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Êàêèå áûâàþò òî÷êè



Êàêèå áûâàþò òî÷êè



Óðàâíåíèå îïòè÷åñêîãî ïîòîêà

(I (x(t), y(t), t))′t = 0

I ′xδx + I ′yδy + I ′t = 0

I (x(t), y(t), t + 1) = I (x(t), y(t), t)− I ′xδx − I ′yδy

Íåîáõîäèìî íàéòè δx , δy .
Äëÿ ëþáîãî ëè èçîáðàæåíèÿ ýòà çàäà÷à ðàçðåøèìà?



Çàäà÷à: ïîèñê ñäâèãà íà èçîáðàæåíèè

I , J - èçîáðàæåíèÿ, ïðè ýòîì ñäâèã ïåðåâîäèò I â J

CLK (δx , δy ) =

∫
x

∫
y

(I (x , y)− J(x − δx , y − δy ))2 → min

∇CLK (δx , δy ) = 0 =

= −2
∫
x ,y

(I (x , y)− J(x − δx , y − δy ))∇J(x − δx , y − δy ).



Ðåøåíèå è åãî ñâîéñòâà

Áóäåì ñ÷èòàòü, ÷òî ∇J(x + δx , y + δy ) ≈ J(x , y)
Ðàçëîæåíèå ïî Òåéëîðó äî ïåðâîé ñòåïåíè:

J(x − δx , y − δy ) = J(x , y)− (δx , δy )T∇J(x , y)

0 = −2
∫
x ,y

(I (x , y)−J(x−δx , y−δy ))∇J(x−δx , y−δy ) =

= −2
∫
x ,y

(
I (x , y)−J(x , y)+(δx , δy )T∇J(x , y)

)
∇J(x , y)

Åñëè I (x , y) = I (x , y , t + 1), à J(x , y) = I (x , y , t),
∇J(x , y) 6= 0, òî ïîëó÷àåì

I (x(t), y(t), t + 1)− I (x(t), y(t), t) + δx I
′
x + δy I

′
y = 0

Ò.î., â äàííûõ ïðåäïîëîæåíèÿõ ðåøàåì çàäà÷ó
ïîèñêà îïò. ïîòîêà.



Îáóñëîâëåííîñòü ñèñòåìû

Ax = b

A(x + ∆x) = b + ∆b

Òðåáîâàíèå: cond(A) > λmin, ò.å. min{λ1, λ2} > λmin



Äåòåêòîð Õàððèñà

MC = λ1λ2 − κ(λ1 + λ2)2

Óãîëîê: Mc < ε
Äðóãèå ôóíêöèè:

λ1 − αλ2
detA

TrA
=

λ1λ2
λ1 + λ2



Äåòåêòîðû óãîëêîâ



Ñòðóêòóðà àâòîêîððåëÿöèè



DoG: Di�erence of Gaussians

DoG (I , σ, k) = G (k ∗ σ) ∗ I − G (σ) ∗ I

G (σ) - ãàóññîâñêîå ÿäðî
k - êîýôôèöèåíò
Äåòåêòîð: ýêñòðåìóì DoG



Ñðàâíåíèå DoG è Harris

Âûâîä: âçàèìíî äîïîëíÿþò äðóã äðóãà
Ðàçìåð êðóãà: ìàñøòàá
Âûáîð ìàñøòàáà?



Ðàçíûå ìàñøòàáû âàæíû



Ïðîáëåìà: íåðàâíîìåðíîå ðàñïðåäåëåíèå
òî÷åê

Äåòåêòèðóåìûå òî÷êè ðàñïðåäåëåíû íåðàâíîìåðíî,
÷òî âûçûâàåò ïðîáëåìû â ãåîìåòðè÷åñêîé
ðåêîíñòðóêöèè è äð. ïðèëîæåíèÿõ



Non-maximal suppression



Scale Invariant Feature Transform SIFT

Èäåÿ: ìàêñèìóìû â 3D (èçîáðàæåíèå + ìàñøòàá)



SIFT: îöåíêà îðèåíòàöèè

Çà÷åì?
Îòâåò: îñîáåííîñòè èçìåíÿþòñÿ è â ìàñøòàáå, è â
îðèåíòàöèè!



Àôôèííûå äåòåêòîðû

Èäåÿ: ëîêàëüíûå êîîðäèíàòû ïî "îñÿì"
àâòîêîððåëÿöèè



Äåñêðèïòîðû: SIFT



Äåñêðèïòîðû: GLOH



Äåñêðèïòîðû: HOG

(Dalal, Triggs 2005)



Îñíîâíûå ïîíÿòèÿ

Çåëåíûé: true positive (TP)
Ñèíèé: false negative (FN)
...



Receiver Operating Characteristic (ROC)



Ñîïîñòàâëåíèå: ïåðâîå - âòîðîå
ðàññòîÿíèÿ

d1, d2, d3, ... - ðàññòîÿíèÿ äî òî÷åê îò òåñòîâîé òî÷êè,
óïîðÿäî÷åííûå ïî âîçðàñòàíèþ

NNDR =
d1
d2

Nearest Neighbour Distance Ratio



Ñîïîñòàâëåíèå: ïåðâîå - âòîðîå
ðàññòîÿíèÿ

d1, d2, d3, ... - ðàññòîÿíèÿ äî òî÷åê îò òåñòîâîé òî÷êè,
óïîðÿäî÷åííûå ïî âîçðàñòàíèþ

NNDR =
d1
d2

Nearest Neighbour Distance Ratio



Äîñòîèíñòâî NNDR

Ëèíèè - ðàçëè÷íûå äåòåêòîðû
(a) - ôèêñèðîâàííûé áàðüåð (b) - nearest neighbour
(c) - NNDR



Ýôôåêòèâíîå ñîïîñòàâëåíèå: kd-tree



Îòñëåæèâàíèå

Âèäåî
Íåïðåðûâíîå äâèæåíèå, ëîêàëüíûå ìåòîäû
Ìóëüòèðàçðåøåíèå
Êðîññ-êîððåëÿöèÿ áëîêîâ



Ñîïîñòàâëåíèå íà áàçå îáó÷åíèÿ



Äåòåêöèÿ êðàåâ

Ìàêñèìóìû ìîùíîñòè êðàÿ â íàïðàâëåíèè ãðàäèåíòà
- ïðîèçâîäíàÿ ãðàäèåíòà. Ëàïëàñèàí:

Sσ(x) = ∇Jσ(x) = ∇2Gσ(x) ∗ I (x)

Îñòàëîñü íàéòè òî÷êè ïåðåìåíû çíàêà.
Ñóáïèêñåëüíî:

xz =
xiS(xj)− xjS(xi )

S(xj)− S(xi )



Àëãîðèòì Canny (1986)

Äåòåêöèÿ êðàÿ ñ äâóìÿ áàðüåðàìè:
θ0 äëÿ áåçóñëîâíîé äåòåêöèè ïèêñåëÿ êðàÿ
θ1 < 0 äëÿ äåòåêöèè ïèêñåëÿ êðàÿ ïðè íàëè÷èè
ñîñåäíèõ ïèêñåëåé, ïðèíàäëåæàùèõ êðàþ



Îáúåäèíåíèå ó÷àñòêîâ êðàÿ

Öåïíîé êîä: N, NW, W, SW, S, SE, E, NE
(ñëåäóþùèé ïèêñåëü ïî îòíîøåíèþ ê ïðåäûäóùåìó)
Íàòóðàëüíàÿ ïàðàìåòðèçàöèÿ x(s):

s0 =

∫ s0

0

|∇x(s)|



Íàòóðàëüíàÿ ïàðàìåòðèçàöèÿ

z(s) = x(s) + iy(s)

Ïîâîðîò ðàâíîñèëåí äîìíîæåíèþ z2 = cz , c ∈ C



Ïðåîáðàçîâàíèå Õàôà (Hough)

Çàäà÷à: îáúåäèíèòü ó÷àñòêè â ëèíèè
Èäåÿ:
1) ìèíèìàëüíàÿ ïàðàìåòðèçàöèÿ ïðÿìîé (θ, d)
2) ãîëîñîâàíèå çà êàæäîå âîçìîæíîå çíà÷åíèå (θ, d)



Äåòåêöèÿ ïðÿìûõ íà áàçå RANSAC

RANSAC = Random Sample Consensus
1) ñëó÷àéíàÿ ãèïîòåçà (θ, d - ïðÿìàÿ)
2) ãîëîñîâàíèå (ñêîëüêî ïèêñåëåé ïîääåðæèâàþò
ãèïîòåçó)



Äåòåêöèÿ vanishing point

vij = mixmj

mi , mj - óðàâíåíèÿ ïðÿìûõ: mi = (sin(θ), cos(θ), d)

êîîðäèíàòû vp: x = v
(1)
ij /v

(3)
ij , y = v

(2)
ij /v

(3)
ij

Ãîëîñîâàíèå ñ âåñîì ‖vij‖li lj , ãäå li , lj - äëèíû
ó÷àñòêîâ mi ,mj
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