. . . kon
Histogram Equalization , = 7 P, = — Euler’s Formula ..
& a Se=Tlr) = Z ) Eo p X1 e? = cos(0) * jsin(6)
o0 =1 fg(x) e\aluated atx=T""(y) sinc(x):M Inverse Formula Bicubic Interpolation
TX
sin(@) = L (e’ —e™)
Bilinear Interpolation 2

I(x,y) =ax+ by +cxy +d

S = x+D=f'()=fx+D+f(x-D-2/(x)

|
cos(8) = - (L"H - L’_W)

33
I(x,y)= Zz%xiyj

i=0 j=0

f,(x):f(x-'_l)_f(x) t2 0 17£_] rto 0 i % j
di(1)i(t) = o . i O; ) = ! . -
ftl )())J() {)\j- i=j ./’] (t)o;(t) {’\j‘ i = j
V.,
vv)=x(mv)+x,(v,v)+..+x,(vv)+..+x,(v,V,) x, =—F Lt N-1
V[.Vl. ap = — / (Jl"”r[.,')(]{_ r(t) = x(t) = Z H,t'l,(.“.
Ak Jy =0
Forward Transformation Exponential Kernel
M-1N-1 —j2x (wﬂy)
FOup) =23 T v)s(x,yu,v) x=01...M -1, y=0L..N=1| r(x,y,u,v)=e
u=0 v=0
Trigonometric Fourier Series 7/ - ao+za cos(ZZ )+Zb 2z
Inverse Transformation
M-IN-1
T(u,v) = X, )6y, v)  u=01.,M~1, v=01,..N -1 I 27nt 27nt
(u,v) Z;;f( P y.uv) u :;er(t)c )t =_I f@ysin(=Z)dr
Exponential Fourier Series = A, -
f)=73 ce 7T j=-1 i
. Delta Function S(x) = hmi]ea *la) 5 —wasa—>0 ifx=0
= = =
T 2mn ’ ; b a—>0 —>0asa—>0 ifx#0
=—/ flt)e " d! forn=0,+1,+2,... c”=?7j§ 0o )
2 . =c _f §(x)dx =1 Y 8(x)=1 S50 = 1 ifx=0
” 0 ifx#0
i <7 —F(uIP n OC - ] ) )
Fourier Transform F(tn=Fay= | fe?> s P{u)=[F(u)| / (O8Ot = () z F(x)8(x) = f(0)
F_I(F(ar)]=f(.\')= J;F(.'r)e"':”’"(fr.' | I(w) o
—o c’)(F(H)) =tan (EE—')') o ©0
F(u) = R(u) + jI(u) t;f Fx)8(x = x) = f(xy) j S(x)0(x = xp)dx = f(x0)
F(u) = |F(u)|e’*™ ' o

F()| =~ R (1) + I (1)

2D Fourier Transform

Spatial/frequency shifts (translation)

then

J(x) > F(u),

() f(x=x) e ™ Fu)  S(x—x,) <> e /™

() f(x)e””™ <> F(u-u,) e

J2muyx

F(f(\ )= F(i,v) = J. j. f(»\‘-,“]0?:“”"“‘](1'.\':'.7"\‘

—e0 —co

i F_l(F(.'n )= flx )= J j F(u, V)2 gy dy

—00 —0a

DFT Properties: Translation

l‘”(”‘oﬂ‘c

)

& SW—uy) || S50y -30) =——s Fluv)e

2D Discrete Fourier Transform

1 M=1N-1 P
Fu,v)=—— ¥ ¥ flx,y)e"M'¥
MN 2o =0
w=0,12, .M ~1y=0,12,...N—1

F(u,v) = F(uAu,vAv)

M-1 N-1 b

fx.v)= 3% ZF(H\)Q: MmN,

u=0 v=0

x=0,1,2,..,M-1,y=0,1,2,...,
S(x,y) = f(xAx, yAy)

N-1

f(,\‘.)')eﬂ’“”ﬂ‘% ) s (11 — U,V — V)

S ¥)(=1)" - F(11 — N/2. v — N/2)

2D DFT using 1D DFT

o M N »n

Rl 2)‘(\1)9 20

DFT Properties: Add/Multi
Frx.y)+gx. )=F £ 0+ Fgx. 1))
Frfee g #F G0 [glx. )]

DFT Prop.: Avg Val
flx. )= %F{o, 0)

Discrete Fouriejzlransform Au :NL Fast Fourier Transform: W, = (;T F(u)= % '\i‘ FomE
Flu)=— Zf(x)e Vo, u=0,1,2,.,N-1 - o
| F(u)= é[Fm”(n) + Fog)W5 L u=0.1.....M-1 ‘
S(x)= f(xAx), x=0,1,2,..,.N -1 "
v o | F(t) = = [Foven(tt) = Foag@)Wiy lu=MM+1.....2M -1 |
f)=Y Fe ¥ , x=0,12,.,N-1

u=0

Fu)=FuAu), u=0,1,2,...,N -1

DFT Properties: Scale
af(x,y) -

aF(u.v)




Convolution Nyquist optimum
© sampling step
S(x) * glx) = J fla)g(x —a)da 1
2W

Odd symmetry

h(x,y) = -h(N-x, M-y) | | Rp=1- o

FT of sin and cos functions L =

avg

0-1
Zl(rk)P(rk)

L. .
F(co.s(bruo.\')):; [6(et —1tg) + (1t + 115)]

F(sin(2ru,x) = 2i [O(u—u,)—o(u+u,)]
J

2D ILPF
1 if D(u,v)<D,

0 otherwise

H(u,v) ={

where D(u,v) =/(u—N/2)* +(v—N/2)’

H,p(u,v)=1-H, ,(u,v)

hHP(xay) - 5(x9y)_hLP(x9y)

2D Butterworth LPF 1
H(u,v)= >
1+[D(u,v)/ D,]™

where D(u,v) =\[(u—N/2)* +(v— N /2)*

2D Gaussian LPF By letting D, = o

— 2 2
H(I/l V) = e—[D(u’V)]z/ZU2 H (U,V) = ef[D(“"’)] /2D,
)

where D(u,v) = u’ +v’

or D(u,v) =+/(u—N/2)* +(v—N/2)’

Difference of Gaussians filter
H(u) — Ae-u2/2612 _Be-uz/ZO'z2

where 4 > B and o, 2 o,

h(x) = \/%oqu_z”zg‘zxz — \/EazBe_z”z%zxz

High-Frequency-Emphasis filter
G(u,v)=[k, +k,H,,(u,v)]F(u,v)

H(u,v) =y, =y —e P00 ] 4,

fx,y)= I J. f(a,b)s(x —a,y—b) da db

Band-reject filters Notch-reject filters
Ideal Butterworth Gaussian H(u v) _ {O l]le (u’ V) < DO or D2 (u’ v) < DO
W W Huw) - —— B ’ otherwise
H(u.v) = {” =5 =D=h+5 ) | ’[ DW j| H(uv) =1 elow]
1 otherwise D — D«%
D (u,v)= \/(u—g—uo)z +(v—%—vo)2
Mean Square Error (MSE " 1 N N
1 ( ) fx,y)=— Z g(s,1) D,(u,v) =, [(u——+u,)* +(v——=+v,)’
1 MANz . 2 n (s0)es,, 2 2
MSE=—— x,y)— f(x,
T 22 /=T )] 1

A

f(x,y):{ H g(sjt)}mn Wiener filter

Signal to Noise Ratio (SNR) (8.8, ) | H )
M-1N-1 Fu,v) = 7 > G(u,v)
A ) (w,v) |H@,v)["+S,w,v)/S, (u,v)
Z Zf(x’y) 0+1
SNR = 2 [g(s0] i 2
L Sb N . > Fooyy=e ]S, @)= Nwy)| S, (u,v) = F(u,v)|
X 21 () =f )] - S (g0l
T (5.0)eS,,
CLS filter ‘ {n] —I| n]]
plz,y) =
L Entropy = | 0 -1 0
H(M,V) — J‘eijH(uxo(t)wyo(t))dt I Fluv) — | h.: (u,v) | .,} Glu.v)
Ak ‘ / [H (uw,v)|? + ~|P(u, v)|? ‘
0 - i
Il o) 2 *
H(u,v) = Lsm(ﬂ'(ua +vb))e /F?) I~ 5 | H(u,v)|"=H(u,v)H (u,v)
m(ua +vb) s 2
[ =
uy =




