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Ââåäåíèå

Ëåòàòåëüíûå àïïàðàòû, êîíòðîëèðóåìûå â ïîëåòå

ïèëîòîì, íàõîäÿùèìñÿ âíå áîðòà âîçäóøíîãî ñóäíà,

ñ ðàçâèòèåì òåõíîëîãèé âûøëè çà ãðàíèöû âîåííîé

îòðàñëè â ñôåðó ãðàæäàíñêîãî ïðèìåíåíèÿ. Ïðàâî-

âîé ñòàòóñ äàííûõ îáúåêòîâ áûë óñòàíîâëåí Âîç-

äóøíûì êîäåêñîì Ðîññèéñêîé Ôåäåðàöèè (¹ 60-ÔÇ

îò 19.03.1997), êîòîðûé â ñò. 32 ââåë îïðåäåëåíèå

“áåñïèëîòíîå âîçäóøíîå ñóäíî” (ÁÂÑ), óñòðàíèâ ðàç-

ëè÷èÿ â ïðèìåíÿåìîé òåðìèíîëîãèè.

Ðàçâèòèå ïðîèçâîäñòâåííîãî êîìïëåêñà ïðèâå-

ëî ê ìàññîâîé êîìïëåêòàöèè Ì×Ñ Ðîññèè ëåãêèìè

áåñïèëîòíûìè âîçäóøíûìè ñóäàìè, ïðåäíàçíà÷åí-

íûìè äëÿ îïåðàòèâíîãî ìîíèòîðèíãà è ðàçâåäêè

ïðè ëèêâèäàöèè ÷ðåçâû÷àéíûõ ñèòóàöèé. Ïðèíöèï

ïðèíÿòèÿ ðåøåíèé ïðè èõ ýêñïëóàòàöèè ïîñòðîåí

íà ïîëó÷åíèè ôîòî- è âèäåîìàòåðèàëîâ â ðåæèìå

ðåàëüíîãî âðåìåíè îïåðàòîðîì, àíàëèçèðóþùèì è

âîñïðèíèìàþùèì èíôîðìàöèþ ñ ìîíèòîðà ïóëüòà

óïðàâëåíèÿ. Äàííàÿ ìåòîäèêà òåðÿåò ñâîþ ýôôåê-

òèâíîñòü ïðè ïðîâåäåíèè ìîíèòîðèíãà íà çíà÷èòåëü-

íûõ òåððèòîðèÿõ, ïðèìåðîì êîòîðûõ ìîãóò ÿâëÿòü-

ñÿ ëèíåéíûå îáúåêòû íåôòåãàçîâîé îòðàñëè.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ñîçäàíèå ìåòîäèêè àâòî-

ìàòèçèðîâàííîãî ìîíèòîðèíãà ëèíåéíûõ îáúåêòîâ

íåôòåãàçîâîãî êîìïëåêñà, îñíîâàííîé íà ðàçðàáî-

òàííîé àâòîðàìè ìàòåìàòè÷åñêîé ìîäåëè ðàñïîçíà-

âàíèÿ ïëàìåíè ïî âèäåîïðîòîêîëó, ïîëó÷åííîìó ñ

áîðòà áåñïèëîòíîãî âîçäóøíîãî ñóäíà.

Äëÿ ýòîãî áûëè ïîäîáðàíû: ëåòíàÿ ïëàòôîðìà

îòå÷åñòâåííîãî ïðîèçâîäñòâà, ñïîñîáíàÿ ðåøàòü çà-

äà÷è ìîíèòîðèíãà; âûñîòà è ñêîðîñòü ïîëåòà; àëãî-

ðèòì âçàèìîäåéñòâèÿ ïðîãðàììû ðàñïîçíàâàíèÿ ñ

òåõíè÷åñêîé ÷àñòüþ àïïàðàòà; ïîñëåäîâàòåëüíîñòü

ìåòîäèêè ïðîâåäåíèÿ ìîíèòîðèíãà ñ ó÷åòîì ðàçðà-

áîòàííûõ ïàðàìåòðîâ, îáåñïå÷èâàþùèõ ñîáëþäåíèå

ãðàíè÷íûõ óñëîâèé ìîäåëè.

Àêòèâíîå ðàçâèòèå áåñïèëîòíûõ àïïàðàòîâ ñòà-

ëî âîçìîæíûì â òîì ÷èñëå áëàãîäàðÿ èñïîëüçîâà-

íèþ ìèêðîïðîöåññîðà, ðåàëèçóþùåãî êîìïëåêñ ïðî-

ãðàìì, óïðàâëÿþùèõ ïîëåòîì. Ïîìèìî íèõ, â ñî-

âðåìåííûõ ìîäåëÿõ èñïîëüçóþòñÿ òàêèå àëãîðèòìû,
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êàê ñëåäîâàíèå çà îáúåêòîì, îáëåò ïðåïÿòñòâèé, ðàñ-

ïîçíàâàíèå âîåííîé òåõíèêè è ÷åëîâåêà.

Íàó÷íàÿ íîâèçíà ïðåäëàãàåìîé ìåòîäèêè çàêëþ-

÷àåòñÿ â èñïîëüçîâàíèè ìàòåìàòè÷åñêîé ìîäåëè îá-

íàðóæåíèÿ ïëàìåíè ñ áîðòà áåñïèëîòíîãî âîçäóø-

íîãî ñóäíà ïî âèäåîèçîáðàæåíèþ, ðåàëèçîâàííîé â

ïðîãðàììíîì êîìïëåêñå “Âèäåîäåòåêòîð ïëàìåíè

2.0 FD”, ïîëó÷èâøåì ñâèäåòåëüñòâî î ðåãèñòðàöèè

ïðîãðàììû äëÿ ÝÂÌ. Àëãîðèòì îáíàðóæåíèÿ, ñî-

ñòîÿùèé èç ðÿäà âçàèìîñâÿçàííûõ ôèëüòðîâ, ïðåä-

ñòàâëåí â ðàáîòå [1]. Äàííîé ïðîáëåìå ïîñâÿùåíî

çàðóáåæíîå èññëåäîâàíèå COMETS [2, 3], â êîòîðîì

çàäà÷à îáíàðóæåíèÿ îãíÿ ðåøàëàñü íåñêîëüêèìè àï-

ïàðàòàìè îäíîâðåìåííî [4], â àëãîðèòìå ïðèíÿòèÿ

ðåøåíèÿ àíàëèçèðîâàëàñü èíôîðìàöèÿ ñ âèäåîêà-

ìåðû [5], òåïëîâèçîðà è èíôðàêðàñíîé êàìåðû, ðàñ-

ïîëîæåííûõ íà ðàçíûõ àïïàðàòàõ [6, 7]. Çàäà÷à îá-

íàðóæåíèÿ îãíÿ ïî âèäåîèçîáðàæåíèþ ñî ñòàòè÷íî

ðàñïîëîæåííîé êàìåðû áûëà ðåøåíà â ðàáîòå [8] è

ðåàëèçîâàíà íà ðÿäå îáúåêòîâ â ñèñòåìå âèäåîíàá-

ëþäåíèÿ. Ïðè ïîëó÷åíèè èíôîðìàöèè ñ áîðòà âîç-

äóøíîãî ñóäíà òî÷êà íàáëþäåíèÿ ïîñòîÿííî äâè-

æåòñÿ, ñîçäàâàÿ óñëîâèÿ, íåïðèìåíèìûå ê ðàçðàáî-

òàííûì ñèñòåìàì. Â îòå÷åñòâåííûõ èññëåäîâàíèÿõ

îòñóòñòâóþò ðàçðàáîòêè, íàïðàâëåííûå íà ðåøåíèå

ïîñòàâëåííîé çàäà÷è.

Ìàòåðèàëû è ìåòîäû

Ñóùåñòâóþò èíôðàêðàñíûå êàìåðû, ñïîñîáíûå

íà çíà÷èòåëüíîì ðàññòîÿíèè îïðåäåëÿòü òåìïåðàòó-

ðó è ñîîáùàòü îïåðàòîðó î ïðåâûøåíèè åå ïîðîãî-

âîãî çíà÷åíèÿ, îäíàêî èõ ñòîèìîñòü ãîðàçäî âûøå

ïî ñðàâíåíèþ ñ öèôðîâûìè âèäåîêàìåðàìè [9], êàê

ïðàâèëî, âõîäÿùèìè â áàçîâóþ êîìïëåêòàöèþ ëå-

òàòåëüíûõ àïïàðàòîâ. Èñïîëüçîâàíèå àâòîìàòèçèðî-

âàííîé ñèñòåìû îáíàðóæåíèÿ ïîçâîëÿåò óìåíüøèòü

íàãðóçêó íà îïåðàòîðà è ïðîâîäèòü àíàëèç âèäåîïî-

òîêà íà áîðòó àïïàðàòà áåç ïåðåäà÷è ñèãíàëà íà çåì-

ëþ. Çàäà÷à àâòîìàòèçàöèè ìîíèòîðèíãà ïðèîáðåòàåò

çíà÷èìîñòü ïðè äëèòåëüíîì îáñëåäîâàíèè ïðîòÿ-

æåííûõ ó÷àñòêîâ. Ïîâûøåíèþ ïîæàðíîé áåçîïàñ-

íîñòè äëÿ òàêèõ îáúåêòîâ ñ èñïîëüçîâàíèåì ïðèí-

öèïà àâòîìàòèçàöèè ïîñâÿùåíà ðàáîòà [10].

Ïðè âûáîðå áåñïèëîòíîé àâèàöèîííîé ñèñòåìû

äëÿ ðåàëèçàöèè ðàçðàáîòàííîãî àëãîðèòìà ó÷èòû-

âàëèñü ñëåäóþùèå òðåáîâàíèÿ: ëåòíàÿ ïëàòôîðìà

ñàìîëåòíîãî òèïà, âîçìîæíîñòü äâèæåíèÿ àïïàðàòà

â àâòîìàòèçèðîâàííîì ðåæèìå ïî ïîëåòíîìó çàäà-

íèþ, çíà÷èòåëüíàÿ äàëüíîñòü ïîëåòà, îòå÷åñòâåííîå

ïðîèçâîäñòâî.

Â êà÷åñòâå ëåòíîé ïëàòôîðìû áåñïèëîòíîãî âîç-

äóøíîãî ñóäíà, èñïîëüçóåìîãî äëÿ ìîíèòîðèíãà, ðàñ-

ñìîòðåí âîçäóøíûé àïïàðàò ñàìîëåòíîãî òèïà îòå÷å-

ñòâåííîãî ïðîèçâîäñòâà Supercam S350 (ã. Èæåâñê)

ñ ðàçìàõîì êðûëüåâ 3,2 ì è äàëüíîñòüþ ïîëåòà

íå ìåíåå 240 êì.

Òåîðåòè÷åñêèå îñíîâû

Èíòåðâàë âðåìåíè, ñ êîòîðûì ïåðâûé ôèëüòð

ïðîãðàììû çàõâàòûâàåò è îáðàáàòûâàåò èçîáðàæå-

íèå, âëèÿåò íà çàãðóæåííîñòü ìèêðîïðîöåññîðà è

çàâèñèò îò êîíêðåòíûõ ïàðàìåòðîâ ìîíèòîðèíãà.

Â íàñòîÿùåì èññëåäîâàíèè èñïîëüçîâàí àïïàðàò ñà-

ìîëåòíîãî òèïà Supercam S350. Äëÿ ïðîâåäåíèÿ ìî-

íèòîðèíãà âûáðàíû îïòèìàëüíûå óñëîâèÿ åãî ýêñ-

ïëóàòàöèè è ãðàíè÷íûå óñëîâèÿ, ëåæàùèå â îñíîâå

ýêñïåðèìåíòàëüíîé áàçû ìàòåìàòè÷åñêîé ìîäåëè

[11]. Óãîë îáçîðà êàìåðû àïïàðàòà — 94° [12]. Âè-

äåîèçîáðàæåíèå ïðåäñòàâëÿåò ñîáîé ïðÿìîóãîëü-

íèê ñ ñîîòíîøåíèåì ñòîðîí 16:9. Ðàáî÷àÿ âûñîòà íà-

áëþäåíèÿ äëÿ àïïàðàòà — 40 ì. Ïðè ýòîì îáëàñòü,

ïîïàäàþùàÿ â âèäåîèçîáðàæåíèå, èìååò ðàçìåðû

85,79�48,2 ì. Äëÿ óìåíüøåíèÿ èñêàæåíèÿ èçîáðà-

æåíèÿ â ðåçóëüòàòå ïåðñïåêòèâû è ñîáëþäåíèÿ

îãðàíè÷åíèÿ ìàêñèìàëüíîé óäàëåííîñòè 50 ì, çà-

ëîæåííîé â ìàòåìàòè÷åñêîé ìîäåëè îáíàðóæåíèÿ,

âûäåëèì çîíó, øèðèíà êîòîðîé ñîñòàâëÿåò 70 % îò

îáùåé øèðèíû. Ýòî ïðèâåäåò ê ñîêðàùåíèþ ó÷àñò-

êà ìîíèòîðèíãà äî 60 ì è îáåñïå÷èò àäåêâàòíóþ ðà-

áîòó ìîäåëè (ðèñ. 1).

Ðèñ. 1. Ïàðàìåòðû ìîíèòîðèíãà: à — ãåîìåòðè÷åñêèå ïàðà-

ìåòðû ñòàíäàðòíûõ óñëîâèé ìîíèòîðèíãà; á — àêñîíîìåò-

ðè÷åñêàÿ ïðîåêöèÿ çîíû ìîíèòîðèíãà

Fig. 1. Monitoring parameters: a — geometric parameters of

standard monitoring conditions; b — axonometric projection of

the monitoring zone
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Ïðè âûñîòå ïîëåòà, ïðåâûøàþùåé 40 ì, ïðî-

ãðàììà èñïîëüçóåò îïòè÷åñêîå ïðèáëèæåíèå íà âè-

äåîêàìåðå äëÿ ñîáëþäåíèÿ îãðàíè÷åíèé è àäåêâàò-

íîé ðàáîòû ìîäåëè [13]. Â ìåòîäèêå ïðèíÿòî óñëî-

âèå äîñòàòî÷íîñòè èññëåäîâàíèÿ îäíîé òî÷êè ñ äâóõ

ðàçëè÷íûõ ðàêóðñîâ [14]. Äëÿ äîñòèæåíèÿ êà÷åñòâà

è ðàâíîìåðíîñòè âèäåîôèêñàöèè êàæäîãî ñëåäó-

þùåãî ó÷àñòêà çåìíîé ïîâåðõíîñòè ïðåäóñìîòðåí

10 %-íûé ïåðåõëåñò çîí. Èñõîäÿ èç ïàðàìåòðîâ ìî-

íèòîðèíãà, çàõâàò èçîáðàæåíèÿ ïðîèñõîäèò ÷åðåç

êàæäûå 21,7 ì. Ðàáî÷àÿ ñêîðîñòü áåñïèëîòíîãî âîç-

äóøíîãî ñóäíà â èññëåäîâàíèè ñîñòàâëÿåò 50 êì�÷,

îäíàêî â ñâÿçè ñ ïîãîäíûìè óñëîâèÿìè (âñòðå÷íûé

âåòåð) ýòîò ïàðàìåòð ìîæåò çíà÷èòåëüíî îòëè÷àòü-

ñÿ îò äàííîãî çíà÷åíèÿ. Ïðåäñòàâèì ÷àñòîòó çàõâà-

òà êàäðà tf1 â âèäå çàâèñèìîñòè îò ñêîðîñòè s äëÿ èí-

òåðâàëà îò 20 äî 70 êì�÷:

tf1 = 8,637 – 0,3305s + 0,05239s2 – 0,00002935s3.

Â ñîîòâåòñòâèè ñ ïîëó÷åííîé çàâèñèìîñòüþ èí-

òåðâàë çàõâàòà êàäðà ïðè ñêîðîñòè 50 êì�÷ ñîñòàâ-

ëÿåò 1,5 ñ. Ãðàôè÷åñêàÿ ïðîâåðêà ïîäîáðàííîé ïîëè-

íîìèàëüíîé ðåãðåññèè òðåòüåé ñòåïåíè èçîáðàæåíà

íà ðèñ. 2.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Àëãîðèòì ìåòîäèêè àâòîìàòè÷åñêîãî ìîíèòîðèí-

ãà ëèíåéíûõ îáúåêòîâ íåôòåãàçîâîé îòðàñëè ñ áîðòà

áåñïèëîòíîãî âîçäóøíîãî ñóäíà, îáåñïå÷èâàþùåé

ñíèæåíèå ïîæàðíîé îïàñíîñòè, ïðåäóïðåæäåíèå ïî-

æàðîâ è àâàðèé, ïðåäñòàâëåí â âèäå ñõåìû íà ðèñ. 3.

Àëãîðèòì ìåòîäèêè ðåàëèçóåòñÿ ñëåäóþùèì

îáðàçîì:

1) ïîäãîòîâêà ê âçëåòó: ñáîð àïïàðàòà, ýëàñòè÷íîé

êàòàïóëüòû, íàçåìíîé ñòàíöèè óïðàâëåíèÿ (ÍÑÓ),

íàçåìíîãî áëîêà àíòåíí äëÿ óïðàâëåíèÿ è òåëåìåò-

ðèè ñ ïðèåìíèêîì âèäåîñèãíàëà; çàãðóçêà êàðòû

ìåñòíîñòè ñ ïåðåïàäîì âûñîò; ïðîâåðêà àêêóìóëÿ-

òîðîâ ïèòàíèÿ ÍÑÓ èëè ïîäêëþ÷åíèÿ ê ñèñòåìå ïè-

òàíèÿ;

2) ïîäêëþ÷åíèå ïèòàíèÿ ê âîçäóøíîìó ñóäíó:

ïðîâåðêà ñâÿçè ñ ÍÑÓ, çàðÿäêè àêêóìóëÿòîðîâ; ïðî-

âåäåíèå ïðåäïîëåòíîé ïîäãîòîâêè, â òîì ÷èñëå ïðî-

âåðêà äàò÷èêîâ âîçäóøíîãî äàâëåíèÿ è îñâåùåííî-

ñòè; óñòàíîâêà íàâåñíîãî îáîðóäîâàíèÿ (êàìåðû) ñ

âûïîëíåíèåì ïðîâåðî÷íîãî ñíèìêà ñ ÍÑÓ;

3) ïðîâåðêà ïîãîäíûõ óñëîâèé íà ñîîòâåòñòâèå

ýêñïëóàòàöèîííûì îãðàíè÷åíèÿì: ñêîðîñòü âåòðà

íå âûøå 15 ì�ñ, òåìïåðàòóðà îêðóæàþùåãî âîçäóõà

îò ìèíóñ 40 äî +40 °Ñ, äîæäü èëè ñíåãîïàä óìåðåí-

íûé; íåäîïóñòèìî ýêñïëóàòèðîâàòü àïïàðàò â ãðîçó

èëè ïðè ñèëüíîé êó÷åâîé îáëà÷íîñòè;

4) çàïóñê áåñïèëîòíîãî âîçäóøíîãî ñóäíà äâó-

ìÿ îïåðàòîðàìè ñ ïëîùàäêè ðàçìåðîì íå ìåíåå

100�100 ì ñ ïîìîùüþ ýëàñòè÷íîé êàòàïóëüòû â ðå-

æèìå ìàêñèìàëüíîé ìîùíîñòè äâèãàòåëÿ; äî ïîäú-

åìà íà ðàáî÷óþ âûñîòó ðàçáëîêèðîâêà ïàðàøþòà

îïåðàòîðîì íà ÍÑÓ äëÿ ðàñêðûòèÿ åãî â ñëó÷àå

ïðîáëåì íà âçëåòå;

5) âûõîä àïïàðàòà íà êðóã ïðè äîñòèæåíèè ðà-

áî÷åé âûñîòû; çàãðóçêà ïîëåòíîãî çàäàíèÿ ïî ìîíè-

òîðèíãó ëèíåéíîãî îáúåêòà íåôòåãàçîâîé îòðàñëè,

â êîòîðîì ó÷èòûâàþòñÿ ïîâîðîòû òðóáîïðîâîäà

äëÿ îáåñïå÷åíèÿ ïëàâíîãî óãëà ïîâîðîòà âîçäóøíî-

ãî ñóäíà [15, 16]; çàäàíèå òî÷êè âîçâðàòà èñõîäÿ èç

ìàêñèìàëüíîãî ðàäèóñà ïåðåäà÷è ðàäèîâîëíû 90 êì;

6) âûõîä àïïàðàòà íà ïîëåòíîå çàäàíèå ñ ïîñëå-

äóþùèì âêëþ÷åíèåì àëãîðèòìà àâòîìàòè÷åñêîãî

ðàñïîçíàâàíèÿ ïëàìåíè, êîòîðîå ìîæåò âûïîëíÿòü-

ñÿ â ðó÷íîì ðåæèìå èëè àâòîìàòè÷åñêè â êîíòðîëü-

íûõ òî÷êàõ ïîëåòíîãî çàäàíèÿ;

7) îáðàáîòêà ïîñòóïàþùèõ äàííûõ: àëãîðèòì îá-

íàðóæåíèÿ ïëàìåíè ðàáîòàåò ñ âèäåîïîòîêîì, àíà-

ëèçèðóÿ åãî â ñîîòâåòñòâèè ñ èíòåðâàëîì çàõâàòà;

âèäåîïîòîê íå çàïèñûâàåòñÿ íà íîñèòåëü, à õðàíèò-

ñÿ â îïåðàòèâíîé ïàìÿòè â òå÷åíèå 2 ìèí ñ ìîìåíòà

çàïèñè; â ñëó÷àå ïîëîæèòåëüíîãî ðåøåíèÿ ïî ïåð-

âîìó ôèëüòðó ïðîãðàììà âûãðóæàåò ïðåäøåñòâó-

þùèé èíòåðâàë çàõâàòà è àíàëèçèðóåò âñå êàäðû ïî

àëãîðèòìó; â ñëó÷àå îáíàðóæåíèÿ ïëàìåíè íà òâåðäî-

òåëüíóþ ïàìÿòü çàïèñûâàåòñÿ 2 ìèí äî åãî îáíàðó-

æåíèÿ è 2 ìèí ïîñëå; â ñëó÷àå ïîëîæèòåëüíîãî ðå-

øåíèÿ ïî ïåðâîìó ôèëüòðó çàïèñûâàåòñÿ èíòåðâàë

çàõâàòà äî è äâà èíòåðâàëà ïîñëå;

8) îáíàðóæåíèå ãîðåíèÿ: ïî ðàäèîêàíàëó ïåðå-

äàåòñÿ ñèãíàë “ÒÐÅÂÎÃÀ, îáíàðóæåíî ãîðåíèå”, êî-

îðäèíàòû, âðåìÿ, âèä ïîæàðíîé íàãðóçêè, ôîòîãðà-

ôèÿ îáíàðóæåííîãî î÷àãà; ïðè íàëè÷èè âîçìîæíî-

ñòè ïðîèçâîäèòñÿ ïåðåäà÷à ôðàãìåíòà âèäåîïîòîêà

ñ îáíàðóæåííîé çîíîé ãîðåíèÿ; ìåñòî ãîðåíèÿ îáî-

çíà÷àåòñÿ ìàðêåðîì íà êàðòå ÍÑÓ;

9) ïðèíÿòèå îïåðàòîðîì ðåøåíèÿ ïî ïîëó÷åííîé

èíôîðìàöèè: çàõîä íà êðóã äëÿ ïðîâåðêè èíôîðìà-

Ðèñ. 2. Èçìåíåíèå èíòåðâàëà çàõâàòà êàäðà â çàâèñèìîñòè îò

ñêîðîñòè àïïàðàòà

Fig. 2. Changing the frame capture interval depending on the speed

of the unit
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öèè íà äðóãîé âûñîòå, èëè âèçóàëüíûé îñìîòð ìåñòà

ïîæàðà ñ ïîìîùüþ òåëåìåòðèè â ðåæèìå ðåàëüíîãî

âðåìåíè, èëè âûãðóçêà âèäåîïîòîêà çîíû îáíàðó-

æåíèÿ, èëè íàïðàâëåíèå àâàðèéíîé áðèãàäû íà ëèê-

âèäàöèþ ÷ðåçâû÷àéíîé ñèòóàöèè [17];

10) îêîí÷àíèå ïîëåòíîãî çàäàíèÿ, âîçâðàò íà òî÷-

êó âçëåòà, ïðèçåìëåíèå â àâòîìàòè÷åñêîì èëè ðó÷-

íîì ðåæèìå.

Òàêèì îáðàçîì, ìåòîäèêà àâòîìàòèçèðîâàííîãî

ìîíèòîðèíãà ëèíåéíûõ îáúåêòîâ íåôòåãàçîâîé îò-

ðàñëè ïîçâîëÿåò ïðîâîäèòü êîíòðîëü â ðåæèìå ðå-

àëüíîãî âðåìåíè [18], îáåñïå÷èâàÿ ñíèæåíèå óðîâíÿ

ïîæàðíîé îïàñíîñòè è ïðåäóïðåæäåíèå àâàðèé [19].

Çàêëþ÷åíèå

Ïðåäëîæåííàÿ ìåòîäèêà âûïîëíÿåò çàäà÷è èì-

ïîðòîçàìåùåíèÿ è ìàêñèìàëüíî ýôôåêòèâíî èñïîëü-

çóåò âîçìîæíîñòè ÁÂÑ, ïðîâîäÿ ìàòåìàòè÷åñêóþ

îáðàáîòêó âèäåîèçîáðàæåíèÿ ìèêðîïðîöåññîðîì,

íàõîäÿùèìñÿ íà áîðòó àïïàðàòà, áåç íåîáõîäèìîñòè

ïåðåäà÷è ñèãíàëà îïåðàòîðó. Àëãîðèòì èñïîëüçóåò

òàêæå öèôðîâóþ âèäåîêàìåðó ñòàíäàðòíîãî ðàçðå-

øåíèÿ, âûïîëíÿÿ çàäà÷ó îáíàðóæåíèÿ áåç ñïåöèà-

ëèçèðîâàííîãî îáîðóäîâàíèÿ. Ýòî ñóùåñòâåííî ñíè-

æàåò ñòîèìîñòü àïïàðàòà è îòêðûâàåò âîçìîæíîñòü

øèðîêîé èíòåãðàöèè â ñóùåñòâóþùèå ÁÂÑ [20]

çà ñ÷åò êðîññïëàòôîðìåííîñòè ïðîãðàììíîãî êîì-

ïëåêñà. Ýêñïåðèìåíòàëüíûå äàííûå, ïîêàçàíèÿ èç-

ìåðèòåëüíûõ ïðèáîðîâ, ïðåäñòàâëåííûå íà ïîðòàëå

ResearchGate â ïðîåêòå “Automatic flame detection

from drone”, ìîãóò áûòü èñïîëüçîâàíû äëÿ ïðîâåð-

êè îáîñíîâàííîñòè ñäåëàííûõ âûâîäîâ, ïðàâèëüíî-

ñòè ïîñòàíîâêè ýêñïåðèìåíòà, ðàçðàáîòêè äðóãèõ

ïîäõîäîâ ê îáíàðóæåíèþ ãîðåíèÿ.

Ðèñ. 3. Ñõåìà àëãîðèòìà ìåòîäèêè ïðèìåíåíèÿ áåñïèëîòíûõ âîçäóøíûõ ñóäîâ äëÿ ìîíèòîðèíãà ëèíåéíûõ îáúåêòîâ íåôòå-

ãàçîâîé îòðàñëè

Fig. 3. Schematic diagram of the technique of free aircraft for monitoring of linear objects of oil and gas industry
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ABSTRACT

Introduction. The aim of the work is to create a methodology for automated monitoring of linear

objects in the oil and gas complex based on the developed mathematical model of flame recognition

from a video protocol obtained from a free aircraft.

Materials and methods. In a typical solution for recognizing a flame from a free aircraft, an in-

frared camera is used which effectively solves the detection problem, but has a high cost and is an

additional attachments, which increases the weight of the apparatus and reduces its flight capabilities.

In existing systems with video camera, the operator makes a decision about the presence of combus-

tion, receiving information from the monitor of the control panel in real time.

Theoretical basis. To improve this principle, the algorithm for recognizing the flame in automatic

mode, implemented in the program “Video detector flame 2.0 FD”, its difference in the analysis of the

video protocol on-board. To implement the algorithm developed, the device of the Russian production

Supercam S350 was selected. The flight conditions for the implementation of the methodology were

chosen on the basis of the limitations of the underlying mathematical model, while the altitude was

40 m. The condition of sufficiency of the study of one point from two different angles with an overlap

of 10 % is accepted in the work. The operational speed of the aircraft during monitoring is 50 km�h.

Results and its discussion. To ensure the uniformity of capture of the frames of the underlying

surface, polynomial regression of the third degree is determined depending on the true speed in

the range from 20 to 70 km�h. The operational characteristics of the selected aircraft and the boundary

conditions of the developed mathematical model are generalized and summarized in the methodology

of automated monitoring of linear objects of the oil and gas complex.

Conclusions. The proposed algorithm uses a digital video camera of standard resolution, per-

forming the detection task without specialized equipment. This significantly reduces the cost of

the device and opens the possibility of broad integration into existing free aircraft due to cross-

platform software.

Keywords: free aircraft; flame recognition; automatic control system; recognition algorithm; drone;

linear object; oil and gas industry.
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