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Two-dimensional Tsallis gray entropy image thresholding using
chaotic particle swarm optimization or decomposition

Wu Yiquan'?*?, Wu Shihua', Zhang Xiaojie'
1. College of Electronic and Information Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China
2. Science and Technology on Electro-Optic Control Laboratory, Institute of Electro-Optical Equipment of AVIC, Luoyang 471009, China
3. State Key Laboratory for Novel Software Technology, Nanjing University, Nanjing 210093, China

Abstract: The method of threshold selection based on two-dimensional maximal Shannon or Tsallis entropy only depends on
the probability information from gray histogram of an image, and does not immediately consider the uniformity of within-
cluster gray scale. The segmentation effect of the Tsallis entropy method is superior to that of the Shannon entropy method.
Thus, a two-dimensional Tsallis gray entropy thresholding method based on chaotic particle swarm optimization (PSO) or
decomposition is proposed. First, a one-dimensional thresholding method based on Tsallis gray entropy is given and extend-
ed to the two-dimensional case. The corresponding formulae and its recursive algorithm for threshold selection based on the
two-dimensional Tsallis gray entropy are derived. Then a chaotic particle swarm optimization algorithm is used to find the
optimal threshold of the two-dimensional Tsallis gray entropy method. The recursive algorithm is adopted to avoid the repeti-

tive computation of the fitness function in an iterative procedure. As a result, the computing speed is improved greatly.
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Finally, the computations of threshold selection method based on two-dimensional Tsallis gray entropy are converted into two

one-dimensional spaces, which further reduces the computational complexity from O (L*) to O (L). The experimental re-

sults show that, compared with the two-dimensional maximal Shannon entropy method, the two-dimensional maximal Tsallis

entropy method and the two-dimensional Tsallis cross entropy method, the two methods proposed in this paper can signifi-

cantly improve image segmentation performance and algorithmic running speed.

Key words: image segmentation; threshold selection; two-dimensional Tsallis gray entropy; chaotic particle swarm optimi-

zation; decomposition; recursive algorithm
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Fig.2 Plate image and its segmentation results

(a) Ik (b) F=FFEAPSOM24E (c) 24 K
# K Shannon/fi 12: Tsallisfi12:

(d) FETFHAPSOM (e) F TIPSO (f) TR 24
24 TsallisAZ X% 24 Tsallis 4% S5 1% Tsallis < 5 fi ik

K3 House PR K H S HIZ5 R

Fig.3 House image and its segmentation results
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Fig.4 Remote sensing image and its segmentation results
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Table 1 Comparison of several segmentation algorithms in threshold and running time
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