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1. Introduction 
 
Radiography/fluoroscopy systems used for medical 
diagnostic imaging have evolved considerably. In 
more recent years, their role has expanded beyond 
diagnostics and they are used for treatment as well. 
In particular, they are rapidly being adopted for 
treatment of vascular lesions because of their 
lower impact on the patients. Remarkable progress 
has been made on techniques as well, allowing 
them to be used on increasingly more peripheral 
and more detailed locations. Users demand the 
systems provide excellent contrast, even for 
detailed areas, and consistent image quality, even 
when observing from a variety of angles. Therefore, 
Shimadzu has now developed the SUREengine 
(Shimadzu Ultimate Real-time Enhancement 
Engine), a new high-speed real-time image proc-
essing system designed to provide even higher 
image quality by taking full advantage of Shima-
dzu’s direct-conversion FPD, which offers excep-
tionally high sensitivity and resolution. 
 
 

2. Image Processing 
 
The key factors that determine image quality 
include resolution, signal-to-noise ratio (S/N), 
contrast, and, particularly for dynamic images, time 
resolution as well. Since resolution is greatly 
affected by sensor performance, the SUREengine 
system was designed to improve the S/N ratio, 
contrast, and time resolution. 
 
2.1. Noise Reduction 
Conventional time-integration noise reduction 
forces a trade-off between improvement in S/N 
ratio and the resulting ghosting, which makes it 
difficult to improve both S/N and time resolution at 
the same time. This new image processing engine 
continuously isolates noise elements from signal 

elements in each image of the dynamic image as it 
moves, then suppresses only the noise elements. 
This allows reducing the noise without causing 
ghosting. Furthermore, this process occurs in 
real-time and provides more precise noise reduc-
tion over a wide range, extending from fluoroscopy 
to radiography, by constantly optimizing noise 
extraction and noise suppression control. 
 

 
Fig. 1 Diagram of Noise Reduction Process 
 

2.2. Multi-Frequency Processing 
Multi-frequency processing breaks the image down 
into multiple frequency band segments, then 
determines the optimal level of compression or 
enhancement for each level of image density (Fig. 2). 
This allows a broader processing range and finer 
image quality adjustments than conventional 
single-frequency dynamic range compression or 
contrast enhancement using a gamma curve. 
Dynamic range compression suppresses halation 
in lung regions and contrast of pulmonary vessels 
and suppresses black-saturation in myocardial and 
mediastinal regions to provide uniform contrast 
without impeding visibility of the target item. 
Multi-frequency processing also realizes selective 
contrast enhancement by using image characteris-
tics of artificial objects. For example, it determines 
the size of catheters and guide wires using their 
sharp edges. 
Fig. 3 shows an image before multi-frequency 
processing in (a), then examples of dynamic range 
compression, noise reduction, and contrast en-
hancement processed images in Figures (b), (c) 



 
 
 

and (d), respectively. Fig. 4 shows the level of 
ghosting using a rotatable spoke tool phantom. 
Compared to the result using the conventional 
time-integration method in (b), the result using the 
new noise reduction method in (a) shows signifi-
cantly less ghosting while still showing about the 
same level of noise suppression.  
As these results demonstrate, these processing 
methods allow suppressing ghosting while dis-
playing the target object with enhanced contrast 
against a uniform background, and without imped-
ing visibility of the target object. 
 

 
Fig. 2 Diagram of Multi-Frequency Processing 

 

 
 
 
 

 
(a) Image Before Processing (b) Image After Dynamic Range Compression 

 
(c) Image After Dynamic Range Compression 

and Noise Reduction 
(d) Image After Dynamic Range Compression, 

Noise Reduction, and Contrast Enhance-
ment (SUREengine Image) 

Fig. 3 Example of Image Processed Using SUREengine (Phantom Image) 
 

 

(a) Image Using New Noise 
Reduction Method 

(b) Image Using Conventional 
Noise Reduction Method 

Fig. 4 Comparison of Noise Reduction Methods 

 



 
 

3. Clinical Images 
 
Fig. 5 shows a fluoroscopic image and Fig. 6 a 
radiographic image of coronary arteries.  
 

 
Fig. 5 Clinical Example of Fluoroscopic Image 

 

 
Fig. 6 Clinical Example of Radiographic Image 

 
 

If ghosting occurs in dynamic images, it not only 
blurs the edges of moving portions, but can reduce 
the contrast of moving portions as well, which 
results in a significant reduction in visibility. Fur-
thermore, when viewing target guide wires or 
catheters from multiple angles, the target can 
appear overlaid with background areas of large 
contrast differences, such as the lungs and medi-
astinum, thereby reducing the visibility of the target 
object itself. Images processed using SUREengine 
allow observing stable images of target objects, 
without being affected by observation from multiple 
angles or background contrast levels. 
 
 

4. Summary 
 
Image quality is not only a function of physical image 
processing parameters, such as resolution and 
contrast, but rather a total balance of these parame-
ters. Shimadzu’s direct-conversion FPD X-ray sensor 
offers exceptionally high resolution and sensitivity, 
and outstanding characteristics. SUREengine was 
developed to take full advantage of sensor capabili-
ties to provide maximum performance under a wide 
array of clinical conditions. Through a variety of 
measures, such as using parameter settings opti-
mized for images from cardiovascular systems, 
SUREengine allows obtaining even better image 
quality than before. Shimadzu also plans to apply the 
achievements of this new image processing engine 
to our X-ray R/F systems. 


