
1.  Introduction

As the use of digital X-ray detectors increased, quality of 
general X-ray images improved. Simultaneously, diagnosis 
using monitors became more common, enhancing workflow 
efficiency in radiography examinations. On the other hand, 
demand towards improvement on image contrast, which is 
one of the conditions for high diagnostic image, is still high. 
However, enhancing image contrast ran counter to the granu-
larity of image, making it difficult to provide X-ray images 
that achieved both high contrast and high diagnostic value. 
Therefore the front-line of practice, sometimes depended on 
the knowhow such as adjusting exposure conditions as well 
as density and contrast adjustment, for regions of interest in 
the object that needed close attention.

In order to solve this, FUJIFILM has developed a new 
image processing function, “Dynamic Visualization II”. 
This technical report begins with the introduction of problems 
related to conventional processing and technologies of 
Dynamic Visualization II, subsequently indicating the effects 
of it based on its application result to physical experiments 
and clinical images.

2.  Features of Dynamic Visualization II

Since the release of the world’s first FCR (Fuji Computed 
Radiography) in 1983, FUJIFILM has been challenging 

contrast enhancement, noise suppression and visualization 
of an entire region. By employing state of the art object 
recognition technology that estimates 3D structure of the 
human body, Dynamic Visualization II has evolved digital 
X-ray images.

Conventional processing had four major problems. (1) 
Image contrast varies depending on the anatomy of patient. 
(2) The entire region of object with big gap in thickness is 
not visualized. (3) Enhancing low frequency structures such 
as entire organs and big bone structures is not available. (4) 
Enhancement processing does not always improve visibility 
in some exposure conditions, since the processing also 
enhances granularity of the image.

Dynamic Visualization II solves problem (1) and (2) by 
introducing 3D structure estimation technology that recognizes 
body thickness and body components using information from 
X-ray’s that permeated through the patient’s body to stabiliza-
tion processing of image density and contrast. Problem (3) 
is solved by extending the applicable range of frequency 
enhancement processing, and problem (4) is made possible 
by combining Dynamic Visualization II with granularity 
improvement technology, further explained in section 3.

2.1  Stabilization processing of density and contrast
In order to visualize the entire region using conventional 

processing, it was necessary to adjust output image density 
and contrast so that the maximum and minimum pixel value 
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estimated from the histogram of the image can be converted 
to outputable value.

This degrades the contrast, especially for images of well 
built patients, due to the big difference in minimum/maxi-
mum of pixel values (Fig. 1). In addition, the difference in the 
amount of X-ray absorption between bone and organs and 
its peripheral, becomes small because of various physical 
phenomena such as the effect of X-ray absorption by the 
thick object, beam-hardening and scatter radiation, which 
results in the signifi cant degradation of contrast.

Dynamic Visualization II, has been developed to only 
visualize the changes of contrast resulting from such physical 
phenomena. This was enabled by fi xing the image contrast 
for average built patients. Also, visualization of the entire 
region has been achieved at the same time with the control 
of dynamic range compression (DR compression) in accor-

dance with body-thickness-related information obtained 
from region recognition (Fig. 2).

Furthermore, the density control of Dynamic Visualization 
II is designed to recognize the stage of disease progress as 
density changes. For instance, when the region of interest is 
a bone, it adjusts the density of soft-tissue structure in the 
vicinity of the bone.

To perform those functions with high accuracy, recognizing 
thickness and structure information precisely is indispens-
able. We, therefore, have developed a new technology to 
recognize fi eld out of irradiation area (Fig. 3a), direct X-ray 
fi eld (Fig. 3b), bone area (Fig. 3c) and artifi cial material 
(Fig. 3d). AdaBoost, which is a machine learning technique, 
is employed for recognition.

The feature value of each pixel in the image, relating to the 
recognition object, is calculated based on the target pixel and 
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Fig. 1　Contrast control method of conventional processing
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Fig. 2　Contrast control method of Dynamic Visualization II
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Fig. 3　Image recognition of Dynamic Visualization II
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its peripheral pixel. The recognition result of each region is 
combined to it, thus, enabling precise detection of necessary 
region to control dynamic range.

Fig. 4 shows the effect of this processing method. In the 
examples of average built patients (Fig. 4a), both conven-
tional processing and Dynamic Visualization II achieves 
almost the same density and contrast. On the other hand, 
in the example of large built patients (Fig. 4b), Dynamic 
Visualization II suppresses the degradation of contrast that 
occurs with the conventional processing and visualizes the 
entire region with adequate density without saturation.

2.2  Frequency enhancement
Conventional multi-objective frequency processing, decom-

posed images to several components with different spatial 
frequencies in order to provide natural and clear images for 
diagnosis. The emphasis on each frequency component of the 
image is individually adjusted to minimize the unnaturalness 
of digital processing (Fig. 5).

The enhancement with conventional processing, however, 
was limited to medium and high spatial frequency components 
and low frequency components (such as an entire organ or 
large bones) were not suffi cient (Fig. 6a).

Developed from conventional multi-objective frequency 

processing, Dynamic Visualization II optimizes the degree of 
enhancement for low frequency components and improves 
the visibility even of large object structure (Fig. 6b).

Also, in the conventional processing, artifacts appeared 
around metal objects when the enhancement level was in-
creased to emphasize faint signal (Fig. 7a). With Dynamic 
Visualization II, the emphasis characteristics have been 
improved to achieve both good visibility of faint signal and 
suppression of artifacts (Fig. 7b).
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Fig. 5　Processing fl ow of multi-frequency processing
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Fig. 4　Difference in contrast control effect of conventional 
processing and Dynamic Visualization II
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Fig. 9　Eff ect of FNC2 (new fl exible noise control)

3.  Noise reduction technology

When image contrast is enhanced by frequency enhance-
ment or any other processing, noise is also emphasized so 
enhancing contrast does not always improve the visibility of 
a subject structure in some exposure conditions. In that case, 
noise reduction processing is useful for improving granularity 
of the image thereby improving visibility of object structure 
as it extracts and suppresses the noise component without 
structure information.

Conventional noise suppression processing (FNC: fl exible 
noise control) extracts noise components based on only a 
simple structural pattern composed of a dot or line. New noise 
suppression (FNC2) used with the Dynamic Visualization II is 
capable of recognizing complex structures like crossing lines. 
Noise components are separated more accurately from the 
object structure. Furthermore, selection of fi lter in accordance 
with the recognized structure pattern suppresses noise compo-
nents overlapping the object structure (Fig. 8). Combination of 
the Dynamic Visualization II and FNC2 enhances the visibility 
of object structure without emphasizing noise components.

Fig. 9 shows the result of FNC2 application to a clinical 
image of the chest. Compared with Fig. 9a, granularity in 
Fig. 9b is improved without removing signals of the object 
structure.

4.  Quantitative evaluation using physical indicator

4.1  Effect of improvement on image contrast between 
structures with small gap in X-ray absorption

Dynamic Visualization II improves the visibility even of body 
parts such as lumbar spine, of which suffi cient contrast could not 
be achieved with conventional processing. The following is the 
effect indicated by evaluation using bone mineral phantom. To 
simulate lumbar spine X-ray, phantoms with thickness of 20cm, 
30cm and 40cm, in which bone mineral was sandwiched by 
acryl were prepared as shown in Fig.10. The evaluation was 
implemented with tube voltage 80kV and 90kV for 20cm-
thick phantom, 90kV and 100kV for 30cm-thick phantom, 
and 100kV and 110kV for 40cm-thick phantom. We applied 
conventional processing and Dynamic Visualization II to the 
acquired image and measured pixel value gap between bone 
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mineral area and its peripheral area.
Shown in Fig. 11 is the measurement result. Dynamic 

Visualization II improves the image contrast of area in 
the vicinity of bone mineral phantom, regardless of acryl 
thickness and exposure condition. Fig. 12 is the image of 
bone mineral phantom sandwiched by 30cm-thick acryl, 
acquired with a condition of 100kV. Compared to the image 
with conventional processing in Fig. 12a, the area around the 
bone mineral can more easily be observed in the Fig.12b.

4.2  Effect of visualizing the entire object with huge gap 
in thickness

Dynamic Visualization II is capable of visualizing the 
entire object by controlling the dynamic range compression 
based on body thickness. Take thoracolumbar spine image 
for example, it enables to visualize with high contrast both 
the thoracic spine in the pulmonary area and lumbar spine 
overlapped with thick soft tissue. In order to show this effect, 

we made exposures on 1cm-thick acrylic step with 10cm-
thick acryl, 20cm-thick acryl and 30cm-thick acryl, each of 
which is in imitation of thoracic spine in the pulmonary area, 
transition area to the outside of the pulmonary area and 
lumbar region, as indicated in Fig.13. Subsequently, we 
applied conventional processing and Dynamic Visualization 
II to the acquired image as adjusting the output density of 
25cm-thick part in both images to be same and measured the 
contrast in and out of acrylic step region.

As a result, the contrast of acrylic step in the image with 
Dynamic Visualization II processing was improved regardless 
of the thickness of acryl as indicated in the Fig. 14. Fig. 15 
is one of the example images. Compared to the Fig. 15 
image with conventional processing, Dynamic Visualization 
II improves the contrast in both 35cm-thick acrylic part and 
10cm-thick one, resulting in the great difference in the 
visibility.
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Fig. 16　Diff erence in CNR (contrast noise ratio) of conventional processing + FNC1 and Dynamic Visualization II + FNC2

(a) Conventional processing (b) Dynamic Visualization II

Fig. 17　Image example of hip-joint axis

(a) Conventional processing (b) Dynamic Visualization II

Fig. 18　Image example of lumber-spine lateral

4.3  Granularity
We also compared contrast noise ratio (CNR) of the fol-

lowing two images of the bone mineral phantom in Fig.12, 
which was acquired in the experiment of the section 4.1; the 
one with Dynamic Visualization II and FNC2 processing, and 
the other is with conventional processing and FNC. Fig. 16 is 
the result of the comparison. Compared to CNR, the one with 
Dynamic Visualization II and FNC2 was improved regardless 
of exposure conditions and thickness of the object. This result 
indicates that the granularity can be suppressed even if the 
contrast is enhanced, and that improvement on the visibility of 
the object is expected.

5.  Application to clinical images

5.1  Effect of improving the contrast and visualizing the 
entire object

Figs. 17 to 19 are example images using Dynamic Visualiza-
tion II. Fig. 17 is an image of hip joint axial view. The hip joint 
is overlapped by the thigh and hip due to the positioning, 
resulting in low density and contrast in the overlapped 
area. In the Dynamic Visualization II image (Fig. 17b), as 
the dynamic range compression is controlled in accordance 
with body thickness, the structure of the overlapped area of 
the hip joint is visualized. Fig. 18 shows images of a lumbar 
spine lateral view. As in the Fig. 18b, the combination of the 
Dynamic Visualization II and FNC2 achieves an image with 
less noise even if the contrast is enhanced.

Indicated in Fig. 19 is image of an entire vertebral column 
lateral view. Dynamic Visualization II in Fig. 19b clearly 
visualizes the vertebral structures both in a thin area near 
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the neck and in a thick area near the hip, even though the 
region has the huge gap in X-ray absorption.

5.2  Stability of density and contrast
We conducted evaluations on the stability of automatically 

determined density and contrast before and after introduc-
tion of Dynamic Visualization II processing. The evaluations 
took place at institutions in Japan which took a lot of long-
view images for the entire vertebral column. A signifi cant 
difference was found in the number of cases which require 
manual adjustment on density and contrast, between before 
and after introduction of the Dynamic Visualization II.

Fig. 20 shows the distribution of corrections to automati-
cally determined contrast. The distribution chart indicates 

that with conventional processing almost all the images 
have required contrast corrections. On the other hand, the 
frequency of the corrections has drastically been reduced 
with Dynamic Visualization II. The images on which the 
contrast was corrected accounts for less than 3%.

Fig. 21 is the distribution of corrections to automatically 
determined density. The distribution indicates that both the 
frequency and the amount of density correction have dras-
tically decreased after the introduction of Dynamic Visu-
alization II. The images with more than 10 corrections, in 
which changes in density is clearly found, accounts for 
about 50% in the conventional processing and 3% in the 
Dynamic Visualization II.
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Fig. 19　Image example of whole-spine lateral
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6.  Conclusion

This report was to introduce Dynamic Visualization II, 
a newly developed image processing technology which 
recognizes thickness and structure of objects in accordance 
with X-ray information permeated through human body, 
achieving contrast enhancement of region of interest.

The application result of this processing technology 
shows the possibility of visibility improvement of the entire 
region and reduction of correction frequency on density and 
contrast, resulting in time/labor reduction for adjustment, 
particularly against difficult acquisitions such as axial view 
image in which object thickness varies with positioning, 
and the acquisition of the entire vertebral column, which 
has big gaps in X-ray absorption amount.

We hope this image processing technology will be widely 
used for image diagnosis in various scenes, and will contribute 
to improving efficiency.

Trademarks

・ “Dynamic Visualization” and “FCR” are registered trademarks or 
trademarks of FUJIFILM Corporation. 

・Any other company names or system and product names referred 
to in this paper are generally their own trade names, registered 
trademarks or trademarks of respective companies.
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