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Çàäà÷à

g - íàáëþäàåìîå èçîáðàæåíèå
f - îáðàçåö

g(x , y) = f (x + dx , y + dy ) + n

f - èñõîäíîå èçîáðàæåíèå
(dx , dy )T - èñêîìûé ñäâèã
n - ñëó÷àéíàÿ ïîìåõà



Ôóíêöèÿ ñòîèìîñòè: ñóììà êâàäðàòîâ
ðàçíîñòåé (SSD)

CLK (tx , ty ) =

∫
x

∫
y

(f (x , y)− g(x + tx , y + ty ))2 → min

Öåëü:
∇CLK (tx , ty ) = 0 =

= −2
∫
x ,y

(f (x , y)− g(x + tx , y + ty ))∇g(x + tx , y + ty ).



Ìåòîä Íüþòîíà

θ̂n+1 = θ̂n − α(∇2C (x))−1∇C (x)

ãäå θ̂n - îöåíêà ìèíèìóìà íà èòåðàöèè n,
α - êîýôôèöèåíò,
C (x) - ìèíèìèçèðóåìàÿ ôóíêöèÿ ñòîèìîñòè.



Ìåòîä Íüþòîíà

θ̂n+1 = θ̂n − α(∇2C (x , y))−1∇C (x , y)

Íàøà ôóíêöèÿ

CLK (θx , θy ) =

∫
x ,y

(f (x , y)− g(x + θx , y + θy ))2 → min

Íåîáõîäèìî õîðîøåå íà÷àëüíîå ïðèáëèæåíèå



Ïàðàìåòðèçàöèÿ äåôîðìàöèè

ñäâèã

ñäâèã + âðàùåíèå (îðòîãîíàëüíîå ïðåîáðàçîâàíèå)

àôèííîå ïðåîáðàçîâàíèå

íåëèíåéíàÿ äåôîðìàöèÿ



Îáùèé âèä ñîïîñòàâëåíèÿ

Ââåäåì ôóíêöèþ ñòîèìîñòè ñîïîñòàâëåíèÿ C (p),
îáîçíà÷àÿ êàê Ω ìíîæåñòâî ñîïîñòàâëÿåìûõ
ïèêñåëåé èçîáðàæåíèé I è J: Èíòåðïîëÿöèÿ

J(x , y) ∈ C (Z2 → R)→ Jc(s, t) ∈ C (R2 → R)

Òðàíñôîðìàöèÿ êîîðäèíàò ñ ïàðàìåòðîì p:

y = Tp(x)

Íàïðèìåð, ñäâèã: y = x + p

C (p) =

∫
Ω
ρ(I (x), Jc(Tp(x)))→ min

p



Ïðèìåð: èùåì âðàùåíèå

FAIR (J. Modersitzki)



Èíòåðïîëÿöèÿ ïðè ðåãèñòðàöèè
èçîáðàæåíèé

Tp(J)(x) = Jp(x) ∗ δ(x),

ãäå Jp(t) - íåïðåðûâíàÿ ôóíêöèÿ äâóìåðíîãî
àðãóìåíòà, ïðåäñòàâëÿþùàÿ äåôîðìèðîâàííîå
èçîáðàæåíèå J. Äåôîðìàöèÿ çàäàíà ïàðàìåòðàìè p.
Íàïðèìåð, J(t) - ëèíåéíî èíòåðïîëèðîâàííîå
èçîáðàæåíèå, Jp(t) = J(t − p) - ñäâèíóòîå íà p
èçîáðàæåíèå.



Ïèðàìèäàëüíûé ïîäõîä

FAIR (J. Modersitzki)



Ôóíêöèè êà÷åñòâà

íîðìàëèçîâàííàÿ êîððåëÿöèÿ

CNC =

∫
x ,y f (x , y)g(x + tx , y + ty )

‖f (x , y)‖L2‖g(x , y)‖L2

âçàèìíàÿ èíôîðìàöèÿ (÷åðåç èíòåðïðåòàöèþ
èçîáðàæåíèé êàê ñëó÷àéíûõ âåëè÷èí)

CMI = H(g(x , y))+

+H(f (x , y))− H(f (x + tx , y + ty ), g(x , y))

ãäå H - ýíòðîïèÿ öâåòà èçîáðàæåíèé



Êàêèå áûâàþò îñîáåííîñòè



Êàêèå áûâàþò îñîáåííîñòè

Òî÷êè

Ðåãèîíû

Ëèíèè



Ðàáîòà ñ îñîáåííîñòÿìè

Äåòåêöèÿ

Îïèñàíèå

Ñîïîñòàâëåíèå / îòñëåæèâàíèå



Êàêèå áûâàþò òî÷êè



Êàêèå áûâàþò òî÷êè



Çàäà÷à: îòñëåæèâàíèå ñ ïîìîùüþ LK

CLK (tx , ty ) =

∫
x

∫
y

(f (x , y)− g(x + tx , y + ty ))2 → min

Öåëü:
∇CLK (tx , ty ) = 0 =

= −2
∫
x ,y

(f (x , y)− g(x + tx , y + ty ))∇g(x + tx , y + ty ).



Ðåøåíèå è åãî ñâîéñòâà

Ðàçëîæåíèå ïî Òåéëîðó äî ïåðâîé ñòåïåíè:

g(x + tx , y + ty ) = g(x , y) + (tx , ty )T∇g(x , y)

0 = −2
∫
x ,y

(f (x , y)−g(x+tx , y+ty ))∇g(x+tx , y+ty ) =

= −2
∫
x ,y

(f (x , y)−g(x , y)−(tx , ty )T∇g(x , y))∇g(x , y)

Ëèíåéíàÿ ñèñòåìà:∫
x ,y
∇g(x , y)∇Tg(x , y)dxdy(tx , ty )T = b

Ax = b



Îáóñëîâëåííîñòü ñèñòåìû

Ax = b

A(x + ∆x) = b + ∆b

Íàñêîëüêî èçìåíèòñÿ îòâåò ïðè èçìåíåíèè ïðàâîé
÷àñòè?

‖∆x‖ = f (‖∆b‖)

Òðåáîâàíèå: min{λ1, λ2} > λmin (Äåòåêòîð
Shi-Tomasi)



Äåòåêòîð Õàððèñà

MC = λ1λ2 − κ(λ1 + λ2)2

Óãîëîê: Mc > ε
Äðóãèå ôóíêöèè:

λ1 − αλ2
detA

TrA
=

λ1λ2
λ1 + λ2



Äåòåêòîðû óãîëêîâ



Ñòðóêòóðà èçìåíåíèÿ ÿðêîñòè â
îêðåñòíîñòè îñîáåííîé òî÷êè



Kanade Lucas Tomasi (KLT)- òðåêèíã

Íåîáõîäèìî íàéòè ïîëîæåíèå òî÷êè ñ òåêóùåãî êàäðà
íà ñëåäóþùåì êàäðå âèäåî

Äåòåêòîð
Shi-Tomasi

Äåòåêöèÿ òî÷åê, îïòèìàëüíûõ äëÿ ðåãèñòðàöèè ïðè
ïðåîáðàçîâàíèè ñäâèãà: min{λ1, λ2} > λmin

Òðåêèíã
Ëóêàñ-Êàíàäå

Ðåãèñòðàöèÿ ìàëîãî ðåãèîíà âîêðóã òî÷êè íà
ñëåäóþùåì êàäðå âèäåî. Òðàíñôîðìàöèÿ: ñäâèã.

Ìåòîäû OpenCV: cv2.goodFeaturesToTrack,
cv2.calcPyrLK
http://www.youtube.com/watch?v=Jw1CCR0tAcY

Ïðîáëåìà: íàêîïëåíèå îøèáêè. Ìîäåëü íå ïîäõîäèò
äëÿ ïîèñêà òî÷êè íà âñåõ êàäðàõ âèäåî ïî îäíîìó
êàäðó

http://www.youtube.com/watch?v=Jw1CCR0tAcY


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)

Ïîñòðîåíèå ïèðàìèäû

Èäåÿ: ìàêñèìóìû â 3D (èçîáðàæåíèå + ìàñøòàá)



SIFT: îöåíêà îðèåíòàöèè

Àëãîðèòì SIFT: äåòåêöèÿ DoG, ðàçáèåíèå
îêðåñòíîñòè íà êâàäðàíòû, ïîñòðîåíèå ãèñòîãðàììû
ãðàäèåíòîâ (íàïðàâëåíèé è äëèí) äëÿ êàæäîãî
êâàäðàíòà.
Áàçîâàÿ ðåàëèçàöèÿ: 128 êîìïîíåíò = 4 êâàäðàíòà
íà 8 íàïðàâëåíèé íà 4 ìîäóëÿ



Àôôèííûå äåòåêòîðû

Èäåÿ: ëîêàëüíûå êîîðäèíàòû ïî "îñÿì"
àâòîêîððåëÿöèè



Äåñêðèïòîðû: SIFT



Äåñêðèïòîðû: GLOH



Äåñêðèïòîðû: HOG

(Dalal, Triggs 2005)



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 (â äâà ïðîõîäà
èçîáðàæåíèÿ): Èçíà÷àëüíî ïèêñåëè êðàÿ E = ∅
ïðîõîä 1: ïèêñåëü x → E , åñëè |∆I (x)| > θ0

ïðîõîä 2: ïèêñåëü x → E , åñëè |∆I (x)| > θ1 è
∃y ∈ E : x ∈ Ny

Îñìûñëåííî, åñëè θ0 < θ1?
Ýôôåêò ãèñòåðåçèñà



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



Âèäåî-òðåêèíã îáúåêòà: mean shift

Íàéòè îáúåêò ñ èñõîäíîãî êàäðà íà èìåþùåìñÿ êàäðå

ñòðîèì ãèñòîãðàììó öâåòîâ îáúåêòà ïî èñõîäíîìó
êàäðó. Ãèñòîãðàììà äëÿ êàæäîãî öâåòà ñîäåðæèò
âåðîÿòíîñòü ïîÿâëåíèÿ ïèêñåëÿ ñ äàííûì öâåòîì íà
îáúåêòå, ò.å. ãèñòîãðàììà - ðàñïðåäåëåíèå
âåðîÿòíîñòåé P(I (x) = Color |x ∈ Object).

ðàññ÷èòûâàåì äâóìåðíîå ðàñïðåäåëåíèå
âåðîÿòíîñòåé â èìåþùåìñÿ êàäðå òîãî, ÷òî ïèêñåëü
ïðèíàäëåæèò îáúåêòó, íà îñíîâå ãèñòîãðàììû.

èùåì ëîêàëüíûé ìàêñèìóì ïîñòðîåííîé ôóíêöèè
ïëîòíîñòè ðàñïðåäåëåíèÿ

http://fr.wikipedia.org/wiki/Camshift

http://fr.wikipedia.org/wiki/Camshift


Ñòåðåîñîïîñòàâëåíèå

(X ,Y ,Z )→ (X + d ,Y ,Z )

(ñì ðèñóíîê)

d ∼ 1

Z

Äëÿ êàæäîãî ïèêñåëÿ (i , j)ñòðîêè i ëåâîãî
èçîáðàæåíèÿ íàéäåì ïèêñåëü (i , j + d), d ≥ 0 ïðàâîãî
èçîáðàæåíèÿ.
http://vision.middlebury.edu/stereo/eval/

http://vision.middlebury.edu/stereo/eval/


Îïòè÷åñêèé ïîòîê

dI (x , y , t) = 0 =⇒ ∂I

∂x
dx +

∂I

∂t
= 0

Äëÿ ïèêñåëåé ôðåéìà n â âèäåî íàéäåì èõ
ïîëîæåíèå íà ôðåéìå n + 1:



Îïòè÷åñêèé ïîòîê: âèäû

íåñîãëàñîâàííûé: Lucas Kanade, Block Matching

áûñòðûé Farneback

òî÷íûé äëÿ îäíîòîííûõ îáëàñòåé TV-L1

ñóáïèêñåëüíî òî÷íûé Brox



Brox (2004): Optical �ow based on warping
theory

Äàëåå èçîáðàæåíèå I (x) = I (a, b, t) (a, b) - ïèêñåëü, t
- íîìåð êàäðà. Èùåì êàðòû ñäâèãà u(x), v(x) äëÿ
êàæäîãî ïèêñåëÿ x . Îáîçíà÷èì w = (x , y , 1)T ,
∇I (x) = ∂/∂a,b, Ψ(t2) =

√
t2 + ε

EData(u, v) =

∫
Ω

Ψ(|I (x + w)− I (x)|2+

+γ|∇I (x + w)−∇I (x)|2)dx

ESmooth(u, v) =

∫
Ω

Ψ(|∇3u|2 + |∇3v |2)dx

E = EData + αESmooth



Âûâîäû

Ñîïîñòàâëåíèå èçîáðàæåíèé - âàæíûé âîïðîñ ÊÇ
Äâà âàðèàíòà ñîïîñòàâëåíèÿ: ñåìàíòè÷åñêîå
(SIFT,...) è áóêâàëüíîå (ðåãèñòðàöèÿ - ñòåðåî,
îïòè÷åñêèé ïîòîê)
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