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ML Motivation H

> ROl segmentation Is important, but difficult

» Manual slice tracing always works
--but It Is time consuming

» Automated segmentation avoids user interventi
--but it Is strongly application dependent

» Semiautomatic methods allow for full user cont
while reducing human involvement




8§ Prior Work H

2D Live Wire:

» Mortenseret al. IEEE Computers in Cardiology 1992

» Mortenseret al. (Graphical Models and Medical Imaging 1998
» Falcaocet al.(SPIE Medical Imaging 1996

» Falcaocet al.(Graphical Models and Medical Imaging 1998

3D Live Wire:
> Falcaocet al.(Medical Image Analysis 20D0
» Schenket al. (MICCAI 2000
» Salahet al.(Workshop Bildverarbeitung in der Medizin 2005
» Hamarnelet al. (SPIE Medical Imaging 2005
» Konig et al.(SPIE Medical Imaging 2005)




ML Cost Function E

| mage Feature

Laplacian Zero-Crossing

Gradient Magnitude

Gradient Direction

Secondary Gradient Direction

Cost Function:
1(p,q) =w, f,(q) +wg fe(q) +Wp Tp (P, Q) + W T (P, 0)

* Three components were derived frdvhortensen 98




ML Gradient Direction
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HL Gradient Direction R

Live Wire using old cost Live wire with new coJii




L 2D Graph-Search Algorithm™#

Input:
8 [+ Seed pixel */

l(p,7) /# Local cost function for link between “p” and “r” */
Data Structures: _ .
/% List of active pixels sorted by total cost(initially empty) */
N(p) /# Neighborhood set of “p”(contains 8 neighbors of pixel “p”) %/
e(p) /# Boolean function indicating if “p” has been processed #/
g(p) /+ Total cost function from seed point to pixel “p” */
Output

pt /# Pointers from each pixel indicating the minimum cost path #/
Algorithm:
g(8) — 0; L «— s; /#+ Initialize active list with zero cost seed pixel */
While L # @ do begin /# While still points to expand =/
pt — min(L); /#* remove min cost pixel “p” from active list %/
e(p) — TRUE; /+ Mark “p” as processed #/

for each r € N(p) such that —e(r) do begin

gtemp +— g(p) + lip. r); /# Compute total cost to neighbor #/

if r € L and gtemp < g(r) then
10, g(r) «— gtemp; pt(r) «— p; /+ Update total cost and set back pointer #/
11. if r ¢ L then begin /# If neighbor not in list, assign neighbor’s */
12. g(r) «— gtemp; pt(r) — p; L — r; /# total cost, set back pointer and */

13. end /# place on(or return to) active list #/
14. end
15. end

2D graphsearch algorithm for the livavire method
(Modified based on Mortensen 98)




HL 2D Live Wire Introduction ™%
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M8 2D Live Wire Example H

Segment ROI using 2D Live Wire




3D Live Wire "

2D live wire on 3agrcsisiees GEneraiteysee ds envevery Blmesin
Trangirdiregiion




ML 3D Live Wire mH

Slice i+2

Slice i+1___

Reference Slice

....,.:""Slice i

Slice i1

\ Slice 2

2D live wire on ref. slice Prdjnesolts)datmimisivaggiiices wire




L 2D Results e

Segmentation result

* Three ROIs used in tests




HL 2D Live Wire Evaluation ™%

Three Factors:dérived fromFalcao98, 00

— Efficiency -- Processing time to segment an ROI

‘(BszOmEn) U (Bry ok )‘
. Repeatability:- [Raye e = 1= Tk S E E—
| ‘BRZjOmEn‘ +‘BR2jOkEI ‘

(Bryjomen) U (G2

— Accuracy  -- fal®= {OmEn =1-
By jomen| G2
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L 2D Live Wire Evaluation 2

E}Eg ELEQ /] 4L E;g‘E-g Aver. 1441 1.2 E}Eg_ Aver.
98.01 99.04 | 99.5! 09.24 | 99.28 07.72 | 98.30 || 97.96
958.29 99.27 | 99.53 || 99.41 | 99.40 ST | 987 09.34 || 98.88
97.95 |(O7.5 98.31 | 98.63 || 98.99 | 958.64 08.5: 08.24 || 98.64
98.19 06.92 | 97.37 || 97.65 [(97.31) 03.32 | 98.25 || 9822
08.45 08.58 | 08.97 || 98.45 | 98.67 07.94 | 97.32 [ 97.86)

(,,.0r (m = k)
(01,04 ~ (09,05 | 03,04 | 09,04
097.60 )7 .9 08.08 | 97.66 | 98.32
09.03 )8. 0 00.01 | 98.14 | 99.04
08.22 )7.9¢ 07.77 | 97.81 | 98.12

Inter-Operator Segmentation Reproducibilities




HL 2D Live Wire Evaluation

Summary:

PENNSTATE

Roa

R22

R23

Efficiency

23.4s

S

18.6s

Repeatability

97.86%

98.57%

98%

Accuracy

98.38%

98.76%

97.68%

Time ratio between manual tracing and 2D live wire:

R21

R22

Ros

2D Live Wire

23.4s

(S

18.6s

Manual Slice Tracing

310s

192s

278s

Time Ratio

13.25

14.77

14.95

* Efficiency comparison based on accuracy highant@5%




L 3D Results R

* Three 3D ROIls used in tests
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BL 3D Results

Results

Ion

3D Segmentat




HL 3D Live Wire Evaluation ~%

Summary:

R31 R32
Efficiency 34s 95s
Repeatability 97.64% 97.88% 96.87%
Accuracy 98.08% 98.12% 97.16%

Time ratio between 3D live wire and
2D live wire / manuaslice tracing

R21 R22
2D LW vs. 3D LW 7.2 8.4
Manual vs. 3D LW 28 56

* Efficiency comparison based on accuracy highantd0%




L 3D Live Wire Example "%

Ml Coronal Slicer_New




HL Comments on 3D Live Wire "%

Bottom




ML Summary mH

2D Live Wire:;
» Introduce new gradient direction cost
» 2D live wire works very well

3D Live Wire:

> Reliable and efficient







