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Fast 2D cumulative residual Tsallis entropy threshold
segmentation method

HUANG Cong'?, ZOU Yao-bin"*

(1. Hubei Key Laboratory of Intelligent Vision Based Monitoring for Hydroelectric Engineering ,
China Three Gorges University, Yichang 443002, China;
2. College of Computer and Information Technology, China Three Gorges University, Yichang 443002, China)

Abstract: For images with bimodal gray-level histogram, the traditional two-dimensional histogram
threshold segmentation method is more effective, but when gray-level histogram is non-peak, unimodal or
multimodal, their segmentation results are poor. Considering that the two-dimensional survival function
obtained by two-dimensional histogram mapping has the advantages of continuous density and uniform
morphology, a fast two-dimensional cumulative residual Tsallis entropy threshold segmentation method is

proposed based on the two-dimensional survival function of images. The method firstly constructs a
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two-dimensional survival function based on the two-dimensional histogram, and then a two-dimensional
cumulative residual Tsallis entropy objective function is defined to compute the segmentation threshold on
the basis of the two-dimensional survival function. Further, a recursive algorithm is used to reduce time
complexity of calculating the objective function to O(L?). Finally, based on the two-dimensional cumulative
residual Tsallis entropy criterion in recursive form, an optimal threshold vector is obtained for threshold
segmentation. In 26 synthetic images and 76 real-world images, the proposed method is compared with
two fast two-dimensional threshold segmentation methods, two clustering segmentation methods and one
active contour segmentation method respectively under two indicators of time and misclassification error
(ME). Experimental results show that the time is shortened by 0.013 s, and ME value is reduced by
0.051~0. 089 on average in comparison with the method of performance 2 in both synthetic and real-world
images. The proposed fast two-dimensional cumulative residual Tsallis entropy threshold segmentation
method is not only superior to the 5 comparison methods in computational efficiency, but also has relatively
obvious advantages in segmentation adaptability and segmentation accuracy.

Key words: threshold segmentation; two-dimensional histogram; two-dimensional survival function;

cumulative residual Tsallis entropy; fast recursive algorithm
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Fig.1 Two-dimensional histograms of different modes and their corresponding two-dimensional survival function surfaces
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Tab.1 ME value of 26 synthetic images by six segment methods and entropy parameter « values and segmentation thresholds

of Fast 2D-CRTE method

K145 Fast 2D-CRTE Fast 2D-OTSU Fast 2D-Tsallis SFFCM

1 0.002 9 0.000 4 0.004 6
2 0.006 6 0.006 8 0.008 3
3 0.052 6 0.007 6 0.036 6
4 0.000 0 0.436 6 0.3813
5 0.000 5 0.1812 0.3525
6 0.000 0 0.000 0 0.049 5
7 0.000 4 0.3321 0.108 8
8 0.002 1 0.4609 0.3669
9 0.000 6 0.4331 0.228 2
10 0.0100 0.000 5 0.003 0
11 0.056 6 0.002 7 0.008 2
12 0.006 3 0.003 4 0.009 2
13 0.004 8 0.004 6 0.0121
14 0.0114 0.005 4 0.004 8
15 0.001 6 0.001 5 0.0037
16 0.0127 0.002 8 0.004 3
17 0.0106 0.014 1 0.005 1
18 0.009 9 0.0111 0.006 7
19 0.037 2 0.0001 0.0051
20 0.019 8 0.005 2 0.006 0
21 0.0111 0.000 1 0.003 2
22 0.0137 0.0059 0.005 5
23 0.006 1 0.000 2 0.003 1
24 0.0101 0.005 4 0.007 0
25 0.019 4 0.008 4 0.008 7
26 0.002 7 0.003 2 0.004 1

AFCF  GLFIF HiZ%la 2 BME (s, 2)
0.0296 0.6702 0.0669 0.001 (121,121)
0.0302 0.2855 0.0491 0.001 (114,114)
0.0311 0.1374 0.3065 0.001 (125,125)
0.0972 0.0593 0.4305 0.001 (124,124)
0.0015 0.4848 0.0015 0.001 (127,127)
0.9807 0.0009 0.5784 0.1 (102,104)
0.1058 0.0310 0.6825 0.001 (103,103)
0.6331 0.9944 0.4937 0.001 (117,117)
0.8267 0.0011 0.4571 0.001 (117,117)
0.0305 0.1789 0.0400 0.001 (124,124)
0.0294 0.0406 0.0462 0.5 (103,101)
0.0317 0.2781 0.0632 0.01 (124,124)
0.0311 0.0629 0.0491 0.1 (100,100)
0.0303 0.2016 0.0471 0.001 (112,112)
0.0301 0.3146 0.2620 0.1 (105,106)
0.0310 0.0841 0.0544 0.1 (85,86)
0.0298 0.2698 0.2787 0.001 (124,124)
0.0298 0.0986 0.0511 0.1 (100,100)
0.0306 0.0655 0.0558 0.001 (125,125)
0.0300 0.3252 0.0457 0.001 (121,121)
0.0312 0.0766 0.0536 0.001 (125,125)
0.0310 0.2966 0.0458 0.001 (117,117)
0.0300 0.2107 0.0576 0.001 (124,124)
0.0286 0.2838 0.0474 0.1 (108,108)
0.0314 0.1655 0.0472 0.001 (122,122)
0.0311 0.1964 0.0435 0.001 (121,121)
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Tab.2 Average CPU runtime and mean ME value of 26 synthetic images by six segment methods

PR 45 bR Fast 2D-CRTE  Fast 2D-OTSU Fast 2D-Tsallis SFFCM AFCF GLFIF
Time/s 0.042 2 0.054 5 0.065 2 0.174 6 1.1519 0.5392
ME 0.0119 0.074 4 0.0629 0.1251 0.2236 0.167 5
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Fig.8 4 real-world images and their two-dimensional histograms ( (a

46, and 59, respectively).
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Fig.9 Visualization results of two-dimensional survival function, R(s, ), B(s, ¢)and 2D-CRTE on 4 real-world images in Fig. 8.

b B G R R A (LR 11(h) A (o) il 520 R E
PRI ECE ) o {HJE , Fast 2D-OTSU J5 ¥ #l Fast
2D-Tsallis J7 1 76 Jo W | FRLIGE B Z2 0 B 5 RIS 201
BUE L 3 #0145 BN R o (3) BT X o g |l |
XU B 22 0 By R B By B8, Fast 2D-CRTE
T30 ME {8 3 8 °F- 22 (18 11(a) ) H ¥ ME {8
FRETE0.013 7, XLLHRE W], Fast 2D-CRTE J5
AT BSR4 E3E N AR 1o IR A AR X T Al
587 ¥k, Fast 2D-CRTE J7 & B F % CPU 35 47
AR E 7E 0. 183 2 s, i i 5 — .
4.4 WS EPNSH

FEARSCHR I T v A — A A AR 0 25
a, TZAE B O R 2 B AR B A R, 2R (8) ik
TR B AR A (s, ) AR S F R (A,
B X k) B 1) 2D-CRTE % {H /9 28 b o M Hr Al L
F i1, 2D-CRTE A KNS BE W 5 (s, )% 5
A LB XIS A9 4k A A7 SR EE RV S8 a K
TR 4 E TSI T, 4 AR 17 o B F AR B JF R

S S B A 2D-CRTE 3 (8 2l 2% 119 Ji AL ok
A TS E a2 T X 6) M (7)) B 5+

TS UEGHIR S S (Flg) i,

125 — AT T3 0 45 1 T 78— I
KR gy 50 1 EAZR U 2% « 9 0.001,0. 1,
0.5.0.99 1. 11 1. 5 iF i — 2 A= 77 o& 50 Fe A1 i
9 2D-CRTE /2816 . Jf H., Bl b i (8 45 3k T
B (0 B0 4 3 i R, ] v R A O
AR REE B TR/AMAE . T TR,
P b i KB R S5 /NE 22 8] A XSO 2 b X, A
BT TR LR N S o 25T 0, % 0
DX (1 i B B G T LBt is TR @) ;
W28 a MG B (R TF)0, 28 wh X H Ay BUE 4B 4
EFOo(HfEE TM) ., WP RN, 0T LIE
1 B AR S8 o U A A A SR T XN
0 B B, T T R ) e A (L A BE . AR 121
AT TFEAUES Y S8 0<<a<< 18], b



(a) SrEIZEEBR (b) Fast 2D-CRTE (c) Fast 2D-OTSU (d) Fast 2D-Tsallis  (e) SFFCMAr #1455 (f) AFCFEIZ5 R (2) GLFIF/> #1455

(a) Ground truth SrENLER Sy EIEER SrEN R (e) SFFCM segmen-  (f) AFCF segmen-  (g) GLFIF segmen-
(b) Fast 2D-CRTE  (c) Fast 2D-OTSU  (d) Fast 2D-Tsallis tation result tation result tation result
segmentation segmentation segmentation
result result result

FI10 68023 %1 ER 7 B 8 By 4 i — 2k 1 PR 500 1) DAy T U | B0 L0 0 22 e P4 B 1) 20 45 28

Fig. 10 Segmentation results of 6 methods on 4 histogram patterns of Fig. 8 are nonpeak, unimodal, bimodal and multimodal.
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Fig. 11 ME value scatter maps of 6 segmentation methods on 76 real-world images
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Tab.3 Average CPU runtime and mean ME value of 6 segmentation methods on 76 real-world image
PR HE bR Fast 2D-CRTE  Fast2D-OTSU  Fast 2D-Tsallis ~ SFFCM AFCF GLFIF
Time(s) 0.1832 0.184 0 0.4190 0.184 5 1.360 2 0.9907

ME 0.0137 0.103 4 0.139 6 0.499 4 0.5407 0.366 8
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Fig. 12 Survival function and total 2D-CRTE entropy change for entropy parameter « at 0. 001, 0.1, 0.5, 0.99, 1.1 and

1.5.
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Fig. 13 10 Radar test images and their two-dimensional histograms (number 1~10 from left to right, top to bottom).
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Fig. 14 Visualization results of two-dimensional survival function, R(s,¢), B(s,¢) and 2D-CRTE on test images num-
bered 1 and 6 in Fig. 13.

15 Fast 2D-CRTE J5 ¥ ££ & 13 19 10 18 7 2 90 i P 1%L 11 431
Fig. 15 Segmentation results of Fast 2D-CRTE method on 10 radar test images
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