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History of CCL Research

Connected Components Labeling (CCL)

* Find all connected, foreground pixel regions within a binary * Rosenfeld and Pfaltz invented two scans algorithms

Image * Wu et al. proposed Optimal Decision Trees (ODTs)

* Each pixel region, or connected component, receives a unique
label

* Fundamental for image segmentation and object recognition

* Grana et al. proposed block-based mask

* What about 3D CCL?

 Multiple possible block-based masks: 2x1x1, 2x2x1 and 2x2x2
* Explosion in complexity makes the ODT generation infeasible
* Existing 3D CCL algorithms do not employ block-based masks

* CCL should be as fast as possible
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Heuristics — Concept

* Shannon Entropy (information theory) * New 3D EPDT CCL algorithms
* Given a set of eve.nts E, with P; being the probability of an event i € » Varying block size and number of pixels
E, the entropy H, is:
Hp = ).; —P;log P; &>
. E.n’fropy describes ’.che uncertainty of outcomes b \u e EPDT 19c
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Experimental Results

Hilbert Mitochondria OASIS
— — 00— —

9 Alloc Dealloc C— 8-36 Alloc Dealloc C— 458.59 50 - Alloc Dealloc —/— 50.09 B

8 - First SCan ] oo o s EESR . First Scan —— 1287 First Scan 1 44.10 3.84

. Second Scan 1 /.13 400 |- Second Scan 1 . . ... 37518 - 56393 oo R B Second Scan ] :
E 0.97 616 2 81 33020 315 83 oo . 40 i 531 | _
. S 546 531 _____________________ o R D _ . : 61.67 33.41 31 £8 31 05 54,09
E 300 . 6549 ........ 65 42 ....................................... —
i: 5 . 102 _________ 102 ......................................... — . 30 . 618 ......... 618 ................. 406 ....................... —
= T 397 ..\ (... | ... i 155.37 151.78
% 4 5 3 2.95 200 | 113.69|....... 99.28 [ el |l e — ok o ] 265 | :
§ 3 S R 208 1 b L R | 341.64 18.13 16.99 18.78
L . . . . . _

2 100 oo | ia| eiqe| ol L = oL 1 1 1 2216 | .

1 b 221 | ... 221 | ... 219 | .. .. 220 || | ... i : : : : 010 011 010 011

0 0 0

& & & é & & & <
g “On O @ 'p%, g D NS '%”G\ <('\‘%))\ % X <('\“’o)\ % %”G\
N NS N N NS N \ \ \
% =) & COE COEE

Average number of load/store operations on the

EPDT algorithms improve the performance of the first scan by saving many memory OASIS dataset, expressed in millions.
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dCcesses
. . . : : : Binary Labels Equivalences
* EPDT_26c¢ has a very large decision tree = bad impact on instruction cache Algorithm 7 0e  Image TVector Total
* EPDT_22c improves current state-of-the-art’ LEB  11.461  27.182 9.851 48.494
EPDT 19¢ 14.917 17.760 1.169 33.846
L. He, Y. Chao, and K. Suzuki, “Two Efficient Label-Equivalence-Based Connected-Component Labeling Algorithms for 3-D Binary Images,” IEEE Transactions on Image EPDT_22¢ 14.057 17.753 1.145 32.955
: ' ' ' EPDT 26¢c 13.695 13.145 28 27.568
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