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Abstract: A new method of detecting moving object in dynamic background is proposed in this paper. At first, an adaptive 

threshold Harris algorithm is proposed in this paper to extract feature points, then, SIFT algorithm is used to describe these 
extracted feature points. The similarity function is used to match feature points and RANSAC algorithm is used to eliminate the 
pseudo matches. According to the correct matches, we get the affine transformation matrix which used to compensate the motion 
of background caused by camera motion, and update the dynamic background with the background model. Finally, the moving 
object can be detected by background subtraction method. Experimental results show that the method presented in this paper 
improves the accuracy of feature point extraction and detects moving target in dynamic background accurately. 
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1 Introduction
Moving object detection has been the very important field 

in computer vision. At present, the main methods of moving 
object detection in dynamic background are optical flow and 
motion compensation. In addition, there are methods like 
motion segmentation proposed in [1][2] , movement region 
integration, and another type of method based on the 
difference between the feature points of the moving object 
and the ones of the background, which usually classify these 
two kind of points with related algorithm of pattern 
recognition, mentioned in [3][4]. The disadvantage of 
optical flow method is large calculation and high 
requirements for hardware. Motion compensation is widely 
used, such as in [5][6][7], and there are also various methods 
of obtaining the motion model parameters, such as gray 
projection algorithm, feature algorithm, the classic 
block-matching algorithm and the bit-plane matching 
algorithm. In this paper, we mainly focus on feature 
algorithm. Gray, area, edge, feature point or corner are the 
commonly used feature space. The earlier corner extraction 
method is Moravec algorithm [8], proposed by Moravec in 
1979.  It is simple, but it does not have rotational invariance 
and is sensitive to noise, which lead to rarely used now. One 
of the most widely used corner detection algorithm is Harris 
algorithm, proposed in [9]. Though it spends more time in 
computing than Moravec algorithm, it solves the existing 
problems of the former. While Harris algorithm has its own 
limitations: fixed threshold and no scale invariance. For the 
fixed threshold problem, reference [10] proposes to set the 
threshold to be 0.01 times the maxima of the corner 
response and reference [11] improves the 0.01 to be a 
variable P. A dual threshold method is proposed in [12].  
The above methods only utilize the maxima of the corner 
response function. In this paper, we make full use of the 
local maxima of corner response function, and propose to set 
the threshold to be k times the mean of the local maxima of 
corner response function, here k is a constant. Compared 
with the traditional Harris algorithm, experimental results 
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show that this method improves the accuracy of detection. 
Weighing the detection accuracy and the real-time property, 
we detect the corners with adaptive threshold Harris 
algorithm mentioned above and use SIFT algorithm to 
describe these corners. When using background subtraction 
to extract moving object, the key step is background 
updating. The method we used in this paper improves the 
extraction efficiency. 

2 Adaptive Threshold Harris Algorithm 

To reduce the impact of noise on the image, a Gaussian 
window is used to smooth the image at the beginning. For 
any point ( , )x y in the smoothed image, the changed value 
of gray it moves a small displacement in any direction, 
showed in (1). 

                      (1) , ( , ) ( , )T
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 denotes convolution operation in x and y. Define the 
corner response function of  pixel ( , )x y as (3). 

2det( ) ( )R M k tr M               (3) 

where det( )M  denotes the determinant of matrix M and 
 denotes the trace of matrix(tr M ) M . is a constant 

whose value usually be 0.04-0.06. When 
k
R is the local 

maxima within a field and greater than the set threshold 
value, this pixel is marked as a corner. In this paper we 
propose setting the threshold to be k times the mean of the 
local maxima of corner response function. The value of k is 
2.65. In order to make a compare with traditional Harris 
algorithm, we choose a common image. Experimental 
results are shown in Figure 1.  
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Fig. 1: Result of adaptive threshold Harris algorithm proposed in 

this paper 

The comparison of experiment result of the adaptive 
threshold Harris algorithm in this paper and the Harris 
algorithm proposed in [11] as well as the traditional Harris 
algorithm shown in Table 1. 

Table 1: Comparison of Experiment Results 

Algorithm Correct Corners    Missed Corners   False Corners

  In [11] 51                        9                            4 

In [12]       46                       14                          10 

In this Paper       52                        8                            4 

 As can be seen from Table 1, the adaptive threshold 
Harris algorithm proposed in this paper detects more correct 
corners and less missed corners, that is improving the 
detection accuracy. 

3 Improved SIFT Algorithm 

 SIFT algorithm is proposed in 1999 by Canadian D. G. 
Lowe in [13] and summarized in 2004 in [14]. This section 
we will briefly describe the SIFT algorithm, and then 
introduce how to combine SIFT algorithm with the adaptive 
threshold Harris algorithm proposed above, which is the 
improved SIFT algorithm. 

3.1 SIFT Algorithm

The first step of SIFT algorithm is scale-space extrema 
detection. The expression of variable-scale Gaussian 
function is 

2 2

22
2

1
( , , )

2

x y

G x y e            4  

where is scale-space factor. Using ( , , )G x y  to 
convolve with original image ( , )I x y to obtain the scale 
space function: 

( , , ) ( , , ) ( , )L x y G x y I x y             5  

According to the size of original image and top layer image, 
the number of layers of the Gaussian pyramid can be 
determined. Then create a Gaussian pyramid through 

down-sampling, and make the difference of two nearby 
scales separated by a constant multiplicative factor k, we 
get ( , , )D x y : 

( , , ) ( ( , , ) ( , , )) ( , )D x y G x y k G x y I x y  
              ( , , ) ( , , )L x y k L x y                           (6) 
The local maxima and minima of ( , , )D x y may be the 

potential interest points that are invariant to scale and 
orientation. The process of detecting local extrema is as 
follow: compare the center point of the 3 window with 
the rest 8 points and nine neighbors in the scale above and 
below, 26 points in total.  

3

The second step of SIFT algorithm is keypoints 
localization. the Taylor expansion of ( , , )D x y is 

2
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where X is 

( , , )TX x y                                 (8) 

Set the derivative of the Taylor expansion of ( , , )D x y to 

zero and get the offset of extrema X̂ as follow: 
2 1

2
ˆ D D

X
X X

                              (9) 

Then, adjust the position of current keypoint according to 
this offset and interpolate at the new position repeatedly 
until it converges.  

DOG operator will generate a strong edge response, so we 
have to eliminate the edge response points. Get the Hessian 
matrix  

xx xy

xy yy

D D
H

D D
(10) 

Let and , the eigenvalues of matrix , denote the 
gradient of 

H
x and  direction respectively. According to 

the mathematical knowledge we have 
y

( ) xx yytr H D D                         (11) 

2( ) ( )xx yy xydet H D D D                    (12) 

Assume that is greater than , and let r .Then, 

2 2 2( ) ( ) ( 1) 1
2

( )

Tr H r
r

Det H r r
        (13) 

The larger the value of r is, the larger gap between and 
will be, that is the situation of edge pixel. So we set a 

certain value of as threshold, if the potential feature point 
satisfies (10), it will be saved, or else eliminate it.  

r

2 2( ) ( 1)

( )

Tr H r

Det H r
                              (14) 

The third step of SIFT algorithm is orientation assignment. 
For the keypoints detected above, collect the gradients and 
directions of pixels within their 3  neighborhood window to 
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build histograms. The maximum value of the histogram is 
the main direction of the keypoint. The gradient 
magnitude, , and orientation, ( , )m x y ( , )x y ,of pixel 
( , )x y are as follows. 

2( , ) ( ( 1, ) ( 1, )) ( ( , 1) ( , 1))m x y L x y L x y L x y L x y 2   (15) 

1 ( , 1) ( , 1)
( , ) tan ( )

( 1, ) ( 1, )

L x y L x y
x y

L x y L x y
            (16) 

 Finally, the keypoints containing information of location, 
scale and orientation will be described with a vector, used 
for corner matching in next step. 

3.2 SIFT Algorithm Combined With Harris Algorithm 

Though SIFT feature is invariant for translation, rotation, 
scaling and brightness, its feature points detection process is 
complicated and time-consuming, which is bad for real-time 
system. To ensure the accuracy and the detection speed of 
the feature point in this paper, we detect the corners or 
feature points with adaptive threshold Harris algorithm 
proposed in section 2, and then, establish feature descriptor 
vectors containing information of location, scale and 
orientation for those corners with SIFT algorithm. Finally, 
the matching process is completed based on the vectors. The 
improved SIFT algorithm take less time, as it do not need to 
search the whole image, but only focus on the corner that 
already detected by the adaptive threshold Harris algorithm. 

4 Corner Matching 
There are several traditional feature point matching 

algorithms such as sum of squared differences (SSD)[15], 
cross correlation(CC) [16] and normalized cross correlation 
(NCC)[17]. SSD is simple but very sensitive to changes in 
illumination. Instead of using the gray value of the feature 
point’s neighborhood, CC relay on the cross correlation of   
the gray value of the feature point’s neighborhood. This 
method is still relatively sensitive to changes in illumination. 
On this basis, the normalized cross-correlation is proposed 
to eliminate the influence of illumination. Taking the 
calculation amount into account, Euclidean distance will be 
used to measure the similarity of two corners. When the 
feature descriptor vectors of two images are established, 
take one corner in the first image and compute the Euclidean 
distance with corners in second image to find the two nearest 
one. If the ratio of the nearest distance and the second 
nearest distance less than a certain threshold, the nearest 
distance corner will be taken as the matching corner. The 
threshold become smaller, the numbers of matching corner 
will be less but more robust. The recommended threshold by 
Lowe is 0.8. This paper, when we take 0.45 it reach the best 
results. 

5 Background Global Motion Compensation 

Numbers of matching corners will be obtained after the 
above steps. This section we mainly introduce how to use 
these matching corners to obtain the affine transformation 
matrix M , and realize global motion compensation. 

5.1 Parameters estimation 

The two-dimensional affine transformation model is used 
to describe the motion of image sensor. For a certain corner, 
assuming ( , )x y is the coordinate at time and ( ,1kT )x y at 

time . The transformation relationship between them is kT

0 1 2

3 4 5

a a ax x
a a ay y

                      (17) 

Write the affine transformation matrix M  as follow: 

0 1

3 4 5

2

0 0 1

a a
M a a a

a

)

                         (18) 

In order to obtain the above six parameters, theoretically 
speaking, only three non-collinear matches are needed. But 
if the location of one corner among the three matches exist a 
large error, the affine transformation matrix based on these 
three matches also exist a large error. In practical application, 
the least squares method is usually used to get approximate 
solution to more than matches.  ( 3N N

5.2 Mismatches Remove with RANSAC Algorithm  

There are some local feature points, such as the one be 
covered or located in the target or the one out of the field of 
view. While all we want are global feature points that 
correctly matched and located in background area. The least 
squares method can not distinguish these two feature points 
and eliminate local feature points. Therefore, we need a 
robust method to estimate the global motion parameters and 
the RANSAC algorithm is one of the most representatives. 
Specific application process is as follows: 

1 The feature points set of reference image is 

= , 1, 2, ,i iP x y i n and the set of target image is 

= , 1,2, ,i iQ x y i n . Randomly select three 

matches as a sample subset , which used to initialize 
matrix

S
M ; 

2 Select those points that meet the requirements  of the 
initialized M ,that is the inliers set ; S

3 If the number of feature points in set is greater than 
,  according to the least squares method to estimate the six 

parameters with all feature points in set S . 

S
N

4 If the number of feature points in set is less than , 
resample a new subset and circulate step 2) and 3); 

S N
S

5 After a certain number of sampling , we get the 
maximum inliers set that used to calculate the final 
parameters with the least squares method.  
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5.3 Global Motion Compensation 

When we get the affine transformation matrix M , we 
can compensate the motion of background for the current 
image. Since many of the coordinates calculated by 
compensation are not an integer, then the gray values can 
not be directly obtained, so the coordinates need to be 
adjusted. Let ( , denote the motion vector. Then the 
adjusted coordinates of pixel 

)u v
( , )x y in current image would 

be ( , )x u y v  and we have  

0

0

x

y

x u x
y v y

                      (19) 

where 0x  is the integer part of x u and x is the 

fractional part, while 0y  is the integer part of y v  and 

y  is the fractional part. Geometry method, including 
forward mapping and backward mapping, is commonly used 
when adjusting coordinate. In this paper, we choose 
backward mapping method, which is mapping from output 
to input. The output gradation value is calculated from the 
four input pixels. 

5.4 Experimental Results and Analysis 

The effectiveness of the parameters estimation and 
motion compensation is verified through experiments. 
Experimental platform is a PC with Intel R Core TM
i3-2120 3.3GHz CPU, 4G memory and Windows XP OS. 
Fig. 2 denotes the two nearby original images. The detection 
results of these two images by improved SIFT algorithm are 
shown in Fig.3. The final matching points are shown in 
Fig.4 after eliminating the mismatches by RANSAC 
algorithm.  

  

  

  
Fig.2 Original images 

The experimental results show the proposed parameters 
estimation and motion compensation method used in this 
paper are effective. It can better compensate the offset of the 
background caused by the motion of camera, which is 
conducive to detect and track the moving target in dynamic 
background. 

  

  

  

Fig.3 Corner detection results of the improved SIFT algorithm 

  

  

  
Fig.4: The final matching points 

6 Moving Target Detection

Background subtraction method is applied to detect the 
moving object and we made a comparison of detection result 
between the one with motion compensation and the without. 

6.1 Background subtraction method 

In this paper, moving object is extracted by using 
background subtraction. The way to updating background is 
as follow: if the area detected in the current frame belongs to 
the foreground, then, the background template of this area 
remains the same, which means no updating. If it does not or 
the background of last frame becomes the background of 
current frame, then, the background of the current frame will 
be used as a new background template. The mathematical 
model of this process is: 

0, ( , ) ( , )
( , )

1, ( , ) ( , )
t t

t t

f x y b x y Th
M x y

f x y b x y Th
        (20) 
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where denotes the background area and 

denotes the foreground area.

( , ) 0M x y
) 1y( ,M x ( , )tf x y

( )T

 

denotes the pixel in current frame and  denotes the 

pixel in the background template of current moment. 

( , )tb x y
 

denotes the affine transformation, and Th  is the threshold. 
Define  

' '
1( , ) ( ( , ))t tb x y T b x y                        (21) 

Then, background update as follow formula. 

'( , ) ( , ) 0 ( , ) 0
( , )

( , ) ( , ) 1
t

t
t

f x y M x y or b x y
b x y

b x y M x y
(22) 

Since the background updating related to the affine 
transformation matrix, whereas the affine transformation 
matrix is obtained by the correct matching feature points, so 
the accuracy of the affine transformation matrix subject to 
the corner detection and matching algorithms, and thus, the 
more corners, the background model is more accurate. 

6.2 Detection results 

The motion compensation basically eliminates the 
influence caused by movement of image sensor. Then, the 
moving object can be detected by the background 
subtraction method. However, global motion compensation 
does not fully offset the motion of background due to the 
changes in illumination, the distortion of the image sensor, 
the accuracy of compensation algorithm and other reasons. 
Therefore, there will be some small holes, isolated dots, 
small block-like noise and thin lines. Mathematical 
morphological filtering is a good method to eliminate the 
noise. The left side images in Fig.5 denote the result of 
frame difference algorithm without compensation and the 
right side images in Fig.5 denote the background subtraction 
algorithm after compensation. It can be seen from Fig.5 that 
the moving object is detected very well with the method 
proposed in this paper. 

  

  

  

Fig. 5: The Comparison results  

7 Conclusion

In real life, most application of moving target detection 
requires to consider the change of background, namely 
dynamic background. An adaptive threshold Harris 
algorithm is proposed in this paper and experimental result 
show that this method is more effective in detecting corners, 
and combining with SIFT algorithm makes this algorithm 
more efficient. Dynamic background updating guarantees 
the effectiveness of background subtraction algorithm. 
Experimental result showed that the method used in this 
paper can better obtain the motion parameters, and 
ultimately the detection result of moving target under 
dynamic background is good.  
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