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1.1. Ïîèñê ðàçëè÷èé èçîáðàæåíèé

Àíàëèç âèäåîïîñëåäîâàòåëüíîñòåé −→
http://changedetection.net

←− Îáðàáîòêà öèôðîâûõ êîñìè÷åñêèõ
ñíèìêîâ çåìíîé ïîâåðõíîñòè
http://www.landinformationsystem.at/

Lu D., Mausel P., Brondizio E., Moran E.

Change detection techniques //
International Journal of Remote Sensing,
June 2004. Vol. 25, � 12. P. 2365�2401.

←− Áèîìåäèöèíñêèå ïðèëîæåíèÿ

Radke R.J., Andra S., Al-Kofahi O.,

Roysam B. Image change detection
algorithms: a systematic survey // IEEE
Transactions on image processing,
Mar. 2005. Vol. 14, � 3. P. 294�307.
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1.3. Ïðåäûñòîðèÿ

- Ðàäèîìåòðè÷åñêàÿ êîððåêöèÿ:

Yang X., Lo C.P. Relative Radiometric Normalization Performance for Change Detection from
Multi-Date Satellite Images // Photogrammetric Engineering and Remote Sensing, August 2000.
Vol. 66, � 8. P. 967�980.

- Òåêñòóðíûå ïðèçíàêè:
le Hegarat-Mascle S., Seltz R., Hubert-Moy L., Corgne S., Stach N. Performance of change detection
using remotely sensed data and evidential fusion: comparison of three cases of application //
International Journal of Remote Sensing, 2006. Vol. 27, � 16. P. 3515�3532.

- Àíàëèç êîíòóðîâ:
Li W., Li X., Wu Y., Hu Z. A Novel Framework for Urban Change Detection Using VHR Satellite
Images // IEEE The 18th International Conference on Pattern Recognition (ICPR'06). Hong Kong,
2006. P. 312�315.

- Àýðîñúåìêà è 3D ìîäåëè:

Huertas A., Nevatia R. Detecting changes in aerial views of manmade structures // Image and Vision
Computing, May 2000. Vol. 18, � 8. P. 583�596.

- Èññëåäîâàíèå âëèÿíèÿ ðàññèíõðîíèçàöèè èçîáðàæåíèé:

Townshend J.R.G., Justice C.O., Gurney C. The impact of misregistration on change detection // IEEE
Trans. Geosci. Remote Sensing, 1992. Vol. 30, Issue 5. P. 1054�1060.

Dai X., Khorram S. Quanti�cation of the Impact of Misregistration on the Accuracy of Remotely Sensed
Change Detection // IEEE Geoscience and Remote Sensing (IGARSS 1997), 1997. Vol. 4. P. 1763�1765.
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1.4. Îáùåå îïèñàíèå àëãîðèòìà ïîèñêà ñòðóêòóðíûõ

ðàçëè÷èé

Âõîä: ãåîìåòðè÷åñêè âûðîâíåííûå èçîáðàæåíèÿ f è g .

Äëÿ êàæäîãî ïîëîæåíèÿ ñêàíèðóþùåãî îêíà ðàçìåðà d × d
âûïîëíÿþòñÿ ñëåäóþùèå øàãè:

1. Ïîñòðîåíèå âûðîâíåííûõ ïî ÿðêîñòè èçîáðàæåíèé f ′ = Pg f è

g ′ = Pf g .

2. Âû÷èñëåíèå ðàçíîñòíûõ èçîáðàæåíèé: Rfg (x) = |f ′(x)− g(x)| è
Rgf (x) = |g ′(x)− f (x)|.

3. Ñèììåòðèçàöèÿ ðåçóëüòàòà: R(x) = max(Rfg (x),Rgf (x)).

4. Ïîðîãîâàÿ îáðàáîòêà R.

Âûõîä: áèíàðíîå èçîáðàæåíèå R, ñîäåðæàùåå íàéäåííûå îáëàñòè
ñòðóêòóðíûõ ðàçëè÷èé.
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1.5. Ôóíêöèÿ ïðåîáðàçîâàíèÿ ÿðêîñòè

Ðåãóëÿðèçîâàííûé âàðèàíò ìîðôîëîãè÷åñêîãî ïðîåêòîðà
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 ,

ãäå χ̃f
i âû÷èñëÿåòñÿ ïî ôîðìóëå áèëàòåðàëüíîãî ôèëüòðà

χ̃f
i (x) = exp

(
− (f (x)− i)2

σ2
c

)
· exp

(
− (x − xc)

2

σ2
d

)

ÊîðíèëîâÔ.À. Èíñòèòóò ìàòåìàòèêè è ìåõàíèêè ÓðÎ ÐÀÍ [6 / 12]



ÎÌÏ

1.Àëãîðèòìû ïîèñêà ñòðóêòóðíûõ ðàçëè÷èé 2.Ðàññèíõðîíèçàöèÿ âõîäíûõ èçîáðàæåíèé

2.1. Ëîêàëüíàÿ ðàññèíõðîíèçàöèÿ âõîäíûõ èçîáðàæåíèé

Ôðàãìåíòû èñõîäíûõ èçîáðàæåíèé ãîðîäñêîé çàñòðîéêè, ïðåäñòàâëÿþùèå

ñîáîé ñíèìîê è åãî êîïèþ, ñäâèíóòûå îòíîñèòåëüíî äðóã äðóãà, è

íàéäåííûå ñòðóêòóðíûå ðàçëè÷èÿ.
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2.2. Ëîêàëüíàÿ ðàññèíõðîíèçàöèÿ âõîäíûõ èçîáðàæåíèé

Ãðàôèê çàâèñèìîñòè óðîâíÿ ëîæíîé òðåâîãè FP îò âåëè÷èíû

ðàññèíõðîíèçàöèè sd èçîáðàæåíèé, èçíà÷àëüíî íå ñîäåðæàùèõ

ñòðóêòóðíûõ ðàçëè÷èé
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2.3. Ñòåïåíü áèåêòèâíîñòè

SB(xc) =
∑
x∈L0

h(x),

ãäå h : Sd → R � ôóíêöèÿ øòðàôà,

L0 � ñèììåòðè÷åñêàÿ ðàçíîñòü L0 = L0f (xc)4 L0g (xc):

L0f (xc) = {x ∈ Sd | |f (x)− f (xc)| < δ},

L0g (xc) = {x ∈ Sd | |g(x)− g(xc)| < ε},
Sd � ìíîæåñòâî ïèêñåëåé ñêàíèðóþùåãî îêíà.

ÊîðíèëîâÔ.À. Èíñòèòóò ìàòåìàòèêè è ìåõàíèêè ÓðÎ ÐÀÍ [9 / 12]



ÎÌÏ

1.Àëãîðèòìû ïîèñêà ñòðóêòóðíûõ ðàçëè÷èé 2.Ðàññèíõðîíèçàöèÿ âõîäíûõ èçîáðàæåíèé

2.4. Îïèñàíèå àëãîðèòìà ïîèñêà ñòðóêòóðíûõ ðàçëè÷èé ñ

óñòðàíåíèåì ëîêàëüíîé ðàññèíõðîíèçàöèè

Âõîä: èçîáðàæåíèÿ f è g .

Äëÿ êàæäîãî ïîëîæåíèÿ ñêàíèðóþùåãî îêíà ðàçìåðà d × d
âûïîëíÿþòñÿ ñëåäóþùèå øàãè:

1. Èç îêðåñòíîñòè [−sd , sd ] âûáèðàåòñÿ ïîëîæåíèå îêíà, äëÿ

êîòîðîãî SB(xc)→ min.

2. Äëÿ íàéäåííîãî ïîëîæåíèÿ îêíà ñòðîÿòñÿ âûðîâíåííûå ïî

ÿðêîñòè èçîáðàæåíèÿ f ′ = Pg f è g ′ = Pf g .

3. Âû÷èñëåíèå ðàçíîñòíûõ èçîáðàæåíèé: Rfg (x) = |f ′(x)− g(x)| è
Rgf (x) = |g ′(x)− f (x)|.
4. Ñèììåòðèçàöèÿ ðåçóëüòàòà: R(x) = max(Rfg (x),Rgf (x)).

5. Ïîðîãîâàÿ îáðàáîòêà R.

Âûõîä: áèíàðíîå èçîáðàæåíèå R, ñîäåðæàùåå íàéäåííûå îáëàñòè
ñòðóêòóðíûõ ðàçëè÷èé.
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2.5. Ïîèñê ðàçëè÷èé ñ óñòðàíåíèåì ëîêàëüíîé

ðàññèíõðîíèçàöèè
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2.6. Ïîèñê ðàçëè÷èé ñ óñòðàíåíèåì ëîêàëüíîé

ðàññèíõðîíèçàöèè

Ãðàôèêè çàâèñèìîñòè AUC(sd) áåç ãåîìåòðè÷åñêîé êîððåêöèè

(ïóíêòèðíàÿ ëèíèÿ) è ñ åå èñïîëüçîâàíèåì (ñïëîøíàÿ ëèíèÿ).
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