
Radiation Dose Reduction in Digital Radiography 
Using Wavelet-Based Image Processing Methods 

 
 

Haruyuki Watanabe*a, Du-Yih Tsai*a, Yongbum Lee a, Eri Matsuyama a, and Katsuyuki Kojima b 
 

aDepartment of Radiological Technology, Graduate School of Health Sciences, 
Niigata University, 2-746, Asahimachi-dori, Chuo-ku, Niigata, 951-8518, Japan 

bDepartment of Business Administration, Graduate School of Business Administration, 
Hamamatsu University, 1230, Miyakodacho, Kita-ku, Hamamatsu, 431-2102, Japan 

 

ABSTRACT 

In this paper, we investigate the effect of the use of wavelet transform for image processing on radiation dose reduction 
in computed radiography (CR), by measuring various physical characteristics of the wavelet-transformed images. 
Moreover, we propose a wavelet-based method for offering a possibility to reduce radiation dose while maintaining a 
clinically acceptable image quality. The proposed method integrates the advantages of a previously proposed technique, 
i.e., sigmoid-type transfer curve for wavelet coefficient weighting adjustment technique, as well as a wavelet soft-
thresholding technique. The former can improve contrast and spatial resolution of CR images, the latter is able to 
improve the performance of image noise. In the investigation of physical characteristics, modulation transfer function, 
noise power spectrum, and contrast-to-noise ratio of CR images processed by the proposed method and other different 
methods were measured and compared. Furthermore, visual evaluation was performed using Scheffe’s pair comparison 
method. Experimental results showed that the proposed method could improve overall image quality as compared to 
other methods. Our visual evaluation showed that an approximately 40% reduction in exposure dose might be achieved 
in hip joint radiography by using the proposed method. 
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1. INTRODUCTION  

 

In the clinical implementation of digital radiography, it is imperative to use the appropriate level of radiation for the 
diagnostic task. It is known that a trade-off exists between noise level and radiation dose. On one hand, a high-dose 
radiation will lower the noise level but may give excess radiation doses to the patient. On the other hand, a low-dose 
radiation will lower the signal-to-noise ratio of the image and result in reducing the amount of image information. Thus, 
it is important to obtain radiological images that provide more diagnostic information at a lower radiation dose. So far, 
several investigators have reported that wavelet-based image processing techniques are effective in reduction of radiation 
dose [1-6]. The wavelet transforms can be used to divide an image into several frequency domains. The potential 
information in each image is retained, and extraction of the image information in each frequency domain is possible. 
Image noise can be reduced by performing wavelet de-noising technique in the frequency domain. However, to the best 
of our knowledge, little work has been done to investigate the relations of physical properties of wavelet-processed 
images and radiation dose reduction. 
 
Furthermore, general image techniques based on the soft-threshold methods using wavelet transform will degrade the 
image resolution and consequently limit the visual performance. The most common cause of the decrease of resolution 
by using the conventional wavelet-based techniques is mainly due to the determination of reasonable wavelet coefficient 
threshold. 
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In this study, we propose a novel technique using wavelet-based image processing to reduce the noise while maintaining 
the resolution and contrast of the images. The reduction of the noise may result in the reduction of radiation dose. In 
order to validate the effect of employment of proposed technique on radiation dose reduction for digital radiography, 
images of the lumbar spine and hip joint phantoms, obtained from different dose levels in the standard range of X-ray 
energies, were quantitatively and qualitatively assessed. 
 
 

2. WAVELET-BASED IMAGE PROCESSING 
 
 
As shown in Figure 1, the proposed method for denoising radiographic images starts by decomposing the original image 
using the discrete wavelet transform, which results in different detail coefficients (horizontal, vertical, diagonal) of 
frequency. The images are then processed using sigmoid-type transfer curve for wavelet coefficient weighting 
adjustment (sigmoid), followed by soft-threshold operation. 
 
Sigmoid-type transfer curve for wavelet coefficient weighting adjustment (sigmoid) 
 
 
The sigmoid filter is used to enhance image contrast: the coefficients with great values and the coefficients of high 
resolution levels are heavily weighted [7]. In the wavelet decomposition of level J, the sigmoid-type transfer curves of 
wavelet coefficient can be expressed as follows: 
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output(m, n) represent input and output values, respectively. In this study, the value of a was 
computed using equation (2):  
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where N represents the maximum decomposition level. Consequently, if wavelet decomposition level j becomes smaller, 
the gradient of the graph obtained from equation (1) get greater. The constant c was determined using equation (3). 

 
c=d+b×ln(a-1.0) , 
 
where d is a constant used to determine inflection point of sigmoid curve, and b represents a constant to determine 
gradient of sigmoid curve. The values of d and b used in this study are 25 and 20, respectively [8]. 
 
Soft-threshold 
 
The noise reduction technique of soft-threshold method which applies to additive noise is implemented using constant 
threshold of  
 

 
 
where λ is the threshold value, σ is standard deviation of noise, and sample_data is the number of pixels of image [9]. 
The soft-threshold operator is defined by: 
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where wj(m,n) is the wavelet coefficient at level j. The amplitude of most of the wavelet components is noise only. This 
method is to set to zero all components which are lower than a threshold related to noise level and appropriately shrink 
the rest of the components by an amount equal to the threshold. 
 
Finally, the modified wavelet coefficients using the sigmoid and the soft-threshold are transformed back into its original 
domain by use of the inverse wavelet transform to obtain an optimal image. 

 
3. METHODS AND MATERIALS 

 
3.1 Experiments setup 
 
A CR imaging system (FCR XG-1, Fuji Photo Film, Tokyo, Japan) was used in the study. An imaging plate (ST-VN) was 
used as a detector. The pixel size and the quantization level of the images used were 0.1 mm and 10 bits. Radiographs 
were taken with radiation quality of RQA-5 (HVL=7.1 mm Al, 21 mm Al additional filtration). The image data used in 
this study consisted of 20 phantom images. The phantom images were evaluated with respect to various physical 
properties. 
 
3.2 Physical properties measurement 
 
In order to validate the usefulness of the proposed method (sigmoid+threshold), this filter was compared to other filters 
using wavelet-based image processing. In the conventional methods using soft-threshold, wavelet basis functions of Haar 
(Lv4), Daubechies4 (Lv4), and Coiflets4 (Lv4) were adopted for image processing. In addition, a sigmoid-type transfer 
curve for wavelet coefficient weighting adjustment (sigmoid) together with the use of Daubechies4 (Lv4) was also 
independently adopted. The proposed method and the above-described four filters were applied to the original images for 
performance evaluation. 
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Fig. 1 Flow chart of the proposed method. 
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3.2.1 Modulation Transfer Function (MTF) 
 
Evaluation of spatial resolution property was performed by measuring the MTFs. The MTFs were measured with an 
angled-edge method. A tungsten plate (1 mm thickness) was used as an edge device. The direction of the edge was 
oriented with a small angle (2°–3°). The edge is made of a 100-μm-thick sharp edged tungsten plate and its dimension 
was 10×10 cm2. Images of the edge were acquired with an exposure of 4.63×10-7 C/kg (50 mAs). After the image of the 
edge was scanned, the digital image data were transferred to a computer. The edge spread function (ESF) in the direction 
perpendicular to the edge was then obtained. To reduce the noise in the edge profile, 20 representations of sampled ESF 
were generated from the region of interest (ROI). The ESFs were then differentiated to obtain the line spread functions 
and the presampled MTFs were similarly deduced by Fourier transformation. The details of the processing method are 
given elsewhere [10, 11]. 
 
3.2.2 Noise Power Spectrum (NPS) 
 
The NPS measurements were made by exposing the imaging plates to a uniform beam of radiation. For determination of 
the NPS, the entrance exposure (air kerma) for the images was 4.63×10-7 C/kg. To remove long-range background trends, 
a two-dimensional 2nd order polynominal was fitted and subtracted. For the calculation, the central portion of each 
obtained uniform image was divided into 4 non-overlapping regions, 256×256 in size (80 in total). The NPS was 
calculated by applying the fast Fourier transform to each ROI and averaging the resulting spectrum estimates. The details 
of the methodology are reported elsewhere [12, 13]. 
 
3.2.3 Contrast-to-Noise Ratio (CNR) 
 
The CNR measurements were made using an acrylic disk on the Burger’s phantom. An ROI with a size of 30×30 pixels 
was selected at the center of disk and neighbour background. CNR can be calculated by use of the following equation: 
 

BG
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σ
mmCNR −

=  , 

 
where mBG, mdisk, and σBG represent the mean of the background, mean of the disk, and standard deviation of background, 
respectively.  
 
3.2.4 Peak Signal-to-Noise Ratio (PSNR) 
 
The PSNR was obtained from the area covering the entire field of the image using human body phantom. The PSNR is 
given by the squared root of the ratio of the peak value of gray level squared to the mean square error (MSE). The PSNR 
and MSE were obtained using the following equations: 
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where  PVmax refers to maximum pixel value. The M and M′ are matrix sizes of the original and processed images, 
respectively. 
 
3.2.5 Visual Evaluation 
 
In order to evaluate the relationship between radiation dose and image quality, four X-ray images, i.e., an anterior-
posterior (AP) and an oblique (Lauenstein) projections of the hip-joint, as well as an AP and the lateral views of the 
lumbar were obtained by using a human body phantom. These four images were taken with four different radiation levels,  
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6. CONCLUSION 
 
 

In this study, we investigated the effect of the use of wavelet transform on dose reduction in CR. The physical properties 
of the processed CR images were measured and compared. In the investigation of physical properties, the experimental 
results confirmed that the soft-threshold method can significantly reduce noise level and sigmoid method can effectively 
improve resolution characteristic. The proposed method provides not only better spatial resolution but also superior noise 
characteristics. Our visual evaluation showed that an approximately 40% reduction in exposure dose might be achieved 
with the proposed method in hip joint radiography. 
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