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Abstract

  Taking pictures of LCD monitor using digital 

camera can produce unwanted artifacts such as 

moiré pattern. This aliasing problem happens 

because of the interference between fine details of 

LCD mask (electrical conductors) and sensels grid in 

camera sensor or viewing screen. To eliminate 

moiré is to remove grid (periodic or quasi-periodic 

pattern) in image which is represented by peaks in 

image spectrum amplitude. A peak detection 

framework based on median filter and region 

growing in frequency domain is introduced in this 

paper. The ratio of the coefficient-of-interest to the 

median is calculated, compared to a threshold, and 

any wide hills are covered with a region growing 

algorithm in order to define moiré frequency 

coefficients. The Fourier coefficients of detected 

peaks are corrected using local Gaussian notch filter.

I. Introduction 

  The moiré effect is a well-known phenomenon 

which occurs when repetitive structures (such as 

screens, grids, or gratings) are superposed or 

viewed against each other. It consists of a new 

pattern of alternating dark and bright areas which is 

clearly observed at the superposition, although it 

does not appear in any of the original structures [1]. 

In the case of taking picture of LCD monitor, the 

electrical conductors of front LCD create overlaid 

structure with viewing screen grid, hence the moiré 

pattern. This pattern has extreme sensitivity to 

slightest displacements, variations, or distortions in 

the overlaid structures. 

  Because this moiré effect appeared on image due 

to captured mask structure on monitor in form of 

fine grid, removing the pattern means eliminating 

image grid while preserving real details of the 

image. This can be approached in frequency domain 

processing instead of spatial domain blurring. The 

latter risk the possibility of reducing edge sharpness, 

losing noiseless fine details and often is still unable 

to suppress the periodic structure. In Fourier 

spectrum, the periodic or quasi-periodic noise 

corresponds to peaks outside DC components.

  In the previous work, it is demonstrated to 
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Figure 1. Captured image of LCD monitor. a) Its 

frequency spectrum (enhanced); b) Noise peak 

detected using region growing.

remove periodic noise with Wiener filter and 

spectrum peak detection using median filter [2, 3]. 

While it is true that Wiener filter often offer good 

result, but to apply this filter we need to construct 

a precise and proper noise model which is difficult 

task. Moreover this method requires an intensive 

computation. On the other side, detecting peak with 

median filter emphasizes on semi-automatic 

detection which covers both periodic and 

quasi-periodic noise. As is often the case with 

quasi-periodic noise, the presumably noise Fourier 

coefficients construct irregular wide hills, and thus 

insufficient coverage of filter window size may 

result in under-filtered result. Our proposed method 

contributes in a novel idea to tackle this problem by 

exploiting region growing as a tool to detect 

amplitude spectrum’s peak and hill, then eliminate it 

using local Gaussian notch filter based on the 

detected noise area.

  Following the description of our algorithm, we 

organize the rest of the paper as follows: we first 

briefly explore the possibility of modeling the moiré 

pattern using parametric expression. Thus later in 

section 2 we define low frequency area and build a 

framework for peak detector in Fourier domain 

using a median filter and region growing. In section 

3, we propose the use of a local Gaussian notch 

filter to eliminate the detected peak and hill instead 

of the windowed filter to accommodate wide hill 

elimination and obtain a moiré pattern-free image.

II. Spectrum Peak Detection

According to [5], a moiré pattern can be modeled in 

parametric expression of Fourier series expansion as 

described below:

 





















      (1)

where ,   and   are weights and periods in 

horizontal and vertical directions respectively. 

Despite the general parametric model, the periodicity 

of the moiré pattern is not homogenous over the 

whole image as can be seen from the irregular 

banding across the spatial domain. Thus, more   

coefficients will be required for parameterization and 

this adds to computational complexity. The following 

spectral domain processing can serve better results 

in identifying moiré pattern and restore the degraded 

image. 

  First, we have to define the low frequency area 

where image detail is being preserved and omit this 

area from the filtering process. Fourier 

transformation of the image can also be defined as 

(1), where   is amplitude frequency spectrum,   

  and   is the size of the image, and the low    

frequency area which has the highest peak is 

located at the center of shifted frequency spectrum. 

To simplicity, we will consider this area as a 

rectangle with zero frequency coefficient in its 

center and this domain will be noted as noise-free 

area, where all the spectral coefficient have to be 

preserved.

  The performance of the peak detector is critical in 

the filtering, because the whole filtering procedure 

depends on it. In digital image processing, a median 

filter can be utilized to remove salt and pepper 

noise, which has the same brightness-jump 

characteristic as impulse noise. In Fourier domain, 

the narrow and high magnitude peak corresponds to 

the periodic noise in spatial domain. Based on this 

similar nature, detecting sharp peaks in Fourier 

domain using median filter is the logical assumption 

for finding and eliminating periodic noise. 

  As shown in [2], the peak detector works by 

comparing the magnitude of targeted Fourier 

coefficient to local median. For example, suppose 

that a window size ×   median filter 

at position   has a set of ×   

a)

b)

- 471 -



2013년 대한전자공학회 추계학술대회 논문집

spectrum           in the window. 

Then, the output of median filter is given by 

       where ∉   

and   is an operation that finds the median value 

among spectrum. If  is suspected as peak at the 

center point of local filtering window,




≥                     (2)

is applied to decide if it is indeed a peak or not 

using a predefined threshold.

  Notice in Figure 1.a, there are wide hills with 

faint peaks in the high frequency area, indicating 

the noise is not purely periodic (quasi-periodic). 

Thus, correcting only the Fourier coefficient of the 

apices may not sufficient as the surrounding 

spectrum is affected by the noise as well. Moreover, 

because the coefficients of image spectra descend 

along with frequency growth, the spectrum 

correction must be done to these hills as well. While 

median filtering is better in localizing the peak, it 

fails to detect hills when window size is not large 

enough to mask the targeted region. Region growing 

is considered to have the appropriate properties to 

overcome this problem.  

  The first step of region growing is to select a set 

of seed points which are peaks detected by the 

thresholding method. The regions are then grown 

from these seed points to adjacent points 

(neighborhood) depending on a region membership 

criterion. The neighborhood is defined as 

8-connected points, thus for spectrum   as seed 

point,  ,  ,  ,  ,  ,  , 

 , and    are neighbors. Each neighbor 

spectrum should be checked if it belongs to noise 

region or not by comparing it to threshold value, τ, 

which is proportional to peak magnitude. After one 

iteration, each neighbor belongs to noise region will 

act as the next seed point and the process will be 

reiterated. Once neighbor spectrum magnitude falls 

below the threshold value, the algorithm stops. This 

framework is sufficient to cover noise spectrum 

represented by wide hills as obtained in Figure 1.b. 

Gaussian notch filter is then applied to eliminate the 

detected noise.

Ⅲ. Local Gaussian Notch Filter

  Despite of using the median value to correct 

spectrum coefficient of the detected apex, we 

propose to incorporate Gaussian notch filter instead. 

It presumably is far superior in suppressing 

quasi-periodic noise by eliminating peak and 

attenuating the whole surrounding spectrum bounded 

by a local window. This filter has a shape of 

Gaussian bell or a density normal distribution and is 

mainly designed to wipe out spikes in frequency 

domain.

  As demonstrated in [2,3], the Gaussian notch 

filtering can be described as following:

  
 ,

 


   




 


   




         (3)

Where  ≤   is the scaling coefficient along z 

axis and  ≤   is a scaling coefficient along x 

and y axes. Parameter   affects the amplitude of 

the Gaussian surface and parameter   controls the 

width of hole of the surface. The smaller values of 

  make the whole wider, thus the surface can 

cover the whole hill and eliminate it.

Ⅳ. Simulation and Results

  To evaluate the peak detector and filter 

performance, we used 10 images of LCD monitor 

captured with digital camera. All images are taken 

with similar setup of camera and LCD, and have 

noticeable moiré pattern. Every image is processed 

in grayscale and a color picture is done by filtering 

each primary color component separately to be 

merged later. The Fourier amplitude spectrum was 

computed for each image, and the peaks were 

detected and eliminated using the median-region 

growing framework and the local Gaussian notch 

filter, respectively. The low frequency area was set 

in default 10x10 windows and varies between 7~13 

range for each image. The threshold for region 

growing is user defined and parameters for 

Gaussian notch filter are fixed with ,  .

  The performance of our method has been 
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Figure 2. Result of proposed method. Top: Captured 

images. Bottom: Filtered images.

Figure 3. Performance comparison. Top left: Original 

image; Top right: MF; Bottom left: WGNF; Bottom 

right: Proposed method.

compared to [6] and [2] which used median filter 

(MF) and windowed Gaussian notch filter (WGNF), 

respectively. The parameters are left as default with 

proper necessary adjustment for each image. For 

total 17 images, each parameters setup for each 

image is taken into consideration to avoid under and 

over-filtered result. The result sample can be seen 

in figure 3. Notice that median filter performance 

suffered because of unpredictable pattern created by 

fine details in original image, which implies 

quasi-periodic noise. Due to median filter nature to 

detect pure periodic noise by detecting narrow peaks 

and flatten them to median value, the hills are left 

unaltered. In the other side, WGNF succeeded in 

detecting and eliminating quasi-periodic noise as 

long as the noise area is fit into the filter window. 

Although the window size can be controlled but the 

trade-off may not be in performance’s favor. 

  From the simulation, our proposed method 

surpassed the previous work in a few cases when 

the image Fourier spectrum showed wide hills 

especially in high frequency area. Although a few 

images still have moiré pattern due to their 

luminance component has already corrupted and the 

noise frequency coefficients reside in presumably 

low frequency area, one can observed that the 

proposed method performed well and comparable to 

existed works.

V. Conclusion

  We have presented a novel framework to detect 

and eliminate periodic noise responsible for moiré 

effect appearance on images captured from LCD 

monitor. Median filter and region growing in 

frequency spectrum has given favorable performance 

and comparable result for detecting spectral spikes 

correspond to periodic and quasi-periodic noise in 

spatial domain. As for noise elimination, the local 

Gaussian notch filter has significantly corrected 

spectrum coefficients and reduce moiré effect from 

captured images, showing a promising result as a 

post processing solution for moiré corrupted images. 
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