P FiInding Dots: Segmentation as Popping Out Regions from Boundaries
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Why ‘Dots’? ‘Dots’ are Everywhere! Statistics and Comparisons
_ _ _ Image meanshift watershed (ws) grad-ws oriented-ws Isoperimetric  our-method _
Medical Imaging Materials Research Mean Shift: enhances intensity difference; scale sensitivity
Challenges Watershed methods: over-fragmented in the presence of local
- Poor imaging quality intensity fluctuations (standard); under-segmented if weak contrast
- Large intensity variation (gradient); limited by Pb (oriented) [Arbalaez et. al., 2009]
- Occlusion Isoperimetric: recursively partitions image; initial seeds chosen
- Conjunction between dots from minimal intensity pixels; under-segmented. [Grady et. al., 2006]
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Flexible boundary Precise Cutout
[Li et al., Lazy Snapping, SIGGRAPH 2004]
Region Popout Approach

Short Range Attraction Cues
Precision: true dots picked out in the segmentation

Recall: segmented dots which are true dots
Intuition
Popout regions in a two-way segmentation Our Results Future: Shape from Texture
« Boundaries are flexible
« Use local geometry: convexity cues A549 cells haircells “ "
« Use foreground/ba_ckground perception 2o
to drive segmentation: short-range S22 .
attraction & long-range repulsion i-" o
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Long-Range Repulsion Cues ' §§£i
Image Intensity-> Convexity Feature Vector F | | | |
(Optional) Grouping Constraints for Seeded Segmentation
peak direction vector p _ o _ _ _ A I
Optional initial seeds can be added through a constraint matrix U: If pixels a LAV O ATy
F(i,a) =< p(2),p(a) > and b are known to belong to the same region (e.g. from a background mask), :.-:. ”:___‘::j-, S—
we have one constraint X (a,:) = X (b,:), ie. U(a, k) =1, oot RS L I*;,x.f?:\-*
F(i,:) F(j,:) F(k,:) U (b, k) = —1 as the k-th constraint in matrix U. S\ Pt
. Criterion HEK293T cells dislocations < i A
F (i, ) shows how much pixel i's neighbours within-group A between-group R Conclusions
agree with ¢ on the direction the dot lies in. max &€ — _ - I _ .
total degree of A total degree of R We successfully extract dots in a two-way segmentation by:
p(i) o 30 T(a)(L(a) = L)), p@)| =1 | p) wdte vhespocof .
a€ N (7) Iofal convex viycinity of pixel z; FO rmu I atl on . . - - . .
TG a) 3 T(my) TG, a) s the total * Viewing boundaries as a flexible region of their own
1,a) = ™m ' o : : : : : : :
I(my)<I(rmg) <o <I () t kT e 2 xTwX, + Encoding geometry (convexity) in a pixel-centric relational representation |
mimy...my=line(i,a) L(2) is the 2D location of pixel = maximize e(X) = Z QT X = grouping indicator « Having grouping cues that represent short-range attraction and long-range repulsion.
_ _ _ g=1 Xg DXQ A = attraction
Convexity Feature Vector - Attraction & Repulsion subject to X € {0,13"%2 X1, =1, R = rcpubsion Dots are extracted as many disconnected components in the foreground, and no further
: Abb ’ ) — : : : :
0Tx — o U = pairwise constraint matrix post-processing Is needed. The same set of parameters is used for all images.
S(i,7) = < F(z,:), F(3,:) > j e N@) o Dy = diagonal degree matrix
’ |F(i,:)] - |F(4,:)| where W =A— R+ Dg, 1, = n X lvectors of 1's Future work will include extending the model beyond convex shapes, e.g. tubular
A(i, ) = L) L) — LG)| < rag D =Dy+ Dpg structures, and for possible shape from texture applications.
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