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Ïðåäëîæåí íîâûé àëãîðèòì ñåãìåíòàöèè ìíîãîñïåêòðàëüíûõ âèäåîäàííûõ ñ èñïîëüçîâàíèåì 
êëàñòåðíîãî àíàëèçà.  Ðåøàåòñÿ çàäà÷à âûÿâëåíèÿ ïåðåõîäíûõ ó÷àñòêîâ âèäåîäàííûõ, ÷òî ñïîñîáñò-
âóåò èñêëþ÷åíèþ íà ïåðâîì ýòàïå «ñìåøàííûõ» ïèêñåëîâ ìàòåðèàëà îáó÷åíèÿ àëãîðèòìà, ïîâûøàÿ 
ðàçäåëèìîñòü âûÿâëÿåìûõ êëàññîâ.  Ðàáîòà àëãîðèòìà èëëþñòðèðóåòñÿ ïðèìåðîì âûäåëåíèÿ îáëà÷-
íûõ ïîëåé, çàðåãèñòðèðîâàííûõ ðàäèîìåòðîì AVHRR ñïóòíèêà NOAA. 

 
Îäíèì èç íà÷àëüíûõ ýòàïîâ â îáðàáîò-

êå èçîáðàæåíèé ÿâëÿåòñÿ ñåãìåíòàöèÿ, ò.å. 
âûäåëåíèå îäíîðîäíûõ â íåêîòîðîì ñìûñëå 
(íàïðèìåð, èíòåíñèâíîñòè) îáëàñòåé.  Ñëå-
äóåò çàìåòèòü, ÷òî èçîáðàæåíèÿ, èìåþùèå 
îáøèðíûå îäíîðîäíûå îáëàñòè ñ ÿðêî âû-
ðàæåííûìè ðåçêèìè ãðàíèöàìè, âñòðå÷àþò-
ñÿ äîâîëüíî ðåäêî.  Íàèáîëåå ÷àñòî ìîæíî 
íàáëþäàòü îáëàñòè, ïðåäñòàâëÿþùèå ñîáîé 
íåêîòîðûé ïåðåõîäíûé ó÷àñòîê îò îäíîãî 
êëàññà ê äðóãîìó.  Â ýòîì ñëó÷àå îáû÷íûå 
ìåòîäû ñåãìåíòàöèè, ñâîäÿùèåñÿ ê êëàñòå-
ðèçàöèè ïîëíîé âûáîðêè, íå äàþò óäîâëå-
òâîðèòåëüíûõ ðåçóëüòàòîâ, òàê êàê ÷èñëî 
ýëåìåíòîâ âûáîðêè, îòíîñÿùèõñÿ ê ïåðå-
õîäíûì ìåæäó êëàññàìè îáëàñòÿì, îêàçû-
âàåòñÿ áîëüøèì, ÷åì ÷èñëî ýëåìåíòîâ, 
ïðåäñòàâëÿþùèõ êëàññ â «÷èñòîì» âèäå. 

Â ýòîì ñëó÷àå íåîáõîäèìî âûäåëèòü 
ýëåìåíòû âûáîðêè, îòíîñÿùèåñÿ íåïîñðåä-
ñòâåííî ê îòäåëüíûì êëàññàì.  Ïðè ýòîì 
åñòåñòâåííî èñõîäèòü èç ñëåäóþùèõ ïðåä-
ïîëîæåíèé: 

1. Êëàññ â ÷èñòîì âèäå ïðåäñòàâëåí íå-
êîòîðûì âåêòîðîì ïðèçíàêîâ X0. 

2. Â ïëîñêîñòè èçîáðàæåíèÿ ñóùåñòâó-
åò íåêîòîðàÿ íåáîëüøàÿ îáëàñòü ε, â ïðåäå-
ëàõ êîòîðîé âåêòîð ïðèçíàêîâ ïî÷òè ïî-
ñòîÿíåí è ìîæåò áûòü ïðåäñòàâëåí â âèäå 

X
ε
 = X0 + ξ, 

ãäå X
ε
 – âåêòîð ïðèçíàêîâ â íåêîòîðîé îá-

ëàñòè ε; X0 – âåêòîð, ÿâëÿþùèéñÿ òèïè÷-
íûì ïðåäñòàâèòåëåì ñâîåãî êëàññà; ξ – 
ñëó÷àéíàÿ ñîñòàâëÿþùàÿ ñ íåêîððåëèðî-
âàííûìè êîìïîíåíòàìè, èìåþùèìè îäèíà-
êîâîå ïî ôîðìå ðàñïðåäåëåíèå. 

Â ðàìêàõ ýòîé ìîäåëè ïðîâåðêà çàäàí-
íîãî ó÷àñòêà âèäåîäàííûõ ε íà îäíîðîä- 

íîñòü ïðåäñòàâëÿåò ñîáîé ïðîâåðêó ñîãëà-
ñèÿ ðàñïðåäåëåíèé è íåêîððåëèðîâàííîñòè 
êîìïîíåíò âåêòîðà ξ.  Äëÿ ýòîãî ïî çàäàí-
íîìó òåñòîâîìó ó÷àñòêó ε äåëàåì âûáîðêó 
{X

εi}, i = 1...n, è ïî âûáîðêå {X
εi} âû÷èñëÿ-

åì îöåíêè ìàòåìàòè÷åñêîãî îæèäàíèÿ è êî-
âàðèàöèîííîé ìàòðèöû: 

 X̂0 = 
1
n ∑

i = 1

n

 X
εi ;  (1) 

 C = 
1
n ∑

i = 1

n

 (X
εi – X̂0)(Xεi – X̂0)

t. 

Êàê èçâåñòíî, êîâàðèàöèîííàÿ ìàòðèöà 
ìîæåò áûòü ïðåäñòàâëåíà â âèäå ñëåäóþùå-
ãî ñèíãóëÿðíîãî ðàçëîæåíèÿ: 

 C = U Λ Ut;  (2) 

ãäå Λ – äèàãîíàëüíàÿ ìàòðèöà ñîáñòâåííûõ 
çíà÷åíèé; U – ìàòðèöà ñîáñòâåííûõ âåêòîðîâ. 

Äëÿ ïðîâåðêè ñîãëàñèÿ ðàñïðåäåëåíèé 
êîìïîíåíò âåêòîðà ξ âû÷èñëÿåì ïðîåêöèè 
öåíòðèðîâàííûõ âåêòîðîâ âûáîðêè {X

εi} íà 
ñîáñòâåííûå âåêòîðû êîâàðèàöèîííîé ìàò-
ðèöû.  Ïîñêîëüêó êîìïîíåíòû âåêòîðîâ 
âûáîðêè ìîãóò èìåòü ðàçëè÷íóþ ïðèðîäó, 
òî äëÿ ïðèâåäåíèÿ âñåõ âåëè÷èí ê îäíîìó 
ìàñøòàáó íîðìèðóåì êîìïîíåíòû âåêòîðîâ 
íà ñîîòâåòñòâóþùèå äèñïåðñèè, ò.å. íà äèà-
ãîíàëüíûå ýëåìåíòû ìàòðèöû Ñ. 

Ïóñòü uj è uk – j-é è k-é âåêòîðû ìàò-
ðèöû U, à Ñ1 – äèàãîíàëüíàÿ ìàòðèöà, ñî-
ñòîÿùàÿ èç äèàãîíàëüíûõ ýëåìåíòîâ ìàòðè-
öû Ñ â ñòåïåíè 1/2: 

C1 = diag(C) . 

Òîãäà íîðìèðîâàííûå ïðîåêöèè i-ãî âåêòî-
ðà âûáîðêè íà j-é è k-é âåêòîðû ìàòðèöû U  
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áóäóò èìåòü ñëåäóþùèé âèä: 

 ηij = ut
j C

–1

1
 (Xi – 

∧
X0) ,  (3) 

 ηik = ut
k C

–1

1
 (Xi – 

∧
X0) . 

Âûáîðêè {ηij} è {ηik} ïðîâåðÿåì íà îä-
íîðîäíîñòü ñ ïîìîùüþ òåñòà Êîëìîãîðîâà 
– Ñìèðíîâà.  Äëÿ ýòîãî ïî óïîðÿäî÷åííûì 
âûáîðêàì {ηij} è {ηik} ñòðîèì ýìïèðè÷åñêèå 
ôóíêöèè ðàñïðåäåëåíèÿ F(ηij) è G(ηik) è 
âû÷èñëÿåì ñòàòèñòèêó 

 Di = sup
{j, k}

 |G(ηij) – F(ηik)| ,  (4) 

êîòîðàÿ â ñëó÷àå îäíîðîäíîñòè ðàñïðåäåëå-
íèé íå ïðåâûøàåò çàäàííîãî çíà÷åíèÿ.  
Êðèòè÷åñêèå çíà÷åíèÿ D òàáóëèðîâàíû [1]. 

Îòäåëüíàÿ ïðîâåðêà íà íåêîððåëèðîâàí-
íîñòü êîìïîíåíò âåêòîðà ξ íå òðåáóåòñÿ, òàê 
êàê â ñëó÷àå íàëè÷èÿ çàâèñèìîñòåé ìåæäó 
âåêòîðàìè èñõîäíîé âûáîðêè íîðìèðîâêà íà 
äèàãîíàëüíûå ýëåìåíòû êîâàðèàöèîííîé 
ìàòðèöû Ñ ïðèâîäèò ê ðàññîãëàñîâàíèþ ðàñ-
ïðåäåëåíèé êîìïîíåíò âåêòîðà ξ. 

Ïîñëå âûäåëåíèÿ îäíîðîäíûõ â ñìûñëå 
îïèñàííîé âûøå ìîäåëè ó÷àñòêîâ ïîëó÷àåì 
âûáîðêó {X0i}, i = 1...N, N – ÷èñëî âûäå-
ëåííûõ ó÷àñòêîâ.  Íà ïåðâîì øàãå ðàáîòû 
àëãîðèòìà ÷èñëî N âåëèêî, ïîýòîìó íåîá-
õîäèìî äàëüíåéøåå ñëèÿíèå ïîëó÷åííûõ 
ïîäêëàññîâ.  Ïîñêîëüêó êàæäûé êëàññ ìî-
æåò áûòü ïðåäñòàâëåí íåñêîëüêèìè âåêòî-
ðàìè, ïåðåä äàëüíåéøåé êëàññèôèêàöèåé 
íà âòîðîì øàãå íåîáõîäèìî ïðîâåñòè êëà-
ñòåðèçàöèþ ïîëó÷åííîé âûáîðêè.  Äëÿ ýòî-
ãî îïðåäåëÿåì ïàðó âåêòîðîâ, äëÿ êîòîðûõ 
ðàññòîÿíèå 

d = min
{j, k}

 ( )(X0i – X0j)
t (X0i – X0j)   (5) 

ìèíèìàëüíî, è çàìåíÿåì èõ íîâûì âåêòî-
ðîì 

 X′
0k = 

ni

ni + nj
 X0i + 

nj

ni + nj
 X0j ; 

 nk = ni + nj . 

Çàòåì âû÷èñëÿåì âåñ nk íîâîãî âåêòîðà.  
Ýòó ïðîöåäóðó ïîâòîðÿåì äî òåõ ïîð, ïîêà 
÷èñëî âåêòîðîâ âûáîðêè ïðåâûøàåò çàäàí-
íîå (èñêîìîå ÷èñëî êëàññîâ). 

Îêîí÷àòåëüíóþ ñåãìåíòàöèþ âñåãî íà-
áîðà äàííûõ îñóùåñòâëÿåì îòíåñåíèåì êà-
æäîãî âåêòîðà ê âûäåëåííûì öåíòðàì ñîîò-
âåòñòâóþùèõ êëàññîâ ïî ìåòîäó áëèæàéøå-
ãî ñîñåäà â ñìûñëå åâêëèäîâîé ìåòðèêè. 

Äëÿ èëëþñòðàöèè ðàáîòû àëãîðèòìà 
áûë âçÿò ôðàãìåíò ïÿòèñïåêòðàëüíîãî èçî-
áðàæåíèÿ çåìíîé ïîâåðõíîñòè ðàçìåðîì 
1024 × 1024 òî÷åê, ïðèâåäåííûé íà ðèñ. 1, 
ãäå à, á ñîîòâåòñòâóþò êàíàëàì 1, 3. 

Ðåçóëüòàò âûäåëåíèÿ îäíîðîäíûõ ïëî-
ùàäîê ïðèâåäåí íà ðèñ. 2, ãäå êðåñòàìè 
îáîçíà÷åíû íàéäåííûå àëãîðèòìîì ïëî-
ùàäêè (ïðèâåäåíà ëèøü ïðàâàÿ âåðõíÿÿ 
÷åòâåðòü èñõîäíîãî èçîáðàæåíèÿ, óâåëè-
÷åííàÿ â 2 ðàçà).  Ïîñëå îáúåäèíåíèÿ ïî-
ëó÷åííûõ âåêòîðîâ â 5 êëàññîâ áûëà ïðî-
âåäåíà êëàññèôèêàöèÿ âñåãî ôðàãìåíòà.  
Ðåçóëüòàòû êëàññèôèêàöèè ïðåäñòàâëåíû 
íà ðèñ. 3, èç êîòîðîãî âèäíî, ÷òî âûäåëå-
íèå îáëàêîâ, êîòîðûå íà ðèñóíêå îáâåäåíû 
êîíòóðîì, ïðîèñõîäèò äîñòàòî÷íî íàäåæíî. 
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Yu.V. Gridnev.  Selection of Cloudy Fields on Space-made Pictures by Segmentation Algo-
rithm Based on Characteristics of Local Similarity of Data. 

A new algorithm of multi-spectral video data segmentation using cluster analysis is proposed.   
A problem of revealing the transient localities of the video data is being solved.  It will promote an  
excluding at the first stage of mixed pixels from the initial information for the training algorithm and  
increase divisibility of the classes under treating.  The algorithm operation is illustrated by the example  
of selection of cloudy fields registered with the radiometer AVHRR of NOAA satellite. 


