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�åãèñòðàöèÿ èçîáðàæåíèé � îïðåäåëåíèå ñîîòâåòñòâèé ìåæäó

äâóìÿ èçîáðàæåíèÿìè.
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Ïîñòàíîâêà çàäà÷è

• A � ¾àòëàñ¿ è åãî ñåãìåíòàöèÿ AS ,

• X � èçîáðàæåíèå(target). Íàéòè åãî ðàçìåòêó XS .

Íàéòè ïðîñòðàíñòâåííîå ïðåîáðàçîâàíèå(äå�îðìàöèþ,

òðàíñ�îðìàöèþ): T̂AX : A → X .

Îïðåäåëÿåì êëàññ ïðåîáðàçîâàíèé è ìèíèìèçèðóåì íåâÿçêó M
ìåæäó èçîáðàæåíèÿìè:

T̂AX =Tθ
M (Tθ(A), X)

Íàõîäèì ñåãìåíòàöèþ X : X̂S = T̂AX (AS ).
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Îñíîâíûå øàãè

• Tθ � êëàññ ïðîñòðàíñòâåííûõ òðàíñ�îðìàöèé,

• M � ìåòðèêà ìåæäó èçîáðàæåíèÿìè,

• min � ìåòîä îïòèìèçàöèè.



Îöåíèâàíèå êà÷åñòâà ðåãèñòðàöèè ìåäèöèíñêèõ èçîáðàæåíèé

Ââåäåíèå â çàäà÷ó ðåãèñòðàöèè èçîáðàæåíèé

Tθ

Plan

1 Ââåäåíèå â çàäà÷ó ðåãèñòðàöèè èçîáðàæåíèé

Ìåòîäû ðåãèñòðàöèè èçîáðàæåíèé

Tθ

M
min

2 Meäèöèíñêàÿ ñïåöè�èêà

3 Îöåíêà êà÷åñòâà ðåãèñòðàöèè ìåäèöèíñêèõ èçîáðàæåíèé



Îöåíèâàíèå êà÷åñòâà ðåãèñòðàöèè ìåäèöèíñêèõ èçîáðàæåíèé

Ââåäåíèå â çàäà÷ó ðåãèñòðàöèè èçîáðàæåíèé

Tθ

Êëàññû òðàíñ�îðìàöèé

•
Æåñòêèå(rigid),

•
ïåðåíîñ + âðàùåíèå + ìàñøòàáèðîâàíèå(rigid + s
ale),

•
à��èííûå,

•
íåëèíåéíûå(deformable).

Pie
ewise a�ne, pie
ewise rigid. . .
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Tθ

Íåëèíåéíûå äå�îðìàöèè

•
Radial Basis Fun
tions;

•
Free Form Deformations(splines);

•
Displa
ement �elds, indu
ed by physi
al models.

�åãóëÿðèçàöèÿ.
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Âàæíûå ñâîéñòâà òðàíñ�îðìàöèé

•
Îáðàòèìîñòü,

•
ñèììåòðè÷íîñòü,

•
ñîõðàíåíèå òîïîëîãèè(ñòðóêòóðû),

•
ãëàäêîñòü.



Îöåíèâàíèå êà÷åñòâà ðåãèñòðàöèè ìåäèöèíñêèõ èçîáðàæåíèé

Ââåäåíèå â çàäà÷ó ðåãèñòðàöèè èçîáðàæåíèé

M

Plan

1 Ââåäåíèå â çàäà÷ó ðåãèñòðàöèè èçîáðàæåíèé

Ìåòîäû ðåãèñòðàöèè èçîáðàæåíèé

Tθ

M
min

2 Meäèöèíñêàÿ ñïåöè�èêà

3 Îöåíêà êà÷åñòâà ðåãèñòðàöèè ìåäèöèíñêèõ èçîáðàæåíèé



Îöåíèâàíèå êà÷åñòâà ðåãèñòðàöèè ìåäèöèíñêèõ èçîáðàæåíèé

Ââåäåíèå â çàäà÷ó ðåãèñòðàöèè èçîáðàæåíèé

M

Îñîáûå òî÷êè(Geometri
 methods)

•
�ó÷íîå çàäàíèå òî÷å÷íûõ ñîîòâåòñòâèé(landmar
ks).

•
Îïðåäåëåíèå òî÷åê è ñîîòâåòñòâèé.

•
Îïðåäåëåíèå òîëüêî îñîáûõ òî÷åê(îáëàêî òî÷åê).

Rigid registration + landmarks � Orthogonal Pro
rustes problem.

A�ne registration + landmarks � Fast algorithm(Je�rey Ho,

Ming-Hsuan Yang).
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M

Ïîïèêñåëüíûå ìåòîäû(I
oni
 methods)

M(A, X) =

∫

ΩX

ρ (A(T (p)), X(p)) dp

•
Mean Squares: MMS(A, X) = 1

N

∑

(Ai − Xi)
2
.

•
NCC: MNCC(A, X) = −

∑

Ai Xi
√

∑

A2

i

∑

X 2

i

.

•
Mutual Information: MMI(A, X) = H(A) + H(X) − H(A, X).
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M

Òèïû èçîáðàæåíèé

Mono-modal, multi-modal.

•
Èñïîëüçîâàòü ïîäõîäÿùóþ ìåòðèêó.

•
Ïðåäîáðàáîòêà èçîáðàæåíèé(âûäåëåíèå êðàåâ,

ýêâèëèçàöèÿ...)

•
Ñâåäåíèå ê îäíîé ìîäàëüíîñòè ê äðóãîé.

•
Ìàøèííîå îáó÷åíèå.

Âîçìîæíîå êîìáèíèðîâàíèå Geometri
 and I
oni
 methods.
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min

Îïòèìèçàöèÿ

•
Íåïðåðûâíàÿ,

•
äèñêðåòíàÿ.
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Meäèöèíñêàÿ ñïåöè�èêà

Meäèöèíñêàÿ ñïåöè�èêà

•
�àçíûå ìîäàëüíîñòè.

•
Óâåðåííîñòü â ðåçóëüòàòå.

•
�àáîòà â ðåàëüíîì âðåìåíè.

•
�åãèñòðàöèÿ 2D â 3D.

•
�åãèñòðàöèÿ ìåìáðàí.
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Meäèöèíñêàÿ ñïåöè�èêà

Íåñêîëüêî àòëàñîâ

•
Âûáîð ëó÷øåãî íàáîðà àòëàñîâ.

•
Ìíîãîàòëàñíàÿ ñåãìåíòàöèÿ, atlas fusion.

•
Atlas propogation.
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Meäèöèíñêàÿ ñïåöè�èêà

Èíñòðóìåíòû

•
ITK(Insight Tool Kit).

•
Matlab.

•
Demons registration.

•
. . .
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Êà÷åñòâî ðåãèñòðàöèè

Åñëè XS èçâåñòíà(ground truth).

•
Di
e's 
oe�
ient Dice(AS , XS) = 2

|AS∩XS |
|AS |+|XS | .

•
Hausdor� distan
e H(AS , XS) = max (h(AS , XS), h(XS , AS)) ,

h(AS , XS) = maxa∈AS
minx∈XS

||a − x ||.

Åñëè XS íå èçâåñòíà, òî èñïîëüçóþò îñòàòî÷íîå çíà÷åíèå

ìåðû(íåâÿçêó).

M
(

T̂AX (A), X
)

.

Íàïðèìåð, residual mutual information.
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Äâà àòëàñà

A1

A1 A2

X

X

T1,X

T1,2 T2,X

T1,X
• T1,2 ◦ T2,X ? T1,X .

• Dice(A2S
, T1,2(A1S

)) + Dice(XS , T2,X (A2S
)) ? Dice(XS , T1,X (A1S

)).

• d1,3 =
d1,2+d2,3

2
.

• d1,3 = d1,2 · d2,3.
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Registration 
ir
uits

A

•
Ïðåäïîëàãàåì ÷òî îøèáêè àääèòèâíû(èëè

ìóëüòèïëèêàòèâíû),

•
âû÷èñëèòü äå�îðìàöèè è Di
e ïî âñåì öèêëàì:

εAX1
+ εX1X3

+ εX3A = 3Dice (AS , TAX1
(TX1X3

(TX3A(AS))))

. . .

èëè

εAX1
· εX1X3

· εX3A = Dice (AS , TAX1
(TX1X3

(TX3A(AS ))))

. . .

•
�åøàåì ñèñòåìó óðàâíåíèé.

Åñëè íå äàíî íè îäíîãî àòëàñà, ìîæíî èñïîëüçîâàòü íîðìó

ïîëÿ êîìïîçèöèè äå�îðìàöèé.
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Îïòèìèçàöèÿ

min ‖x‖2

x =







εi1 + εj1 + εk1
− Di1j1k1

.

.

.

εiC + εjC + εkC
− DiC jC kC







(1)

N èçîáðàæåíèé, èç íèõ K àòëàñîâ. Òîãäà E = N(N − 1) � ÷èñëî

ðåáåð (íåèçâåñòíûõ). C = K (N − 1)(N − 2) � ÷èñëî íàïðàâëåííûõ

öèêëîâ äëèíû 3(êîëè÷åñòâî óðàâíåíèé).

ε ∈ R
E×1

, P ∈ {0, 1}C×E .

min‖Pε − E‖2

s .t. 0 ≤ ε ≤ 1.
(2)
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Ìóëüòèïëèêàòèâíàÿ îøèáêà

min ‖x‖2

x =







log εi1 + log εj1 + log εk1
− log Di1j1k1

.

.

.

log εiC + log εjC + log εkC
− log DiC jC kC






,

s .t. 0 < εp ≤ 1, p = 1, . . . , E .

(3)

Ìàòðèöà P ðàçðåæåííàÿ. lsqlin.
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Results. Áåç ðåãóëÿðèçàöèè, pinv
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Results. Àääèòèâíàÿ ìîäåëü
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Results. Ìóëüòèïëèêàòèâíàÿ ìîäåëü
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N
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Îöåíêà êà÷åñòâà ðåãèñòðàöèè ìåäèöèíñêèõ èçîáðàæåíèé

Results

•
Êëàññè�èêàöèÿ: ïðîøëà/íå ïðîøëà ðåãèñòðàöèÿ. ROC.

•
Çàâèñèìîñòü îò äàííûõ.

•
Ïðèìåíåíèå äëÿ ðåãèñòðàöèè.
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