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Abstract. Motion detection is the first important step in large applications of 
computer vision. Motion detection extracts moving objects from the back-
ground. There are many methods to do that. However, in most methods, if the 
input video has noise and light change, moving objects will not be extracted ac-
curately. In this paper, we propose the method for motion detection which ex-
tracts moving objects from the background based on the image intensity ratio 
concept that is not affected by light change; therefore, the sensitivity with light 
change is overcome. The image intensity ratio is computed by the average  
intensity of current frame and the intensity of every pixel in that frame. The in-
tensity ratio of a pixel is nearly unchanged between two frames. We apply the 
Lucas-Kanade optical flow method based on that image intensity ratio. Our 
proposed algorithm has good noise tolerance and is not affected by light 
change. For demonstrating the superiority of the proposed method, we have 
compared the results with the other recent methods available in literature. 
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1 Introduction 

Real-time object tracking is a popular application of computer vision. It faces up to 
complex problems. Although the algorithms have to do a lot of manipulation, they 
must be fast enough to finish processing a video frame in the extremely short time 
between two frames. The motion detection is a very important and complex step in 
the real-time object tracking system. In this step, moving objects will be extracted 
from the background. It is not easy to extract moving objects. In the input video, there 
is a lot of noise and light change because of the effect of the outdoor environment, 
which makes the moving object extraction inaccurate and some parts of the back-
ground become moving objects. 

In the past, there are many methods to extract moving objects from the back-
ground. In image subtraction methods [1], the current frame will be subtracted with a 
reference frame. The reference frame may be the background frame (background 
subtraction) or the previous frame (frame difference). This method is very sensitive 
with noise and light change. Noise and light change makes the current frame different 



 Motion Detection Based on Image Intensity Ratio 351 

from the reference frame. These different pixels become the foreground and make the 
moving object extraction inaccurate. In Gaussian mixture model [2], Stauffer has 
proposed a probabilistic approach using a mixture of Gaussian for identifying the 
background and foreground. This method is not affected by noise and sudden light 
change. However, if the light changes continuously, some parts of the background 
will become foreground objects. In Lucas-Kanade optical flow method [4, 5, 6, 7, 8], 
two continuous frames are used to compute the velocity of moving objects by the 
spatial and temporal derivatives. This method has good noise tolerance. However, if 
the light changes suddenly and continuously, some parts of the background will be-
come moving objects. 

In this paper, we propose the method for motion detection extracts moving objects 
from the background based on the image intensity ratio concept that is not affected by 
light change; therefore, the sensitivity with light change is overcome. The intensity 
ratio image is computed by the average intensity of current frame and the intensity of 
every pixel in that frame. The intensity ratio of a pixel is nearly unchanged between 
two frames. Then, we apply the Lucas-Kanade optical flow method based on that 
image intensity ratio. Our proposed algorithm has good noise tolerance and is not 
affected by light change. It is suitable for the real-time object tracking system. For 
demonstrating the superiority of the proposed method, we have compared the results 
with the other recent methods available in literature. 

The rest of the paper is organized as follows: in section 2, we described the basic 
of Lucas-kanade optical flow; details of the proposed method are given in section 3; 
the results of the proposed method are presented in section 4 and our conclusions in 
section 5. 

2 Lucas-Kanade Optical Flow 

The Lucas-Kanade optical flow method is proposed by Lucas and Takeo [4]. This 
optical flow method is used to compute the velocity of moving objects between two 
continuous frames by the spatial and temporal derivatives. It is fast and has a low 
computational cost, and good noise tolerance [5]. It tries to compute the motion be-
tween two continuous frames at time t and t + Δt. Assuming the intensity of a pixel 
does not change between two frames, we have equation: 

 ),,(),,( ttyyxxItyxI Δ+Δ+Δ+=  (2.1) 

Assuming the movement between two frames is small, the equation (2.1) with Tay-
lor series can be derived to give: 
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From (2.1) and (2.2), we obtain the following: 
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and the result is: 
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where Vx and Vy are the x and y components of the velocity and 
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spatial and temporal derivatives at x, y, t. Set Ix, Iy, It as those derivatives, we have 
equation: 

 tyyxx IVIVI −=+  (2.6) 

Assuming the neighboring pixels move at the same velocity with the pixel under 
consideration, we have the following: 

 








−=+

−=+

mmm tyyxx

tyyxx

IVIVI

IVIVI


111

 (2.7) 

The (2.7) can be written as: 
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,, , we have equation: 

 bAv =  (2.9) 

Use the least squares method to solve equation (2.9), we have the following: 

 bAAAv TT 1)( −=  (2.10) 

And the result is: 
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We can use Gaussian function in computational derivative step and add a Tikhonov 
constant to (2.11) for the better result [8]. 

3 The Proposed Method 

Real-time object tracking is a complex problem and a popular application of computer 
vision. In this section, we propose an approach for motion detection which extracts 
moving objects using an image intensity ratio based on Lucas-Kanade method (IRI-
LK). We apply the Lucas-Kanade optical flow method based on the intensity ratio 
image. We propose the image intensity ratio concept because it is not affected by light 
change. 

In input video, assuming the different pixels of actual interested moving objects 
between two frames is small. If the light does not change between two continuous 
frames, the average intensity of two continuous frames is different slightly. Else, the 
intensity of all pixels is changed and the average intensity is significant different be-
tween two continuous frames, which means the average intensity depends on the light 
change. Assumingly, the intensity of all pixels will change with a same coefficient λ 
when the light changes. 

Set I(x, y, t) and I(x+Δx, y+Δy, t+Δt) as the intensity of pixel at time t and t + Δt, 
we have equation: 

 ),,(),,( ttyyxxItyxI Δ+Δ+Δ+= λ  (3.1) 

Set )(tI  and )( ttI Δ+  as the average intensity of the frame with the size m x n 

at the time t and t+Δt, we have the following: 
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From (3.1), (3.2) and (3.3), we have equation: 
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 )()( ttItI Δ+= λ  (3.4) 

Set R(x, y, t) and R(x+Δx, y+Δy, t+Δt) as the intensity ratio of pixel at time t and 
t+Δt, we have the following: 
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From (3.1), (3.4), (3.5) and (3.6), we have equation: 

 ),,(),,( ttyyxxRtyxR Δ+Δ+Δ+=  (3.7) 

The equation (3.7) means the intensity ratio of pixels do not change when the light 
changes. Therefore, the intensity ratio image is not affected by light change. If the 
Lucas-Kanade optical flow method is based on the intensity ratio image, the sensitivi-
ty with light change of it is overcome. 

The proposed method IRI-LK algorithm which we propose is depicted in figure 1. 
This model includes four steps. The two main steps are intensity ratio image computa-
tion and optical flow computation. 

 

 

Fig. 1. Image Intensity ratio based on Lucas-Kanade model 

Firstly, the frame extraction. Frame sequences are extracted from input video. 
Frame by frame are converted to intensity images. Then, the intensity image is stand-
ardized. The intensity value will be a real number between 0 and 1. In this step, we 
can use an image processing function to resize the frame in an appropriate size. 

Secondly, the intensity ratio image computation. Each intensity image in turn is 
used to compute the image intensity ratio. We use the equation (3.2) to compute the 
average intensity of the current intensity image. Then, we use the equation (3.5) to 
compute the image intensity ratio. We can multiply the image intensity ratio with a 
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coefficient α which depends on the highest intensity ratio. This makes the intensity 
ratio value always in a correct range. 

Thirdly, optical flow computation. The Lucas-Kanade method is applied to com-
pute the velocity of moving objects. The spatial and temporal derivatives are comput-
ed based on the current image intensity ratio and previous image intensity ratio using 

Gaussian function. We use the equation (2.11) to calculate the velocity vector 




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of moving objects. The velocity magnitude V(x, y) is calculated by the following: 
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For returning binary foreground mask B(x, y), the velocity magnitude V(x, y) is 
taken threshold by the following: 
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Finally, we apply some morphological filtering to remove noise and small blobs 
such as morphological closing, image fill, and binary area open. 

4 Experimental Results 

In this section, we illustrate the results of IRI-LK algorithm. The implementation of 
developed algorithm has been tested under MATLAB platform. The input video is 
captured by a static camera with the resolution of 160 x120 pixels, at the frame rate of 
15fps. We choose  coefficient α = 6 and Tikhonov constant = 0.005. We tested many 
video clips. In here, we present some frames. In the input video, there are many 
frames having light change. Video clips for testing are taken from standard datasets 
and some clips from cameras on the streets. For demonstrating the superiority of the 
proposed method, we have compared the results with the Lucas-Kanade (LK) method, 
and Gaussian Mixture Model (GMM) method. 

In figure 2, we show three input frames that have light change. The light is darker 
from frame 39 to frame 41. For the Lucas-Kanade optical flow method, we receive a 
flash at frame 40 and frame 41. For the Gaussian mixture model method, we receive a 
flash at frame 41. For the proposed method, the segment result is very good. 

Table 1 compares the motion segment error between LK method, GMM, and the 
proposed method (IRI-LK). Look at table 1, we have the percentage of the motion 
segment error is LK: 12.40%, GMM: 8.26%, IRI-LK: 0.00%. The LK gets the motion 
segment error when the light changes suddenly and continuously. The GMM gets the 
motion segment error when the light changes continuously. The IRI-LK is very good 
for this input video. 
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Frame 39 LK method GMM method Proposed method 

  

Frame 40 LK method GMM method Proposed method 

  

Frame 41 LK method GMM method Proposed method 

Fig. 2. The segment of Car video compared the proposed method with the other methods 

Table 1. Comparing the motion segment error of LK, GMM, and IRI-LK 

Frame 
Average 
Intensity 

LK method GMM method Proposed method 

1 0.5220    

…     

21 0.5030    

22 0.5056    

23 0.4628 Error   

24 0.4717    

25 0.4854    

…     

38 0.5165    

39 0.5035    

40 0.4643 Error   

41 0.4166 Error Error  

42 0.3714 Error Error  
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Frame 
Average 
Intensity 

LK method GMM method Proposed method 

43 0.3922  Error  

44 0.3374 Error Error  

45 0.3814 Error Error  

46 0.4026 Error Error  

47 0.4345 Error   

48 0.4829 Error   

49 0.4818    

50 0.4809    

…     

76 0.4764    

77 0.4975    

78 0.4472 Error Error  

79 0.4056 Error Error  

80 0.4237  Error  

81 0.4068  Error  

82 0.4551 Error   

83 0.4925 Error   

84 0.4890    

85 0.4892    

…     

98 0.4790    

99 0.4677    

100 0.4200 Error   

101 0.4282    

102 0.4330    

103 0.4267    

104 0.4704 Error   

105 0.4875    

106 0.4872    

…     

121 0.4891    
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In another test, the input video is captured by a static camera with the resolution of 
640x360 pixels, at the frame rate of 29fps. We choose coefficient α = 6 and Tikhonov 
constant = 0.001. We add 10% brightness at frame 160 and 20% brightness at frame 
161 for testing. Three input frames are shown in figure 3. 

  

Frame 159 LK method GMM method Proposed method 

  

Frame 160 LK method GMM method Proposed method 

  

Frame 161 LK method GMM method Proposed method 

Fig. 3. The segment of clip, which was captured by a static camera, compared the proposed 
method with the other methods 

In figure 3, we also show three input frames that have light change. For the Lucas-
Kanade optical flow method, we receive a flash at frame 160 and frame 161. For the 
Gaussian mixture model method, we receive a flash at frame 161. For the proposed 
method, the segment result is also very good. 

5 Conclusion 

In motion detection, the noise and light change makes moving object identification 
inaccurate because the Lucas-Kanade optical flow method works well with the as-
sumption that the intensity of pixels does not change. We propose the image intensity 
ratio concept that is not affected by light change in accordance with the Lucas-Kanade 
optical flow method. The proposed method has good noise tolerance and is not affect-
ed by light change. It is good for the real-time object tracking system. In fact, the light 
does not change with the same coefficient λ at all pixels. The intensity ratio of a pixel 
has a small difference between two continuous frames. It makes the segment result 
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not good in all cases. Despite that, our proposed method greatly improves the result of 
motion detection in the light change. 
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