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Abstract

Objective: To study the effect of noise removal filters on the quality of digital radiography used low exposure
techniques.

Methods: The method began with finding an appropriate exposure technique for anthropomorphic chest phantom
and subsequently decreasing the exposure technique, taking radiography, calculating SNR on digital radiographic
images in bone regions and background regions. Next, filtering noise in the low exposure images by using 4 filters
included with low pass filter, Gaussian filter, median filter and modal filter. All of images were assessed on image
quality by 3 radiologists.

Results: The appropriate exposure technique for anthropomorphic chest phantom was 81 kVp 8 mAs. The low
exposure techniques were 81 kVp and mAs values were 6.3, 4, 2 mAs. When we calculated the SNR on the
digital radiographic images in bone region before using noise removal filters, we found the SNR were 70.29, 59.77,
55.85, and 45.71, respectively. In background region, the SNR were 14.29, 12.84, 12.28 and 10.69, respectively.
The results of using four types of noise removal filters showed the SNR increasing. One way ANOVA showed no
significant difference (p>0.05). However, filter which provided the highest SNR was modal filter. In bone region,
the SNR were 99.56, 84.41 and 85.32, respectively. In background region, the SNR were 22.33, 43.37 and 21.63,
respectively. The results of image quality assessment by 3 radiologists had similar values between low exposure
images with filters and appropriate exposure images (ICC=0.929).

Conclusions: The result of the study demonstrated that the effect of noise removal filters of low exposure images
affect an increase of SNR while maintaining images of adequate quality for diagnosis and also help patients receive

less radiation dose by setting the lowest exposure technique 81 kVp 2 mAs.

Keywords: Noise, digital radiography, exposure techniques, image quality
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Figure 1. Quantum noise image.
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Table 1. The standard exposure index for digital radiography provided by different manufacturers (adapted from Andriole
KP, Ruckdeschel TG, Flynn MJ, Hangiandreou NJ, Jones AK, Krupinski E, et al. ACR-AAPM-SIIM practice
guideline for digital radiography. J Digit Imaging. 2013 Feb; 26(1): 26-37).

Three incidents exposures to the detector

Type of system and Manufacturer Symbol 0.5 mR 1mR 2mR
5 uGy 10 uGy 20 uGy
Fuji CR S 400 200 100
Kodak CR (Carestream) El 1700 2000 2300
Agfa CR IgM 2.0 23 26
Canon DR REX 50 100 200
IDC DR F -1 0 1
Philips DR El 200 100 50
Siemens DR El 500 1000 2000

*mR (milliroengent) is a unit of radiation exposure. uGy (microgray) is a unit of radiation absorbed dose
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Figure 2. Region of interest (ROI) on digital radiographic images in bone regions (A) and background regions (B).
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Figure 3. The convolution process implies the usage of a convolution mask.
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Table 2. The results of noise calculation in low exposure images 81 kVp and 6.3, 4 and 2 mAs.

kVp (Non-grid) mAs Exposure index Noise
81 6.3 1618 0.40
4 1440 0.50
2 1195 0.71
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Figure 4. Comparison of histogram of an appropriate exposure image (A),
low exposure image 81 kVp and 6.3, 4 and 2 mAs (B)-(D).
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Figure 5. Comparison of SNR in bone regions and background regions after used noise removal filters in
low exposure image 81 kVp and 6.3, 4 and 2 mAs (A)-(C).
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Table 3. The results of image quality assessment by 3 radiologists.

Exposure technique

Type of filter

Image quality assessment

scores radiologist

1 2 3
2 mAs Low pass filter 14 12 12
2 mAs Median filter 14 12 12
2 mAs Modal filter 14 12 12
2 mAs Gaussian filter 14 12 12
4 mAs Low pass filter 14 12 12
4 mAs Median filter 14 12 14
4 mAs Modal filter 14 12 14
4 mAs Gaussian filter 14 12 15
6.3 mAs Low pass filter 14 12 14
6.3 mAs Median filter 14 12 14
6.3 mAs Modal filter 14 12 14
6.3 mAs Gaussian filter 14 12 14
8 mAs No filter 14 12 14

Table 4. The results of statistical test by Intraclass Correlation Coefficient (ICC).

95% Confidence

F Test with True Value 0

interval
Intraclass correlation

Lower Upper
Value df1 df2 Sig

bound bound
Single measures 0.813 0.723 0.877 16.230 77 154 0.000
Average measures 0.929 0.877 0.955 16.230 77 154 0.000
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