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Ëèäàð êàê âàæíîå ñðåäñòâî èññëåäîâàíèÿ àòìîñôåðíîãî àýðîçîëÿ øèðîêî èñïîëüçóåòñÿ ïðè èçó÷åíèè 
ðàñïðîñòðàíåíèÿ àòìîñôåðíûõ àýðîçîëüíûõ çàãðÿçíåíèé. Ïðè ïðîâåäåíèè ýêîëîãè÷åñêîãî ìîíèòîðèíãà è òåì 
áîëåå ïðè èñïîëüçîâàíèè äëÿ ýòîé öåëè ìîáèëüíîãî ëèäàðà âàæíî èìåòü èíôîðìàöèþ íå òîëüêî î íàëè÷èå 
çàãðÿçíåíèé, íî è î äèíàìèêå èõ ðàñïðîñòðàíåíèÿ, î ïðîñòðàíñòâåííûõ êîîðäèíàòàõ èõ èñòî÷íèêà. Ïðåä-
ëîæåí ìåòîä ðàñ÷åòà êîîðäèíàò îáúåêòà èññëåäîâàíèÿ èñõîäÿ èç êîîðäèíàò ëèäàðà, íàïðàâëåíèÿ çîíäèðî-
âàíèÿ è ðàññòîÿíèÿ äî îáúåêòà. Ïðåäñòàâëåíû ïðîãðàììíûé ìîäóëü ðàñ÷åòà êîîðäèíàò è ïðèìåð åãî ïðè-
ìåíåíèÿ ïðè ðàçðàáîòêå âñïîìîãàòåëüíûõ ëèäàðíûõ ñèñòåì. 

 

Êëþ÷åâûå ñëîâà: äèñòàíöèîííîå çîíäèðîâàíèå, ëèäàð, ðàñ÷åò êîîðäèíàò, êàðòèðîâàíèå; remote sens-
ing, lidar, calculation of coordinates, mapping. 

 
 

Ââåäåíèå 
 

Ñ óñêîðåíèåì óðáàíèçàöèè è èíäóñòðèàëèçà-
öèè âñå áîëüøåå çíà÷åíèå ïðèîáðåòàåò ïðîáëåìà 

íàðóøåíèÿ ýêîëîãè÷åñêîãî áàëàíñà â îêðóæàþùåé 
ñðåäå. Â ÷àñòíîñòè, çàãðÿçíåíèå àòìîñôåðû ñåðüåç-
íî ñêàçûâàåòñÿ íà ïîâñåäíåâíîé æèçíè è ôèçè÷å-
ñêîì çäîðîâüå ëþäåé [1, 2], ÷òî äåëàåò íàáëþäåíèå  
è èññëåäîâàíèå àòìîñôåðíûõ çàãðÿçíåíèé îäíîé  
èç àêòóàëüíûõ çàäà÷. 

Äëÿ êîíòðîëÿ ðàñïðîñòðàíåíèÿ ïðîìûøëåííûõ 
àýðîçîëüíûõ çàãðÿçíåíèé íåîáõîäèìî çíàòü òàêèå 
ïàðàìåòðû, êàê ïðîñòðàíñòâåííûå (òðåõìåðíûå) êî-
îðäèíàòû èõ èñòî÷íèêà, íàïðàâëåíèå è ñêîðîñòü  
èõ ðàñïðîñòðàíåíèÿ. Ïðè ïðîâåäåíèè ìåòåîðîëî- 
ãè÷åñêèõ èçìåðåíèé ñ èñïîëüçîâàíèåì ëèäàðíûõ 

êîìïëåêñîâ èëè ïðè äèñòàíöèîííîì îïòè÷åñêîì 
ìîíèòîðèíãå ïîòåíöèàëüíî îïàñíûõ îáúåêòîâ ìîæåò 
âîçíèêíóòü íåîáõîäèìîñòü ïîñòîÿííîãî êîíòðîëÿ 
ñèòóàöèè. Äëÿ îáåñïå÷åíèÿ òàêîãî êîíòðîëÿ ëèäàð-
íûìè ìåòîäàìè öåëåñîîáðàçíî ïðîòîêîëèðîâàòü 
ðåçóëüòàòû èçìåðåíèé ñ ñîõðàíåíèåì äàííûõ, â òîì 
÷èñëå î êîîðäèíàòàõ ìåñòà ïðîâåäåíèÿ èçìåðåíèé, 
íàïðàâëåíèè çîíäèðîâàíèÿ è ðàññòîÿíèÿ äî èññëå-
äóåìîãî îáúåêòà, ÷òî ïîçâîëÿåò âïîñëåäñòâèè èëè  
â ðåæèìå ðåàëüíîãî âðåìåíè êàðòèðîâàòü ìåòåîäàí-
íûå èëè ðàñïðîñòðàíåíèå çàãðÿçíåíèé. 
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Ñ íåîáõîäèìîñòüþ íàëîæåíèÿ ðåçóëüòàòîâ èç-
ìåðåíèé íà êàðòû ìåñòíîñòè èññëåäîâàòåëè, èñïîëü-
çóþùèå â ðàáîòå ëèäàðíûå ìåòîäû, ñòàëêèâàþòñÿ 
ñî äíÿ âîçíèêíîâåíèÿ ýòèõ ìåòîäîâ, íî è íà ìîìåíò 
íàïèñàíèÿ íàñòîÿùåé ñòàòüè àâòîðàì íå èçâåñòíû 
ñèñòåìû àâòîìàòè÷åñêîé îáðàáîòêè äàííûõ, ïîçâî-
ëÿþùèå â ðåæèìå ðåàëüíîãî âðåìåíè íàêëàäûâàòü 
ðåçóëüòàòû ëèäàðíûõ èçìåðåíèé àòìîñôåðíûõ çà-
ãðÿçíåíèé íà êàðòó ìåñòíîñòè èëè ñîçäàâàòü èõ òðåõ- 
ìåðíóþ ìîäåëü. Äëÿ ýòîãî (ñì., íàïðèìåð, [3–10]) 
ïðîâîäèòñÿ öèêë ëèäàðíûõ èçìåðåíèé ñî ñêàíèðîâà-
íèåì ïî íàïðàâëåíèþ çîíäèðîâàíèÿ; ïî ðåçóëüòàòàì 
çîíäèðîâàíèÿ ñòðîèòñÿ öâåòîâàÿ êàðòà; ñ ïîìîùüþ 
ãðàôè÷åñêîãî ðåäàêòîðà èçîáðàæåíèå öâåòîâîé êàð-
òû òðàíñôîðìèðóåòñÿ â ñîîòâåòñòâèè ñ óãëàìè ñåê-
òîðà ñêàíèðîâàíèÿ è íàêëàäûâàåòñÿ íà êàðòó ìåñò-
íîñòè. Òàêèå ìåòîäû êàðòèðîâàíèÿ ïðèâîäÿò ê çà-
äåðæêå â îáðàáîòêå äàííûõ, îñîáåííî åñëè ðå÷ü 
èäåò î ïîñòðîåíèè òðåõìåðíûõ ìîäåëåé, ÷òî ñíèæà-
åò ýôôåêòèâíîñòü, óâåëè÷èâàåò îáúåì ðàáîòû, à ýòî 
êðèòè÷íî ïðè ïðîâåäåíèè èçìåðåíèé ñ èñïîëüçîâà-
íèåì ìîáèëüíûõ ëèäàðíûõ êîìïëåêñîâ. 

Îñíîâíàÿ öåëü ðàáîòû – ðàçðàáîòêà ìåòîäà  
àâòîìàòè÷åñêîãî êàðòîãðàôè÷åñêîãî îòîáðàæåíèÿ  
è ðåçóëüòàòîâ ëèäàðíûõ èçìåðåíèé â ðåæèìå ðåàëü-
íîãî âðåìåíè è ñîçäàíèå ïðîãðàììíûõ ðåøåíèé äëÿ 
ðåàëèçàöèè ýòîãî ìåòîäà. 

 

1. Ðàñ÷åò êîîðäèíàò 
 

Äëÿ ðåøåíèÿ çàäà÷è àâòîìàòèçàöèè ïðîòîêîëè-
ðîâàíèÿ ëèäàðíûõ èçìåðåíèé àâòîðàìè ðàçðàáîòàíà  
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ñèñòåìà îáðàáîòêè äàííûõ, âêëþ÷àþùàÿ â ñåáÿ 
ñëåäóþùèå ôóíêöèè: 1) ñáîð äàííûõ ëèäàðíîãî çîí-
äèðîâàíèÿ è äàííûõ ïîçèöèîíèðîâàíèÿ (êîîðäèíàò 

òî÷êè ðàñïîëîæåíèÿ ëèäàðà, àçèìóòîâ è óãëîâ âîç-
âûøåíèÿ òðàññû çîíäèðîâàíèÿ) â ðåàëüíîì âðåìå-
íè; 2) èíòåãðàöèÿ äàííûõ ïîçèöèîíèðîâàíèÿ è çîí-
äèðîâàíèÿ (âðåìÿ çàäåðæêè ëèäàðíîãî ñèãíàëà)  
è ïîëó÷åíèå êîîðäèíàò çîíäèðóåìîãî îáúåêòà; 
3) êàðòèðîâàíèå è âèçóàëèçàöèÿ äàííûõ î ïðî-
ñòðàíñòâåííîì ðàñïðåäåëåíèè àýðîçîëÿ è äèíàìèêå 
åãî ðàñïðîñòðàíåíèÿ. 

Îäíîé èç ôóíêöèé ñèñòåìû ÿâëÿåòñÿ îïðåäå-
ëåíèå êîîðäèíàò îáúåêòà çîíäèðîâàíèÿ. Êîîðäèíà-
òû ìîãóò áûòü ðàññ÷èòàíû èç ïîëó÷åííûõ îò äàò÷è-
êîâ ëèäàðà êîîðäèíàò åãî ìåñòà ïîëîæåíèÿ, àçèìóòà 
è óãëà âîçâûøåíèÿ íàïðàâëåíèÿ åãî çîíäèðîâàíèÿ, 
à òàêæå ðàññòîÿíèÿ äî îáúåêòà. Àáñòðàãèðóÿñü îò 
êîíêðåòíîé çàäà÷è, â äåêàðòîâîé ñèñòåìå êîîðäèíàò 
êîîðäèíàòû öåëåâîé òî÷êè ìîæíî ïîëó÷èòü ïðî-
ñòûì âû÷èñëåíèåì èç èìåþùèõñÿ äâóõ óãëîâ è ðàñ-
ñòîÿíèÿ äî îáúåêòà. Íî â äåéñòâèòåëüíîñòè Çåìëÿ 
êàê îãðîìíûé ãåîèä (ýêâàòîðèàëüíûé ðàäèóñ êàê 
áîëüøàÿ ïîëóîñü è ïîëÿðíûé ðàäèóñ êàê ìàëàÿ ïî-
ëóîñü) ÿâëÿåòñÿ òðåõìåðíîé ñòðóêòóðîé è ïðè ìíî-
ãîêèëîìåòðîâûõ äèñòàíöèÿõ çîíäèðîâàíèÿ åå íåëüçÿ 
ðàññìàòðèâàòü êàê ïëîñêîñòü. Òàê, ïðè ãîðèçîí-
òàëüíîì çîíäèðîâàíèè íà 50 êì îøèáêà â êîîðäè-
íàòàõ ñîñòàâèò áîëåå 80 ì è ñ óâåëè÷åíèåì ðàññòîÿ-
íèÿ áóäåò ïðèìåðíî êâàäðàòè÷íî íàðàñòàòü. 

Äëÿ êîððåêòíîãî ïåðåñ÷åòà êîîðäèíàò îáúåêòà 
ìîæåò áûòü ïðèìåíåí ìåòîä Âèíöåíòè [11], êîòî-
ðûé ÿâëÿåòñÿ âûñîêîòî÷íûì èòåðàöèîííûì àëãî-
ðèòìîì. Â íåì èñïîëüçóåòñÿ êëàññè÷åñêîå ðåøåíèå 
Ëåæàíäðà, Áåññåëÿ è Õåëüìåðòà íà îñíîâå âñïîìî-
ãàòåëüíîé ñôåðû. À.-Ì. Ëåæàíäð ïîêàçàë, ÷òî ýë-
ëèïñ â ãåîäåçèè ìîæíî òî÷íî ñîîòíåñòè ñ áîëüøèì 
êðóãîì íà âñïîìîãàòåëüíîé ñôåðå, ñîïîñòàâèâ ãåî-
ãðàôè÷åñêóþ øèðîòó ñ øèðîòîé íà ñôåðå. Ïðè ýòîì 
äîëãîòà è ðàññòîÿíèå íà ýëëèïñîèäå ïåðåâîäÿòñÿ 
÷åðåç äîëãîòó íà ñôåðå è äëèíó äóãè ñ ïîìîùüþ 
èíòåãðàëîâ. Ô. Áåññåëü è Ô. Õåëüìåðò îïðåäåëèëè 
áûñòðî ñõîäÿùèåñÿ ðÿäû äëÿ ýòèõ èíòåãðàëîâ, ÷òî 
ïîçâîëÿåò ðàññ÷èòàòü ãåîäåçè÷åñêèå êîîðäèíàòû  
ñ íåîáõîäèìîé òî÷íîñòüþ. 

Êðàòêî ìåòîä çàêëþ÷àåòñÿ â ñëåäóþùåì. Èìåÿ 
íà÷àëüíóþ òî÷êó (ϕ1, λ1) (ϕ1 – øèðîòà ðàñïîëîæå-
íèÿ ëèäàðà, λ1 – åãî äîëãîòà), íà÷àëüíûé àçèìóò α1 
è ðàññòîÿíèå S äî îáúåêòà, íåîáõîäèìî íàéòè  

êîíå÷íóþ òî÷êó (ϕ2, λ2) (êîîðäèíàòû îáúåêòà)  

è ïåðåñ÷èòàòü àçèìóò α2 â ïðîåêöèè íà ïëîñêîñòü 
êàðòû. 

Êîîðäèíàòû (ϕ2, λ2) âû÷èñëÿåì ïî ôîðìóëàì 
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ãäå U1 è U2 – øèðîòû íà âñïîìîãàòåëüíîé ñôåðå 
íà÷àëüíîãî ïîëîæåíèÿ òî÷êè è ïîëîæåíèÿ òî÷êè  

 
ïîñëå ïåðåñ÷åòà; σ – óãëîâîå ðàññòîÿíèå ìåæäó 
òî÷êàìè; f = (a − b)/a – ñïëþñíóòîñòü çåìëè; α – 
ïðÿìîé ãåîäåçè÷åñêèé àçèìóò íà ýêâàòîðå; è 

 2 1 Lλ = λ +  (2) 

ãäå 

 (1 ) sinL M C f= − − α ×  

 { }
2sin cos2 cos (2cos 2 1)

m m
C C⎡ ⎤× σ + σ σ + σ σ −

⎣ ⎦
 

– ðàçíèöà äîëãîò äâóõ òî÷åê, σm – óãëîâîå ðàññòîÿ-
íèå ìåæäó ñðåäèííîé ëèíèåé è ýêâàòîðîì, 
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– ðàññòîÿíèå íà âñïîìîãàòåëüíîé ñôåðå ìåæäó íà-
÷àëüíûì ïîëîæåíèåì òî÷êè è ïîëîæåíèåì òî÷êè 
ïîñëå ïåðåñ÷åòà, 
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Ïåðåñ÷åò ïðÿìîãî àçèìóòà ïðîâîäèòñÿ ïî ôîð-
ìóëå 
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«Ïðÿìîé àçèìóò» (forward azimuth) – ýòî àçè-
ìóò îò íà÷àëüíîé òî÷êè P1 äî êîíå÷íîé òî÷êè P2; 
«îáðàòíûé àçèìóò» (reverse azimuth) – îò êîíå÷íîé 
òî÷êè P2 äî íà÷àëüíîé òî÷êè P1. Íà ïëîñêîñòè âîç-
ìîæíû ÷åòûðå ñëó÷àÿ îòíîøåíèÿ ïðÿìîãî α è îá-
ðàòíîãî β àçèìóòîâ (ðèñ. 1, öâ. âêëàäêà), êîòîðîå  
â îáùåì ñëó÷àå îïèñûâàåòñÿ îòíîøåíèåì 

 180α − β = °  ( ), [0 ; 360 ) .α β ∈ ° °  

Ïî óìîë÷àíèþ ìåòîä Âèíöåíòè îáåñïå÷èâàåò 
ðàñ÷åò êîîðäèíàò â ñîîòâåòñòâèè ñ ìåæäóíàðîäíîé 
ñèñòåìîé ãåîäåçè÷åñêèõ ïàðàìåòðîâ Çåìëè WGS-84 
[12, 13]. Â õîäå ðàáîòû íàä ïðîãðàììîé êàòðîãðà-
ôè÷åñêîãî îòîáðàæåíèÿ ëèäàðíûõ äàííûõ íàìè 
ðåàëèçîâàíà ïîäïðîãðàììà íà ÿçûêå Python, îáåñ-
ïå÷èâàþùàÿ ðàñ÷åò ïî äàííîìó ìåòîäó. Äëÿ ïîëó-
÷åíèÿ êîîðäèíàò îáúåêòà â àâòîìàòè÷åñêîì èëè 
ðó÷íîì ðåæèìå ââîäÿòñÿ êîîðäèíàòû GPS íà÷àëü-
íîé òî÷êè, ïðÿìîé àçèìóò è ðàññòîÿíèå äî îáúåêòà. 
Â ðåçóëüòàòå ïîäïðîãðàììà âûäàåò äàííûå â âèäå 
ãåîãðàôè÷åñêèõ êîîðäèíàò êîíå÷íîé òî÷êè. 

 

2. Êàðòèðîâàíèå 
 

Çàäà÷à ðåêîíñòðóêöèè îáúåìíûõ ìîäåëåé èç 
ëèäàðíûõ äàííûõ ïðè çîíäèðîâàíèè ïîâåðõíîñòåé 
óæå óñïåøíî ðåøàëàñü [14, 15] è áûëà ñâÿçàíà  
ñ ðàñ÷åòàìè äëÿ åäèíñòâåííîé òî÷êè äëÿ êàæäîãî 
íàïðàâëåíèÿ çîíäèðîâàíèÿ. Ïðè ëèäàðíîì çîíäè-
ðîâàíèè àòìîñôåðû äëÿ êàæäîãî íàïðàâëåíèÿ çîí-
äèðîâàíèÿ ïðè ñêàíèðîâàíèè íåîáõîäèìî ðåãèñò- 
ðèðîâàòü ñèãíàëû ïî âñåé òðàññå, ÷òî íà ïîðÿäêè  



 

 Ðàñ÷åò êîîðäèíàò îáúåêòà ëèäàðíîãî çîíäèðîâàíèÿ è åãî êàðòîãðàôè÷åñêîå îòîáðàæåíèå 593 
 

 
óâåëè÷èâàåò îáúåì õðàíèìûõ, îáðàáàòûâàåìûõ  

è ïðåäñòàâëÿåìûõ ïîëüçîâàòåëþ â ðåæèìå ðåàëüíî-
ãî âðåìåíè äàííûõ. Ïðè ðàñ÷åòå ïîëîæåíèÿ ïðî-
ñòðàíñòâåííîãî ðàñïðåäåëåííîãî îáúåêòà, òàêîãî 
êàê øëåéô äûìà çàâîäñêîé òðóáû èëè îáëàêî, ìû 
ïîëó÷àåì ìàññèâ êîîðäèíàò, íàçûâàåìûé îáëàêîì 
òî÷åê, ñ øàãîì, ðàâíûì ïðîñòðàíñòâåííîìó ðàçðå-
øåíèþ ëèäàðà è øàãó ñêàíàòîðà ëèäàðà ïðè ãîðè-
çîíòàëüíîì ñêàíèðîâàíèè. Òàê, ïðè ñêàíèðîâàíèè 
ñåêòîðà â 90° ñ øàãîì 0,5′ è ïðîñòðàíñòâåííûì ðàç-
ðåøåíèåì 6 ì íà äèñòàíöèè îò 1500 äî 15000 ì îò 
ëèäàðà áóäåò ïîëó÷åí ìàññèâ èç äàííûõ î áîëåå 
÷åì 1,5 

×
 106 òî÷êàõ. 

Íà îñíîâå ïîëó÷åííîãî ìàññèâà êîîðäèíàò  
òî÷åê ìîæåò áûòü ñîçäàí êàðòîãðàôè÷åñêèé ñëîé  
ñ ïîìîùüþ, íàïðèìåð, îòêðûòîãî ïðîãðàììíîãî 
îáåñïå÷åíèÿ Geoserver [16] èëè ñïåöèàëüíî ðàçðà-
áîòàííîãî ïðîãðàììíîãî îáåñïå÷åíèÿ ñ öåëüþ ïî-
ñëåäóþùåãî îòîáðàæåíèÿ ñëîÿ. Äëÿ âèçóàëèçàöèè 
ìîãóò èñïîëüçîâàòüñÿ êàê íàñòîëüíûå ïðèëîæåíèÿ, 
òàêèå êàê QGIS [17], òàê è âåá-êëèåíòû ÃÈÑ, íà-
ïðèìåð OpenLayers [18], èëè ñïåöèàëüíî ðàçðàáî-
òàííûå ïðîãðàììû. Â êà÷åñòâå êàðòîãðàôè÷åñêîé 
îñíîâû äëÿ âèçóàëèçàöèè èñïîëüçóþòñÿ ñòàíäàðòíûå 
êàðòû Google Maps, Bing èëè Open Street Map. 

 
Â ðàìêàõ íàñòîÿùåé ðàáîòû äëÿ ýòîé öåëè ðàç-

ðàáîòàíà ïîäïðîãðàììà íà ÿçûêå ïðîãðàììèðîâàíèÿ 

Python. Â êà÷åñòâå êàðòîãðàôè÷åñêîé îñíîâû èñ-
ïîëüçîâàíû êàðòû Open Street Map (OSM). Â ïîä-
ïðîãðàììå íàëîæåíèå íîâîãî êàðòîãðàôè÷åñêîãî 
ñëîÿ ðåàëèçóåòñÿ ÷åðåç áèáëèîòåêó Folium (ðèñ. 2), 
êîòîðàÿ ïðåäíàçíà÷åíà äëÿ âèçóàëèçàöèè ãåîãðàôè-
÷åñêîé èíôîðìàöèè â JavaScript è Python. Âûïîë-
íÿåò ðÿä ïîñëåäîâàòåëüíûõ äåéñòâèé: èç SM «âû-
çûâàåòñÿ» îñíîâà – áàçîâàÿ êàðòà; ñîçäàåòñÿ íîâûé 
ñëîé – ñíà÷àëà â âèäå òî÷åê ñ îïðåäåëåííûìè êîîð-
äèíàòàìè, çàòåì ïîî÷åðåäíî êàæäîé òî÷êå ïðèñâàè-
âàåòñÿ îïðåäåëåííîå ñâîéñòâî, íàïðèìåð öâåòîâîé 
êîä, â ðåçóëüòàòå ÷åãî ñîçäàåòñÿ öèôðîâîé àíàëîã 

öâåòîâîé êàðòû ëèäàðíûõ äàííûõ; â çàâåðøåíèè 
ñëîé íàêëàäûâàåòñÿ íà áàçîâóþ êàðòó. 

Öâåòîâîé øêàëå ñîîòâåòñòâóåò ðåãèñòðèðóåìàÿ 
ôîòîïðèåìíèêîì ëèäàðà èíòåíñèâíîñòü ñèãíàëà îá-
ðàòíîãî ðàññåÿíèÿ. Ðàçðàáîòàííàÿ ïîäïðîãðàììà 
îáåñïå÷èâàåò ïåðåðàñ÷åò äåñÿòè÷íîãî çíà÷åíèÿ èí-
òåíñèâíîñòè, ïîëó÷àåìîãî îò ÀÖÏ, â øåñòíàäöàòå-
ðè÷íûé öâåòîâîé êîä. 

Ïðèìåð ðàáîòû ïðîãðàììû äëÿ ëèäàðíûõ äàí-
íûõ àýðîçîëüíîãî ðàññåÿíèÿ ïîêàçàí íà ðèñ. 3 (öâ. 
âêëàäêà). 

 

 

Ðèñ. 2. Ñõåìà ðàáîòû ïîäïðîãðàììû êàðòèðîâàíèÿ ëèäàðíûõ äàííûõ 



 

594 ×æàí Ø., Êëèìêèí À.Â., Êîõàíåíêî Ã.Ï. è äð. 
 

 

Çàêëþ÷åíèå 
 

Â íàñòîÿùåé ñòàòüå ïðåäñòàâëåí ìåòîä ðàñ÷åòà 
êîîðäèíàò òî÷åê äèñêðåòèçàöèè íà ïóòè çîíäèðîâà-
íèÿ ñêàíèðóþùåãî ëèäàðà è ìåòîä âèçóàëèçàöèè 
äàííûõ. Ìåòîä ðàñ÷åòà êîîðäèíàò îñíîâàí íà ãåîäå-
çè÷åñêîì ìåòîäå – ìåòîäå ôîðìóëû Âèíöåíòè: ñ ïî-
ìîùüþ GPS-ïðèåìíèêà è ýëåêòðîííîãî êîìïàñà îï-
ðåäåëÿþòñÿ øèðîòà, äîëãîòà ëèäàðà è íàïðàâëåíèå 
çîíäèðîâàíèÿ è ñ ó÷åòîì ðàññòîÿíèÿ ìåæäó òî÷êîé 
äèñêðåòèçàöèè è ëèäàðîì ìîæíî ðàññ÷èòàòü êîîð-
äèíàòû òî÷êè. Íà ýòàïå âèçóàëèçàöèè ÷åðåç âûçîâ 
áèáëèîòåêè Folium ââîäèòñÿ èíôîðìàöèÿ î êîîðäè-
íàòàõ è çàâèñÿùèé îò èíòåíñèâíîñòè ëèäàðíîãî ýõî-
ñèãíàëà öâåò òî÷åê äèñêðåòèçàöèè. Òàêèì îáðàçîì 
ñîçäàåòñÿ íîâûé êàðòîãðàôè÷åñêèé ñëîé, êîòîðûé 
íàêëàäûâàåòñÿ íà áàçîâóþ êàðòó, ÷òî ïîçâîëÿåò âè-
çóàëèçèðîâàòü ïîëó÷àåìûå ëèäàðíûå äàííûå. Ðàç-
ðàáîòàííûå ïîäïðîãðàììû ñîâìåñòíî ñ äàò÷èêàìè 
ïîçèöèîíèðîâàíèÿ è óãëîâ íàêëîíà ïîçâîëÿþò ñîç-
äàòü àïïàðàòíî-ïðîãðàììíûé ìîäóëü, âêëþ÷àåìûé 

â ëèäàðíûå ñèñòåìû, äëÿ êàðòèðîâàíèÿ äàííûõ  
è ïðåäñòàâëåíèÿ ðåçóëüòàòîâ èçìåðåíèé â ðåàëüíîì 
âðåìåíè ñ èñïîëüçîâàíèåì äðóæåñòâåííîãî ïîëüçî-
âàòåëþ èíòåðôåéñà. 

 

Ôèíàíñèðîâàíèå. Ðàáîòà âûïîëíåíà â ðàìêàõ 

ãîñçàäàíèÿ ÈÎÀ ÑÎ ÐÀÍ (ïðîåêò ¹ 121031500340-6 
â ÷àñòè ðàçðàáîòêè àëãîðèòìà ðàñ÷åòà êîîðäèíàò  
è ðàçðàáîòêè àëãîðèòìà èñïîëüçîâàíèÿ online êàðò 
è ïðîåêò ¹ 121031500342-0 â ÷àñòè ïîëó÷åíèÿ ëè-
äàðíûõ äàííûõ). 
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S. Zhang, A.V. Klimkin, G.P. Kokhanenko, T.E. Kuraeva, K.Y. Osipov. Calculation of the coordina- 
tes of a lidar sensing object and its mapping. 

Lidar is an important tool for studying atmospheric aerosol; it is widely used in studying the propagation 
of aerosol pollution in the atmosphere. During environmental monitoring, especially with a mobile lidar, it is 
important not only to detect a pollutant, but also to determine the spatial coordinates of its source and the propa-
gation dynamics. In the work, we suggest a technique for calculating the coordinates of an object under study 
from the lidar coordinates, sensing direction, and the distance between the lidar and the object. The software 
implementation of the technique and an example of its application in the design of an auxiliary lidar system are 
described. 

 
 



 

 
 

 

 

 

 

 

 

Ðèñ. 1. Ðàçëè÷íûå ñëó÷àè îïðåäåëåíèÿ àçèìóòà: P1 – íà÷àëüíàÿ òî÷êà; P2 – êîíå÷íàÿ òî÷êà; α – ïðÿìîé àçèìóò; β – îá- 

 ðàòíûé àçèìóò: à – 0 < α ≤ 90°; á – 90 < α ≤ 180°; â – 180 < α ≤ 270°; ã – 270 < α ≤ 360° 

 

 

Ðèñ. 3. Ðåçóëüòàò íàëîæåíèÿ ëèäàðíûõ äàííûõ íà êàðòó ÃÈÑ ñèñòåìû Open Street Map 

 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


