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Superpixels
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» small compact groups of pixels
> oversegmentation - never cross a segmentation boundary / an edge
» advantages - speed, uniform color and texture for descriptors

» fast to calculate
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Existing superpixels techniques

normalized cuts - slow O(N3/2)

> agglomerative clustering using minimum spanning tree -

v

vvyYVvyvyy

O(Nlog N) irregular shape superpixels

optimal splitting paths using GraphCuts - slow, O(N3/?log N) +
preprocessing

stitching overlapping patches - slow

mean shift - very slow O(N?), no control over superpixel shape
quick shift - very slow O(N?), no control over superpixel shape
watershed — O(Nlog V), no control over superpixel shape

level set geometric flow (Turbopixels) - in theory O(N) but in
practice slow
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TABLE 1

Summary of Existing Superpixel Algorithms

Graph-based

Gradient-ascent-based

GS04  NCOS  SLO8  GCald®  GCblo® WSOl MS02  TPO9®  QS09  SLIC
8] [23] 21 [26] [26] [28] [4] [151 251
Adherence to boundaries
Under-segmentation error 023 022 022 022 - - 024 020 0.9
Boundary recall 0.84 068 - 0.69 0.70 - - 06l 079 082
Segmentation speed
320 x 240 image 1085 178.15s S30s 412 - - 8.10s 4665 0365
2048 x 1536 image 90955 N/AC - 315s 235s - - 800s 181s 14.94s
Segmentation accuracy (using [11] on MSRC)  74.6%  75.9% - 732% - - 620% 15.1% 769%
Control over amount of superpixels No Yes Yes Yes Yes. No No Yes No Yes
Control over superpixel compactaess No No No  No? No* No Mo Ne No Yes
Supervoxel extension No No No Yes Yes Yes No No No Yes
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SLIC superpixels

simple linear iterative clustering

colors converted to CIELAB [/ a b]
pixels represented as [/ a b x y]

main parameter - number of superpixels K
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based on k-means clustering

> calculate means of k groups (superpixels)
> assign pixels to means

» only search in a limited region 25 x 25=—-complexity O(N)

> 5= /N/k
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Algorithm 1. SLIC superpixel segmentation
fx Initialization =/
Initialize cluster centers Cy. = (I, ay., by, .-r;.,m.]T by sampling
pixels at regular grid steps 5.
Move cluster centers to the lowest gradient position in a 3 x 3
neighborhood.
Set label i(i) = —1 for each pixel i.
Set distance d(i) = oo for each pixel i.
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repeat
[+ Assignment «/
for each cluster center (. do
for each pixel i in a 25 x 25 region around . do
Compute the distance ) between C). and i.
if D < d(i) then

set d(i) = D
set l(i) =k
end if
end for
end for

[+ Update +/

Compute new cluster centers.

Compute residual error F.
until ¥ < threshold
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Distance measure

Combine space and color

de = /(1= 1) + (a; — a)* + (b; — ),

fih‘ = Jl:.ﬂ]‘,'.|I - .'I.','}? + {'UJ- - 'H;-er

d. 2 d, 2
7= () ()

- i
B D= fﬁ;.z + (f—#) m2.
Ns =S = /(N/K). \/ 5
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Postprocessing

» superpixel k = pixels assigned to center Cy

» find connected components

» “orphaned” components - do not contain a center C;
> joined with the nearest cluster

9/22



Complexity

» Each pixel in at most 8 neighborhoods
» Small number of k-means iterations (<10)
» Complexity O(N)
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Examples
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Boundary recall
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Undersegmentation error
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Speed
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Segmentation example

Gould et al: Multi-Class Segmentation with Relative Location Prior, [JCV
2008

» calculate superpixels

» calculate features on superpixels (color, texture, location...) features
» train a classifier for each object class

» conditional random field model
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onginal image

ground truth

segmentation of [11] using SLIC
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TABLE 2
Multiclass Object Segmentation on the PASCAL VOC 2010 Data Set

R £ g E 5

g 2 = & 5 E] s

z = 3 © 0 £ 2 = g H

f 5 5oz oz £ 0, . . 8z 8§ « £ £ : 2 F g g5 £ g

£ & & £ &2 B 2 8§ ¥ 8§38 &2 8 8 & &L B 2 § E E =
SLIC 779 494 230 192 248 261 524 449 329 65 358 223 255 219 58,1 346 265 399 175 380 253  335%

781 450 233 183 250 255 523 456 332 7.2 360 215 247 219 569 344 260 389 170 379 248 330%

QS09

Similar accuracy, SLIC > 10xfaster
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Extensions

» ASLIC - adaptive SLIC
» GSLIC - geodesic SLIC
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Conclusions

» Simple and fast method

» Application results at least as good as for previous methods
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