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Mopaenb cuctembl 06paboTkn n3obpaxkeHus. IMCKPETHbIN Cay4an.
OunckpeTtHble Pypbe-npeobpasoBanHme (AMND)

Lna VE(x,y) € 2 ([-M/2,M/2]x[-N/2,N/2]) eizna;;' =cos(27z C:;IXJHsin(Zﬂ alijlxj w, e
+00 oo 27 &X_F&y
Pap dypeoe: f (X, y) = Z Z f (a)x, a)y)e [ Mo J,
gm0 3y = WWWWWWWWWWWWWUWY

f(X+M,y+N)=F(X,y+N)=f(X+M,y)=f(X,¥) -nepuognueckas byHrums N\/W\/\/\NV\/\/\
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Mopaenb cuctembl 06paboTkn n3obpaxkeHus. IMCKPETHbIN Cay4an.
OunckpeTtHble Pypbe-npeobpasoBanHme (AMND)

Lna VE(x,y) e 2([-M/2,M/2]x[-N/2,N/2]) e‘z”aiﬁx _ COS(
+00 oo i27 &X_F&y
Pag ®ypbe: f(x,y)= Z Z f (a)x, a)y)e [ v ],

f(X+M,y+N)=F(X,y+N)=f(X+M,y)=f(X,¥) -nepuognueckas byHrums NWWV\WV\

dYHKUMA

KoadpPpunuymeHtbl Pypbe, p,MCerTHbu‘/‘l CMeKTp :

. M/2-1 N/2-1 ~i27 (?\AX+%yJ Bca nHpopmauma o cnektpe
f ( , QD ) 7{ f (X, y) — Z Z f(x,y)e : copepkutca B ntobom (MxN)
x=—M/2 y=—N/2 NPAMOYTO/IbHUKE.

o €l, o,

[NCKpEeTHbIN CNeKTp — A A N A
nepuoamueckan pyHKLUMA: f(o,+M y O, T N)=f (a)x’a)y +N)=f(o, +M 1a)y) = f (a)x’a)y)
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f (X, y) - neproamyeckan GpyHKuus f(w,®,) - nepnoanueckas JAVAVAVAVAVAN
I .



Mopaenb cuctembl 06paboTkn n3obpaxkeHus. IMCKPETHbIN Cay4an.
OunckpeTtHble Pypbe-npeobpasoBanHme (AMND)

[ dyHKUMK ¢ KomnakTHbiM HocuTenem: VE (X, y) e L (X, y) =0 mpu (X,y) e Q= {(X, y) 0<Xx<M,0<y< N}

MNpoekuma f(x,y) Ha 6asnCHble GYHKUUK:

M-1N-1 iog| &Y
M N

f(@0) =7 (e} =— > > f(x Y)e ,

x=0 y=0

f(w,,®,) — nepnognueckan dyHKuuA

f(xy)
7{f(x, y)}
X
a)X

y

. @y
CosuHem npoekumio f(w,, a)y) Ha KPaTHbIN pasmep HocUTens:
i 1 M-IN- —iz;{‘:jleklyj _izﬁ(M’Hij . .
f (&, +Mn, @, + Nm) :WZZ f(x,y)e e ‘M NV=f(w,0,) — ©=0,M-1 o,=0,N-1 -ocHosHoi

x=0 y=0 — nepmopl”quKaH d)yHKUIMH I'IpﬂMOVFOI'IbHMK.
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Mopaenb cuctembl 06paboTkn n3obpaxkeHus. IMCKPETHbIN Cay4an.
OunckpeTtHble Pypbe-npeobpasoBanHme (AMND)

[ dyHKUMK ¢ KomnakTHbiM HocuTenem: VE (X, y) e L (X, y) =0 mpu (X,y) e Q= {(X, y) 0<Xx<M,0<y< N}

MNpoekuma f(x,y) Ha 6asnCHble GYHKUUK: »
A 1 M-IN-1 —izz(&xfiy} -1 N+ '2”(%+ﬁy}
f(a)x,a)y):7{f(x,y)}:wzzf(x,y)e Mo f(xy)= ZZf(a)x,a)y)e ,
x=0 y=0 =0 =

f(a)x,a)y) — nepunoamnyeckaa GpyHKUMUA
F(x,y) f(x, y) —nepuoamnyeckas byHKUMA

7 y)} —
— S Fﬁ F ; ),...
F‘

75
y .\Fﬁ

A y
CosuHem npoekumio f(w,, a)y) Ha KPaTHbIN pasmep HocUTens:

1 =& —'2”(X+yyj —i27r(Mn+ij
f(a) +Mna) +Nm)—WZZf(X y)e M N e M _f( a)y) e a)X:O’M_l’ a)y:O,N_l - OCHOBHOM

x=0 y=0 — nepuoguyeckan GpyHKuUms NPAMOYTO/IbHUK.
M1 N-1 i2 (“;;IX+ KlyJ izﬂ('\"”ﬂ\'mj y
f(x+Mn,y+Nm) = ZZf( ,0,)e e \M =f(Xy), —— f(xy)=f(xy), x=0,M—-1 y=0,N—-1
®,=0 o, = — nepuoguyeckan GyHKUmA

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



[nckpeTHoe dypbe-npeobpasoBaHme

A 1 M-N- -izfz[‘:;IXerKlyJ
f(@,0,)=7{T(Xy)}=— f(x,y)e
MN x=0 y=0
fix) |Fu)l
} AK
M
npu o, =0, o, =0: A X rouex
1 M-IN-1
VN f(xy)
e - — MToYeK ———— ] "X I MToYeK —— ———1 “ M =1024,K =8,A=1
3HaYeHMA B ANCKPETHbIX OTCYETax: \Fu)l
A o . 24K
f (X, + XAX, Y, + YAY) & | (ng , NAyyj = f (a)XAa)X,coyAa)y) M
1 1 fix)

2K touek

L 4 =X

— M Touex —-—————| I M Toueck —]
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Teopema o cBepTKe. INCKPEeTHbIN cay4vaun.

M-1 N-1 2 @X, Y )
f(x,y)= ZZf( ,®,)e (M Nj, f(o,0,)=7{f(xy)}=
A A M-1 N-1 A i (” X Y y}
7 (@.0)0.0) = > fo,0)h(, o) N
=0 o, =0
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M-1N-1

x=0 y=0




Teopema o cBepTKe. INCKPEeTHbIN cay4vaun.

M-1 N-1 27 OX, Y . M
f(x,y)= f( ,®,)e (M Nj, f(o,0,)=7{T(XY)} _M_ll\lx_oy

a)Oa)

|_\
Z
|_\

o,
—i2z wxx+£
M N

f(x,y)e

Il
o

o X Oy
+— [oN X—m)+0)y()’*n)

7_1{f(wx,wy)ﬁ(a)x, } MZ f f(cox,a)y)ﬁ(wx,a)y)e%(m N j :{h(w ol xemy-yon]- LS ih(x_my_n)eizﬁ” Nq
o, =0

_ o (x=m) @y (y—n)j izﬂ[wxerwLy]
e M N

-1 1 -M+ N+1~ —i2 [ v N
= f (o, o, M_ Z > h(x-m,y-n)e
n=y
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Teopema o cBepTKe. INCKPEeTHbIN cay4vaun.

M-1 N-1 i2 (‘”MX #yj f( ) 7{f( ) 1 M-1N 1f( ) —iz;z(a’xxf’lflyj
f(x, f e , , @ X, Y)} X,y)e
(X, y) = wzowz (0, @) MN 22 2
A A M-1 N-1 _ . i27 (”MX+wNyj . e, )
7—1{f(0)x,0)y)h(0)x1a)y }: f(a)x,a)y)h(a)x,a)y)e :{h(a) w,)=[X=x-m,§=y- n]—_mZ::X 2 h(X m,y —n)e M N }
=0 o, =0

M-1 N-1 1 XMLy NH _|27{“’X<&‘m)+”y(s_n)j izn[“’l\;ﬁ%yj
= f(o,0,)— h(x—m,y—n)e e =

=0 o, =0 MN m=X n=y

1 Xx—M+1y-N+1 _ M-1 N-1 |27{a’xm+a’Ty”]

= Z h(X—m,y—n)ZZ f(o,o,)e

MN m=Xx n=y =0 o, =0
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Teopema o cBepTKe. INCKPEeTHbIN cay4vaun.

M-1 N-1 i2 (”MX #yj f( ) 7{f( ) 1 M-1N 1f( ) —iz;z(“;;leklyj
, QD X, X,Yy)e
f(x,y)= wzoa,zf( o) | V)} N 22 ey
. . M-1 N-1 _ |2n(wmx+%yj
7‘1{ f(o,o,)h(o,,o, }z Z f(o,o )h(a) w,)e =
=0 o, =0
M1 N1 1 Xx-M+1y-N+1 _ —|27z[a) (x m)+co (y n)j |27r[a)x +£]
— f(o,0,)— Z h(x—m,y—-n)e M N g M UN)
o,=0 v, =0 MN m=x n=y
' [ j Mepnognyeckme:
1 X MHYNH M-1 N-1 127 a)l\x/lm+a>l\y|n f(x+M,y+N)=f(x,y+N)=f(x+M,y)=f(xy)
- MN Z Z h X—m,y- n)Z:OZ f( )e - h(x+M,y+N)=h(x,y+N)=h(x+M,y) =h(x, y)
m=x n=y o, =0 @
1 XM +1y-N+1 _ 1 M-1IN 1 - ~ ~
=N f(m,n)Q(X—m,y—n)=w f(m,n)h(x—m,y—n)=f(x,y)*h(x,y)
m=x_ n=y Nepuogmnyeckume m=0 n=0
MNepuoanyeckue !
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Teopema o cBepTKe. INCKPEeTHbIN cay4vaun.

M-1 N-1 i2 (”MX #yj : "y 1 M-1N 1]c —izn(“;jlekly]
, QU X, X,Yy)e
f(x,y)= wzowzf( @,)e o Ho,0)=7{T(xYy)}= N 22 (X, Y)
(2 A M-1 N- izyz[“’l\;lx wlzlyJ
e {f(a)x,a)y)h(a)x,wy)}zz Z F (0, 0,)h(0,,0,)e -
=0 o, =0
M-1 N-1 1 XMAYNA —i2n£wx(l\);_m)+wy(s_n)J izn(“’l\;ﬂa%yj
= f(o,0,)—— > > h(x—m,y-n)e e =
=0 o, =0 MN m=x n=y
Nepuoanyeckue:
w.m @,N - o ~ -
1 XMy NHL M-1 N-1 127{ I\X/lm+Tyj f(X+M,y+N)=Ff(X,y+N)=Ff(x+M,y)=f(X,y)
|\/|N Z Z h X—Mm,y~— ”)Z Z f(a)X’a) )e - h(x+M,y+N)=h(x,y+N)=h(x+M,y) =h(x, y)
m=X n=y =0 o, =
1 X—-M+1y-N+1 ~ 1 M-IN-1 _ N - ~
=N (m,n)Q(X—m,y—n)=w f(m,n)h(x—m,y—n)=f(x,y)*h(x,y)
m=x- =y Nepuogmnyeckume m=0 n=0
[lepuogmnyeckoe gonoaHeHume:
LiknnuecKkan cBepTKa ) Fxy)
[N HENepUoaNYECKUX: 18 NepuoanNYecKmx: ! Fg *"g ’g ’g 2'

f(x,y)Oh(x,y)=f(x,y)*h(x,y)
f(x,y)Oh(x,y) < f(a,0,)h(o, o,

i M '
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JInHenHasa u LUKTNYECKAA CBEPTKA. CDaKTop nepnoan4HoOCTW.
OAHOMEPHDbIN cny4an.

FO9h00 === > FO0hx-m) T hx) =2 3 F(0h(x—m)

Z

M =

fim) fim)
3 g -3 oo

0 200 400 m 0 200 400

h(m) h(m)

2 oy 2 rTY

0 200 400 ] 0 200 400

h(-m) h(-m)

ey g fix)*g(x) fix)+()

T t t t = ; é i i E = fil 3 . i—--—-3 = -
0 200 4 " 200 400 w AT
00 400 0 s 1.$~A-=

h(x-m) h(x-m)

r . - = K et
- e 0 200 400 600 800 01007300
’ OcHoBHOI nepuon (AHanaoH
' s — - M : i * - - m JHAYCHMI ApryMeHTa CRepT-
0 200 400 0 200 400 KH, BEYHMCICHHOH C HCNOJbL-
sopauwnem II1D)
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dakTop Nnepnogn4HocTu. PeweHune — paclimpeHme nepuoaa ANna LMKJANYECKON CBEPTKMU

OaHOMEPHDbIN cny4an.

f (x) *h(x) =$MZ1 f.()h, (x—=m) = f(x) ©Oh(x) & f (0)h(w)

Je(m)
‘) f{ ) f[x), Oﬂx*_-’-A—l;
eeemeasemesesnranaa - 3 RE— X)=
; ; € 0, A<x<P;
....... , | B o
0 200 40 600 800 ) g(x), 0<x<B-1;
X)i=
ho(m) 8e U, B<x<P,
e e
: YcnoBue paBeHCTBa JIMHEMHOM U LMKNNYECKOM CBEPTKMU:
--------- ) 0 200 400 600 800 " P > A + B L l
h(-m)
Je(x)*ho(x)
' g F LY
4 . ~n ; 1.5+
0 200 400 600 800
X R T TR R
I H
| 1
............... —~{ X |- R OCHOBHOI NepHOL (IMana3oH
3FHaYeHH apryMeHTa CBepTKH,
BBIYMC/JAEHHOI ¢ MCTIONB30Ba-
: ' - - m
0 200 400 600 800

Huem J11D)
Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.
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JInHenHaa u yunkamnyecKkasa ceeptku. Peannsauma.

OAHOMEpPHbIN cnyyan.

JInHelHan cBepTKa ABYX NocneaoBaTeIbHOCTEN a(0) a(1) a(2) o Ja(N=1)
@ - BM—1)| - b2) | b1) | b0) s(0) = a(0)b(0)
s(n) = a(n) = b(n) = Z a(m)b(n —m) = Z b(m)a(n —m). b —1)| ... b(2) b(1) b(0) s(1) = a(0)b(1) + a(1)b(0)
e mem BM—1)| - b2 | b1) | bo) 5(2) = a(0)b(2) + a(L)b(1) + a(2)b(0)
bM—1)| - b2) | b)) | b0)
s(M + N —3) = a(N — 2)b(M — 1) + a(N — 1)b(M — 2) B(M—1)| .. b2) | b(1) | b0)
s(M + N —2) = a(N — 1)b(M — 1) bM —1)| - b2) | b1) | b0)
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JInHenHaa u yunkamnyecKkasa ceeptku. Peannsauma.

OAHOMEpPHbIN cnyyan.

JInHeHan cBepTKa ABYX NOC/NeA0BaTENIbHOCTEN a(0) a(1) a(2) o a(N=1)
. ” BM—1)| - b(2) b(1) b(0) 5(0) = a(0)b(0)
s(n) =a(n) xb(n) = > a(m)b(n—m)= > b(m)a(n—m). -1 | b2 | b1 | H0) s(1) = a(0)b(1) + a(1)b(0)
e meTE M —1)| - b2) | b1 | b0 5(2) = a(0)b(2) + a(1)b(1) + a(2)b(0)
b(M—1)| - b(2) b(1) b(0)
s(M + N —3) = a(N — 2)b(M —1) + a(N — 1)b(M — 2) b(M—1)| - b(2) b(1) b(0)
S(M + N —2) = a(N - 1)b(M — 1) BM—1)| - b(2) b(1) b(0)

LInknunuyeckas cBepTKa AByX NocneAoBaTe/IbHOCTEM

N—1 m| 0 1 2 3
c(n) =a(n)®b(n) = Z a(m)b(n —m)mean, n=0...N,
m=0 a(m) | a(0) | a(l) | a(2) | a(3)
| B rmod N, r =0, (0 von L oar Lo | oo ) 3 "
Lmod N = N — ((—fﬂ} mod f\.‘v}! xr < 0. ‘J( Tﬁ’) maod 4 }( ) )( } }( ) ‘J( ) (’( ) - ?Eﬁnl(rn) ;'( - T.F’L) mod 4
3
am),n = 0...7[a0 [a) [ a@ TG [a@ [aG) @ o b(1 — 1) moaa | B(L) [ O(0) | B(3) | b(2) | e(l) = ?Enﬂ{m)b[l — 1) mod 4
P s 3
Pt et b(2 — m) moda | B(2) | B(1) | B(0) | B(3) | c(2) = > a(m)b(2 — m) moda
e -7 m=0
T i 3
et P b(3 — m) moda | B(3) | b(2) | b(1) | b(0) | e(3) = > a(m)b(3 — m) moda
=t =7 m=0

a(n —3) moag, . =0...7| a(b) | a(6) | a(7) | a(0) [ a(l) | a(2) | a(3) | a(4)

— = 3 —*
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JInHEenHaa u unKan4ecKasa ceepTku. lNepmnoanyeckoe AoNOAHEHMUE.
OaHOMEpPHbDIN CnyYan.

[JobaBneHune Hynen gna npmseaeHNA TMHEMHOMN CBEPTKU K LMKINYECKOMN

N M1
) | a) | a@ | o fav—p| o 0 0 0
b(0) b(1) b(2) b(3) o |B(M — 1) 0 0 0

M N-1
N+M-1
i’_'.(ﬂ) - 2 ﬁ!.(?’ﬂi)b(ﬂ- o T”) mod (N+M—1):
m=I)
a(n) =0, npu (nmod (N + M — 1)) = N,
b(n) =0, npu (nmod (N + M — 1)) = M,

n=0...N+M -2,

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.




[IncKkpeTHaa ceepTKa. [Nepunoanyeckoe aononHeHue. 1BymepHbIn caydan.

|
__I B I B
=%
- y OnHo 13
4 F ;’ Bepibie P HCXOIMHBIX
. JNAHHBIE M300pakKeHMi
Ty
1 .'.ﬁ-.h "\_i.'_) A
i "':, =
i ]
¢
4 Jannvie oTCYTCTBYIOT Hononyenue Hynsmu
i
O |
| IO p— | 0 |
PesynbraT QMABTPALMH B YACTOTHOIH [TpaBunbHO paciimpeHHOE
obacTy 6e3 NpaBHILHONO JIONO/THE - (MOTONHEHHOE HYJISIMK)
HMS HYNISIMM BXOTHBIX H306paKeHui uzobpaxeHue
P BepHute nannnie
P=A+C-1
£ - Q=B+D-]
i 0 n
Pesynerat pHabTpaliMy B 4acTOTHORM I
061ACTH ¢ TTPABITBHBIM JIOTIOIHEHH- a6
€M HYITAMH BXOIHBIX M300DaKeHHI B
Puc. K Bonpocy 0 HEOOX0AMMOCTH HOIOMHEHUA H300pa)eHuil HyIAMH.

(a) Pesysistar npuMeHeHUs1 IByMepHOIi cBepTKH 6e3 orontenys HysaMu. (6) Tpa-
BIJIBHOE JIONOJNIHEHWe HynAMH, (B) [TpaBuibHbIH PE3YNETAT CBEPTKM.
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BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mozaenb PeKOHCTPYKLIMK B NPOCTPaHCTBEHHOW 061acTu:

M-1N-1

f(xY) =g(xy)=h(x,y) = > > h(m,n)g(x—m,y—n)

m=0 n=0

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.

UCKaXKeHne

OwmnbKa BOCCTaHOBNEHMA: EZI . Q(X, Y)

BOCCTaHOB/1EHUE

h(x,y),H(a)X,a)y)—?

CpefHAA ApPKOCTb

npn M [g(x, y)|(x,y) =M [g(x,y)]=const —
M [ F06 ) ]=M[g(x )] Y. > v,
e orpaHuyeHue
1.npu M [f(x, y)]:M [g(x, y)] > 2 h(m n)=1

2.npn (X, ¥)=9(x,y)-M[g(xy)]
M[G(x,y)]=0=M| f(x,y)|=0 npu ¥h(x,y)

(% y)=f(xy)+M[g(xy)]

—hn
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BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mozaenb PeKOHCTPYKLNKM B NPOCTPAHCTBEHHOM 0bnacTu: f (X, y)
M—1 N1 NCKaXKeHune
f(X y)=9g(x, y)*h(x,y) = ZZh(m n)g(x—m,y—n) OwnbKa BOCCTAaHOBNEHMUA: EZI f( ) g(x, Y)
m=0 n=0 X, y
[TocTaHOBKa 3a4a4U. BOCCTaHOB/1eHNE
, M -1 N-1 2 _
M[&®]=M (f(x, )~ monog(x—m,y—n)h(m,n)j - min h(% y).H (e, @,)-?
o CpeaHasa APKOCTb
M-1N-1 . . /
ah(zlf ) =M {Zg(x—k,y—l)[f(x, y)— h(m,n)g(x—m,y— n)ﬂ: nput M [g(x y)](x, ¥) =M [g(x, y)] = const
m=0 n=0 . M-1N-1
— M| (X, =M : h
K=OM-1 1=0 N-1 =M| fxy)|=M[g(xy)] %nzc; (m,n)
orpaHun4YeHune
5 M-1N-1
1.npu M [f(x, y)] =M [g(x, y)] h(m,n) =1
m=0 n=0

2.npn G(X,¥)=9(x,y)—-M [g(X’ y)]
= M[g(x,y)]=0=M][ f(x,y) |=0 npu Vh(x,y)

(% y)=f(xy)+M[g(xy)]

—hn
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BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mogenb PeKOHCTPYKLMM B NPOCTPAHCTBEHHOW 061acTH: f (X, y)
M1 N_1 MCKaXKeHne
f(x,y)=g(xy)*h(x,y)=> > h(m,n)g(x—m,y-n) gZI 5 g(xy)
m=0 n=0 f (Xa y)
[TocTaHOBKa 3a/4a4YU. BOCCTaHOB/1eHue
, M -1 N-1 2 .
M[&®|=M (f(x, N2 nOg(x—m,y—n)h(m,lﬂ)j - min h(x,y). H(a.0,)-2
o CpeaHasa APKOCTb
M-1N-1 _ _ —
= ahflf =M {ZQ(X—k,y—D[f(X, y)- > > h(m,n)g(x—m,y - n)H= , npn Mg(x, y)](x, y) =M [g(x y)] = const
, m=0 n=0 N M-1N-1
M| f(x,y)|=M , h(m,
OV L 0N =M/ f(xy)|=M[g(x »] 2 2 h(m.n)
N orpaHu4eHue
= > > h(m,nM [g(x—m,y—n)g(x—k,y-1)]=M [ f(x,y)g(x—k,y-1)] 3 YETE]
m=0n=0 1.npu M [f(x, y)] =M [g(x, y)] h(m,n) =1
KoppenaumoHHaa ¢yHKUMA : m=0 n=0

K (k) =M[f(x,y)g(x—k y-1)] )
2.npu G(X,¥)=9(x,y)-M[g(x,y)]
ABTOKOpPpPENALUMOHHAA QYHKLUUA:

Ko (k=m1-n)=M[g(x—m,y-n)g(x—k y-1)] =>M[g(x.y)]=0=M]| f(x,y)|=0 npn Vh(x,y)
)= f(xy)+M[g(xy)]

—hn

21

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.



BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mozaenb PeKOHCTPYKLIMK B NPOCTPaHCTBEHHOW 061acTu:

M-1N-1

f(xY) =g(xy)=h(x,y) = > > h(m,n)g(x—m,y—n)

m=0 n=0

[loCTaHOBKa 33434M:

M[ez]_MKf(x,y)

Z

-1N-1

= h(m,n)

3
Il

g(x—m,y—n)h(m, n)j }—) min

ag M-1N-1
:ah(k’l)—I\/I{ZQ(X—k,y—l)[f(x,y)—m_on_oh(m n)g(x—m,y- n)ﬂ— ,
k=0,M -1 1=0,N-1
:ZZh(m,n)M[g(x—m,y—n)g(x—k,y—l)]:l\/l[f(X, Y)g(x—k,y-1)]

KoppenauymoHHasa ¢yHKUMA :

Ko (K1) =M[f(xy)g(x-k,y-1)]

ABTOKOppenaumoHHana GyHKUUA:

Ky (k—m,I—n)=M[g(x—m,y—n)g(x—k,y-1)]

YpasHeHue BunHepa-Xonda:

3 h(m,n)K, (k=m,I=n)=K (k1),

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.

UCKaXKeHne

g(xy)

BOCCTaHOB/1EHUE

h(x,y),H (a)x,a)y)—?
CpefHAA ApPKOCTb
npu M [g(x,y)](x.y) =M [g(x,y)]=const «—

M-1N-1

M| F(xy) [=M[a(x )] Y. Y h(m.n)
e orpaHuyeHune
1.npu M [f(x, y)]:M [g(x, y)] > 2 h(m n)=1

2.npn G(X,¥)=9(x,y)—-M [g(X’ y)]
= M[g(x,y)]=0=M][ f(x,y) |=0 npu Vh(x,y)

(% y)=f(xy)+M[g(xy)]

—hn
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BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mozaenb PeKOHCTPYKLIMK B NPOCTPaHCTBEHHOW 061acTu:

M-1N-1

f(xY) =g(xy)=h(x,y) = > > h(m,n)g(x—m,y—n)

m=0 n=0

[loCTaHOBKa 33434M:

M[ez]_MKf(x,y)

Z

-1N-1

= h(m,n)

3
Il

g(x—m,y—n)h(m, n)j }—) min

ag M-1N-1
:ah(k’l)—Ivl{ZQ(X—k,y—l)[f(x,y)—m_on_oh(m n)g(x—m,y- n)ﬂ— ,
k=0,M -1 1=0,N-1
:ZZh(m,n)M[g(x—m,y—n)g(X—k,y—D]:M[f(X,Y)g(X—k,y—l)]

KoppenauymoHHasa ¢yHKUMA :

Ko (K1) =M[f(xy)g(x-k,y-1)]

ABTOKOppenaumoHHana GyHKUUA:

Ky (k—m,I—n)=M[g(x—m,y—n)g(x—k,y-1)]

YpasHeHue BunHepa-Xonda:

UCKaXKeHne

g(xy)

BOCCTaHOB/1EHUE

h(x,y),H(a)X,a)y)—?

CpefHAA ApPKOCTb

npu M [g(x,y)](x.y) =M [g(x,y)]=const «—
M [ F06 ) ]=M[g(x )] Y. > v,
e orpaHuyeHune
1.npu M [f(x, y)]:M [g(x, y)] > 2 h(m n)=1

2.npn G(X,¥)=9(x,y)—-M [g(X’ y)]
= M[g(x,y)]=0=M][ f(x,y) |=0 npu Vh(x,y)

M—1N-1 Linknnueckoe

2 h(m Ky, (k—m,I-n)=K (k) npubamkenne | Nk
m=0 n=0
k=0,M-1 I=0,N-1 k=0,M

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.
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BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mogaenb peKOHCTPYKUMM B NPOCTPAHCTBEHHOM 061aCTU: f (X, y)
V1N MCKaXKeHue
f(x,y)=g(x y)*h(x,y)=> > h(m,n)g(x—m,y-n) EZI 3
m=0 n=0 f (X, y)

M-1IN 1 R BOCCTaHOBNEHUE
h(k,|)OKgg(k,|)= k m,l —n )= fg(k,|),

m=0 n=0
k=0,M-1,1=0,N-1 h(xy).H (e, o,)-?

KoppenaunoHHas GyHKLMA : CnekTpasibHan NJAOTHOCTb MOLLHOCTH:

K (k1) =M[f(xy)g(x—k,y-1)] W (o, ) =7 {K, (k,1)}
ABTOKOppenaunoHHaa GyHKLUUA: ~ ~
Ky (K= 1 =) =M [g(x-m,y-mg(x—k,y-1)] =W (@.@)=7{Kg (k)]

OnTMManbHbIN BUHEPOBCKUIN GUNBTP.

ACID) 0, =0,M -1, & =0,N-1
o (@)

Teopema o cBepTKe:
H(a)k’a)l)wgg(a)k’wl):ng(a)k’a)l) _ H~(a) @) =
— ) =
=0,M -1 o =0,N-1

W
W

Ycnosue npumeHMmocty punbTpa BuHepa: WmpmnHa KoppensaumoHHOM
Ha rpaHuue nsobpaxkeHna punbTpauma — He onTUMasnbHa.

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

1 Kyg dyHKUMKM << M,N (pa3mepbl n30bpaxkeHmnsn).

g(xy)
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BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

. h.(x.v). H ( )
MoZenb UCKaXKeHWs U3BECTHa UssectHo: D( ,Y), p (s @y

Mogaenb PeKOHCTPYKLUMWN B NPOCTPAHCTBEHHON 061acTu: f (x, y)

~ M—1N-1 _ MCKaXKeHMe

fO,y)=g(x y)*h(x,y) =D > h(mn)g(x—m,y—n) A @) W, (o, @) gzI g(%Y)

m=0 n=0 , = — , ~
. Wy (o, @) f(xy)
Mogpenb HabnoaeHna: _OM-1 _ON1 BOCCTaHOB/EHUE
g(x,y)zf(x,y)*hD(x,y) @, =Y, -4 =Y N-—
h(x,y),H (a)x,a)y)—?
25
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BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mogaenb nckaxkeHua n3sBectHa

Moaenb peKOHCTPYKLIMK B NPOCTPaHCTBEHHOW 0bnacTu:

M-1N-1

f(x,y)=g(xy)*h(x,y)=> > h(m,n)g(x—m,y—n)

m=0 n=0
Mopenb HabnogeHus:
g(xy)=f(xy)*h (x.y)

KoppensunoHHaa GpyHKUUS :

1 M-1N-1
K (K D)=M[f(x,y)g(x-k,y-1)]=—— f(x,y)f(x—k,y—=1)=hy(x-k,y—1)=
MN x=0 y=0
M-1N-1 M-1N-1 M-1N-1 M-1N-1
= LS x> f(x—k—m, y—l )y () = 3 Y
MN MN x=0 y=0 m=0 n=0 MN m=0 n=0 MN x=0 y=0

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.
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f(xy)

Ussectro: Ny, (X, y), Hp (a)x, a)y)

EZI f(xy)

UCKaXKeHne

g(xy)

f (X, y)f(x—k—m,y—l—n)}hD(m,n):

BOCCTaHOB/1EHUE

h(x,y), H(a) a)y)—?

1 M-1N-1

VN Kg (k+m,1+n)hy(m,n)

=0

>




BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mogaenb nckaxkeHua n3sBectHa

Ussecrho: hy (X, ),

Mogaenb peKOHCTPYKLMKN B NPOCTPAHCTBEHHON 061aCcTy: f (x, y)
M-1N-1 - UCKaXXeHune
f(x y)=9(x y)*h(x,y)=>_> h(m,n)g(x—m,y—n) W, (o, @) )
m=0 n=0 H(a)k’a)|): ~ y & _F
Wy (a)k,a)l) (X’ y)
Mopgenb HabnogeHuA: ML w0 N1 BOCCTaHOB/IEHME
a(x,y)="f(xy)xhy(xy) o =Y M =1 o =Y, N -

KoppensunoHHaa GpyHKUUS : L M

Ke (kD) =M[f(x,y)g(x-k,y-1)]= f(x,y)f(x=k,y=1)xhy (x=k,y—1)=
MN x=0 y=0

1 1 M-1N-1 M-1N-1 1 M-1N-1 1 M-1N-1 1 M-1N-1
- - - f(, f(x—k—m,y—1-n)h L o) S f(xy)f(x—k—m,y—1-n) |h -

MN MN 2 2 (x Y)mzon; (x—k—m,y-I-n)h,(m,n) N m:OnZ::?MN x:OyZ (X, y)f(x—k-m,y— n)} (m,n) VN 2t 2

5 _ 1 1 MANIM-IN _izﬂ(%ﬁwlj

W ) = K kll e k I h =
=W, (o, o) 7{ o ( )} N VN kzoé“%; « (k+m,1+n)h,(m,n)e

SIS pare aplemaln) pfamen g wa s
=N 2 2 2 2K (k+m,l+n) hy (M, n)e =W, (@, wl)wm:o;hlj(m’n)e =W (@, @ )Hp (o, @)
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HD(a)X,a)y)

g(xy)

h(x,y), H(a) a)y)—?

Kg (k+m,1+n)hy(m,n)




BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mogaenb nckaxkeHua n3sBectHa

Moaenb peKOHCTPYKLIMK B NPOCTPaHCTBEHHOW 0bnacTu:
M-1N-1

f(x,y)=g(xy)*h(x,y)=> > h(m,n)g(x—m,y—n)

m=0 n=0

Mopenb HabnogeHus:
g(xy)=f(xy)*h (x.y)

KoppensunoHHaa GpyHKUUS :

f(xy)

’ EZI f(xy)

UCKaXKeHne

1 M-1N-1
Ko (K D=M[f(x,y)g(x-k,y-1)]=—— f(x,y)f(x=k,y=1)xhy (x=k,y—1)=
MN x=0 y=0
l 1 M-1N-1 M-1N-1 1 M-1N-1 1 M —
=————— f(x,y) f(x—=k-m,y—I-n)hy(m,n)=—— —
MN MN x=0 y=0 mZOnZ(; MN m=0nZ=(;MN X:OyZ

1M
o
-

ABTOKOPPENAUMOHHAA QYHKLMA:
Ky (k=m,I—n)=M[g(x-m,y—n)g(x—k,y-1)]=

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.
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h(x,y), H(a) a)y)—?

1
MN

BOCCTaHOB/1EHUE

Z

-1N-1

0 n=0

3
Il

127 ~
h,(m,n)e [“" N W

*

(a)k’a)l)HD(a)k’a)l)

Ky (k+1t,

—-m-r,l+t,—n

Ussectro: Ny, (X, y), Hp (a)x,a)y)

g(xy)

Kg (k+m,1+n)hy(m,n)

_rZ)hD (r1’ r2)hD (tl’tZ)



BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mopaenb UCKaxKeHua n3BecTHa W3BecTHO: hD (X’ Y), H 3 (a)x : wy)
Mogenb PeKOHCTPYKLMM B NPOCTPaHCTBEHHOM 061acTu: f (X, y)
M-1N-1 - NCKaXXeHne
f(x y)=9(x y)*h(x,y)=>_> h(m,n)g(x—m,y—n) (i) W, (o, @) EQI 0 (x y)
m=0 n=0 , = — , ~
k I ng(a)kya)|) f(X,y)
Mopgenb HabnogeHuA: BOCCTaHOB/IEHME
g(X’Y):f(X,Y)*hD(X,Y) a)k:O,M—l, a)|:O,N—1
KoppenAaunoHHaa pyHKUUA : R h(X y) H (a) a)y)_?
Ko (K D=M[f(x,y)g(x-k,y-1)]=—— f(x,y)f(x=k,y=1)xhy (x=k,y—1)=
MN x=0 y=0
l 1 M-1N 1f M—lN—l.f k I h 1 M-1N-1 1 M-1N lf f k I h 1 M-1N-1 k I h
- , - S ) - — Y YK , ,
MN MN 2 2 (X Y)mzonZ; (X=k—=m,y—I-=n)h,(m,n) N m:OnZ:(;MN x:OyZ (X y) f(x—k-m,y— n)} (m,n) MN 2 2 ¢ (k+m,1+n)hy(m,n)
_ ~ 1 1 MoIN-M-IN- _iz”(%k+ﬁlj
W = K. (k,I)}=——— k | h =
=W, (o, o) 7{ o (K, )} N VN k:og‘m:o; ¢ (k+m,I+n)h,(m,n)e
1 MN-T q MoING |2n((”‘<(:/l+m)+”'(:\r”)J (M+@j _ 1 M-IN- iz;{&mﬂ”j - ]
=N 22 2 I:OKﬁ(kij,I+n)e hy(mn)e " N =W, (o, w')wm:o;h')(m ne ‘M Y aW,(a,0)H (o, o)
ABTOKOppPenAUNMOHHaa GYHKLMA: e
Ky (k—=m,1-n)=M[g(x-m,y—-n)g(x—k,y—I)]= N [ f(x=m,y—n)=h, (x=m,y—n) f(x=k,y=1)*h, (x=k,y-1)]=
x=0 y=0
1 1 M-IN-1M-1N-1 1 M-1N-1 1 1 M-IN-1M-1N-1 _
:th120tz=oq§rz=owx:o y=0[f(x m-r,y—n-n)f(x—k-t,y—-1-t,)]hy (r.r,)h, (t tz):wwtlz()tzzorlzorzzoKﬁ(k+t1—m—r1,l+t2—n—rz)hD(rl,rz)hD(tl,tz)
=Wy, (0. @) =Wy (@0 ) Ho (01,0 ) Hp (0, @) 2 Ho (0, @ )| Wy (0. @)
H(o, o) =V\~/fg (wk’a)l) = W (a)k,a)|)|2-|[3(a)k,a)|) = 1 - IHBEpPCHbI GUNLTP
ng(a)k,a)l) ‘HD(a)k,a)l) W, (a)k,a),) HD(a)k’a)l) -

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.



BuHeposcKaa dunbvrpauma. JUCKpeTHbIN cayyau.
Mogenb UCKaXKeHWA C aaaUTUBHDBIN LIYMOM U3BEeCTHA ”3BeCT“A°:/Wff(“)x' “)y)r Hp (ws, “)y)' Wnn(wy' wy)

Mopaenb PEKOHCTPYKLNM B NPOCTPaHCTBEHHOM 061acTu: f (X, y) / /
- M-1N-1 ~ MCKaXXeHune
f(x,y):g(x,y)*h(x,y):mzzonzzgh(m,n)g(x—m,y—n) I:l(wk’wl):VYfg(a)k,a)u) | SZI ) N n(x,y)~P,,
W, (wk'a)l) f (X, Y) Lym
Mopaenb HabnoaeHus: SOCCTaHOBARHME
g(xy)=fo(xy)+n(xy)=f(xy)*hy (xy)+n(xy) A =0M-1L »=0N-1 g(xy)

h(x,y),H(a)X,a)y)—?

30

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Mogaenb UCKaXKeHus ¢ aaaUTUBHbIN LUYMOM MU3BECTHA UssecTHO: Wff(wxr a)y)r HD(a)xr wy)» Whn (a)y; a)y)

Mozaenb PeKoHCTPYKLMUM B NPOCTPAHCTBEHHOMN 061acTy: f (X, y) 4 /

- M-1N-1 ~ MCKaXXeHune

FOOY) =900 y) *hix,y) = 2, 3 h(m,m)g(x—m, y—n) Ao )= Vel@0@) EZI ) D\ N Y) =P
Mogenb HabnoaeHus: Wy (@) f(xy) o ym
a(x,y)=fo(x,y)+n(x,y)=f (X y)*hy (X, y)+n(x,y) o, =0M -1, & =0,N-1 g(x,y)
KoppenaunoHHasa dyHKUmA : h(x, y), H (a)x,a)y)—?

Ky () =M[ T y)(fo (x=k, y=1)+n(x=k,y-1)) | =K (k,1)+K (k1)

ABTOKOpPenauMoHHaa GyHKLMA: 0 =0M-1 @ =0,N-1

Kgg(k_m’l_n): M [( fD(X_m1y_n)+n(x_m’y_n))(fD(X_k,y—|)+n(X—k,y—|))]:
=K (k=mI-n)+K, (k-m,I-n)+K (k-m]I-n)+K, (k-m,l-n)

31
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BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

Moaenb peKOHCTPYKLIMK B NPOCTPaHCTBEHHOW 0bnacTu:

M-1N-1

f(x,y)=g(xy)*h(x,y)=> > h(m,n)g(x—m,y—n)

m=0 n=0
|V|O,£I,el'lb Ha6J'HO,£I,eHVIFIZ

g(xy)=fo(xy)+n(xy)=f(xy)*h, (x,y)+n(xy)

KoppenaunoHHaa ¢yHKUMA :

K (k,1)=M [f(x, Y)(fD(X—k,y—I)+n(x—k,y—|))]=

ABTOKOpPpPENALUNOHHAA GYHKLUMA:

Kgg(k—m,l—n):M[( o (X=m,y—n)+n(x—m,y—n))(f, (x—k,y—l)+n(x—k,y—|))]

=K (k=mI-n)+K, (k-m,I-n)+K (k-m,I-n)+

MycTb n(x y) ~ P He KoppenupyeT ¢ f( ) ( ) Torga:

Mopgenb UCKaXKeHUA ¢ aaaANTUBHbBIN LUYMOM M3BECTHA

~ V\~/ a,,
H(a)kia)l)zv\“]fg( d

Ky (kD) +K,, (K1)

fD(k—m,l—n)

|/13BECTHAO:/Wff(a)x, a)y), Hp (a)x, a)y), Win (a)y, a)y)

f(xy)

UCKaXKeHne

/

n(X’ y) - P,u:O

EZI f(xy)

BOCCTaHOB/1EHUE

wym

g(xy)

h(x,y),H(a)X,a)y)—?

@

K (K| M[f(x yn(x—k,y=1)]=M[fx )M [n(x=k,y-1)]=0 =K (k-mI-n)=0, K, (k-m,1-n)=0

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.
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BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.

MOZENb NCKaKEeHUS C aAANTUBHbIN WYMOM n3BecTHa  V3BECTHO: Wr s (0, wy), Hp (@, @y), Wnn (wy, @)

MOLI,efIb PEKOHCTPYKUUNU B I'IpOCTpaHCTBeHHOI‘;I obnacTtu: f (X, y) /
M-1N-1 pe NCKaXXeHune
f(x¥)=g(x y)*h(x,y) = 2,2 h(mmg(x—m,y—n) Aoy = Vel@oa) SZI ) D\ N Y) =P
. m Wy (C()k,60|) f (X, y) my
Mopenb HabaoaeHuA:
9(% )= To (X ¥)+n(%¥)= f (xy)*hs (x,y)+n(x) @ =0M-1 @ =0N-1 ST e (xy)

KoppenaunoHHaa ¢yHKUMA :

Ky (K,

h(x,y),H(a)X,a)y)—?

=M[ f(xy)(fo (x=k,y=D)+n(x—k,y=1)) |= K (k1)+K (k)
o, =0,M -1, @ =0,N-1

ABTOKOpPpPENALUNOHHAA GYHKLUMA:

Ky (K

= KfoD

—m,I—n):M[( o (X—m,y—n)+ (x—m,y—n))(fD(x—k,y—I)+n(x—k,y—I))]:
(k—=m,l-n)+K (k m,1—n)+K (k—m,l—n)+anD(k—m,I—n)

Mycts N(X, y) ~ P,u:O He koppenupyeTtc f (X, y), f5 (X, y), Torga:

Ky (ki1) =

~

=W, (0,@) =7 {Kq (K1)} Wy (a1, @ )Hp (0, )

M [f(x, y)n(x—k,y—l)]zM [f(xy)|M [n(x—k,y—l)]zo =K, (k=m,I-n)=0, K (k-m,1-n)=0

o (000) =7 {K o (k=m1-n)+K_ (k-m,I-n)}=7{K . (k-m,I-n)}+7 {K, (k—-m,1-n)}=
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BuHepoBcKaa ¢unbrpauma. AUCKPETHbIU Cyyai.
Mogaenb UCKaXKeHUA C aaauTUBHBIN LLYMOM M3BecTHa  VI3BECTHO: Wff(wx; a)y), HD(wxr a)y)) Wnn(wy; a)y)

Mozaenb pEKOHCTPYKLMN B NPOCTPAHCTBEHHOW 06/1acTu: f (x, y) /
M-1N-1 ~ NCKaXXeHune
f(x¥)=g(x y)*h(x,y) = 2,2 h(mmg(x—m,y—n) Aoy = Vel@oa) SZI ) D\ N Y) =P
. mn Wy (a)k,a)l) f (X, y) my
Mogenb HabnoaeHus:
(X, y)+n(xy)=f (X, y)*hy (X ¥)+n(x,y) o =0M-1 & =0N-1 POTHTErBRTIERE g(x,y)

g (X, Y) = fD
KoppenaunoHHaa ¢yHKUMA :

Ky (k1)=M

h(x,y),H(a)X,a)y)—?

[ Fy) (Fo (x=k y=1)+n(x=k,y=1)) | =K (k,1)+K (k1)
o, =0,M -1, @ =0,N-1

ABTOKOpPpPENALUNOHHAA GYHKLUMA:

Ky (k=m,I=n) =M (f, (x—=m,y—n)+n(x=m,y—n))(fo(x=k,y—=1)+n(x—k,y—1))]=

:KfoD (k

—m,l-n)+K (k m,1-n)+K (k—m,l—n)+anD(k—m,I—n)

Mycts N(X, y) ~ P,u:O He koppenupyeT c f (X, y), f5 (X, y), Torpa:

Ky (ki1) =

~

=W, (0,@) =7 {Kq (K1)} Wy (a1, @ )Hp (0, )

M [f(x, y)n(x—k,y—l)]zM [f(xy)|M [n(x—k,y—l)]zo =K, (k=m,I-n)=0, K (k-m,1-n)=0

o (000) =7 {K o (k=m1-n)+K_ (k-m,I-n)}=7{K . (k-m,I-n)}+7 {K, (k—-m,1-n)}=

Heywes A.H. O6paboTtka u

Wff(a)k’a)l)H;(a)k’a)l) HS(a’k’a)l)

~

= 2 -~ - 2~
Hp (a)k » ) )‘ Wy (a)k » ) )+Wnn (a)k » ) ) ‘H D (a)k » () )‘ +W,, (a)k » @) )/Wff (a)k » () ) 0bpaTHOEe OTHOLLIEHWEe CUTHAA-LUYM ANA

\ 3HepreTUYeCKnx CNeKTpos,
]/SNR(COX’COV) perynapusnpytowas gobaska
34
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MpaKTMyeckme cBOMCTBa AUCKpeTHOro dypbe-npeobpasosaHue (AMND)

A 1 M-IN- _iZH{QI)\)/(IXJFwIzIyJ
f(o,0,)=7{T(Xy)}=— f(x,y)e .
MN 555 V=0 <—— KonunuecTtBo ymHoxeHuin N°M
PasgeneHve nepemeHHbIX, Konmuectso ymHoxeHui: N2 +M?
. wyy . o X
A 1 ML -2z OxX 1 N —|27z(yJ 1 M1, _iog| @
o0 -2 86 T LS e VL8 e T | e R )
M x=0 N y=0 M x=0
]3 (X,m,) OnHoMepHBIe OnHoOMepHBIe
y Y npeobpazoBaHnA npeobpazoBaHua
Bbluncnenme obpatHoro AN yepes npamoe:
M-1 N=1 iZE(a:/(lXerlzly] 1 . 1 M-1 N-1 —iZﬂ(al)\’/(IXerKly] A
f(X,y) = sz( @,)e =Y == Y f*(m,0)e =7 {f )
o, =0 o, = MN MN ®,=0 @, =0

[na nencTBUTENbHOIO M306paXKeHus:

f(x,y) = MN Re(M—lN £ (x, y)} — MN Re(7{f*(x, y)})
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BoicTpoe npeobpasosaHune dypbe (BMND, FFT)

. 1 M -1 _j2no —iz—”a)x
f(w) =— Z f(x)e M «— M? onepaupii ymHoxeHns Ha €
x=0

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.
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A 1 M-1 _izﬂx —|l—wX
f(w)= M Z f(x)e M «— M? onepaupii ymHoxeHns Ha €
x=0
27
NycTb WM —e M| M = 2” nN>0 neZ -EbwmM<2", f(X) momHo gononHuTs Hynamm go 2". M — yeTHoe.

f(w)—

Heywes A.H. O6pa6oTka uso

6paxkeHnii B cucrte

BoicTpoe npeobpasosaHune dypbe (BMND, FFT)

2K-1

Zf( )W”X=—Z f(OW;

MaX UCKYCCTBEHHOro uHtennekra. M®TU, UC. 2025.

2

{ gf(z X)W, 242 4 = Zf(2x+1)W2K2X+1}
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BoicTpoe npeobpasosaHune dypbe (BMND, FFT)

. 1 M- _j2mo 5 _i?\/l_ﬂwx
f ((0) g Z f (X)e M < M “onepaunit ymHoeHua Ha €
M x=0
27
NycTb WM =e M M=2""n>0, neZ -EmM<2", f(X) momHo gononHuTs Hynamm go 2". M — yeTHoe.

Fl0) =5 2 T O™ =5 37 TOOW,

iz—”Za)X

(WZK )a)(ZX) _ e_ 2K _ (WK )a)x

K-1
ﬂ Zf(z X)W, 242 +—Zf(2x+1)W2K2X”} 0=0,.,M-1

n 1 1 K-1 1 K-1
:f(w):E{EZf(Zx) ;}X+E2f(2x+1)w;xw;;] w=0,.,K-1
x=0 x=0

_/ -

_/

f ()

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

~

f, ()
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BoicTpoe npeobpazoBaHmne dypbe (BMND)

A K-1
f(a))=l{12f ZXW“’X+—Zf(2x+1)W“’XW2“}’<] w=0,.K-1
2 5 x=0 W, &x 0 D
Y ~
f. (@) f, (@)
A K-1
fe(w):iZf(Zx) 2 0w=0,.,K-1, K:M
Kx:O 9

. K-1
f (0)=— Zf(2x+1) > w=0,.,K-1

= f@) =2 L@+ feme ]| o-0. M1

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.
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BoicTpoe npeobpazoBaHmne dypbe (BMND)

K-1
f(a)):l{i f2x)W“’X+—Zf(2x+1)W“’XW2‘;’<] w=0,.K-1
2 5 x=0 . éx 0 .
Y Y
fe (@) f, ()

R K-1 M
f (w)= Zf(Zx)W *, ©=0,..,K-1, Kz?

. K-1
f (0)=— Zf(2x+1)W”X,a) 0,.,.K-1

:f(w):%[ﬂ(a))+fo(a)) ;;], 0=0.,"1_1

2
2T 2T
(WK )a)+K _ e—l?((o+K) _ e—l?a)e_izﬂ _ (WK )a)
2T 2T
(WZK )a)+K _ e—li(a)—i-K) _ e_liwe_i” _ —(WZK )a)
. 1r . . 1 M
= f (0 +K) :E[ f (0)- 1, (o) ZK], =071

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.
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BoicTpoe npeobpazoBaHmne dypbe (BMND)

R 1K—1

f =— % f(2x)W/",

. (@) K &= (2X)W

n 1K—1

f (0)==Y f(@x+1)W
KX=0

f(a))=%[f (@) + 1?o(a)) 26;}’

f(a)—l— K)=%[fe(a))_ 1?o(a)) 2?(]’

a):O,..,%—l, We? =W? =g M

1. MpAamou npoxopa: peKYpPCUBHOE pa3ae/ieHne OTCYETOB
®OYHKLUMWU Ha YETHbIE U HEYETHbIE OTCYETDI.

Heywes A.H. O6pa6oTka uso 6paXkeHnii B cuctemax UCK YCCTBEHHOIO UHTENIeKTa. M®TU, UC. 2025.

£ (0) ()
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BoicTpoe npeobpazoBaHmne dypbe (BMND)

n 1 KA 0 - "
fe(a)):EZ (2X) 24 o o M=2K=2
x=0
. 1 K-
f =N f (2x+ W, .
(@)= 3 1 (x4 - :
A 1 A A ® 'V T .Wzali
f(@) = 2] (@) T (oW ) P
H_/
f(w+K)== [f(w)—f(a)) A =2
2T
M

0)20,..,%—1, WZaI)( Wa):

1. MpAamou npoxopa: peKYpPCUBHOE pa3ae/ieHne OTCYETOB
®OYHKLUMWU Ha YETHbIE U HEYETHbIE OTCYETDI.

Heywes A.H. 06paboTka n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025
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BoicTpoe npeobpazoBaHmne dypbe (BMND)

fe(w)zi f (2X)W,2%,
K x=0

n 1 K-1

f (0)==Y f(2x+D)W >
K x=0

f(w):%[f ()4 f, (W],

f@+K) = f.(@)- ) ;;],

0)20,..,%—1, WZaI)( Wa): M

1. MpAamou npoxopa: peKYpPCUBHOE pa3ae/ieHne OTCYETOB
®OYHKLUMWU Ha YETHbIE U HEYETHbIE OTCYETDI.

Heywes A.H. 06paboTka n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025

24 0 | | | | |M_:L M =2K 2”
°
23 o Y
22 o Y y
f(lZ)(a))
f,.(2x) f,,(2x+1) f22(2>()/f2 (2x+1) 23(2x) f23(2x+1) f, (ZYfM(ZXJrl)
AT T A T A T A N )
(@) ()
——
K=2"
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BoicTpoe npeobpazoBaHmne dypbe (BMND)

R 1 K-1
f(0)==Y f@2X)W”,
K x=0
n 1 K-1
f (0)==Y f@x+DW™
K x=0
f(@)=2[ @)+ fLoma]),
. 1r . .
fo+K)=2[ fu(@) T, (oW |
M -2

=0, =1, Wi =W, =e¢

F2) gy = L 0
1. Tlpamon npoxon: peKypcuBHoe f.7(0) = E[ F,(0) + T, (1) ZK:I’

pasgeneHne oTCYETOB PYHKLMN Ha
YeTHble N HEYETHbIe OTCYETbI.

L@ =2 £4(0)- Fu W ]

2. O6paTHbIX NPOXOA,: PEKYPCUBHDIN
noacyet Pypbe-K003PMUNEHTPOB.

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

(0)
, 0 ) M —1
24 e I N N N
fO(2X +1)
23 o Y | ‘:ﬂl )ﬂl \ 7
i (@)
\ /
f,(2%) f,(2x+1)
2 o Y ' ?‘ [ | \| ~| Y
2 T S,
£ () i ()
/\/ /
f, (2x) f, (2x+1) f22(2x)/f22(2x+1} f,,(2x) F3(2x+1) f,,(2x) /) T2 (2x+1)

-

\

v ¥ ¥ \

\

y

Yy ¥ N ¥

21 U

f21 (0) fZl (1)

\

() £ w)

<

ZOcT I
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BoicTpoe npeobpazoBaHmne dypbe (BMND)

. 1 & 0 f200 M-1 M=2K=2"
fe (a)) = E f (2)() Ka)X’ 24 ° | | | | | | I\ )| | | | | | | °
et f (@)
A 1 k=L f,(2x+1)
j— WX Y Y
fo(@) == 2 T (x+ W 2 o ) .
x=0 M4 () A
2 \ /
11(2X+1) flz(ZX) f12(2X+1)
- 1r, - D2t SR S0 AN 2NTAA N T
fa):—[fa)+fa) “’} log,M 7 2 AN ) S
(@) 2 @) T (@Wa ] i@ | @ | 7
A \/
f21(2x) f21(2X+1) f22(2X)/ f22(2X+1} f23(2X) f23(2X+1) f24(2X) 1:24(2)(—"_1)
f(a)+K)— [f(a))—f(a)) ] 21‘+ AR EEAREEAEEEL RN
. I | |
o) (o)
2T
_g M 0 WO —p M
w=0,.—-1 W2 =W? =
2 £,(0) £,,)
_ 20. T ? Y Y Y Y Y Y \ 4 Y \ 4 Y \ 4 Y Y Y . W 0
1. Mpamou npoxon: peKypcMBHOE N ~ J 2
pasaeneHune oTCY4ETOB GYHKLUMU Ha M . o
— ymHoxeHui Ha W, , @=0,..,—-1
YEeTHble U HeYeTHble OTCYETbI. 2
2. O6paTHbIK NPOXOA,: PEKYPCUBHDIN .
noacueT dypbe-Koo3pULMEHTPOB. O6uiee konnuectso ymHoxeHui Ha Wy - Y log,M
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BoicTpoe npeobpasoBaHmne dypbe (BMND)

oMt M2
M log,M log,M n
24{-'” T | I b I t | I T I ] I
2200
1800
1200 1
600 |- .
0 I I 1 1 I 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



OunckpeTtHble Pypbe-npeobpasoBanHume (AM1D)
CmelleHune cuctembl KoopanHat

A M -1 N-1 -i2 (ali/IXerlilyj
f(o,0,)=7{f(xY)}= f(x y)e
. MN x=0 y=0
CBOICTBA KOMMIEKCHOIO CONpPAMeHUA:
N ((a))x(a))YJ
£ £ * £ £ CneKTp LeHTpaNbHO-CUMMETPUYEH
f (o, f(x,y)e M Vo (o, o :‘fww‘z‘f—a) —a)‘
(@, 0 XZ;‘ch; (x.Y) (o, y) (@, y) (-, y) OTHOCUTENIbHO Hayasia KOOpAMHaT.
.0 )
-M/2 0 M2 M- M 0 M2 M-1
— OnuH nepuoa —= — OmuH nepuos |

CmelleHMe Makcumyma
CNeKTpa B LEHTp
n3obparkeHuna - yaobHo.
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OunckpeTtHble Pypbe-npeobpasoBanHume (AM1D)
CmelleHune cuctembl KoopanHat

1 M-1N-1 i2n (“KA’&KIyJ
Npamoe npeobpasosBaHue: f(a) w,) = 7{ f (X, y) VN f(x,y)e
x=0 y=0
A M-1 N-1 ,{“;;Xf”zlyJ
O6paTHOe npeobpa3oBaHue: f(x,y)= 7_1{ f (a)x,a)y)} Z Z f (o, 0,)e
o, =0 o, =0

y

CABUr cnekTpa B LEeHTP M306parkeHus:

CsolicTBa: | ] M, N —4erHbBIE

Havano xoopaunat M N
;0 S S T 2 e N1 -,

@y Xy +wyy0
M

7{f(x—x0,y—y0)}=f(a)x,coy)eI27{ "

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



[nckpeTHoe dypbe-npeobpasoBaHme

I'Ipe,u,o6pa60TKa CO CABUTOM CNEKTPA B LLEHTP M306paH-(EHMFI AanA y,D,O6CTBa BU3yainN3alnNun:

. 1 M-IN- —izﬂ(“f\;x Q’I{Iy]
f(o,0,)=7{f(Xy)}=— f(x,y)e
MN x=0 y=0

H

u



OnckpeTHoe dypbe-npeobpasoBaHue
NaeanbHbIN PUABTP HUXKHUX YACTOT

H(u, v) H(u, v)
D(u. v):[(uﬁM/2)2+(v— N/z)z]l/z 1

."_.‘_-_;:-_'“. "'-5-\zl
RN
HEMN T

NN
LT
1 mpy D(u,v)< Dy ; L

H(u,v) = e
0 npwu D(u,v)> Dy, S e

h D(b.', p)

j J— S S . S e i
. ; i ;
- conm@B@  --emmEN
|

e w
* B @l s
. 2 i... j 00 Phs,
R T 1 [1]TTTs 1T
L * N —— v I AT O

L__._a_-’movoll.l sa2aan0ad ‘azaaaaadd

i T it stmbbicactls

el
I

aaaaaaadd
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OnckpeTHoe dypbe-npeobpasoBaHue
[MTpOoCTPaHCTBEHHbIE UCKaXKeHMA “3BOH” naeanbHoro punbtpa . IpPekt mbbca.

e, o,) h(x, )

l|“|‘|““|||““‘|“\ ) |““‘|‘|‘|{}||‘|“|“|

f(x,y) h(x,y) g(X, )

51

h(x,0)

AN




dunbTp HU3KKX YacToT baTTepBopTa

1
1+[ D(u,v)/ Dy " H(w, v

H(u,v)=

h(x,y)

...- 1

L

-amE N .-.. “‘ u...

-"-a f...a ...a ,‘
TIEEET = 1TTTTT RS | B =

aaaaaaaa aaadaaa;k',',',,.‘.,’_a“.___._.____av - .

‘ﬂ




[ayccoB PUNLTP HU3KUX YacToT

Hu.y) = E-ﬂl(u,u)ﬂﬂg

: Dﬁ= 10
/
~Dy=20
d D[]=40

/ D=100

//./

~= Du, v)

:
o | v
XY TR see

aaaaaadaadd sag@aaaad

H(u,v)

}
u

_— ~wrruun

|
.QQ...
oO'Qa |

yananaan
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NpeanbHbIM PUNLTP

H(u,v)-{

0 npu D(u,v)< D,
1 nipu D(u,v) > D),

dun bTPbl BbICOKUX YaCTOT

th(u:v) =1- Hlp(”:v)

dunbtp batTepBopTa

H@u,v)=

1.0

1

1+[ Dy / D(u,v) "

—

D(u, v)

[ayCcCOBCKMN GUNBTP

i

H(u,v)=1-¢ D*@n/2D;

1.0

-~ D(u, v)



dun bTPbl BbICOKUX HYaCTOT

NpeanbHbiM UNBLTP

B |0 mpw D(u,v)< D
V=1 pu Duv) > D

dunbTp baTtTepBOpPTA

1

H@u,v)=
) 14[ Dy / D(u,v)]?"

[ayccoBCKUN GUNBTP

H(u,v)=1-¢D»/2D5




NpeanbHbIM GUNLTP

1 npu D(u,v)< Dy _P;';

H(u,v)=40 npn D, -%< D(u,v)< D, 4%;

1 upu D(u,v)> D, +% ,

l V“ﬂllﬂullll‘""‘llw“ .

L[ ——

M M

/

"I.

i

-'a‘
Ca—

PexXeKTopHble PUALTPLI

dunbTp batTepsopTa

H(u,v)= 1

[ayccoBCKMM GUNbLTP

[ D2(u,)-D} T

H(u, V)=l—€ 2[ D(H,V)W




Y3KOMNONOCHbIe peXXeKTopHble GUNLTPLI

NaeanbHbI GUnbTp PunbTp batrepsopTa [ayccoBckuii GpunbTp
0 mpu, Dy(u,v)< Dywm D, (u,v)< Dy ;
H(u,v)= Hu,v)= 1
I B oOCTaJBHBIX CIyYasTX, ’ 5 n’ 1| D (e.v)Dy(u,v)
: 172 | L0 Huv=1-e L % ]
D)= (=M /2-up)2+(v—N/2-vp)2 | "", Dy (u,v)Dy(u, v) ’

Dy (u,v)=| (=M 2+ ug)+(v— N / 2+ vy)?

]1/2
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MycTb mogens HabnoaeHUA: g X y

f(xy)=0(x y)—7‘1{7{g

=g(x, y)—§7’_l{F(a)X,a)y)+ N(a)x,a)y)—

(X,

v

y)

br( x’

[Tonocosble PUALTPLI

(I'IpOI'IyCKaI-OT, d He NoaaBnAoT 3a4aHHYHO NMOAOCY l-IaCTOT)

pr (u,v)=1-Hy (u4,v)

7 {1 (0y)+h(xy)

e

U 1 !
|

mmm

m g m”m '

..,.........J*

pr(a)x,a)y)} = g(x,y)—7‘1{(F(coX,
y)+ N( X,a)y)Hbr(a)x,a)y)}: g(x, y)—7‘1{N (a)x,a)y)}

a)y)+N(a)X,

a)y))<l—HbIr (a)x,a)y
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[IncKpeTHble pUNbLTPLI

KoHcTpyupoBaHue punbrpa Ha OCHOBE OL,EeHMBaHWA NapameTpos Wyma (noaocosbiM GUALTPOM)
MycTb mogens HabnoaeHua:
ag(x,y)=f(xy)+n(xy)
NycTb 77(X’ Y) =7 {@ (a)x’ a)y)ﬁ(a)x’ @, )} - OLLEHKa LWYMOBOW COCTaB/AOLLEN MO CNeKTpy @(a)x,a)y)

roe A a)x,a)y) - NONOCOBOWN PUNBLTP (MacKa) NPONyCKatoLWMiA YaCTOTbl B OKPECTHOCTU LLIYMOBbIX
KOMMOHEHT.

MoZenb PeKOHCTPYKLUK: f(x, y)=9(xy)-w(x y)n(xy)

BecoBasa ¢dpyHKUUA

LLIym co cnoxHoU CTpyKTypou cnekTpa N (a)x , a)y)
COLEPKNT HECKOIbKO Nepuoanveckmx
KOMMOHEHT, nHTepdepeHuma
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[NCcKpeTHblie GUNbTPBLI
KoHcTpynposaHue punbTpa Ha OCHOBE OLEHMBAHUA ero napameTpos Wyma
MycTb moaens HabnoaeHus:
g(xy)=f(xy)+n(xy)
yers 7(%Y)=7"{8(@,.,)A(@,, @, )} - ouena wymosoii cocrasnsiowseii no cnexrpy (., )

roe A a)x,a)y) - NONOCOBOWN PUNBLTP (MacKa) NPONyCKatoLWMiA YaCTOTbl B OKPECTHOCTU LLIYMOBbIX
KOMMOHEHT.

MoZenb PeKOHCTPYKLUK: f(x, y)=9(xy)-w(x y)n(xy)

BecoBasa ¢dpyHKUUA

MocTaHoBKa 3a4a4u (ychoBme rnaakocTu):

— 2
2 ~ ~ - A
o’(xy)=M [( f(xy)—f(x Y))L — W(rxnw Q,, = (2a +1)X(2b+1) LLIyM CO CNOMKHOW CTPYKTYPOI crieKkTpa n(a)x,a)y)
Y X, yelly y OKPECTHOCTb TOYKMU (X, y) COAEPHUT HECKO/IbKO NEpUoanNYECcKnx

KOMMOHEHT, UHTepdepeHLms
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[NCcKpeTHblie GUNbTPBLI
KoHcTpynposaHue punbTpa Ha OCHOBE OLEHMBAHUA ero napameTpos Wyma
MycTb moaens HabnoaeHus:
g(xy)=f(xy)+n(xy)
yers 7(%Y)=7"{8(@,.,)A(@,, @, )} - ouena wymosoii cocrasnsiowseii no cnexrpy (., )

roe A a)x,a)y) - NONOCOBOWN PUNBLTP (MacKa) NPONyCKatoLWMiA YaCTOTbl B OKPECTHOCTU LLIYMOBbIX
KOMMOHEHT.

MoZenb PeKOHCTPYKLUK: f(x, y)=9(xy)-w(x y)n(xy)

BecoBasa ¢dpyHKUUA

MocTaHoBKa 3a4a4u (ychoBme rnaakocTu):

— 2
2 ~ ~ - A
o’(xy)=M [( f(xy)—f(x Y))L — W(rxnw Q,, = (2a +1)X(2b+1) LLIyM CO CNOMKHOW CTPYKTYPOI crieKkTpa n(a)x,a)y)
Y X, yelly y OKPECTHOCTb TOYKMU (X, y) COAEPHUT HECKO/IbKO NEpUoanNYECcKnx

KOMMOHEHT, UHTepdepeHumS
JloKanbHaa aucnepcusa:

o’(X,y) = (2a+1)1(2b+1) sit;( f~(X+S, y+t)—?(x, y))z, ?(X’ y) = (2a+1)1(2b+1) s;t; f(XJrS, y+1) - cpegHee B OKPECTHOCTM TOUKM
1 a b _ 2
=0’ (x,y) = > > ([90c+s, y+t)—wlx+s, y +n(c+s,y +8] = G0, y) WO, Y)n(xy) |

(2a+1)(2b+1) &4,
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OuncKkpeTHble GUNBLTPDLI
KoHcTpynposaHue ¢puabTpa Ha OCHOBE OLLleHMBAHMUA €ro NnapameTpos LWyma

Nyers W(X, y) ~ const & Q,,: W(X+S,y+t) =W(X,y), —a<s<a, —b<t<b 1Y) (o)
Q,, =(2a+1)x(2b+1) T r—

— W(X’ Y)U(X’ y) = W(X1 y)ﬁ(xi y)

o (x, Y):(2a+1 ob+1 SZ;“Z([Q(XH,Y+t)—w(x+s,y+t)77(x+s,y+t)]—
—[T(x, y) —w(x, y)i7 (X, y)]) - W(r)pw
X, yeQy y

LLIym co cnoxHoU CTpyKTypou cnekTpa N (a)x , a)y)
COLEPKNT HECKOIbKO Nepuoanveckmx
KOMMOHEHT, nHTepdepeHuma

0c”(%,Y) _
OW(X, )

f(x,y) B | n(X,y)

) = g(x y)n(x, y) —g(x y)i(x y)
n° (% y)—7°(X,y)

= W(X, Y

F(0) =0 (xy)-w(x y)n(xy) =g (x.y) - ST ENIEIIEN )
= (% Y) =17 (%)




[MpAMmoe KOHCTpyupoBaHue duabTpa ANs8 NPUMEHEHMA B YaCTOTHOM obnacTu

G(a)x,a)y) Mpumepbl PEKOHCTPYKLUU

MUKW B CNeKTpe OT NepMoanNYecKoro
lwyma (4acTn YacToTHOM
XapPaKTEPUCTUKM UCKAXKEHUI)

f(xy) F(a) a)y):G(a)x,a)y)-HR(a) a)y) HR(a) a)y).

X! X! X!

23

loHcanec P., Byac P. Uudposas o6paboTka nsobpaxeruit / Nepes. ¢ aHrn.— M.: TexHochepa, 2006.



CI'IEKTpaIIbHaﬂ moaenb KaHAa/IbHOTro mMexaHnm3ma BHUMMaHUA

f(x, y)zF(wX,a)y)% H-F %G(a) ,a)y)ilg(x’ y)

HR (a)x,a)y) - PYHKUMA BHUMAHUA, UNBTPYIOLLLASA LLIYM

PEKOHCprKLI,MFI M306pa)KeHMFI 7 (I)MﬂpraLI,MFI lyMa KakK peaninsdayma KaHa/ibHOfro mexaHnima BHUMaHuA:

F(a)x,a)y)

G(a)x,a)y)

. Wy X o
1 & —'2’{M +N] BHMMaTeNbHbI
MN = 4= aKcnepT

H (a) a)y) 64

X1

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



CI'IEKTpaIIbHaﬂ moaenb KaHAa/IbHOTro mMexaHnm3ma BHUMMaHUA

f(x, y)zF(wX,a)y)% H-F %G(a) ,a)y)ilg(x’ y)

HR (a)x,a)y) - PYHKUMA BHUMAHUA, UNBTPYIOLLLASA LLIYM

PEKOHCprKLI,MFI M306pa)KeHMFI 7 (I)MﬂpraLI,MFI lWymMma KaK pea/in3auna KaHa/ibHOro mexaHnima BHUMaHuA:

F (o, ,) G(a,, ,) g(xy)

AHanutuyeckune moaenu py

Hu, v) y
3 /

. WX OyY - )
1 & "2”[M *U BHMMaTENbHbI

MN == 3Kcnepr -

v /7 i
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H(a) a)y)

X1

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.



TeH30pHaA peanmsauma punbtTpaumm Pypbe ¢ KaHa/IbHbIM MEXaHU3MOM
BHUMaHMUSA

Pa3sBepTka B
BEKTOp

F(X, ;o)

KaHa/1bHbIA

f (x, y e 610K BHUMaHUA

fY) | FC #

(M x N)@W

A 4

BNOK H(F'(’)

F(X, Yy, o)

\ 4

BHMMaHUA l

Loss(g(x,y))=SNR(g(x,Yy))— max

G(x Yy, 0)

Mopagynb BHUMaAHUA

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

n
>

FC 7.7
(M x N)

H(w)

g(xy)

—_—
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HelpoceTeBble peannsaLmm KaHaIbHOro MmexaHn3ma BHUMaHMUSA

TeH30p F

F (X, Yy;m)

\ 4

b0 ? H(F.0)
BHMUMMAaAHUA

G(x Yy, 0)

&

Moaynb BHUMaHUA

I'Ipumep peanndaumnn KaHaJibHOro moayna sBHUMaHuA

nyﬂHH r MoaHaceasHan MoanemeHTHas cymma 1
TEH3OFJ F MaxPool HelpOHHaA ceTh NPUMEHEHWE CUMMOMABI TeH30p F
Vd—2N Vi— H(F0)
\ AvgPool _/ '\ @ @ — 5
—7 =
] AvgPooling glolbal \ ] I\l/laxPooIing global \
| FC |
] RﬁLu \
| FC |
] R%Lu \
| _FC_ |
| + |
| Softmax |

Heywes A.H. 06paboTKa n3obpakeHnii B cucTemax UCKYCCTBEHHOTO UHTennekta. MOTU, UC. 2025.

Squeeze-and-Excitation moaynb (SE)

47
AvgPool H (F ' (0)
7 — @ — 9
Squeeze Excitation
|
] AngooIilng global \
| FC |
] RﬁLu \
| FC |
| Softmax |
|
67

S Woo, J Park, JY Lee CBAM: Convolutional Block Attention Module. https://arxiv.org/pdf/1807.06521.pdf



