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Àêòóàëüíîñòü

Îïåðàòèâíàÿ îáðàáîòêà ìóëüòèñïåêòðàëüíûõ ñíèìêîâ çåìíîé ïîâåðõíîñòè èìååò
âàæíîå çíà÷åíèå â ïðèíÿòèè ðåøåíèé ïî ðàçâèòèþ ðåãèîíà â ëåñíîì, ñåëüñêîì,
ãðàäîñòðîèòåëüíîì, ýêîëîãè÷åñêîì è äðóãèõ íàïðàâëåíèÿõ.
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Ñïèñîê ðåàëèçîâàííûõ Web-ñåðâèñîâ

Open Geospatial Consortium, Inc. (OGC) Web Processing Service (WPS)

• Ïîëó÷åíèÿ äàííûõ SRTM
• Ðàñ÷åòà Elevation, Slope, Aspect íà îñíîâå SRTM
• Ðàñ÷åòà ñïåêòðàëüíûõ èíäåêñîâ
• Êëàññèôèêàöèè ìåòîäîì SVM è CNN
• Îáó÷åíèÿ SVM è CNN
• Ðàñ÷åòà âðåìåííîé äîñòóïíîñòè ãåîãðàôè÷åñêèõ îáúåêòîâ
• Ðàñ÷åòà çàãðÿçíåíèÿ ïàðíèêîâûìè ãàçàìè äëÿ îïðåäåëåííîé îáëàñòè
• Cîçäàíèÿ shape ôàéëîâ èç òàáëè÷íûõ äàííûõ
• Ðàñòåðèçàöèè shape ôàéëîâ
• Ïîëó÷åíèÿ ñíèìêîâ Landsat 7-8, Sentinel-2
• Ïîèñêà îáúåêòîâ ïî çàïðîñó íà ÿçûêå SOQL
• Èíñòðóìåíòîâ ðàñòðîâîé àëãåáðû
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Òåêóùèå ñîñòîÿíèå ðàáîòû

Â ÈÄÑÒÓ ÑÎ ÐÀÍ èìååòñÿ îáíîâëÿåìûé êàòàëîã êîñìîñíèìêîâ Sentinel-2 íà òåð-
ðèòîðèþ Èðêóòñêîé îáëàñòè ñ 2018 ãîäà.

Ñïèñîê çàäà÷:

• Êëàññèôèêàöèÿ òèïîâ çåìåëüíîãî ïîêðîâà - âûïîëíåíî

• Ïîäñò÷åò ñòàòèñòè÷åñêèõ äàííûõ - â ïðîöåññå

• Àíàëèç âðåìåííîé ñåðèè êîñìîñíèìêîâ - â ïëàíàõ
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Êàòàëîã
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Èñïîëüçóåìûå òåõíîëîãèè
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Ñóùåñòâóþùèå ïîäõîäû

Google Colab, Google Earth Engine

• Ïðîáëåìû ïåðåäà÷è äàííûõ

• Îãðàíè÷åííîñòü âû÷èñëèòåëüíûõ ìîùíîñòåé

• Ñêîðîñòü îáðàáîòêè äàííûõ

• Èñïîëüçîâàíèå ñîáñòâåííûõ ôîðìàòîâ äàííûõ
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Àïïàðàòíàÿ ÷àñòü îïòèìèçàöèè âû÷èñëåíèé

Áûëà ñîçäàíà ñîáñòâåííàÿ ñèñòåìà íà ïîäîáíàÿ Google Colab.

• ×òåíèå äàííûõ - çàìåíåíà ñèñòåìà õðàíåíèÿ.

• Îáó÷åíèè íåéðîñåòè - ïðèîáðåòåíû ãðàôè÷åñêèå ñòàíöèè.
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Ïðîãðàììíàÿ ÷àñòü îïòèìèçàöèè âû÷èñëåíèé

Áûëè ïðîàíàëèçèðîâàíû ñëàáûå ìåñòà áèáëèîòåêè FastAI

• Ðåàëèçîâàíà ïðîöåäóðà ïîäãîòîâêè ôàéëîâ.

• Ðàçðàáîòàíà ñòðóêòóðà ôàéëîâ.

• Ðåàëèçîâàíà ïðîöåäóðà ÷òåíèÿ ôàéëîâ.

• Ðàçðàáîòàí è ðåàëèçîâàí îáðàáîò÷èê ñåðèè êîñìîñíèìêîâ.

• Óñêîðåíèå êëàññèôèêàöèè îäíîãî èçîáðàæåíèÿ.

• Ïðîèçâåäåíà îïòèìèçàöèÿ âû÷èñëåíèé.
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Ïðîöåäóðà ïîäãîòîâêè ôàéëîâ

de f change_re so l u t i on ( i ) :
s u bp r o c e s s . run ( [ ' gda lwarp ' , '=t s ' , s t r ( i [ 0 ] ) , s t r ( i [ 1 ] ) , i [ 2 ] + ' / ' + i [ 3 ] , i [ 4 ] ] )

f o r i i n r ange ( l e n ( bands ) ) :
fname = imag e f o l d e r + f i l e n ame s [ i ]
r a s t e r f i l e = f u l l Im a g e p a t h + ' / ' +bands [ i ]
i f os . path . e x i s t s ( fname ) :

i f i i n [ 0 , 4 , 5 , 6 , 8 , 9 , 1 0 , 1 1 , 1 2 ] :
tm p f i l e=imag e f o l d e r + os . path . basename ( bands [ i ] )
b a nd s_ l i s t . append ( [ he i gh t , width , f u l l Imag epa t h , bands [ i ] , tm p f i l e ] )

w i th Pool ( ) as p :
p .map ( c h ang e_r e s o l l u t i o n , b and s_ l i s t )
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Còðóêòóðà ôàéëîâ

Èñõîäíûé ñíèìîê Sentinel-2 (10980õ10980) áûë ðàçáèò íà ÷àñòè ðàçìåðîì 64õ64 â
ñîîòâåòñòâèè ñ ìàñêîé è ñîõðàíåí â ôîðìàòå npy.

Èñõîäíîå èçîáðàæåíèå Ìàñêà
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Ïðîöåäóðà ÷òåíèÿ ôàéëîâ

c l a s s S e n t i n e l L i s t ( ImageL i s t ) :
de f __init__( s e l f , * args , ** kwargs ) :

s u p e r ( ) . __init__(* args , ** kwargs )
@c lassmethod
de f from_sImage ( c l s , sImage , s t e p_s i z e ) : .

c l s . s Image = sImage
newitems =[]
c e l l _ s i z e =64
he igh t , width , c hanne l s = sImage . shape . . . . . . .
c e n t e r_ s h i f t= s t ep_s i z e // 2 .
f o r i i n r ange ( round ( ( width = c e l l _ s i z e ) / s t e p_s i z e ) ) :

f o r j i n r ange ( round ( ( h e i g h t =c e l l _ s i z e ) / s t e p_s i z e ) ) :
x=i * s t e p_s i z e
y=j * s t e p_s i z e
c e l l = ( x , x+c e l l_ s i z e , y , y+c e l l _ s i z e )
newitems . append ( c e l l )

c l s . s ImageCnt = l e n ( newitems )
c l s . img i tems=newitems
r e t u r n c l s ( i t ems=newitems )

de f l abe l_f rom_ar ray ( s e l f , a r r ay , l a b e l_ c l s=None , ** kwargs ) :
r e t u r n s e l f . _ labe l_f rom_l i s t ( a r r ay , l a b e l_ c l s=l a b e l_c l s ,** kwargs ) . . . .

de f get ( s e l f , i ) :
c e l l = s e l f . img i tems [ i ]
ROI=s e l f . s Image [ c e l l [ 0 ] : c e l l [ 1 ] , c e l l [ 2 ] : c e l l [ 3 ] , : ]
ROI = np . swapaxes (ROI , 0 , 2 ) . a s t ype ( np . f l o a t 3 2 )
r e t u r n ROI
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Îáðàáîòêà ñåðèè êîñìîñíèìêîâ

che ck_ i t e r = True
wh i l e check_ i t e r :

f i l e _ l o c k = 'mass . t x t . l o c k '
f i l e_name = 'mass . t x t '
l o c k = f i l e l o c k . F i l e L o c k ( f i l e _ l o c k )
w i th l o c k :

t r y :
f = open ( f i le_name , ' rb ' )
mass = p i c k l e . l o ad ( f )
f . c l o s e ( )
mas = nex t ( mass )
p r i n t (mas )
f = open ( f i le_name , 'wb ' )
p i c k l e . dump(mass , f )
f . c l o s e ( )

e x c ep t S t o p I t e r a t i o n :
che ck_ i t e r = Fa l s e

f i n a l l y :
i f l o c k . i s_ l o cked :

p r i n t ( ' UnLock ' )
l o c k . r e l e a s e ( )

t ime . s l e e p (5 )
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Óñêîðåíèå êëàññèôèêàöèè îäíîãî èçîáðàæåíèÿ

s t e p s = [64 , 3 2 , 1 6 , 8 , 4 , 2 ]
f o r i t em i n s t e p s :

s t e p_s i z e = item
data2 = imd . g e t_sen t i n e l_ image_ l i s t ( image2 , s t ep_s i z e , marks )
l e a r n = Lea rne r ( data2 , model , me t r i c s =[ accu racy ] ) . mixup ( )
l e a r n . l o ad ( ' /model_120e ' )
s t a r t_t ime = t ime . t ime ( )
preds , v a l u e s = l e a r n . get_preds ( ds_type=0)
r e s = imd . draw_preds_v2 ( preds , s t ep_s i z e , l e a r n . data , image2 , r e s )
r e s , marks = imd . re_draw_preds ( preds , s t ep_s i z e , l e a r n . data , r e s )
imd . save_res ( i tem + '_out . t i f ' , GeoTransform2 , P r o j e c t i o n2 , r e s )
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Îïòèìèçàöèÿ âû÷èñëåíèé

@n j i t ( )
de f ca l c_ f r equency ( data ) :

bands , rows , c o l s = data . shape
r e s = np . z e r o s ( ( rows , c o l s ) , d type=np . u i n t 8 )
f o r i i n prange ( rows ) :

f o r j i n prange ( c o l s ) :
e l ement s = np . a range (27 , dtype=np . u i n t 8 )
v a l_g i s t = np . z e r o s (27 , dtype=np . u i n t 8 )
f o r e l i n r ange ( l e n ( data [ : , i , j ])=1 , =1, =1):

v a l_g i s t [ data [ e l , i , j ] ] += 1
max_ind = =1
max_c = 0
f o r e l i n r ange ( l e n ( data [ : , i , j ])=1 , =1, =1):

i f ( v a l_g i s t [ e l ] != 0) and ( v a l_g i s t [ e l ] != 26) and ( v a l_g i s t [ e l ] > max_c ) :
max_c = va l_g i s t [ e l ]
max_ind = e l

f o r p i n r ange ( l e n ( v a l_g i s t )=1 , =1, =1):
f o r q i n r ange ( p ) :

i f v a l_g i s t [ q ] > v a l_g i s t [ q + 1 ] :
v a l_g i s t [ q ] , v a l_g i s t [ q + 1 ] = v a l_g i s t [ q + 1 ] , v a l_g i s t [ q ]
e l ement s [ q ] , e l ement s [ q + 1 ] = e l ement s [ q + 1 ] , e l ement s [ q ]

cur_len = l e n ( e l ement s )
wh i l e cur_len > 1 :

i f ( e l ement s [ cur_len =1] == 0) o r ( e l ement s [ cur_len =1] == 26 ) :
cur_len == 1

e l s e :
b r eak

r e s [ i , j ] = e l ement s [ cur_len =1]
r e t u r n r e s
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Ïðîìåæóòîíûé ðåçóëüòàò êëàññèôèêàöèè
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Ïðîìåæóòîíûé ðåçóëüòàò êëàññèôèêàöèè
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Ïðîìåæóòîíûé ðåçóëüòàò êëàññèôèêàöèè
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Êàðòà çåìåëüíîãî ïîêðîâà
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Çàêëþ÷åíèå

• Îáðàáîòàíà 21 000 êîñìîñíèìêîâ.

• Ïîñòðîåíà êàðòà çåìåëüíîãî ïîêðîâà íà òåððèòîðèþ Èðêóòñêîé îáëàñòè. Êàðòà
ñâîáîäíà îò îáëà÷íîñòè è ïîâåæäåííûõ äàííûõ.
Ðåçóëüòàò êëàññèôèêàöèè äîñòóïåí ïî àäðåñó http://cris.icc.ru/classresults
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Ñïàñèáî çà âíèìàíèå!
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