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Abstract The image segmentation method using division-combination mitigates the limitations of the traditional
pixel-based remote sensing image segmentation algorithm, such as noise interference, low segmentation efficiency,
and poor segmentation effect. Thus, this paper proposes a new split-merge-based remote sensing image
segmentation method using the super-pixel and dot product representation of graphs. First, the image is divided into
super-pixels using the simple linear iterative clustering (SLIC) algorithm. Second, the texture feature of each super-
pixel area is measured and distance between any two areas is calculated with respect to spatial proximity. Third,
each super-pixel area is mapped as a vertex of the graph. Therefore, the dot product representation of graphs is
modified and used to construct a similarity matrix; thereafter, all vertices (i. e. , super-pixel areas) are mapped as new
vectors clustered by angular-based k-means algorithm to get the final segmentation results. The experimental results
show that the proposed method has stable segmentation results, improves the accuracy of the segmentation, and
achieves a better visual segmentation effect.
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Table 1 Flowchart of dot product representation of graphs

Input: data set ¥ = [J’nh, ---,y,,] € R”""; similarity matrix § € R"*"; positive integer d

Output: matrix X:[xl, X5, ---,x,,]ER"X”

. Initialize matrix D to be n X n zero matrix

S=S+D

= w N

. Let X:[xl,xz, ---,x,,}, where

. Compute the dth largest eigen-values A, of matrix S and the corresponding eigen-vectors p,,i =1, -+, d

x,:<ﬁ#b, ﬁ#m)q‘»f: 1,em

5. Let D=1TIX"X, where I is identity matrix, ¢ is multiplication that elements of matrix multiplied by elements of matrix

6. Turn to step 2. until convergence

7. Output matrix X
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Table 2 Similarity before modification versus similarity after modification

Parameter Before modification After modification
Distance D Disy= Dls/Tmmhom
Range of similarity s;€[0,1] sp€l —1.1]
Range of angular 0,€[0, n/2] 0,€[0,x]
2 . 2
Calculation formula 5= exp( — H Y=y, H /202) sh :farctan(lnDlsx/ In e)
T
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Fig. 2 Experimental results of Swiss Roll data. (a) Original data; (b) dimensionality reduction data before correction;

(¢) dimensionality reduction data after correction
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Fig. 3 Experimental results of UMIST Face Database. (a) Original data; (b) dimensionality reduction data before correction;

(c) dimensionality reduction data after correction
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Fig.4 Flow chart of the proposed multispectral remote sensing image segmentation algorithm
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Table 3 Evaluation results of experiment 1

Parameter q=>5 q=10 q=20 q="50
Precision 0. 8729 0. 8698 0.8236 0.7172
Recall 0.8763 0. 8791 0.8367 0.7461
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Fig. 7 Segmentation results of experiment 2. (a) Original image; (b) Ground Truth; (¢) segmentation result of SLIC;

(d) segmentation result of proposed algorithm before correction; (e) segmentation result of proposed algorithm after correction
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Table 4 Evaluation results of experiment 2

Parameter Before correction After correction
Precision 0.7729 0.8651
Recall 0.8132 0.9264
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(a) original image (b) Ground Truth

(e) MCG (f) proposed algorithm (K=7) (g) prdposed algorithm (K=4)
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Fig. 8 Segmentation results of experiment 3
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Table 5 Evaluation results of experiment 3

Parameter FNEA(100) FNEA(150) MCG Proposed algorithm (K=17) Proposed algorithm (K =4)
Precision 0.7729 0.7548 0. 8498 0.8592 0. 8636
Recall 0.8761 0.8827 0.9563 0.9681 0.9507
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Segmentation results of experiment 4

Fig. 9
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Table 6 Evaluation results of experiment 4

Parameter FNEA(50) FNEA(100) MCG Proposed algorithm (K= 17) Proposed algorithm (K =4)
Precision 0.7149 0.7283 0.8559 0.8337 0.8472
Recall 0.8132 0.8362 0.9317 0.9119 0.9326
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