
10

ÐÀÄ²ÎÔ²ÇÈÊÀ

ISSN 1607-3274 «Ðàä³îåëåêòðîí³êà. ²íôîðìàòèêà. Óïðàâë³ííÿ» ¹ 1, 2009

Î. Ñ. Àíòðîïîâ, Â. Ô. Áîðóëüêî, Ñ. Ì. Âîâê // Ðàäèî-
ýëåêòðîíèêà, èíôîðìàòèêà, óïðàâëåíèå. – 2008. –
¹ 1. – Ñ. 9–12.

8. Antropov O. S. Edge-Preserving Piecewise-Constant Im-
age Restoration via Method of Minimum of Extension /
O. S. Antropov // Proceedings of IEEE Microwaves, Ra-
dar and Remote Sensing Symposium. – Kiev, 2008. –
P. 151–154.

9. Alekseev V. V. Microwave introscopy using multifrequen-
cy measurements and transversal scan / V. V. Alek-
seev, O. O. Drobakhin, Ye. V. Kondrat’ev, D. Yu. Salty-
kov // IEEE Aerospace and Electronic Systems Maga-
zine. – 2006. – ¹ 2. – P. 24–26.

Íàä³éøëà 14.10.2008

Ðîçãëÿíóòà çàäà÷à îáðîáêè ðàä³îô³çè÷íèõ çîáðàæåíü
ô³í³òíèõ îá’ºêò³â íà îñíîâ³ àëãîðèòì³â íåêâàäðàòè÷íî¿
ðåãóëÿðèçàö³¿ ç ìåòîþ çìåíøåííÿ àäèòèâíîãî ãàóññîâñü-
êîãî øóìó òà â³äíîâëåííÿ ðîçìèòèõ çîáðàæåíü ô³í³ò-
íèõ îá’ºêò³â. Ñôîðìóëüîâàí³ îñíîâí³ êðèòåð³¿ ðîçâ’ÿçêó
öèõ çàäà÷ äëÿ âèïàäêó êóñêîâî-ïîñò³éíèõ çîáðàæåíü ç

âèêîðèñòàííÿì ìåòîäó ì³í³ìóìó òðèâàëîñò³. Åôåêòèâ-
í³ñòü ï³äõîäó ïåðåâ³ðÿºòüñÿ çà äîïîìîãîþ ÷èñåëüíîãî
ìîäåëþâàííÿ òà îáðîáêè åêñïåðèìåíòàëüíèõ äàíèõ, ùî
ïðåäñòàâëåí³ ñóïóòíèêîâèìè çí³ìêàìè çåìíî¿ ïîâåðõí³
òà ðàä³îô³çè÷íèìè çîáðàæåííÿìè ô³í³òíèõ îá’ºêò³â.

Problem of radiophysical images processing on the basis
of nonquadratic regularization algorithms with the purpose
of additive noise suppression and restoration of blurred
images of finite objects is considered. Basic criteria for
problem solution are formulated for the case of piecewise-
constant images using method of minimum of duration. Ef-
fectiveness of proposed approach is verified by means of
through numerical simulations and experimental process-
ing of data represented by satellite images of Earth sur-
face and radiophysical images of finite objects.
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Ïðåäëîæåí ìåòîä ôèëüòðàöèè òåêñòóð äëÿ ñèíòåçà
èçîáðàæåíèé ìåòîäîì îáðàòíîãî òðàññèðîâàíèÿ. Ñóòü
ìåòîäà çàêëþ÷àåòñÿ â âûïîëíåíèè ôèëüòðàöèè â ïëîñ-
êîñòè òåêñòóðû. Ïðåäëîæåíû ôóíêöèè àïïðîêñèìàöèè
ðåàëüíîé ïðîåêöèè ôèëüòðà íà ïëîñêîñòü òåêñòóðû.

ÂÂÅÄÅÍÈÅ

Ðàññìîòðèì îäíîìåðíûé ñëó÷àé ôèëüòðàöèè òåê-
ñòóðû. Íà ðèñ. 1 ïðåäñòàâëåíû ãåîìåòðè÷åñêèå ýëå-
ìåíòû çàäà÷è. Àíàëîãîì ïëîñêîñòè òåêñòóðû â îäíî-
ìåðíîì ñëó÷àå ÿâëÿåòñÿ ïðÿìàÿ òåêñòóðû, à àíàëîãîì
ýêðàíà – ïðÿìàÿ ýêðàíà. Ïðÿìàÿ òåêñòóðû çàäàíà â
áàçîâîé ñèñòåìå êîîðäèíàò XY (g-ñ/ê) íà îñè X.
Òåêñòóðà ïðåäñòàâëåíà ôóíêöèåé T(XT), çàäàííîé íà

ïðÿìîé òåêñòóðû. Çäåñü XT – òåêñòóðíàÿ êîîðäèíàòà.

Çàäàí íàáëþäàòåëü (öåíòð ïðîåêöèè òî÷êà h), ñ êî-
òîðûì ñâÿçàíà ñèñòåìà êîîðäèíàò UV (v-ñ/ê), òî÷êà

h ñîâïàäàåò ñ íà÷àëîì ýòîé ñ/ê. – ðàäè-
óñ-âåêòîð öåíòðà ïðîåêöèé h â g-ñ/ê, çàäàåò ïîëîæå-
íèå öåíòðà ïðîåêöèé îòíîñèòåëüíî g-ñ/ê.

Ýêðàí çàäàí â v-ñ/ê âäîëü îñè êîîðäèíàò Ys, ïà-

ðàëëåëüíîé îñè V íà ðàññòîÿíèè îò íåå êîîðäèíàòà-

ìè  ãäå ρ – øàã ïèêñåëåé íà ýêðàíå. Óãîë α îò-

ñ÷èòûâàåòñÿ îò ïîëîæèòåëüíîãî íàïðàâëåíèÿ îñè OX
g-ñ/ê ïðîòèâ ÷àñîâîé ñòðåëêè äî ïîëîæèòåëüíîãî íà-

ïðàâëåíèÿ îñè OX v-ñ/ê. Èç öåíòðà ïðîåêöèè h

ïðîâåäåì ëó÷ ÷åðåç òî÷êó íà ïðÿìîé ýêðàíà ñ êîîð-

äèíàòàìè  â v-ñ/ê, ãäå Yv – ýêðàííàÿ êîîð-

äèíàòà, äî ïåðåñå÷åíèÿ ñ ïðÿìîé òåêñòóðû â òî÷êå pT

ñ êîîðäèíàòàìè  Îïðåäåëèì äâå ôóíêöèè, óñ-

h xh yh,{ }=

1
ρ
---,

Ðèñóíîê 1 – Ãåîìåòðè÷åñêèå ýëåìåíòû çàäà÷è

1
ρ
--- Yv,

⎩ ⎭
⎨ ⎬
⎧ ⎫

XT 0,{ }.
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òàíàâëèâàþùèå ñîîòâåòñòâèå ìåæäó äâóìÿ òî÷êàìè íà
ýòîì ëó÷å:

(1)

(2)

ãäå   
 

ÏÎÑÒÀÍÎÂÊÀ ÇÀÄÀ×È

Òðåáóåòñÿ îòîáðàçèòü ôóíêöèþ T(XT) íà äèñêðåò-
íî çàäàííîé ïðÿìîé ýêðàíà. Ïîëàãàåì, ÷òî èìååòñÿ
íåêîòîðàÿ ôóíêöèÿ S(Yv), êîòîðàÿ ÿâëÿåòñÿ ïðîåêöè-
åé ôóíêöèè òåêñòóðû T(XT) íà íåïðåðûâíóþ ïðÿìóþ
ýêðàíà. Äëÿ ýòîé ôóíêöèè ñïðàâåäëèâû ñîîòíîøåíèÿ

 

(3)

Ïóñòü ýòà æå ôóíêöèÿ S(Yv) îòîáðàæàåòñÿ íà äèñ-
êðåòíî çàäàííóþ ïðÿìóþ ýêðàíà ñ øàãîì äèñêðåòíî-
ñòè ρ. Â ýòîì ñëó÷àå íà ýêðàíå ñôîðìèðóåòñÿ åå
íåêîòîðîå äèñêðåòíîå ñîîòâåòñòâèå â âèäå ôóíêöèè

 ãäå k – íîìåð îòñ÷åòà.

Èçâåñòíî [1, 2], ïðè äèñêðåòèçàöèè ÷àñòü èíôîð-
ìàöèè ìîæåò áûòü ïîòåðÿíà, åñëè â ñïåêòðå ôóíêöèè
ñîäåðæàòñÿ ÷àñòîòû, ïðåâûøàþùèå ïîëîâèíó ÷àñòîòû

äèñêðåòèçàöèè  Ïîòåðÿ èíôîðìàöèè ïðèâîäèò ê

ïîÿâëåíèþ íà èçîáðàæåíèè àðòåôàêòîâ (aliasing) [2].
Îáû÷íî [1, 2], ñ öåëüþ èñêëþ÷åíèÿ èç ñïåêòðà ôóí-
êöèè S(Yv) ÷àñòîò, ïðåâûøàþùèõ ïîëîâèíó ÷àñòîòû

äèñêðåòèçàöèè ( ), ïðèìåíÿþò ê äàííîìó ñèãíàëó

ëèíåéíóþ ôèëüòðàöèþ (ñâåðòêó S(Yv) ñ ÿäðîì ôèëü-

òðà H):

(4)

ãäå R(Yv) – ôóíêöèÿ, ïîëó÷åííàÿ â ðåçóëüòàòå ñâåðò-
êè; Hn – áàçèñíàÿ ôóíêöèÿ îäíîðîäíîãî B-ñïëàéíà
ñòåïåíè n, ïîñòðîåííîãî â ïëîñêîñòè ýêðàíà; yv – ïå-
ðåìåííàÿ èíòåãðèðîâàíèÿ íà ïðÿìîé ýêðàíà.

Â ëèòåðàòóðå [3, 4] èçâåñòíû äâà ìåòîäà ïîëó÷å-
íèÿ ïðîåêöèè ôóíêöèè T(XT) íà ïëîñêîñòü ýêðàíà:
ìåòîä îáðàòíîãî è ïðÿìîãî òðàññèðîâàíèÿ ëó÷åé. Ïðè
ýòîì ìåòîä îáðàòíîãî òðàññèðîâàíèÿ ëó÷åé ÿâëÿåòñÿ
íàèáîëåå ïåðñïåêòèâíûì ìåòîäîì ïîëó÷åíèÿ ïðîåê-
öèé èçîáðàæåíèé ñöåíû íà ïëîñêîñòü ýêðàíà [3, 5].

Ôîðìóëà ñâåðòêè (4) ïîçâîëÿåò âûïîëíÿòü ôèëüò-
ðàöèþ ñèãíàëà S(Yv) íà íåïðåðûâíîé ïðÿìîé ýêðàíà
è åå öåëåñîîáðàçíî ïðèìåíÿòü â ñëó÷àå, êîãäà ïîëó-
÷åíèå ôóíêöèè S(Yv) îñóùåñòâëÿåòñÿ ïðÿìûì ìåòî-
äîì òðàññèðîâàíèÿ ëó÷åé.

Ïîëó÷åíèå ôóíêöèè S(Yv) íà ïðÿìîé ýêðàíà â
ñëó÷àå ïðèìåíåíèÿ ìåòîäà îáðàòíîãî òðàññèðîâàíèÿ
ëó÷åé ïðåäñòàâëÿåò ñîáîé íåòðèâèàëüíóþ çàäà÷ó. Â äàí-
íîé ñòàòüå ðåøàåòñÿ çàäà÷à îïðåäåëåíèÿ îïåðàöèè
ñâåðòêè íà ïðÿìîé òåêñòóðû äëÿ ìåòîäà îáðàòíîãî
òðàññèðîâàíèÿ, àíàëîãè÷íî (4).

ÔÈËÜÒÐÀÖÈß ÍÀ ÏÐßÌÎÉ ÒÅÊÑÒÓÐÛ

Ó÷èòûâàÿ, ÷òî yv â (4) îïðåäåëÿåòñÿ ñîãëàñíî (2)
êàê  ïðîèçâåäåì çàìåíó ïåðåìåííîé èíòåã-
ðèðîâàíèÿ â ôîðìóëå (4):

(5)

Îêîí÷àòåëüíî:

(6)

Âûðàæåíèå (6) ïðåäñòàâëÿåò ñîáîé àíàëîã ñâåðò-
êè ôóíêöèè T(xT) â ïëîñêîñòè ýêðàíà, âû÷èñëåííóþ
â ïëîñêîñòè òåêñòóðû, ñ ÿäðîì ôèëüòðà Hn, ïðè ýòîì
âåñîâàÿ ôóíêöèÿ  ó÷èòûâàåò ïîëîæåíèå ñèñòå-
ìû îòîáðàæåíèÿ îòíîñèòåëüíî g-ñ/ê:

(7)

Ïðåäëàãàåòñÿ èñêëþ÷èòü èç ïîäûíòåãðàëüíîãî âû-
ðàæåíèÿ (6) 

Äëÿ ýòîãî ââåäåì îáîçíà÷åíèå:

(8)

ãäå Gn – ïðîåêöèÿ Hn íà ïðÿìóþ òåêñòóðû.
Òîãäà (6) ïðèíèìàåò âèä

(9)

Äàëåå ïðåäëàãàåòñÿ àïïðîêñèìèðîâàòü ôóíêöèþ
 íåîäíîðîäíûì B-ñïëàéíîì  ãäå  –

áàçèñíàÿ ôóíêöèÿ íåîäíîðîäíîãî B-ñïëàéíà ñòåïåíè

XT fT Yv( )
A YvB+
C YvD+
-----------------------,= =

Yv fv XT( )
A XTC–
XTD B–
-----------------------,= =

A yh α xh α;sin–cos= B ρ xh α yh αsin+cos( );–= C =
α;sin= D ρ α.cos=

S Yv( ) T fT Yv( )( ),=

T XT( ) S fv XT( )( ).=

F k ρ⋅( ),

1
2ρ
------.

1
2ρ
------

R Yv( ) S yv( )Hn yv Yv–( ) yv,d
∞–

+∞

∫=

yv fv xT( ),≡

R Yv( ) S yv( )Hn yv Yv–( ) yvd
∞–

+∞

∫
yv fv xT( )=

= =

S fv xT( )( )Hn fv xT( ) Yv–( ) fv xT( )( ).d
∞–

+∞

∫=

R Yv( ) T xT( )Hn fv xT( ) Yv–( )fv′ xT( ) xT.d
∞–

+∞

∫=

fv′ xT( )

fv′ xT( ) BC AD–
B xTD–( )2

-----------------------------.=

fv′ xT( ).

Gn xT Yv,( ) Hn fv xT( ) Yv–( )fv′ xT( ),=

R Yv( ) T xT( )Gn xT Yv,( ) xT.d
∞–

+∞

∫=

Gn xT yv,( ) Hn* xT( ), Hn*



12

ÐÀÄ²ÎÔ²ÇÈÊÀ

ISSN 1607-3274 «Ðàä³îåëåêòðîí³êà. ²íôîðìàòèêà. Óïðàâë³ííÿ» ¹ 1, 2009

n, ïîñòðîåííàÿ íà ïðÿìîé òåêñòóðû. Òîãäà R(yv)
ïðåäëàãàåòñÿ âû÷èñëÿòü ïðèáëèæåííî ïî ôîðìóëå

(10)

Ðàññìîòðèì ñëó÷àè ðàçëè÷íûõ ñòåïåíåé Â-ñïëàé-
íà Hn.

Ñëó÷àé 0-é ñòåïåíè.

(11)

(12)

ãäå  – ïðîåêöèè îïîð-

íûõ òî÷åê áàçèñíîé ôóíêöèè H0, ïîñòðîåííîé íà

ïðÿìîé ýêðàíà, íà ïðÿìóþ òåêñòóðû (ïðîåêöèè ãðà-
íèö ïèêñåëÿ).

Íàéäåì òàêîå çíà÷åíèå K0, ïðè êîòîðîì âûïîëíÿ-
åòñÿ óñëîâèå

(13)

Âû÷èñëèì ïðàâóþ ÷àñòü (13):

Ïðåîáðàçóåì ëåâóþ ÷àñòü (13):

 

Ñ ó÷åòîì ïðåîáðàçîâàíèé èìååì 

ñëåäîâàòåëüíî

(14)

(15)

Ñëó÷àé 1-é ñòåïåíè.

(16)

(17)

ãäå    – ïðî-
åêöèè îïîðíûõ òî÷åê áàçèñíîé ôóíêöèè H1, ïîñòðî-
åííîé íà ïðÿìîé ýêðàíà, íà ïðÿìóþ òåêñòóðû (ïðî-
åêöèè öåíòðîâ òðåõ ñîñåäíèõ ïèêñåëåé).

Íàéäåì òàêîå çíà÷åíèå K1, ïðè êîòîðîì âûïîëíÿ-
åòñÿ óñëîâèå

(18)

Âû÷èñëèì ïðàâóþ ÷àñòü (18):

Ïðåîáðàçóåì ëåâóþ ÷àñòü (18):

Ñ ó÷åòîì ïðåîáðàçîâàíèé èìååì:

ñëåäîâàòåëüíî

(19)

(20)

R Yv( ) R*≈ T xT( )Hn* xT( ) xT.d
∞–

+∞

∫=

H0 t( )

1  ïðè t 1
2
--- 1

2
---
⎠
⎟
⎞
;,–∈,

0  ïðè t 1
2
--- 1

2
---
⎠
⎟
⎞
,,–∉,

⎩
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎧

=

H0* xT( ) K0*
1  ïðè xT x0 x1 );,[∈,

0  ïðè xT x0 x1 ),,[∉,⎩
⎨
⎧

=

x0 fT Yv
1
2
---–

⎝ ⎠
⎜ ⎟
⎛ ⎞

,= x1 fT Yv
1
2
---+

⎝ ⎠
⎜ ⎟
⎛ ⎞

=

H0* xT( ) xTd
∞–

+∞

∫ G0 xT Yv,( ) xT.d
∞–

+∞

∫=

G0 xT Yv,( ) xTd
∞–

+∞

∫ fv′ xT( ) xTd
fT Yv

1
2
---–⎝ ⎠

⎛ ⎞

fT Yv
1
2
---+⎝ ⎠

⎛ ⎞

∫= =

fv fT Yv
1
2
---+

⎝ ⎠
⎜ ⎟
⎛ ⎞

⎝ ⎠
⎜ ⎟
⎛ ⎞

fv fT Yv
1
2
---–

⎝ ⎠
⎜ ⎟
⎛ ⎞

⎝ ⎠
⎜ ⎟
⎛ ⎞

–= =

Yv
1
2
--- Yv

1
2
---–

⎝ ⎠
⎜ ⎟
⎛ ⎞

–+ 1.= =

H0* xT( ) xTd
∞–

+∞

∫ K0 xTd
x0

x1

∫ K0 x1 x0–( ).= =

K0 x1 x0–( ) 1,=

K0
1

x1 x0–
-----------------,=

R0* K0 T xT( ) xT.d
x0

x1

∫=

H1 t( )
1 t, ïðè t 1 0,–( );∈+
1 t, ïðè t 0 1 );,[∈–
0, t 1 1,–( ),∉⎩

⎪
⎨
⎪
⎧

=

H1* xT( ) K1*

xT x0–
x1 x0–
-----------------, ïðè xT x0 x1,( );∈

xT x2–
x1 x2–
-----------------, ïðè xT x1 x2 );,[∈

0, xT x0 x2,( ),∉
⎩
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎧

=

x0 fT Yv 1–( ),= x1 fT Yv( ),= x2 fT Yv 1+( )=

H1* xT( ) xTd
∞–

+∞

∫ G1 xT Yv,( ) xT.d
∞–

+∞

∫=

G1 xT Yv,( ) xTd
∞–

+∞

∫ =

1 fv xT( ) Yv–( )+( )fv′ xT( ) xT +d
fT Yv 1–( )

fT Yv( )

∫=

1 fv xT( ) Yv–( )–( )fv′ xT( ) xTd
fT Yv( )

fT Yv 1+( )

∫+ 1.=

H1* xT( ) xTd
∞–

+∞

∫ =

K1
xT x0–
x1 x0–
----------------- xT K1

xT x2–
x1 x2–
----------------- xTd

x1

x2

∫+d
x0

x1

∫= =

K1
xT x0–
x1 x0–
----------------- xT

xT x2–
x1 x2–
----------------- xTd

x1

x2

∫+d
x0

x1

∫⎝ ⎠
⎜ ⎟
⎛ ⎞

= =

K1 x2 x0–( )
2

-----------------------------.=

K1 x2 x0–( )
2

----------------------------- 1,=

K1
2

x2 x0–
-----------------,=

R1* K1 T xT( )
xT x0–
x1 x0–
----------------- xT T xT( )

xT x2–
x1 x2–
----------------- xTd

x1

x2

∫+d
x0

x1

∫
⎝ ⎠
⎜ ⎟
⎜ ⎟
⎛ ⎞

.=
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Ñëó÷àé 2-é ñòåïåíè.

(21)

(22)

ãäå   

 – ïðîåêöèè îïîðíûõ òî÷åê áàçèñíîé

ôóíêöèè H2, ïîñòðîåííîé íà ïðÿìîé ýêðàíà, íà ïðÿ-

ìóþ òåêñòóðû (ïðîåêöèè ãðàíèö òðåõ ñîñåäíèõ ïèê-
ñåëåé).

Íàéäåì òàêîå çíà÷åíèå K2, ïðè êîòîðîì âûïîëíÿ-
åòñÿ óñëîâèå

(23)

Ïî àíàëîãèè ñ ïðåîáðàçîâàíèÿìè äëÿ ñëó÷àÿ íóëå-
âîé è ïåðâîé ñòåïåíè ïðåîáðàçóåì ïðàâóþ ÷àñòü âû-
ðàæåíèÿ (23):

Ïî àíàëîãèè ñ ïðåîáðàçîâàíèÿìè äëÿ ñëó÷àÿ íóëå-
âîé è ïåðâîé ñòåïåíè ïðåîáðàçóåì ëåâóþ ÷àñòü âûðà-
æåíèÿ (23):

Ñ ó÷åòîì ïðåîáðàçîâàíèé èìååì 

ñëåäîâàòåëüíî:

 (24)

H2 t( )

1
2
--- 3

2
--- t+
⎝ ⎠
⎜ ⎟
⎛ ⎞ 2

, ïðè t 3
2
--- 1

2
---–,–

⎝ ⎠
⎜ ⎟
⎛ ⎞

;∈

3
4
--- t2, ïðè t 1

2
--- 1

2
---
⎠
⎟
⎞
;,–∈–

1
2
--- 3

2
--- t–⎝ ⎠
⎛ ⎞

2

, ïðè t 1
2
--- 3

2
---,
⎠
⎟
⎞
;∈

0, ïðè t 3
2
--- 3

2
---,–

⎝ ⎠
⎜ ⎟
⎛ ⎞

,∉
⎩
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎧

=

H2* xT( ) K2

xT x0–( )2

x0 x1–( ) x0 x2–( )
--------------------------------------------, ïðè xT x0 x1,( );∈

xT x0–( ) x2 xT–( )
x1 x2–( ) x0 x2–( )

--------------------------------------------- xT x1–( ) x3 xT–( )
x1 x2–( ) x1 x3–( )

---------------------------------------------,+

                        ïðè xT x1 x2 );,[∈

xT x3–( )2

x1 x3–( ) x2 p3–( )
--------------------------------------------, ïðè xT x2 x3 );,[∈

0, ïðè xT x0 x3,( ),∉⎩
⎪
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎪
⎪
⎧

=

x0 fT Yv
3
2
---–

⎝ ⎠
⎜ ⎟
⎛ ⎞

,= x1 fT Yv
1
2
---–

⎝ ⎠
⎜ ⎟
⎛ ⎞

,= x2 fT Yv
1
2
---+

⎝ ⎠
⎜ ⎟
⎛ ⎞

,=

x3 fT Yv
3
2
---+

⎝ ⎠
⎜ ⎟
⎛ ⎞

=

H2* xT( ) xTd
∞–

+∞

∫ G2 xT Yv,( ) xT.d
∞–

+∞

∫=

G2 xT yv,( ) xTd
∞–

+∞

∫ 1.=

H2* xT( ) xTd
∞–

+∞

∫
K2 x3 x0–( )

3
-----------------------------.=

K2 x3 x0–( )
3

----------------------------- 1,=

K2
3

x3 x0–
-----------------,=

 
à) 

á) 

 
â)

 ã)

Ðèñóíîê 2 – Ïðîåêöèè ôèëüòðîâ íà ïðÿìóþ òåêñòóðû 
è èõ àïïðîêñèìàöèÿ:

à – ; á – G0, ; â – G1, ; ã – G2, fv′ H0* H1* H2*
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(25)

Â êà÷åñòâå ïðèìåðà íà ðèñ. 2 ïðåäñòàâëåíû ôóíê-
öèè  Gn,  ïðè °,   

R2* K2 T xT( )
xT x0–( )

x0 x1–( ) x0 p2–( )
-------------------------------------------- xT +d

x0

x1

∫
⎝
⎜
⎜
⎛

=

T xT( )
xT x0–( ) x2 xT–( )
x1 x2–( ) x0 x2–( )

--------------------------------------------- xT +d
x1

x2

∫+

T xT( )
xT x1–( ) x3 xT–( )
x1 x2–( ) x1 x3–( )

--------------------------------------------- xT +d
x1

x2

∫+

T xT( )
xT x3–( )2

x1 x3–( ) x2 x3–( )
-------------------------------------------- xTd

x2

x3

∫+
⎠
⎟
⎟
⎞
.

fv′ , Hn* α 332= xh 0,= yh 10,= ρ =
0 02.,=

Ðèñóíîê 3 – Ïðîåêöèÿ S(Yv) ôóíêöèè T(XT) 
íà ïðÿìóþ ýêðàíà

à) á)

â) ã) 

ä) å) 

Ðèñóíîê 4 – Ñèãíàë, îòôèëüòðîâàííûé íà ïðÿìîé ýêðàíà (à, â, ä) è íà ïðÿìîé òåêñòóðû (á, ã, å)
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Ìîäåëèðîâàíèå. Äëÿ ïðîâåðêè êîððåêòíîñòè ïðåä-
ëîæåííîãî ïîäõîäà ê ôèëüòðàöèè âûïîëíåíî ìîäåëè-
ðîâàíèå. 

Â êà÷åñòâå òåñòîâîé ôóíêöèè (òåêñòóðû) äëÿ îöåí-
êè êà÷åñòâà ôèëüòðàöèè îáùåïðèíÿòî [2] âûáèðàòü
ìåàíäð  Íà ðèñ. 3 ïîêàçàíà ïðî-
åêöèÿ S(Yv) íà ïðÿìóþ ýêðàíà ôóíêöèè T(XT), ñî-
ãëàñíî (3). Àëèàñèíã â äàííîì ñëó÷àå ïðîÿâëÿåòñÿ â
âèäå èíòåðôåðåíöèîííûõ ïîëîñ è âûáðîñîâ áåëîãî è
÷åðíîãî öâåòà â îáëàñòè, ãäå ÷àñòîòà ñèãíàëà S(Yv)
ïðåâûøàåò ïîëîâèíó ÷àñòîòû äèñêðåòèçàöèè. Íà
ðèñ. 4, à, â, ä ïðèâåäåíû ðåçóëüòàòû ôèëüòðàöèè
S(Yv), ñîãëàñíî (4), ôèëüòðàìè íóëåâîé, ïåðâîé è
âòîðîé ñòåïåíè, ïîñòðîåííûìè íà ïðÿìîé ýêðàíà. Íà
ðèñ. 4, á, ã, å ïðèâåäåíû ðåçóëüòàòû ôèëüòðàöèè
T(XT), ñîãëàñíî (10), ôèëüòðàìè íóëåâîé, ïåðâîé è
âòîðîé ñòåïåíè, ïîñòðîåííûìè íà ïðÿìîé òåêñòóðû.

Ðåçóëüòàòû ìîäåëèðîâàíèÿ, ïðåäñòàâëåííûå íà
ðèñ. 4, ïîêàçàëè, ÷òî âûïîëíåíèå ôèëüòðàöèè ïðåä-
ëîæåííûì ìåòîäîì íà ïðÿìîé òåêñòóðû ïîçâîëÿåò
óñòðàíÿòü ýôôåêò àëèàñèíãà òàê æå ýôôåêòèâíî, êàê
â ñëó÷àå ôèëüòðàöèè íà ïðÿìîé ýêðàíà.

ÂÛÂÎÄÛ

Â ñòàòüå ïðåäëîæåí ìåòîä ôèëüòðàöèè òåêñòóð äëÿ
ñèíòåçà èçîáðàæåíèÿ ìåòîäîì îáðàòíîãî òðàññèðîâà-
íèÿ ëó÷åé (îäíîìåðíûé ñëó÷àé). Äàííûé ìåòîä ôèëü-
òðàöèè ïîçâîëÿåò óñòðàíèòü àëèàñèíã ïðè íàíåñåíèè
òåêñòóð è ïðè ýòîì íå òðåáóåò äîïîëíèòåëüíî òðàññè-
ðóåìûõ ëó÷åé, çà ñ÷åò òîãî, ÷òî ôèëüòðàöèÿ âûïîë-

íÿåòñÿ â ïëîñêîñòè òåêñòóðû. Ðåçóëüòàòû ìîäåëè-
ðîâàíèÿ â îäíîìåðíîì ñëó÷àå äîêàçàëè ýôôåêòèâ-
íîñòü ïðåäëîæåííîãî ïîäõîäà ê óñòðàíåíèþ àëèàñèí-
ãà. Â êà÷åñòâå íàïðàâëåíèÿ äàëüíåéøèõ èññëåäîâàíèé
ñëåäóåò âûäåëèòü ðàçðàáîòêó ìåòîäà ôèëüòðàöèè â
ïëîñêîñòè òåêñòóðû (äâóìåðíûé ñëó÷àé).
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Çàïðîïîíîâàíî ìåòîä ô³ëüòðàö³¿ òåêñòóð äëÿ ñèí-
òåçó çîáðàæåíü ìåòîäîì çâîðîòíîãî òðàñóâàííÿ. Ñóòü
ìåòîäó ïîëÿãàº ó âèêîíàíí³ ô³ëüòðàö³¿ â ïëîùèí³ òåê-
ñòóðè. Çàïðîïîíîâàíî ôóíêö³¿ àïðîêñèìàö³¿ ðåàëüíî¿
ïðîåêö³¿ ô³ëüòðà íà ïëîùèíó òåêñòóðè.

The method of texture filtering for the image synthesis
by reverse ray tracing method is offered. The essence of
the method is to implement filtering in the texture plane.
Approximation of the actual projection of the filter in the
texture plane is suggested.

ÓÄÊ 681.7.068.4

È. Ø. Íåâëþäîâ, Þ. Â. Íàòàëóõà, Ð. Þ. Àëëàõâåðàíîâ, È. Ñ. Õàòíþê

ÀÍÀËÈÇ ÔÈÇÈ×ÅÑÊÈÕ ßÂËÅÍÈÉ ÏÐÈ ÑÒÛÊÎÂÊÅ 
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Ïðåäëàãàåòñÿ ìåòîä àíàëèçà âîçáóæäåíèÿ ìîä ïðè
íàëè÷èè ëîêàëüíîé íåîäíîðîäíîñòè â ïðèåìíîì ñòûêóå-
ìîì âîëîêíå ñ ó÷åòîì õàðàêòåðèñòè÷åñêîãî óðàâíåíèÿ.
Îïðåäåëÿþòñÿ îñíîâíûå êîìïîíåíòû ïîòåðü ýíåðãèè
ïðè ñòûêîâêå îäíîìîäîâûõ âîëîêîí ÍÅ ìîäû è ðàññ÷è-
òûâàþòñÿ âíîñèìûå ïîòåðè, îáóñëîâëåííûå ãåîìåòðè÷å-
ñêèìè ôàêòîðàìè è íàðóøåíèÿìè ìîäîâîé ñòðóêòóðû.

ÂÂÅÄÅÍÈÅ

Ïðè ñîåäèíåíèè îäíîìîäîâûõ îïòè÷åñêèõ âîëîêîí
(ÎÂ) âîçíèêàþò ëîêàëüíûå íåîäíîðîäíîñòè, îáóñëîâ-
ëåííûå íåòî÷íîñòüþ ïàðàìåòðîâ ÎÂ è èçëîìîì îñåé.

Ýòè íåîäíîðîäíîñòè, êðîìå èñêàæåíèé, îáóñëîâëåí-
íûõ ÷èñòî ãåîìåòðè÷åñêèìè ôàêòîðàìè (êàê ýòî èìå-
åò ìåñòî äëÿ ìíîãîìîäîâûõ âîëîêîí), ïðèíîñÿò åùå
íàðóøåíèÿ ìîäîâîé ñòðóêòóðû, êîòîðûå (êàê ïîêàçà-
íî íèæå) ÿâëÿþòñÿ íàèáîëåå ñóùåñòâåííûì ôàêòîðîì
âíîñèìûõ ïîòåðü â îäíîìîäîâûõ ÎÂ.

Ïîýòîìó â ñòàòüå ðàññìàòðèâàþòñÿ íàðóøåíèÿ ìî-
äîâîé ñòðóêòóðû è ïîòåðè, îáóñëîâëåííûå åþ.

Åñëè âîëîêíà ñîñòûêîâàíû «èäåàëüíî», ò. å. îñè èõ
ñîâïàäàþò è ïàðàëëåëüíû, è åñëè â èçëó÷àþùåì è ïðè-
åìíîì âîëîêíàõ âîëíû è ìîäû èìåþò àíàëîãè÷íîå ðàñ-
ïðåäåëåíèå ïîëÿ, òî ýòî îáåñïå÷èâàåò ýôôåêòèâíîñòü

T XT( ) XT mod2( ).=
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