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RIS A A LI 2 e L i SRR Sy AR R I O3 A B D O AT

BB B A8 #e (discrete Fourier transform, DET) 4 iR i 2 B 8UE 5 19— 4 i 38 5 —
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M—1 N—
Yy
Flu.v) = ;Vz;)f(x,y)exp —]2K<M+N>:]

MN
(u=0,1,M—1; v=0,1,--,N—1) 5. D

M—1 N—1
f(x,y)—vz ZF(u,v)exp _]27[( Jr'vy”

u=0 v=0 M N
(x =0,1,+,M —1; y=0,1,-,N — 1) (5.2)
Horp 505, D Bk IR AR e, 50 (5. 2) Sl Bk iz Gt A8 $k
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TEEG AL B A IS 73 B J7 L IO M = N 53R 4R B AR 4 0 5 e
S

] NNl 9 (2
F(u,v) :vz Zf(x,y)exlo {fM}

£=0 y=0 N
(M?'U:O’la"'u]\[*1> (5.3)
1NNl - )
f(x,y):fz EF(u,v)exp [w}
N= .= N
(x,y=0,1,,N—1 (5.4)

Hrpexpl —j2n(au+yv) /N PEIEA#A  explj2n(ur +vy) /N &R EE .,
T RO R A 8 ) SRR A R S
| F(usv) |[=7/R (uyv) + 17 (usv) (5.5)
¢ (u,v) =arctan[ I (u,0)/R (usv) ] (5.6)
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5.1.2 “HERHEEHTHROEEER

T A B o R g M T R R L T B M S R L T L e e AR
25 [B] AL B 2 ) 080 236 1 S B 1 e A 1k ROBE AR 4 bk B BRI A L T TN A 2 LR L
HAEAR A 094G K N v .

4 B e Bt s AR e (5L O T H T v o 945 0,1, . N—1 [ N ~Al g
WUE L BT f Coay) BN SB35 d 4B BT DA AN 00 3 o0 i 4 5 — A%%E’Jw,v)ﬁ*ﬁ
X s BT FRANEE R Cu s o) HR UL 2 (2 y) BUR T Al BERYE (2 =0,1, -, N —
y=0,1, N —1)BF, 5 0] 75 2060 F 1285 5 19 G o) B — A8 3 22 5508 [

exp [j2n<0u]—\]0—0v)} exp [jZﬁ(OuJ—\tlU” exp [jzn<0u+(zfl)v”

exp |:j27[( lu ;\;%” exp [jZn(lu;\;h}” exp [jZﬁ(ilu i (]]\\]77 l)v”
_exp {jZﬁ((N_-}\/)u JrOv” exp EZK((N_-%\)IMJF}U” exp [jzn((]\]—l)‘u;jr(N—l)v)}_
(5.7

SRR F AR (o) (H AR RECERE LA N2 A BENYS (o) Bk,
2. " gy e
(5. 3 M5 4) By Ak B o0 B AR g m] 5 o iy o s X

N—1 N o o
Fluwo) =— E(Ef(;c,wexp[ j yvb Xp[%}

1 0 y=0
(us,v=0,1,--,N—1) (5.8)
1A /A j2mvy J27ux
f(x,y)NIZO(ZZ;)F(u,v)exp[ N })exp[ N }
(1',3/:0,1, -, N—1 (5.9)
IR B 2RI BT L n] LU S0 HT P U0 — 4 S R L AR Ok S — A T4

A AR e, IS5, 8) Bl wT ey y D7 ] AT — 4R A9 (B 2R e TSR 15

1 2oy
Flzx,v) =—— f(:r,y)exp[i}
i N

('U:Oslvu'yNil) (5. 10)
RIG X F (2 o) W o 5 M iEAT —4ER Cip) A8 4 i 1% 3] 5 ) 45
1 5 j2rux
Flu,v) =—— F(rav)exp[ }
N 120 N
(uv’l}:o’l""sN_l) (5.11)
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— g P A% B K S (B AT R
1 N—1 N—1 '
FJZO }:Of(fvy) (5.
IR wu=v=0LAKX (5. 3), 0115
N—1 N—1
F(0.0) = Z Zf(x,w .
BT LA, — e AR 1 K ﬁ%ﬁﬁﬁm%ﬁﬁiwﬁﬁTE5LMﬁkﬁ,
f ::ﬁjF(0,0) (5.
X MXN B ER f vy B2 B0 B AR 35 i — i e R (5. 1) k(6.
P15 1 K 2 S 4B S 28
f F(0,0) (5.
MN
4. JEMIYE

XHF MXN WEMG £y B2 2R L AR 4 X (1) — i e R (5. 1) At (6.

F (u o) By R E R

Flu,v) =F(u~+mM,v+nN) (n,n=0,+1,+2,) (5.
JEHEXTFRTE
Lz_f(l o) A SRRV, DU LA L AR 0 F (e yo) B SR B FRE L ROR
Flus,v) =F(—u,—v) (5.
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X M XN BEAG sy B2 B 5O Bk A28 3 19 — i (5. 1) el (5.

BT & 7R BRI A L 5 46 1 o o7 1 o DU o L ks 4 14 57 B AT 3RO Ty

i Ugd VY
f(x,y)exp ]271( Vi + N ) SFu—uysv—v) (5.
o (xTou  yov
F(uw)exp{]Zﬂ(M + N )}ﬁf{xlo,yyo) (5.
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B f oy f— MR/ MOCN 14 PR KR 8 T o B v A i Y SR B 1 28 35, 16) A7

|F(u,v)|=|F(u+M,v+ N) | (5.

FRAR IS (5. 21) FIE #0028 e i L 58 X FR MR 2 20 (5. 18) mt T 45
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T LAEL 5.3 Sy Z B 20 U B R A A0 B AR S O T (M2, N/ 2) X RRPE .
WX G. 22 W F u=0F

M u=0.v=0 H}, ‘F(0,0) ‘ =|F(M,N)|;
Mou=00=1M0,|FO,D|=[F(IM,N—D];
Moyu=00=2H,|FQ0,2)|=|F(M,N—2)|;

M ou=0.,0=N/2,|FO,N/2)|=|F(M,N/2)|,

[P, % F v=0FH

M u=0,v=0HmH,|F,0|=|FM,N)|;
Moy=10=0K,|F1,0|=[F(M—1,N)|;

M oyu=2.0=0M,|F2,0|=|F(M—2,N)|;

M u=M/2,0=00,[F(M/2,0)|=|F(M/2,N)|,

DL B3R, anl&l 5.3 TR A B A gE  A KR D KOG FARBR (M /2, N /2) X FR .

e, v € [0, M/21H vE [0, N/2]0, & a0 "
(M—u)E€[M/2,MIFI(N—u)E[N/2,NT; £ = ~®

Buce[M/2, MM vE[0,N/2]0f, BM—u) €0, M2 _&_ @gzi.-\-_;fz_)__ LN
M/2]FI(N—w)E[N/2.N]. e | p

BIE B A A KR D K 36 T AR BR (M /2, N /2) %t M e
FRs 8B B X R C X6 T A bR (M /2, N /2) % AN, )

i

& 5.3 A B AR E s

Fr. B 5. 1(b) A 5. 2(b) BRI JF S AL A5z F (0, 0) [
HLIH 5 56 T (M /2, N /2) X3 FR B A4S 1

2. B AR RS B (M /2, N /2) N 6 18 L 03 %

H T R A AR AT o0 it e 4 o AR A PR A 4 AN FR T A9 XS AR A /0N T DL ) 1 4%
BT R T A AT o AR I R L I AR %) A S S RS L AR 5. 4 (o) B 2 4 L 0
B B AN 0L, 0 SFEF B (M /2N /2) I, LA(M /2, N /2) g 5 S BUOR /N M XN B IXJH]
ST A5 B — AR o 57 T e i USRS I R 5. 4D B,

Fic HECHT 1] O T MG B I A3 G T (M/2, N/ 2) XS R PR 0 4 T 4538 R An &1 5. 3 B
AN HH S A A XHT D X6 TARKR (M /2, N /2) % FR s B4R B X C XK XET
AR (M /2, N /2) % FR . FEFE 5. 1(h) [ J 5 78 (0, 0) [ 8 BL B30 % - A B L (M /2. N /2)
P WA SR 5. 1 (h) $% 55 Cheight) A1 58 (width) 721 20 U B, SR 5 0 242 | fA i — B %
FIATAME A AN R EANE; FBEEA EAR—RBR LT A0E. L
L F AR —RA R EAAE TSR WA 5. 5Ca) B R 1Y RS AE (M /2, N /2) 1yl 5L o
A . B, R 5. 2 (b)) H R ASCAE (0, 0) B A BE I % T A3 A 1] 5. 5 (b TR 1L RS A
(M /2, N /2) {8 B 553

AR 5. 5C) ML 5. 5Ch) [ O 1 48 M I T R AR R0 43 28 14 A R L AN Y
B T WAL R L T LR AT Ak AR 0 Dk B AE (PRI 5.3 TS 4 1)
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(MI2,NI2)
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() JE M B S A vt (d) ARl i R B (M2 N2 T s S
B 5.4 HARARIESSER R (M/2,N/2) 5 B B350 35% B AE 2 87 s 72 &
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R T 08 L o 8 0 0 2 i) 37 ] 2 6 380 01 4 duk o ol i) 45 81 32 59T 55 B AR o ik o3 A S
0 ) VL O 3 TR0 AT LM P05 311 Pl 0 Ak B 7 ik ) R BEL I i i A AR B LR AR T
LR JLA.
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(2) th T AE I3 18] 2 7 B30 P 18 v A 2 B ik v AR AR B AIE B e 19 2
PG Y- 0 035 BEAE AN Wt B 00335 P A vhoCe 6 B8, 08 107 245 [ 4 5 v 728 Al b ofe e e 4 240
TGk AE R B DI R AR A A MR R A R B 0 T I o T LA A A AR e B DR Y R
SO L S S R 5 RIVHE SO s (] rboxfE T A B i Ak PR R L AR 2 A [ L AR AR
R B S A B



g8 mEHmEgeE o0
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5.1.4 BHEEMHTHAIZI

1. bk s e B 2 46 5 IR LR

TERCF UG AL B b 2 M OXON RS i M ORI N 85 i 12 ) T 5 01 B o s e 1y
& CRGHEAT T A T i AR R R AR T AR S PR R R O S B PR B O AR e B
T B A (A5 B A e B P S bR i R AL B AT RE . E H AT SR T S
R 118 e R R L A 0 R L g S ) i B -2 — A PR A0 B A e Bk
FIF ) 2 014 -4 — 24 PR o 0 A8 L AR 0 SR A L P T M A B S I B UR A EEOR [
BT o T L 3 e o S — A A X T A R A A B R 43 0 o 4 £ RN 4 A ST — 4
SRRSO . TR R TR AR A S TR G R S B Y ) B Y -2 — A P
B O B AR 5 R T A OSBRI T S 0 5% SCRR(9 .

2. AT VR T o A Y Ji ik

W f(x, )0 NXN W55 5], BB £ (2, ) BER N XN HEHZRE
ES IS

N—1 N—1

me»:%EJEM«uwwgwy (usv=0,1,-,N—1) (5.23)
x=0 y=0
R EGAS 2 50 B 1) — 4 B L A8 5 (2D-DFT) , Hsi A5 e (2D-IDFT)
N—1 N—1
ﬂLMZ%EJEHMMWWWW (2+y=0s1,,N—1) (5.24)
u=0 v=0

Horh Wy = BN Wy =N e ey B . F (u o) R R S
MR8 — 2 B i AR e g AT 4 B L IR AR e AN (5. 23) AT LS G

N—1 I

N N—1
F(u,v)::%fEJ [0/ W WY (uw=0,1,,N—1 (5.25)

x=0 y=0

(5. 25) YRR IE BRI L X T 2 25 50 Ae L I A8 4, AT S X R AGUIR 3R 66 [ 1Y 45 90 4 )
HEAT B 8 L AR e R RR 5 A8 46 ) SR e 00 A8 4 45 R 1) 4% A 0 ) AT AT L AR e (R FR AT
ARG ) A A T LA P — 2 P A A R R AT T M R s e, O
AR et AN E 5. 6 FTaR .

N-1 N-1 N-1
(0,0) (0.0) (0.0)
Sx) > Flxw) — Fluv)
#5124l BT
N-1 N-1 N-1
J

Pel 5.6 7RI P — 2l PR o g A0 L A Bk R AT O T 4 A L A
T RACRR Y AT B AR S 4 2R AT e L SRR A R AT AT AR A gt el 1 57 R 48

FEIF B FHEAT B 5 B 45 R BEAT — UG B R0 AR e 2 2R 4 1 R 4 ) 3 A TR A
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S N
f(x.y) > DFTy[ f(x.y)]=F(x.v) —> F ' (v,2) > DFT4[F' (v.x)]

:F'r(v,u)ﬁF(u,v)
HA DFETL f () JRARX f (s y) A B IE AR e,
5.7 B — A B AR e ) Ho L 5. 7 Ch) xR 5. 7 Ca) B R B A7 8 B IR
A5 Jf T A5 A A 81 5. 7 (o) S b A 74 L v i A8 46 P 52 1) TR . 0 o3 R e A A 3L 5 R
Xof TE A5 46 AR A5 0 A0 335 1547 3E — 25 A B, G0 S DR I R MR | R O U D (R B D AF L AR S
P Ab B A R R AT S A 4, AR A Ak B Y 3 ]k B

(a) UK =% (b) {4 IS (c) RAHEE IR
Bl 5.7 g L 46 ] 4

5.2 MFEFEGAEBHERINE

HT 5.1 779 AR, Al R 0 R AR A T AR I S Y 2 A S R 2 1]
FR9 5 28 T DA T 0 2 7 4 i) Ja v 3 3R SR R T 5 IR L R 2 O N DR T B S B BT R AL B 1)
R T LS 3 e 0 PRI A5 AT A L o s A S PR A e 8 A L SRS R G Y A 0 R Je
PG Ak 20 T5 50 PRLAR R A7 AR B, Ak B 58 IS P48 8 AR J5 (0] 2 (] S, AT gk R A 28 7 25 [ 3l A
6 T fifp ke 1 1] 5 Ak 2 ) A

5.2.1 EAIUEME

b AR LR (0 M T o T o [RTE S O B B 350 1 40 o v T TR A 1 S 1 0 JEE 4%
214 AR L A 194 JE R AE X PRAR 014 4  A A A i 0 — W PR A o A S LAY IX
S5 MR A R A 0 A L K 7 PR A Ak e SR b 1 R B L AT R B T
— U PR P AR ) i 2 IR BEE 90 5 2 A A CHI MR 75 ) 3 40 1 TR IR 4 o 91 3R ok ] 45 1 T 2
AL B 3 e o P 0 e L AR S AU 0 e O T s A R D) SR U s
g T T X PRI 7 R FEL P T 7 3 U I T v A A R ) 2t RS v 54
2 F0 5 Bk SR R I B

B F o) MXN R Guao) l fCosy) BB S5 AE (0, 0) B8 BLIF S5 38, F Cu b o)
HIE AP RSB (M /2N /2) (R 35T« H o) 6 2 0 80 CLL B A B R 80 G ()

Syt F Cu o) SEFT I3 008 S B0 45 R0 G o) SR TR S B 11 €04 0) G 16 FEE o 303
g (o y) W AR B I 1) i o T A5 AT
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Gusv) =Fuso)H (usv) (5.26)
G (us o) FRBIFE A 0,018 G (u,0), WEH
g(l‘,y)ZFﬁll:G(u,v)] (5.27)

1E0 (5. 26)H , H A1 E (M s S — 4 R BGZ T Z AT, B H 1955 1 A e 2R LU
FIs 1A TE H WE 2 e ERLLF I 2 A0, LU HE, BE 8 I 19 18114 7T L
G Cu o) A BT AR e (F D) 25 A3 5], Sl 3 15 00 F 56 R B0 52 R B, 9T L L 4 L
RAS I R 0,

25 IR AR R R A B 5 TR AR

(1) STHEUR £ oy) SEAT 7 2 0 5L 0k 25 46, 75 3] JBL A5 76 (0, 0) B8 B I 3038 F (v s

(2) B EAE 0, 0) S B S0 F Cu o) 752 2055 A58 B2 40 i 00 Be L 3l 5 42 | ffg B b5
4T A X RR R A S AR A e X AR OE L 75 B R A
(M/2,N/2) W B4R F (o),

(3) PEAT A 2R R U O o B P AR OB A B H (v R LA JEE 5 7 (M /2, N /2D By 4 L i
P i F(u ,0) R (5. 26) A G(u L)

) H G o) B SR (0,00, 11 G (u o),

(5) XF G Qu o) FEATA R A B F LG (w0 ] 3RO 50 25 B 92388 L 7] 15
3 Ao A B S Y R g (v s

DA I3 T R AR R R 5. 8,

0 L T A i L 5
fixy) O HiTALEE ) 'fif{f; |:|> ﬁ}{“iy;& :|> 5 A5k ) LB ) e(xy)
EIPNEILE Ru,v) Guw) R EER

[€5.8 Al ] 103 5 45 B

TEPE 5.8 Hh i AL B A Ak B AT RE B0 A5 H A 145 1) S 42 3 1 A A S 8 (LA AT 1R
A EIE B ARG VIR BE DR RE A [ R BOR BE R e L i ) 8 R R A X
DRSS

5.2.2 EHEBEHFHIZIT

RBEVREG £ ooy BB B AR F Cuyo) o B9 58 358 PR 45 4k 3508 2 10 5 20 0 0B i 2
PREL H Cu s o)X F (o) BYBIRE B 53 04T IR 58 CLEAVR ST 88 o8, o v A0 e 0 5 L v 00 3 ot e R 03
T s SRS L BRJE 4 H I S AR A5 B 2 (R sk R e 1 ik R R s R D (MR g (aay)
PRI 0 23 ] 5 Ak B £ S B2 B Al D B B R B H (wv0)

KT B sRE B T 5 1 s — 2 5 A6 WL JER B 1 36— > BHAEUAY D I A A R L AR )5
A (1) 08 T S 00 R S A TE K S AT J R R T S S B A R A s R A R R o RN R A
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f(xoy)*h(x,y) = ! ZM: if(m,n)h(x*m,y*n) (5.28)
MN = ;=
HA L FCu,v)F H )38 (o) Az, y) BE R MAR i,
AR A5 AR L I 2 45 )
flx,y) *h(x,y)SF(u,v)H (u,v) (5.29)
Flu,v)* Hu,v)Sf(x.y)h(x.y) (5.30)

BV i) Jo8 ) o AR A5 3 S BT A g A 3R, A0 3 i) o BT 2 [ Sl T A Dl AR 3R s AT I R DURE
W0 3R S ) D I A PR RS 8 B s [ RS A S 1] O R A T g s B

— SR A SR A g D g R CRIVIE D 7 11 DR/ AR (] 3 o 7R A0 A el R AT R
Pt ST R 2 AV A T RO BN I B e

5.3 ETHREEGRERER—MNEREREIRR

VL 5 ) W8 P 01300 25 o IO e L 00§35 £ 5 A0 0 1 o 32 45 R APR38R DR
Fe R R H Guyo) 0T LURHE (5. 26) 15X (5. 27) 52 SR 38 30 , 1 51 bR e A 18 FH i

T3 590 4 PR A R T 908 D0 A L AR R AU MR 3 0 I8 A A e S0 R I = i O A
AT SR ARE & R g S B

5.3.1 BEENKERIKESE

— A FHARL B PR I8 90 A 1) 8 o BUE S
1 D(u,v) <D,

Hu,v) = (5.31)
0 D(u,v)>D,

Hp Dy B— N HETUEE D (uao) I3RS 1R S B 5 (o) IR S
T 2L 205 (8 L A3 ) IR A SE RS B (M /2, N /2D W 35 Gy o) B0 050 F8 S 1 JR 05 (M /2,
N/2)WIEE R

D(usv) =[(u—M/2)* 4+ (v — N/2)*]V* (5.32)

PR A0 38 D8 U AR 1Y S SR G FE AR A D BB B T AR AR D M 3 2 U
% A DL B 2 A1 04 T 3008 58 4 85 2 Dk 45, 0T DL D AR B A, ol 2 d . X (1%
IR A U, 2 HEA I A 2 1 I R R G bk 22 W SRy O BE IR A S B A B A 3R SEER L
AESEAT I PR U B e B (KA 2R LA ED) — N EIESE D, D, ==/3; ¥ & T
/3 BRI LL 0,1k H B BE 1k 5 AR T /3 AUBRILL 1, iR HaH0m . At A%
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