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Fast Connected-Component Labeling through Sequential
Local Operations in the Course of Forward Raster Scan
Followed by Backward Raster Scan

KENJT SuzUKI,T ISAO HORIBAT and NOBORU SUGIE'T

This paper presents a fast algorithm for labeling connected components in binary images
based on sequential local operations in the course of forward raster scan followed by backward
raster scan. A one-dimensional table, which memorizes label equivalences, is used successively
during the operations for uniting equivalent labels. The proposed algorithm has a desirable
characteristic: the execution time is directly proportional to the number of pixels in connected
components in an image. By comparative evaluations, it has been shown that the proposed
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algorithm outperforms the conventional algorithms in terms of the computational cost.
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(a) Forward scan. (b) Backward scan.
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Fig.1 Masks for labeling of 8-connected components.
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Fig.2 Example of labeling of a stair-like connected-
component by the conventional algorithm.
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component by the conventional algorithm.
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Fig.4 Example of labeling of a stair-like connected-

component by the proposed algorithm (Connection
pattern A).
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(d) After the backward scan.
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Fig.5 Example of labeling of a spiral connected-

component by the proposed algorithm (Connection
pattern B).
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nent with the connection pattern B by the proposed
algorithm.
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Fig.8 Examples of labeling by the proposed algorithm (Connection patterns C, D, E, and F).
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Fig.11 Example of labeling by the proposed algorithm

(Multiplex combination of the connection pat-
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Table 3 Logic table for the first forward scan.

a b ¢ d| g(z,y) Renewal of the label conversion table
* * * * Fp NOP

0O 0 0 0| m T[m]=m

0 0 0 1| T[d NOP

0 0 1 0] T[ NOP

0 0 1 1 | min(T[e],T[d]) TmaxT(c,d)] = g(z,y)
0 1 0 0 | T[b] NOP

0 1 0 1| T[d NOP

0 1 1 0] Tl NOP

0 1 1 1 | min(T[c],T[d]) T[maxT(c,d)] = g(z,y)
1 0 0 0] T NOP

1 0 0 1/|T4d NOP

1 0 1 0 | min(T[a], T[c]) Tmax T (a,c)] = g(z,y)
1 0 1 1 | min(T[c],T[d]) TmaxT(c,d)] = g(z,y)
1 1 0 ol T NOP

1 1 0 1|74 NOP

1 1 1 0| T NOP

1 1 1 1 | min(T[c],T[d]) TmaxT(c,d)] = g(z,y)
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Table 4 Logic table for the forward and the backward scans except the first forward scan.

e a b c d]| gz Renewal of the label conversion table

0 % % x % | Fp NOP

1 0 0 0 0 Te] NOP

1 0 0 0 1| min(T[,T[d]) Tlmax T(e, d)] = g(z,y)

1 0 0 1 0| min(T,T[) Tlmax T(e, ¢)] = g(z,y)

1 0 0 1 1| min(T[e,T],T[d) TlmaxT(e,c,d)] = g(z,y), TlmaxT2(e,c,d)] = g(z,y)
1 0 1 0 0| min(T[e,T) T[max T(e, b)] = g(, y)

1 0 1 0 1| min(T[e,T[d]) Tlmax T(e, d)] = g(z, y)

1 0 1 1 0| min(Tle],Tlc) Tlmax T(e, ¢)] = g(,y)

1 0 1 1 1| min(Tle,T[d,Tld) TmaxT(e, c,d)] =g(z,y), TlmaxT2(e,c,d)] = g(x,y)
1 1 0 0 0 min(T[e], T[a]) T[max T (e, a)] =g(z,y)

1 1 0 0 1| min(T[],T[d]) Tlmax T(e, d)] = g(z,y)

1 1 0 1 0] min(Te],Tlal,T[c]) TlmaxT(e, a,c)] = g(z,y), TlmaxT2(e, a,c)] = g(z,y)
1 1 0 1 1| min(T[e,T],T[d) TlmaxT(e,c,d)] = g(z,y), T[maxT2(e,c,d)] = g(z,y)
1 1 1 0 0| min(T[,T) Tlmax T(e, b)] = g(, y)

1 1 1 0 1| min(T[],T[d]) Tlmax T(e, d)] = g(z,y)

1 1 1 1 0| min(Tle,T[c) TlmaxT(e, ¢)] = g(z, y)

1 1 1 1 1| min(Tle,T],T[d]) TlmaxT(e,c,d)] = g(z,y), TlmaxT2(e,c,d)] = g(z,y)
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(a) Forward scan. (b) Backward scan.
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Fig.15 Masks for labeling of 4-connected components.
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