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4
L RN 5 X gl
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oRGB, YIQ, HSV, HIS, YCbCr, and YUV
& 'E ifukFE? 3 K B0 (Image Hiding and Watermarking )
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" JE
1.2 kg pgd

m L (Light) ¥- fBde S ik o A chmpE s i f 27 Lk eing > gr
7 iv f L4 5 (Frequency) it 7 2 % ehle o Bfepicid > » &2
O F T Rk ek o S e e 76 SHAL -

ORE G A&400~700nmz
- A VS A 13\‘% m%}i(Brlghtness)frﬁp SRR R0 4o B
12,1457 o MO 5 enle ko B 4 F e K enR R 317 izmt [
B 5 ey Bk koehdg o 1

mOF kAR % B T
LR R
il e

[ pLk

f1.2.1 m@gﬁﬂgﬁgjr‘%ﬁ

m Electromagnetic (EM) wave spectrum used in image

Energy of one photon ({electron volts)

w10t 1wt 1wt 1w ! w! 1w w? o wd w4+ 1w’ 10
| | | | | | | | | | | | |

107 10% 107
| | |

« E B = |

Gamma rays X-rays Ultraviolet Visible Infrared Microwaves

The electromagnetic spectrum arranged according to energy per photon.

Band No. Name Wavelength (pm)  Characteristics and Uses

1 Visible blue 01.45-0.52 Maximum water
penetration

2 Visible green 0.52-0.60 Good for measuring plant
vigor

3 Visible red 0.63-0.69 Vegetation discrimination

4 Near infrared 0.76-0.90 Biomass and shoreline
mapping

5 Middle infrared L55-1.75 Moisture content of soil
and vegetation

6 Thermal infrared 10.4-12.5 Soil moisture; thermal
mapping

7 Middle infrared 2.08-2.35 Mineral mapping

o

Radio waves
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Light: Photometry and Colorimetry
RGB Color Image Model

OPTICAL PRISM

Color spectrum seen by passing white light through a prism. (Courtesy of the
General Electric Co., Lamp Business Division.)

Magenla

R 5 :
RGB 24-bit color cube.
Color space co-ordinatized as red, green, blue.

445 nm 535 nm  575nm

Absorption (arbitrary units)

=
=
[=]
Lh
=
=
L
h
o

400 45 h 600 650 700 nm
2 8 8% § § B & 3

] = =85 £ 85 3FE 8 s

& F o 9 = 85 &

= c 2 Z g

2 g 2 : g

= & 5 2

-

Color RGB is simple but correlation is high.




RGB Model CMY or CMYK Model

MIXTURES OF PIGMENTS
MIXTURES OF LIGHT
(Additive primaries)

(Subtractive primaries)
YELLOW

YELLOW

PRIMARY AND SECONDARY COLORS
OF LIGHT AND PIGMENT

Magenta @ ¥ C 1 R
Cyan : § % ¢ Ml=11 G
Y 1 B

1.3 & PR 2 BB (il = 1

| |
,‘E}'
v

Bliji ant b E_d 45 E(Scanner)2 B it (Camera)

CERTAVSIENS: () N e 2.

AR %ﬁﬁrwﬁm%ﬂ (halo) » * %k & it
kil § - 450255 P (Luminance) 5 8 i o

AR A4 (Retina)
R

FoLE ﬁg’{_> I fil k &% %8 (Lens)
f% & % (Cornea) : P &5

o

dane (Iris) @ 444 [f3)




" N
B F)1.3.25 &% 4~ tfen? & 3 F2(Central Projection)sw & B ° B ° =f
REABFOLIE; AR LAPIE pA RA IR/ Afrp €4 T
- 5‘]5\“:"
1 1
= — 4+ —

1
VA R 5

EX: £ fi=3cmifcf,i=6cm > R fo

4
’
¥
ANS @ g5 b 3¢ o AR 3
1111 )
_:_+— J— |
7 36 2

Arrif=2cm e

A

F1.3.2 S8+ g

" N

Digital Images (= )

Spatial Resolutions:

(a) 640X480; (b)320X240; (c)160X120; (d) 80x60; (e) 40X30; (f) 20X15.
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Image Files and Formats 1
Header

Color map
Image data
L ]

Raw: The simplest format that only stores image data without
header

Bmp: Microsoft Bitmap format divided into three parts, header,
color map, image data.

Tif: Tagged Image File Format which supports different
compression methods, multiple images per file, and binary,
grayscale, true color, and indexed images

Jpg: Images created using JPEG compression method
Gif: Graphics Interchange Format

Png: Portable Network Graphics

TGA: Industry Format

Mpg: Motion Pictures Expert Group (MPEG)

11

m X-Ray, CT (Computer
Tomography ; 7 %& %7

Images —

Nuclear medical SPEC Image of kidneys ( %% )

Wy Fxamphes ol Xoaay saging (3) Chesd X ray, (0] Aortic sngiopra (c) Head
h CT. {dy Circuit boards. () Cygnus Loop. (Images courtesy of (a) and {c) Dr. David
€ & R Pickens Dept of Radiology & Radiological Sciences, derbilt University Medical

Center, (b) Dr Thomee R Gest, Diveson of Anatomical Sciences, University of Michi 12
pan Medical School, (d) Mr. Joseph E. Pascente, Lixi, Inc. and (c) NASA.)




m Visible and Infrared
Band Image --

= B PO e . et . & e -
FIGURE LANDSAT satellite images of the Washington, D.C. area. The numbers refer to the thematic
bands

FIGURE
Multispectral
image of
Hurricane
Andrew taken by
NOAA GEOS
(Geostationary
Environmental
Operational
Satellite) sensors.
(Courtesy of
NOAA)

13

"

FIGURE

Some additional
examples of
imaging in the
visual spectrum.
(a) Thumb print.
(b) Paper
currency. {¢) and
(d). Automated
license plate
reading. (Figure
(a) courtesy of the
National Institute
of Standards and
Technology.
Figures ({c) and
(d) courtesy of
Dr. Juan Herrera,
Perceptics
Corporation.)

AEST1uE129A
W € fha
ey

14




m Microwave Band Images

FIGURE T
Spaceborne radar
image of
mountains in
southeast Tibet.
(Courtesy of
NASA.)

15

m  Radio Band Images (MRI)

4 1
3 5
"-"1;',]‘;

ab
MRI images of a human (a) knee. and (b} spine. (Image (a) courtesy of

Dr. Thomas R. Gest, Division of Anatomical Sciences. University of Michigan Medical
School, and (b) Dr. David R. Pickens, Department of Radiology and Radiological Sci-
ences, Vanderbilt University Medical Center.)

Examples of
ultrasound
imaging. (a) Baby
(2) Another view
of baby.

(c) Thyroids.

(d) Muscle layers
showing lesion.
(Courtesy of
Siemens Medical
Systems, Inc.,
Ultrasound
Group.)

m Ultrasound Images

16




"
Image improvement results: after enhancement

ab

(a) Original
image. (b) Image
processed by
homomorphic
filtering (note
details inside
shelter).
(Stockham.)

17

Enhancement

ab

cd
(a) A chest X-ray
image. (b) Result
of Butterworth
highpass filtering.
(¢) Result of high-
frequency
emphasis filtering.
(d) Result of
performing
histogram

' equalization on

(c). (Original
image courtesy
Dr. Thomas

R. Gest, Division
of Anatomical
Sciences,
University of
Michigan Medical
School.)

18




" J
1.4 % ¢ B3\ endg 3%

- Y

(1) RGB (red, green, blue) model — useful for hardware, e.g., color monitors > TV
camera > etc.

(2) CMY or CMYK (cyan, magenta, yellow, black) model — useful for color printers.

(3) YIQ (luminance, inphase, quadrature) model — useful for color CRT TV
broadcasting, defined by National Television Systems Committee, i.e., NTSC.

(4) CIE XYZ or CIE L*a*b* model —useful for monitor or printer design.

(5) HSV (hue, saturation, value) model — useful color image manipulation.

(6) YUV and YCbCr — useful for image compress

(7) HSI (hue, saturation, intensity) model — useful for color image manipulation.

19
" JEE
RGBi##YIQ (7 AR 5% )
Y 0.299 0.587 0.114 | R
I 1=10596 -0.275 -0321||G (14.1)
0 0212 -0.528 0.311 (| B
HPYT e R AL -
20

10



= JEE
RGB# # YIQ (T AR 5% )

#=i1.3.1: (R, G, B)=(100, 50, 30) A~fsrE="

f

®oOo®
Wi

Y =0.299x100+0.587x50+0.114x30 =63

Y

Hy

f

21

= JEE
RGB# # YIQ (T AR 5% )

.

560 1.3.2: RGB #:if 1=
e Wi {(100,150,200) (50,250,120)

™
L

f
%, =0.299510+0.587 « 20+ 0.114 x 40 = 19.29
I,,=0.596x10-0.27520-0.321 < 40 = —-12.38
0, =0212-10-0.528x20+0311<40 =4

Yig —

(19-124)  (329,-1)
(141,-46,4) (175-77,-84)

T EY !

(1020,40)  (40,30,20) }  YIQ & e 2

22
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%2 ¢ Lena® i 4 chB A rFLenad i

Lena® 1972 7575 2 3 3ezkehll 0 o) 4o

23
» S
Lena, ¥’ el g — % 4
Lena%#r 7 1997& 5% fgg 1 & 8 7 nIS&TS50% & & .
24
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HSVH-5¢
m RGB& HSV i #% “
0.5[(R-G)+(R-B)| } —

J(&-GY +(r-B)G-B)
H=H, ifB<G
H=360°-H, if B>G
g Max(R.G.B) - Min(R,G, B)
Max(R,G, B)
y - M G.5) (142)
255

H, =cos”

m GHSVE5d o H=0° %4 & d > H=120° % 4 %4 > H=240° % 4 Fd o

m SEAES Sfed FHRER c §S=0F 0 AT BRI B

W EH=0°rS=1p s Biiksid o § V=0 kA Rd R V=]
P Apu Rk o

25
—
HSV’,“E— ;}\‘
m HSV % % (HSB or HIS)
E;'
5
H
HSV#: ¢ i 5
m HSV#:4 % T 2= ﬁLf'ﬁ‘HSB%’Z § kI A aTBR A
Brightness °
m HSV7 pF { A FFHIS » ig42 0l 4 Intensity » # F J‘I*u{*k FE
]’E’y‘_ o
26
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" JE
. = _\
YIQr: 2 YCbCrc;t
" YUVEYIQ: &% R 55 1
I =-Usin(33°)+V cos(33°)
0O =U cos(33°)+Vsin(33°)
S Y @A e A B 02555 UV B iehi R
-2 f‘ggfi.%ﬁﬂff,’* 4:1:10 bR 2 4:2:1,4:2:2, 4:4:4
cBRPEL GO RE £ LT o
m YCbCr (like YUV): if & B2 SR 45 fé}ﬁ%]
1) JPEG & 52¥ » % - #H# » RGB¥: ¢ Fif o % = # #RGBH5 ¢ fi% &
YC,CH2d kite cbfrér—a d T NER
C,=(B-Y)/2+05
C, =(R-Y)/2+05 (1.4.3)

r

2y YC,C, e ¢, % 4 “Blue Minus Y (Black and White) ™; ¢ * % “Red Minus
Y (Black and White)” °

27
" JE
_l,b- _ ~
HSIH-50
H: hue, S: saturation and I: intensity
Advantages
I and color information (i.e., H+S) are decoupled observed by eyes
Good for human color inspection works and suitable for DIP
Green Yellow
Cyan Red
Blue Magenta
Green Yellow Green Yellow
P 9 = & Gr:n
Cyan: Red Cyan: Red Cyany Yellow
<}
Blue  Magenta Blue Magena Bt Migenw  Red
28

14



"

= RGB — HSI
o]l if B<G
360-0  if B>G

A

0T

y -

]
I=

(,{ 4[(R-G)+ (R B)]
(=

-Gy +(R-BYG-B)|"

-1 m [min(R, G, B)]

I=%(R+G+B)

A
A

" Maganta

29

"
mHSI — RGB

H in0°,360°]

case 1: RG sector (0°<H < 120°)

B=1(1-S)
R=1|1+—3SH __

cos(60” — H)
G =3I - (R+B)

case 2: GB sector ( 120° < H < 240°)

H=H-120°
R=1(1-S)

G=114— S8
cos(60” — H)
B=3I-(R+G)
case 3: BR sector ( 240° < H < 360°)

H=H - 240°
G=1(1-S)

Boi|1sSCOSH
cos(60” — H)

R =3I - (G+B)

€

RGH 24-bit color cube

|

a ble (u) Hue by sataration and (c) intensity images.

30
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|
1.5 " A (image Hiding) ¥~k & (watermarking)
1.5.1 B iz~ T 6 347

m ¥RGBA 23 RT G ~GTL g frBT

(a) R* (b) G= & (a) BT @&
B1.5.1.1 £24 Lenag: = 3k & fZ )

31

"

m R A FFLenali e A FF R A fEA A B AT G

®1.5.1.2 % A& FFLena® e~ & 4 f3T 5

32

16



%‘L"f}l] 1.4 1 %84T adxd 3§tk $ 2k Te=7
8 7 6 5
32 31 30 29
10 11 12 13
0 1 2 3
i
00001000 | 00000111 | 00000110 [ 00000101
00100000 | 00011111 | 00011110 | 00011101
00001010 | 00001011 | 00001100 | 00001101
00000000 | 00000001 | 00000010 [ 00000011
[ T
0 1 1 1
0 1 1 1
0 0 1 1
0 0 0 0
2 % e B
(£ 33

'_
m R ERL6(e) ~ (h) & h— A= @ FIF1.5.13 -
m F1.5.137 dilenafr@®1.4.27 clenatepp Pt BT 252 WAL o B
1.6(a) ~ (d) 7 75 % ¥ 1~T3E @] -

B1.5.1.3
(A1.5.1.2(e) ~ (h) @& =R i)

34
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" J
i g e i B G 2

fii A5 5

ML AL P

% K+ Blendidics v H 47 50 #c(One Way Function) » §1 % =~ T g
RAE~ B ihbe 42 8L 5 1 - LB REELS o T PR IR
B SR 0 fRR 1S ATB A g ok F © i Bl E SRR -

35

" JE
152 B i~ R

m ‘Z ftr(Information hiding)
o R GAB - A3 E'T'j‘%fwfﬁ»{#” AR HSE R B BR ot 2 o 4
EEZFEBR G AR o
m PSNR (Peak Signal-to-Noise Ratio)
LBL AR AB % o PSNR (¥ 42 % %3 B'{rBehip iz
M > PSNReNZ_& 4o

2

PSNR =10log,, 255
MSE

MSE == 3 3 (B (5,) - B2, )
m 5 K B° (watermarking)

AT} ek B W e A A RiA(Logo) W B BHRET B - A
):;E*% ° 36
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m'g i (Information hiding)
- #SVD (singular value decomposition) & & VQ (Vector Quantization) £7*& ik =
Eedrd - Nx N PR A B ASfE(Rank) 510 RIAGSVDT 4 57 4

A=USV!
V4rU 5 i 2 %' (Orthogonal Matrix) ® X =diag(c,,0,,..,0,)» H @

0,,0,..0, " ¥ 0,20,2..20,>04r 0,,,=0,,=...=0,=00

TRo &% (20 A, 205 BLA 45% i1 #cE (Eigenvalue) ©

_ f P
A=UYV —(UIUZ)[ o ol
:UIZIVII

37

" J
# b
f,’n‘]-{irs »_l: A:|:2 2:| ) E]l] AfA:|:8 8:| °
2 2 8 8

A'A hiF e (Eigenvalues) » 4, =16 fr 4, =0 o B-4Fpci@ B35 > 4
i BB 5 oy=4qro, =0 P 2 1658 £ 5 ¥, =(1,1)

A ACE O fiee £ 5 1, =(L-1) FI* B B e £V 2
1(1 1
V=,V =—

J2l1 -1

1 1

2 2\ /o N
ul:IAV]—1 ‘/E:‘E
0, 422L L
V2 ) 2

38
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" JE
5’ f}l] (cont.)

X d AV =UY > ¥ LU=V o ¥ Au, =075

1 1Y 1 1Y
- N2 =\ 5| ko #f11 4 5SVDF £ 57 &
K [ﬁ ’ﬁj T (ﬁ ﬁj Koo #5014 SSVDF o7

1 1 1 1
R ) VNG
2 Z
" JE

SVD% & VO R & 7 B &5

¢ How to do that?
& i % SVDT ¥ it (7 . R 5
O By setting some of the small singular values to zero,
the corresponding singular vector can be neglected.
This means these parameters, i.e., singular value,
corresponding vectors, have no need to be
transmitted to the decoder.
o Performance not good due to floating point
representation.

40
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" JdEE
SVD..:%— 5 VQ}‘J‘??;' 73&3’5— 7 @%{ﬁ (cont.)

¢ SVD+VQ?
O Again, the smaller singular values and its corresponding
singular vectors are set zero and neglected.

O The singular vectors corresponding to the principle
singular values are replaced by some code vector
(codeword) in a pre-generated codebook.

O This means we will transmit the index rather than the
vector itself.

O More efficient for image compression.

41

" S
SVD % &£ VQit 7Image Hiding

¢ How to do that?

o A novel SVD- and VQ-based image hiding scheme, by Kuo-Liang
Chung et al.

¢ Embedding Image: El

¢ Cover Image: Cl

¢ Combined Image (Stego-Image): SI

& Larger Singular Values of Cl and El are retained, and
then the retained singular values of El are scale down by
a factor so that the scaled singular values are smaller

than that of ClI.

o This won't effect the visual quality of cover image, and makes the
embedded image visually indistinguishable from the stego-image.

42
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" I

Image Hiding Result
B1.5.2.1(a) 5 # 45 » FF16H: > B1.5.2.1(b) 5 #F16HE » 14275 chid % o 2%k
SR 2R AFLS21(0)Y o 7 kR g 3 AFICERA Y o

? - m_.‘

(@) WL > F16 (b) #FI6HE » F1.4.275 5 &
B1.52.1 s amesk 43

.
1.6 A3 enE i~ R *

1.6.1 411 &

. 3 ! ’
| |-

m 3 F (Closing) ¥+
m #2 (Opening) & +

44
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" JE
m 3% 5% (Dilation)f- % 4 (Erosion)
LA FRILNE R A BL B ~ % f (Structuring Elements)
m FEEFE D(A,By=A®B=U A4+b

beB

BiFE E(A,B)= AS(-B) = bQBA+b

2.

i

-1l 123 45

F1.6.13 £ & Af-B F11.6.1.4 D(A,B) §11.6.1.5 E(A,B)

45

"
AR & 3P (Open/Close Curves)

eOpen: & & 3+
ok =4 (erosion) £ #3% (dilation)
O% 574 Na.B)=29B=[NF(4.ELE)
oClose: 41 :& & +
oL ¥ (dilation) # =4 (erosion)
0% 7% C(4,B)=2®E=FE(D(4.-E)—B)

46
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Yaf.
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e fI* FREE F DfckaE Y F Er R E P Bt 2

IR EREG A BREEHAFE o DU, B) %R i gk
E(I, B) #-% sl o iz 48 2 S5 © F10t D(I, B)- E(I, B) ¥ # 3§50 1+
Rl B [ 0 SR R R A S BRI e

——=—D(I,B)

A2 D(LB)frE(LB) 2 B eh3k 2) % 38 7 4R 5 4 R 1k B o

49

I~

e flr ¢ AP TAERL 2

FAAE AL EE S S e DR GY l F 3 el ks RiE K
AP Ik M T0E Mo oo 3% YR Bkt

A

Hue

\

u-3c i pu+3ic

50
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" JE
1.6.2 Q’F‘—‘giéﬁ'f}i ﬁ*‘;‘-’ (Discrete Cosine Transform)

m DCT
2 fixy) 2ARER At (uy)ih B B2 128 0 RIDCTaREE & 5 4o

HE (2x+1)17r Ry+jrx

DG, j) = fcmcmZZﬂx ,¥)cos os T (13)
x=0 y=0
c(i)z{l/ﬁ ,i:OI c(j)z{l/ﬁ ,j:O.
1 ,otherwise 1 ,otherwise

m IDCT
flxy) ¥ %8 IDCT(inverse DCT)#E 3] » 2 ;84

N-1N-1 . .

N N Cx+Diz  Qy+D)jr
C(H)C(j)D(, j)cos cos

S(x,p)= N 2% (HC(HDG, j) N oN

(1.4)

i858 5 (14) R B frg) i & 4o b 1287 8 3] 3 6 (r)

R R o >

1 1 1 N-1N-1 N-1N-
D(0,0) = ———— Z f(x, y)cosOcosO— ZZ (x, )
2N V242 =0 720 ¥=0 =0
P RN=8 5 B
1 77
DO0) =223 /(x.3)
x=0 y=0
m AC (Alternative Current ~ 2 jit ig)
20 023 12 5 7 9 1230 -521 10236 | 52 -23/-147 -46 -57
22 03 16 5 % 1211 13 -204 06 -14 9 22 80 29 25
29 32 16 11 70 30 20 20 -1 38 9 -63-54 0 31 24
100 142 3 45 44 200 50 12 -47 |-25/32 68 73 0 -76-29
103 120 33 41 200 50 1 70 108 21 |-2 100 -32 -1 96 37
120 210 22 123 23 70 &0 160 -55 -15-25 -1 -36 1 -51-83
12 222 24 126 9 20 & 60 68 -2 3 0 1 -1 53 1
212 151 143 16 149 1I1 61 90 -69 0 -88 -45 55 -46 -49 91
B1.62.1 8x8e R FAMl % 2 H Akf e F11.6.2.2 DCT{s el %
52
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D(0, 0)>10005F » Ju 884 [ B lf 5 @ FAR 1§ ?
F2RORFFELZO @ 20 PRFFE L2550 & 4v

D(0, 0)= 822 f(x ) > 1000

xOyO

O B ARS8 FFR T i A - BT 2 T R
zﬁ’ﬁ%p#%ai’%JMOMmuﬂvﬁié
A 63 1% 5 o

‘1‘3\“\
et ‘7“‘

B1.6.2.3 5 DCT e sk g2 [o€]
A A KR 2 SN W
§ e AR I AR £
4 - B R hEcA R o $DCE
W] PFrACE I~ » 7 it - 2

Wﬂ‘ W 2R rn-fEefE o

H1.62.3
DCTH % & e
2= % LW

53
B
4o piE IR 45 P E ol T ot ?
B 45 T g 0 4e™ #og
[SI)
A
S
i # -f T 325472 (Horizontal Projection)
A E F IR a(a, b)fre(c, ) ® F 5 A FRF
g ¥ (Peak) > =8 @ 3 0 7 & 1235 (a,
)% & BRi%# i > @ (e, )" B 59T 1
B BRiea BN B e RS g
54
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= JEE
17 R ERE
1.7.1 B4 sl & > E i

% - ¥ ¥ & ¥ (Periodic Function) g(6), 0<0<2z° E4IE R
Lenfe iz £ #g(0)* 3 & 24 (Orthogonality ) 1% I & &
(Basis) k%7 o iz 1 2 1A K 5 cos@ ~cos26

Cos30 ~...~sinf ~sin2@ ~sin30 > 0<9<2r °

| N
cosm@cosnf = % [cos(m +n)6 + cos(m — n)H]

va

F m#ENEF cosmOcosnfdd =0

X
m=n#0pF > Lz”cosmecosnﬁdﬁzﬂ'
"-02”

m=n=0pF > cosmBcosndl =2r

55

4 EEARSE  g(O)F A7
g(6)= %+ 3 [a, cosk@+b, sin k6] (1.5)
k=1
i 27 ma, ,m#0
[ g(0)cosmed6 =
0 may,m=10
_\51:1",5"_]4
1 27
a,=—[" g(0)cosm@dd,m=0,1,2,...
71' 0
T
j:” 2(0)sinm@dé = b, (m = 0)
v ia®

b =L [ g@)sinmaio,m=123...
T 0

56
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* A
Fol (-agzErigdtrz)
t g(0)=0-n<0<x

1 ¢z 2(0)
> akz—J. Gcoskbdd =0 {»
T T
1 7 . 2 7 —COSk9 Il Il Il | | |
bkz; _ﬁ@smk&i@z;jo od( X ) 37 27 - <~> T 271 31
-
2 coskr = z(—l)"+1
k k ML.7.1.1 g(@)
> g(@):zg(—l)k”sinkﬁ £(0)
k:()k +3
. 1 . 1 . 1. 1
=2[sinf ——sin 20 +—sin 360 ——sin46 +...] 2
2 3 4 1
-> Sl =2sind FB Y - I3F -;‘l _ﬁ _i!/; r,/}] ; '; 6
| 7 +-1
S2=2[sin6’—%sin29] FPew 2 3f 1, _—
W i S3
. 1 . 1.
S, =2[sinf ——sin20+—sin30] r Bz E ‘ T
2 3 BI.7.1.2 g(@)inz @it
112 ) 57
= JEE
= FFT
£ Wi =e %1k & 49 (Primitive Root)? % B W) =1« %
N=8pF » E | E &L 5 1 1 1 1 1 1 1 1
L wt owrowrowt owowt ow’
L wrowrt owe 1wt owt owe
L wowe owtowtowowrow?
Fy = 4 4 4 4
rLwto1rowt 1o w1 w
L wowrowlowtowt owt ow?
L ws owt owr 1wt owt ow?
L wows ows owt owowr !
FFT¥ & O(NlogN)PFREF R 2= > F A ¥ A 2 iy L3nfod 230,
AW FoT o X, X,
X3 XZ
_0: XS Ye: X4

Xy Xy 58




!?\ ﬁ:FN/zXe ’fr’ 17:FN/Z)—(a O‘T'J%;E‘::h'ﬁj u ’fr’ v ¥

; N
u, +Wyv,, 0Si<5
Yi=
i X N
Uy +WVinsas ESZ.<N (1.5.1)
3 0<i<N/2 vi= DWIX,
0<j<N
s P
= %:WAZX]. + W,({Xj
0<j<N 0<j<N
= z ngkink + z W/\’./(ZkJrl)szn
0<k<N/2 0<k<N/2
= Z W]\lik/ZXZk + W]\IJ Z W]\IIk/ZXZkH
0<k<N/2 0<k<N/2
=u,+ Wlévl.
%f N/2<i<N Vi = ZWI:./k/zsz"'W}\i/ Zchk/ZX2k+l
0<k<N /2 0<k<N /2
= Z W]\(/i;ZN/Z)kXZk + Wiil Z Wlili;ZN/Z)kXZk+l
0<k<N /2 0<k<N /2
=y T WVinn 59
" JE
‘f'] * *E]’:‘ RIEZEP T(N)=2T(N/2)+0O(N)=O0(Nlog N9y
© 5 T(N)=2T(N/2)+O(N) > ¥ 3 i¥
T(N)=2T(N/2)+O(N)
<2T(N/2)+CN
<2’T(N/4)+CN +CN
<2*T(N/2¥)+CN +..+ CN +CN
=2"T(N/2"Y+ A +..+1+1)CN
= %T(2)+(logN—1)CN
=%+CN10gN—CN
=0O(NlogN)
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" JEE
m /4 B 14 (Separability)
- MePFT o Bk - Rt (o) i E S flxy) 0 RIFTZ& &

N-1N-1 _jax (ux+vy)

27 I
F = , v 1.7
() = NxNxZ;Of(x »e (1.7)
IFT(Inverse FT) % = ;% £ &
N-1N-1 [(ux+vv)]
f(x,y)=*ZZF(u Ve’ (1.8)
N u=0 v=0
£ 3 (1.7.1.4)7 e g & T 7| A 0
N-1 —j2mux N—| —j2muy
Fuv)=— Ze Y Zf(x e ¥
1 N-1 —j2mx
= N;F(x,v)e N (1.9)

7

FF(L7.1.5)¢ Flx,v)™ 5 = L $ydhie FFTL $xfhie (7FT o
(1.1.7.1.5)5% &g 51 e & FTeén4 B[4 (Separability) o

61

BAr2 7 8 4o FT18 enld % K B-(0rigin)# 3 ¢ 2 (Center) » 3%+4r
GE & UAANY

ANS = g sk b e 0 R ST R T A

N-1 N-1 7/_2”[7(ux+vy):|
S5 feo e
2] st ) ( x+%y) i” (ux+vy)
:N e //r(xtv) - ”|: } R N - ”[ N }
ZOZf(x ye Zozof(x ne” e
x= y: X )y
N {(u’;m(v;v)y
a2 2"
N-IN-1 v N N
= X, y)e =Fu-—,v——
=X /) @530 (110

N N
d fix, y)(— "V enFT % »¢ F(u—?,v—z) » TR are BFTes % 1
BREF TP L o 38 (1.10) B¢ 7 FTen-T 4 4 (Translation) °
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"
m 2z~ 4 (Scaling)
FHf(ny) R - B REC R CXf(x y) &FTie® 548

V4

bl CF(ul,v) ,i:E,@]“}?fTﬁ;)F%;;—\ ]"J»?}’T ax=z ° B x .
o dr=—d: . g5 f(ax) fr*F( ) 5 414 e ¥ (Fourier
Pair ) » & 7 i #cc + £ (Reciprocal-Scaling)

J(x) Fu)

1

: >
-1/2 1/2 * 4r \-27w 21 | 4m “
Six) Fu)
109 Flw
! |
€«>
-1/4 1/4 * -4 An !
A2x) 12f(ul2) 63
* JEE
m % ff €32 (Convolution Theorem)
% 3 i flx) e g(x) i ff TE &
N-1
f(x)xg(x)=2 f(m)g(x—m)
4\ m=0
1 N-1
z(x) = I > f(m)g(x —m)
1l ”'“r”ﬁ z(x) EFTi®* {518
1 N-1 e 1 N-1 N-1 .
= (W =— Z D> f(m)g(x —mW
Nx:O N =0 m=0
1 —1
*Zf(M)*Zg(x mw*
Nsz x=0
1 N-1 . — .
— Zf(m)W " — 2g<x)W
N x=0
= F(u)G(u) 64
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'__
1.7.2 & 8 fooc iy

m P~k & fe(Sampling Interval) Ax
& R B Ax < v et 4 3§ d R o (Aliasing) o

4
Flu) Plu)
u ‘ ‘ u
-Wu Wu -1/Ax 1/Ax
BSE S B S0 i
F(u)*P(u)
T(u)
]
3Wu - Wu Wu 3Wu " -Wu Wu "
RuiePu)ie o 338 3 wTCDK R T @R os

* NS
BAP kg - BFTHT T8 % o - FijdeBl 172147 >
SFTE* 13> 2 & {1 a7 > H1.7.2.2 -

®1.7.2.1 iis?l ~ gl g 17228 41 47 3% B

66
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