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äëÿ ðàñïîçíàâàíèÿ èçîáðàæåíèé.

Àííîòàöèÿ. Ñòàòüÿ ïîñâÿùåíà èññëåäîâàíèþ âîçìîæíîñòåé ÿçûêîâ ñåìåé-
ñòâà Prolog äëÿ èõ èñïîëüçîâàíèÿ ïðè ðåøåíèè çàäà÷ ðàñïîçíàâàíèÿ èçîá-
ðàæåíèé íà ýêðàíå äèñïëåÿ. Îòìå÷åíû òðóäíîñòè, âîçíèêøèå ïðè ðåàëèçà-
öèè ïîäõîäà íà ÿçûêàõ ñåìåéñòâà Prolog. Ïîêàçàíî, êàê èñïîëüçîâàíèå îöåíîê
÷èñëà øàãîâ ðàáîòû àëãîðèòìà ïîèñêà âûâîäà äëÿ ðàññìàòðèâàåìîé çàäà÷è
ïîçâîëèëî ïðåîäîëåòü âîçíèêøèå òðóäíîñòè. Ïðèâåäåíû ïðèìåðû ïðèìåíå-
íèÿ íàïèñàííûõ ïðîãðàìì ê âûäåëåíèþ ýòàëîííîãî èçîáðàæåíèÿ íà ñëîæíîì
èçîáðàæåíèè. Ïðîàíàëèçèðîâàíû îñîáåííîñòè èñïîëüçîâàíèÿ ðàçëè÷íûõ ôîð-
ìàòîâ èçîáðàæåíèÿ, ïðåäúÿâëåííîãî ê ðàñïîçíàâàíèþ.
Êëþ÷åâûå ñëîâà: ðàñïîçíàâàíèå èçîáðàæåíèé, ñëîæíîñòü àëãîðèòìîâ, ÿçûê
Prolog.

Kosovskaya T.M., Vlasova M.A. The use of Prolog language family for

image recognition.

Abstract. The paper is devoted to the investigation of Prolog language family
possibility for its use in the solving of the display image recognition. Di�culties
appeared in the Prolog implementation of the approach are marked out. It is shown
the way in which the number of deduction algorithm steps allows to overcome
the appeared di�culties. Examples of the Prolog programs implementation to the
separation of an etalon image from a complex one are done. Peculiarities of the use
of di�erent recognizable image formats are analized.
Keywords: image recognition, complexity of algorithm, Prolog.

1. Ââåäåíèå. Â ðàáîòå [1] ïðåäëîæåí ëîãèêî-ïðåäìåòíûé ïîä-
õîä ê ðåøåíèþ çàäà÷ ðàñïîçíàâàíèÿ îáðàçîâ. Îäíèì èç äîñòîèíñòâ
ýòîãî ìåòîäà ÿâëÿåòñÿ âîçìîæíîñòü åãî ïðèìåíåíèÿ ê ðåøåíèþ çà-
äà÷è àíàëèçà ñëîæíîãî îáúåêòà, çàêëþ÷àþùåéñÿ â âûäåëåíèè è
ðàñïîçíàâàíèè ÷àñòåé îáúåêòà, à òàêæå â îïðåäåëåíèè èõ âçàèì-
íîãî ðàñïîëîæåíèÿ. Áîëüøèíñòâî ïîäõîäîâ ê ðåøåíèþ çàäà÷ ðàñ-
ïîçíàâàíèÿ îáðàçîâ ïëîõî ïðèñïîñîáëåíî (èëè âîâñå íå ïðèñïîñîá-
ëåíî) ê ðåøåíèþ òàêîé çàäà÷è.

Â ðàáîòå [1] ðàññìîòðåíû òðè òèïà çàäà÷ ðàñïîçíàâàíèÿ îáðà-
çîâ: çàäà÷à èäåíòèôèêàöèè, çàäà÷à êëàññèôèêàöèè è çàäà÷à àíà-
ëèçà ñëîæíîãî îáúåêòà. Ïåðâûå äâå çàäà÷è íå òîëüêî ÿâëÿþòñÿ
âñïîìîãàòåëüíûìè ïðè ðåøåíèè çàäà÷è àíàëèçà ñëîæíîãî îáúåê-
òà, íî è ïðåäñòàâëÿþò ñàìîñòîÿòåëüíûé èíòåðåñ.
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Äëÿ ñëó÷àÿ, êîãäà èñõîäíûå ïðèçíàêè çàäàþò ñâîéñòâà ÷àñòåé
ðàñïîçíàâàåìûõ îáúåêòîâ èëè îòíîøåíèÿ ìåæäó íèìè, äîêàçà-
íà NP-òðóäíîñòü çàäà÷ èäåíòèôèêàöèè, êëàññèôèêàöèè è àíàëèçà
ñëîæíîãî îáúåêòà â îáùåé ïîñòàíîâêå. Äîêàçàíî òàêæå, ÷òî ïðè
ôèêñèðîâàíèè îäíîãî èç ïàðàìåòðîâ çàäà÷ ýòè çàäà÷è èìåþò ïî-
ëèíîìèàëüíûé àëãîðèòì ðåøåíèÿ. Äîêàçàíû îöåíêè ñòåïåíè ïî-
ëèíîìîâ, îãðàíè÷èâàþùèõ ÷èñëî øàãîâ ðåøåíèÿ óêàçàííûõ çàäà÷
ïðè èñïîëüçîâàíèè ðàçëè÷íûõ àëãîðèòìîâ.

Â íàñòîÿùåé ðàáîòå èçëàãàåòñÿ ïðèìåíåíèå óêàçàííîãî ïîäõîäà
ê ðåøåíèþ çàäà÷è èäåíòèôèêàöèè èçîáðàæåíèÿ. Îòìå÷åíû òðóä-
íîñòè, âîçíèêøèå ïðè ðåàëèçàöèè ïîäõîäà íà ÿçûêàõ ñåìåéñòâà
Prolog. Ïîêàçàíî, êàê èñïîëüçîâàíèå îöåíîê ÷èñëà øàãîâ ðàáîòû
àëãîðèòìà ïîèñêà âûâîäà äëÿ ðàññìàòðèâàåìîé çàäà÷è ïîçâîëèëî
ïðåîäîëåòü âîçíèêøèå òðóäíîñòè.

2. Ëîãèêî-ïðåäìåòíûé ïîäõîä ê ðåøåíèþ çàäà÷ ðàñïî-

çíàâàíèÿ îáðàçîâ. Ïóñòü èìååòñÿ ìíîæåñòâî Ω êîíå÷íûõ ìíî-
æåñòâ ω = {ω1, . . . , ωt}, êîòîðûå â äàëüíåéøåì áóäåì íàçûâàòü
ðàñïîçíàâàåìûìè îáúåêòàìè. ×àñòüþ τ îáúåêòà ω áóäåì íàçûâàòü
ëþáîå åãî ïîäìíîæåñòâî (íå îáÿçàòåëüíî ñîáñòâåííîå). Ïóñòü òàê-
æå íà ÷àñòÿõ τ çàäàí íàáîð ïðåäèêàòîâ p1, . . . , pn, õàðàêòåðèçóþ-
ùèõ ñâîéñòâà ýëåìåíòîâ îáúåêòà ω è îòíîøåíèÿ ìåæäó íèìè.

Ïóñòü çàäàíî ðàçáèåíèå ìíîæåñòâà Ω íà M (âîçìîæíî ïåðåñå-

êàþùèõñÿ) êëàññîâ Ω =
⋃M

k=1 Ωk.
Ëîãè÷åñêèì îïèñàíèåì S(ω) îáúåêòà ω íàçûâàåòñÿ íàáîð âñåõ

èñòèííûõ ïîñòîÿííûõ àòîìàðíûõ ôîðìóë âèäà pi(τ) èëè ¬pi(τ),
âûïèñàííûõ äëÿ âñåõ âîçìîæíûõ ÷àñòåé τ îáúåêòà ω. Çäåñü è äàëåå
ïîñðåäñòâîì xΠ áóäåì îáîçíà÷àòü óïîðÿäî÷åíèå êîíå÷íîãî ìíîæå-
ñòâà x, ñîîòâåòñòâóþùåå ïåðåñòàíîâêå Π íîìåðîâ åãî ýëåìåíòîâ.
×òîáû íå çàãðîìîæäàòü ôîðìóëû èíäåêñàìè áóäåì ïèñàòü x âìå-
ñòî xΠ.

Ëîãè÷åñêèì îïèñàíèåì êëàññà (ÎÊ) Ωk íàçûâàåòñÿ òàêàÿ ôîð-
ìóëà Ak(x), ÷òî

1. Ak(x) ñîäåðæèò â êà÷åñòâå àòîìàðíûõ òîëüêî ôîðìóëû âèäà
pi(y), ãäå y ⊆ x;

2. Ak(x) íå ñîäåðæèò êâàíòîðîâ;
3. åñëè èñòèííà ôîðìóëà Ak(ω), òî ω ∈ Ωk.
ÎÊ âñåãäà ìîæåò áûòü çàïèñàíî â âèäå äèçúþíêöèè ýëåìåíòàð-

íûõ êîíúþíêöèé àòîìàðíûõ ôîðìóë.
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Ñ ïîìîùüþ ïîñòðîåííûõ îïèñàíèé ïðåäëàãàåòñÿ ðåøàòü ñëåäó-
þùèå çàäà÷è ðàñïîçíàâàíèÿ îáðàçîâ.

Çàäà÷à èäåíòèôèêàöèè. Ïðîâåðèòü, ïðèíàäëåæèò ëè îáú-
åêò ω èëè åãî ÷àñòü êëàññó Ωk.

Ýòà çàäà÷à â [1] ñâåäåíà ê äîêàçàòåëüñòâó âûâîäèìîñòè ëîãè÷å-
ñêîãî ñëåäîâàíèÿ

S(ω) ` ∃y 6= Ak(y). (1)

Çàäà÷à êëàññèôèêàöèè. Íàéòè âñå òàêèå íîìåðà êëàññîâ k,
÷òî ω ∈ Ωk.

Ýòà çàäà÷à â [1] ñâåäåíà ê äîêàçàòåëüñòâó âûâîäèìîñòè ôîðìó-

ëû
∨M

k=1Ak(ω) èç îïèñàíèÿ ðàñïîçíàâàåìîãî îáúåêòà S(ω) ñ óêàçà-
íèåì âñåõ òàêèõ íîìåðîâ k, äëÿ êîòîðûõ ñîîòâåòñòâóþùèé äèçú-
þíêòèâíûé ÷ëåí èñòèíåí íà ω.

Çàäà÷à àíàëèçà ñëîæíîãî îáúåêòà. Íàéòè è êëàññèôèöè-
ðîâàòü âñå ÷àñòè τ îáúåêòà ω, äëÿ êîòîðûõ τ ∈ Ω.

Ýòà çàäà÷à â [1] ñâåäåíà ê äîêàçàòåëüñòâó âûâîäèìîñòè ôîð-

ìóëû
∨M

k=1 ∃y 6=Ak(y) èç îïèñàíèÿ ðàñïîçíàâàåìîãî îáúåêòà S(ω) ñ
óêàçàíèåì âñåõ ÷àñòåé îáúåêòà ω, ïîääàþùèõñÿ êëàññèôèêàöèè, è
èäåíòèôèêàöèè èõ.

Äëÿ ïðàêòè÷åñêîé ðåàëèçàöèè ëîãèêî-ïðåäìåòíîãî ïîäõîäà ê
ðåøåíèþ çàäà÷ ðàñïîçíàâàíèÿ îáðàçîâ êàæåòñÿ ïðèåìëåìûì ÿçûê
Ïðîëîã � èçâåñòíûé ÿçûê èñêóññòâåííîãî èíòåëëåêòà, èñïîëüçó-
þùèé ïðè ðåøåíèè çàäà÷ ìåòîä ðåçîëþöèè. Áûëè èçó÷åíû âîç-
ìîæíîñòè è îãðàíè÷åíèÿ ðàçëè÷íûõ ðàçíîâèäíîñòåé çûêà Ïðîëîã.
×òåíèå öåëåâûõ ïðåäèêàòîâ èç òåêñòîâûõ ôàéëîâ (ò.ê. ïðè ðåøå-
íèè ìíîãèõ çàäà÷ íåîáõîäèìî, ÷òîáû îïèñàíèÿ êëàññîâ õðàíèëèñü
â ïàìÿòè êîìïüþòåðà), áåñïëàòíîñòü, îáúåì ñòåêà è ïîääåðæèâàå-
ìûå ïëàòôîðìû è èõ ðàçðÿäíîñòü - îñíîâíûå êðèòåðèè îòáîðà. Íà
èõ îñíîâå áûëè âûáðàíû SWI Prolog (ïîäõîäèò ïî âñåì ïàðàìåò-
ðàì) è Visual Prolog (íå ïîääåðæèâàåò ÷òåíèå öåëåâûõ ïðåäèêàòîâ
èç òåêñòîâûõ ôàéëîâ, òðåáóåòñÿ íàïèñàíèå èíòåðïðåòàòîðà ôàê-
òîâ).

Íèæå àíàëèçèðóåòñÿ, íàñêîëüêî Ïðîëîã ïîäõîäèò äëÿ ðåøåíèÿ
îïèñàííûõ çàäà÷ è êàêèì îáðàçîì ìîæíî óìåíüøèòü âðåìÿ ðåøå-
íèÿ çàäà÷ ðàñïîçíàâàíèÿ èçîáðàæåíèé íà ýêðàíå äèñïëåÿ. Ïðè-
âîäÿòñÿ ïðèìåðû èñïîëüçîâàíèÿ ïðîãðàìì íà ÿçûêå Ïðîëîã äëÿ
íåêîòîðûõ çàäà÷ ðàñïîçíàâàíèÿ èçîáðàæåíèÿ.
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Äëÿ ïîëó÷åíèÿ èñõîäíûõ äàííûõ äëÿ ïðîãðàììû íà ÿçûêå Ïðî-
ëîã ïðè ðàñïîçíàâàíèè èçîáðàæåíèé íàïèñàíà ïðîãðàììà íà C#.
Îíà îáðàáàòûâàåò ñëîæíîå èçîáðàæåíèå image, íà êîòîðîì èùåì
åãî ÷àñòü - ýòàëîííûé îáúåêò class. Âñå ðåçóëüòàòû çàïèñûâàþòñÿ
â òåêñòîâûé ôàéë. Çàòåì âûçûâàåòñÿ ïðîãðàììà íà ÿçûêå Ïðîëîã,
êîòîðàÿ âûïîëíÿåò ïîèñê class íà image. Åñëè ðåçóëüòàò íàéäåí,
îí òàêæå çàïèñûâàåòñÿ â òåêñòîâûé ôàéë. Èíà÷å ôàéë îñòàåòñÿ
ïóñò.

Íèæå îïèñàíû ïðîãðàììà íà Ñ# (ïîäãîòàâëèâàþùàÿ èñõîäíûå
äàííûå çàäà÷è ðàñïîçíàâàíèÿ èçîáðàæåíèÿ), ïðîãðàììû íà Visual
Prolog 7.3 è SWI Prolog (ðåàëèçóþùèå ïðîöåññ ïîèñêà âûâîäà). Ïî-
êàçàíà ñòðóêòóðà òåêñòîâûõ ôàéëîâ, íåîáõîäèìûõ äëÿ âçàèìîäåé-
ñòâèÿ ïðîãðàìì. Òàêæå ïîêàçàí ñïîñîá ñîñòàâëåíèÿ ïðåäèêàòîâ,
îïèñûâàþùèõ èçîáðàæåíèå (image è class).

3. Èñõîäíûå äàííûå äëÿ ðàñïîçíàâàíèÿ èçîáðàæåíèÿ.

Ðàáîòà ïðîãðàììû, íàïèñàííîé íà ÿçûêå Ïðîëîã è ðåøàþùåé çàäà-
÷ó èäåíòèôèêàöèè (1), ïðîâåðåíà íà çàäà÷å èäåíòèôèêàöèè ÷àñòè
ñëîæíîãî èçîáðàæåíèÿ. Ïðè ýòîì èçíà÷àëüíîå áîëüøîå èçîáðàæå-
íèå, çàäàííîå â ôîðìàòå .jpeg (.jpg), .bmp èëè .png ðàññìàòðèâà-
åòñÿ êàê ñëîæíûé îáúåêò ω, à îïèñàíèå åãî ÷àñòè, â êîòîðîì ðàç-
ëè÷íûå êîíñòàíòû çàìåíåíû ðàçëè÷íûìè ïåðåìåííûìè, ðàññìàò-
ðèâàåòñÿ êàê îïèñàíèå êëàññà. Íî ïðè ñîõðàíåíèè èçîáðàæåíèé
â ðàçëè÷íûõ ôîðìàòàõ ìîãóò âîçíèêíóòü ñèòóàöèè, ïðè êîòîðûõ
ðåøåíèå çàäà÷è íå áóäåò íàéäåíî. Ñèòóàöèÿ ìîæåò âîçíèêíóòü â
ñëó÷àå ñ èçîáðàæåíèÿìè â ôîðìàòå .jpeg è .bmp. Ýòî îáúÿñíÿåòñÿ
òåì, ÷òî ïðè ñîõðàíåíèè èçîáðàæåíèÿ îáû÷íî èñïîëüçóþòñÿ ìå-
òîäû ñæàòèÿ èçîáðàæåíèé, ïðè êîòîðûõ ïîÿâëÿþòñÿ àðòåôàêòû
- ïèêñåëè ñ óñðåäíåííûìè öâåòîì è òîíîì (îäíàêî, ìîæåò ïðè-
ìåíÿòüñÿ ðåæèì ñæàòèÿ lossless JPEG - ñæàòèå áåç ïîòåðü, ïðè
êîòîðîì àðòåôàêòû íå ïîÿâëÿþòñÿ) [9].

Èçîáðàæåíèÿ îïèñûâàþòñÿ ïîïèêñåëüíî. Êàæäûé ïèêñåëü õà-
ðàêòåðèçóåòñÿ ñâîèìè êîîðäèíàòàìè è ÿðêîñòüþ, êîòîðàÿ âû÷èñ-
ëÿåòñÿ ïî ôîðìóëå 0.3 · R + 0.59 · G + 0.11 · B [5], ãäå R, G, B �
êðàñíàÿ, çåëåíàÿ è ñèíÿÿ êîìïîíåíòû öâåòà ïèêñåëÿ ñîîòâåòñòâåí-
íî.

4. Óìåíüøåíèå ðàçìåðíîñòè çàäà÷è.

Äëÿ ñîêðàùåíèÿ ïåðåáîðà ïðè ðåøåíèè çàäà÷è ïèêñåëü áóäåò
õàðàêòåðèçîâàòüñÿ íå òîëüêî ñîáñòâåííîé ÿðêîñòüþ, íî è ÿðêîñòüþ
âîñüìè ñîñåäíèõ ïèêñåëåé (îáõîä ñëåâà íàïðàâî, ñâåðõó âíèç).
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Áûëà ïðåäïðèíÿòà ïîïûòêà õàðàêòåðèçîâàòü ïèêñåëü òîëüêî
ñîáñòâåííîé ÿðêîñòüþ (îäèí èñõîäíûé ïðåäèêàò). Íî â ñâÿçè ñ NP-
òðóäíîñòüþ çàäà÷è ïåðåáîð ïðè ýòîì áûë ñëèøêîì âåëèê. Ïîëó-
÷åííûå â [1, 2, 3] îöåíêè ÷èñëà øàãîâ ðåøåíèÿ çàäà÷è èäåíòèôè-
êàöèè ïîêàçûâàþò, ÷òî ÷åì áîëüøå êîëè÷åñòâî èñõîäíûõ ïðåäèêà-
òîâ, òåì ìåíüøå ïîêàçàòåëü ñòåïåíè ó ýêñïîíåíòû, îãðàíè÷èâàþ-
ùåé ñâåðõó ÷èñëî òàêèõ øàãîâ.

Ïî òîé æå ïðè÷èíå ÷åì áîëüøå ãðàäàöèé ÿðêîñòè, òåì áûñòðåå
ðàáîòàåò ïðîãðàììà. Ìàêñèìàëüíîå êîëè÷åñòâî ãðàäàöèé - 256, â
ïðîãðàììå ïîëüçîâàòåëü ìîæåò âûáèðàòü èõ êîëè÷åñòâî. Ñëåäóåò
îòìåòèòü, ÷òî êëàññû ãðàäàöèé ÿðêîñòè ìîãóò áûòü îäíî-, äâóõ-
è òðåõçíà÷íûìè. Ïîýòîìó ñòðîêà, ñîñòîÿùàÿ èç íàçâàíèÿ è àãðó-
ìåíòîâ ïðåäèêàòà ìîæåò áûòü ðàçíîé äëèíû. Ñ îäíîé ñòîðîíû,
÷åì áîëüøå ãðàäàöèé ÿðêîñòè, òåì áûñòðåå îñóùåñòâëÿåòñÿ ïîèñê
è òåì áîëüøå âåðîÿòíîñòü òîãî, ÷òî ñòåê Ïðîëîãà íå ïåðåïîëíèò-
ñÿ. Ñ äðóãîé ñòîðîíû, ÷åì áîëüøå ãðàäàöèé, òåì äëèííåå íàçâàíèå
ïðåäèêàòà è òåì áîëüøå âðåìåíè òðåáóåòñÿ äëÿ çàïèñè îïèñàíèé
ñëîæíîãî èçîáðàæåíèÿ image è ýòàëîííîãî îáúåêòà class â òåêñòî-
âûé ôàéë.

Íà Ðèñ. 1 ïðåäñòàâëåí ïðèìåð ñîñòàâëåíèÿ ïðåäèêàòà, îïèñûâà-
þùåãî êîíêðåòíûé ïèêñåëü, ïðè óñëîâèè, ÷òî ïîëüçîâàòåëü âûáðàë
5 ãðàäàöèé ÿðêîñòè.

Ðèñ. 1. Õàðàêòåðèçàöèÿ ïèêñåëÿ åãî îêðóæåíèåì.

Äëÿ îïèñûâàåìîãî ïèêñåëÿ è åãî áëèæàéøèõ ñîñåäåé âû÷èñëÿ-
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åòñÿ ÿðêîñòü (I) è íîìåð èíòåðâàëà ÿðêîñòè, â êîòîðûé ÿðêîñòü
ïèêñåëÿ ïîïàäàåò. Òàê êàê ïîëüçîâàòåëü âûáðàë 5 ãðàäàöèé, òî
îïðåäåëåíû 5 èíòåðâàëîâ ÿðêîñòåé: 0− [0, 51), 1− [51, 102), 2−
[102, 153), 3− [153, 204), 4− [204, 255].

I(xi−1, yj−1) = 0.3 · 56 + 0.59 · 177 + 0.11 · 164 ≈ 139 3
I(xi, yj−1) = 0.3 · 157 + 0.59 · 238 + 0.11 · 230 ≈ 212 4

I(xi+1, yj−1) = 0.3 · 44 + 0.59 · 198 + 0.11 · 138 ≈ 145 2
I(xi−1, yj) = 0.3 · 204 + 0.59 · 193 + 0.11 · 255 ≈ 203 3
I(xi, yj) = 0.3 · 0 + 0.59 · 0 + 0.11 · 0 ≈ 0 0

I(xi+1, yj) = 0.3 · 10 + 0.59 · 128 + 0.11 · 82 ≈ 87 1
I(xi−1, yj+1) = 0.3 · 156 + 0.59 · 141 + 0.11 · 226 ≈ 154 3
I(xi, yj+1) = 0.3 · 122 + 0.59 · 158 + 0.11 · 187 ≈ 150 2

I(xi+1, yj+1) = 0.3 · 42 + 0.59 · 87 + 0.11 · 75 ≈ 72 1

Ñîñòàâëÿåòñÿ öåïî÷êà èíòåðâàëîâ ÿðêîñòè: 342301321. Òà-
êèì îáðàçîì, ïðåäèêàò, îïèñûâàþùèé ïèêñåëü (xi, yj) â SWI
Prolog âûãëÿäèò êàê p342301321(i, j)., à â Visual Prolog êàê
p(′′342301321′′, ′′i′′, ′′j′′). (Ïîäðîáíåå ïðî îñîáåííîñòè ïðîãðàìì
íà SWI Prolog è Visual Prolog ñì. â ðàçäåëàõ 5 è 6.)

Äëÿ îïèñàíèÿ image ðàçìåðîì m x n áóäåò ïîëó÷åíî (m − 2) ·
(n − 2) àòîìàðíûõ ôîðìóë. Àíàëîãè÷íûì îáðàçîì, äëÿ îïèñàíèÿ
class ðàçìåðîì mCl x nCl áóäåò ñîñòàâëåíî (mCl − 2) · (nCl − 2)
àòîìàðíûõ ôîðìóë, ñîäåðæàùèõ mCl + nCl ïåðåìåííûõ.

Â [1, 2, 3] äîêàçàíî, ÷òî ïðè èñïîëüçîâàíèè àëãîðèòìà ïîëíîãî
ïåðåáîðà ÷èñëî øàãîâ ðåøåíèÿ çàäà÷è ðàñïîçíàâàíèÿ èçîáðàæåíèé
ñîñòàâèò O(tm

′ · |S|), ãäå
t � ÷èñëî ýëåìåíòîâ â ìíîæåñòâå ω = {ω1, ..., ωt},
m′ � êîëè÷åñòâî àðãóìåíòîâ â A(x),
|S| � êîëè÷åñòâî ïîñòîÿííûõ ôîðìóë â S(ω).
Â ðàññìàòðèâàåìîì ñëó÷àå
t = m · n,
m′ = mCl · nCl,
|S| = (mCl − 2) · (nCl − 2).
Ïðè èñïîëüçîâàíèè ñåêâåíöèàëüíîãî èñ÷èñëåíèÿ ïðåäèêàòîâ

èëè ìåòîäà ðåçîëþöèé äëÿ èñ÷èñëåíèÿ ïðåäèêàòîâ ÷èñëî øàãîâ
ðåøåíèÿ ïîñòàâëåííîé çàäà÷è ñîñòàâëèò O(D · sa), ãäå

D � êîëè÷åñòâî äèçúþíêòîâ â îïèñàíèè êëàññîâ,
s � ìàêñèìàëüíîå êîëè÷åñòâî âõîæäåíèé îäíîãî è òîãî æå ïðå-

äèêàòà â îïèñàíèå îáúåêòà S(ω),
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a � ìàêñèìàëüíîå êîëè÷åñòâî âõîæäåíèé àòîìàðíûõ ôîðìóë â
ýëåìåíòàðíûå êîíúþíêöèè, ñîñòàâëÿþùèå îïèñàíèå A(x).

Â ðàññìàòðèâàåìîì ñëó÷àå
D = 1,
a = mCl · nCl.
Âåëè÷èíà s çàâèñèò îò òîãî, íàñêîëüêî çàøóìëåíî èçîáðàæåíèå

(÷åì áîëüøå øóì, òåì ìåíüøå s).
Ïîíÿòíî, ÷òî îáúåì äàííûõ î÷óíü âåëèê. Äëÿ óìåíüøåíèÿ êî-

ëè÷åñòâà ïðåäèêàòîâ è îáëåã÷åíèÿ ïîèñêà ýòàëîíà class íà ñëîæ-
íîì èçîáðàæåíèè image ïðåäëàãàåòñÿ äâà âàðèàíòà:

1. Äîáàâèòü øóì ê èçîáðàæåíèÿì, ÷òîáû èçáåæàòü áîëüøèõ îá-
ëàñòåé ïîñòîÿííîé ÿðêîñòè.

2. Óìåíüøèòü ðàçìåð ýòàëîííîãî îáúåêòà class è ñëîæíîãî
èçîáðàæåíèÿ image.

Íèæå ïðåäñòàâëåí ñïîñîá óìåíüøåíèÿ ðàçìåðà èçîáðàæåíèÿ.
Ââîäèòñÿ äîïîëíèòåëüíûé íàòóðàëüíûé ïàðàìåòð k, çàäàþùèé

ñòåïåíü ñæàòèÿ èçîáðàæåíèÿ. (Â ðàññìàòðèâàåìîé ðåàëèçàöèè íåò
óíèâåðñàëüíîãî k, ïîëüçîâàòåëü ñàì âûáèðàåò ïîäõîäÿùåå ÷èñëî.)

Ïóñòü
m = k ·m

′
+ ostm, n = k · n

′
+ ostn,

mCl = k ·m
′

Cl + ostClm , n = k · n
′

Cl + ostCln ,

ãäå 0 ≤ ostm < k è 0 ≤ ostn < k, 0 ≤ ostClm < k è 0 ≤ ostCln < k.
Òîãäà ìîæíî óìåíüøèòü ðàçìåð image äî m

′
x n

′
, à ðàçìåð

class äî m
′

Cl x n
′

Cl.
Ïðè ýòîì âñå ¾êâàäðàòû¿ k x k ïèêñåëåé ïðåîáðàçóþòñÿ â îäèí

ïèêñåëü, ÿðêîñòü êîòîðîãî � ñðåäíåå àðèôìåòè÷åñêîå ÿðêîñòåé âñåõ
ïèêñåëåé â ýòîì êâàäðàòå.Îñòàâøèåñÿ ñïðàâà è ñíèçó ïèêñåëè îò-
áðàñûâàþòñÿ. Íà ðèñ. 2 ïðîäåìîíñòðèðîâàíû îñòàâøèåñÿ ïèêñå-
ëè íà image (îòáðàñûâàþòñÿ ïèêñåëè ñ êîîðäèíàòàìè (x, y), ãäå
m

′ · k ≤ x < m è n
′ · k ≤ y < n).

Ïðè óìåíüøåíèè ðàçìåðîâ class è image â k2 ðàç óìåíüøèò-
ñÿ ïîêàçàòåëü ñòåïåíè â îöåíêå ÷èñëà øàãîâ ðåøåíèÿ ïîñòàâëåí-
íîé çàäà÷è êàê â ñëó÷àå ïîëíîãî ïåðåáîðà, òàê è â ñëó÷àå ìåòîäà
ðåçîëþöèé äëÿ èñ÷èñëåíèÿ ïðåäèêàòîâ. Ïðîãðàììà, ðåàëèçóþùàÿ
ïîèñê ýòàëîííîãî îáúåêòà class íà ñëîæíîì èçîáðàæåíèè image,
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Ðèñ. 2. ¾Ñæàòèå¿ èçîáðàæåíèÿ ñ îòáðàñûâàíèåì ÷àñòè ïèêñåëåé.

íàïèñàíà íà Ïðîëîãå. Ïîèñê ðåøåíèé â Ïðîëîãå îñíîâàí íà ìå-
òîäå ðåçîëþöèé, ïîýòîìó ïîñìîòðèì, êàê èçìåíèòñÿ îöåíêà ÷èñëà
øàãîâ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è ïðè ïîìîùè ìåòîäà ðåçîëþ-
öèé äëÿ èñ÷èñëåíèÿ ïðåäèêàòîâ:

a � ìàêñèìàëüíîå êîëè÷åñòâî âõîæäåíèé àòîìàðíûõ ôîðìóë â
ýëåìåíòàðíûå êîíúþíêöèè, ñîñòàâëÿþùèå îïèñàíèå A(x), âû÷èñ-
ëÿëîñü êàê a = mCl · nCl. Ñ ó÷åòîì óìåíüøåíèÿ è mCl è nCl â k
ðàç, ïîëó÷àåì óëó÷øåíèå â k2 ðàç: a

′
= mCl

k ·
nCl

k = a
k2 = m

′

Cl · n
′

Cl.
Åñëè ðàñïîçíàâàåìûé ýòàëîííûé îáúåêò class äåéñòâèòåëüíî

áûë ÷àñòüþ ñëîæíîãî èçîáðàæåíèÿ image, òî êàæäîìó ïèêñåëþ
class ñòàâèëñÿ â ñîîòâåòñòâèå îäèí ïèêñåëü image. Ïîýòîìó îäíî-
ãî ïðîãîíà ïðîãðàììû áûëî äîñòàòî÷íî, ÷òîáû íàéòè class, åñëè
îí åñòü, èëè óáåäèòüñÿ â åãî îòñóòñòâèè. Â ñëó÷àå ñ óìåíüøåíè-
åì image è class â k ðàç, îäíîãî ïðîãîíà íåäîñòàòî÷íî, ïîòîìó
÷òî 'íîâûå ïèêñåëè' ìîãóò íå ñîâïàäàòü ó class è image. Â òàêîì
ñëó÷àå íóæíî âûçâàòü ïðîãðàììó k2 ðàç, ÷òîáû íàéòè ýòàëîííûé
îáúåêò class èëè óáåäèòüñÿ â åãî îòñóòñòâèè. Ïðèìåð ¾ñîâïàäåíèÿ
è íåñîâïàäåíèÿ íîâûõ ïèêñåëåé¿ ïîêàçàí íà ðèñ. 3.

Çäåñü, k - ñòåïåíü ñæàòèÿ (è, ñîîòâåòñòâåííî, ñòîðîíà êâàäðàòà
èç ïèêñëåé, êîòîðûé ïðåîáðàçîâûâàåòñÿ â îäèí íîâûé ïèêñåëü), cx
è cy - êîîðäèíàòû class íà image. Íà ëåâîì ðèñóíêå âèäíî, ÷òî
'íîâûé ïèêñåëü' ñ íà÷àëîì â òî÷êå (sxk, syk) ëèøü ÷àñòè÷íî ïå-
ðåêðûâàåòñÿ class. Íà ïðàâîì ðèñóíêå ïîêàçàíî 'ñîâïàäåíèå' (ñè-
òóàöèÿ, åñëè ó image îáðåçàòü ñëåâà (cx − sxk)( ïèêñåëåé è ñâåðõó
(cy − syk) ïèêñåëåé), cx1 è cy1 - êîîðäèíàòû ýòàëîííîãî îáúåêòà
class íà îáðåçàííîì ñëîæíîì èçîáðàæåíèè image. ×òîáû ïîëó-
÷èòü 'ñîâïàäåíèå íîâûõ ïèêñåëåé' íóæíî ñîâåðøèòü k2 îïåðàöèé:
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Ðèñ. 3. Ïðèìåð ¾ñîâïàäåíèÿ è íåñîâïàäåíèÿ íîâûõ ïèêñåëåé¿.

∀i(0 ≤ i < k)∀j(0 ≤ j < k) {îáðåçàòü ó image ñâåðõó i è ñëåâà j
ïèêñåëåé è çàïóñòèòü ïðîãðàììó íà Ïðîëîãå}.

Òàêèì îáðàçîì, ìîæíî ïðèâåñòè íîâóþ îöåíêó ÷èñëà øàãîâ ðå-
øåíèÿ çàäà÷è ìåòîäîì ðåçîëþöèé. Çíà÷åíèå s çàâèñåëî îò òîãî,
íàñêîëüêî çàøóìëåíî èçîáðàæåíèå. Ïîñëå óìåíüøåíèÿ îíà ìîæåò
èçìåíèòüñÿ, ìîæåò íå èçìåíèòüñÿ, íàçîâåì åå s

′
. Çíà÷åíèå D íå

èçìåíèëîñü: D = 1. Ïîêàçàòåëü ñòåïåíè èçìåíèëñÿ è ñòàë ðàâåí
a

′
= a

k2 . Òàêæå ïîÿâèòñÿ ìíîæèòåëü k
2 · time, ãäå

k2 � êîëè÷åñòâî ïðîãîíîâ ïðîãðàììû,
time � ñðåäíåå âðåìÿ âûçîâà ïðîãðàììû íà Ïðîëîãå, ó÷èòûâàÿ

äåéñòâèÿ ïîëüçîâàòåëÿ.
Òîãäà íîâàÿ îöåíêà ÷èñëà øàãîâ ïðèìåò âèä:

(k2 · time) ·
(
s
′
) a
k2
.

5. Îïèñàíèå ïðîãðàììû íà ÿçûêå SWI Prolog 6.0.2. SWI
Prolog ÷èòàåò èç òåêñòîâîãî ôàéëà êàê îïèñàíèå ñëîæíîãî èçîá-
ðàæåíèÿ image, òàê è îïèñàíèå ýòàëîííîãî îáúåêòà class. Ïðå-
äèêàòû, îïèñûâàþùèå image, èìåþò âèä: pe1e2e3e4e5e6e7e8e9(i, j).,
ãäå el - ÿðêîñòü l-îãî ïèêñåëÿ â îêðóæåíèè ïèêñåëÿ ñ êîîð-
äèíàòàìè (i, j). Ïðåäèêàòû, îïèñûâàþùèå class, èìåþò âèä:
pe1e223e4e5e6e7e8e9(Xi, Yj)., ãäå el - ÿðêîñòü l-îãî ïèêñåëÿ â îêðó-
æåíèè ïèêñåëÿ ñ êîîðäèíàòàìè (Xi, Yi). Öåëü äëÿ ïîèñêà ðåøåíèÿ
òàêæå ñîäåðæèò â ñåáå âûâîä ðåçóëüòàòà â òåêñòîâûé ôàéë â âèäå
[[xi, yj ], . . .].
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6. Îïèñàíèå ïðîãðàììû íà ÿçûêå Visual Prolog 7.3.

Visual Prolog ÷èòàåò èç òåêñòîâîãî ôàéëà îïèñàíèå ñëîæ-
íîãî èçîáðàæåíèÿ image è ôàêò, êîòîðûé çàïèñàí ïîñëåä-
íèì è áóäåò èíòåðïðåòèðîâàòüñÿ êàê îïèñàíèå ýòàëîííîãî
îáúåêòà class. Ïðåäèêàòû, îïèñûâàþùèå image èìåþò âèä:
p(′′e1e223e4e5e6e7e8e9

′′, ′′xi
′′, ′′yi

′′), ãäå ei - ÿðêîñòü i-îãî ïèêñåëÿ,
xi è yi � åãî êîîðäèíàòû. Ïðåäèêàò, îïèñûâàþùèé class èìåþò âèä:
f([[′′e1e223e4e5e6e7e8e9

′′, ′′Xi
′′, ′′Yi

′′], . . .])., ãäå ei - ÿðêîñòü i-îãî
ïèêñåëÿ, xi è yi � åãî êîîðäèíàòû. Â ïðîöåññå ðàáîòû ïðîãðàììû
ñîñòàâëÿåòñÿ ñïèñîê ïàð âèäà (′′xi

′′, ′′Xi
′′), (′′yj

′′, ′′Yj
′′) . . ., êîòî-

ðûé è ÿâëÿåòñÿ îòâåòîì íà ïîñòàâëåííóþ çàäà÷ó. Áóäåì â äàëüíåé-
øåì íàçûâàòü ýòîò ñïèñîê result.

Àãðóìåíò ôàêòà f � ìàññèâ ìàññèâîâ. Êàæäûé âíóòðåí-
íèé ìàññèâ ñîîòâåòñòâóåò îäíîìó ïèêñåëþ. Èíòåðïðåòàöèÿ ôàê-
òà f çàêëþ÷àåòñÿ â ñëåäóþùåì: äëÿ êàæäîãî âíóòðåííåãî ìàñ-
ñèâà (ïî î÷åðåäè ñëåäîâàíèÿ âî âíåøíåì ìàññèâå), èìåþùå-
ãî âèä [′′ident′′, ′′X ′′i ,

′′Y ′′j ], âûïîëíÿåòñÿ âûçîâ ïðåäèêàòà
p(′′ident′′, X, Y ). Åñëè íàõîäèòñÿ ôàêò p(′′ident′′, ′′x′′, ′′y′′), òî
âûïîëíÿåòñÿ ïðîâåðêà äëÿ ïàðû (x, Xi) (çàòåì àíàëîãè÷íàÿ ïðî-
âåðêà äîëæíà áûòü âûïîëíåíà äëÿ ïàðû (y, Yj):

1. åñëè â result íåò ïàðû (x, Xi), òî äîáàâèòü ýòó ïàðó ê result;

2. åñëè â result åñòü ïàðà (x, Xi), òî ïåðåõîäèì ê àíàëîãè÷íîé
ïðîâåðêå äëÿ ïàðû (y, Yj);

3. åñëè â result åñòü ïàðà (x
′
, Xi), ãäå x

′
íå ñîâïàäàåò ñ x, òî

ïðîèñõîäèò îòêàò.

Èíòåðïðåòàöèÿ çàêàí÷èâàåòñÿ èëè óñïåøíî (âñå âíóòðåííèå
ìàññèâû ïðîñìîòðåíû), èëè íåóäà÷íî (íåò ôàêòîâ, óäîâëåòâîðÿ-
þùèõ êàêîìó-ëèáî âíóòðåííåìó ìàññèâó).

7. Ïðèìåðû ðàáîòû ïðîãðàìì. Ïðèâåäåì íåñêîëüêî ïðèìå-
ðîâ âõîäíûõ äàííûõ è ðåçóëüòàòîâ ðàáîòû ñ ïðîãðàììîé.

Ïðèìåð 1. Ñîçäàíèå îïèñàíèé ýòàëîííûõ èçîáðàæåíèé (¾÷è-
ñòîãî¿ è ¾çàøóìëåííîãî¿) è ñðàâíåíèå êîëè÷åñòâà îäèíàêîâûõ
âõîäÿùèõ â íåãî ïðåäèêàòîâ.

Íà ðèñ. 4 è 5 ïðåäñòàâëåíû ýòàëîííîå èçîáðàæåíèå class è åãî
êîïèÿ ñ äîáàâëåííûì øóìîì.
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Ðèñ. 4. Ýòàëîííîå èçîáðàæåíèå. Ðèñ. 5. Êîïèÿ ýòàëîíà
ñ äîáàâëåííûì øóìîì.

Îïèñàíèå ýòàëîííîãî èçîáðàæåíèÿ ñîäåðæèò î÷åíü áîëüøîå
êîëè÷åñòâî îäèíàêîâûõ ïðåäèêàòîâ, ïîýòîìó ïåðåáîð ïðè ðåøåíèè
çàäà÷è èäåíòèôèêàöèè îêàçûâàåòñÿ ñëèøêîì âåëèê, è ñòåê Ïðîëî-
ãà ïåðåïîëíÿåòñÿ.

Íàïðèìåð, äëÿ brightness = 10 è smoothing = 3 â îïèñàíèè ¾÷è-
ñòîãî¿ ýòàëîííîãî èçîáðàæåíèÿ class ïðåäèêàò p888888888(Xi, Yi)
âñòðå÷àåòñÿ 172 ðàçà. À â îïèñàíèè ¾çàøóìëåííîãî¿ ýòàëîííîãî
èçîáðàæåíèÿ class ýòîò ïðåäèêàò âñòðå÷àåòñÿ 55 ðàç. Â ïîäàâëÿþ-
ùåì áîëüøèíñòâå ñëó÷àåâ êîëè÷åñòâî ðàçëè÷íûõ èìåí ïðåäèêàòîâ
âîçðàñòàåò ñ äîáàâëåíèåì øóìà, à êîëè÷åñòâî îäèíàêîâûõ ïðåäè-
êàòîâ, íàîáîðîò, óìåíüøàåòñÿ.

Ïðèìåð 2. Âûäåëåíèå íà ßíäåêñ-êàðòå Ñàíêò-Ïåòåðáóðãà çà-
äàííîãî ýòàëîííîãî èçîáðàæåíèÿ.

Íà ðèñ. 6 ïðåäñòàâëåíî èçîáðàæåíèå ýòàëîííîãî îáúåêòà class
(32px× 40px) è ñëîæíîãî èçîáðàæåíèÿ image (744px× 480px). Ðå-
çóëüòàòîì ðàáîòû ïðîãðàììû ÿâëÿåòñÿ èçîáðàæåíèå íà ðèñ. 7, ãäå
ñåðûì âûäåëåíî ìåñòî, íà êîòîðîì íàõîäèòñÿ ýòàëîííûé îáúåêò.

Ïðèìåð 3. Ïðèìåð ðàáîòû ïðîãðàììû ñ ðàçëè÷íûìè ôîðìà-
òàìè èçîáðàæåíèé.

Áûëà ñôîðìóëèðîâàíà ïðîáëåìà, âîçíèêàþùàÿ ïðè ðàáîòå ïðî-
ãðàìì ñ èçîáðàæåíèÿìè, ïðè ñîõðàíåíèè êîòîðûõ èñïîëüçîâàëñÿ
àëãîðèòì ñæàòèÿ ñ ïîòåðåé êà÷åñòâà. Ïðèâåäåì ïðèìåð èçîáðàæå-
íèé, ïðè êîòîðûõ ýòà ïðîáëåìà âîçíèêàåò. Íà ðèñ. 8 ïðåäñòàâëåí
ýòàëîííûé îáúåêò class (40px×34px) (ñëåâà) è ñëîæíîå èçîáðàæå-
íèå image (300px× 277px) (ñïðàâà).
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Ðèñ. 6. Èçîáðàæåíèå ýòàëîíà (ñëåâà) è ñëîæíîãî èçîáðàæåíèÿ
(ñïðàâà).

Ðèñ. 7. Âûäåëåíèå ýòàëîíà íà ñëîæíîì èçîáðàæåíèè.

288 Труды СПИИРАН. 2013. Вып. 2(25). ISSN 2078-9181 (печ.), ISSN 2078-9599 (онлайн)  
SPIIRAS Proceedings. 2013. Issue 2(25). ISSN 2078-9181 (print), ISSN 2078-9599 (online) 

www.proceedings.spiiras.nw.ru



Ðèñ. 8. Ýòàëîí è ñëîæíîå èçîáðàæåíèå.

Èçîáðàæåíèÿ áûëè ñîõðàíåíû â ôîðìàòàõ .png è .jpg. Èçîáðà-
æåíèå êîíòðàñòíîå, ïðè ñîõðàíåíèè â .jpg ñ îáû÷íûìè ïàðàìåò-
ðàìè (ïðèìåíÿëñÿ àëãîðèòì ñæàòèÿ ñ ïîòåðåé êà÷åñòâà) íà íåì
ïîÿâèëèñü ¾àðòåôàêòû¿. Ïðîãðàììû íàøëè ðåøåíèå òîëüêî â ñëó-
÷àå, êîãäà ýòè èçîáðàæåíèÿ áûëè ñîõðàíåíû êàê .png.

8. Çàêëþ÷åíèå. Òàêèì îáðàçîì ìîæíî âûäåëèòü ñëåäóþùèå
îñîáåííîñòè ëîãè÷åñêîãî ÿäðà íà ÿçûêå ñåìåéñòâà Ïðîëîã:

• ñëèøêîì ñèëüíàÿ çàâèñèìîñòü ïî âõîäíûì äàííûì;

• íåîáõîäèìîñòü îïòèìèçèöèè (ïðåáðàçîâàíèÿ, ñîêðàùåíèÿ è
ò.ï.) è ïðàâèëüíîé ñîðòèðîâêè âõîäíûõ äàííûõ.

Ïðîëîã íå èäåàëüíî ïîäõîäèò äëÿ ñîçäàíèÿ ÿäðà äëÿ ðåøåíèÿ
çàäà÷è èäåíòèôèêàöèè. Íî îí ìîæåò áûòü ïîëåçåí ïðè ðàññìîòðå-
íèè çàäà÷ ñ ¾õîðîøèì¿ íàáîðîì âõîäíûõ äàííûõ.
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ÐÅÔÅÐÀÒ

Êîñîâñêàÿ Ò.Ì., Âëàñîâà Ì.À. Èñïîëüçîâàíèå ÿçûêîâ ñåìåé-

ñòâà Prolog äëÿ ðàñïîçíàâàíèÿ èçîáðàæåíèé.
Äëÿ èçîáðàæåíèé íà ýêðàíå äèñïëåÿ ðàññìîòðåíà ðåàëèçàöèÿ çàäà÷è

âûäåëåíèÿ ýòàëîíîãî èçîáðàæåíèÿ íà ñëîæíîì èçîáðàæåíèè ñðåäñòâàìè
ÿçûêîâ ñåìåéñòâà Prolog. Ïîäðîáíî îïèñàíû îñîáåííîñòè ðåøåíèÿ çàäà-
÷è ïðè ðàçëè÷íûõ ôîðìàòàõ ñîõðàíåíèÿ èçîáðàæåíèÿ: .jpeg (.jpg), .bmp
èëè .png. Ïðèâåä¼í ïðèìåð èçîáðàæåíèÿ, ðàñïîçíàâàíèå ÷àñòè êîòîðîãî
óäàëîñü îñóùåñòâèòü òîëüêî ïðè åãî çàäàíèè â ôîðìàòå .png.

Êðàòêî èçëîæåí ëîãèêî-ïðåäìåòíûé ïîäõîä ê ðåøåíèþ çàäà÷ ðàñ-
ïîçíàâàíèÿ îáðàçîâ è ïðèâåäåíû îöåíêè ÷èñëà øàãîâ àëãîðèòìà ðàñ-
ïîçíàâàíèÿ èçîáðàæåíèé, îñíîâàííîãî íà ïîèñêå âûâîäà â èñ÷èñëåíèè
ïðåäèêàòîâ: Csa, ãäå s � ìàñèìàëüíîå êîëè÷åñòâî âõîæäåíèé îäíîãî è
òîãî æå èñõîäíîãî ïðåäèêàòà, â òåðìèíàõ êîòîðûõ îïèñûâàåòñÿ ñëîæíîå
èçîáðàæåíèå; a � êîëè÷åñòâî âõîæäåíèé àòîìàðíûõ ôîðìóë â îïèñàíèå
ýòàëîíà.

Áîëüøàÿ ðàçìåðíîñòü çàäà÷è ðàñïîçíàâàíèÿ ðåàëüíîãî èçîáðàæåíèÿ
íà ýêðàíå äèñïëåÿ íå ïîçâîëÿåò íåïîñðåäñòâåííî ïðèìåíèòü ÿçûê Prolog
äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è â ñèëó å¼ NP-òðóäíîñòè.

Èñïîëüçîâàíèå ïðèâåä¼ííûõ ñëîæíîñòíûõ îöåíîê ïîçâîëèëî ïðîèç-
âåñòè ïðåäîáðàáîòêó èçîáðàæåíèÿ òàêèì îáðàçîì, ÷òî âðåìÿ ðåøåíèÿ
çàäà÷ ñóùåñòâåííî óìåíüøèëîñü äî ïðèåìëåìîãî, íå èçìåíèâ ïðè ýòîì
êà÷åñòâà ðàñïîçíàâàíèÿ.

Äëÿ óìåíüøåíèÿ ïàðàìåòðà s èñïîëüçóåòñÿ îïèñàíèå êàê ýòàëîíà,
òàê è ñëîæíîãî èçîáðàæåíèÿ íå ïîïèêñåëüíî ñ ââåäåíèåì îäíîãî ïðåäè-
êàòà, õàðàêòåðèçóþùåãî êàæäûé ïèêñåëü åãî ÿðêîñòüþ, à ñ ó÷¼òîì åãî
îêðóæåíèÿ èç âîñüìè ïèêñåëåé, ÷òî ïðèâîäèò ê ïîÿâëåíèþ 2569 ðàçëè÷-
íûõ ïðåäèêàòîâ. Èçìåðåíèå èõ çíà÷åíèé çàíèìàåò ñòîëüêî æå âðåìåíè è
ñòîëüêî æå ìåñòà, êàê è èçìåðåíèå çíà÷åíèÿ ïîïèêñåëüíîãî ïðåäèêàòà,
íî èõ ââåäåíèå ñóùåñòâåííî óìåíüøàåò çíà÷åíèå ïàðàìåòðà s (â äåñÿòêè
è ñîòíè ðàç) äî çíà÷åíèÿ s′ (ñâîåãî äëÿ êàæäîãî èçîáðàæåíèÿ).

Äëÿ óìåíüøåíèÿ çíà÷åíèÿ ïàðàìåòðà a ââåäåíî ïîíÿòèå ¾ñæàòèÿ¿
èíôîðìàöèè â k ðàç. Ýòî ïðèâåëî ê èçìåíåíèþ âåðõíåé îöåíêè ÷èñëà

øàãîâ àëãîðèòìà ðàñïîçíàâàíèÿ ñ Cs′
a
äî k2Cs′

a/k2

, ãäå a � ðàçìåðíîñòü
ýòàëîíà.

Ïðèâåäåíû ïðèìåðû çàäà÷, ðåø¼ííûõ ñ ïîìîùüþ îïèñàííîãî êîì-
ïëåêñà ïðîãðàìì. Âûäåëåíèå íà ßíäåêñ-êàðòå Ñàíêò-Ïåòåðáóðãà çàäàí-
íîãî ôðàãìåíòà èçîáðàæåíèÿ. Ïðèìåð ðàñïîçíàâàíèÿ èçîáðàæåíèÿ íà
ãëàäêîì ôîíå, ýôôåêòèâíîå ðàñïîçíàâàíèå êîòîðîãî âîçìîæíî ïðè åãî
÷àñòè÷íîì ¾çàøóìëåíèè¿ ñ öåëüþ óìåíüøåíèÿ ïàðàìåòðà s.
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SUMMARY

Kosovskaya T.M., Vlasova M.A. The use of Prolog language

family for image recognition.
Implementation of an etalon extraction from a complex image on the

display screen problem by means of a language Prolog family is considered.
Peculiarities of the problem solving while using di�erent image formats (.jpeg
(.jpg), .bmp or .png) are described. An example of an image the recognition
of which was ful�lled only in rhe case of format .png is done.

The logic-objective approach to the problems of pattern recognition is
shortly described and number of steps bounds for an image recognition
algorithm based on deduction search in the predicate calculus are brought:
Csa, where s is a maximal number of the same predicate occurrences in the
complex image, a is the number of atomic formulas in the etalon description.

Great dimension of real image on the display screen recognition problem
does not allow directly use Prolog in order to solve the mentioned problem
because of its NP-hardness.

The use of the above done complexity bounds allows to make such a
preprocessing of an image that the problem solving time is decreased up to
acceptable one and the quality of recognition does not change.

To decrease the parameter s the description of the etalon (as well as the
complex image) is made not in the terms of one predicate characterizing
every pixel by means of its brightness, but by means of 2569 predicates
which take in acount the pixel itself and 8 pixels from its enclosing. The
measurement of their values takes the same time and memory as the
measurement of the pixel-by-pixel predicate value, but their introduction
essentially decreases the value of parameter s (in tens and hundreds times)
up to the value s′ (its own for every image).

To decrease the parameter a the notion of information ¾compression¿
in k times is introduced. It leads to the change of the recognition algorithm

number of steps upper bound from Cs′
a
up to k2Cs′

a/k2

where a is an etalon
dimension.

Examples of the problems solved with the use of the described program
complex are done. An extraction from the Yandex-map of St.Petersburg
of an image fragment. An example of the image situated on the smooth
background for which its e�ective recognition is possible only after its partial
¾shading¿ in order to decrease the parameter s.
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