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f(x, y) imaginary
fl—x,—y)real

f(—x, —y) complex

f (x, y) complex

f(x, y) real and even

f(x, y) real and odd

f(x, y) imaginary and even
f(x, y) imaginary and odd
f(x,y) complex and even

f(x,y) complex and odd

I I

F'(u,v) = F(—u, —v)
F'(—u, —v) = —F(u, v)
R(u, v) even; I(u, v) odd
R(u, v) odd; I(u, v) even
F(u, v) complex

F(—u, —v) complex
F'(—u — v) complex
F(u, v) real and even

F(u, v) imaginary and odd
F(u, v) imaginary and even
F(u, v) real and odd

F(u, v) complex and even

F(u, v) complex and odd
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F(u,v) = |F(u, v)|e/®tv)

1/2
|F(u, )| = [R¥(u,v) + I*(u, )]
7] ) "I, v)
d(u, v) = arctan_ RGt, v)

P(u,v) = |F(u,v)]? = R*(u,v) + I*(u,v)
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f(xy)

F'(u,v) = F(—u, —v)

|F(u,v)| = |F(—u, —v)|

(b(”! U) = _QS(_”’ —’U)
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M—1 N-1 |
F)= 3, 3 f(x, y)e et/

x=0 y=0
@ M= N=I]

F0,0) = > 2 f(x,y)

1 MIIUN“IU _
x=0 y=0

e |F(0,0)|
[F(0,0)] = MN|f(x, y)l
e F(0,0) 0
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f, ) (1) F(u —M/2,v— N/2)

—_— (M

()
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f(t.,, Z) — / / F([.L, V)€f27T(HI+IJZ)d‘LL dv

1 M—-1 N-1

f(x._. y) _ E 2 F(H, U)€j27r(u.r/M+uy'/N)
MN u=0 v=0












M—1 N—1

fle, y)*h(x,y) = > 2 f(m,n)h(x —m,y—n)

m=0 n=0

ex=01..,M-1,y=01,..,.N—1

Flx, v)* h(x, y) < F(u, v)H(u, v)

f(x, y)h(x,y) = F(u, v) % H(u, v)



(Y X X
' Y XX
f(x,y)yxh(x,y)= Fu,v)H(u,v) see
(Y )
o
o
— Origin f w rotated 180° 000000010000000O0 (m)
09910000 82321 (1) 52 3020
00010000 (1)
823 21 0OO0O0D00D00TO0OO0O0DO0DO0O0O0O0O (n)
8 2321
Full convolution result
D00D0DO0O0DOTO0O0D00DO00O0O0O (k) 000123280000 (0)
§:12.3 2 1
Cropped convolution result
0000000100000000 () 01232800 P)
8§ 2321
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Fx, ) *h(x, ) = > S f(m, n)h(x—m, y—n)

m=0 n=0
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e f(x,y) AXB
e h(x,y) CXD

O
03] = f(x,y) 0=x=A-1 and 0=y=B-1
pits ¥ 0 AEZX=Fr of =Y S0
ot ¥ = h(x,y) 0=x=C-1 and 0=y=D-1
S 0 C=sx=P 08 D=Ey=Q
® P=A+C-1 O=B+D-1
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M—-1 N-1 |
F(M, ’U) - — Z 2 f(x’ y) e—jz?T(H.r/M+Uy/N)
x=0 y=0
© f(x' y) M X N
®
®
M—1 N-1

F(0,0) = MAf— S S f(x, y) = MNF(x, )

1[1'-,[1



DFT
M—-1 N-1 |
F(u’ ’U) = Z 2 f(x’ y) e—;Zw(u.r/M+yy/N)
x=0 y=0
® f(x' y) M X N
o
o
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F(u,v) =

F(u, v)|e/®)

F(u, v) | qb(u, v)
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g(x, y) = ST [H(u, v)F(u, v)]
o F(u,v) =3lf (x,y)] f(x,y) DFT
e H(u,v)
o H f =g
g
© F(u,v)
fx, V(1) "Yo Fu—M/2,v— N/2)
© H(u,v)




e H(M/2,N/2) = 0
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e f(x,y) AXB
e h(x,y) CXD

O
03] = f(x,y) 0=x=A-1 and 0=y=B-1
pits ¥ 0 AEZX=Fr of =Y S0
ot ¥ = h(x,y) 0=x=C-1 and 0=y=D-1
S 0 C=sx=P 08 D=Ey=Q
® P=A+C-1 O=B+D-1












IR /(. )) * /i(x, y) < Fu, 0)H (u, v)

f(x, y) % h(x,y)
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m=0 n=0













g(x, y) = ST [H(u, v)F(u, v)]
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fy) P 0Q
P=2M Q=2N
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3. (—1)x+y fp (X, y)

4 3 DFT
F(u,v)




| H(u, v) PxQ

G3)
2’2
G(u,v) = Hu,v)F(u,v)
Ip(X,y) =
{real| ™G (u, v)][}(—1)**Y
Ip(X, ) M x N

gx,y)



O (_1)x+y
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g(x, y) = ST [H(u, v)F(u, v)]

g(x,y) = 7 H(u, v)R(u, v) + jH(u, v)I(u, v)]

F(u,v) = R(u,v) + jl(u,v)
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g(x, y) = I [H(u, v)F(u, v)]
= & [H(u,v)]

h(x,y)< H(u,v)
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1 if D(u,v) = D,
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°n Butterworth
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Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "00"
as 1900 rather than the yL_r

Historically, certain computer
programs were written using
only two digits rather than
four to define the applicable
year. Accordingly, the
company's software may
recognize a date using "00"
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1 if D(u, v) > D,
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g(x,y) = f(x,y) + c| V*f(x, y)]

—1
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vzf = =5 _|_ __1
0x- dy”
2 2(,,2 2
V f(f, Z) & —4ar (nu“ + v )F(Ha, .V)

H(u,v) = —47*(u® + v°)

Hu ) =~ P2 + - 0]

|

“47T2D2(u3 ’U)



©
Vof(x, y) = E_I{H(u, v)F(u, v)}
o F(u,v) DFT
©
g(x, y) = f(x,y) + cV*f(x, y)
o c=-1
o f(x,y) 10,1] DFT

o V2f(x,¥) [—-1,1}



g(x,y) = f(x,y) + cV*f(x, y)

= 3 Y[1 - H(u,v)|F(u,v)}

= _i?ﬁ_l{:l + 47*D*(u, ’U)]F(H, 'v)}












gl'['l'dfik(*r‘! }’) = .f(xv .P) o f(l'-.- ,V)
g(x, y) == f(x, }’) + ko gmusk(frﬁ }")

f(x,y)
k=1 k>1
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®
gmask(xﬁ y) - f(xa y) o fLP(xa y)
fie(x,y) = S_I[HLP(M'; v)F (u, U)]
O HLP(u' U)
o F(u,v) DFT
®

g(x,y) = f(x,y) + k*gnak(x, y)
° k=1 k>1



g(x,y) = f(x,y) + k*gnask(x, y)

g(x,y) = Y{[1 + k=[1 = Hip(u, v)]|F(u, v)f

g(x,y) = STY[1 + k* Hyp(u, v)|F(u, v))

Hyp(u,v) = 1— Hyp(u,v)

1 k*HHP(M, U)



g(x,y) = f(x,y) + k*gnask(x, y)

g(x,y) = E‘s‘_l{[l + k=1 — Hyp(u, 'v)]]F(u, 'u)}

g(x,y) = STY[1 + k* Hyp(u, v)|F(u, v) }

HHP(“# Iv) =1~ HLP(”# ’U)

g(x,y) = SY[ki + ko Hup(u, )]F(u,v)} <
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1 H

f(x,y) = i(x, y)r(x, y)
0 <i(x,y) <
< Fa,») <1

NESYI RN UCSINECR))

Z(xa y) = In f(x! y)
= Ini(x,y) + Inr(x,y)



o z(x,y)
fﬁ’{z(x, y)} = fi{ln Filx y)}
= 3{111 i(x, y)} + 3{11‘1 r(x, y)}
Z(u,v) = FE(u,v) + F.(u,v)
. Fi(u,v) = F{lni(x, y)}
o F-(u,v) = &{Inr(x, y)}
o Z(u,v)
S(u,v) = H(u, v)Z(u, v)
= H(u,v)F.(u,v) + H(u, v)E.(u, v)



3 H

o
s(x, ) = IS, v)}

— :’E_I{H(u, v)E (u, v)} + ﬁ_l{H(u, v)E,.(u, 'U)}

i'(x, y) = Y H(u, v)F(u, v) }
r'(x,y) = ST Hu, v)F(u,v)]

s(x,y) =i'(x,y) + r'(x,y)



g(x,y) = e’ = etWYer (%)) = j(x, y)ry(x, y)

i(} (xa y) = ef’(,r,}f) r{} (I, y) — e*'"(fl'.},f)

fx,y) > In DFT H (u, v)

In0
— >|(DFT)"! exp g(x,y)




Z(u,v) = F(u,v) + F.(u,v)

S(u,v) = H(u, v)Z(u, v)
= H(u,v)F,(u,v) + H(u, v)F,(u, v)



o
Z(u,v) = F(u,v) + F.(u,v)
o
S(u,v) = H(u, v)Z(u, v)
= H(u,v)F,(u,v) + H(u, v)F.(u, v)
o Z(u,v)

o Z(u,v)
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notch filters
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%4 %4
0 ¥Dy——=D=Dy+—
H(u, v) = ST "

1 otherwise

\

.DO
o W
e D (uv)

D(u,v) = [(u—P/2* + (v—0Q/2)*|"
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H(u, v) = 2
1 otherwise
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notch filters



Hgp(u,v) = 1 — Hgr(u, v)




notch filters



*  (up, vp) (—uo, —Vp)

9,
Hygr(u, v) = HH;.;(M, v)H i (u, v)
k=1

o Hi(u,v) (Ug, Vi)
o H_j(u,v) (U, —vk)
° (M/2,N/2)
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3 1 |
Hr(1, v) =
NR(U V) Jr!-_[1|:1 + [Dow/ D (u, v)]z”:”:l + [an/Dk(“aU)]z”j|

ch(“, V) = [(If - M/2 - uk)Z + (v — N/2 _ 'U;()z]”z

D—k(“, U) = [(H = M/2 +”k)2 afe ('U— N/2 + Uk)Z]IE

Hyp(u,v) = 1 — Hxr(u, v)
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DFT

-1 N-1

F(lt,’l)) Z E f(x y)e-—ﬁﬁ(u\/MJri\/N)

x=0 y=0

oeu=¢01,--,M-1,v=0,1,---,N—1
o f(x,y) M X N

IDFT
] N-=1

j2m(ux/M+vy/N)
Fry) = 7S S P v)e

u=0 =0

ex=01--,M—1,y=01-,N—1



DFT

® DFT
M—1 | N—1 |
F(ua 'U) — E e—_;27ru‘r/M 2 f(x, y) e‘ﬁm*_\‘/N
x=0 y=0
M—1

- Z F(X, ?)) p2mux/M
x=0)

N—1
F(.X-, ?.)) ~— Zf(-r, y) e—l'.-"z‘i'a‘!_!};/hf
y=0

* Fx,v) f(x,y) x +1 1 DFT
o F(u,v) F(x,v) 1 DET



DFT IDFT
IDFT

f(.l', y) MN E 2 F(H ,U)ej21r(u1/M+u/N

=0 o=

M—-1N—1

MNf:E:(x’ y) - E 2 F:E:(uj 'U) e—_,fZTT(H.I'/M-I-U_F/N)

u=0 v=0

F*(u,v) DFT
MN
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F(lt,’l)) Z E]c(x y)e-—ﬂw (ux/M+vy/N)

x=0 y=0

oeu=¢01,--,M-1,v=0,1,---,N—1
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