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Òåêñòóðà

Òåêñòóðà � ýòî èçîáðàæåíèå, âîñïðîèçâîäÿùåå
âèçóàëüíûå è òàêòèëüíûå ñâîéñòâà êàêèõ-ëèáî
ïîâåðõíîñòåé èëè îáúåêòîâ.

Ïîä òåêñòóðîé ïîíèìàþò õàðàêòåðèñòèêè
îáúåêòà, îïðåäåëÿåìûå åãî ðàçìåðîì, ôîðìîé,
ïëîòíîñòüþ, ðàñïîëîæåíèåì è ñîîòíîøåíèåì
ýëåìåíòàðíûõ ÷àñòåé.

Î òåêñòóðå ãîâîðÿò, ÷òî îíà ãëàäêàÿ èëè

øåðîõîâàòàÿ, ìÿãêàÿ èëè æåñòêàÿ, êðóïíàÿ èëè

ìåëêàÿ, ìàòîâàÿ èëè ãëÿíöåâàÿ.

Êàðòèíêè âçÿòû èç ñòàòüè Georgy L. Gimel'farb, Dongxiao Zhou ¾Texture Analysis by Accurate

Identi�cation of a Generic Markov-Gibbs Model¿
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Ñâîéñòâà òåêñòóðû

Ðåãóëÿðíîñòü

Ñòîõàñòè÷åñêîå
ïðîèñõîæäåíèå

Îäíîðîäíîñòü /
ñëàáàÿ
îäíîðîäíîñòü
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Çàäà÷è, ñâÿçàííûå ñ àíàëèçîì òåêñòóðû

Êëàññèôèêàöèÿ èçîáðàæåíèé

Manik Varma, Andrew Zisserman ¾A Statistical Approach to Texture Classi�cation from Single

Images¿

Ïîèñê ïîäõîäÿùèõ èçîáðàæåíèé ïî çàïðîñó
¾Íàéäè âñå ñíèìêè (ñî ñïóòíèêà) ó÷àñòêîâ ðàñòèòåëüíîñòè, êîòîðûå
ïîõîæè íà ýòîò ñíèìîê¿
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Çàäà÷è, ñâÿçàííûå ñ àíàëèçîì òåêñòóðû

Ñåãìåíòàöèÿ ïî òåêñòóðå

Ðèñ. 1 : Ñåãìåíòàöèÿ ñíèìêà ñ ñàìîëåòà. (a) èñõîäíûé ñíèìîê; (b) ïîëÿ; (c)
íàñåëåííàÿ çîíà; (d) ó÷àñòêè ðàñòèòåëüíîñòè.
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Çàäà÷è, ñâÿçàííûå ñ àíàëèçîì òåêñòóðû

Óãàäàòü ôîðìó 3D ïîâåðõíîñòè ïî òåêñòóðå
Katsushi Ikeuchi ¾Shape from Regular Patterns¿, Arti�cial

Intelligence, 1984
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Çàäà÷è, ñâÿçàííûå ñ àíàëèçîì òåêñòóðû

Ñèíòåç òåêñòóðû
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Ïðèçíàêè òåêñòóðû. Ñòàòèñòèêè I ïîðÿäêà

Áóäåì ðàññìàòðèâàòü èçîáðàæåíèÿ â îòòåíêàõ ñåðîãî. Íà îñíîâå èçîáðàæåíèÿ
ìîæíî ïîëó÷èòü ïðèçíàêè, îïèñûâàþùèå ðàñïðåäåëåíèå ÿðêîñòè ïèêñåëåé.
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Ïðèçíàêè òåêñòóðû. Ñòàòèñòèêè I ïîðÿäêà

Áóäåì ðàññìàòðèâàòü èçîáðàæåíèÿ â îòòåíêàõ ñåðîãî. Íà îñíîâå èçîáðàæåíèÿ
ìîæíî ïîëó÷èòü ïðèçíàêè, îïèñûâàþùèå ðàñïðåäåëåíèå ÿðêîñòè ïèêñåëåé.
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Ïðèçíàêè òåêñòóðû. Ñòàòèñòèêè II ïîðÿäêà

Ñòàòèñòèêè II ïîðÿäêà ðàññìàòðèâàþò ðàñïðåäåëåíèå íå ñàìèõ ïèêñåëåé,
à âçàèìíîå ðàñïîëîæåíèå ïàð ïèêñåëåé. Èçâåñòíûé ñïîñîá ïîñòðîèòü
òàêèå ñòàòèñòèêè îñíîâûâàåòñÿ íà ïîäñ÷åòå Grey-Level Co-occurence
Matrix (GLCM).

G(∆x,∆y)(I1, I2) =
n∑

p=1

m∑
q=1

{
1, åñëè I (p, q) = I1 è I (p + ∆x , q + ∆y) = I2

0, èíà÷å

G∆x,∆y (I1, I2) ðàâíî ÷èñëó ïàð ïèêñåëåé íà èçîáðàæåíèè, òàêèõ ÷òî ó
îäíîãî ïèêñåëÿ èíòåñèâíîñòü I1, à ó åãî ñîñåäà â íàïðàâëåíèè (∆x ,∆y )
èíòåíñèâíîñòü I2.

Íà ïðàêòèêå îãðàíè÷èâàþòñÿ G(1,0),G(1,1),G(0,1),G(−1,−1). Êîðî÷å ýòî
çàïèñûâàþò êàê G0◦ ,G45◦ ,G90◦ ,G135◦ .
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Ïðèçíàêè òåêñòóðû. Ñòàòèñòèêè II ïîðÿäêà

Ìîæíî ïîñ÷èòàòü ñòàòèñòè÷åñêèå ìîìåíòû ìàòðèö GLCM. Ââåäåì
îïðåäåëåíèÿ:

Ïóñòü G(i, j) � ëþáàÿ èç 4 GLCM-ìàòðèö.

Ng � ÷èñëî óðîâíåé ñåðîãî â èçîáðàæåíèè.

p(i , j) = G(i,j)
R

, R � íîðìèðîâêà.

px(i) =
∑Ng

j=1 p(i , j) � ðàñïðåäåëåíèå ïî x (àíàëîãè÷íî ïî y)

px+y (k) =
∑Ng

i=1

∑Ng

j=1;i+j=k p(i , j), k = 2, 3, · · · , 2Ng � ðàñïðåäåëåíèå ïî
ïîáî÷íûì äèàãîíàëÿì

px−y (k) =
∑Ng

i=1

∑Ng

j=1;|i−j|=k
p(i , j), k = 0, 1, · · · ,Ng − 1 � ðàñïðåäåëåíèå

ïî ãëàâíûì äèàãîíàëÿì

R. Haralick ¾Texture Features for Image Classi�cation¿
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Ïðèçíàêè òåêñòóðû. Ñòàòèñòèêè II ïîðÿäêà

Ìîæíî ïîñ÷èòàòü ñòàòèñòè÷åñêèå ìîìåíòû ìàòðèö GLCM. Ââåäåì
îïðåäåëåíèÿ:

Ïóñòü G(i, j) � ëþáàÿ èç 4 GLCM-ìàòðèö.

Ng � ÷èñëî óðîâíåé ñåðîãî â èçîáðàæåíèè.

p(i , j) = G(i,j)
R

, R � íîðìèðîâêà.

px(i) =
∑Ng

j=1 p(i , j) � ðàñïðåäåëåíèå ïî x (àíàëîãè÷íî ïî y)

px+y (k) =
∑Ng

i=1

∑Ng

j=1;i+j=k p(i , j), k = 2, 3, · · · , 2Ng � ðàñïðåäåëåíèå ïî
ïîáî÷íûì äèàãîíàëÿì

px−y (k) =
∑Ng

i=1

∑Ng

j=1;|i−j|=k
p(i , j), k = 0, 1, · · · ,Ng − 1 � ðàñïðåäåëåíèå

ïî ãëàâíûì äèàãîíàëÿì

R. Haralick ¾Texture Features for Image Classi�cation¿
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Ïðèçíàêè òåêñòóðû. Ñòàòèñòèêè II ïîðÿäêà

Ïðèçíàêè Ãàðàëèêà. 14 ïåðâè÷íûõ ïðèçíàêîâ.

R. Haralick ¾Texture Features for Image Classi�cation¿
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Ïðèçíàêè òåêñòóðû. Ñòàòèñòèêè II ïîðÿäêà

R. Haralick ¾Texture Features for Image Classi�cation¿

Ñåâàñòîïîëüñêèé Àðòåì (ÌÌÏ ÂÌÊ ÌÃÓ) Òåêñòóðíûå ïðèçíàêè 14



Ïðèçíàêè òåêñòóðû. Ñòàòèñòèêè II ïîðÿäêà

Âñå ýòè ïðèçíàêè ñ÷èòàþòñÿ äëÿ êàæäîé èç 4 ìàòðèö GLCM:
G0◦ ,G45◦ ,G90◦ ,G135◦ .

Äëÿ êàæäîãî èç 4 çíà÷åíèé ïðèçíàêà áåðåì ñðåäíåå è äèñïåðñèþ.

Ïîëó÷àåòñÿ 14 · 2 = 28 ïðèçíàêîâ.

R. Haralick ¾Texture Features for Image Classi�cation¿
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Ïðèçíàêè òåêñòóðû. Ñòàòèñòèêè II ïîðÿäêà

Èç ýòèõ 14 ìîæíî âûäåëèòü íåñêîëüêî íàèáîëåå âàæíûõ ïðèçíàêîâ.

R. Haralick ¾Texture Features for Image Classi�cation¿
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Ïðèçíàêè òåêñòóðû. Ñòàòèñòèêè II ïîðÿäêà

Êëàññèôèêàöèÿ òåêñòóð

Äàòàñåò èç 600
ôîòîãðàôèé ìåñòíîñòè ñî
ñïóòíèêà (300 îáó÷àþùèõ,
300 òåñòîâûõ).

Èñïîëüçóþòñÿ ñòàòèñòèêè
I ïîðÿäêà + íåñêîëüêî
ïðèçíàêîâ Ãàðàëèêà.

Ïðîâîäèëàñü
êëàññèôèêàöèÿ ñ
ïîìîùüþ ëèíåéíûõ
äèñêðèìèíàíòíûõ
ôóíêöèé.

R. Haralick ¾Texture Features for Image Classi�cation¿
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Ïðèêëàäíàÿ çàäà÷à � äèàãíîñòèêà áîëåçíè Àëüöãåéìåðà

First and Second Order Statistics

Features for Classi�cation of Magnetic

Resonance Brain Images

Namita Aggarwal, R. K. Agrawal

2012 ã.

School of Computer and Systems
Sciences, Jawaharlal Nehru
University, New Delhi, India
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Ïðèêëàäíàÿ çàäà÷à � äèàãíîñòèêà áîëåçíè Àëüöãåéìåðà

Áîëåçíü Àëüöãåéìåðà � òðóäíîèçëå÷èìàÿ áîëåçíü, âûçûâàþùàÿ
íàðóøåíèÿ ðàáîòû ìîçãà, ÿçûêîâîãî öåíòðà, ïàìÿòè.
Èññëåäóåòñÿ âîçìîæíîñòü äèàãíîñòèêè áîëåçíè Àëüöãåéìåðà íà îñíîâå
ÌÐÒ-ñêàíîâ ìîçãà.
Ñîãëàñíî èññëåäîâàíèÿì, ó ëþäåé íà ðàííåé ñòàäèè áîëåçíè ðàçìåð
ãèïîòàëàìóñà ìåíüøå, à áîêîâûõ æåëóäî÷êîâ áîëüøå.

Ðèñ. 2 : Ñêàíû ÌÐÒ (à) ìîçãà çäîðîâîãî ÷åëîâåêà, (á) ìîçãà ÷åëîâåêà ñ
ïîäîçðåíèåì íà áîëåçíü Àëüãåéìåðà.
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Ïðèêëàäíàÿ çàäà÷à � äèàãíîñòèêà áîëåçíè Àëüöãåéìåðà

Äàííûå Harvard Medical
School, 90 êàðòèíîê.

Sensitivity = TP
TP+FN

Speci�city = TN
TN+FP

Accuracy = TP+TN
TP+TN+FP+FN

DB4 � ðàçëîæåíèå
èçîáðàæåíèÿ ïî
âåéâëåòàì Daubechies-4.

HaarPCA - ðàçëîæåíèå
èçîáðàæåíèÿ ïî
âåéâëåòàì Õààðà + PCA.

FSStat � ïðèçíàêè
Õàðàëèêà.
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Ñïåêòðàëüíûå ïðèçíàêè.

Äðóãîé êëàññ ïðèçíàêîâ � ñïåêòðàëüíûå.

Ñòðîèòñÿ áàíê ôèëüòðîâ � ñïåöèàëüíûõ ôóíêöèé èëè èçîáðàæåíèé,
êàæäîå èç êîòîðûõ îòâå÷àåò çà îïðåäåëåííóþ õàðàêòåðèñòèêó òåêñòóðû.

Ïðîèçâîäèòñÿ ñâåðòêà èçîáðàæåíèÿ ñ êàæäûì èç ôèëüòðîâ, ïîëó÷àþòñÿ
îòêëèêè.

Ñ÷èòàþòñÿ õàðàêòåðèñòèêè îòêëèêîâ (íàïðèìåð, ñðåäíèå è äèñïåðñèÿ).
Âñå îíè êîíêàòåíèðóþòñÿ â âåêòîð ïðèçíàêîâ.
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Ñïåêòðàëüíûå ïðèçíàêè. Ôèëüòðû Ãàáîðà

Ïðèìåð � ôèëüòðû Ãàáîðà.

Äâóìåðíûé ôèëüòð Ãàáîðà çàäàåòñÿ ôîðìóëîé

G (x , y) = exp

(
−1
2

[
x2φ

σ2x
+

y2φ

σ2y

])
cos(2πθxφ),

xφ = x cos(φ) + y sin(φ), yφ = −x sin(φ) + y cos(φ),
σx , σy � ðàñòÿíóòîñòü ôèëüòðà ïî îñÿì, θ � ÷àñòîòíàÿ ìîäóëÿöèÿ, φ �
ïðîñòðàíñòâåííàÿ îðèåíòàöèÿ ôèëüòðà.

Ôèëüòðû Ãàáîðà ñîîòâåòñòâóþò ïðîñòûì êëåòêàì âèçóàëüíîãî öåíòðà
ìîçãà ÷åëîâåêà è ìëåêîïèòàþùèõ.

B.S. Manjunathi and W.Y. Ma ¾Texture Features for Browsing and Retrieval of Image Data¿

Ñåâàñòîïîëüñêèé Àðòåì (ÌÌÏ ÂÌÊ ÌÃÓ) Òåêñòóðíûå ïðèçíàêè 22



Ñïåêòðàëüíûå ïðèçíàêè. Ôèëüòðû Ãàáîðà

Âàðüèðóÿ ïàðàìåòðû, ìîæíî
ïîëó÷èòü ñèñòåìó âåéâëåòîâ
Ãàáîðà ðàçíûõ íàïðàâëåíèé è
ìàñøòàáîâ.

gmn = a−mg(x ′, y ′), a > 1,m, n ∈ Z,

ãäå x ′ = a−m(x · cos πn
k

+ y · sinπn
k

),
y ′ = a−m(−x · sinπn

k
+ y · cos πn

k
),

g(x ′, y ′) � íåêîòîðûé èñõîäíûé
âåéâëåò.

Ñèñòåìà ïîëíàÿ, íî íå
îðòîãîíàëüíàÿ.

B.S. Manjunathi and W.Y. Ma ¾Texture Features for Browsing and Retrieval of Image Data¿
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Ñïåêòðàëüíûå ïðèçíàêè. Ôèëüòðû Ãàáîðà

Èòîãîâîå ïðåîáðàçîâàíèå
èçîáðàæåíèÿ:

Wmn(x , y) = I ∗ gmn, `*' � ñâåðòêà

µmn =

∫ ∫
|Wmn(x , y)|dxdy ,

σmn =

√∫ ∫
(|Wmn(x , y)| − µmn)2dxdy

Âåêòîð ïðèçíàêîâ:

[µ00, σ00, µ01, · · · , µ35, σ35]

Ñåâàñòîïîëüñêèé Àðòåì (ÌÌÏ ÂÌÊ ÌÃÓ) Òåêñòóðíûå ïðèçíàêè 24



Ñïåêòðàëüíûå ïðèçíàêè. Ôèëüòðû Ãàáîðà. Ýêñïåðèìåíòû

Ìíîãîêëàññîâàÿ
êëàññèôèêàöèÿ. Â äàòàñåòå
îêîëî 110 êàðòèíîê ðàçìåðà
512 x 512. Îíè ðàçáèâàþòñÿ íà
16 ÷àñòåé, òåì ñàìûì
ïîëó÷àåòñÿ ïðèìåðíî 1800
êàðòèíîê.
Äëÿ êàæäîé êàðòèíêè
ñ÷èòàþòñÿ å¼ K áëèæàéøèõ
ñîñåäåé â îáó÷àþùåé âûáîðêå
(ïî L1 ìåòðèêå). Èññëåäóåòñÿ,
ñêîëüêî èç K ñîñåäåé èç òîé
æå èñõîäíîé êàðòèíêè.

Ðåçóëüòàò - 74% ïðè K=15,

92% ïðè K=100 (ñðåäíÿÿ äîëÿ

óãàäûâàíèé).

Îäíî èç îñíîâíûõ ïðåèìóùåñòâ: ìåòîä èíâàðèàíòåí ê ïîâîðîòàì è
ðàñòÿæåíèÿì.

B.S. Manjunathi and W.Y. Ma ¾Texture Features for Browsing and Retrieval of Image Data¿
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Ñïåêòðàëüíûå ìåòîäû. Òåêñòîíû.
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