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Sharpness Enhancement of Tooth X-ray Images Through Elimination
of Complicated Background

Kun-Woo Na* - Keun-Ho Rew**

Abstract

To remove unnecessary background from tooth X-ray images and enhance the sharpness of tooth and
gum images, image processing techniques including contrast adjustment and histogram equalization are
used. The introduction of two methods for detecting the boundary of the tooth and gum region and separating
the tooth and gum from the background. In both cases, the background of the tooth X-ray images could
be removed as a result, improving the quality of the images. The proposed method improves MTF (Modulation
Transfer Function), an image performance indicator, as a result of measuring MTF. The original image’s
spatial frequency ranged from 4.73 to 11.40 Ip/mm at the 10% response, whereas the proposed image's
spatial frequency ranged from 10.90 to 11.85 Ip/mm, giving uniformly enhanced results. In contrast, tooth
and gums could not be completely separated from the background using Apple’s Lift subject from background
function.
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Step 1: X-ray raw image (Figure 2~3) ‘

| Step 2: Contrast adjustment (Figure 2~3) ‘

| Step 3: CLAHE, Gaussian filter (Figure 6) ‘

| Step 4: Sobel & Gaussian filter (Figure 7) ‘

| Step 5: Remove unnecessary small areas ‘

| Step 6: Extract only edge of teeth and gum (Figure 8) ‘

Step 7: Edge sperate
background?

< 8
w
(Intensity <
(Area < Intensity_threshold?)
Area_threshold?) OR
then background (Area<Area_theshold?)

then background

(X |

| Step 8: Detecting teeth and gum without edge (Figure 9~10) ‘

| Step 9: Background area detection (Figure 9~10) ‘

| Stepl0: X-ray image with removed background (Figure 12~19) ‘

<Figure 1> Flowchart of proposed method
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<Figure 2> (a) Original image (b) Contrast-adjusted image
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<Figure 3> (a) Original image (b) Contrast-adjusted image
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<Figure 4> Histograms of Figure 3(a), (b), Figure 4(a), (b)
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<Figure 5> Edge Extracted Images of Figure 3(a), Figure 4(a)
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(Figure 6> Images through CLAHE and Gaussian Filter
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<Figure 7 Edge Detected Images from Figure 6
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<Figure 8> NOT Image after Removing Small Area
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<Figure 9> Background Detection Result of Figure 2(a)
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<Figure 10> Background Detection Result of Figure 3(a)
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<Figure 12> Original and Result Images
Xy —‘j
_ -
|

A A A
<Figure 13) Original and Result Images <Figure 17) Original and Result Images
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<Figure 14 Original and Result Images <Figure 18) Original and Result Images
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<Figure 15y Original and Result Images <Figure 19 Original and Result Images
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(Table 1> Spatial Frequency of 10% MTF

Figure |Original freq.| Result freq. mliileztsizeof - T
Number | (ip/mm) (ip/mm) freq. (%) 4 »
12 9.53 11.85 24 .4
13 4.13 10.90 130.7
14 10.09 11.30 12.0
15 9.55 11.56 21.1
16 10.89 11.59 6.4 k
17 11.40 11.89 4.3 (2) (h)
18 10.46 11.28 7.8 CFigure 20) Results from Lift Subject from Background
19 11.13 11.80 6.1
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