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Abstract. The concept of moving target detection is monitoring and detecting the moving target in 
the target area, achieving the goal of monitoring the target area all-day and all-weather. During the 
process of monitoring, the multi-frame SAR images which get from the same scenario need to be 
registered. The Range Doppler equations are used to obtain the location model of SAR images in 
this paper, combing the SIFT algorithm with the prior information. Firstly, the SIFT is used to 
extract the feature points. Secondly, the prior information is used to achieve the regional division of 
the feature points. Finally, the nearest neighbor matching rule is used to match the targets in the 
candidate target region. The prior information of SAR images is fully used in this method. In this 
way, the matching search range is reduced and the efficiency of matching algorithm is improved. 
Real data simulations prove that this algorithm is feasible. 

1.Introduction 

SAR imaging technique is used for imaging stationary targets, and GMTI technique is used for 
detecting and tracking moving targets. With these two technologies, SAR-GMTI system cannot 
only image for regional targets, but also detect moving target on the ground and form the target 
track. The realization of SAR-GMIT requires Sequence registration of multiple frames of SAR 
images in the same scene [1]. Currently, SAR image registration [2] is divided into two methods: 
gray information-based and features-based. Registration based on features extracts the image 
feature information to describe the characteristics. Then finds match feature using matching criteria 
and search methods to complete image registration [3]. 

Lowe proposed SIFT feature point matching algorithm [4, 5] in 1999;Wang J, Pi Y, Cao Z 
proposed a registration using extraction area features [6] in 2008; Jean M.M proposed ASIFT 
algorithm [7] in 2009. Mean time, Suri combined the SIFT algorithm with mutual information [8, 9]; 
Shanhu Wang and Hongjian You proposed a algorithm that match images roughly to eliminate the 
effects of image rotation and scale, then realize precise registrationusing Harris SAR image feature 
extraction algorithm [10] in 2012; Baoshang Zhang, Tian Zheng and Weidong Yan proposed a SAR 
image registration method based on the divided regions [11]; Guiqin Xia combined the corner 
match with prior information [12] in 2014. Registration method based on the point feature is simple 
and convenient. However, speckle noise in SAR image can lead to a lot of feature points extracted 
and it will increase the amount of arithmetic operations. How to reduce the computation and 
improve the robustness of the algorithm is a key research direction of registration algorithm based 
on the feature point. This article combines SIFT algorithm with the prior information. It divides the 
feature points into different region using the prior information to avoid the global feature matching. 
As a result, the SAR image registration algorithm efficiency is improved. 

2.SIFT algorithm 

Through a Gaussian differential function, the SIFT algorithm generates a scale space, and selects 
local extreme point as the candidate feature point, then removes the unstable low contrast and edge 
response points, and precisely positions feature points [13] [14]. The flowchart of SIFT algorithm 
for image registrations shown in Fig 1. 
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Fig. 1 1SIFT algorithm flowchart 
Image data is sampled down, and the image pyramid is constructed. Gaussian convolution kernel 

can achieve the scale transformation [15]. Two-dimensional image can be formed as image scale 
space with the convolution to different kernel Gaussian filters. As follows: 
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is a variable kernel. 
Extreme point of Gaussian Laplace can provide stable characteristic for the image [5]. 
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Gaussian Laplace function can be approximated by Gaussian differential function. And the 
extreme points can be obtained by Gaussian differential function. 
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Gaussian function fits to the three-dimensional quadratic function to achieve the positioning 
accuracy of the feature points. Gaussian differential function can be expanded by Taylor formula on 
candidate extreme points, as follows: 
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Wherein, 
0 0 0 0( , , )TX x y   

and ( , , )TX x y  are the vectors of the space position and the scale 

respectively of the extreme points and the candidate points. 0( )D X  is  the Gauss differential value 

of the candidate feature points. Take the derivative of the equation with respect to
0( )X X , and set 

its first-order partial derivative equal to zero, then adjust the position of the extreme points. As 
follows: 
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Detecting extreme point of differenced Gaussian has a strong edge response. There is a 
proportional relationship between the principal curvatures of the edge points and its eigenvalue of 
the Hessian matrix. Calculate the eigenvalue of the Hessian matrix to determine whether it is the 
stable point. 

Lowe proposed the method to construct feature points’ descriptors using the gradient distribution 
of the feature points’ neighboring pixels. Gradient magnitude and direction of pixel (x, y) are 
expressed as follows: 

2 2( , ) ( ( 1, ) ( 1, )) ( ( , 1) ( , 1))M x y L x y L x y L x y L x y               (6) 
1( , ) tan (( ( , 1) ( , 1)) / ( ( 1, ) ( 1, )))x y L x y L x y L x y L x y               (7) 

The gradient distribution is counted by the center pixel of the feature points. Histogram about the 
gradient direction is divided into 36 columns, and the peak value indicates as the main direction of 
the feature points. Rotate the axis of the image to the main direction of the feature points. Use 
Gaussian weighted principal to calculate the accumulated value of the pixel in the window in each 
direction of the gradient. Neighborhood window is divided into 16 sub-blocks of 4 × 4, and statistic 
the accumulated value of gradient histogram of 8 directions in each sub-block, then generate a seed 
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point. Statistical formula is as follows: 
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Wherein, kc is the center of direction column, k  is the width of the column direction and (x,y) 

is the coordinate of the pixel of sub-block ( , )r l m . The feature vector of the feature points is 
constructed by 4 * 4 sub-block histogram, forming a 128-dimensional vector: 
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The minimum Euclidean distance can be used as the similarity metric criterion in the 
128-dimensional feature vectors extracted from the SIFT algorithm. Euclidean distance between 
two feature points can be expressed as for (N is the dimension of feature vectors): 
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Similar structures existing in the image will result in error matching points which scattered in the 
similar structures. The false match can be eliminated by the ransac algorithm, achieving the exact 
match. 

3.SAR image registration combined with prior information  

Range-Doppler model is based on the squint SAR imaging and the characteristics of Doppler 
frequency shifting [12] [16]. Geometry model of SAR imaging is shown in Fig 2. V represents 
carrier aircraft velocity, H represents the height, O` is the ground projection of the starting position, 
Y-axis is the direction of carrier aircraft flight and Z-axis is perpendicular to the ground. So the 
scene coordinate system isO'-XYZ . 

R

0R



 
Fig. 2 geometry model of SAR imaging  

Target distance is determined by the position of the received echo delay. The slant distance [17] 
to the j-th pixel of range direction in SAR image is as follows: 

min 2 s

c
R R j

f
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(11) 

The azimuth location of target is determined by the Doppler characteristics and df represents 

Doppler frequency of the target. As follows: 
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minR is the shortest distance from the center of the antenna to the swath. 
sf is the A / D sampling 

frequency, and  is the angle between the antenna center radial and aircraft flight direction. We can 
get the coordinates of the scattering ground point corresponding to pixel (i, j) under scene 
coordinate system: 

Carrier aircraft flight path is not necessarily true north direction, so we need to change the scene 
coordinates to carrier aircraft geographic coordinates. In order to achieve the goals’ absolute 
positioning, the aircraft geographic coordinates should be converted tothe geodetic coordinates. The 
target positioning process of the SAR image can be shown in Fig 3. 
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left is reference image and the right is the generated image with different squint. The results are as 
follows: Fig 7 (global search), Fig 8 (local search with prior information) . 

Table 1 Experimental comparison between global search and local search 
registration 
algorithm 

Feature point 
numbers (Fig 

5/Fig 6) 

Match 
time /s 

Error match 
point/ 

Matchpoint 

Feature point 
numbers (Fig 

7/Fig 8) 

Match 
time /s 

Error 
matchpoint/ 
Match point 

global search 109/118 0.11 0/37 332/334 0.28 5/80 

local search 109/118 0.03 0/27 332/334 0.04 0/41 

The conclusion can be obtained through the experiments. The matching search range of the 
feature points is greatly reduced with the method which is combined with SAR imaging prior 
information to determine the candidate match area. Meantime, the matching speed is improved and 
the matching rate has a more obvious advantage on the rapidly increasing of the feature points. 

5.Summary 

SAR image registration is critical to applications of SAR data. It has deep influence on SAR 
image correction, target detection, image change detection, DEM extraction and so on. Therefore, 
the high efficiency and precision of the SAR image registration have been put forward. In this paper, 
the Range-Doppler Equation has been used to derive SAR image localization model and the 
theoretical basis of image registration has been introduced. Then, combined with SAR prior 
information, the extracted feature points are located by using parameters of SAR image and 
platform navigation system, and the registration image candidate matching point regions are 
determined. Finally, matching points are searched in the candidate area. This method takes full 
advantage of prior information of SAR imaging to avoid global search. Proved by real data, the 
algorithm’s precision and efficiency are improved. 
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