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Ïëàí ëåêöèè

Ìîäåëü,

ïàðàìåòðû è

äàííûå

Ôèëüòðàöèÿ

èçîáðàæåíèé

Ìîðôîëîãèÿ



Îïòèìèçàöèÿ

Çàäà÷à îïòèìèçàöèè:

F (x)→ min

Óäîáíî äóìàòü è ïðèìåíÿòü

Ïðèìåð Ìîÿ ïðîãðàììà ...

ñíèæàåò îøèáêó èçìåðåíèÿ ðàññòîÿíèÿ

îöåíèâàåò èñòèííîå ïîëîæåíèå ëèíèè êâàäðàòíîãî

ìàðêåðà íà èçîáðàæåíèè

èùåò íàèáîëåå âåðîÿòíîå çíà÷åíèå ïèêñåëÿ â

èäåàëüíîì (áåç øóìà) èçîáðàæåíèè

îïðåäåëÿåò íàèáîëåå âåðîÿòíîå ïîëîæåíèå ÷åëîâåêà

ïî îïòè÷åñêîìó ïîòîêó

ñ÷èòàåò êîëè÷åñòâî ïðîåõàâøèõ ìîòîöèêëîâ â

äàííîì íàïðàâëåíèè



Ìîäåëü

Äàíî: íàáëþäåíèå y
Íåîáõîäèìî: íàéòè (ñêðûòûå, íåíàáëþäàåìûå)

ïàðàìåòðû ìîäåëè x , êîòîðûå ïîçâîëÿþò ðåøèòü
çàäà÷ó, èñïîëüçóÿ íàáëþäåíèÿ y

F (x) = distance(y −M(x))→ min
x

Çäåñü M(x) - ìîäåëü, çàâèñÿùàÿ îò ïàðàìåòðîâ x



Ïðèìåð

èçìåðåíèå ðàññòîÿíèÿ ïî èçîáðàæåíèþ: x -

ïîëîæåíèÿ òî÷åê íà ôîòîãðàôèÿõ, êîîðäèíàòû òî÷åê

è íàïðàâëåíèé ñúåìêè

ïîëîæåíèå ìàðêåðà íà èçîáðàæåíèè: x - ïîëîæåíèå

ìàðêåðà, ïàðàìåòðû ìîäåëè ñìàçûâàíèÿ (çàòåíåíèÿ)

ìàðêåðà

ôèëüòðàöèÿ èçîáðàæåíèÿ: x - ïðåäñòàâëåíèå

èçîáðàæåíèÿ â íåêîòîðîì áàçèñå

ïîëîæåíèå ÷åëîâåêà: x - ðàçìåð, ïîëîæåíèå ÷åëîâåêà

â 3D

ïîäñ÷åò êîëè÷åñòâà ìîòîöèêëîâ: x - ïîëîæåíèÿ

êàæäîãî ìîòîöèêëà â êàæäûé ìîìåíò âðåìåíè, â 3D

èëè â 2D



Êàê ðåøèòü çàäà÷ó îïòèìèçàöèè

Îò êëàññà ôóíêöèè çàâèñèò ñëîæíîñòü ìåòîäà

ðåøåíèÿ

Âèäû çàäà÷:

âûïóêëàÿ

áëèçêàÿ ê âûïóêëîé

ñèëüíî íåâûïóêëàÿ

Íóæíî ôîðìóëèðîâàòü çàäà÷ó â ïðèãîäíîì äëÿ

ðåøåíèÿ âèäå
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Êàê ðåøèòü çàäà÷ó îïòèìèçàöèè
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Îñíîâíûå ìåòîäû ðåøåíèÿ

âûïóêëûå: ëèíåéíûå (ìåòîä ñîïðÿæåííûõ

ãðàäèåíòîâ) è íåëèíåéíûå (ãðàäèåíòíûé è Íüþòîíà)

áëèçêèå ê âûïóêëûì: ìåòîäû âûïóêëîé îïòèìèçàöèè

+ ñãëàæèâàíèå

íåâûïóêëûå: îòæèã, ãëîáàëüíûé ïåðåáîð...

�Ïðîêëÿòèå� ðàçìåðíîñòè: â îáùåì ñëó÷àå, äëÿ òîãî,

÷òîáû ãàðàíòèðîâàòü îòëè÷èå îöåíêè îò èñòèííîãî

ìèíèìóìà íà ε, íóæíî ïðîèçâåñòè ïåðåáîð äëÿ

(D/ε)N , ãäå N - ðàçìåðíîñòü, D - øèðèíà èíòåðâàëà



Îïòèìèçàöèÿ â óñëîâèÿõ ïîìåõ

Ïóñòü w , v - ñëó÷àéíûå âåëè÷èíû (âåêòîðà). Òîãäà

Îáû÷íî íàáëþäåíèå çàâèñèò îò ïàðàìåòðîâ è øóìîâ:

y = g(x) + v

Èíîãäà:

y = wg(x) + v

Îáùèé ñëó÷àé:

y = g(x ,w) + v



Îïòèìèçàöèÿ â óñëîâèÿõ ïîìåõ (2)

Íàèáîëåå ÷àñòàÿ ïîñòàíîâêà çàäà÷è:

g(x) - íàáëþäåíèå, ïðåäñêàçàííîå ìîäåëüþ
y - çàøóìëåííîå íàáëþäåíèå

‖g(x)− y‖2 → min

y∗ - èñòèííîå íàáëþäåíèå
v - øóì

y = y∗ + v

Îáû÷íî, Ev = 0, y ∈ RN , x ∈ Rq, q <<< N



Ìîäåëü äëÿ êîìïüþòåðíîãî çðåíèÿ

Ìîäåëü ôîðìèðîâàíèÿ íàáëþäåíèÿ

ôîðìèðîâàíèå 3D (2D) ñöåíû T

ïðîåêòèðîâàíèå íà ìàòðèöó êàìåðû P ñ ïàðàìåòðàìè

p (ïîëîæåíèå, íàïðàâëåíèå)

îïòè÷åñêîå èñêàæåíèå (äèñòîðñèÿ) D ñ ïàðàìåòðàìè

d (ðàäèàëüíûå, òàíãåíöèàëüíûå)

ðàçìûòèå èçîáðàæåíèÿ B ñ ïàðàìåòðàìè b (ñòåïåíü

ðàçìûòèÿ - äèñïåðñèÿ)

äèñêðåòèçàöèÿ èçîáðàæåíèÿ Q

y = Q(Bb(Dd(Pp(T (x))))) + v

x = ?



Óëó÷øåíèå êà÷åñòâà èçîáðàæåíèé

1 Ïîñòàíîâêà çàäà÷è

2 Ôèëüòð Âèíåðà

3 Ãàóññîâñêèé ôèëüòð

4 Ôèëüòð ßðîñëàâñêîãî (bilateral)

5 Àíèçîòðîïíûé ôèëüòð

6 NL-Means

7 BM3D

Îñíîâíîé èñòî÷íèê: A non-local algorithm for image

denoising (Buades, Coll, Morel, 2005)



Çàäà÷à óëó÷øåíèÿ êà÷åñòâà èçîáðàæåíèÿ

Îïðåäåëåíèå Îäíîêàíàëüíîå èçîáðàæåíèå I (x , y), x , y -

êîîðäèíàòû ïèêñåëÿ,

(x , y) ∈ Z2 ∩ [0,R]2, I (x , y) ∈ Z ∩ [0, 255]. Èíîãäà
áóäåì îáîçíà÷àòü I (x), x ∈ Z2

I (x , y) = Ī (x , y) + v(x , y),

Íàáëþäàåìîå èçîáðàæåíèå I (x , y)

Èñòèííîå èçîáðàæåíèå Ī (x , y)

Øóì v(x , y)

Íåîáõîäèìî íàéòè Î ≈ Ī



Çàäà÷à âîññòàíîâëåíèÿ èçîáðàæåíèÿ

I (x) = H(x) ∗ Ī (x) + v(x)

H - ñìàçûâàíèå (ðàçìûòèå)

Ī - èñõîäíîå èçîáðàæåíèå
v - ñëó÷àéíàÿ ïîìåõà

I - ðåçóëüòàò
Íåîáõîäèìî íàéòè Î ≈ Ī



Êëàññèôèêàöèÿ çàäà÷

I (x) = H(x) ∗ Ī (x) + v(x)

H = Id - óäàëåíèå øóìîâ

Deblurring (deconvolution): H = B(σ) - îïåðàòîð
ðàçìûòèÿ, èçâåñòåí,

Blind deconvolution: H íåèçâåñòåí

Super resolution: H = DBW , D - îïåðàòîð ïîíèæåíèÿ

ðàçðåøåíèÿ, B - ðàçìûòèå, W - ãåîìåòðè÷åñêîå

ïðåîáðàçîâàíèå (ñäâèã, ïîâîðîò), èçâåñòíû, I - âåêòîð
èç íåñêîëüêèõ èçîáðàæåíèé



Ìîäåëü ïîÿâëåíèÿ èçîáðàæåíèÿ

×òî òàêîå Ī - èñõîäíîå èçîáðàæåíèå?

1 ïðîèçâîëüíûé íåèçâåñòíûé ñèãíàë

2 ñèãíàë èç êàêîãî-òî èçâåñòíîãî ïðîñòðàíñòâà

ñèãíàëîâ

Äëÿ ñëó÷àÿ 1), îïòèìàëåí ôèëüòð Âèíåðà

Äëÿ ñëó÷àÿ 2), çàâèñèò îò êîíêðåòíîé ôîðìóëèðîâêè



Ôèëüòð Âèíåðà-Êîëìîãîðîâà â îáðàáîòêå
èçîáðàæåíèé (1)

I (x , y) = H(x , y) ∗ Ī (x , y) + v(x , y)

Ïðåîáðàçîâàíèå Ôóðüå äàñò:

IF (u, v) = HF (u, v)ĪF (u, v) + vF (u, v)

Åñëè vF (u, v) = 0, ĪF = H−1IF



Îáùèé ñëó÷àé:

ÎF (u, v) = WF (u, v)IF (u, v),

WF (u, v) =
H∗F (u, v)

|H(u, v)|2 + K (u, v)
,

K (u, v) =
SI (u, v)

Sv (u, v)
=

|IF (u, v)|2

E{|NF (u, v)|2}



Îáîñíîâàíèå ôèëüòðà Âèíåðà

ÎF = WFHF ĪF + WFNF

ĪF − ÎF = (1−WFHF )ĪF −WFNF

∂

∂W
E‖ĪF − ÎF‖2 = 0

Äëÿ êàæäîãî (u, v):

2(−(1−W ∗
FH
∗
F )HF |ĪF |2 + W ∗

FE{|NF |2}) = 0

W ∗
F =

HF |ĪF |2

|H|2|ĪF |2 + E{|NF |2}
,

Èçâåñòíî E{NF}, ĪF (u, v) ≈ IF (u, v)

WF (u, v) =
H∗F (u, v)

|H(u, v)|2 + K (u, v)
.



Àïïàðàò äëÿ ñðàâíåíèÿ ôèëüòðîâ

Îïðåäåëåíèå Øóìîì ôèëüòðà íàçûâàåòñÿ ðàçíîñòü Ī (x)− F Ī (x)
ãäå F îáîçíà÷àåò ïðèìåíåíèå ôèëüòðà.

Â ÷åì ñìûñë îïðåäåëåíèÿ?

Êàêàÿ ñâÿçü ñ êîíöåïöèåé �ìîäåëü - äàííûå�?



Ãàóññîâñêèé ôèëüòð

Î (x) =
1

4πσ2

∫
e−‖y‖

2/(4σ2)I (x − y)dy

Theorem (Ãàáîð, 1960) Øóì ãàóññîâñêîãî ôèëüòðà âûðàæàåòñÿ

êàê

Ī (x)− F Ī (x) = −σ2∆u + o(σ2),

äëÿ äîñòàòî÷íî ìàëîãî σ.

∆ = ∂2x + ∂2y - îïåðàòîð Ëàïëàñà.



Ôèëüòð ßðîñëàâñêîãî (bilateral)

Ýêñïîíåíöèàëüíûé âåñ:

c(t) = e−‖t‖
2

Âåñ ïî ðàññòîÿíèþ c(u − x)
Âåñ ïî èíòåíñèâíîñòè c(I (x)− I (u))
Êîìáèíàöèÿ âåñîâ:

Î (x) = λ

∫ ∞
−∞

I (u)c(u − x)c(I (u)− I (x))du



Àíèçîòðîïíûé ôèëüòð (Perona è Malik
1990)

Î (x) =

∫
Gσ(t)I (x + t

∇I (x)O

|∇I (x)|
)dt,

ïðè ‖∇I (x)‖ 6= 0, (x , y)O = (−y , x), G - ãàóññîâñêàÿ

ôóíêöèÿ ñ äèñïåðñèåé σ.

Theorem Øóì àíèçîòðîïíîãî ôèëüòðà âûðàæàåòñÿ êàê:

I (x)− AFI (x) = −1
2
σ2|∇I |curv(I )(x) + o(σ2)



Total Variation ôèëüòð (Rudin, Osher,
Fatemi 1992)

Î (x) = argminÎTV (Î ) + λ

∫
|Î (x)− I (x)|dx ,

ïðè TVI (x) = sup
∑N

n=0
|I (xn)− I (xn−1)| =

∫
|∇I (x)|.

Theorem Øóì TV ôèëüòðà âûðàæàåòñÿ êàê:

I (x)− TVFI (x) = − 1

2λ
curv(Î )(x)



Non-local means ôèëüòð (Buades, Coll,
Morel 2005)

Î (x) =
∑
y

w(x , y)I (y),

w(x , y) in[0, 1],
∑

y w(x , y) = 1.

w îïðåäåëÿåòñÿ ñõîæåñòüþ öâåòà â îêðåñòíîñòè

ïèêñåëåé.

Çàìåòèì:

E‖x + v1 − (y + v2)‖2 = ‖x − y‖+ 2σ2,

äëÿ íåçàâèñèìûõ ñ.â. u, v ñ äèñïåðñèåé σ è

ïðîèçâîëüíûõ x , y .



Non-local means ôèëüòð (Buades, Coll,
Morel 2005)

Îïðåäåëåíèå âåñîâ:

w(x , y) =
1

Z (x)
e−‖I (Nx )−I (Ny )‖/σ2 ,

ãäå I (Nx) - ìàòðèöà ïèêñåëüíûõ çíà÷åíèé äëÿ

êâàäðàòíîé îêðåñòíîñòè Nx ïèêñåëÿ x , Z (x) -
íîðìàëèçóþùàÿ êîíñòàíòà.



Ïðèìåðû âåñîâ

(Buades, Coll, Morel 2005)



Non-local means ôèëüòð (Buades, Coll,
Morel 2005)

Theorem Ïóñòü V = U + N, ãäå N - ìàòðèöà íåçàâèñèìûõ

ñëó÷àéíûõ âåëè÷èí ñ 0 ñðåäíèì. Ïóñòü Xi - çíà÷åíèÿ

âñåõ ïèêñåëåé, êðîìå i - ãî. Òîãäà âûïîëíåíî

ñëåäóþùåå:

E{V (i)|Xi = x} = E{U(i)|Xi = x} äëÿ âñåõ i è x ;

E{U(i)|V (Ni\i)} - ôóíêöèÿ V (Ni\i),
ìèíèìèçèðóþùàÿ (ïî g) ñðåäíåêâàäðàòè÷íóþ
îøèáêó E‖U − g(V (Ni\i))‖2



Non-local means ôèëüòð: ïðèìåðû

Èñõîäíîå èçîáðàæåíèå, øóì ìåòîäîâ: ãàóññîâñêèé,

àíèçîòðîïíûé, TV, ßðîñëàâñêîãî (bilateral),

NL-means. (Buades, Coll, Morel 2005)



Non-local means ôèëüòð: ïðèìåðû

Çàøóìëåííîå èçîáðàæåíèå, ðåçóëüòàòû ôèëüòðîâ:

ãàóññîâñêèé, àíèçîòðîïíûé, TV, ßðîñëàâñêîãî

(bilateral), NL-means. (Buades, Coll, Morel 2005)



Block Matching 3D ôèëüòð: ïðèìåðû

Èäåè

ïîèñê ðàçðåæåííîãî ïðåäñòàâëåíèÿ ñèãíàëà â íåêîì

áàçèñå

àãðåãèðîâàíèå èíôîðìàöèè ïî âñåìó èçîáðàæåíèþ

(àíàëîãè÷íî NL-Means)

ñîâìåñòíàÿ ôèëüòðàöèÿ ïîõîæèõ áëîêîâ (ïîâûøàåò

ðàçðåæåííîñòü ïðåäñòàâëåíèÿ)

(Dabov, Foi, Katkovnik, Egiazarian 2007)



Block Matching 3D: ãðóïïèðîâêà

Èäåÿ 1: ñîïîñòàâëåíèå (matching) áëîêîâ

ðåàëèçàöèÿ matching â BM3D:



Block Matching 3D: ãðóïïèðîâêà

Èäåÿ 2: êîëëàáîðàòèâíàÿ ôèëüòðàöèÿ

Áëîêè, áëèçêèå äàííîìó, ñîáèðàþòñÿ â ñòåêè â

ïîðÿäêå, ñîîòâåòñòâóþùåì èõ áëèçîñòè ïåðâîìó

áëîêó (R íà ðèñóíêå âûøå).

Äëÿ êàæäîãî ñòåêà âû÷èñëÿåòñÿ 3D ñïåêòð âäîëü 2õ

èçìåðåíèé èçîáðàæåíèÿ áëîêà è 1 ãî èçìåðåíèÿ -

íàïðàâëåíèÿ ñòåêà.



Block Matching 3D: ôèëüòð
Èäåÿ 3: Îòñå÷åíèå ñïåêòðà

Èíôîðìàöèÿ ñêîíöåíòðèðîâàíà â íåáîëüøîì ÷èñëå

êîýôôèöèåíòîâ => íåîáõîäèìî îòñå÷ü

êîýôôèöèåíòû 3D ñïåêòðà ïî àáñîëþòíîìó çíà÷åíèþ

Hard thresholding:

xht = x , |x | > τ

xht = 0, |x | ≤ τ
Soft thresholding:

xst = sign(x)(|x | − τ)+

a+ = id(a > 0) · a
Çàòåì, âûïîëíÿåòñÿ îáðàòíîå ïðåîáðàçîâàíèå, è

îòôèëüòðîâàííûå áëîêè âîçâðàùàþòñÿ íà ìåñòî. Íà

êàæäîì ìåñòå ïîÿâëÿåòñÿ íàáîð áëîêîâ. Îíè

óñðåäíÿþòñÿ ñ âåñàìè, ïðîïîðöèíàëüíûìè áëèçîñòè

áëîêà R-áëîêó ñòåêà, â êîòîðîì îí ôèëüòðîâàëñÿ.



Block Matching 3D: ôèëüòð

Èäåÿ 4: Âèíåðîâñêèé ôèëüòð

Åñòü ìîäåëü èçîáðàæåíèÿ, åñòü çàøóìëåííîå

èçîáðàæåíèå

1. Îöåíèòü ñèãíàë è óðîâåíü øóìà ïî èçîáðàæåíèÿì

2. Ïðèìåíèòü âèíåðîâñêèé ôèëüòð ê çàøóìëåííîìó

èçîáðàæåíèþ



Block Matching 3D: ïðèìåðû



Color Block Matching 3D: ïðèìåðû



Color Block Matching 3D: íàáëþäåíèÿ

YUV ýôôåêòèâíåå RGB

êîððåëÿöèÿ ïî Y âëå÷åò êîððåëÿöèþ ïî U,V =>

äåëàåì ãðóïïèðîâêó ïî Y



Ìîðôîëîãèÿ

Ìàòåìàòè÷åñêàÿ ìîðôîëîãèÿ - ïðåäñòàâëåíèå è

îïèñàíèå ôîðìû ðåãèîíîâ èçîáðàæåíèÿ (ñêåëåòîâ,

âûïóêëûõ îáîëî÷åê,...)



Dilate

A⊕ B = {z |(B̂)z ∩ A 6= ∅}

B̂ = {w |w = −b, b ∈ B}
(B)z = B + z - ñìåùåíèå íà z

B - ñòðóêòóðèðóþùèé ýëåìåíò

Îïåðàöèÿ Dilate



Ïðèìåð dilate

Îïåðàöèÿ Dilate: çàïîëíåíèå ðàçðûâîâ



Erode

A	 B = {z |(B̂)z ⊆ A}



Erode & Dilate

Óïðàæíåíèå

(A	 B)C = AC ⊕ B̂



Erode & Dilate

Ïðèìåð: ôèëüòðàöèÿ îáúåêòîâ ïî ðàçìåðó

Èñõîäíîå èçîáðàæåíèå, îïåðàöèÿ Erode, çàòåì Dilate



Open & Close

Îòêðûòèå (Open)

A ◦ B = (A	 B)⊕ B(= ∪{(B)z |(B)z ⊆ A}

Çàêðûòèå (Close)

A · B = (A⊕ B)	 B



Open

Îòêðûòèå (Open)

A ◦ B = (A	 B)⊕ B



Close

Çàêðûòèå (Close)

A · B = (A⊕ B)	 B


	,   
	 
	

