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A Label-equivalence-based One-scan Labeling Algorithm
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LirENG HE,! Yuvyan Cuao,? KNyt Suzuki, 3
TsuyosHl NAKAMURA ' and HiDENORI ITOHT™

This paper presents a label-equivalence-based one-scan algorithm for label-
ing connected components in a binary image. Our algorithm scans an image
only once. Moreover, we do not assign provisional labels to object pixels, but
assign provisional labels to runs. After resolving label equivalences between
runs, using the recorded run data, we assign each object pixel a final label.
Experimental results demonstrated that our algorithm was highly efficient on
images with long runs or small number of object pixels.
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Fig.1 Eight-connected range for the current run r(s,e).
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1: n=1,1l=1,7=1;
2: for(i=N;i < N x (M —1);i++)
3. ()
4: run_s[n] = i;
5: it++;
6 : while(p(4))
7 it++;
8: end of while
9: run_e[n] =i —1;
10 : while(run_e[j] < run_s[n] — N — 1)
11: Jj++;
12: end of while
13 : if(run_e[j] < run_e[n] — N)
14 : run[n] = run[j];
15: J++;
16 : while(run_e[j] < run_e[n] — N)
17: resolve(run[j], run[n]);
18: J++;
19: end of while
20 : if(run_s[j] < run_e[n] — N + 1)
21 : resolve(run[j], run[n]);
22 end of if
23 : else if(run_s[j] < run_e[n] — N + 1)
24 : run[n] = runfj];
25 : else
26 : runfn] = [;
27 : r_labelll] = 1;
28 : I++;
29 : end of if
30 : end of if
31: n—+-+;
32 end of for

02 00ooOoooooooo
Fig.2 The proposed scan algorithm.
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Fig.3 Examples for processing the current run r(s,e).
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for(j = 1;j < n; j++)
for(i = run_s[j];i < run_e[j];i++)
p(2) = rlabel[run[j]); (1)
end of for
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Fig.4 Execution time [msec] of labeling algorithms for six representative images: (a) a text image;
(b) a fingerprint image; (c) a portrait image; (d) a snapshot image; (e) a texture image; (f) a
medical image.
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Fig.5 Execution time versus the density of object pixels in an image.
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Table 1 Numbers of images for which the algorithm was the fastest.

Image type Total CT SAUF RTS ETS Ours

natural 50 0 0 0 13 37
medical 25 0 0 0 1 24
textural 7 0 0 1 2 5

02 0J0000000O00O0DO0OO0ODOO0ODOODODOOOOOOOOoOo
Table 2 Comparison of various execution times [msec] with natural images, medical images, and
textural images.

Image type #CC CcT SAUF RTS ETS Ours
max. 2,660 4.28 3.23 2.90 2.33 2.65

natural mean 847 2.34 2.07 1.71 1.49 1.27
min. 19 1.13 1.29 0.95 0.95 0.26

max. 1,525  3.69 2.87 2.54 2.03 2.60

texture mean 281 2.66 2.57 1.67 1.56 1.58
min. 20 1.58 2.37 1.17 1.14 0.57

max. 372 2.59 2.28 1.71 1.47 1.54

medical mean 83 1.92 1.89 1.37 1.23 0.99
min. 1 1.52 1.54 1.19 0.93 0.77

#CC, number of connected components
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nent; (b) by all conventional label-equivalence-based algorithms except the RTS algorithm;
(c) by the RTS algorithm; and (d) by our algorithm.
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Table 3 Numbers of images for which our algorithm was faster.

Image type  Total oo1 oo 2 ooo

natural 50 38 50 50
medical 25 16 25 25
textural 7 6 7 6
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