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Abstract. As underwater environments are complex and time-varying, and the target is randomness 
and diversity. Underwater dam crack detection based on autonomous underwater vehicle (AUV) 
equipped with sonar is a challenging task. In this paper, a novel crack block tree (BT) algorithm 
utilized in sonar images is proposed to detect underwater dam crack. Firstly the low-resolution 
sonar images should be pre-processing, then the images are divided into image blocks for clustering 
analysis. After that, an adaptive fracture fragments based on tensor voting is put forwarded to 
combine the crack segment. At last, a minimum spanning tree is used to obtain the cracks. By 
comparing the crack BT with other algorithms, the results show that the proposed approach can deal 
with the crack detection more effectively. 

Introduction 
Dam crack detection is an important work to ensure the dam safety [1] The dam crack is a 

mutation in the process of its internal damage accumulation [2]. Thus, it is always used to indicate 
the danger degree of the dam damage which is attracted by many scholar's attention. Recently, the 
underwater dam crack detection with sonar images has become one of the most important methods 
for its nondestructive, intuitive, convenient and efficient [3]. However, underwater environments 
are complex, time-varying and full of interference [4-6] which will lead to the measurement signal 
submerged by noise. Besides, the unstructured crack is random and diverse leading to the 
difficulties to describe the cracks. 

Aimed at those problems mentioned above, various methods have been proposed. Chen, et al. [7] 
presented an adaptive underwater dam crack edge detection algorithm based on multi-structures and 
multi-scale elements. Bernstone, et al. [8] proposed a digital image analysis technique for crack 
monitoring using a standard web-camera to acquire continuous data sets in concrete dams. Xu, et al. 
[9] suggested an integrated model used digital image processing in developing the numerical 
representation of concrete structures defects. However, most of the traditional detection are 
proposed by exploiting characteristics which always submerged by noise. It will lead to low 
detection rate and high false alarm rate. 

In this paper, a novel crack detection algorithm called crack BT is proposed. Section 2 illustrates 
the basic idea of the crack BT. Section 3 gives the result of proposed algorithm and analysis. 

The crack BT 
Before the crack BT, some prior knowledge about crack can be introduced: 1) the image regions 

are darker than their surroundings; 2) the connected domain of the crack region is slender than other 
regions. The workflow chart of the proposed approach is shown in Fig. 1, which will be introduced 
in details as follows. 

Sonar image K-means clustering Tensor voting Minimum spanning tree The result
 

Fig.1. The workflow of the crack BT 
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Clustering analysis of the image blocks. The sonar images should be pre-processing first, and 
the details can be seen in previous work [9]. After that, the image is divided into nonoverlapping 
image blocks which is shown in Fig. 2(b). Three characteristic matrices are computed for each 
block: 1) the mean value matrix (Mm); 2) the standard deviation matrix (STDm); 3) the information 
entropy matrix (IFE). A clustering analysis method is used to distinguish crack (crack-like) from 
background with the 3-D space classifiers, and each point identifies one image block. Then the 
feature set in the 3-D space is defined as: 

3
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where n is the number of block points for the pattern vector V, which is constructed by Mm, STDm 
and IFE; iy corresponds to the i th block. The blocks are divided into two classes, 1c and 2c , 
denoting blocks carrying non-crack information and the blocks containing with cracks information 
respectively. 

Furthermore, the K-means classification approach is used to make the clustering analysis [10]. 
The clustering result in the 3-D feature space is shown in Fig. 2(i). The classes that are labeled with 
red circle in the 3-D feature space are the target class 2c . The final results of the target blocks are 
shown in Fig. 2(c), which are marked with red squares. 

Adaptive tensor voting of the crack fragments. Cracks marked with independent segments 
after clustering analysis are actually an integrated crack. It will affect the understanding of the crack 
if the segments are not connected. The spatial proximity and the gliding property of the crack 
fragments is the main difference with the interference. Thus, a self-adaptive tensor voting algorithm 
is put forwarded. The images can be expressed in a tensor field which contains ball tensor and stick 
tensor. The two tensors can be defined as follow: 

Ball tensor: if point P is an isolated point, the tensor is expressed as
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Stick tensor: if P is the point on the curve, the tensor is expressed as
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θ  is the tangent angle between the tangent and the horizontal direction. 
The stick tensor along the y-axis from the coordinate origin O, and the voting strength from P 

can be calculated by degradation function [11]: 
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parameter as the voting field design, it directly controls the size scales of voting field. In the 
previous studies, s  is usually given by the prior knowledge, but the prior knowledge is difficult to 
get in the underwater dam crack detection. Thus, a parameter adaptive fracture fragments is put 
forwarded based on the clustering analysis. The scale of voting field determines how much 
neighborhood that the corresponding point impacts to the neighbors, which also determines how 
much neighborhood that the corresponding point is affected by neighbors. As can be seen from the 
experiment, the quantity of the marked cracks is inversely with voting field scale. Thus, the voting 
field scale is gained by 

2/k ns =                                                                  (3) 
where k is the adjustment coefficient and 2n  is the number of 2c  that gained from the clustering 
step. 
   Then minimum spanning tree and edge pruning is used to further remove the image noise and 
other false positives [12]. The whole method is shown in the flow chart in Fig. 2 to illustrate. 
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Fig.2. Flow chart of the crack BT. (i) three-dimensional clustering analysis, (ii) adaptive tensor 

voting, (iii) minimum spanning tree and edge pruning. 

Experiments and analysis 
In this section, the proposed algorithm is used to analyze three typical cracks of underwater dam 

surface images captured from a dam hydropower project: the first one is that the sonar dam image 
contains a huge cracks with a complex background (see a(i) in Fig. 3); the second one is that the 
sonar dam image contains a normal crack (see a(ii) in Fig. 3); the third one is that the sonar dam 
image contains a tiny crack (see a(iii) in Fig. 3). First of all, the three original sonar images are 
pre-processing and blocking. After that, the images are divided into image blocks for clustering 
analysis so as to mark the block which contains cracks. And then, the adaptive fracture fragments is 
used to connect the marked crack fragments. At last, the minimum spanning tree and edge pruning 
is used to get the cracks mark, and the result is shown in Fig. 3(d). 

To test the performance of the proposed approach, it is compared with the tensor voting [13] and 
wasp algorithm. The results are shown in the Fig. 3. As we can see, the wasp algorithm is unable to 
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deal with the crack detection. The tensor voting is able to detect huge cracks, but it can not deal 
with the normal crack especially the tiny one. The results show that the proposed approach can 
solve the crack detection problem effectively. 

 
Fig.3.Image detection results comparing the proposed method and other classical method: (a) 

Original image, (b) Wasp Algorithm, (c) Tensor voting and (d) The crack BT. 

Conclusion 
The underwater dam crack detection is considered and a novel approach is proposed. In the 

proposed crack BT algorithm, the sonar image blocks is used for the crack clustering analysis. Then 
the adaptive fracture fragments based on tensor voting is used to connect the crack fragments. The 
proposed crack detection algorithm can handle sonar images with low resolution. The experiments 
show that the proposed method can detect the underwater dam crack efficiently when the 
environments are complex and the cracks are tiny. 
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