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Abstract- In this paper, a method for side scan sonar image 

matching is proposed based on SURF and similarity calculating 
in typical areas. The process is composed of three steps of rough 
matching, geometric correction and accurate matching. Firstly, 
rough matching is implemented to get a rough matching 
relationship of reference image and matching image based on 
SURF. Then geometric correction is executed with the 
relationship to make the matching image have a same viewing 
condition with the reference image. Finally, accurate matching is 
implemented by similarity calculating of typical areas in two 
corrected images. This matching algorithm combined the merits 
of the regional matching and feature matching. Experiment 
proved that the method has advantages in speed, accuracy, 
reliability and invariance to geometric differences between two 
side scan sonar images.  

I. INTRODUCTION 

Side scan sonar (SSS) system is generally used for seabed 
relief investigation, underwater object detection, seabed 
sediment analysis and so on. SSS image has high resolution 
and imaging quality. In order to acquire finer seabed relief 
image, sometimes, multi-time side scan are finished by SSS in 
a studied area. Thus it becomes necessary to implement the 
image fusion and get a new, rich-information seabed relief 
image, while SSS image matching should be firstly done 
before it. Moreover, if SSS measurement is implemented in 
two adjacent water areas, an image mosaic processing needs to 
be done so as to acquire the seabed relief image of the whole 
area, while the image matching is its basis. Besides, 
underwater topography or relief navigation becomes a hot 
research recently, which also needs the matching between the 
real-time seabed relief image and the background one so as to 
get the underwater vessel location. In sum, SSS image 
matching has widely been used in marine applications. 

II. RELATED WORK 

Recent researches on image matching methods can be 
divided into two categories. One is region matching, the other 
is feature matching.  

Region matching methods match images with the similarity 
of gray scale between the regions of both images. For example, 
Baeza-Yates computes the similarity between two images by 
approximating the distance between extended region 

adjacency graphs which are extracted from the images in time 
and space linear in the number of pixels [1]. Zhang-Shu 
proposes an image matching method by computing structure 
similarity of images to medical image fusion [2]. Khalid 
studies the performance of a similarity measure in grayscale 
image matching through numerous experiments with different 
sizes of objects and different kind of movements between the 
pairs of images [3]. These methods can effectively match 
images under ideal condition, but often have high 
computational complexity, long operation time and sensitivity 
to circumstance noise. Besides, the invariance with respect to 
scale, rotation and light is hard to achieve.  

Feature matching methods extract features, like entropy, 
corner points, edge points, and compare them to find the 
matching relationship of the two images. Moravec implements 
stereo matching with corner operator [4]. Schmid and Mohr 
realize the recognition of general targets using Harris detector 
[5]. Mikolajczyk analyzed and compared several most 
representative matching algorithms currently, such as 
correlation calculation, invariant moments, the scale invariant 
feature transform (SIFT) algorithm and so on [6,7]. The 
results show that SIFT algorithm has the best performance. 
Bay presents the speed up robust features (SURF) method 
which is better than SIFT in operation speed and required 
storage space, and is similar in performance [8]. Feature 
matching methods, such as SURF, have high matching 
efficiency, can resist noise, and are easy to get the invariance 
to scale, rotation and light with additional information on 
feature points. The main disadvantage of the method is 
mismatch problem caused by discarding distribution 
information of features in images. 

So combined the two kinds of techniques depicted as above, 
a SSS image matching based on SURF and the similarity 
calculation of typical areas is studied and used in this paper. 

III. METHODOLOGY 

The SSS image matching method proposed in this paper 
includes three steps. First, rough matching is implemented 
using SURF operator, which consumes less time to find rough 
mapping relation in the reference image and a matching image. 
Then in virtue of the relationship, the geometric correction is 
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done for the invariance to scale, rotation and light. Finally, the 
accurate matching is implemented with similarity between the 
typical areas of the two images, which are corrected in above 
operations. So the accurate relation of the matching can be 
achieved. 
A. Rough matching based on SURF algorithm 

In the work, the feature matching method is adopted to 
make the process efficiency. It is important to extract stable 
features for matching robustness when there are differences 
between the reference image and the matching image. 

SURF algorithm takes local extremum as features in images, 
but the locations of these extremum will vary with the image 
scale. The problem is solved with the ideal of image pyramid, 
in which one layer is an image presentation with a fix scale, 
and only a point with larger gray value than its neighbors in its 
scale and adjacent two scales is considered as feature point. 

The Hessian matrix [8] is used to determine the location and 
scale of feature points. If a point is represented by m=(x, y) in 
an image I(m), and (x, y) is its coordinates, then the Hessian 
matrix of pixel m can be calculated by (1): 
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The symbol, * , denotes the convolution operation. The g(s) 

denotes the zero mean Gaussian function, and s is its variance, 
which represents the image scale. The definitions of Lxy, Lyx 
and Lyy are similar to Lxx. 

SURF makes some measures to simplify the process. Such 
as the second order Gaussian filter is replaced by a mean filter 
[8], as shown in Fig. 1, and the convolution operation is 
replaced by image template integration [9] . Changing the size 
of the mean filter window, the layers with variant scales are 
formed and the image pyramid is constructed. The local 
extremum extracted from the image pyramid are stable 
keypoints. 

 

 

Figure 1.  Principal direction searching 

To assign a primary direction to a keypoint is available for 
the invariance to rotation. Primary direction should be 
determined with neighborhood information of the keypoint. So 
the keypoint is taken as a center, around which a circle region 
is enclosed with 6s radius. In this region, Haar wavelet 
responses of every point in x-, y- directions, whose size is 4s, 
are calculated to achieve the point direction trend and its 
intensity. Sum up intensities of all points within 60° of fan-
shaped window in the region mentioned above, overall 
intensity of a direction is achieved as shown in Fig. 2. Sliding 
the window with an interval of 5° until the whole region has 
been traversed. The direction with the largest intensity is 
defined the primary direction of the keypoint, such as Fig. 2(c). 
Usually a Gaussian function, which centers on the keypoint 
and has a variance of 2.5s, is adopted to weight neighbor 
points before the sum operation is put in practice, so that the 
responses close to the feature point have great contributions, 
while those far to the feature point have small contributions. 

 

 

Figure 2.  Principal direction searching 
 
Achieved primary direction, keypoint and its neighborhood 

is rotated to the direction. So all the keypoints are compared in 
their primary direction, which makes the matching can resist 
the rotation difference between two images. 

The neighborhood information of keypoints should be used 
to increase the matching robustness. Region Of Interest (ROV) 
of a keypoint is defined as a square region centered this 
keypoint with 20s length, which can be divided into 16 sub-
regions with 5s length. In every sub-region a 2D Haar wavelet 
function with 2s size is calculated and the responses in x-, y- 
direction of a point are denoted wx, wy separately. So a vector 
Vsub can be achieved. 
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There are 16 vectors in ROV of a keypoint, which are 

merged into a vector with 16 × 4 dimensions. After 
normalized processing, the vector is treated as a keypoint 
descriptor, which contains the neighbor information of the 
keypoint and can resist the differences from scale, rotation, 
and contrast between two images.  

Now all descriptors can be extracted from reference image 
and matching image and then rough matching is implemented 
with the nearest neighbor matching method. Some measures 
taken to reduce the mismatching are same with SIFT [6]. The 



rough matching has fast operational speed and robustness�
under different viewing conditions. 

B. Geometric correction 
According to the matching pairs, the mapping relationship 

between two images can be achieved. The relationship 
between reference image R and matching image M can be 
shown as (4). 

 
 RHM ×=  (4) 

 
where, H is a transform matrix with information of mapping 
relationship. 

So if H is achieved, the relationship between images is 
achieved, too. In theory, three matching pairs in M and R are 
sufficient to resolve H.  But considering the matching 
accuracy, mismatching and the distribution of matching pairs, 
random sample consensus (RANSAC) [10] and the least 
square method are combined for nonlinear optimization of the 
resolving processing [11]. 

Once the relationship is known, the matching image M can 
be adjusted to have similar view, scale and contrast with 
reference image R. The adjusting is preprocessing for next 
accurate matching based on similarity calculation. 

C. Accurate matching based on similarity calculation 
Rough matching has advantages over the operation speed 

and invariance to disturbance, but its shortcoming lies in its 
mismatching and accuracy of pixel scale in matching pairs. 

The similarity calculation is introduced in the matching to 
compensate above shortcomings, which is implemented to 
abide following steps. 

1) Pick up three pairs of keypoints randomly. To every pairs, 
a square region, which centers on the keypoint and has fixed 
size, is implemented segmentation from the matching image 
and a corresponding square region is also implemented 
segmentation from the reference image, which centers on the 
other keypoint and has larger size than it from the matching 
image. 

2) The similarity calculation is done by sliding the matching 
square region on the reference one. If the maximum similarity 
is achieved and is more than a given threshold, the accurate 
matching relation of the pairs is thought to be found. 
Otherwise, the pairs are thought to be inaccurate or 
mismatching pair and another pair should be pick up to do the 
similarity calculation again. 

3) Until three accurate pairs are located, relationship 
between two images can be determined by (4). Using the 
matrix H, the location of one keypoint of every pair in images 
can be calculated from another, which is compared with real 
one can verify the accuracy of matching pairs. According to 
the verified results of all pairs, the entire matching is verified. 

4). Repeat the steps 1) ~ 3), until the result of the entire 
matching is accurate and meets with the matching requirement 
in accuracy. 

IV. EXPERIMENT AND ANALYSIS 

In order to verify the effectiveness of the proposed method 
in this paper, a side scan sonar image of 3614×7416 pixels of 
an experimental water area with 3-kiliometer width and 7-
kiliometer length is used as a reference image, as shown in Fig. 
3.  

 

Figure 3.  The seabed relief map 
 
Different strip images of 300×50 pixels are extracted 

out. After the random changes of rotate, scale and contrast, 
these strip images are used as the real-time side-scan sonar 
images, namely matching images. The matching processing is 
implemented between the matching images and the reference 
image. One matching results is shown in Fig. 4. The figure is 
clipped and scaled to make them clear. 

 

 

Figure 4.  Rough matching result 
 
It can be seen from Fig. 4 that the proper area in reference 

image is found by the rough matching. Then the integrated 
matching algorithm mentioned as above is implemented. The 
accurate mapping relationship is also acquired. In order to 
evaluate the method objectively, the number of matching pairs 
and mismatching pairs, the variance of the verifying results 
and real corresponding keypoints, and time consumption 
acquired in the experiment are listed in TABLE I. 

The experiment shows that the method proposed in this 
paper has higher performance in consume time, matching 
accuracy and reliability. 

 
TABLE I 

MATCHING SPECIFICATIONS 
Matching specifications Specifications’ value 
matching pairs number 18 

mismatching pairs number 2 
Final Variance(m) 0.78 

time consumption (s) 2.47 
 



By above experiment, the following advantages of the 
method based the integration algorithm are found in the SSS 
image matching. 

1) Less operational time consumption 
Rough matching has higher matching speed by many 

simplifying measures from SURF. The algorithm implements 
the rough match in virtue of some keypoints extracted by 
SURF, and accurate match in typical areas rather than in 
whole image. The procedure decreases the time consumption. 

2) Invariance to geometric changes 
Rough matching is based on SURF whose most valuable 

property is invariance, so it is invariant to different viewing 
conditions too. Before accurate matching, geometric 
correction is executed based on the matching pairs, thus the 
effect of rotation, scale and contrast between two images are 
removed. Accuracy matching will not be influenced by these 
factors. 

3) High accuracy 
Rough matching is used for finding the corresponding 

points in the reference image according to the keypoints in the 
matching image, so its accuracy can reach pixel scale in ideal 
condition. But in the matching based on the image similarity, 
the point locations in reference image corresponding to the 
keypoints in matching image can be accurately acquired. The 
positioning accuracy can reach sub-pixel scale. 

4). High reliability 
Similarity calculation is able to distinguish the mismatching 

pairs and matching ones. In the matching, the iterative 
operation helps to find accurately appropriate matching pairs, 
which makes the matching relationship between two images 
can be determined accurately and has high reliability. Besides, 
the region matching uses the overall information of keypoint 
neighborhood area, and thus has more stable result. 

V. CONCLUSION 

In this paper, the SSS image matching based on the 
integration of SURF and similarity calculation of typical areas 
is proposed. The matching method has high operational speed 
and invariance to different viewing conditions by using SURF 
and has high accuracy and high reliability by using similarity 

calculating. Experiment verifies the effectiveness of the 
method.  
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