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Óñòðîéñòâî êàìåðû

Ïîíÿòèÿ Óãîë îáçîðà, ôîêóñíîå ðàññòîÿíèå, ðàçìåð ìàòðèöû



Ôîðìèðîâàíèå èçîáðàæåíèÿ

Ìîäåëü ôîðìèðîâàíèÿ èçîáðàæåíèÿ îáúåêòà

ïðîåêòèðîâàíèå íà ìàòðèöó êàìåðû

îïòè÷åñêîå èñêàæåíèå (äèñòîðñèÿ)

ðàçìûòèå èçîáðàæåíèÿ

äèñêðåòèçàöèÿ èçîáðàæåíèÿ



Ìîäåëü ïðîåêòèðîâàíèÿ

Ìîäåëü ïðîåêòèðîâàíèÿ:

 x
y
z

 = K [R t]


X
Y
Z
1

 ,

x =

(
x/z
y/z

)
,

ãäå (XYZ )T - êîîðäèíàòû òî÷êè â ïðîñòðàíñòâå, à x -
êîîðäèíàòû òî÷êè íà ýêðàíå, K - ìàòðèöà êàìåðû, R
- ìàòðèöà ïîâîðîòà, t - âåêòîð ïåðåíîñà.



Çðåíèå ÷åëîâåêà

ôîêóñíîå ðàññòîÿíèå 13-17 ìì

îáëàñòü ÷åòêîãî çðåíèÿ: óãîë îáçîðà 22 ãðàäóñà ïî
âåðòèêàëè, 30 ãðàäóñîâ ïî ãîðèçîíòàëè



Çðåíèå ÷åëîâåêà: ïðîñòðàíñòâåííàÿ
÷óâñòâèòåëüíîñòü

Îïûò ïî îïðåäåëåíèþ ìèíèìàëüíî íåîáõîäèìîé
ðàçíîñòè ÷óâñòâèòåëüíîñòåé äëÿ ðàçëè÷íûõ
ïðîñòðàíñòâåííûõ ÷àñòîò

ìèíèìóì â 8-10 1/ìì

îòñóòñòâèå â 150 1/ìì

Ï×Õ: àìïëèòóäà íà âûõîäå/àìïëèòóäà íà âõîäå



Çðåíèå ÷åëîâåêà: ÷óâñòâèòåëüíîñòü ê
ÿðêîñòè

Çàêîí Âåáåðà-Ôåõíåðà:

g = 1/εln(Lmax/Lmin)

ãäå g - êîëè÷åñòâî ãðàäàöèé ÿðêîñòè, Lmax , Lmin -
ìàêñ è ìèí îñâåùåííîñòü. Äëÿ ÷åëîâåêà
Lmax/Lmin = 1010 − 1012. Óñòàíîâëåíî, ÷òî ε = 0, 02.
Îïûò Â-Ô: èçìåíåíèå ÿðêîñòè ôîíà, g=805
Ïóñòü ÿðêîñòü ôîíà ïîñòîÿííà: g=253 (Lowry)



Âîñïðèÿòèå öâåòà

Äèàïàçîí âîñïðèíèìàåìûõ ÷àñòîò 400-700íì
Îòëè÷èå ñîñåäíèõ 2 íì

Ìîíîõðîìàòè÷åñêèå (÷èñòûå ñïåêòðàëüíûå) öâåòà:
150

Ïóðïóðíûå 50

Âñåãî ãëàç ðàçëè÷àåò äåñÿòêè òûñÿ÷ öâåòîâ

Îòêóäà òàêîå ìíîæåñòâî öâåòîâ?



Íàñûùåííîñòü (÷èñòîòà öâåòà) è òîí

Òîí - ãîñïîäñòâóþùèé ìîíîõðîìàòè÷åñêèé öâåò (Lλ)

p =
Lλ

Lλ + Lw
,

ãäå Lλ - ÿðêîñòü îñíîâíîé ìîíîõðîìàòè÷åñêîé
ñîñòàâëÿþùåé, Lw - ÿðêîñòü áåëîé ñîñòàâëÿþùåé.
÷åìó ðàâíà íàñûùåííîñòü äëÿ ìîíîõðîìàòè÷åñêèõ
öâåòîâ? Äëÿ áåëîãî öâåòà? àõðîìàòè÷åñêèõ
(ãðàäàöèè ñåðîãî) öâåòîâ?



Ðåöåïòîðû ãëàçà

ñèíåîùóùàþùèå

çåëåíîîùóùàþùèå

êðàñíîîùóùàþùèå



Îïûòû Ìàêñâåëëà è Ðàéòà

Figure: Îïûò Ìàêñâåëëà



Êðèâûå Ìàêñâåëëà

Figure: Êðèâûå Ìàêñâåëëà (ñì
http://graphics.stanford.edu/courses/cs178-10/

applets/colormatching.html)

Îòêóäà îòðèöàòåëüíûå çíà÷åíèÿ?

http://graphics.stanford.edu/courses/cs178-10/applets/colormatching.html
http://graphics.stanford.edu/courses/cs178-10/applets/colormatching.html


Ñèñòåìà RGB

R - 700 íì

G - 546,1 íì

B - 435,8 íì



Ôîðìóëû ñèíòåçà öâåòà

Bk =

∫
700

400

F (λ)Bk(λ)dλ;

Bz =

∫
700

400

F (λ)Bz(λ)dλ;

Bc =

∫
700

400

F (λ)Bc(λ)dλ.

ìåòàìåðíûå öâåòà: ðàâíû èíòåãðàëû, íî íå ðàâíû
ñïåêòðû F (λ)!



Ñèñòåìà XYZ

Ïðîáëåìà ñ RGB: îòðèöàòåëüíûå âåòâè Ðåøåíèå:
�íåðåàëüíûå � öâåòà XYZ: íàñûùåííîñòü âûøå, ÷åì
ýòî ðåàëèçóåìî

Figure: Ïðîñòðàíñòâî XYZ (Wikipedia



Ôîòîãðàôèÿ Ëèïïìàíà (1891)

Èäåÿ Ççàïèñü íå öâåòà (àìïëèòóäû), à âîëíû öåëèêîì
(èñêëþ÷åíèå ìåòàìåðíîñòè)

Figure: Ôîòîãðàôèÿ Ëèïïìàíà: óñòðîéñòâà çàïèñè - ñëåâà
è âîñïðîèçâåäåíèÿ - ñïðàâà (ïî ìàòåðèàëàì Ãðåáåííèêîâ
Î.Ô., Îñíîâû çàïèñè è âîñïðîèçâåäåíèÿ èíôîðìàöèè)



Òåëåâèäåíèå (PAL/SECAM): YUV

Òðåáîâàíèå: ïîìåõîóñòîé÷èâàÿ ïåðåäà÷à
÷åðíî-áåëîãî è öâåòíîãî èçîáðàæåíèÿ (÷åðíî-áåëûå è
öâåòíûå ÒÂ ïðèåìíèêè)
Êîäèðîâàíèå ÿðêîñòü è 2 öâåòà

FY (t) = 0, 3FR(t) + 0, 59FG (t) + 0, 11FB(t)

FR−Y = FR − FY ,

FB−Y = FB − FY



Ôóíêöèÿ ðàçìûòèÿ òî÷êè

Ireal(x , y) = H(u, v) ∗ Iideal(x , y) + v(x , y)



Ôóíêöèÿ ðàçìûòèÿ êðàÿ

Ireal(x , y) = H(u, v) ∗ Idideal(ax + by + c)



Óñðåäíåíèå

Äîìíîæèì èçîáðàæåíèå íà ìàòðèöó:

M1 =
1

9

 1 1 1
1 1 1
1 1 1

 M2 =
1

16

 1 2 1
2 4 2
1 2 1


box-ôèëüòð

âçâåøåííîå ñðåäíåå



Îáùèé ñëó÷àé

g(x , y) =

∑a
s=−a

∑b
t=−b w(s, t)f (x + s, y + t)∑a
s=−a

∑b
t=−b w(s, t)



Box-ôèëüòð ðàçíîãî ðàçìåðà



Box-ôèëüòð

Figure: Âûäåëåíèå íàèáîëåå ÿðêèõ îáúåêòîâ íà ñíèìêå ñ
òåëåñêîïà Hubble, NASA



Ìåäèàíà

Íåëèíåéíûé ôèëüòð: ýëåìåíòû îêðåñòíîñòè ïèêñåëÿ
ñîðòèðóþòñÿ, ïèêñåëü çàìåíÿåòñÿ íà ñðåäíèé ýëåìåíò
ïîñëåäîâàòåëüíîñòè

Figure: Èñõîäíîå èçîáðàæåíèå, óñðåäíåíèå ñ ìàñêîé 3 íà
3, ôèëüòðàöèÿ ìåäèàííûì ôèëüòðîì ñ îêíîì 3 íà 3, J.
Pascente, Lixi, Inc.



Ïðîèçâîäíûå èçîáðàæåíèÿ

Figure: R. Gonzales, R. Woods, Digital Image Processing



Îïåðàòîð Ëàïëàñà

∇2f =
∂2f

∂x2
+
∂2f

∂y2

∂2f

∂x2
= f (x + 1, y) + f (x − 1, y)− 2f (x , y)

∇2f = f (x + 1, y) + f (x − 1, y)+

+f (x , y + 1) + f (x , y − 1)− 4f (x , y)



Ðåàëèçàöèè îïåðàòîðà Ëàïëàñà:
èçîòðîïíàÿ äëÿ ïîâîðîòîâ 90◦, 45◦,
îòðèöàíèå

R. Gonzales, R. Woods, Digital Image Processing



Ïîâûøåíèå ðåçêîñòè:
g(x , y) = f (x , y)−∇2f (x , y)

R. Gonzales, R. Woods, Digital Image Processing



Ïîâûøåíèå ðåçêîñòè ñ ïîìîùüþ
îïåðàòîðà Ëàïëàñà, ðåàëèçàöèè

R. Gonzales, R. Woods, Digital Image Processing



Ïîâûøåíèå ðåçêîñòè ñ ïîìîùüþ
âû÷èòàíèÿ ñìàçàííîãî èçîáðàæåíèÿ

Unsharp masking:

fS(x , y) = f (x , y)− f̄ (x , y)

Boost �ltering:

fS(x , y) = Af (x , y)− f̄ (x , y),

ãäå A - êîýôôèöèåíò, f̄ (x , y) - óñðåäíåííîå
èçîáðàæåíèå



Îïåðàòîð Ñîáåëÿ: ñãëàæèâàíèå ïåðåä
âçÿòèåì ïðîèçâîäíîé

Sx =

 1
2
1

 (−1 0 1)

Sy = ST
x

IS(x , y) =
√
Sx ∗ I + Sy ∗ I

Èçâåñòíûé òðþê:∫
u′v = uv |ba −

∫
vdu

Åñëè uv |ba = 0, òî

d

∫
f (x)g(t−x) =

∫
df (x)g(t−x) =

∫
f (x)dg(t−x)



Ïîâûøåíèå êà÷åñòâà ìåäèöèíñêîãî
èçîáðàæåíèÿ

R. Gonzales, R. Woods, Digital Image Processing

Äåéñòâèÿ Èçîáðàæåíèå -> Ëàïëàñèàí -> Èñõîäíîå + C *
Ëàïëàñèàí
Èçîáðàæåíèå -> Ñîáåëü





Ïîâûøåíèå êà÷åñòâà ìåäèöèíñêîãî
èçîáðàæåíèÿ(2)

Äåéñòâèÿ A = Èçîáðàæåíèå -> Ñîáåëü -> Ñãëàæèâàíèå
B = A x (Èçîáðàæåíèå -> Ëàïëàñèàí)
C = Èçîáðàæåíèå + B
D = K (Èçîáðàæåíèå)α





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



Ãðàíèöà îáúåêòà

β(A) = A− (A	 B)



Äðóãèå àëãîðèòìû

Çàïîëíåíèå ðåãèîíà

Xk = (Xk−1 ⊕ B) ∩ AC

Èçâëå÷åíèå êîìïîíåíòû ñâÿçíîñòè äëÿ òî÷êè p

Xk = (Xk−1 ⊕ B) ∩ A, X0 = p
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