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Abstract. A picture is blurred when it is taken by the mobile phone camera in 
dim light conditions. There are some hardware approaches for commercial use 
to solve this problem, but they cost high and occupy a large space in the cam-
era. A software approach, called image deblurring, takes much time to process 
and its result is not suitable for real applications because of the ringing effect. In 
this paper, we introduce a fast anti-shaking algorithm that is suitable for the 
mobile phone camera which uses a full-size image with fast shutter speed, and a 
preview image. The proposed algorithm is relatively free from both cost and 
size restraints, and shows good ability to prevent the blur of the image. The 
processing time was 1.47sec and showed the blur correction rate of 65.2%. 
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1   Introduction 

An anti-shaking algorithm is for reducing the blur in the picture caused by the camera 
shake. If you take a picture in dim light conditions, it takes some time to obtain 
enough light. Camera shaking by hands during this time results in the blurred image.  

There are many technologies in commercial use to reduce the blur of the picture. 
Canon’s image stabilizer or Konica Minolta’s anti-shake shift a lens group or charge 
coupled device (CCD) to compensate for camera’s motion. Although these hardware 
approaches show good performances for preventing blur and generating sharp images, 
they cost high and occupy much space in the camera. Since cost and size are very 
critical issues for mobile phone cameras, this implementation is not suitable for the 
mobile phone camera.  

There is also an image processing technique called image deblurring. Since image 
deblurring is an ill-posed problem where the PSF(point spread function) and the sharp 
image is estimated from the blurred image alone, it requires many iteration for restor-
ing the sharp image so that it takes much time to process. It takes 10 minutes with 
MATLAB for the 128×128 image by the algorithm proposed by Fergus et al.[1]. The 
deblurring method using blurred image and noisy image pairs introduced by Yuan  
et al [2] shows quite good result, but requires too much memory space because it has 
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to handle two images simultaneously. The deblurring method proposed by Shan et al 
reduces the ringing artifacts significantly, but it takes about 20 minutes to deblur 
1600×1200 color image with C source code [3].  

Our approach uses advantages of both software and hardware approaches. We re-
duce the blur with the fast shutter speed of the camera, and then, we get the output 
image close to the original sharp image by denoising and histogram matching with the 
aim of the preview image. 

This paper is organized as follows. The proposed algorithm composed of input im-
age acquisition, adaptive bilateral filtering and color correction is addressed in Sec-
tion 2. We will show the experimental results in Section 3. Finally, conclusions are 
drawn in Section 4.  

2   Proposed Anti-shaking Algorithm 

Figure 1 shows the overview of the proposed algorithm. The full-size image is taken 
with fast shutter speed to reduce the blur. Since the full-size image obtained with fast 
shutter speed is noisy and dark, we reduce the noise and correct the color of the full-size 
image. With these procedures, we can obtain the sharp image which has reduced blur. 

 

Fig. 1. Overview of the proposed algorithm 

2.1   Input Image Acquisition 

If the anti-shaking is activated, 1600×1200 full-size image with YUV 4:2:2 format is 
taken with the fast shutter speed of 70ms. This full-size image is not blurred but noisy 
and dark. 320×240 preview image with YUV 4:2:0 format is also available in the 
camera. The preview image is captured during enough time, so it is not noisy and 
contains right color information.  

2.2   Adaptive Bilateral Filtering 

If the picture is taken with fast shutter speed, noise flow residing in the camera be-
comes prominent due to the low signal intensity, so we get the noisy image. We use 
bilateral filter to remove the noise which is relatively fast and maintains edge well. 
Other state-of-the-art denoising algorithms like the non local means algorithm show 
better performance than bilateral filter, but they are two slow [6]. 
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where [ ]PF I   is the restored pixel at position p, 
s

Gσ is the Gaussian function whose 

variable is the distance between p and q and whose standard deviation is sσ , 
r

Gσ is 

the Gaussian function whose variable is the difference between the pixel value at p 
and the pixel value at q and whose standard deviation is rσ , qI is the pixel value at q, 

S is the neighborhood of p enclosed by window whose center is located at p and pW is 

the sum of 
s r

G Gσ σ in the window. 

The bilateral filter requires three parameters, window size, 
sσ and

rσ . If we 

change these filtering parameters adaptively according to the features on the image, 
we can get better denoised result. For these adaptive filtering, we need edge informa-
tion of the image, but it is very difficult to extract edge information from the noisy 
image since both noise and edge are high frequency components. Thus, we use pre-
view image which is free from the noise. Since the preview image has small size and 
does not contain noise, the edge information can be obtained efficiently and rapidly 
with the simple Sobel algorithm.  

For adaptive filtering, the image is classified into three regions using the edge map 
extracted from the Y component of the preview image. We slide 3×3window on the 
edge map, and three regions are defined according to the edge information in the 
window. Region 1 is the edge-free region, region 2 is the region which has strong 
edge and region 3 is the region which has many edges. We filter the image with dif-
ferent filtering parameters set according to the classified region.  A pixel of the edge 
map corresponds to 5×5 block. Since the noise in the chrominance components of the 
full-size image is more unpleasant to the eye than that of the luminance components 
of the full-size image, we generally filter the chrominance parts with stronger filtering 
parameters. The filtering parameters according to the classified region are presented 
in the table 1. 

Table 1. Filtering parameters according to region classification 

components Classified region Window size sσ  
rσ  

Y region 1,2,3 3ⅹ3 1 50 
Region 1 11ⅹ11 1 50 
Region 2 7ⅹ7 1 30 U,V 
Region 3 3ⅹ3 1 5 

2.3   Histogram Matching 

The full-size image taken with fast shutter speed is dark due to the shortage of light. 
We correct the pixel intensity of the full-size image referring to the preview image 
which has right color information using the histogram matching.  
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At first, we reduce the size of the full-size image to the size of preview image by 
down-sampling. After that, we get the cumulative histograms of two images, down-
sampled full-size image and preview image. We get the mapping function from these 
cumulative histograms and substitute the pixel value of the full-size image with the 
values obtained from this mapping function. However, since all clipped pixel values 
below some threshold of the full-size image are mapped to the first active bin in the 
histogram like fig. 2. (a), this causes an unnatural image. We removed these artifacts 
using the Fecker’s method [5]. If we define the mapping value of 0 as M[0] and the 
histogram of pixel i of the preview image as  H[i], then the center of mass c of the 
values for the clipped interval can be calculated as follows. 

                                         ∑∑
==

=
]0[

0

]0[

0

][/][
M

i

M

i

iHiiHc                                              (2) 

This value is used for the mapping of 0 values of the histogram. The result of relocat-
ing the first bin using this equation is represented in Fig. 2. (b). However you can see 
that there is unnatural blank interval between the first bin and the second bin in Fig. 2. 
(b). The quality of image can be improved by removing this interval. We moved 
2(M[0]-c) bins of the histogram in Fig. 2. (a) by the equation 3. 

 

    '[ ] [ ] ( [0] )(2( [0] ) ) / 2( [0] ),  0 ... 2( [0] ) 1M i M i M c M c i M c i M c= − − − − − = − − ,  (3) 

 
where M[i] is the mapping value of the pixel value i of the full size image, M’[i] is the 
rearranged mapping value, c is the center of mass in (2). The result of rearranging 
histogram is shown in Fig. 2. (c). 
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(a)                                           (b)                                       (c) 

Fig. 2. (a) Histogram obtained with simple mapping. (b) Histogram correction using center of 
mass.  (c) Histogram correction by rearrangement.  

3   Experimental Results 

We experimented with the images supported by LG electronics.  The images are taken 
with the camera moving vertically with 4 Hz. The full-size image is taken with the 
shutter speed of 70ms. In our test conditions with Pentium 4, 3.4 GHz and 3GB RAM, 
the total processing time was 1.47 sec.  
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Figure 8 shows the close up results for each procedure. Figure 3 (a) shows selected 
parts from the full-size image. There is a lot of noise in the image and the color of the 
image is dark. Figure 3 (b) represents denoised results for the corresponding parts. 
The noise is removed significantly while the edges are preserved. Figure 3 (c) shows 
the color-corrected results with histogram matching. After histogram matching, the 
color of the image becomes similar to the color of the preview image which has right 
color information. 

 

     

     
                                  (a)                             (b)                           (c) 

Fig. 3. Close up of (a) Full-size image.  (b) Denoised result.  (c) Color-corrected result. 

  
(a)                                            (b) 

Fig. 4. (a) Without anti-shaking.  (b) With anti-shaking. 

Figure 4 shows the results when the anti-shaking algorithm is not activated and ac-
tivated respectively. We confirmed that the anti-shaking algorithm prevented the blur 
of the image effectively.  

Table 2 shows a comparison between the blur-correction rates of the algorithms 
used in other devices and the blur-correction rate of our algorithm. The blur-
correction rate is calculated as follows. 
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where lB’ is the blurred length with the anti-shaking algorithm and lB is the blurred 
length without the anti-shaking algorithm.  
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Table 2. Blur-correction rates with the test image 

Model Method A Method B Method C Our method 
Blurred length (cm) 0.186 0.127 0.154 0.074 

Blur-correction rate (%) 8.6 42.5 45.5 65.2 
* The exact names of camera models are replaced with alphabets for anonymity 

4   Conclusions 

In this paper, we have proposed the anti-shaking algorithm for the mobile phone cam-
era which reduces the blur of the picture taken in dim light conditions. Our method 
removes the noise from the full-size image taken with fast shutter speed and corrects 
the color information of the full-size image to get the output which is close to the 
original image. The blur-correction rate was 65.2% and processing time was 14.7sec 
with our test image. Our algorithm also has no limitations on cost and size, so it is 
suitable for the mobile phone camera.  
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1   Introduction 

An anti-shaking algorithm is for reducing the blur in the picture caused by the camera 
shake. If you take a picture in dim light conditions, it takes some time to obtain 
enough light. Camera shaking by hands during this time results in the blurred image.  

There are many technologies in commercial use to reduce the blur of the picture. 
Canon’s image stabilizer or Konica Minolta’s anti-shake shift a lens group or charge 
coupled device (CCD) to compensate for camera’s motion. Although these hardware 
approaches show good performances for preventing blur and generating sharp images, 
they cost high and occupy much space in the camera. Since cost and size are very 
critical issues for mobile phone cameras, this implementation is not suitable for the 
mobile phone camera.  

There is also an image processing technique called image deblurring. Since image 
deblurring is an ill-posed problem where the PSF(point spread function) and the sharp 
image is estimated from the blurred image alone, it requires many iteration for restor-
ing the sharp image so that it takes much time to process. It takes 10 minutes with 
MATLAB for the 128 128 image by the algorithm proposed by Fergus et al.[1]. The 



deblurring method using blurred image and noisy image pairs introduced by Yuan et 
al [2] shows quite good result, but requires too much memory space because it has to 
handle two images simultaneously. The deblurring method proposed by Shan et al 
reduces the ringing artifacts significantly, but it takes about 20 minutes to deblur 
1600 1200 color image with C source code [3].  

Our approach uses advantages of both software and hardware approaches. We re-
duce the blur with the fast shutter speed of the camera, and then, we get the output 
image close to the original sharp image by denoising and histogram matching with the 
aim of the preview image. 

This paper is organized as follows. The proposed algorithm composed of input im-
age acquisition, adaptive bilateral filtering and color correction is addressed in Sec-
tion 2. We will show the experimental results in Section 3. Finally, conclusions are 
drawn in Section 4.  

2   Proposed Anti-shaking Algorithm 

Figure 1 shows the overview of the proposed algorithm. The full-size image is taken 
with fast shutter speed to reduce the blur. Since the full-size image obtained with fast 
shutter speed is noisy and dark, we reduce the noise and correct the color of the full-
size image. With these procedures, we can obtain the sharp image which has reduced 
blur. 
 

 
 

Fig. 1. Overview of the proposed algorithm. 
 

2.1 Input Image Acquisition 

If the anti-shaking is activated, 1600 1200 full-size image with YUV 4:2:2 format is 
taken with the fast shutter speed of 70ms. This full-size image is not blurred but noisy 
and dark. 320 240 preview image with YUV 4:2:0 format is also available in the 
camera. The preview image is captured during enough time, so it is not noisy and 
contains right color information.  

2.2 Adaptive Bilateral Filtering 



If the picture is taken with fast shutter speed, noise flow residing in the camera be-
comes prominent due to the low signal intensity, so we get the noisy image. We use 
bilateral filter to remove the noise which is relatively fast and maintains edge well. 
Other state-of-the-art denoising algorithms like the non local means algorithm show 
better performance than bilateral filter, but they are two slow [6]. 
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The bilateral filter requires three parameters, window size, sσ and rσ . If we change 
these filtering parameters adaptively according to the features on the image, we can 
get better denoised result. For these adaptive filtering, we need edge information of 
the image, but it is very difficult to extract edge information from the noisy image 
since both noise and edge are high frequency components. Thus, we use preview 
image which is free from the noise. Since the preview image has small size and does 
not contain noise, the edge information can be obtained efficiently and rapidly with 
the simple Sobel algorithm.  

For adaptive filtering, the image is classified into three regions using the edge map 
extracted from the Y component of the preview image. We slide 3 3window on the 
edge map, and three regions are defined according to the edge information in the 
window. Region 1 is the edge-free region, region 2 is the region which has strong 
edge and region 3 is the region which has many edges. We filter the image with dif-
ferent filtering parameters set according to the classified region.  A pixel of the edge 
map corresponds to 5 5 block. Since the noise in the chrominance components of the 
full-size image is more unpleasant to the eye than that of the luminance components 
of the full-size image, we generally filter the chrominance parts with stronger filtering 
parameters. The filtering parameters according to the classified region are presented 
in the table 1. 

Table 1. Filtering parameters according to region classification 

components Classified region Window size sσ  rσ  
Y region 1,2,3 3ⅹ3 1 50 

U,V 
Region 1 11ⅹ11 1 50 
Region 2 7ⅹ7 1 30 
Region 3 3ⅹ3 1 5 
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2.3 Histogram Matching 

The full-size image taken with fast shutter speed is dark due to the shortage of light. 
We correct the pixel intensity of the full-size image referring to the preview image 
which has right color information using the histogram matching.  

 At first, we reduce the size of the full-size image to the size of preview image by 
down-sampling. After that, we get the cumulative histograms of two images, down-
sampled full-size image and preview image. We get the mapping function from these 
cumulative histograms and substitute the pixel value of the full-size image with the 
values obtained from this mapping function. However, since all clipped pixel values 
below some threshold of the full-size image are mapped to the first active bin in the 
histogram like fig. 2. (a), this causes an unnatural image. We removed these artifacts 
using the Fecker’s method [5]. If we define the mapping value of 0 as M[0] and the 
histogram of pixel i of the preview image as  H[i], then the center of mass c of the 
values for the clipped interval can be calculated as follows. 
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This value is used for the mapping of 0 values of the histogram. The result of relo-

cating the first bin using this equation is represented in Fig. 2. (b). However you can 
see that there is unnatural blank interval between the first bin and the second bin in 
Fig. 2. (b). The quality of image can be improved by removing this interval. We 
moved 2(M[0]-c) bins of the histogram in Fig. 2. (a) by the equation 3. 
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where M[i] is the mapping value of the pixel value i of the full size image, M’[i] is the 
rearranged mapping value, c is the center of mass in (2). The result of rearranging 
histogram is shown in Fig. 2. (c). 

(a)                                           (b)                                           (c) 
Fig. 2. (a) Histogram obtained with simple mapping. (b) Histogram correction using center of 
mass.  (c) Histogram correction by rearrangement.  

3   Experimental Results. 
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We experimented with the images supported by LG electronics.  The images are taken 
with the camera moving vertically with 4 Hz. The full-size image is taken with the 
shutter speed of 70ms. In our test conditions with Pentium 4, 3.4 GHz and 3GB RAM, 
the total processing time was 1.47 sec.  

Figure 8 shows the close up results for each procedure. Figure 3 (a) shows selected 
parts from the full-size image. There is a lot of noise in the image and the color of the 
image is dark. Figure 3 (b) represents denoised results for the corresponding parts. 
The noise is removed significantly while the edges are preserved. Figure 3 (c) shows 
the color-corrected results with histogram matching. After histogram matching, the 
color of the image becomes similar to the color of the preview image which has right 
color information. 
 

(a)                           (b)                           (c) 
 

Fig. 3. Close up of (a) Full-size image.  (b) Denoised result.  (c) Color-corrected result. 

(a)                                            (b) 
 

Fig. 4. (a) Without anti-shaking.  (b) With anti-shaking. 
 

Figure 4 shows the results when the anti-shaking algorithm is not activated and ac-
tivated respectively. We confirmed that the anti-shaking algorithm prevented the blur 
of the image effectively.  

Table 2 shows a comparison between the blur-correction rates of the algorithms 
used in other devices and the blur-correction rate of our algorithm. The blur-
correction rate is calculated as follows. 
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where lB’ is the blurred length with the anti-shaking algorithm and lB is the blurred 
length without the anti-shaking algorithm.  

Table 2. Blur-correction rates with the test image 

Model Method A Method B Method C Our method 
Blurred length (cm) 0.186 0.127 0.154 0.074 

Blur-correction rate (%) 8.6 42.5 45.5 65.2 
* The exact names of camera models are replaced with alphabets for anonymity 

4   Conclusions 

In this paper, we have proposed the anti-shaking algorithm for the mobile phone cam-
era which reduces the blur of the picture taken in dim light conditions. Our method 
removes the noise from the full-size image taken with fast shutter speed and corrects 
the color information of the full-size image to get the output which is close to the 
original image. The blur-correction rate was 65.2% and processing time was 14.7sec 
with our test image. Our algorithm also has no limitations on cost and size, so it is 
suitable for the mobile phone camera.  
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