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Foam infrared image segmentation combining NSST
saliency detection and graph cuts

CHEN Shi-yuan, LIAO Yi-peng”, ZHANG Jin, WANG Wei-xing
(College of Physics and Information Engineering s Fuzhou University , Fuzhou 350108, China)

Abstract: In order to accurately extract the collapse of the surface of the flotation foam, newly synthe-
sized bubbles, and reduce the impact of noise and light, a foam infrared image segmentation method
combining non-downsampling Shearlet Transform (NSST) domain saliency detection and graph
cutting is proposed. NSST multi-scale decomposition of the foam infrared image, saliency detection of
low-frequency subband images using GBVS algorithm, saliency value calculation based on Markov
chain feature differences, noise coefficient removal and edge, weak edge coefficients are non-linearly
enhanced. NSST reconstruction of the processed multi-scale high-frequency subband and low-
{frequency subband images is performed. The significance constraint term is constructed based on the

saliency detection results of the low-frequency subband image, and the bubble brightness constraint
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term is constructed using a Gaussian fitting function. Then, the map is constructed Graph (Cut Cuts)

energy function, and finally the maximum flow/minimum cut algorithm is used to segment the target

area. The experimental results show that this method is less affected by light, and to some extent, it

solves the problems of over-segmentation and under-segmentation. The detection accuracy rate of nor-

mal flotation under-flotation, and over-flotation are 91.8%, 87.1%, 88.9% . respectively. The seg-

mentation accuracy is significantly improved compared with the existing methods. It can effectively

extract collapsed or newly synthesized bubbles, and shows good noise immunity. It has good robust-

ness under different working conditions.

Key words: image processing; foam infrared image segmentation; non-downsampling shearlet trans-

form; graph cuts; saliency detection
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(e) fRH B ZE 4 GBVS O BEHE
(e) Low frequency GBVS (f) Saliency map
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(g) Enhanced denoised image  (h) Segmentation results in this paper
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(i) Original image GBVS (j) Saliency segmentation
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(m) Region growing algorithm
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(n) Watershed algorithm

(k) RS T 3 2 e 2
(k) High frequency segmentation
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(1) Image standard cut

(o) B{EABIHEH
(o) Threshold segmentation
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Fig.4 Experimental results and comparison of the segmentation algorithm in this paper
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(f) Noisy foam infrared image (g) Segmentation in this paper (h) Segmentation algorithm (i) Segmentation algorithm (j) Segmentation algorithm
in reference [9] in reference [10] in reference [12]
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Fig.5 Comparison of noise foam infrared image segmentation algorithms
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Tab.1 Comparison of noised foam infrared image segmentation results

Original image Noise picture
Image
10U Error 10U Error
Algorithm in this paper 0.902 002 0.120 094 0.891 812 0.114 631
Regional growth 0.714 248 0.285 752 0.694 947 0.305 053
Watershed 0.827 659 0.179 467 0.834 463 0.200 730
Threshold segmentation 0.799 830 0.399 063 0.711 017 0.577 389
K-clustering 0.835 571 0.278 210 0.785 234 0.372 991
Reference[ 9] 0.741 430 0.258 836 0.689 003 0.310 997
Reference [10] 0.875 244 0.206 299 0.864 332 0.222 743
Reference [12] 0.842 240 0.283 690 0.780 115 0.433 610
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(a) Under-flotation infrared image (b) Segmentation in this paper (c) Reference [9] (d) Reference [10] (e) Reference [12]
() ERFRLSNE SR (&) A& (h) ST [9]1 Bkl (1) 3CHR [10] HEH () 3CHR [121 HELE

(f) Normal flotation infrared image (g) Segmentation in this paper (c) Segmentation algorithm (d) Segmentation algorithm (e) Segmentation algorithm
in reference [9] in reference [10] in reference [12]
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(k) Over-flotation infrared image (I) Segmentation in this paper (m) Segmentation algorithm (n) Segmentation algorithm (o) Segmentation algorithm

in reference [9]

in reference [10] in reference [12]

&l 6 3 iRk L A R 4 RIS L X L

Fig.6 Comparison of three flotation infrared image segmentation algorithms
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Tab.2 Comparison of segmentation results of three flotation infrared images

Under-flotation Normal flotation Over-flotation Running
Image
10U Error Error 10U Error time/s
Algorithm in this paper 0.887 837  0.138 799  0.888 614  0.157 178  0.921 357  0.129 308  6.530 1
Reference [9] 0.795181  0.218 721  0.797 424  0.318 501  0.837 634  0.162 366  1.344 0
Reference [10] 0.818 874  0.374 573 0.824 089  0.252 323  0.877 127  0.216 077  3.111 9
Reference [12] 0.695 711 0.579 986  0.761 597  0.423 948  0.848 238  0.272 709  3.801 7
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Tab.3 Performance analysis of extraction results of newly synthesized or collapsed bubbles

Reference [ 6]

Reference [ 7]

This article

Reference [ 8]

Image type

RD/%  TC/% RD/%  TC/% RD/%  TC/% RD/%  TC/%

Normal flotation 89.9 90.9 90.8 89.6 91.6 91.3 91.3 91.8
Under-flotation 80.5 78.1 83.1 81.9 81.9 82.4 89.6 87.1
Over-flotation 82.6 84.1 83.9 88.2 84.1 86.6 90.2 88.9
Average 84.3 84.3 85.9 86.6 85.9 86.8 90.4 89.3
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