periodic. But there was a limit to interpretation
of non-period group ocean wave. It 1s possible to inter this non-—periodic group
wave by using a Fourler Transform. It is called frequency domain analysis.

Using Fourier with Seriouse and Coefficient method is called time domain analysis
and using Fourier Transform method is called frequency domain analysis. Time
domain analysis is one of the best solution to analysis of the period wave. Here,
in physics, the wavelength of a sinusoidal wave is the spatial period of the wave.
The period means a wave’'s cycle time or the interval time’s magnification. Wwhen
analyzing ocean wave, we used Power Spectum analysis based on this Fourier
Transform and Wave Specturn analysis based on Power Spectum. Ocean wave 1s
the total wave motions operating variously according to period and segment. The
wave motion of the ocean extends in all segments which are measured, like tides
operates wave, Althiugh the wind wave which is low frequency operates only on
some part of measured and disappears. The power spectrum has some limitations in
sensing wind waves operating only on some part of segments and close frequency.
This problem can be solved by wusing period of the wave or the period’s

magnification. In other words, if the interval being analyzed and one wave period



are the same. This solution calls the Short-Time Fourier transform (STFT). In the
continuous—time case, the function to be transformed is multiplied by a window
function which is non-zero for only a short period of time. The Fourier transform
(a one-dimensional function) of the resulting signal is taken as the window is slid
along the time axis, resulting in a two—dimensional representation of the signal. In
signal processing, a window function is a function that is zero-valued outside of
some chosen interval. For instance, a function that is constant inside the interval
and zero elsewhere is called a rectangular window, which describes the shape of its
graphical representation. the proper window size was examined, based on the wave
motion frequency band of the ocean.

As a result, the wind wave frequency and close frequency were recognized by
STET, which couldn’t be recognized by the power spectrum. here, the wind waves
operated on some part of segments and disappeared during the investigation. Based
on the 2007 buoy data of Japanese Meteorological in 2007, analyze the actual ocean

wave spectrum was analyzed.
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A3 Alage 7Y SAA8S FA4 e 28 AL T3 9 @ (principle of
superposition)d}iL v} 2t}

L[CW1 +5U2] F OéL[Ul] "‘ﬁL[UQ] = ay; + By,

Al 2" A AT o] AZF F4e ol s(AR F& AA)o] ©ed] FHA I A
FAE AIZE F4e] o]les 2T o oF A (time invariant)o]2t3l sl 1
22 g 4 Al W(time varying)oletil Skt} ThA] el A]xdle] ZHo] ¢leH 9]
Feowt ofEetal Yol H8He= Alflole Y& ¥e B¢E

il
>
il
'
[e3

— M
k=l

gk 943 x(ol HE el yeold, delel alt—t)ol thdt Bl yit—1

oo} @i}, %

Aol els) Tl e 2ol & & gl
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Aol olal Lisln— k)l = hln— k)7 W% HmE Alsgle] ZYe

(convolution summation)®]&}3L 3}, convolution 7] &+& AF-&3fe] v}

UERA 7= g

2.2 Fourier 3|4
2.2.1 Fourier 5% A%

Fourier &2 7|& 7MdL2, EE 23 AR 47 v¥& a5 7137

5o Foz ZHY ¢ I3 IS v 2E FHoE 1d 3Arh

1 ™
ay o 77Tf(sc)dx
a, :i (Z')COS nre dx,n:1,2,3,"'
AR T
1 ™
b, =— (2)sin 2 gz, n =1,2,3,-
T T

_14_



/Wf(t)d:UZf_ﬁ

ay+ E (a,cosnx+b,sinnz) }d:):

-7 T n=1

=a0/ dzr+ Z/ a,,posnmdm%—Z/ b,sinnxdz
n=1% —m

—ao[w = 27a,

—1/fd:c

{ao i E (a,cosnz +b,sinnz) }COS maxdx

n=1

/7Tf(t)cosrrmcda::/‘7T

- & T

™ . m © b
=aqy / cosmadx + E / ancosnxcosmxdx+2 f bnsinnxcosmxdx

0 b
= 2 f cos(n+m)+cos(n—m)) 27/ sin(n+m)+sin(n—m))dx
n=1 - =

ifn=m o9

fﬂ f(t)cosmadr= 0

elseifn=mo|H

f f t)cosmardr= — 5 f (cos2nz + cosOx)dz

=3 / cos?mcdx-i——f dx

/ f(t)cosmadr=a,n

= L‘/W f(t)cosmadx
TS
/7r f(t)sinmzmla:=/Tr {ao-i- i(ancosn:z+bnsinnm)]sinmxdx
- - n=1
IaO/ sinmaxdz + E/ a cosnxsmmxdac-i—E/ b, sinnzsinmadx
— n=1 n=1
- il%/_” (sin(n+m)—sin(n—m))dz+ Elgnf (cos(n+m)—cos(n—m))dx

_15_
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ifn=m old

/W f(t)sinma:da:zo

elseifn =mo|H

n

T b T
/ f(t)sinmadr= 7/ (cos2nz — cos0z)dx

b’fl
= o (= cosOx)dr = b,

/!

b, = %/‘ f(t)sinmadx

2.2.2 Fourier w9 $147 dH ¢ 54 x4

Bl

ol |
I
P A
O . . —
b
[ bn Uy
Sl = e 5 SCOS0r — ﬁ
Va, 0, va, b,

(Figure.9) & w5 9472 -

z (acos(w,t)+ bnsin(w,t))= Z Va2 +b2x cos(w,t+46,)

n=1 n=1
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EAAFE EstE E oE JEe] Fo v E 2dy A o]
Jnwt — jnwt
. € —
sm(nwot): ;
2]
Jnw it Jnwt
e " te ’
Cos<nw0t): 5

gelsha vhgst el ik,

Jjnw,t + 6_ Jjnwt 0o ejnwot il

—Jnwt

B=ag+ e, + Y by

n—l n—l

S Y (an—jbn) ! (an+jbn)6

n—l n—l

1 T
ay = ?/‘0 x(t)dt

a, = LT f OT{:U(t)ejW“t +f(t)e " bt
1 3 jnwgt nw,
b, == /0 (O™~ f(t)e ™' }at

1 F Jjnwt
A=a, Xz? ft)e "dt

jnwt
=3b,, X_T/f
A=X+Y, B=X-Y

(a —jb T/ f(t " dt =

—jnw,t —
( —l—jb T/ f(t dt= B,

_17_
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FE)=ay+ 3 A"+ Y Be "

n=1 n=1

A ejnwotoﬂlﬂ n:O%—]W

n

A’ = A, = iT/OTf(t)eOdt = LT/OTf(t)dt =a, ©] T}

ZA ot ZB — jnw,t

n—l
ZA ]nwt+ ZB jnw()
n=1

jnwt

_ 4 Jjnw,t _
B = T/() f(t)e dt=A

(o) — 0 0
Jno it jnot jnw,t
=2Ane "—i—ZAne "= ECne ’

n=1 "1 n = oo

223 HolA ANz

=
x(t) ZAej(w"He), —0 < t < o0

Jw,t

57 HolA AEel drk olAe A o] wWAME A% A, 9% 6, 2%

T Wy >0 2 AdAT 2dy A exp(ju)=cosu+ jsinue A&, z(t)7} F
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7l Ty=2n/wy s 71AE #7148 Ases A8 47 58 5 ok

X=a+ jb= Re" = Rcost~+ jsind

= Ae & F A o] W Re(x)= AFFE Im(0E 47 48 JaA=

R=(a2+6)"% 6=1tan ' (b/a)
z(t) :Aej<w()t+9), —o00 < t < c0d|A] A,
= ?(ejw"t

(it

F AAn A5 Acos(wit+0)9t #HA7)7] flE, AFFEE AEd= A Y

i

o o] Bz gz A2 Wz Fdshe dAold Foem mAFoA 2()E

Aade & He= dAZ e ¢ A
o
1

x(t)ZAcos(th-i-Q)FHSJ 28 AFddEdolg sk}
1~ 1 —~
z(t) = 5$(t> + P (t)
_ 1;1 j(wot-l-ﬁ)_i_%e—j(wot-i-@, _ < t < oo

oA Fo Fgs &9 Fihsol €@ H4 solAe] Foz 44T & vk ol
A7) PAAE Bh BAL U Bar} vk A
o]

2HE A7 Aolrt AxHolor & AL fo] FHFEL BYHor EAFA
i E
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o Aol RSB 2MEY aEs WS AT x@7F AR UHEE PP
E

dAX 7] Wizl f=fok f=—fool A 2=

Inf(@)E 747} flw)e] Ao} 3552 ot ®3, |f(w)
9t d(w)E 27 f(1)e] REAHEH(amplitude spectrum)¥ 944 E 2 (phase

7)
spectrum)©] @} 3t} o)=L & AdE # S (continuous spectrums)©] o}

_20_



Re f / f )coswotdt

Imf / f t)sinwtdt
Ref(e) = Ref(- ), bnf(w) = nf(~ )

1 Imf(w)

*E‘i/\?_]Awo = VERef(w) ImAwQOLOJg'% n
59 f@)9 2= VRef(@) +Inf(w) ola 94 ta )

ot

Power Z~HE- L AT E oHdue] o=z 7pHstal F2lo ¥WEe 7sdk 4%
7F A4 ol A5 g FEd a9 Tl i uid JeE 2k oA

= Azt s A&7 7bs ol 54l Zheolof Tt Power A ER LS

a

1

b=
of ¥gha o] &3t Power AFEF LS I F-Fukg wbgo] Aoz 274
il

p(t)= Y] 6(t—nT),)
:I:S(t)—x(t) i 6(t—nTS) —:U(nTS) i} 5(t—nTS)



AdBz Apt)s F717b 1,9 F7) Asolnz thgst 2o| Fourerd+2 BA

1

p(t) = ?(1 + 2cosw t+ 2cos2w t +2cos3w t ---)
webd Thew el & 4 v,
z,(t) = %(I(t) i a?(t)2coswst—l—x(t)2cos2w5t+x(t)2c053w5t+...)

Fourierf 3}5l s $Wel A &2 X(w)7l 93, 54 d& X(w—w,)+X(w+w,)

R, AL X(@)E w9 —m,uE olFd Aotk wpa kAR A 3

Wste] AEY T o) Adubeh MR Fagol W@
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ol g3 NAL oA T

[

=

A3 Matlab

TR

=0

o)
oy
-3

A

B
NF

o

el ARE A a2 FE

7| z8le] I A|AIE9 Tf

[e)

L

9] 4 (time domain analysis)

i3

Zike

oF el #

_ZX
o

uze)

W

JuE

T AEe] T

EEE

(frequency domain analysis)¢] H.t}

=

o}

iz

7}

]

A
Ld

o]

o ARAFoz Yehfo] o] 7|4

B
A

=)

N

7}

3.2 A ztH o] ¥ 9

% oIy i+

[size(X)]; % dloly 7F FHEH
9%. Al

— Matlabh#Z & —

N=SN(1,2);
T

dt=1

SN

&
P
)

N

dt=N;

¢
B
i+

ﬂDvO

(2%p1)/T; % A=
f=(0:dt:dt*(N-1))*fs

fs=

-

k1S

L
it

057 3t

-

1.

°17] A, dt

oA e IxN#Hol 3, N

A A

il

A
)

fs <]

-

1.

ojt}. f

o4t Aol ).

-

1.

TAoZ 004 (N-1)xfs7hA) &) F37h 571 5



33 TE]O“ —rCLO

A&AT e aye) Felol F5E ot AR oz uAW ofzfe} 7y,

— Matlab2Z = —
a0=fix(((sum(X)*dt)/pi)*(10°4)))/(10°4)

74 sum(X)i= X9 oAz E9] Folal sum(X)xdti= o] o]AFAR ] dt7hA 9
Aol HH fixgHole FESAE 253 44 AY7A e $l5ke] ARS8t
ATt

Lo

3.4 ¥ F5 a,b,

= ip/7T f(x)cos n;rjv
1f f )sin

AT a,,b,0 Fo F55 o4k 4w Ao 1AW oo} 2},

dr,n=1,2,3,--

Tx dr,n=1,2,3,--

— Matlab#Z & —
x=1:1:N;

freq=2*fs*x;

for i=1:(N-1);
a_(1)=(sum((X.*cos(i*freq))*dt*2)/T);
b_(1)=(sum((X.*sin(i*freq))*dt*2)/T);
a(i)=(fix(a_(1)x1074))/(10"4);
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b(i)=(fix(b_(1)*10"4))/(10™4);

end

o] 7] A ixfreqE 1 WA FaFoltt, 254 YA AgAXY  a,,b, 7S

R

3.5 Fed w4 Fag 2l Y

| | 1 | |
] 20 40 B0 80 100 120 140 160 180 200

2

0.01

21 X
X t)+4.43 X cos ( 3

X
0.01 2

(Figure.10) Example 1. 3.5Xcos (

x 3

275 2w
Xt)+4.43 X
) 3 x cos ( 0.01

0.01

Xt) ste] dlolE & 1% 4

o7 200%7 A=Y 8 AL 99 MatlabzEZ A3 ofgfe] ¥y 7o),
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el [rp R ] Larn-J
| e e e e e e e el e pe s e s e s =]
e L - R b - T e o —
s | o L s | |11 | T T TR P W || SO L SN —
= T T I 1 B e i I | S —
=
e fless s cri e e e s ern L e s S s ens s e pmes o s e ]
B e 1 1 B IR || B —
g o L || 1L L L TN T P T ST PR REENEITIN L1 | ey e —
OsS H---- - e s —
o =
frequency (H=)
(Figure.11) Example 1.57¥ ] 31
o7 A F

[ =

o4

o.29

bn

-0.2

-0O.4a

-0.s

-0.s

=
frequency (H=)

(Figure.12) Example 1.%¥ ] F51I

b, ¢l F2 Aol e AEG o3 oz o]itHolH s} st AltElE A

oA dEFGA HALH 001 =510 @A} (%_02%)91r
27— 287.;13)::4 F706l 1 =)b wdlE e ol sin® e ¢ 34

44 ol
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3.6 A&~ E S(continuous spectrums)

3.6.1 AZ A E & (amplitude spectrum)

— Matlab# = —

96 amplitude spectrum
A_s=fft(X)/N;  %Do the DFT
figure(1)

stem(f,A_s)

xlabel('u [m]", fontsize’,15)

ylabel(’ Amplitude’, fontsize’,15)

Ampltude

mE

Sg 1 = = P
u [m]

(Figure.13) Example 1.31Z 29 E ¢
3.6.2 914 ~¥ E & (phase spectrum)

— Matlabx = —

96 phase spectrum
p_s=unwrap(angle(A_s));
figure(4)

plot(f,p_s)

xlabel('frequency (IHz)’, 'fontsize’,15)
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ylabel('phase’, fontsize’,15)

mE

B A
frequency (H=)

1 1
m] 1 =2

(Figure.14) Example 1. A A9 E Y

3.6.3 329 EH(power spectrum)

— Matlab# = —

96 x: Time sequence

%6 niNumber of DFT

9% R_s: Sampling time=dt
Xs = fft(x’,N);

Pyy = (Xs.* conj(Xs)) / N;
f = (1/R_sample)*(0:N/2)/N;
P = Pyy(1:N/2+1);

S00

400

o
Q
0

200

Power spectrum

100

O 0.5 1 1.5
frequency {(H=)

(Figure.15) Example 1.3} =9 &+
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A473 Short—Time Fourier Transfrom(STFT)

11 =F # ol ¥ 3 (Short—-Time fourier Transform; STFT)

A A ZF F7ro ﬂiﬂ A&HHow st

# eae
BAZL WA s

Feo] Wae] o 2AEY
olof SAwt dge XL vk AEA A E o]
Aoz AA ¥ Aol Shout-Time Fourier Transform(STET)o]t},

7 (2, 7) :f () w(t—7)e™ "t

X‘,TFT Q, 7)w (t —7) e ddt

A7 w(t):= /(|w(t)|)2dt=11jr-%ﬂ]- o] 7tA o] A,
o] w(t)ol] & 3te] AEFY oW (Continue-Time Fourier Transform; CTFT)<}
Lo W3k

TE5 o At o] w(t)E
< (STET)= Xgrpr(2,7)9F T AL e w(t) o] Y o]&3 A%

AxbatA At

—

e}
H

‘&eolg AES CTFT ol vl =
2 2l

% 1¥al CTFTY AA A=

» Omega(t—tau)

= ftomega(t—tau)

(Figure.16) sliding Window CTFT
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O]T;]', A Lﬂ] }\]Zl— Toﬂ N%J‘:ﬂ“;ﬂ,gi" -;—,Z—ﬂ

-

-

alo

ojy

ES L

-
1.

Z®Ad o=z STET

w(t—7) gl

ba - (t) -

+ 9l STFTY 7]

fsiz
=

3]

o}
-

7ke} 7

way

At o 7]A

Hoz

F3t4 A

r

nhe wel A

Epd

(e}

Py

(e}

= -
AT

B
b

ol
Tp

U]

x
M

%

A

deltaomega

[ 1

deltat
—

omega

(Figure.17) The tiling diagram

—
1o

ojy

B

+

)25} 5

&Ho2 oFstel 1 %

of we}l 7

ojy

0 )
T _._1.U m T o
L -
m 0
,,,,, 3
0 |
v
Eremg S
. T T
] 8N
b O_T
e
| dad 7
m o)
- o ._.o o0 oo o) o oo
I TN TN
spyduy PSS 1304

(Figure.18) Signal & Power Spectrum i



clear all
t=0:1:140;
f1=2*pi/20;

x=0.5*cos (f1*t);

- MATLABA =~

set(gca, 'fontsize', 16);
SN=[size(x)];
N=SN(1,2);

Xs = fft(x,N);

set(gca, 'fontsize',
16);
subplot (313)

plot (f2,P); grid on

figure(1) Pyy = Xs.* conj(Xs) / N; x1im([0,0.5]);
subplot (311) £2 = 2*pi* (0:N/2)/N; xlabel ('frequency ',
plot(t,x); grid on P = Pyy(1l:N/2+1); 'fontsize',16)
xlabel ('ftime', subplot (312) ylabel ('Power spectrum',
"fontsize',16) plot(£f2,P); grid on 'fontsize!,16)
ylabel ('Amplitude’, xlabel ('frequency ', set(gca, 'fontsize', 16);
"fontsize',16) '"fontsize',16)
9 s 2o A Folol AA F4 W57 A dw o] AFe] 5o A
Egle g9 a9s 2k @ AT oW @ gl AL AYurFel & Ay
o2 g9 A Avh o] Az FugEE AlLbshd of#fep 2t
2r 27
=—=—=0.3142
I=T=%
St :
= © 3 : N |
[=F | R i
=L (@] 50 100 150
time
20 T ! H
A0y S RTIITTE " [ETTETRRITPRPPR, e
O ,fk, : 5 :
— O 1 = = =f
= frequency
= 20 :
B MO e T e s
s O L i i i
% O L By | o 2 o3 L B oS
[l frequencys
(Figure.19) Signal & Power Spectrum ii
9 2"k Ze FetEe g gbel Wit vF7E AETF SRk g o] Al
o ste) 2EEYE 99 agd o] FEIE FurE T S o AL
3 golAm e AMERE P Eo] Folrt AolA: dew F o Wl
Yo e aumede A7 A o] 259 FHFE Alteld ohe} 2.
2r 27
=—=—=0.1083
/ T, 58
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ela oW B ooy AEIE EASAL ARk Aol vt e ¥
’Fo] vepd)
é 1
= o ; o
= _1 i
=L O 50 100 150
Ftime
20 !
L S s e s -
orN |
— O 1 = 3 e
= frequency
"g 20
e Eia G S CHERSRSSRSRRRE.. T B W UL B e N T T SRR B
a= O H i i i
% O L8 By | O 2 o3 .4 o5
[l Ffrequencys

(Figure.20) Signal & Power Spectrumiii

59 2MEA A A Aol Fuek & 5 A o 57 EAsks $

9= EA Aolof uhEl F<ld] Ao]E HoeolA Hrt
4.2 AF oWz

NAVAVAVAY) - AV

100 150

—

150

0 50 100 150

(Figure.21) Example 2. Signal

slo) gt o] A Frlel AAA &S W} FRAQ Frlo] AHA 25

= s ol dvkar 7HY 3 power spectrum o] ¥} T}
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100 : : :

0 0.2 0.4 0.6 0.8 1
frequency

(Figure.22) Example 2. power spectrum

Frequency (Hz)

Time (sec) %10

(Figure.23) Example 2. STFT Window Lenght (40)

ro
i

$ Aoz 409 wlel STFTEA o]} &e
sHEge] EAoRst £AsE Azt Wt
hC,)_

Fol dol7h gol AEE F45E ¢ 47} ¢

F719 AFol A Ft

=
o elo] Fhag. kAW

3
"ok

(

o

0O:
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x10°

= 6
z 2-
> 5
c 4 :
2 w £
: 4
0.2 x10
A .
0 2 4 6 8 10° 0.5 o 0  Time (sec
Time (sec) %10 X Frequency (Hz)

A

TFTEA golth Sms Abe]=7k Aol

5 S 4
of whehA Fahes Bup geks] o g 9lo} EAsks Aztiel WA= e

4.3 sl gl EA sz ol HEI STFT(E HE4)

r Wave Spectra

I Severe storms,
Generating " earthquakes
forces — Wind - - «-1 o Sun,
| moon
Tsunami

Wave height (cm)

0.1 sec I sec 30 .s(«: " 5 min 12hr 24 hr

(b) IDEALIZED WAME SPECTRUM

Wave spectra as a function of wave period

(Figure.25) Wave Spectra
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A9 oA BH ES(Wind Wave):= FxolA 8 ¢9oa] zF&sta ¥
Fibe ST dde] SxAte] 9t wAEH 1 FYUF Ao m g Ve
2 8 FEEe A FxEC AACdE 2 BAVE HA etk A

o) 44 (Wind Wave)sl tlg %23 o] vja vjio] A g

s RY FRelta s vt ot vhgo] gl bE dlgow APt A
& ol& HE(swelDolg} g} 3= dwbdo=m w7t WEdts 5 2
=8 7HAYW ket sk Afole] Aol HlwA FAIRE |2 viEe Sl &
Al 1 Al 11 Aol otk aglal Fi 9 Ygo] &2 niutEeA F-AH]
= AL 79 (surhE st T3] A7|E TS5 (wind velocity) ¥ERE oby )l wlghol
B AIZF & AFHAZHWind Duration)3} vhgo] & el Ag =, 4 A 8 (Fetch
Length)ol we} AAEC, Fojx F&ol s F83 LEd T35 doy|i=d
AAT N7+ F HAAHA ZH(Minimum Duration) ¥ 4A&3 FHE7g = H A3
%72 (Minimum Fetch)7} @231t} 129 nldo] AdAS A7} o] Bojm ulat
2 o oA R &Erh I olfE FAA o o] e] &A4tF wnhgol] 9F mjr}
2 FHE oYXt EopA| 7] wii-olvt =, HEF H o] o] FolzlTh
AFE H5A 99 Buwy ARE 7FAaL STET 9% 48 dAggley s =
A 102 el we} AFgFel diste] Fag T Aol oste] At
gk AgAdo] ANeH Ago] Thed FHRFol A 7AZ et oste] BF
o] o]FAlL} #Ho] Zhadk 10miele] it ExE Qlske] L AFE-RS A
| = gtk buoyA® e VA4 Ay rehE Fiol ek Kalman Filtere]
B W oAT7 destrhal AlmEo] vk Fatel] o3 wWo] AAHE F
o] HES oA AT E WS 1o wE AR AR xjo]=E AT K

o

il

A
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b PAVAVAVAVAVAYAV/VAY.

200 400 600 800 1000

1 ! T
: : : ZF=1Uh== :0.6283
=q i i i 1

0 200 400 600 800 1000
VI 74 AL
| - 7 Fop 00209

o 200 400 600 800 1000

_______ /\/ N ATSA

200 400 600 800 1000

(Figure.26) Example 3. Signal
1000% AlZF &<t 100%, 10x 300% F7]9 Ao & 44 ¢AdE =R 8= A

¢

Ao w2 shel 9 adw 2 Aus AT 2 Awe] 29

3} 2

1m

R

300
250
300_—'_ 200
250} 150+
g 200 100 F
=
2150 50+
g
5 100 - ,
(n] o1 0.2 0.3 0.4 05 0.6 0.7
50
o |
0 1 2 3 4

frequency (Hz)
(Figure.27) Example 3. Power Spectrum
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Frequency (Hz)
Frequency (Hz)

N N
N
L T
>
g &
3 &
g_ =
3 3
B e
L L

Frequency (Hz)
Frequency (Hz)

50 100 - ) 5¢ 100 150
Time (hour) Time (hour)

Frequency (Hz)
Frequency (Hz)

1] S——— W
200 400 600 800 10 [¢] 200 600 800 10
Time (hour) Time (hour)

(Figure.28) Example 3. Signal STFT 1
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Frequency (Hz)

Frequency (Hz)

100

150

Tirna fhaor

200 250

Frequency (Hz)

600 800

28
fo
ol
L
off
<

T

ErRe

clear all
% RGB Image chanes Gray Image
g=imread('l.7pg");

red=q(:,:,1);

@ jeju

100
.(.I-*‘ié.ure.29) Example 3. Signal STFT I

EA3LaL AFE A Az tiEAE 39
STFTY Ww-2 o]dd 3o tsiax
ZojxH

Frequency (Hz)

400 600

Time (hour)

800

et R A9

green=q(:,:,2);
blue=qg(:,:,3);
t=red*0.2+green*0.59+tblue*0.11;

figure, imshow (t) ;

38 -



ZX(tide)ol &+ &, ©)

X

Th

<n

+

=

o}
N

1

RS, 1A
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