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Fig. 1. Characteristic curve for Kodak T-MAT G/RA Film.

Fig. 2. Optical density distribution for linacgram. A), B), and
C) shows uniform optical density distribution whereas D)
shows variation in optical density.
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Fig. 3. Intensity histogram as a function of optical density. A), B), and O
shows uniform intensity histogram distribution whereas D) shows variation in
intensity histogram
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Fig. 5. Photographs of the A) Rando Phantom, B) Vidar Diagnostic Pro Scanner, and C) PC used in this study for

imaging processing.
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Fig. 6. Photographs showing differences in image contrast and pallette image A) original gray
scale pallette, B) expanded gray scale pallette, C) dual window expanded gray scale pallette.

Table 1. Signal Values of the Rando Phantom in 256 Gray Scale and 16 Bit Scale Obtained from Various Scan Options

Square Root Power

Linear Histogram

Logarithmic Linear Optical Linear Histogram Histogram

Independent Density Based Equalized
256 Gray Scale I\N/Elnx 13411 12 2; i;g 133 1(5); }gi
Intensity Ranges 77 54 19 61 53 52 53
16 Bit Scale Min. 10820 16800 688 29568 16656 24656 24672
Max. 32760 32760 6560 32760 31984 32760 32760
Intensity Ranges 21940 . 15960 5872 3192 15328 8104 8088
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Square Root
Signal Histogram

Gray Scale Histogram

Fig. 7. Images of the phantom and corresponding histogram distribution A) scanned by square root method, B) processed by
256 GSE, and C) dual window tuning method. GSE: Gray Scale Expansion
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Power Signal Histogram

AR

SR
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Fig. 8. Images of the phantom and corresponding histogram distribution A) scanned by power scan method, B) processed
by 256 GSE method, and C) dual window tuning method. GSE: Gray Scale Expansion
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Fig. 9. Images of the phantom and corresponding histogram distribution A) scanned by histogram equalized scan method,
B) processed by 256 GSE, and C) dual window tuning method. GSE: Gray Scale Expansion

Table 2. Signal Values of Various Anatomic Sites of Human Body in 256 Gray

Knee Joint & Soft Tissue Head & Neck Lung AP Lung Lat Pelvis AP Pelvis Lat
Min. 5 1 8 5 19 11
256 Gray Scale  ppay 73 58 87 91 70 62
Ranges 68 57 79 86 51 51
Total Ranges used (%) = 27% 2% 31% 34% 20% 2%

(Range / 256) x 100
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Fig. 10. Images of the various anatomic sites in patients A) obtained from original linacgram, B) processed by 256 GSE, and Q)
dual window tuning method. GSE : Gray Scale Expansion
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Table 3. Methods Used to Scan a Portal Image Using Diagnostic-Pro Scanner

Translation

Table Description

Histogram Equalized
last prescan
Adds contrast to the image

Linear Histogram
Based (HB)

Linear Histogram
Independent (HI)

Linear Optical Density

Evens out the number of pixels in the light and dark areas of the film based on the histogram of the

Uses the histogram of the last prescan to generate the translation table

Qutputs the same grayscale value input to the translation table
With Dark Enhance disabled, results in the darkest possible image of all the default translation tables

Outputs grayscale values that represent the optical density value of each pixel

(OD) Since 0 in the optical density scale is white, generates negative images

Dark Enhance is always enabled

Outputs grayscale values that are the log of the input value

Results in the lightest images of all the default translation tables

Outputs are derived from curves that are linear approximations of the root function Y = Xi, where i =

0.1, .., 1.0 and X is the calculated value at each OD step, not the direct data from the array
To generate power functions, select a different power level between-1 and 10; 1 produces a light image
while 10 produces a dark image; therefore, use 1 on dark films and 10 on light films

Logarithmic

Dark Enhance is always enabled
Power

Dark Enhance is always enabled
Square Root

Outputs grayscale values that are the square root of the value output by the array

Results in images that are lighter than the linear table but darker than the logarithmic table

Dark Enhance is always enabled
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Enhancement of Image Contrast in Linacgram
through Image Processing

Hyun Suk Suh, M.D.,Ph.D., Hyun Kyo Shin and Rena Lee, Ph.D.

Deparment of Radiation Oncology, Ewha Womans University Mok-Dong Hospital

Purpose : Conventional radiation. therapy portal images gives low contrast images. The purpose of this
study was to enhance image contrast of a linacgram by developing a low-cost image processing method.
Materials and Methods : Chest linacgram was obtained by irradiating humanoid phantom and scanned
using Diagnostic-Pro scanner for image processing. Several types of scan method were used in scann-
ing. These include optical density scan, histogram egualized scan, linear histogram based scan, linear
histogram independent. scan, linear optical density scan, logarithmic scan, and power square root scan.
The histogram distribution of the scanned images were. plotted and the ranges of the gray scale were
compared among various scan types. The scanned images were then transformed to the gray window by
pallette fitting method and the contrast of the reprocessed porial images were evaluated for image
improvement. Portal images of patients were also taken at various anatomic sites and the images were
processed by Gray Scale Expansion (GSE) method. The patient images were analyzed to examine the
feasibility of using the GSE technique in clinic.

Results : The histogram distribution showed that minimum and maximum gray scale ranges of 3192 and
21940 were obtained when the image was scanned using logarithmic method and square root method,
respectively. Out of 256 gray scale, only 7 to 30% of the steps were used. After expanding the gray
scale to full range, contrast of the portal images were improved. Experiment performed with patient image
showed that improved identification of organs were achieved by GSE in portal images of knee joint, head
and neck, lung, and pelvis .

Conclusion : Phantom study demonstrated that the GSE technique improved image contrast of a linac-
gram. This indicates that the decrease in image quality resulting from the dual exposure, could be
improved by expanding the gray scale. As a result, the improved technique will make it possible to
compare the digitally reconstructed radiographs (DRR) and simulation image for evaluating the patient
positioning error.

Key Words : Linacgram, Portal image, Image processing, Constrast
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