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Îáñóæäàþòñÿ âîïðîñû ñèíòåçà àëãîðèòìà îöåíèâàíèÿ ïîëÿðèçàöèîííîé àíèçîòðîïèè ìåòåîîáðàçîâàíèé 
íà îñíîâå ìåòîäèêè òåîðèè ôèëüòðàöèè Êàëìàíà. Ñ ïîìîùüþ èìèòàöèîííîãî ìîäåëèðîâàíèÿ ïðîâåäåíû èñ-
ñëåäîâàíèÿ è ïîëó÷åíû ðåçóëüòàòû, õàðàêòåðèçóþùèå òî÷íîñòü ñèíòåçèðîâàííîãî àëãîðèòìà. Ðåçóëüòàòû 

ïðåäñòàâëÿþò èíòåðåñ äëÿ ñïåöèàëèñòîâ â îáëàñòè ðàäèîëîêàöèîííîé ìåòåîðîëîãèè è èìåþò âàæíîå çíà÷å-
íèå äëÿ ïðîãíîçèðîâàíèÿ ÷ðåçâû÷àéíûõ ñèòóàöèé, ñâÿçàííûõ ñ ëèâíÿìè, ãðîçàìè, ãðàäîì è ïð. 

 

Êëþ÷åâûå ñëîâà: ïîëÿðèçàöèÿ, ïîëÿðèçàöèîííàÿ àíèçîòðîïèÿ, îïòèìàëüíàÿ ôèëüòðàöèÿ; polarization, 
polarization anisotropy, filtering. 

 
 

Ââåäåíèå 
 

Ïîëÿðèçàöèîííûå ñâîéñòâà ìåòåîðîëîãè÷åñêèõ 
îáðàçîâàíèé îïðåäåëÿþòñÿ [1–5] êîýôôèöèåíòîì 

àíèçîòðîïèè èëè ýêâèâàëåíòíûì åìó ïàðàìåòðîì – 
ôàêòîðîì ôîðìû. Ïîëÿðèçàöèîííàÿ àíèçîòðîïèÿ 

ìåòåîîáðàçîâàíèé îáóñëîâëåíà íåñôåðè÷íîñòüþ ýëå-
ìåíòàðíûõ ðàññåèâàòåëåé è ìîæåò áûòü èçìåðåíà 
êàê îòíîøåíèå óðîâíåé îòðàæåííûõ ñèãíàëîâ, ïðè-
íèìàåìûõ ðàäèîëîêàòîðîì ïðè êðóãîâîé è ëèíåé-
íîé ïîëÿðèçàöèÿõ èçëó÷åíèÿ. 

Ñèãíàë, îòðàæåííûé îò ìåòåîîáðàçîâàíèé, ÿâ-
ëÿåòñÿ ôëóêòóèðóþùèì, ÷òî îáóñëîâëåíî äâèæåíèåì 
è ïðîöåññîì êîàãóëÿöèè ðàññåèâàòåëåé âíóòðè ðàñ-
ñìàòðèâàåìîãî îáúåìà. Â òî÷êå ïðèåìà ïîëåçíûé 

ôëóêòóèðóþùèé ñèãíàë ñìåøèâàåòñÿ ñ ñîáñòâåííû-
ìè øóìàìè ïðèåìíèêà, ÷òî ïðèâîäèò ê îøèáêàì  
â îöåíêå çíà÷åíèé êîýôôèöèåíòà àíèçîòðîïèè. 

Â ïðîñòåéøåì ñëó÷àå äëÿ ïîëó÷åíèÿ êîëè÷åñò-
âåííîé îöåíêè êîýôôèöèåíòà àíèçîòðîïèè èñïîëü-
çóþò ïðèíöèï ðàâíîìåðíîãî îñðåäíåíèÿ ïî îãðàíè-
÷åííîé âûáîðêå èçìåðåíèé ñèãíàëà [4]. Îäíàêî ïðè 
âñåé ïðîñòîòå ðåàëèçàöèè ýòîò ïðèíöèï íå îáåñïå÷è-
âàåò îöåíêó êîýôôèöèåíòà â òåìïå ïîñòóïëåíèÿ èç-
ìåðåíèé. Êðîìå òîãî, ïðè óñðåäíåíèè ìåíåå 30 îò-
ñ÷åòîâ ïðèíèìàåìîãî ñèãíàëà âîçíèêàåò ñìåùåíèå 
èñêîìîé îöåíêè [6]. 

Ïîâûøåíèå òî÷íîñòè îöåíêè êîýôôèöèåíòà àíè-
çîòðîïèè äîñòèãàåòñÿ ñ ïîìîùüþ öèôðîâîé îáðàáîò-
êè ñèãíàëà. Ïðè ýòîì àëãîðèòìû îáðàáîòêè äàííûõ 

ìîãóò áûòü ðåàëèçîâàíû â ïðîöåññîðå, ñòðóêòóðíî 
âêëþ÷åííîì â ìíîãîôóíêöèîíàëüíóþ ðàäèîëîêàöè-
îííóþ ñòàíöèþ (ÌÐËÑ) [6]. 
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Â [7] ïðåäëîæåí àëãîðèòì äëÿ îöåíêè ïîëÿðè-
çàöèîííîé àíèçîòðîïèè ìåòåîîáðàçîâàíèé íà îñíîâå 
ôèëüòðà Êàëìàíà, êîòîðûé ïîçâîëÿåò ïîëó÷èòü îï-
òèìàëüíóþ áàéåñîâñêóþ îöåíêó ïåðåìåííûõ ñîñòîÿ-
íèÿ ëèíåéíîé äèíàìè÷åñêîé ñèñòåìû, ñ ìèíèìàëüíîé 
ñðåäíåêâàäðàòè÷åñêîé îøèáêîé (ÑÊÎ) [8, 9]. Äàí-
íûé àëãîðèòì áûë èññëåäîâàí íà óñòîé÷èâîñòü ìå-
òîäîì èìèòàöèîííîãî ìîäåëèðîâàíèÿ íà ÝÂÌ. Ïðè 
ýòîì â êà÷åñòâå øóìà èçìåðåíèé èñïîëüçîâàëàñü ñëó-
÷àéíàÿ ïîñëåäîâàòåëüíîñòü, ïðîãðàììíî ãåíåðèðóå-
ìàÿ ñ ïîìîùüþ äàò÷èêà ñëó÷àéíûõ ÷èñåë. 

Äëÿ ïðîâåðêè âîçìîæíîñòè ïðàêòè÷åñêîãî ïðè-
ìåíåíèÿ àëãîðèòìà îöåíèâàíèÿ áûë ñîáðàí ýêñïåðè-
ìåíòàëüíûé ìàêåò íà áàçå ÌÐËÑ «Ãðîçà». Ýòî ïî-
çâîëèëî âìåñòî øóìîâ, ãåíåðèðóåìûõ äàò÷èêîì ñëó-
÷àéíûõ ÷èñåë, èñïîëüçîâàòü ñèãíàë ðåàëüíîé ÌÐËÑ. 
Íà âõîä ôèëüòðà Êàëìàíà (ÔÊ) ïîäàâàëñÿ ïðîöåññ, 
ïðåäñòàâëÿþùèé àääèòèâíóþ ñìåñü ïðîöåññà, ðàñ-
ïðåäåëåííîãî ïî çàêîíó Ðýëåÿ, è øóìîâ èç ÌÐËÑ. 
Îöåíèâàíèå êà÷åñòâà ðàáîòû ôèëüòðà ïðîâîäèëîñü 

ïî àíñàìáëþ íåçàâèñèìûõ ñåàíñîâ. Êàæäûé ñåàíñ 

ñîñòîÿë èç 100 èçìåðåíèé. 
Ïàðàìåòðû èíèöèàöèè ôèëüòðà ïîäáèðàëèñü 

ýêñïåðèìåíòàëüíî è ïðåäñòàâëÿëè ñîáîé çíà÷åíèÿ, 
îáåñïå÷èâàþùèå ìèíèìóì ÑÊÎ îöåíèâàíèÿ è ïðî-
äîëæèòåëüíîñòè ïåðåõîäíîãî ïðîöåññà. Ãðàôèê 
ñõîäèìîñòè ôèëüòðà äëÿ îäíîêðàòíîé ðåàëèçàöèè 
ïðèâåäåí íà ðèñ. 1. 

Ãðàôèê ïîâåäåíèÿ ÑÊÎ îöåíèâàíèÿ ïî àíñàìá-
ëþ èç 100 ðåàëèçàöèé ïðåäñòàâëåí íà ðèñ. 2. 

Ðåçóëüòàòû èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî ïî-
ëó÷åííûé àëãîðèòì îöåíèâàíèÿ êîýôôèöèåíòà àíè-
çîòðîïèè ðàáîòàåò óñòîé÷èâî è ïîçâîëÿåò êîìïåíñè-
ðîâàòü îøèáêó èçìåðåíèé â óñòàíîâèâøåìñÿ ðåæèìå 
â 2 ðàçà. Ïðè ýòîì ïåðåõîäíûå ïðîöåññû â ôèëüòðå 
çàêàí÷èâàþòñÿ ê ìîìåíòó âðåìåíè k ≈ 15. 
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Ðèñ. 1. Ãðàôèê ñõîäèìîñòè ôèëüòðà Êàëìàíà ïðè îäíî-
êðàòíîé ðåàëèçàöèè äëÿ êîýôôèöèåíòà ïîëÿðèçàöèîííîé 
  àíèçîòðîïèè 

 

 
Ðèñ. 2. Ïîâåäåíèå ÑÊÎ îöåíèâàíèÿ ïî àíñàìáëþ èç 100 ðåà- 
  ëèçàöèé 
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L.N. Khlopotnikov. Algorithm for estimating polarization anisotropy of meteorologic formations by the 
method of Kalman filtration. 

The algorithm created for estimation of polarization anisotropy. The algorithm is based on the theory of 
Kalman filtration. The simulation results characterize the accuracy of the synthesized algorithm. The results are 
of interest to specialists in the field of radar meteorology for forecasting of emergency situations associated with 
showers, thunderstorms, hail. 

 
 


