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Îáëàñòè ïðèìåíåíèÿ òåõíîëîãèè

3D-ðåêîíñòðóêöèè

Ðèñ. 1: Ïðèìåð ïðèìåíåíèÿ òåõíîëîãèè 3D-ðåêîíñòðóêöèè
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Îáëàñòè ïðèìåíåíèÿ òåõíîëîãèè

3D-ðåêîíñòðóêöèè

Ðèñ. 2: Èñïîëüçîâàíèå ðåêîíñòðóêöèè â ïðîèçâîäñòâå, äëÿ
áåñêîíòàêòíîãî îïðåäåëåíèÿ äåôåêòîâ è â ëîãèñòèêå
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Ñóùåñòâóþùèå òåõíîëîãèè 3D-ðåêîíñòðóêöèè

Ñêàíèðóþùèå ëàçåðíûå
äàëüíîìåðû

Ìåòîäû îïòè÷åñêîé
òðèàíãóëÿöèè

Àêòèâíîå ñòåðåîâèäåíèå Ïàññèâíîå ñòåðåîâèäåíèå
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Ïîñòàíîâêà çàäà÷è

Ëåâûé ñíèìîê Ïðàâûé ñíèìîê

a) b)

Ðèñ. 3: Ðåçóëüòàò ðåêîíñòðóêöèè. Âèä ñ ðàçëè÷íûõ ðàêóðñîâ:
ñâåðõó (à), èç ïîçèöèè êàìåðû (b)
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Ýïèïîëÿðíàÿ ãåîìåòðèÿ

Ðèñ. 4: Ýïèïîëÿðíàÿ ïëîñêîñòü
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Êîððåêòèðîâêà ñòåðåîïàðû

Èñõîäíàÿ ñòåðåîïàðà

Îòêîððåêòèðîâàííàÿ ñòåðåîïàðà
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Alexey
Пишущая машинка
OpenCV: stereoRectify(..)
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Ïðåäâàðèòåëüíûé ýòàï. Êàëèáðîâêà êàìåðû

Ñíèìêè êàëèáðîâî÷íîãî øàáëîíà ñ ëåâîé è ïðàâîé êàìåð

Íàéäåííûå íà ýòèõ èçîáðàæåíèÿõ õàðàêòåðíûå ýëåìåíòû
øàáëîíà
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Alexey
Пишущая машинка
OpenCV: calibrateCamera(..)
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Àëãîðèòìû ïîñòðîåíèÿ êàðòû ñìåùåíèé

Ðèñ. 5: Îáùàÿ èäåÿ àëãîðèòìîâ ïîèñêà ñîîòâåòñòâèÿ

Ëîêàëüíûå (StereoBM, SGBM)

Ãëîáàëüíûå

Öåïè Ìàðêîâà
Ãðàôîâûå ìîäåëè
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Alexey
Пишущая машинка
OpenCV: StereoBM, StereoSGBM
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Ïðèìåðû êàðò ñìåùåíèÿ

Ðèñ. 6: Ïðèìåðû ðàáîòû ðàçëè÷íûõ àëãîðèòìîâ ïîëó÷åíèÿ
êàðòû ñìåùåíèé
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Ïîñòðîåíèå êàðòû ãëóáèíû

Ðèñ. 7: Ñêîððåêòèðîâàííàÿ ñòåðåîïàðà è ñîîòâåòñòâóþùàÿ åé
êàðòà ñìåùåíèé (disparity map)

[X Y Z W ]T = Q ∗ [x y disp(x , y) 1]T (1)
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Alexey
Пишущая машинка
OpenCV: reprojectImageTo3D(..)
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Ðåçóëüòàò ñòåðåî-ðåêîíñòðóêöèè

Ëåâûé ñíèìîê Êàðòà ñìåùåíèé Ðåçóëüòàò
ðåêîíñòðóêöèè

Ëåâûé ñíèìîê Êàðòà ñìåùåíèé Ðåçóëüòàò
ðåêîíñòðóêöèè
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Ðåãèñòðàöèÿ íåñêîëüêèõ îáëàêîâ òî÷åê
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Alexey
Пишущая машинка
Point Cloud Library:
pcl::IterativeClosestPointNonLinear()
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Ðåçóëüòàò ðåãèñòðàöèè ïàðû îáëàêîâ òî÷åê
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Åùå îäèí ïðèìåð ðåãèñòðàöèè
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Ïîëåçíûå ññûëêè

The KITTI Vision Benchmark Suite
http://www.cvlibs.net/datasets/kitti/eval_stereo_�ow.php?benchmark=stereo

Point Clouds Library
http://pointclouds.org/

OpenCV, ìîäóëü calib3d
http://docs.opencv.org/modules/calib3d/doc/calib3d.html

insight3d
http://insight3d.sourceforge.net/
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Ìåòîäû îïòè÷åñêîé òðèàíãóëÿöèè
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Ïðèìåð îòêëîíåíèÿ ëó÷à
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Çàäà÷à äåòåêòèðîâàíèÿ ëàçåðíîãî ëó÷à â âèäå

ëèíèè íà èçîáðàæåíèè

Ðèñ. 8: Ïðèìåð èçîáðàæåíèÿ ñ ëàçåðíûì ëó÷îì â âèäå ëèíèè è
äåòåêòèðîâàíèå ýòîãî ëó÷à
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Ðåçóëüòàò äåéñòâèÿ îïåðàòîðà ïîäàâëåíèÿ

ãðàíèö

Ðèñ. 9: Ïðèìåð äåòåêòèðîâàíèÿ ëó÷à áåç èñïîëüçîâàíèÿ
îïåðàòîðà ïîäàâëåíèÿ ãðàíèö (ââåðõó) è ñ åãî èñïîëüçîâàíèåì

(âíèçó)

20
Ìèõàéëè÷åíêî À.À.alexey.a.mikh@gmail.com Äåòåêòèðîâàíèå ëàçåðíîãî ëó÷à â âèäå ëèíèè

alexey.a.mikh@gmail.com


Îïåðàòîð ïîäàâëåíèÿ ãðàíèö

a) c1 ≈ c2

b) c1 6= c2

Ðèñ. 10: Ïðèìåð øàáëîíîâ ãðàíèö îáðàçà ëàçåðíîãî ëó÷à (a) è
ãðàíèöû îáúåêòà (b)

R = e−|c1−c2| (2)

Âèä îïåðàòîðà ïîäàâëåíèÿ ãðàíèö
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Àêòèâíûå êîíòóðû

Ðèñ. 11: Îáùàÿ ñõåìà

22
Ìèõàéëè÷åíêî À.À.alexey.a.mikh@gmail.com Äåòåêòèðîâàíèå ëàçåðíîãî ëó÷à â âèäå ëèíèè

alexey.a.mikh@gmail.com


Ìîäåëü ýâîëþöèè êðèâîé

Ðèñ. 12: Æàäíûé àëãîðèòì ìèíèìèçàöèè ýíåðãèè êîíòóðà

E (v) = αEimg + βEgrad + γEx + δEy + ηEdist → min (3)

Ïðåäëàãàåìûé ôóíêöèîíàë ýíåðãèè êðèâîé
v = {vi = (xi , yi)}ni=1
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Eimg ,Egrad

a) b) c)

Ðèñ. 13: Èñõîäíîå â îòòåíêàõ ñåðîãî (a), Eimg � êîìïîíåíòà H
ôîðìàòà HSV (b) è Egrad (c)

Eimg (xi , yi) = 1− I (xi , yi), α = −1.25, (4)

Egrad(xi , yi) = |∇I (xi , yi)|, β = −0.4. (5)
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Ex ,Ey

Ðèñ. 14: Ex è Ey

Ex(xi + k , yi + j) =
|k |

2r + 1
,−r ≤ k , j ≤ r , γ = 0.4,

Ey (xi + k , yi + j) =
−j

2r + 1
,−r ≤ k , j ≤ r , δ = 0.31.
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Edist

Edist(vkj) = |vi−1 − vkj |+ |vi+1 − vkj |, (6)

vkj = (xi + k , yi + j), η = 0.05,

ò.å. vkj - ïîòåíöèàëüíîå ïîëîæåíèå âåðøèíû vi

26
Ìèõàéëè÷åíêî À.À.alexey.a.mikh@gmail.com Äåòåêòèðîâàíèå ëàçåðíîãî ëó÷à â âèäå ëèíèè

alexey.a.mikh@gmail.com


Âõîäíûå äàííûå

a) b)

Ðèñ. 15: Âõîäíîå èçîáðàæåíèå (a) è íà÷àëüíîå ïîëîæåíèå
êðèâîé (b)
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Ïðèìåð ýâîëþöèè

Ðèñ. 16: Ïîýòàïíûé ðåçóëüòàò ¾ýâîëþöèè¿ êðèâîé
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Çàäà÷à äåòåêòèðîâàíèÿ òî÷å÷íîé ëàçåðíîé

ïîäñâåòêè íà èçîáðàæåíèè

Ðèñ. 17: Ïðèìåð òî÷å÷íîé ïîäñâåòêè è âîçìîæíûå òðàåêòîðèè
äâèæåíèÿ òî÷åê
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Íàèâíûé àëãîðèòì

a) b) c) d)

Ðèñ. 18: R-êîìïîíåíòà èçîáðàæåíèÿ (a), áèíàðèçàöèÿ (b),
ðàçìåòêà íàéäåííûõ ïÿòåí (c) è èòîãîâûé ðåçóëüòàò

äåòåêòèðîâàíèÿ (d)
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Ðàçíîñòü äâóõ ãàóññèàíîâ

Ðèñ. 19: Di�erence of Gaussians (DoG)
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Ëàïëàñèàí ãàóññèàíà

Ðèñ. 20: Laplacian of Gaussian (LoG)
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Ýôôåêò îò íîðìàëèçàöèè ìàñøòàáà

Ðèñ. 21: Ïðèìåð äåéñòâèÿ íîðìàëèçàöèè íà îòêëèê ëàïëàñèàíà
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Íîðìàëèçîâàííûé ëàïëàñèàí ãàóññèàíà

Ðèñ. 22: Íîðìàëèçîâàííûé LoG
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Ýôôåêòèâíàÿ ðåàëèçàöèÿ

Ðèñ. 23: Àïïðîêñèìàöèÿ LoG è DoG
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Ïðèìåð ðàáîòû àëãîðèòìà DoG

Ðèñ. 24: Ïðèìåíåíèå àëãîðèòìà DoG ê èñõîäíîìó èçîáðàæåíèþ
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Ïîíÿòèå ôîíà

Ðèñ. 25: Ôîí êàê íåîäíîçíà÷íîå ïîíÿòèå
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Ïîäõîäû ê îïðåäåëåíèþ ôîíà

Èñïîëüçîâàíèå äàííûõ î ãëóáèíå (ñòåðåîêàìåðû,
Kinect)

Ðèñ. 26: Îïðåäåëåíèå ãëóáèíû ñ ïîìîùüþ ñòåðåîâèäåíèÿ

Çàïîìèíàíèå êàðòèíêè ôîíà, çàòåì íóæíî ëèøü
îïðåäåëèòü ðàçíèöó ìåæäó âõîäíûì èçîáðàæåíèåì è
çàïîìíåííûì
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Àäàïòèâíîå îáó÷åíèå

Ðèñ. 27: Óñðåäíåíèå ïîñëåäíèõ N êàäðîâ

Ðèñ. 28: Ïðèìåð óñðåäíåíèÿ
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Îïòè÷åñêèé ïîòîê

Ðèñ. 29: Ïðèìåð îïòè÷åñêîãî ïîòîêà äëÿ ïàðû
ïîñëåäîâàòåëüíûõ êàäðîâ
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Îïòè÷åñêèé ïîòîê

Ðèñ. 30: Åùå îäèí ïðèìåð âèçóàëèçàöèè îïòè÷åñêîãî ïîòîêà

41
Ìèõàéëè÷åíêî À.À.alexey.a.mikh@gmail.com Îïðåäåëåíèå ñêîðîñòè îáúåêòà

alexey.a.mikh@gmail.com


Ìåòîäû âû÷èñëåíèÿ îïòè÷åñêîãî ïîòîêà

Áëî÷íûå ìåòîäû

Äèôôåðåíöèàëüíûå ìåòîäû

Íà îñíîâå äèñêðåòíîé îïòèìèçàöèè
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Ìåòîä Ëóêàñà-Êàíàäå

I (x , y , t) = I (x + ux , y + uy , t + dt) (7)

I (x+ux , y+uy , t+dt) ∼= I (x , y , t)+ux
∂I

∂x
+uy

∂I

∂y
+
∂I

∂t
dt (8)

I (x + ux , y + uy , t + dt) = I (x , y , t)⇒

ux
∂I (x , y , t)

∂x
+ uy

∂I (x , y , t)

∂y
+
∂I (x , y , t)

∂t
= 0 (9)

E (ux , uy )→ min
ux ,uy

(10)
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Íåäîñòàòêè ìåòîäà Ëóêàñà-Êàíàäå

Ðèñ. 31: Aperture problem
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Óëó÷øåíèå ìåòîäà

Ðèñ. 32: Èñïîëüçîâàíèå multi-scaling'à
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OpenCV:
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Îòñëåæèâàíèå îáúåêòà

a) b) c)

Ðèñ. 33: Ïðèìåð ôîíà (a), ðåçóëüòàò âû÷èòàíèÿ ôîíà èç
íåêîòîðîãî èçîáðàæåíèÿ ñ ïîðîãîâûì ðàçäåëåíèåì (b) è

ïðèìåíåíèå ìîðôîëîãè÷åñêèõ îïåðàöèé (c)
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Îòñëåæèâàíèå îáúåêòà (2)

a) b)

Ðèñ. 34: Îòáðàñûâàíèå ðåçóëüòàòîâ îáíàðóæåíèÿ âíå çîíû
íàáëþäåíèÿ (a) è ìàðêèðîâêà îáúåêòîâ (b)
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Ìåòîä äåòåêòèðîâàíèå êëþ÷åâûõ òî÷åê

Ðèñ. 35: Ìàòðèöà Ãåññå èçîáðàæåíèÿ

Ðèñ. 36: Ïîèñê ñîáñòâåííûõ çíà÷åíèé ìàòðèöû

Ðèñ. 37: Îòáîð ñîáñòâåííûõ çíà÷åíèé ïî çàäàííîìó
ïîðîãó
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Êëþ÷åâûå òî÷êè

a) b)

Ðèñ. 38: Îáíàðóæåííûå ñ ïîìîùüþ ãåññèàíà êëþ÷åâûå òî÷êè
(a) è ðàçäåëåíèå êëþ÷åâûõ òî÷åê ïî ñîîòâåòñòâóþùèì

îáúåêòàì (b)
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Îïðåäåëåíèå ñêîðîñòè îáúåêòà

Ðèñ. 39: Îïðåäåëåíèå íàïðàâëåíèÿ è âåëè÷èíû ñäâèãà
êëþ÷åâûõ òî÷åê ñ ïîìîùüþ îïòè÷åñêîãî ïîòîêà

v =
1

n

n∑
i=1

vi , (11)

vi =
∆pi
∆t

, (12)

ãäå v � ìãíîâåííàÿ ñêîðîñòü îáúåêòà, vi � ìãíîâåííàÿ

ñêîðîñòü, ∆pi � ñäâèã i-é êëþ÷åâîé òî÷êè, ∆t � ðàçíîñòü ïî

âðåìåíè ìåæäó äâóìÿ êàäðàìè
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