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Motivation: need for 3D segmentation algorithms
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HAHII Example: ophthalmology is experiencing a recent shift

towards use of 3D imaging modalities

Retina
Choroid

_—>Sclera

Macula

Optic nerve

left eye

fundus photography
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HAHII Example: ophthalmology is experiencing a recent shift
towards use of 3D imaging modalities

optical coherence
tomography

2D

fundus photography
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Segmenting the 3D retinal layers is important for diagnosing and
managing a variety of diseases causing blindness, such as glaucoma

7-11
surfaces!
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ﬁ Segmenting the 3D retinal layers is important for diagnosing and

managing a variety of diseases causing blindness, such as glaucoma

B

One challenge: developing algorithms that can
efficiently take advantage of 3D (or nD)
contextual information and simultaneously find
the surfaces of interacting objects

surfaces!
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LOGISMOS
approach

LOGISMOS = Layered Optimal Graph Image E— I
Segmentation of Multiple Objects and Surfaces E985_Surface_Flatxml :

Intraretinal layer
segmentation

Other applications and future directions

Mona K. Garvin Graph-based segmentation of 3D ophthalmic structures



LOGISMOS
approach

LOGISMOS = Layered Optimal Graph Image E— I
Segmentation of Multiple Objects and Surfaces E985_Surface_Flatxml :

Intraretinal layer
segmentation
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ﬁ LOGISMOS basics

“Find the feasible set of surfaces that has the minimum cost.”

Multiple Surface Minimum-Cost ST G T

Segmentation Closed Set
Problem Problem

v v

Surface Set Graph

Problem

Feasibilityl v Structure ' v

K. Li et al., PAMI 2006, extensions: M. Garvin et al.,, TMI 2009
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ﬁ The optimality of the LOGISMOS approach allows a user to

focus on cost function design (without thinking about graphs)

Multiple Surface Minimum-Cost
Segmentation Closed Set
Problem Problem

v v

Surface Set Graph

Feasibility ’ Structure )

Minimum s-t Cut
Problem

. The graph-theoretic
steps will guarantee |
i that we will find the |
 optimal set of surfaces
| subject to the |

| feasibility constraints. |
K. Li et al., PAMI 2006, extensions: M. Garvin et al, TMI 2000 e
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ﬁ The multiple surface segmentation problem

Surface set feasibility Surface set costs

Multiple Surface

Segmentation
Problem

smoothness constraints on-surface costs

surface interaction constraints l in-region costs

Surface Set

Feasi:llily v
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ﬁ Surface set feasibility

Set of n surfaces: {fi(z,v),..., fn(z,y)}

Smoothness constraints

» [
— A a1 ) (wa0) < F(@1,91) = F(@2,92) < Ay 1) (29,0))
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ﬁl Surface set feasibility

Set of n surfaces: {fi(z,y),..., folz,y)}

Smoothness constraints

» [
— A a1 ) (wa0) < F(@1,91) = F(@2,92) < Ay 1) (29,0))

Surface interaction constraints
0 (z,y) < filz,y) — filz,y) < 8%(z,y)
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ﬁ The multiple surface segmentation problem

Surface set feasibility Surface set costs

Multiple Surface

Segmentation
Problem

smoothness constraints on-surface costs

surface interaction constraints l in-region costs

Surface Set

Feasilaﬂy v

More on
surface set costs...
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ﬁl Two categories of cost functions

n surfaces, n+ 1| regions

® On-surface costs: Each voxel has n on-surface
costs corresponding to the unlikeliness of
belonging to each surface.

® In-region costs: Each voxel has n+/ in-region
costs corresponding to the unlikeliness of
belonging to each region.
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HAHII Cost function using both on-surface and in-region

COStsS

2 (@) 2= fa(w )y Courtz (2595 2)

D (@) z= 1wy Conrtr (T3 95 2)

Surface set cost function:

CLt(,y), f2 (@) eoerfn (w19) ) =
Z Cfi(icay) + Z Cr,
i=1 i=0

On-surface costs: In-region costs:
Cfi (z,y) — Z Csurf; (ZE, Y, Z) CRi — Z Creg, (ZU, Y, Z)
{(:c,y,z)|z:f@(a:,y)} (xayaz)ERi
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ﬁl Example using only on-surface costs

Find indicated 7 surfaces
in OCT image using only
on-surface costs.

OCT Image

Mona K. Garvin Graph-based segmentation of 3D ophthalmic structures



ﬁl Example using only on-surface costs

OCT Image Encourage Encourage
dark-to-bright bright-to-dark
transitions transitions
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ﬁl Example using only on-surface costs

Seven cost images:

OCT Image
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ﬁl Example using only on-surface costs

Seven cost images:

OCT Image
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ﬁl Example using only on-surface costs

Seven cost images:
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OCT Image
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ﬁl Example using only on-surface costs

Seven cost images:
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OCT Image
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ﬁl Example using only on-surface costs

Seven cost images:

e w&f w I

OCT Image
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ﬁl Example using only on-surface costs

Seven cost images:
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ﬁl Example using only on-surface costs

Seven cost images:
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ﬁl Example using only on-surface costs

Seven cost images:
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ﬁl Example using only on-surface costs

Seven cost images:
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OCT Image

+ smoothness constraints
+ thickness constraints
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ﬁl Example using only on-surface costs

f A non- optlmal set “f Seven cost images:
| of surfaces i,

OCT Image
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ﬁl Example using only on-surface costs
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OCT Image Result

The optimal set of surfaces
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ﬁl Example using only in-region costs

Find indicated 7 surfaces
in OCT image using only
In-region costs.

OCT Image
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ﬁl Example using only in-region costs

Eight cost images:
’B .. : E
I p) 3
4
+ smoothness constraints
+ thickness constraints

OCT Image -
(labeled regions)
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ﬁl Example usmg only in-region costs

’} A non- optlmal set |
' of surfaces

Eight cost images:

Gl
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ﬁl Example using only in-region costs
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OCT Image Result

The optimal set of surfaces
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HAHII Example using both on-surface and in-region costs

Find indicated 7 surfaces in
OCT image using both
on-surface and in-region costs.

OCT Image
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ﬁl Example using both on-surface and in-region costs

Seven on-surface and eight in-region cost images:

surfl surf2 surf3 surf4 surfS surf6 surf/

T

reg0 regl reg2 reg3d reg4d regh regb reg/
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Example using both on-surface and in-region costs
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OCT Image Result

The optimal set of surfaces
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The graph structure ensures surface set feasibility. The assigned

vertex weights ensure the optimal feasible surface set will be found.

Multiple Surface Minimum-Cost
Segmentation Closed Set
Problem Problem

Surface Set

Graph
Feasibility ’

Minimum s-t Cut

Problem

Structure ‘

K. Li et al., PAMI 2006, extensions: M. Garvin et al.,, TMI 2009
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ﬁ Intracolumn and intercolumn edges enforce

smoothness constraints

Graph nodes
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ﬁ Intracolumn and intercolumn edges enforce

smoothness constraints

t Add intracolumn edges
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ﬁ Intracolumn and intercolumn edges enforce

smoothness constraints

Add intercolumn edges
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ﬁl Intracolumn and intercolumn edges enforce

smoothness constraints

A closed set




ﬁl Intracolumn and intercolumn edges enforce

smoothness constraints

Not a closed set
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ﬁl The cost of each surface set corresponds (within a

constant) to the cost of the corresponding closed set

Surface set cost: Closed set cost:
> Criwy + _ Chr, Y Cry+) Cr+K
1=1 1=0 1=1 1=0

|

Minimum surface .
== Minimum closed set

set cost
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ﬁl On-surface cost representation

Z{(xa%zﬂZ:fg(a:,y)} Csurfy (CC, Y, Z)

Z{(xayazﬂ?«’:fl(a:,y)} Csurf; (CC, Y, Z)
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ﬂ%ﬂ On-surface cost representation

node weight:

w e (x,y,2) = Court; (2 Y, 2) it z=0
CHTEI AT Csurf, (T, Y, 2) — Csurt, (€, Y, 2 — 1) otherwise

Surface Cost 2 Closed Set Cost 2

A
A

Surface Cost 1

Closed Set Cost 1
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Graph representation of on-surface costs (toy

example)

CEEE
EEE
SEEE
FEEE
ECE
EEE

cost image

Mona K. Garvin

graph representation
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Graph representation of on-surface costs (toy

example)
DEnnh
EEE
SR
n surf. cost=50
ECE
R

cost image graph representation
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Graph representation of on-surface costs (toy
example)

cost image graph representation
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f

Graph representation of on-surface costs (toy
example)

Problem: empty }
50 | [ 50 | | 50 closed set ' '
{ less expensive! ¢ & Q
(X X ¥
50 60 surf. cost=50 J }
30 50 | CS cost=50 @ t@t@
50 40 50 40 @*@ @ @

cost image

Mona K. Garvin

graph representation
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Graph representation of on-surface costs (toy

example)

Ensure non-empty P X X 3
I: closed set will be | i
, minimum. RS E X0

m
subtract
ﬂ
40

) ¢
9, Mt
80

. (sum of last t
row + |) =
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cost image graph representation
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Graph representation of on-surface costs (toy

example)
n
n

50 - 18I

cost image graph representation
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60 40 50 50

50 60

50 40 50 40
cost image
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Graph representation of on-surface costs (toy
example)

graph representation
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ﬁl In-region cost representation

node weight (in subgraph associated with surface i)
win—regi (33, Y, Z) — Cregi_l (ZC, Y, Z) o Cregi (33, Y, Z)
(region below) (region above)

used with surface 2

PN

used with surface |

PN
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ﬁl In-region cost representation

node weight (in subgraph associated with surface i)
win—regi (337 Y, Z) — Cregi_l (CL’, Y, Z) o Cregi (337 Y, Z)
(region below) (region above)

used with surface 2

constant
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The graph structure ensures surface set feasibility. The assigned
vertex weights ensure the optimal feasible surface set will be found.

Multiple Surface Minimum-Cost
Segmentation Closed Set
Problem Problem

v v

Surface Set Graph

Feasibility ’ v Structure ‘

Minimum s-t Cut
Problem

K. Li et al., PAMI 2006, extensions: M. Garvin et al.,, TMI 2009
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LOGISMOS
approach

LOGISMOS = Layered Optimal Graph Image E— I
Segmentation of Multiple Objects and Surfaces E985_Surface_Flatxml :

Intraretinal layer
segmentation

Other applications and future directions
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Example other LOGISMOS applications: thrombus
segmentatlon in abdomlnal aortic aneurysms

qn.

Lee, et al,,
Comput Biol

MEPIG [V (from Sonka, et al 4.0
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Example other LOGISMOS applications: thrombus

segmentation in abdominal aortic aneurysms

s 3"1 -
i V. VLeT
~ %
. ] Thrombus Thickness
Lee, et al.,
Comput Biol
Med, 2010 (from Sonka, et al.)
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Example other LOGISMOS applications: airway tree

(from Sonka, et al.)

(L

Trachea LMB UB6  TilB  LB8S

Trachea LMB LLB6  TrLLB LB8_s
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Example other LOGISMOS applications: pulmonary
fissures

(from Reinhardt, et al.)
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Example other LOGISMOS applications: determining
cartilage thickness

"(‘

. {(from Sonka, etal.) = 56 4
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ﬁ Example other LOGISMOS applications: determining
cartilage thickness

(from Sonka, et al.)

scalars
0000 202 4.04

Yin et al.,TMI,2010
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ﬁl Challenge: layers with disruptions

=" bl Wryh =8, ; "‘“'H L -‘._'n
A -, (e)

Quellec et al.,, TMI 2010, Abramoff et al., R-BME, 2010
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The LOGISMOS approach enables the optimal and
simultaneous segmentation of multiple surfaces
and/or objects in polynomial time.

Example applications include intraretinal layer
segmentation, knee cartilage segmentation, vascular
segmentation, airway segmentation, ...

Mona K. Garvin
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