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By way of analysis of a group of the radar-imagery statistical information, we determine an optimal
level of �ltration for automatic allocation of main objects of the observed surface. This analysis has
been made based on the satellite data TerraSAR-X in both parallel and cross-polarization modes (VV,
VH). Some pre-radiometric calibration values for the magnitudes are required since the radar imagery
is performed under an angle. For this, we need to extract the value of sigma naught (radiometric
calibration). To eliminate the high-frequency noise could be used many di�erent �lters; a simplest one
is the average �lter. To determine the degree of averaging, it is possible to calculate the analytical form
of relationship between the size of the signature smoothing and residual values of magnitudes of radar
data. The radar ability to detect texture is a major advantage over other types of imagery where the
texture is not a quantitative characteristic. Filtration methods can distinguish an object component
of the signal.

There are three main groups of image processing algorithms on computers: (a) initial (pre-) image
processing algorithms for restoration, cleaning from random noise, improve the quality, correction
of geometric distortion of radar systems; (b) thematic image processing and pattern recognition
algorithms; they are performed to determine the parameters of image detail and include: �nding the
homogeneity of the image in terms of light and color areas, extract the feature forms, identify the
coordinates of the singular points of objects and so on; (c) algorithms of the target isolation of speci�c
objects by binarization methods of the image; in accordance with the predetermined threshold, the
values of separate elements will be identi�ed, which are suitable under the conditions of the task we
discuss.

In the work, we show that by regular applying �ltration methods to radar data, the area covered
by vegetation has the maximum di�erence in the cross polarization image in comparison with that of
classi�ed forest area.
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Íà îñíîâå àíàëèçà íàáîðà ñòàòèñòè÷åñêîé èíôîðìàöèè ïî äàííûì ðàäèîëîêàöèîííîé ñúåì-
êè îïðåäåëåí îïòèìàëüíûé óðîâåíü ôèëüòðàöèè äëÿ àâòîìàòè÷åñêîãî âûäåëåíèÿ îñíîâíûõ
îáúåêòîâ íàáëþäàåìîé ïîâåðõíîñòè. Àíàëèç ïðîèçâîäèëñÿ ïî äàííûì ñ êîñìè÷åñêîãî àïïàðà-
òà TerraSAR-X â ñîãëàñîâàííîé è êðîññ-ïîëÿðèçàöèÿõ (VV, VH). Ïîêàçàíî, ÷òî òåððèòîðèÿ,
ïîêðûòàÿ ðàñòèòåëüíîñòüþ, èìååò ìàêñèìàëüíûå ðàçëè÷èÿ â êðîññ-ïîëÿðèçàöèîííûõ èçîáðà-
æåíèÿõ, âûäåëåíû êîíòóðû ëåñíîãî ìàññèâà.

Êëþ÷åâûå ñëîâà: ðàäèîëîêàöèîííûå ñïóòíèêîâûå äàííûå, ëåñíîé ìàññèâ, êëàññèôèêà-
öèÿ.

Ìèêðîâîëíîâàÿ ñúåìêà ïåðñïåêòèâíà äëÿ êàðòèðîâàíèÿ è ìîíèòîðèíãà ëåñíûõ òåð-
ðèòîðèé, îáíàðóæåíèÿ çîí ïðèðîäíûõ è àíòðîïîãåííûõ âîçäåéñòâèé íà ëåñíîé ïîêðîâ,
à òàêæå ïðè îïðåäåëåíèè áèîìàññû è ñîìêíóòîñòè äðåâîñòîåâ. Ñïóòíèêîâûå äàííûå îï-
òè÷åñêîãî äàò÷èêà øèðîêî èñïîëüçîâàëèñü äëÿ îöåíêè ñòðóêòóðíûõ õàðàêòåðèñòèê ëåñà.
Îäíàêî ïðèìåíåíèå îïòè÷åñêèõ äàííûõ äëÿ îöåíêè ëåñíîé áèîìàññû ñëîæíî ÷àñòûìè
ïðèñóòñòâóþùèìè îáëà÷íûìè ïîêðîâàìè. Ðàäèîëîêàöèîííûå èìïóëüñû â âèäå äëèííî-
âîëíîâûõ ìèêðîâîëí ñïîñîáíûõ ðàáîòàòü äíåì è íî÷üþ, â ëþáûõ àòìîñôåðíûõ óñëîâèÿõ,
ìîãóò ïðîíèêàòü ÷åðåç ñòðóêòóðó äåðåâüåâ. Òåì íå ìåíåå, îáðàòíîå ðàññåÿíèå ðàäàðîâ,
ïîëó÷åííîå èç ëåñîâ, ÿâëÿåòñÿ ñëîæíûì èç-çà òîãî, ÷òî ðàçëè÷íûå òèïû ðàññåèâàíèÿ, êî-
òîðûå óäâàèâàþòñÿ, âûçûâàþò ðàññåÿíèå îò ïîâåðõíîñòè, ðàññåÿíèå îò ñòðóêòóðû ñòâîëà
äåðåâà, ðàññåÿíèå îò êóïîëà è ò. ä. Ïðåäûäóùèå èññëåäîâàíèÿ ïîêàçàëè, ÷òî íà ðàññåÿíèå
âëèÿþò ðàçëè÷íûå ôàêòîðû, òàêèå êàê ðåëüåô, òåìïåðàòóðà, äèýëåêòðè÷åñêàÿ ïîñòîÿííàÿ
è ñîäåðæàíèå âëàãè, à òàêæå õàðàêòåðèñòèêè ñòðóêòóðû, ïîêðûòèÿ è âèäîâ ðàñòèòåëüíî-
ñòè [1]. Â äàííîé ðàáîòå ðàäèîëîêàöèîííûå äàííûå ïðåäâàðèòåëüíî íîðìàëèçóþòñÿ îò-
íîñèòåëüíî âëèÿíèÿ ðåëüåôà. Òåððèòîðèåé èññëåäîâàíèÿ ÿâëÿåòñÿ ëåñíîé ìàññèâ âáëèçè
ãîðîäà Ñåìåé. Ðàäèîëîêàöèîííàÿ ñúåìêà ÷óâñòâèòåëüíà ê äèýëåêòðè÷åñêèì, ñòðóêòóð-
íûì è òåêñòóðíûì ñâîéñòâàì èññëåäóåìîãî îáúåêòà. Íà îñíîâå äàííûõ ðàäèîëîêàöèîííîé
ñúåìêè TerraSAR-X áûëè èññëåäîâàíû ñëåäóþùèå õàðàêòåðèñòèêè íàáëþäàåìîé ïîâåðõ-
íîñòè:

� îòðàæàþùèå ñâîéñòâà ïîâåðõíîñòè (óäåëüíàÿ ýôôåêòèâíàÿ ïëîùàäü ðàññåÿíèÿ) â
äèàïàçîíàõ âîëí ÐÑÀ ñ ó÷åòîì ïîëÿðèçàöèé íà èçëó÷åíèå è ïðèåì;

� èíôîðìàöèÿ, õàðàêòåðèçóþùàÿ èçìåíåíèå ôàçû ñèãíàëà ïðè îòðàæåíèè;
� ïðîñòðàíñòâåííî-ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè (ãèñòîãðàììû ðàñïðåäåëåíèÿ, êîð-

ðåëÿöèîííûå ôóíêöèè).

© Ì.Ã. Ðàçàêîâà, 2018
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Òàáëèöà 1

Ïðîñòðàíñòâåííîå ðàçðåøåíèå ñïóòíèêîâûõ ðàäèîëîêàöèîííûõ èçîáðàæåíèé

Êîñìè÷åñêèé àïïàðàò Ñïåêòðàëüíûé äèàïàçîí Ïðîñòðàíñòâåííîå ðàçðåøåíèå

ALOS PALSAR L 10 m
Sentinel1À C 5 m
TerraSAR-X X 1 m

Èññëåäîâàíèÿ òåððèòîðèé ëåñíûõ ìàññèâîâ ïî äàííûì ðàäèîëîêàöèîííîé ñúåìêè ïðî-
âîäèëèñü â îñíîâíîì ñ èñïîëüçîâàíèåì Ñ è L äëèí âîëí [2, 3]. Ïðèìåíåíèå æå ðàäèîëîêà-
öèîííîãî çîíäèðîâàíèÿ Õ-äèàïàçîíà äëÿ ðàñòèòåëüíîãî ïîêðîâà èìååò ñâîè íåäîñòàòêè,
îñîáåííî â ñëó÷àå èñïîëüçîâàíèÿ òàêîãî ïàðàìåòðà êàê êîãåðåíòíîñòü. Ýòî ñâÿçàíî ñ çà-
øóìëåííîñòüþ ðàäèîëîêàöèîííûõ äàííûõ Õ-äèàïàçîíà, ïîëó÷åííûõ ïðè ñúåìêå çåìíûõ
ïîâåðõíîñòåé ñ ðàñòèòåëüíîñòüþ.

Àêòèâíîå çîíäèðîâàíèå ïðè äëèíå âîëíû îêîëî 3 ñì, îòðàæàòåëüíàÿ ñïîñîáíîñòü ëèñò-
âû äåðåâüåâ, ëóãîâûõ ðàñòåíèé, à òàêæå âðåìåííàÿ èçìåí÷èâîñòü èõ â âåãåòàòèâíûé ñå-
çîí ÿâëÿþòñÿ ïðè÷èíîé çàøóìëåííîñòè ïîëó÷åííûõ äàííûõ. Îäíàêî ïðåèìóùåñòâåííûõ
ñâîéñòâ äàííûõ ñ êîñìè÷åñêîãî àïïàðàòà â ýòîì äèàïàçîíå (TerraSAR-X) áîëüøå, ýòî:

� âûñîêîå ïðîñòðàíñòâåííîå ðàçðåøåíèå (1 ì), ñðàâíèìîå ñ îïòè÷åñêèìè äàííûìè;
� âîçìîæíîñòü âû÷èñëåíèÿ ìèëëèìåòðîâûõ ñìåùåíèé çåìíîé ïîâåðõíîñòè;
� õîðîøàÿ ãåîïðèâÿçêà ñíèìêîâ (â äàííîì ñëó÷àå ñ òî÷íîñòüþ äî 1 ì);
� âîçìîæíîñòü ïîñòðîåíèÿ âûñîêîäåòàëüíûõ öèôðîâûõ ìîäåëåé ðåëüåôà.
Â äàííîé ðàáîòå ïðåäëàãàåòñÿ ìåòîä âûäåëåíèÿ ëåñíûõ ìàññèâîâ ïî äàííûì ðàäèî-

ëîêàöèîííîãî ñïóòíèêîâîãî èçîáðàæåíèÿ TerraSAR-X íà îñíîâå êîìïëåêñèðîâàíèÿ äâóõ
ïàðàìåòðîâ: èñêëþ÷åíèÿ âëèÿíèÿ ðåëüåôà è ìåðû øóìîïîäàâëåíèÿ.

Äàííûå TerraSAR-X áûëè ïîëó÷åíû çà èþëü 2014 ã. â äâóõ ïîëÿðèçàöèÿõ (VV, VH).
Ïðåäâàðèòåëüíî áûëà ïðîèçâåäåíà ðàäèîìåòðè÷åñêàÿ êàëèáðîâêà çíà÷åíèé àìïëèòóä è
âû÷èñëåíû çíà÷åíèÿ σ0. Âåëè÷èíó îòðàæåííîãî ðàäàðíîãî ñèãíàëà õàðàêòåðèçóþò êîýô-
ôèöèåíòîì îáðàòíîãî ðàññåÿíèÿ σ0 (sigma-naught). Âåëè÷èíó σ0 ìîæíî îïðåäåëèòü êàê
êîëè÷åñòâåííóþ îöåíêó, õàðàêòåðèçóþùóþ ñïîñîáíîñòü îáúåêòà ðàññåèâàòü ïàäàþùåå íà
íåãî ìèêðîâîëíîâîå èçëó÷åíèå [4]. Â ðàçëè÷íûõ ïóáëèêàöèÿõ ìîæíî âñòðåòèòü äðóãèå
îïðåäåëåíèÿ σ0. Ïîíÿòèÿ

”
ýôôåêòèâíàÿ ïëîùàäü îòðàæåíèÿ“ (ÝÏÎ, radar cross-section)

è
”
ÿðêîñòü ðàäàðíîãî èçîáðàæåíèÿ“ (radar brightness) ÿâëÿþòñÿ ïðàêòè÷åñêè îäèíàêî-

âûìè. Òàêèì îáðàçîì, óñòðàíåíû ïîìåõè, îáóñëîâëåííûå âëèÿíèåì ðåëüåôà ìåñòíîñòè è
ïîãðåøíîñòè èçìåðåíèé. Òî÷íîñòü îöåíêè ýòèõ õàðàêòåðèñòèê âî ìíîãîì çàâèñèò îò âîç-
ìîæíîñòåé óñðåäíåíèÿ äàííûõ ïî ïëîùàäè.

Ïðåäïîëîæèòåëüíî, îñíîâíàÿ ìàññà øóìà ðàäèîëîêàöèîííûõ äàííûõ ìîæåò áûòü îáú-
ÿñíåíà îòðàæàòåëüíûìè ñâîéñòâàìè Õ-äèàïàçîíà äëèí âîëí îò ðàñòèòåëüíîãî ïîêðîâà.
Äëÿ óñòðàíåíèÿ âûñîêî÷àñòîòíîãî øóìà ïðèìåíÿþòñÿ ðàçëè÷íûå ôèëüòðû, èç êîòîðûõ
ñàìûé ïðîñòîé � ôèëüòð óñðåäíåíèÿ. Ñãëàæèâàþùèé ôèëüòð îñíîâûâàåòñÿ íà ñëåäóþ-
ùåì ïðèíöèïå: íàõîäèòñÿ ñðåäíåå àðèôìåòè÷åñêîå çíà÷åíèå âñåõ ýëåìåíòîâ ðàáî÷åãî îêíà
èçîáðàæåíèÿ (îòäåëüíî ïî êàæäîìó èç êàíàëîâ), ïîñëå ÷åãî ýòî ñðåäíåå çíà÷åíèå ñòàíîâèò-
ñÿ çíà÷åíèåì ñðåäíåãî ýëåìåíòà. Îäíèì èç ïðèìåíåíèé ôèëüòðîâ ÿâëÿåòñÿ øóìîïîäàâëå-
íèå. Øóì ìåíÿåòñÿ íåçàâèñèìî îò ïèêñåëÿ ê ïèêñåëþ, è, ïðè óñëîâèè, ÷òî ìàòåìàòè÷åñêîå
îæèäàíèå çíà÷åíèÿ øóìà ðàâíî íóëþ, øóìû ñîñåäíèõ ïèêñåëåé ïðè ñóììèðîâàíèè áóäóò
êîìïåíñèðîâàòü äðóã äðóãà. ×åì áîëüøå îêíî ôèëüòðàöèè, òåì ìåíüøå áóäåò óñðåäíåí-
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Ðèñ. 1. Ãèñòîãðàììà ñòàíäàðòíûõ îòêëîíåíèé çíà÷åíèé àìïëèòóä ðàäèîëîêàöèîííûõ äàííûõ

TerraSAR-X

Ðèñ. 2. Ãèñòîãðàììà ðàçíîñòè ñòàíäàðòíûõ îòêëîíåíèé çíà÷åíèé àìïëèòóä ðàäèîëîêàöèîííûõ äàííûõ

TerraSAR-X

íàÿ èíòåíñèâíîñòü øóìà, îäíàêî ïðè ýòîì áóäåò ïðîèñõîäèòü è ñîîòâåòñòâóþùåå ðàçìûòèå
çíà÷àùèõ äåòàëåé èçîáðàæåíèÿ. Ñóùåñòâóþò òðè îñíîâíûå ãðóïïû àëãîðèòìîâ îáðàáîòêè
èçîáðàæåíèé íà êîìïüþòåðàõ:

1. Ïåðâè÷íàÿ (ïðåäâàðèòåëüíàÿ) îáðàáîòêà èçîáðàæåíèé ñ öåëüþ ðåñòàâðàöèè, î÷èñòêè
îò ñëó÷àéíûõ øóìîâ, óëó÷øåíèÿ êà÷åñòâà, êîððåêöèè ãåîìåòðè÷åñêèõ èñêàæåíèé îïòè÷å-
ñêèõ ñèñòåì.

2. Òåìàòè÷åñêàÿ îáðàáîòêà èçîáðàæåíèé, ðàñïîçíàâàíèå îáðàçîâ. Âûïîëíÿåòñÿ äëÿ
îïðåäåëåíèÿ ïàðàìåòðîâ äåòàëåé èçîáðàæåíèÿ è âêëþ÷àåò íàõîæäåíèå îäíîðîäíûõ ïî
óðîâíþ îñâåùåííîñòè è öâåòó îáëàñòåé èçîáðàæåíèÿ, âûäåëåíèå ïðèçíàêîâ ôîðìû èçîá-
ðàæåíèé, îïðåäåëåíèå êîîðäèíàò îñîáûõ òî÷åê îáúåêòîâ è ïð.
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Òàáëèöà 2

Ñòàòèñòè÷åñêàÿ èíôîðìàöèÿ

Ðàçìåð Ðàçíîñòü Ðàçíîñòü
� Min Max Median Mode Mean ñèãíàòóðû çíà÷. ñèãí SD SD

1 1 89 29 31 29,291 225 24 8,734 0,025
2 1 96 29 31 29,425 201 44 8,759 0,234
3 1 112 29 31 29,674 157 46 8,838 0,155
4 1 139 29 31 29,939 111 36 8,993 0,221
5 1 187 29 31 30,149 75 50 9,214 0,771
6 1 354 29 24 30,453 25 9,985

3. Âûäåëåíèå îïðåäåëåííûõ öåëåâûõ îáúåêòîâ ìåòîäàìè áèíàðèçàöèè èçîáðàæåíèÿ.
Ïî çàäàííûì ïîðîãîâûì çíà÷åíèÿì âû÷ëåíÿþòñÿ îòäåëüíûå ýëåìåíòû, ñîîòâåòñòâóþùèå
óñëîâèÿì ïîñòàâëåííûõ çàäà÷.

Ñïîñîáíîñòü ðàäàðà îáíàðóæèâàòü òåêñòóðû ÿâëÿåòñÿ îñíîâíûì ïðåèìóùåñòâîì íàä
äðóãèìè âèäàìè ñúåìêè, ãäå òåêñòóðà íå ÿâëÿåòñÿ êîëè÷åñòâåííîé õàðàêòåðèñòèêîé. Ìåòî-
äàìè ôèëüòðàöèè ìîæíî âûäåëèòü îáúåêòíóþ ñîñòàâëÿþùóþ ñèãíàëà. Îáúåêòíàÿ ñîñòàâ-
ëÿþùàÿ îòðàæåííîãî ñèãíàëà ïîçâîëèò íàì âûäåëèòü îñíîâíûå êëàññû îáúåêòîâ, ðàçìåðû
êîòîðûõ ñîèçìåðèìû èëè ïðåâûøàþò ðàçìåðû ïëîùàäè îáúåêòîâ èññëåäîâàíèÿ. Âèäîâàÿ
ñîñòàâëÿþùàÿ îáóñëîâëåíà èñòî÷íèêàìè, ðàçìåðû êîòîðûõ íåâåëèêè. Ýòà ñîñòàâëÿþùàÿ
ïðåäñòàâëÿåò íàèáîëüøèé èíòåðåñ, ò. ê. íåñåò èíôîðìàöèþ î íåîäíîðîäíîñòÿõ èëè ïðè-
íàäëåæíîñòè ðàçíûì êëàññàì îáúåêòîâ, ðàçìåðû êîòîðûõ çíà÷èòåëüíî ìåíüøå ðàçìåðîâ
ïëîùàäè èññëåäîâàíèÿ.

Äëÿ îïðåäåëåíèÿ ñòåïåíè óñðåäíåíèÿ áûë âû÷èñëåí àíàëèòè÷åñêèé âèä çàâèñèìîñòè
ðàçìåðà ñèãíàòóðû ñãëàæèâàíèÿ è îñòàòî÷íîé âåëè÷èíû çíà÷åíèé àìïëèòóä ðàäèîëîêà-
öèîííûõ äàííûõ. Ïàðàìåòðîì îöåíêè îñòàòî÷íîé âåëè÷èíû çíà÷åíèé àìïëèòóä ðàäèîëî-
êàöèîííûõ äàííûõ ðàññìàòðèâàëîñü ñòàíäàðòíîå îòêëîíåíèå àìïëèòóä ðåçóëüòàòà ñãëà-
æèâàíèÿ. Íà êàæäîì ýòàïå ôèëüòðàöèè ðàäèîëîêàöèîííîãî èçîáðàæåíèÿ àâòîìàòè÷åñêè
âû÷èñëÿëñÿ ìàññèâ ñòàòèñòè÷åñêîé èíôîðìàöèè (òàáë. 2).

Ñòàòèñòè÷åñêàÿ èíôîðìàöèÿ:
Min: ìèíèìàëüíîå (íèçêîå) çíà÷åíèå ôàéëà.
Max: ìàêñèìàëüíîå (âûñîêîå) çíà÷åíèå ôàéëà.
Mean: ñðåäíåå (ñðåäíåå) çíà÷åíèå ôàéëà.
Median: ìåäèàíà çíà÷åíèé ôàéëîâ (òî÷êà, â êîòîðîé åñòü êàê ìíîãî ïèêñåëåé áîëüøèõ

çíà÷åíèé, òàê è ìåíüøèõ).
Mode: ïîêàçûâàåò (íàèáîëåå ÷àñòî âñòðå÷àþùèåñÿ) ñðåäè çíà÷åíèé ôàéëîâ.
SD: ñòàíäàðòíîå îòêëîíåíèå.
Ýòà ãðóïïà áàçèðóåòñÿ íà ñòàòèñòè÷åñêèõ äàííûõ, êîòîðûå âû÷èñëÿþòñÿ ïî öèôðîâîé

ìàòðèöå çíà÷åíèé ðàäèîëîêàöèîííîãî èçîáðàæåíèÿ. Ñòàòèñòèêà áûëà ñãåíåðèðîâàíà ïðè
ôèëüòðàöèè ðàäèîëîêàöèîííûõ äàííûõ äëÿ ðàçìåðîâ ñèãíàòóðû: 25, 75, 111, 157, 201, 225
(òàáë. 2).

Îïðåäåëåíû ïàðàìåòðû óðàâíåíèÿ ðåãðåññèè è âû÷èñëåíû çíà÷åíèÿ îáúåêòíîé ñîñòàâ-
ëÿþùåé çíà÷åíèé àìïëèòóä ðàäèîëîêàöèîííûõ äàííûõ, îöåíåíà ñòàòèñòè÷åñêàÿ çíà÷è-
ìîñòü óðàâíåíèÿ.
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Ðèñ. 3. Ãðàôèê çàâèñèìîñòè ñòàíäàðòíûõ îòêëîíåíèé çíà÷åíèé àìïëèòóä è ðàçìåðîâ ñèãíàòóðû

óñðåäíåíèÿ ðàäèîëîêàöèîííûõ äàííûõ TerraSAR-X

Òàáëèöà 3

Ðåãðåññèîííàÿ ñòàòèñòèêà

Ìíîæåñòâåííûé R 0,9
R-êâàäðàò 0,8

Íîðìèðîâàííûé R-êâàäðàò 0,8
Ñòàíäàðòíàÿ îøèáêà 37,3

Íàáëþäåíèÿ 6

Òàáëèöà 4

Êîýôôèöèåíòû

Y-ïåðåñå÷åíèå 1448,6
Ïåðåìåííàÿ X 1 -144,8

Êîýôôèöèåíò äåòåðìèíàöèè �R2 = 0,8 ïîêàçûâàåò, ÷òî íà 81 % ðàñ÷åòíûå ïàðàìåòðû
ìîäåëè, òî åñòü ñàìà ìîäåëü, îáúÿñíÿþò çàâèñèìîñòü è èçìåíåíèÿ èçó÷àåìîãî ïàðàìåòðà �
ðàçìåðà ñèãíàòóðû (Y) îò èññëåäóåìûõ ôàêòîðà � ñòàíäàðòíîãî îòêëîíåíèÿ (X).

-144,85- a1 � êîýôôèöèåíò, êîòîðûé ïîêàçûâàåò âåñîìîñòü âëèÿíèÿ ôàêòîðà Õ1íà Y.
Óðàâíåíèå ðåãðåññèè âûãëÿäèò ñëåäóþùèì îáðàçîì:

Y = 1448,6− 144,85x

Ïîäñòàíîâêîé â ïðàâóþ ÷àñòü óðàâíåíèÿ çíà÷åíèÿ i ïîëó÷åíû òåîðåòè÷åñêèå çíà÷åíèÿ
àïïðîêñèìèðóþùåé ôóíêöèè Yi (ðèñ. 3).

Ñ óâåëè÷åíèåì ðàçìåðà ñèãíàòóðû óñðåäíåíèÿ çíà÷åíèé àìïëèòóä ðàäèîëîêàöèîííûõ
äàííûõ óìåíüøàåòñÿ ñîîòâåòñòâåííî âåëè÷èíà ñòàíäàðòíîãî îòêëîíåíèÿ àìïëèòóäû. Öèô-
ðîâàÿ ôèëüòðàöèÿ ðåàëèçóåòñÿ ìåòîäîì ñêîëüçÿùåãî îêíà. Ïðîöåäóðà óñðåäíåíèÿ çíà÷å-
íèé àìïëèòóä ðàäèîëîêàöèîííûõ äàííûõ çàâåðøàåòñÿ ïðè äîñòèæåíèè ìèíèìàëüíîãî çíà-
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Ðèñ. 4. Çíà÷åíèÿ àìïëèòóä äàííûõ TerraSAR-X (vh; vv), ïî ëèíèè ïðîôèëÿ ïåðåñåêàþùèõ ëåñíóþ ïîëîñó

à) á) â) ã)

Ðèñ. 5. Êëàññèôèêàöèÿ ðåçóëüòàòà ôèëüòðàöèè ðàäèîëîêàöèîííîãî èçîáðàæåíèÿ ïîëÿðèçàöèè VH è VV.

à, â) ìåòîäîì ñðåäíåãî; á, ã) ìåòîäîì ñòàíäàðòíîãî îòêëîíåíèÿ

÷åíèÿ ñòàíäàðòíîãî îòêëîíåíèÿ àìïëèòóäû. Äëÿ ýòîãî ñðàâíèâàþòñÿ ðàçíîñòè ñòàíäàðò-
íûõ îòêëîíåíèé àìïëèòóä íà êàæäîì øàãå ñãëàæèâàíèÿ. Â íàøåì ñëó÷àå íàáëþäàåòñÿ
ñêà÷îê çíà÷åíèé îò 0,234 äî 0,025 (òàáë. 2, ãèñòîãðàììà 2), ÷òî ñîîòâåòñòâóåò ðàçìåðó ñèã-
íàòóðû óñðåäíåíèÿ 201 (ãèñòîãðàììà 2, 1-é ñòîëáèê). Äàííûé ðåçóëüòàò óñðåäíåíèÿ çíà-
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÷åíèé àìïëèòóä ðàäèîëîêàöèîííûõ äàííûõ ïðèíèìàåì êàê îïòèìàëüíûé è áóäåì îòîæ-
äåñòâëÿòü ñ îáúåêòíîé ñîñòàâëÿþùåé çíà÷åíèé àìïëèòóä. Äåéñòâèòåëüíî, ëåñíûå ó÷àñòêè
èìåþò áîëåå âûðàæåííóþ òåêñòóðó, ÷åì ëóãà (ðèñ. 4). Ñâîéñòâà ëàíäøàôòíûõ îáúåêòîâ
õàðàêòåðèçóþò âû÷èñëÿåìûå òåêñòóðíûå ïðèçíàêè.

Ïðîèçâåäåíà êëàññèôèêàöèÿ áåç îáó÷åíèÿ ìåòîäîì Ê-ñðåäíèõ ïî äàííûì, ïîëó÷åííûì
â ðåçóëüòàòå âû÷èñëåíèé îáúåêòíûõ ñîñòàâëÿþùèõ â ïîëÿðèçàöèÿõ VH è VV ðàäèîëîêà-
öèîííûõ äàííûõ.

Ïðè ðàññìîòðåíèè êëàññèôèêàöèè, ïðèâåäåííîé íà ðèñ. 5 õîðîøî âûäåëÿþòñÿ êîíòóðû
ëåñíîãî ìàññèâà, äåøèôðèðóþòñÿ ïîëÿ, ñòðîåíèÿ: ñèíèé öâåò � ñîîòâåòñòâóåò êëàññó

”
ïî-

ëå“, çàòåì äâà îòòåíêà çåëåíîãî � îáëàñòè, ïîêðûòûå áîãàòîé ðàñòèòåëüíîñòüþ, êðàñíûé
ñîîòâåòñòâóåò êëàññàì ñòðîåíèé. Íà ëåñ ïðèõîäèòñÿ äâà êëàññà: ñâåòëî- è òåìíî-çåëåíûé
öâåòà. Êëàññèôèêàöèÿ ïðè ïîëÿðèçàöèè VV äàííûõ íå äàåò ÷åòêîãî ðàçãðàíè÷åíèÿ
êëàññîâ

”
ëåñ“ è

”
ñòðîåíèÿ“, êàê ïðè ïîëÿðèçàöèè VH. Ñîâìåñòíîå èñïîëüçîâàíèå òàêèõ

õàðàêòåðèñòèê êàê ïîëÿðèçàöèÿ è ìåòîäû ôèëüòðàöèè ïîçâîëÿþò ñäåëàòü ñèñòåìó
ïðèçíàêîâ, ÷óâñòâèòåëüíóþ êàê ê ðàçìåðàì, òàê è ê îðèåíòàöèè ýëåìåíòîâ, îáðàçóþùèõ
òåêñòóðó. Ñèíòåçèðîâàííîå èçîáðàæåíèå èç ðàçëè÷íûõ ïîëÿðèçàöèé è îòôèëüòðîâàííûõ
äàííûõ äàåò áîëåå ÷åòêóþ êëàññèôèêàöèþ ðàñòèòåëüíîñòè.

Ñïèñîê ëèòåðàòóðû

1. Luong Viet Nguyen, Ryutaro Tateishi, Akihiko Kondoh, Ram C. Sharma, Hoan Thanh Nguyen,
Tu Trong To and Dinh Ho Tong Minh . Mapping Tropical Forest Biomass by Combining ALOS-
2, Landsat 8, and Field Plots Data.// Land 2016, 5, 31; doi:10.3390/land5040031, [Electron. Res.]:
http://www.mdpi.com/journal/land

2. Ðîäèîíîâà Í. Â. Ñåçîííûå âàðèàöèè îáðàòíîãî ðàññåÿíèÿ îò åñòåñòâåííûõ ïîêðîâîâ Ïîä-
ìîñêîâüÿ â ñåçîí 2015�2016 ãîäîâ ïî ðàäàðíûì äàííûì SENTINEL 1A // 14-ÿ Âñåðîññèéñêàÿ
îòêðûòàÿ êîíôåðåíöèÿ

”
Ñîâðåìåííûå ïðîáëåìû äèñòàíöèîííîãî çîíäèðîâàíèÿ Çåìëè èç êîñìî-

ñà“: òåç. äîêë. 2016. Ñ. 367. [Ýëåêòðîí. ðåñ.]: http://smiswww.iki.rssi.ru/d33_conf/thesisshow.
aspx?page=133&thesis=5482

3. ×èìèòäîðæèåâ Ò. Í. Ïîëÿðèìåòðè÷åñêàÿ îöåíêà ïðîñòðàíñòâåííûõ ôëóêòóàöèé ðàäàðíûõ
èçîáðàæåíèé äëÿ âîññòàíîâëåíèÿ ñòðóêòóðû ëåñíîãî ïîëîãà // Èññëåäîâàíèå Çåìëè èç êîñìîñà.
2007. � 5. Ñ. 80�82.

4. Small D., Zuberb�uhler L., Schubert A., Meier E. Terrain-�attened gamma nought Radarsat-2

backscatter // Canadian Journal of Remote Sensing, Oct. 2011. Vol. 37 (5). P. 493�499.

Ðàçàêîâà Ìàéðà Ãàááà-

ñîâíà � çàâ. ëàáîðàòîðèåé
ãåîèíôîðìàòèêè, ãåîìîäåëèðî-
âàíèÿ è ÃÈÑ-òåõíîëîãèé, ÀÎ

”
Íàöèîíàëüíûé öåíòð êîñìè-
÷åñêèõ èññëåäîâàíèé è òåõíî-
ëîãèé; e-mail: mairarazakova@

gmail.com.
Ðàçàêîâà Ì. Ã., ñïåöèàëüíîñòü

”
Ìàòåìà-

òèêà“, ÿâëÿåòñÿ âåäóùèì ñïåöèàëèñòîì â îáëà-
ñòè ïðèìåíåíèÿ ãåîèíôîðìàöèîííûõ òåõíîëî-
ãèé è ãåîèíôîðìàöèîííîãî ìîäåëèðîâàíèÿ äëÿ
òåìàòè÷åñêîé îáðàáîòêè è èíòåðïðåòàöèè äàí-

íûõ äèñòàíöèîííîãî çîíäèðîâàíèÿ, ïîäòâåð-
æäåííûå ñåðòèôèêàòàìè:

� Ðàáîòà â ïðîãðàììíîì êîìïëåê-

ñå Geomatica 10, ÎÎÎ
”
Ãåî-Àëüÿíñ“,

27.06.2011 � 02.07.2011;
� Èíòåðôåðîìåòðè÷åñêàÿ îáðàáîòêà

äàííûõ ÄÇÇ â ïðîãðàììíîì îáåñïå÷å-

íèè Gamma Software, ÎÎÎ
”
Ãåî-Àëüÿíñ“,

22.08.2011 � 03.09.2011;
� CASI Normalization and Data Fusion

Itres � Ãèïåðñïåêòðàëüíûå ñèñòåìû è ðåøåíèÿ,
2007;
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� CASI Hyperspectral Analysis and

GIS Integration (CASI ãèïåðñïåêòðàëü-

íûé àíàëèç è èíòåãðàöèÿ ÃÈÑ), Itres � Ãè-
ïåðñïåêòðàëüíûå ñèñòåìû è ðåøåíèÿ, 2007;

�
”
De�niens Professional 5.0 Basic

and Advanced Training“, organized by

De�niens � The Image Intelligence Company,
June 26�30, 2006;

� Radar Mapping Suite, The Earth to
Business Company erdas, 25 èþíÿ � 5 èþëÿ 2012.

Ñôåðà çàíÿòîñòè: îïðåäåëåíèå ñìåùåíèé
çåìíîé ïîâåðõíîñòè â ðåçóëüòàòå àíòðîïîãåí-
íîé äåÿòåëüíîñòè ìåòîäàìè ðàäèîëîêàöèîííîé
èíòåðôåðîìåòðèè, îáðàáîòêà äàííûõ äèñòàí-
öèîííîãî çîíäèðîâàíèÿ (ÄÄÇ) ïî îáíàðóæå-
íèþ íåôòÿíûõ çàãðÿçíåíèé âîäíîé ïîâåðõíî-
ñòè, ïî÷âåííîãî ïîêðîâà, äåøèôðèðîâàíèå òåï-
ëîâûõ àíîìàëèé, ïîñòðîåíèå öèôðîâûõ ìîäå-
ëåé ðåëüåôà, òåìàòè÷åñêàÿ êëàññèôèêàöèÿ îáú-
åêòîâ çåìíîé ïîâåðõíîñòè (ÇÏ), îïðåäåëåíèå
âðåìåííûõ èçìåíåíèé ÇÏ ïî ñåðèè ñíèìêîâ ðà-
äèîëîêàöèîííûõ è îïòè÷åñêèõ äàííûõ, âû÷èñ-
ëåíèå îáúåìîâ îáúåêòîâ çåìíîé ïîâåðõíîñòè ïî
ÄÄÇ, âûÿâëåíèå èçìåíåíèé ëåñíîãî ïîêðîâà è
ò. ä. Ïî ðåçóëüòàòàì ðàáîò îïóáëèêîâàíî áîëåå
30 ïóáëèêàöèé, ïîëó÷åíû ãðàìîòû è áëàãîäàð-
íîñòè íà ìåæäóíàðîäíûõ êîíôåðåíöèÿõ è ñå-
ìèíàðàõ. Ñòàæ ðàáîòû áîëåå 30 ëåò:

2011 ã. � íàñòîÿùåå âðåìÿ ÀÎ
”
Íàöèîíàëü-

íûé öåíòð êîñìè÷åñêèõ èññëåäîâàíèé è òåõíî-
ëîãèé“, äîëæíîñòü: çàâåäóþùàÿ ëàáîðàòîðèè
ãåîèíôîðìàòèêè è ÃÈÑ-òåõíîëîãèé. 2003�2011
ãã. ÀÎ

”
ÊàçÃåîÊîñìîñ“, äåïàðòàìåíò ãåîëîãèè

è ãåîôèçèêè, äîëæíîñòü: ãëàâíûé ìåíåäæåð.
1991�2003 ãã. Èíñòèòóò êîñìè÷åñêèõ èññëåäîâà-
íèé (ÍÈÈ) Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè
Ðåñïóáëèêè Êàçàõñòàí, äîëæíîñòü: ñòàðøèé íà-
ó÷íûé ñîòðóäíèê ëàáîðàòîðèè ÃÈÑ. 1984�1991
ãã. Èíñòèòóò Ñåéñìîëîãèè Àêàäåìèè íàóê Ðåñ-
ïóáëèêè Êàçàõñòàí, äîëæíîñòü: èíæåíåð.

Maira G. Razakova, specialty
”
Mathematics“

(Kazakh State University (1979�1984)), is a
leading specialist in the application of GIS and
geoinformation modeling for thematic processing
and interpretation of remote sensing data. Had
got certi�ed:

CASI Normalization and Data Fusion
Itres � Hyperspectral systems and solutions,
2007 CASI Hyperspectral Analysis and GIS
Integration (CASI hyperspectral analysis and
GIS integration), Itres � Hyperspectral systems
and solutions, 2007

”
De�niteness Professional

5.0 Basic and Advanced Training“, organized by
De�niteness � The Image Intelligence Company,
June 26-30, 2006.

Work in the Geomatics 10 software package,
Geo-Alliance LLC, 27/06/2011 � 02/07/2011
Interferometric processing of remote sensing data
in software Gamma Software, Geo-Alliance LLC,
22/08/2011 � 03/09/2011 Radar Mapping Suite,
The Earth to Business Company, June 25 � July
5, 2012.

Scope of employment: determination of earth
surface displacements using methods of radar
interferometry, processing remote sensing data
to detect contamination of soil, water surface,
the identi�cation of solid domestic waste, control
of the state of infrastructure, determination of
temporal changes on the Earth's surface using
a series of images of radar and optical data,
calculation of the volumes of objects of the Earth's
surface by the remote sensing data, identifying
the changes in forest cover and etc. By results of
works were published more than 30 articles, have
been got diplomas and gratitude at international
conferences and seminars. Experience over 30
years:

2011 � to the present. JSC
”
National Centre of

Space Research and Technology“, position: Head
of the Laboratory of Geoinformatics and GIS
technologies.

2003�2011. JSC
”
KazGeoCosmos“, geology

and geophysics department, position: general
manager.

1991�2003. Space Research Institute (SRI) of
the Ministry of Education and Science of the
Republic of Kazakhstan, position: senior scientist
in GIS laboratory.

1984�1991. Seismic Institute of the Academy
of Sciences Republic of Kazakhstan, position:
engineer.
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