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What is the raison d’être of researchers?
  Anyone can improve, if he/she is sincere and focuses on his/her work. However, researchers aim for reform, 

or innovation, rather than just improving; they set innovation as their goal. Easier said than done, but everyone 
setting their sights higher will automatically improve. The number of researchers working in a company who 
confidently call themselves researchers determines the company’s competitiveness.

Difference between academic and corporate researchers
  The difference between academic and corporate researchers lies in their roles and not in their quality. Academic 

researchers seek originality in their researches, while the latter group aims to create innovation, or more specifically, 
changing the world by making innovative applications of original inventions (whether these inventions are their own 
or the work of others’). Both researchers basically require the same two types of attributes: the first of these 
is emotion, which constitutes a basis for their sense of mission, passion, justice, ideals, and dreams. The second 
attributes is ability, namely, superiority in logical thinking, the acquisition of knowledge and memorization. These 
attributes can be significantly strengthened by education and training.

Three qualities every researcher should have (not only for researchers)
  The first quality is scope of imagination, or we can call it the size of living space for one person. This space 

gradually becomes larger and larger as we grow from children into adults－ from home to school, local community, 
company, nation, world, or even space. Of course, we all know that only astronauts can survive in space for a 
limited period, but we can all imagine how it would be. The extent to which we can imagine our living space will 
be decided by the extent to which we can use our knowledge. People often say that the one of the core strengths 
of Japanese people is teamwork, but some are concerned that this feature is limited within Japanese community. 
This quality is to think about the goal of our one-and-only life, which affects various areas such as our selection 
of research themes, creation of business models, and strategic approaches. People having a broad scope of 
imagination excel in expanding experiences by understanding the experiences of others as if they were their own.

  The second quality is individual character. People are truly diverse, even though they are of the same 
type biologically. We have become the dominant species on Earth, thanks to our physical and mental diversity. In 
contrast to this, however, many Japanese people tend to lose their individual personality within large organizations, 
both in the private sector and in the academic world, which makes human resources stereotypical and defensive 
and lacking in diversity. While defensive responses come from their instincts, proactive actions are born from 
individual talents and character. People who decide and act quickly seem to have strong character and endless 
reserves of energy. It is interesting to notes that these qualities are often seen in geniuses.

  The third quality is the ability. This includes the ability to think logically and scrupulously, to acquire and 
memorize vast amounts of knowledge. Honors students have such abilities. Meanwhile, such capabilities can be 
strengthened significantly through education. In today’s age of Artificial Intelligence and big data, in addition 
to drawing on our own vast knowledge, we can leverage a large amount of data that have not been effectively 
utilized by human beings. The democratization of knowledge has begun, meaning that anyone who desires it can 
obtain all the knowledge they want.
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  The order of these three qualities actually has a significant meaning: the first is for identifying one’s field or 
gaining and understanding of one’s world and one’s place in that world; the second is for identifying one’s field 
and planning one’s future course; and the third is identifying paths to success, or using the ability to think logically 
and scrupulously during the implementation stage to reduce risks and streamline processes.

  When developing a new business or a long-term strategy, pay attention to avoid beginning your actions with 
the third quality. It will limit the scope of your thoughts because it is natural to turn timid when you think about 
something on a global scale: you try to act aggressively and are obliged to accept eccentric geniuses. If you first 
think along the first quality, you can imagine freely developing a brilliant idea, and then you move to the second, 
where you focus on and clarify what you really want to achieve. After these processes, you can think along 
the third quality, or use your knowledge, wherein you think logically and scrupulously, leveraging abundant 
knowledge, because you are truly serious about achieving your goal. This was the ultimate objective of your 
education.

Objectives of Fujifilm’s Research & Development
  With “Value from Innovation” as our motto, we are pleased to issue this multifaceted technical publication 

this year. I am confident that the footprints of our corporate researchers along the three qualities I mentioned in 
the Foreword will be palpable. We issue this publication every year with the hope of using these rare and unique 
technologies to further contribute to the world, connecting these technologies to actual businesses, and earning 
sales and profits as a result of the values we offer. Besides providing these publications, we currently operate 
Open Innovation Hubs in Japan, Europe, and USA, where customers can have hands-on experiences with our 
technologies. I truly hope that these efforts lead to win-win relationships with our business partners.
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We developed a new technology that extensively uses a special-light observation function. This function is becoming increas-
ingly important in endoscope diagnoses as it significantly improves the usability of an endoscope in terms of aspects such as its 
operativity, insertion characteristic, and compatibility. This platform technology is scheduled to be built into our future system, 
and the announced 7000 system will be its first application in 2016. The 7000 system provides five functions using the above 
mentioned new technology: (1) “G7 control portion” enables intuitive manipulation; (2) “Coloassist flexible portion” includes 
advanced force-transmission and adaptive bending to enable smoother insertion; (3) “One-step Connector” offers better handling 
during cleaning, disinfection, and storage; (4)  “4 LED lights” enables high-intensity white-light illumination and special-light 
illumination; and (5) “LCI” emphasizes minute differences in colors.

Abstract

1.  Introduction

Illumination for endoscopy is shifting from white light that 
provides natural color images to special light. The special-
light observation controls the light wavelength to make it 
easier to detect a lesion hard to see in the conventional illumi-
nation. We have developed the narrowband light observation 
function BLI (Blue Laser Imaging) and launched it in 2012. 
It has achieved the special-light observation that emphasizes 
extremely slight changes in the superficial layer of mucous 
membrane, important information for cancer diagnosis. In 
2014, we launched the LCI (Linked Color Imaging) designed 
to emphasize very small changes in color by simultaneously 
irradiating narrowband short-wavelength light and white 
light. The LCI, FUJIFILM’s original observation function, 
has been well received in Japan for the pursuit of its possi-
bility for imaging of inflammation, screening capability and 
others.

In addition to those special-light observation functions 
above, we have developed new technology that dramatically 
improves the usability of an endoscope, such as the operativity, 
insertion characteristic and compatibility.

We are building the new technology and functions into 
the platform of our endoscope systems as the standard equip-
ment. The 7000 system (Fig. 1), the first system equipped 
with the platform and launched in 2016, is being received 
well on the market.

This paper provides the purposes, features and principles 
of the new platform technology and our original observation 
function LCI.
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2.  Overview and features of the platform technology

The new platform technology is applied to the scope and 
the light source.

The scope is provided with the “G7 control portion” (Fig. 
2) that enables intuitive manipulation, the “Coloassist fl ex-
ible portion” that enables smooth insertion by advanced 
force-transmission and adaptive bending, and the “One-step 
connector” that facilitates cleaning and handling. They have 
been all developed to achieve user-friendliness. The 760 
scope (Fig. 3) for the 7000 system, the fi rst model equipped 
with the platform, is very well received on the market.

The light source is based on the “Multiple light source 
technology” using four-color high intensity LEDs. The 
emission ratio is controlled with high precision to provide 
suitable illumination for each observation mode. The tech-
nology enables observation with white-light illumination 
and special-light observation. The white-light illumination 
achieves high-luminance lighting equivalent to the existing 
xenon light source. Thanks to the long life of LED element, 
periodic replacement is not necessary. The special-light 
observation provides image quality equivalent to the LA-
SEREO, the preceding model. New observation modes are 
expected to be developed in the future making the most of 
the advantages of the four-color independent light sources.

3.  Development of scope platform

3.1  Development of new control portion
The control portion of an endoscope has to meet various re-

quirements, such as the hand size of an operator, way of grip-

ping, operating technique, ease of handling during cleaning 
or disinfection and durability. It was challenging to fulfi ll 
those needs and requirements with high accuracy and make 
the operation easy for as many users as possible to help them 
concentrate on the examination.

3.1.1  Flow of development
(1)Doctors operate endoscopes unconciously. We have 

visited target users and observed how they actually use an 
endoscope to identify potential needs.

(2) For our target institutions and users (doctors, technicians 
and nurses), we have visualized needs, evaluated the appro-
priateness, made improvements and repeated this process.

(3) We have conducted a survey using a rapid prototype 
and identifi ed requirements from the evaluation comments.

(4) As it was important to correctly understand doctors’ 
comments, the designers received training using human body 
phantoms and learned the basic operation of an endoscope.

(5) The operator of an endoscope has to do several opera-
tions together: image observation, operation of the insertion 
tube and the control portion and twisting to change direction 
of the insertion tube. We have carried out evaluation using a 
prototype very similar to an actual scope, instead of using 
only the control portion, and creating an examination envi-
ronment similar to an actual examination.

(6) Reliable, simple and effi cient operation is required 
during preparations, cleaning, disinfection and storage. We 
have identifi ed needs, focusing on how those works are 
carried out and how an endoscope is handled during the 
works.

3.1.2  Main design policies
(1) Focusing on accessibility
If the LR/UD knob (see the photo) or a button is not well 

positioned and if the operator has to strain his/her hand to 
reach, the operator’s hand may tire during the examination. 
This control portion is shaped to minimize the fi nger moving 
distance (Fig. 4). Its shape also makes it easy to reposition 
the control portion in hand. The saddle point (see the photo), 
to be placed on the base of the thumb, is designed to help 

Fig. 2　G7 Control Portion

Fig. 3　The 760 series
Fig. 4　Easier access to the knob 

and switches
Fig. 5　Corners have been 

rounded
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stabilize the basic position and at the same time to serve as 
the axis of upward rotation of a hand (the motion is often 
used to access upper buttons). It is designed to allow various 
different holding positions (Fig. 5).

(2) Shape of the grip
The cross-section of the grip is fl attened to make it easy to 

hold it tightly when twisting the scope (Fig. 6).
(3) Improvement in zoom switch
The zoom switch is placed horizontally, changed from 

the vertical arrangement of our existing endoscopes. The 
arrangement allows more natural movement of a fi nger. The 
buttons are operated by rotating the thumb with its second 
joint as the axis of rotation (Fig. 7).

(4) Improvement in identifi cation
Each endoscope has to be labeled properly for identifi -

cation of its type and instrument channel diameter. All the 
required information is indicated where it is highly visible. 
All the unique parts for G7 including accessories are color-
coded to be distinguished from the conventional products 
(Fig. 8).

3.2  Development of Coloassist
During a large intestine endoscopy, an endoscope is in-

serted from the anus and the leading end is passed to sig-
moid colon, descending colon, transverse colon, ascend-
ing colon and to appendix by operating the control portion 
at the tailing end. The large intestine has the following 
anatomical characteristics: (1) It is a three-dimensionally 
winding organ divided into areas fi xed to the body wall 
and those not fi xed. (2) It has curved parts, such as SD-
junction, splenic fl exure and hepatic fl exure. Besides the 

anatomic characteristics, because the length of the intestine 
varies from person to person, it is said to take long to master 
the insertion technique of a large intestine endoscope. To 
make the insertion into the large intestine easier for doctors 
and less stressful for examinees, we have provided the new 
endoscope system with new key technologies: (1) advanced 
force-transmission and (2) adaptive bending.

3.2.1  Advanced force-transmission insertion tube
The characteristics of the insertion tube of an endoscope 

are largely determined by those of the tubular part called the 
fl exible portion. In development of the new endoscope 
system, we have thoroughly reviewed the materials and 
production process of the fl exible portion of a large intes-
tine endoscope. The fl exible portion consists of a cylindrical 
metal part bendable in all directions and a resin coat (Fig. 
9). When an endoscope is inserted into the large intestine, 
it is required that the controls, such as pushing, pulling and 
twisting, be directly transformed to the leading end of the 
endoscope (force transmission). To achieve that, resilience 
of the fl exible portion, force to return to its original shape 
like a spring, is important. Using Fig. 10, we will explain 
the relationship between twisting and resilience. When the 
fl exible portion is bent, compressive strain is applied to the 
resin inside the bend and tensile strain is applied to the resin 
outside the bend. Twisting the fl exible portion means exert-
ing compressive strain and tensile strain alternately on the 
twisted area. If it is easier for deformed resin to return to its 
original shape, in other words, if the resin is more resilient, it 
is considered the better transmission of twisting motion will 
be achieved.

Resilience of the fl exible portion is determined by the 
quality of the resin described above. It is expressed with the 
formula 1 below. If the viscosity in the 2nd and later terms 
is smaller, the resin is higher in resilience. The levels of re-
silience can be compared by measuring the changes in stress 
with time (Fig. 11).

G7 G5

Fig. 6　Slice-shape of the grip 
portion

Fig. 7　Zoom switch

Fig. 8　Identifi cation colors

Resin covering Metal part
Tension

Compression

Fig. 9　Structure of the 
fl exible portion

Fig. 10　Transmission of the 
twisting-motion property
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The advanced force-transmission insertion tube has 
been developed, thanks to high resilience resin we have 
developed and our thin layer coating technology for high 
resilience resin. As a result of verification on an improve-
ment in transmission of twisting operation, the twisting 
torque is drastically reduced from that of our conven-
tional system. It confirms that the new tube dramatically 
improves the force-transmission of the insertion control 
(Fig. 12).

3.2.2  Adaptive bending
Examinees often feel a pain when an endoscope passes a 

curved part of the large intestine. It is called “walking stick 
handle” effect because it is as if the intestinal tract is stretched 
by the handle of a walking stick. The resin coat of our fl exible 
portion consists of two layers: high resilience resin layer and 
fl exible resin layer. By varying the thickness ratio between 
the two layers (Fig. 13), optimum gradation in hardness from 
the leading and to the tailing end is achieved. The optimum 
gradation in hardness helps the tube bend fl exibly and pass 
through the splenic fl exure without stretching the tract. After 
passing through the splenic fl exure, the tube returns into a 
linear shape by the resilience. This function is called adap-
tive bending (Fig. 14). The leading end must be extremely 
fl exible to avoid the walking stick handle effect. To achieve 
that, we have developed ultra-thin layer forming process. It is 
capable of coating in high resilience resin while controlling 
the thickness with accuracy of 10 µm.

3.2.3  Market evaluation result
We introduced the new endoscope system with the key 

technologies in sections above. The system has already been 
used in clinical practice and it is well received by doctors. 
Doctors who actually used it say, “It moves as I expect” or “It 
bends and passes through the splenic fl exure smoothly.”

3.3  Overview of the development of one-step connector
3.3.1  Purpose of one-step connector

An endoscope receives light to illuminate the inside of the 
body and sends signals of a captured image signal to the pro-
cessor. Our previous endoscope systems have two types of 
connectors: the light guide connector to connect the scope 
to the light source and the electric connector to connect the 
scope to the processor. The scope connection is complicated.

When cleaning and disinfecting an endoscope, the user has 
to put the waterproof cap on the electric connector for pro-
tecting the electric contact. It is troublesome to put on the 
cap every time the endoscope is cleaned and disinfected. In 
addition, there are concerns such as if the user fails to put on 
the cap, the electric circuit may be damaged or the electric 
contact may be damaged during hand washing, which results 
in corrosion.

To solve the problems of the precious systems, we have 
developed technology for converting electric signals and 
power supply necessary for the interface between the 
processor or the light source and the scope to light and 
magnetism (contact-free technology). The technology 
eliminates the necessity of the electric connector and 

Trailing end

Resin A
Resin B

Bending stiffness

Leading end

Fig. 13　Stiff ness gradation and resin layer of the fl exible portion
Fig. 14　Conceptual diagram of “Adaptive Bending”

Resilience: High

Resilience: Low

Time0

S
tr

e
ss

Fig. 11　Snapping performance of the fl exible portion

T
o
rq

u
e
 [

N
•m

]

0 50 100 150
Operating angle [°]

Resilience: Low

Resilience: High

Fig. 12　Transmission of the rotating force
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electric contact and enables the use of the one-step connector. 
(Figs. 15 and 16)

Many medical institutions are preferentially choosing our 
new endoscope system because of its advantages. The one-
step connector improves the ease of handling and reduces 
malfunction due to errors in operation. Those advantages 
lead to reduction in medical cost.

3.3.2  Overview and features
The following technologies are used for the interface 

between the processor or the light source and the scope 
to do without the electric connector and electric contact 
of the scope.

(1) Wireless communications of image data using infrared 
laser beam

(2) Wireless power transmission using magnetic fi eld

3.3.3  Contact-free technology
(1) Wireless communications of image data using infrared 

laser beam
To transmit a large volume of data, including image data, 

at high speed without using an electric contact, one method 
uses radio wave like wireless LAN and another method uses 
optical fi ber like optical LAN (Table 1).
▪ Radio wave

This method has an advantage of few restrictions on the 
transmitter and receiver confi guration, but it is susceptible to 
electromagnetic noise from nearby equipment. If communi-
cations fail, data are to be sent again. This method is therefore 
not suitable for an endoscope as an endoscope needs to trans-
mit images in real time.
▪ Optical fi ber
This method has advantages of high speed communica-

tions and immunity to electromagnetic noise, but the optical 
connector needs precise positioning. This method is not fi t 
for an endoscope as the connector is connected and discon-
nected frequently.

As communications method suitable for the endoscope in-
terface, we have developed free-space optical communica-
tions method that combines the advantages of the radio wave 
and fi ber optics. Laser is used for this method to support high 
speed transmission. To overcome the disadvantage of laser 
beam that the connector needs precise positioning, a wide 
margin is allowed for positioning by making the rays paral-
lel with a collimating lens and providing the light receiving 
side with a copying mechanism. That enables stable image 
transmission without precise positioning (Fig. 17).

(2) Wireless power transmission using magnetic fi eld
Common wireless power transmission is the electromagnetic 

induction method. In this method, an electric current is sent to 
a coil and converted to a magnetic fi eld for power transmission. 

Method

Radio wave

Advantages Disadvantages

・Low speed communications

Transmitter and receiver 
configuration is hardly 
restricted.

Susceptible to electromagnetic 
noise.

・

Optical fiber High speed communications
Immune to electromagnetic 
noise.

・
・

・The optical connector must be 
positioned with high accuracy.

・Highly accurate positioning 
is not required.

Immune to electromagnetic 
noise.

・
Free-space 
optical com-
munications

(No particular disadvantages in 
endoscopy)

・High speed communications

Table 1　Advantages and disadvantages of the communication 
method

Optical connector

Improvement in 
misalignment margin

One step connector

Actual use level
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Fig. 17　Improvement of the alignment-gap margin in wireless 
communication

Fig. 15　One-step connector
Fig. 16　Conceptual diagram of the contact-free technology
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This method is used in recent years for charging the battery of a 
smartphone or other mobile equipment.

We have decided not to use battery. Battery is not suitable 
in terms of safety and service life as an endoscope is subject 
to high temperature, high humidity and immersion in water 
during cleaning and disinfection. Instead, we have chosen 
direct power supply. This method has a drawback in volt-
age stabilization on the scope side. Therefore, we have 
developed control technology to respond to changes in 
voltage by feeding back the power consumption on the 
scope side using the contact-free technology with light.

A general-purpose coil used for a smartphone and other 
devices is too big to be used for an endoscope. To solve the 
problem of space limitation, we have reviewed the coil and 
ferrite, starting with their materials, and developed a small 
coil with 1/2 the footprint of the general-purpose coil 
and equivalent power supply capacity, by enhancing the 
efficiency in power transmission.

3.3.4  Shape of one-step connector
When designing the one-step connector, we had several 

goals: to downsize to make it easy to handle during clean-
ing and disinfection, ensure fi rm connection, make it easy 
to carry around, improve the usability in tube connection 
and increase the durability. Then, we have achieved all 
those goals (Fig. 18).

4.  Development of light source platform

We have developed the BL-7000, an endoscope light source 
based on the multiple light source technology. The technol-
ogy creates illumination light with the optimum emission 
ratio for each observation mode by optically synthesizing 
four colors of high output LEDs (blue-violet LED, blue 
LED, green LED and red LED) and controlling the amount 
of light of each LED independently.

This light source technology enables high-luminance white 
illumination equivalent to xenon light and special-light illu-
mination such as BLI and LCI. The technology is explained 
in detail in the following sections.

4.1  Light synthesis technology and four-color LED in-
dependent intensity control

First, the optical technology for synthesizing four 
color lights (Fig. 19). Blue-violet light emitted from the 
blue-violet LED and blue light emitted from the blue 
LED are synthesized using the dichroic filter 1 that al-
lows blue-violet light to pass through and reflects blue 
light. Green light emitted from the green LED and red 
light from the red LED are synthesized using the dichroic 
filter 2 that allows green light to pass through and refl ects 
red light. The synthesized light of blue-violet and blue and 
the synthesized light of green and red are synthesized using 
the dichroic fi lter 3 that refl ects blue-violet light and blue 
light and allows green light and red light to pass through. The 
synthesized light of all four colors is emitted from the outlet 
of the light source into the endoscope.

The configuration of the BL-7000 using four color 
LEDs can innovate endoscope illumination, important to 
diagnosis. By controlling each of the four color LEDs 
independently, the intensity ratio is freely, constantly and 
precisely adjustable to create illumination light suitable 
for various observation modes (Fig. 20). For example, in 
the standard observation mode, green light is increased 
to provide bright white tone image. In the BLI mode, 
blue-violet light is increased as its absorption rate is high 

Fig. 19　Optical system combining four LEDs

Standard observation BLI BLI-brt/LCI

Fig. 20　Optimized illumination profi le for the observation modes

Fig. 18　One-step connector design
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in superficial vessels and green light is decreased as its 
absorption rate is high in middle-layer vessels to empha-
size the superficial vessel structure related to a lesion. 
In the BLI-bright mode, blue-violet light and green light 
are increased to both visualize the superficial vessels and 
provide brightness. The BL-7000 is capable of creating 
various other types of illumination. Its application to new 
observation modes is expected.

4.2  Brightness equivalent to 300-W xenon lamp
White LED, becoming widely used for various illumina-

tion purposes in recent years, provides a wide band (various 
colors) of emission spectrum by itself. As it is a single light 
emitter, however, the light intensity is restricted by radiation 
and the intensity cannot be increased if the temperature of 
the light emitting face is too high. At present, it is diffi cult 
to provide brightness equivalent to that of 300-W xenon 
lamp using white LED. When four color LEDs are used, 
the light intensity of each LED is limited just as a single 
white LED, but as radiation occurs in four places, the radi-
ation performance can be improved four times. Using four 
color LEDs, compared with a single white LED, the upper 
limit of the intensity is drastically raised. That provides 
high-intensity and wide-spectrum light and brightness of 
300-W xenon lamp.

5.  Development of LCI

In October 2014, we launched the LCI designed to empha-
size slight differences in color by simultaneously irradiating 
narrowband short-wavelength light and white light. The LA-
SEREO system and the 7000 system are equipped with this 
function. The following sections explain the overview and 
the principle of the LCI.

5.1  Purpose of LCI
In endoscopy, infl amed mucosa needs to be distinguished 

from healthy mucosa. When gastric mucosa is infl amed, be-
cause of Helicobacter pylori（H.pylori) infection, the mucosa 
becomes thin, atrophies spread and the risk of cancer increases. 
It is important to detect mucosal infl ammation at an early stage. 
However, infl amed mucosa differs only slightly in color from 
healthy mucosa. In consideration of this background, it is often 
diffi cult to detect infl ammation or diagnoses the severity. LCI 
is developed to make it easy to detect subtle difference in color 
of mucosa (Fig. 21).

5.2  Principle of LCI
The color of gastric mucosa on an image depends on 

optical absorption by hemoglobin in blood vessels in the 
mucous membrane and light scattering in the membrane. 

The  mucosa disinfecting H.pylori  does not have atroophy, 
thick blood vessels in the submucosa are not shown and 
the mucosa looks uniform in color. The mucosa infecting 
H.pylori has atrophic gastritis and the mucous membrane 
is thinned as shown by the right diagram in Fig. 22 (a). 
Irradiated light is less absorbed by hemoglobin in blood 
vessels and vessels in the muscularis mucosae and the 
submucosa affect the color of mucosa. The muscularis 
mucosae located below the mucous membrane have fewer 
vessels than the mucous membrane and diffuse light more. 
Therefore, atrophied mucosa looks brownish as shown in Fig. 
22 (b). The vessels in the submucosa, invisible by absorption 
and diffusion in the mucous membrane, become visible.

For the change in mucosa, by simultaneously irradiating 
narrowband short-wavelength light, which is easily absorbed 
by hemoglobin, and white light, LCI makes the subtle 
changes in color easier to detect than those under white 
light only. In addition, colors close to the mucous color are 
emphasized using red component signals, to make reddish 
colors redder and whitish colors whiter. That helps detect 
slight differences in color close to the mucous color. LCI 
does not use pseudo color for reproduction like BLI or BLI-
bright but provides a bright image with color tone similar to 
that of a white light image.

Mucous membrane

Muscularis mucosae

Submucosa

Lamina muscularis 
mucosae

Normal

Submucosal vessel

Submucosal vessel

Atrophic gastritis

(a)Side view

(b)Top view

Atrophic gastritis

Normal

Fig. 22　Models of atrophic gastritis

White light image

Color 
conversion

Green

Blue Red

Green

Blue Red

Fig. 21　Color enhancement via LCI
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5.3  Future prospects
LCI is expected to be used for screening as it helps diagnose 

inflammation (for example, the diagnosis of ulcerative colitis 
in a remission stage), which is difficult with white light, and 
provides brightness and color tone similar to white light.

6.  Conclusion

A user-friendly new endoscope is developed making the 
most of newly developed platform technologies: the new 
control portion, the Coloassist flexible portion and the one-
step connector. In addition, we believe that the four-color 
LED light source using the multiple light source technology 
enables narrowband light observation functions including 
LCI and helps produce an endoscopic image that facilitates 
observation.

We will apply the platform technology to our future 
systems to make all our endoscope systems easy to use 
and easy to diagnose.

Trademarks

・“BLI,”“LCI” and “LASEREO” 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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Two-dimensional mammography is widely used in clinical environments for early detection and diagnosis of breast cancer. In 
recent years, tomosynthesis has been used as a new method for breast-cancer examinations. At Fujifi lm, to achieve an optimal 
testing performance in the diagnosis and screening of breast cancer, we developed “AMULET Innovality,” a mammography de-
vice comprising tomosynthesis imaging-modes with two different exposure angles. Clinical examinations performed by multiple 
physicians qualifi ed as mammography instructors in Japan verifi ed that each mode exhibited an effective testing performance. 
Furthermore, this newly developed technology will reduce doses of radiation via the addition of tomosynthesis.

Abstract

1.  Introduction

Tomosynthesis is coming into use across the world as 
studies are indicating its effi cacy in breast cancer exami-
nation1) ~ 6). Tomosynthesis captures images of a subject 
at different angles and produces a slice image reconstructed 
from those images. Tomosynthesis is expected to improve 
breast cancer examination. For instance, unlike the conven-
tional mammography, a tumor or any other lesion is shown 
separately from mammary glands and a lesion hard to detect in 
the conventional method is more easily detected. In the US, 
this technology is already used for screening. In many other 
countries, the technology is used on a trial basis to verify 
the effi cacy in screening. The use of the technology is also 
spreading for the purpose of diagnosis.

This paper provides an overview of technologies used 
for the AMULET Innovality, such as our original tomosyn-
thesis technology, Flat Panel Detector (FPD) for imaging, 
Auto Exposure Control (AEC) and new image processing 
technology.

1.1  Principle and features of tomosynthesis
Tomosynthesis produces (reconstruct) a slice image of an 

area in breast by capturing images of compressed and fi xed 
breast at different angles and synthesizing those images 
(projection images). As slice images at different depths 
are produced, a lesion overlapped in the depth direction 
(compressed thickness direction) by mammary glands or 

other parts can be observed separately from those parts. 
Fig. 1 shows schematic diagrams of tomosynthesis and slice 
images. As areas overlapped in the thickness direction are 
separated, a lesion with low contrast, diffi cult to detect in 
the conventional mammography, is detected more easily 
and 3D confi guration of calcifi cation is identifi ed easily.

Unlike CT scanning 360 degrees of a subject, tomosyn-
thesis scans breast in the same positioning (compressing) 
as that of the conventional mammography with the detector 
fi xed. Images are captured within a limited range of angles, 
such as 15 degrees and 40 degrees. Overlapped areas cannot 
be separated as clearly as CT. However, the spatial resolution 
is high and the nature of a lesion is imaged more in detail.

Original paper（Received October 25, 2016）
* Medical Systems Research & Development Center

Research & Development Management Headquarters
FUJIFILM Corporation
Miyanodai, Kaisei-machi, Ashigarakami-gun, Kanagawa
258-8538, Japan

Fujifi lm’s Innovative Mammography “AMULET Innovality” Provides Optimal 
Tomosynthesis-Imaging for Diagnosis and Screening

Takahisa ARAI*

Fig. 1　 Schematic of tomosynthesis imaging and sliced images
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2.  Features of tomosynthesis of AMULET Innovality

Tomosynthesis of the AMULET Innovality is equipped 
with our original technologies focused on quality images. For 
instance, it is provided with two imaging modes (exposure 
angle and image pattern) optimized for purposes (diagnosis 
or screening) to maximize the examination performance.

2.1  Two tomosynthesis modes assuming examination 
situations

In mammographic examination, it is important to provide 
clear images of the characteristics of a lesion or a tissue 
and clarify their positional relationship with surrounding 
tissues. Those enhance the detection capability and increase 
the reliability of diagnosis. They are also extremely useful 
in that they provide advance information for an ultrasound 
examination or a biopsy.

In tomosynthesis, the larger the exposure angle is the higher 
the resolution in the depth direction (Z-resolution) becomes, 
and a lesion can be imaged separately more clearly from 
overlapping mammary glands and its structure is shown more 
in detail. Increasing the exposure angle, however, has several 
disadvantages. For example, it increases the travel distance 
of X-ray tube and that increases the exposure time and the 
burden on the examinee. The angle of incidence of X-rays 
becomes steeper and that narrows the range of areas to be 
reconstructed into an image. Tomosynthesis of the AMULET 
Innovality has two modes (exposure angles and Z-resolutions 
are shown in Fig. 2) to allow the user to make the optimum 
choice for the purpose of use and required image quality. In the 
HR mode, the exposure angle is set to ±20° to maximize the 
Z-resolution, considering exposure time and image range. The 
ST mode is designed for high speed exposure. The exposure 
angle is set to ±7.5°.

The pixel size, which determines the resolution in a slice 
image, is designed based on purpose and required image 
quality. In the HR mode, small pixels are desirable to maxi-
mize the visibility of the shape of a small structure, such 

as calcifi cation and an margin of tumor mass, as the use for 
diagnosis is assumed. If the pixel size is reduced, the reach-
able dose per pixel decreases and the graininess declines due 
to X-ray quantum noise. In addition, the exposure angle in 
the HR mode is large and thus the effective breast thickness 
is increased and the dose reaching the detector is reduced. 
To strike a balance between those factors, the pixel size for 
reconstruction in the HR mode is set to 100 um/pixel. In the 
ST mode, large pixels are desirable as the use for screening 
is assumed and the mode must support high-speed low-dose 
imaging. If the pixel size is increased, the visibility of the 
shape of a lesion is reduced. Considering those factors, the 
pixel size for reconstruction in the ST mode is set to 150 
um/pixel.

In both modes, the image processing is optimized based 
on each Z-resolution. Structures that appear on the plane of 
focus differ between the HR mode and the ST mode due to 
the difference in Z-resolution. To make the images similar 
to the conventional mammographic images, the degree of 
emphasis on a focused structure on the plane is optimized.

2.2  Two image patterns appropriate to image reading 
style

Some users require similar image quality to that of the 
conventional mammography. Other users require a clearer 
view of a fi ne structure in breast. To meet both needs, tomo-
synthesis of the AMULET Innovality conducts two types of 
image reconstruction with the conventional mammographic 
image quality and CT image quality. Fig. 3 shows the 
conventional mammographic image, an image similar to 
conventional mammographic quality (Pattern 1) and an image 
similar to CT quality (Pattern 2). Pattern 1 is reconstructed 
with natural density information, similar to the conven-
tional mammographic image, using an improved ramp fi l-
ter that allows low-frequency wave to pass through7) and 
relatively emphasizing low frequency. Pattern 2 is recon-
structed to clearly show fi ne and linear structures, including 
calcifi cation and spicula formation, using a filter based 

Fig. 2　 Dual modes of AMULET Innovality tomosynthesis including 
exposure angles and depth resolution

Fig. 3　(left) Conventional mammography, (center) pattern-1 image 
quality similar to conventional mammography, and (right) 
pattern 2 image quality similar to CT imaging
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on a ramp filter commonly used for CT and relatively 
emphasizing high frequency.

Tomosynthesis of the AMULET Innovality allows 
selection of those two types of image reconstruction 
by simple operation.

2.3  Our original image reconstruction with artifact 
suppression

As reconstruction for tomosynthesis, just as CT, the fi ltered 
back projection (FBP) and the iterative reconstruction are 
used. Compared with the FBP, the iterative reconstruction 
enables reduction of artifacts, such as those in the shape 
of black belt around calcifi cation or other high absorption 
matter and ripples, overlaps of structures on different planes 
of focus. Many researchers are studying this process. The 
iterative reconstruction, however, requires a huge volume 
of calculations and it takes too long to display an image.

The AMULET Innovality provides our newly developed 
original reconstruction that has the sharp imaging and noise 
characteristics of the FPD, a direct converting method, while 
minimizing artifacts. As shown in Fig. 4, in the image 
reconstructed by our original process, black belt artifacts 
are not generated even in an area where contrast between 
slice images is large. That is made possible by frequency 
filtering8). Also, the calculation time is minimized by par-
allelizing image reconstruction and image processing using 

the GPU (graphics processing unit: A dedicated integrated 
circuit for image processing calculations) (Table 2).

2.4  Z-resolution of tomosynthesis 9)

Table 1 shows the Z-resolutions of tomosynthesis of the 
AMULET Innovality. In accordance with the Z-resolution 
measurement method specifi ed by the European Reference 
Organisation for Quality Assured Breast Screening and 
Diagnostic Services (EUREF), we have measured difference 
between the averages of the pixel values of the aluminum ball 
and the peripheral pixel values in the reconstructed image 
and measured the full width at half modulation (FWHM) as 
the Z-resolution.

2.5  System design that minimizes exposure time
Minimizing the exposure time is much needed. If the 

exposure time is long, the burden on an examinee is increased 
as the breast has to be compressed for a long time. Also, an 
examinee is likely to move and that blurs the image.

Tomosynthesis imaging time of the AMULET Innovality 
in both modes is minimized, thanks to the high-output X-ray 
radiation, high-speed image reading and the optimum design 
of balancing the operation speed and safety of the X-ray tube 
(Table 2). An image is displayed promptly after the end of 
exposure and the positioning can be checked early.

Fig. 4　Diff erences between the artifacts reconstructed via FBP and 
our unique reconstruction process

Fig. 5　AMULET Innovality

Table 1　Z-resolution of the tomosynthesis for AMULET Innovality

Tomosynthesis imaging 
mode

Z-resolution(mm)：
FWHM

HR-mode
ST-mode

3.5
9.5

HR-mode
ST-mode

Tomosynthesis
imaging mode

Time from the start to 
the end of 

X-ray exposure

About 9 sec
About 7 secAbout 4 sec

About 10 sec

Time from the end of 
exposure to 

image display

Note: Either imaging mode can be selected. It is also possible to select whether 
to continue mammography after tomosynthesis.

Table 2 Relationship between the exposure time and tomosynthesis 
mode in AMULET Innovality
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3.  X-ray imaging and exposure technology of the 
AMULET Innovality

Besides tomosynthesis, our new original technologies 
are used for the direct conversion detector and the AEC to 
enhance the quality of mammographic examinations with the 
AMULET Innovality (Fig. 5).

3.1  FPD with HCP structure that enables low dose 
exposure

A direct conversion system using amorphous selenium 
(a-Se) is used for the AMULET Innovality to meet the needs 
of resolution high enough to detect slight calcifi cation. 
Also, the TFT image reading is employed to capture several 
images continuously in a short time.

The conventional direct conversion TFT system has a 
drawback. If the pixel size is reduced for high defi nition, the 

collection effi ciency of signal charges generated by X-rays 
(sensitivity) is reduced. The AMULET Innovality balances 
high defi nition and high sensitivity, using our original pixel 
electrode shape.

In the conventional direct conversion TFT system, a signal 
wire and a scan wire are laid between the charge collection 
electrodes. In the area between the electrodes, the electric 
fi eld intensity is decreased and that reduces the charge 
collection effi ciency. We have analyzed a sharp drop in 
the fi eld intensity in a gap between the opposing corners 
of two pixel electrodes using the conventional structure. 
We have developed our original hexagonal close pattern 
(HCP) structure which can have a wider corner angle of each 
electrode than the square pixel structure in the conventional 
TFT system and minimize the gap between pixels and found 
that the HCP structure suppresses a drop in the fi eld inten-
sity most effi ciently and increases the effi ciency in collecting 
charges. As shown in Fig. 6, the HCP structure, compared 
with the square pixel structure, keeps high fi eld intensity in 
a gap between the opposing corners of pixels where the fi eld 
intensity is liable to drop. The sensitivity is improved by 20% 
from that of the square pixel structure10).

3.2  Image quality of FPD with HCP structure
We have compared the image quality of the AMULET 

Innovality equipped with the HCP structure FPD with that 
of the AMULET equipped with the square pixel structure 
FPD. We have measures MTF and DQE as indices of image 
quality in accordance with the IEC62220-1-210).

Fig. 7 shows the measurement result of MTF. The spatial 
resolution of the AMULET Innovality is high and almost 
the same as that of the AMULET. Fig. 8 shows the measure-
ment result of DQE’s frequency dependence. The DQE of 

Fig. 8　Measurement results for DQE using AMULET Innovality 
(hexagonal pixel) and AMULET (50 μ m square pixel) with 
W/Rh, 28 kV, Al 2-mm fi lter, and 5 mR in the conventional 
mammography imaging mode

Fig. 7　Measurement results for MTF using AMULET Innovality 
(hexagonal pixel) and AMULET (50 μ m square pixel) with 
W/Rh, 28 kV, Al 2-mm fi lter, and 5 mR in the conventional 
mammography imaging mode

Fig. 6　Schematics of the HCP and square pixel structures and their 
electrical-fi eld intensity
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the AMULET Innovality at 0 cycles/mm is improved by 1.3 
times that of the AMULET. Fig. 9 shows the measurement 
result of DQE’s dose dependence at 2 cycles/mm. The DQE 
of the AMULET Innovality is improved in the whole range 
of doses measured compared with the conventional structure. 
Particularly, DQE is dramatically improved at 0.5 mR used 
for tomosynthesis.

The AMULET Innovality captures 15 projection images in 
one tomosynthesis session. Thanks to the use of the direct 
conversion TFT system with the HCP structure, even if the 
dose for each projection image is reduced to about 7% of that 
in the conventional mammography, noise is suppressed and 
thus high image quality enough for examinations as a tomo-
synthesis image is provided.

3.3  Intelligent AEC (i-AEC) properly controlling the 
dose

The conventional AEC sets the dose suitable for an area 

where the mammary gland density is the highest by automati-
cally selecting an area where the incoming X-ray intensity is 
the highest from several photometric areas fi xed in position 
(used to determine the dose for irradiation after the dose that 
has reached the FPD by pre-irradiation is measured). Using 
the fi xed photometry areas, it is often diffi cult to fi nd an 
area with the highest mammary gland density depending on 
subject or positioning. Also, if silicone is implanted in the 
breast, the implant area may be selected and the dose may 
be set to an excessively high level. In that case, AEC cannot 
be used.

To overcome those problems, the Intelligent AEC (i-AEC) 
of the AMULET Innovality automatically analyzes an image 
produced by pre-irradiation and selects an appropriate mam-
mary gland area regardless of the situation of the subject and 
thereby ensures stable doses. As shown in Fig. 10, i-AEC 
selects an appropriate mammary gland area regardless of the 
existence of an implant or positioning and the dose is prop-
erly controlled based on the mammary glands.

Fig. 9　Measurement results for the dose-dependence of DQE at 
2 cycle/mm using AMULET Innovality (hexagonal pixel) and 
AMULET (50μm square pixel) with W/Rh, 28kV, Al 2-mm fi l-
ter, and 5mR in (top) the conventional mammography imaging 
mode and (bottom) the tomosynthesis imaging mode

Fig. 10　Photometry areas for conventional AEC (top) and i-AEC (bot-
tom)

Fig. 11　Clinical performance of the HR and ST modes
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4.  Clinical research result of the AMULET Innovality

We have verifi ed the clinical performance of the AMU-
LET Innovality in the three stages below upon the ethical 
approval of a research institute and the consent of patients. 
The Appendix provides a list of clinical research reports on 
the AMULET Innovality.

(1) We have determined provisional exposure conditions 
(tube voltage and dose) of the conventional mammography 
and tomosynthesis (HR mode and ST mode) by comparing with 
different standard images of excised breast tissues immediately 
after surgery.

(2) We have prospectively applied the provisional exposure 
conditions to patients to confi rm the appropriateness of the 
exposure conditions.

(3) After the exposure conditions were confi rmed, we have 
examined the clinical performance of the equipment quanti-
tatively.

The following sections provide examples of clinical 
studies that show the effi cacy of tomosynthesis images 
produced by the AMULET Innovality.

4.1  Effect of the addition of tomosynthesis 11)

To clarify the clinical value provided by adding a tomosyn-
thesis image to a mammographic image, we have compared 
the results of the addition of tomosynthesis images in the HR 
mode (exposure angle: ±20°) high in image quality and 
resolution and the ST mode (exposure angle: ±7.5°) short 
in exposure time and low in exposure.

The research was conducted on 157 patients with their 
written consent: 79 cases for the HR mode and 78 cases for 
the ST mode. Eight radiologists qualifi ed as mammography 

supervisor in Japan read mammographic images and then 
read those images with tomosynthesis images added and 
recorded fi ndings on lesions and malignant potential.

Fig. 11 shows the comparison result. In the HR mode, the 
sensitivity improved signifi cantly from 49% to 58% (P < 
0.001), the specifi city stayed almost the same and the area 
under the ROC curve improved signifi cantly from 0.750 to 
0.799 (P = 0.001). In the ST mode, the sensitivity improved 
signifi cantly from 46% to 54% (P < 0.001), the specifi city 
stayed almost the same and the area under the ROC curve 
improved signifi cantly from 0.750 to 0.779 (P = 0.02). The 
result shows that the addition of tomosynthesis images 
contributes to improvement in examination performance 
as it eliminates the need of additional examinations required by 
wrongly diagnosing a normal case as abnormal. In comparison 
between the HR mode and the ST mode, there is little different 
in sensitivity and specifi city but the improvement in the HR 
mode is signifi cantly great in the area under the ROC curve 
(P < 0.05).

Fig. 12 shows an example of an HR mode image of which 
the sensitivity improved (a cancer case diffi cult to diagnose 
with the conventional mammographic images was detected, 
thanks to the addition of a tomosynthesis image). Fig. 13 
shows an example of an ST mode image. The HR mode is 
considered suitable for a thorough check-up as the Z-resolu-
tion is high and an margin of a lesion is displayed in detail. 
The ST mode is considered suitable for an examination in 
which detection of a lesion is important as the sensitivity is 
improved just as the HR mode and short in exposure time and 
low in dose.

Fig. 12　Imaging of cancer: (left) conventional mammography and 
(right) the HR mode

Fig. 13　Imaging of cancer: (left) conventional mammography and 
(right) the ST mode
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5.  New image processing technology to further 
improve the examination performance of tomo-
synthesis

The previous section indicates that the examination 
performance is improved by the addition of tomosyn-
thesis images compared with an examination with the 
conventional mammography only. However, addition of 
tomosynthesis to the conventional mammography has a 
problem of increasing the exposure. We believe that our 
tomosynthesis image quality improvement technology 
we developed helps reduce the exposure.

5.1  Correction of the effects of radiation quality and 
scattered radiation on tomosynthesis image

In tomosynthesis imaging, the grid is retracted and X-
rays are emitted under the higher energy conditions than 
the conventional mammography. In the conventional 
mammography, a tungsten anode, a rhodium fi lter and a 
grid are used. In tomosynthesis, a tungsten anode and an 
aluminum fi lter are used and a grid is not used. As a result, 
tomosynthesis images are likely to have lower contrast 
than mammographic images due to the effects of radiation 

quality and scattered radiation. Particularly, if the breast 
is thick, the contrast is signifi cantly reduced. To solve the 
low-contrast problem of tomosynthesis images, we have 
developed technology for correcting the effects of radiation 
quality and scattered radiation.

The technology for correcting the effects of radiation 
quality and scattered radiation improves the contrast of 
both projection images in tomosynthesis and a slice image 
produced by reconstructing them to a similar level of the 
contrast of mammographic images.

Fig. 14 shows contrast between the background and a 
tumor-like mass in an RMI156 phantom imaged under the 
exposure conditions of the conventional mammography 
and tomosynthesis. The charts show that the technology 
for correcting the effects of radiation quality and scattered 
radiation improves the contrast of a tomosynthesis image 
to a similar level to that of a mammographic image.

5.2  Reconstruction technology based on super resolu-
tion and iterative processes 12)

Tomosynthesis shows a lesion overlapped by mammary 
glands separately and thus provides useful information. 
However, compared with the conventional mammography, 
it has some disadvantages. They are an increase in exposure 
dose, appearance of a structure on a plane other than the 
plane of focus and a decline in the sharpness of an image. 
To overcome those disadvantages, we have developed three 
main element technologies.

A fi rst is technology for improving the graininess in low-
dose imaging. If the dose is lower, fewer X-rays reach the 
detector and relatively the quantum noise increases. Signals 
are interrupted by noise and the image becomes hard to read. 
The technology improves graininess by extracting noise 
components that have no structure and reducing them during 
reconstruction.

Fig. 15　Comparative measurement results for the CDMAM phantom

Fig. 14　Contrast of a simulated tumor mass in a RMI156 phantom 
and its background: (top) no correction for the radiation 
quality and scattered radiation and (bottom) corrected for 
radiation quality and scattered radiation
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A second is technology for suppressing structures other than 
those on the plane of focus. Considering that the projection 
angle is limited in tomosynthesis, we have optimized the 
coordinate calculation necessary for the projection process 
to drastically shorten the calculation time. In addition, mas-
sively parallel arithmetic using GPU helps achieve practical 
calculation time.

A third is technology for reproducing a fine structure to 
prevent a decline in sharpness. Super resolution technology 
is applied to reconstruction to improve the visibility of fine 
structures such as calcification and mammary glands.

Fig. 15 shows comparative measurement results between 
images of CDMAM phantom13) reconstructed by the con-
ventional reconstruction technology and reconstructed by 
the newly developed technology after imaging with the 
dose reduced by about 40%. The curve of the conventional 
reconstruction technology almost coincides with the curve 
of the newly developed technology with low dose imaging. 
That shows the newly developed technology is not inferior 
in detection performance.

About new tomosynthesis reconstruction (Iterative Super-
resolution Reconstruction: ISR) developed using those ele-
ment technologies and its clinical effects, we will report on 
another occasion.

6.  Conclusion

We have explained in technical and clinical aspects that 
the two tomosynthesis modes of the AMULET Innovality, 
different in exposure angle, are useful for breast cancer 
diagnosis and screening. Those processes are based on our 
newly developed original X-ray imaging technology. In 
addition, we have introduced it is possible that examination 
performance is improved and required dose is reduced by the 
technology for correcting the effects of radiation quality and 
scattered radiation of tomosynthesis images and the recon-
struction technology based on super resolution and iterative 
processes. We hope that the AMULET Innovality will help 
enhance the performance and accuracy of breast cancer ex-
amination and we will make continued efforts to improve the 
diagnosis technology further.
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We developed a new management-assistance service called “ASSISTA Management” for radiology departments to analyze X-ray 
exposure results using a chart view and a list view. ASSISTA Management provides “Dashboard” and “Drilling-down” functions 
for intuitive analyses. We built a highly scalable system in the cloud using a scale-out design for system extension based on user 
growth. In this paper, we introduce ASSISTA Management’s features, intuitive user interface, and cloud architecture.

Abstract

1.  Introduction

As medical practice is rapidly going digital in recent 
years, the use of computed radiography (CR) and digital 
radiography (DR) is spreading in the fi eld of radiology and 
the workfl ow is being drastically improved. In CR or DR, 
unlike analog radiography using fi lm, it is diffi cult to keep 
a record of doses used, the number of retakes and other 
information.

In developed countries, improvement in hospital profi t-
ability and that in patient service are key issues. In radiology 
departments, enhancement of productivity is getting in great 
demand.

We have developed ASSISTA Management, a manage-
ment-assistance service for analysis of X-ray exposure 
results. ASSISTA Management collects exposure results, 
such as examination records, miss shots and exposure 
conditions, stored in image processing units (consoles) 
of our CR and DR systems. Those exposure results are 
visualized in the form of charts and lists for analysis.

2.  Overview and features of the service

Fig. 1 shows the system configuration of ASSISTA 
Management. The exposure results of all the X-ray rooms 
in a hospital are sent from the console in each room to be 

collected into the management PC for ASSISTA Manage-
ment in the hospital. Those collected exposure results are 
anonymized by deleting personal information and uploaded 
to the server in the cloud via a secure line for remote main-
tenance. The uploaded exposure results are visualized on 
a web browser on the maintenance PC. They are shown as a 
chart or a list to enable analysis from various angles.

2.1  Analysis functions
ASSISTA Management has four analysis functions: Ex-

amination record analysis, exposure condition analysis, 
retake analysis and equipment operating rate analysis. 
Those analysis functions are explained below.

FUJIFILM Medical Systems U. S. A., Inc.
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2.1.1  Examination record analysis
The number of examinations and the number of shots are 

analyzed from various parameters, such as day of week, 
hour of day, gender, requesting department and X-ray room. 
Those analyses visualize peak hours and off-peak hours of 
radiology operations. That is expected to help optimize staff 
assignment and shift schedules and reduce patients’ waiting 
time.

2.1.2  Exposure condition analysis
Statistics on exposure conditions per body part and expo-

sure menu are viewed together with the images taken and that 
helps users to determine the optimum exposure conditions 
and helps reduce patients’ exposure dose.

2.1.3  Retake analysis
The number and the rate of miss shots are analyzed by 

body part, exposure menu, X-ray technician or any other 
parameter. That helps identify types of exposure with a high 
rate of retakes. An miss image is displayed together with a 
retaken image to help users to explore ways of reducing the 
number of retakes.

2.1.4  Equipment operating rate analysis
The analysis is performed on the frequency of use of X-ray 

equipment and the occupancy rate of X-ray rooms by year, 
month, week and day of week. It helps even out the operating 
rates by increasing the rates of the time when they are lower 
than those in other time.

2.2  Intuitive user interface
We have employed the Dashboard and Drilling-down 

functions for the user interface of ASSISTA Management to 
help users to operate intuitively without specialist knowledge 
of statistics and analysis.

2.2.1  Dashboard
After you log in ASSISTA Management, the Dashboard 

appears. It displays the retakes and examination records of 
the day (Fig. 2). It shows the number of retakes and the 
number of examinations by X-ray room, X-ray technician 
or other parameters. It also shows changes by hour. The busy 
chief technician of a radiology department can grasp what is 
going on at a glance in the actual fi eld of radiology without 
any key operation on the screen. When detailed information 
is needed, the user can just click the relevant chart and change 
the refi nement criterion and the target period for more detailed 
analysis.

2.2.2  Drilling-down
ASSISTA Management provides the Drilling-down 

function. A specifi c area in a chart can be further analyzed 
by another parameter. Fig. 3 shows the fl ow of drilling 
down of an analysis of the number of examinations. The 
chart (1) shows the number of examinations by day of 
week. The chart (2) shows the number of examinations 
by requesting department for Thursday when the number 
of examinations is the highest on the chart (1). The chart 
(3) shows the number of examinations by hour of day for 
surgical ER which has the highest number of examinations 
in the chart (2). The chart (3) indicates that, for Thursday 
when the number of examinations is the highest, X-ray 
examinations are requested most by surgical ER and that 
the busiest hour is between 7 and 8 o’clock in the morning.

The Drilling-down function of ASSISTA Management 
allows the user to drill down into his or her concern intuitively 
and dig deep into data or analyze from another viewpoint with 
simple operations.

3.  System confi guration in the cloud

In the development of ASSISTA Management, we have 
decided to use the cloud as we wanted to confi gure a small 
system fast and extend fl exibly in accordance with an increase 
in the number of users.

Fig. 2　Screenshot of the dashboard Fig. 3　Operation fl ow of the drilling-down function
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In the case of conventional on-premises architecture, with 
a physical server installed in the in-house data center, it is not 
easy to add servers. In that case, a scale-up design is used: 
The CPU and memory of the existing server are expanded to 
improve the system’s processing capacity.

In the cloud, confi gured on a virtualized infrastructure, 
there are few restrictions on the number of servers to increase 
or decrease. It is easy to establish a scale-out design, which 
allows the number of servers to be increased in accordance 
with the number of users or the frequency of access (Fig. 4).

Also, because of economies of scale due to virtualization 
in the cloud, the cost per server is less than that in an on-
premises architecture.

3.1  Scaling out of application server
Fig. 5 shows the application server used to provide 

an analysis result in response to a request of the user. A 
scale-out design is achieved by installing a load balancer 
and dividing requests among several application servers. 

Even if a series of requests of a particular user are sent to a 
number of different application servers, the requests must be 
answered properly. To that end, the application servers have 
to be stateless servers and not to keep state information. 
ASSISTA Management has the database containing expo-
sure results, the session server retaining log-in information 
and the storage storing fi les independent of the application 
servers. That allows the application servers to be stateless 
and freely increased and decreased based on the load status.

3.2  Scaling out of database
In ASSISTA Management, the number of records in the 

exposure-results table to be stored in the database is in-
creased as the number of hospitals used or data storage 
period increases.

Fig. 6 shows how the response time changes in accordance 
with the total number of exposure records when 50,000 
records out of the total number are tallied by body part. 
Although the number of records to tally is constant, the re-

Fig. 7　Database schema design

Fig. 5　Scale-out design of the application server

Fig. 6　Response time according to the number of records in the 
analysis of “exposure count”

Fig. 4　Diff erence between “scale up” and “scale out”
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sponse time increases if the population, the total number of 
records, increases. In order to minimize the response time, 
the database must be scaled out so that the number of records 
per table does not exceed a specifi ed limit when the number 
of hospitals or the data storage period increases.

3.2.1  Table split for each hospital
To suppress an increase in the number of records per table 

due to an increase in the number of hospitals, a schema is 
created for each hospital in the database and a table, like 
one for exposure results, is placed in each schema (Fig. 7). 
A table contains only the exposure results of a single hospital. 
Therefore, if the number of hospitals increases, the number of 
records in a table is not increased.

We have also fi xed the number of hospitals in a database 
server to achieve a design in which the database servers are 
increased and scaled out with an increase in the number of 
hospitals.

3.2.2  Partitioning of table
To suppress an increase in the number of records per 

table due to an increase in the data storage period, we have 
employed partitioning to split a huge table into several 
sub-tables in the database.

Fig. 8 shows partitioning of the exposure-results table 
of a hospital. The table is divided by the year of exposure. 
Exposure data of 2016 are to be stored in the sub-table of 
2016. When data of a target period is to be tallied in the 
database, sub-tables of period other than the target period 
do not have to be referenced. The response time will not be 
affected by an increase in the data storage period.

When data are to be deleted from the database after a 
certain period of time has passed, only the relevant sub-table 
needs to be deleted and thus it is quick. That is an advantage 
in long-term use.

4.  Conclusion

As introduced above, ASSISTA Management provides “ex-
amination record analysis,” “exposure condition analysis,” 
“retake analysis” and “equipment operating rate analysis” with 
intuitive operation using the “Dashboard” and “Drilling-down” 
functions. To provide the service, a system fl exibly extendable 
with an increase in the number of users is confi gured in the 
cloud using a scale-out design.

We will continue our efforts to add content that directly 
improves hospital profitability and patient service and 
will provide services that further improve productivity in 
radiology departments.

Trademarks

・“ASSISTA” referred to in this paper is a registered trademark or 
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trademarks or trademarks of respective companies.

Fig. 8　Partitioning of the exposure-results table

FUJIFILM RESEARCH & DEVELOPMENT (No.62-2017) 21



We developed a next-generation laser-scanning system that exhibits suffi cient versatility for use in life sciences research. In this 
report, we describe the confi guration of the system and the features of its scanner optics, new functionalities, and user-friendly 
graphical user interface (GUI). This system has been made commercially available as “Amersham Typhoon” and “Amersham 
Eraser” by GE Healthcare.

Abstract

1.  Introduction

In the fi elds of biochemistry and molecular biology, an 
analysis technique in which protein, DNA or RNA is labeled 
with a radioisotope or a fl uorescent dye and separated by 
electrophoresis and the separation pattern is imaged for 
analysis is often used. And in the fi eld of drug development, 
a technique in which a radioisotope-labeled drug is admin-
istered to a mouse and the distribution inside the body is 
imaged for analysis of the pharmacokinetics is often used.

The development of laser scanner system for life science 
research in FUJIFILM was started for the purpose of imaging 
radioisotope-labeled samples. In 1987, we developed BA-100 
for scanning a radioisotope-exposed imaging plate (phosphor 
screen) and capturing the image, based on the technology of 
the medical X-ray image analysis system, the FCR system. 
BA-100 was originally developed for market search. In 1989, 
we developed BAS-2000 and its market was established. After 
that, it was developed into the BAS series. In 1997, we 

developed FLA-2000 equipped with the blue laser and the 
green laser we had developed and put into practice in photo 
printing systems. The model supported imaging of fl uores-
cent-labeled samples. It was developed into the FLA series.

Since 2009, FUJIFILM has had a global alliance with GE 
Healthcare Bio-Sciences for the image analyzing systems 
business in the fi eld of biosciences1). FUJIFILM developed 
and manufactured the Typhoon FLA7000, 9000 and 9500 
laser scanner image analyzing systems and the FLA Image 
Eraser for erasing latent images of an imaging plate, and 
they have been sold by GE Healthcare.

As a successor of those models, we have developed a next-
generation laser scanner system, the Amersham Typhoon 
series and Amersham Eraser, based on a new concept in 
pursuit of improvement of detection sensitivity, versatility 
and ease of use. In October 2016, GE Healthcare started 
their sale. This report describes the confi guration of the 
laser scanner system and the features of the scanner optics, 
new functions and user-friendly GUI.

Development of a Next-Generation Laser-Scanner System for Life Science Research

Masaki TAKAMATSU*，Yasutake TANAKA*，Takashi KOBAYASHI*， 
Hiromi ISHIKAWA*，and Akira YAMAGUCHI*

Original paper（Received December 14, 2016）
* Life Science Products Division

FUJIFILM Corporation
Suwa, Tama, Tokyo
206-0024, Japan

Fig. 1　External appearance of Amersham Typhoon and Amersham Eraser
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Table 1　Specifi cations of Amersham Typhoon

Table 2　Specifi cations of Amersham Eraser

Fig. 2　Overview of the internal structure of Amersham Typhoon Fig. 3　Overview of the internal structure of Amersham Eraser

Table 3　Sample stage and application
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2.  System confi guration

Fig. 1 shows the external appearance of Amersham Typhoon 
and Amersham Eraser. Amersham Eraser can be placed next to 
Amersham Typhoon on a level by placing on the cabinet for 
storing sample stages (see below). All the components come 
in unifi ed designs. Tables 1 and 2 show the specifi cations of 
Amersham Typhoon and Amersham Eraser, respectively.

Amersham Typhoon is a laser scanner image analyzing 
system. While irradiating a laser beam to a sample placed 
on the sample stage, the system moves the optical head two-
dimensionally to scan. The high-sensitive detector (PMT: 
photomultiplier tube) detects the emission light and an image 
is captured. Fig. 2 shows the overview of the internal structure 
of Amersham Typhoon.

Amersham Typhoon comes in several models. Amersham 
Typhoon IP supports the phosphor imaging mode in which 
the photostimulated luminescence from an imaging plate is 
detected. Amersham Typhoon RGB supports, in addition 
to the phosphor imaging mode, the fl uorescence mode for 
detecting the fl uorescence of an RGB-fl uorescent-labeled 
sample, the densitometry mode for visual detection of a 
dyed sample, and the chemiluminescence (dark scan) mode 
for detecting the light emitted by a sample labeled with 
a chemiluminescent substrate without irradiating a laser 
beam. Amersham Typhoon 5 supports detection of a sample 
labeled with a near-infrared (NIR) fl uorescent dye besides 
all the modes above. For this purpose, the user can choose 
Amersham Typhoon with functions suitable for the purpose 
of analysis. Amersham Typhoon can be equipped with up to 
fi ve lasers, eight fi lters and two PMTs. The system is fl exibly 
confi gured to have the optimal combination of those units 
for the application. Amersham Typhoon IP or RGB is easily 
upgradable on-site adding lasers, fi lters and PMT.

As shown in Table 3, Amersham Typhoon is provided with 
three types of sample stages to meet various applications.

The IP stage used for scanning an imaging plate is struc-
tured to allow scanning without bringing the exposure side 
of an imaging plate into contact with the stage, to prevent 
contamination from radioisotope of the imaging plate.

The fl uor stage is used for scanning electrophoresed gel or 
membrane transferred by Western blotting. This stage uses a 
glass with less autofl uorescence to prevent a reduction of the 
detection sensitivity.

The multi stage meets various applications by adjusting 
the movable guide plate. The stage is used for scanning 
DIGE (difference gel electrophoresis) gel cassette, titer 
plate, glass slide and large glass cassette (33 x 42 cm). The 
stage is designed to mount up to two DIGE gel cassettes or 
up to nine titer plates considering the usability.

Amersham Eraser is designed to apply light onto an imaging 
plate to erase latent images. Fig. 3 shows the overview of the 
internal structure of Amersham Eraser. While a fl uorescent 
tube is used for the light source in the conventional eraser, 
LED is employed for Amersham Eraser. This reduces the 
power consumption drastically (25% compared to the 
conventional model)  and prolongs the service life. A 
highly uniform surface light source and an extremely thin 
system body are also achieved (47% compared to the con-
ventional model).

3.  Scanner optics

The scanner optics of Amersham Typhoon is optimized 
to enhance the detection sensitivity. That enables scanning 
of very weak signals. The following sections describe the 
features.

Fig. 4　Overview of the scanner optics
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3.1  Improvement in light collection effi ciency
We have developed a new scanner optics consisting of 

lasers, lenses, mirrors, fi lters and PMTs (Fig. 4). Using 
optical simulation, we have optimized the system so that 
signal light, like fl uorescence from a sample, is effi ciently 
collected on the PMT in the whole scanning area (46 x 40 
cm)  hile the optical head is moving in the X-Y direction. The 
mirrors are applied with a broad-band dielectric multi-layer 
coat for high effi ciency, not an ordinary metal coat. In total, the 
light collection effi ciency is more than doubled the conventional 
level.

3.2  Optimization of laser and fi lter
Fig. 5 shows the photostimulated luminescence excitation 

spectrum and the emission spectrum of an imaging plate 
(photostimulable phosphor: BaF(Br•I): Eu), the excitation 
laser wavelength and the fi lter properties used for the phos-
phor imaging mode. Just as the conventional models, the 
laser wavelength and the fi lter properties are optimized.

Fig. 6 shows the spectra of the Cy series fl uorescent dyes 
(Cy2, Cy3 and Cy5), laser wavelength and fl uorescent fi lter 
properties used for those dyes. As the excitation spectrum 
of Cy2 has the peak at 489 nm, 473-nm LD is used for the 
conventional models. For Amersham Typhoon, as it is higher 
in sensitivity, 488-nm LD is employed.

When Cy2, Cy3 and Cy5 are used in a sample, it is important 
that crosstalk is small. For instance, when Cy2 is to be detected 
using 488-nm LD and a fl uorescent fi lter for Cy2 (525BP20), 
if Cy3 fl uorescence is picked up(crosstalk), accurate detection 
is not performed. To detect fl uorescence with high sensitivity 
and to minimize crosstalk, the laser and the fi lter are combined 
the way it optimized the relationship between the laser wave-
length and the fl uorescent fi lter properties.

In the near infrared range, the system is designed to detect 
fl uorescence with high sensitivity and to minimize crosstalk, 
assuming fl uorescent dyes with the excitation wavelength 
(peak) between 670 um and 700 um and between 770 um 
and 800 um. Specifi cally, 685-nm LD and 720BP20 fi lter are 
used in combination and 785-nm LD and 825BP30 fi lter are 
used in combination.

3.3  Optimization of detector
Fig. 7 shows the improved ratio (assuming that of the 

conventional models as 1.0)of quantum effi ciency of PMT 
for each of main fl uorescent wavelengths. Particularly in 
the near infrared range, exceeding 700 nm, the quantum 
effi ciency is improved 10 to 100 folds. That contributes to 
great improvement in sensitivity and signal-to-noise ratio.

Fig. 5　Spectral characteristics: 
         PSL (photostimulated luminescence) excitation (ex.) and 

emission spectra (em.) of the imaging plate and the 
wavelength of the excitation laser and emission fi lter

Fig. 6　Spectral characteristics: excitation (ex.) and fluorescence 
emission spectra (em.) of the Cy dyes and the wavelengths 
of the excitation lasers and emission fi lters

Fig. 7　Ratio of quantum-effi  ciency improvement
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4.  New functions

4.1  Automatic setting of PMT high voltage
 If the PMT high voltage setting for scanning is too low, 

some signals often become invisible. If the setting is too 
high, some signals often saturate. To solve this, Amersham 
Typhoon provides new auto and semi-auto functions to 
perform brief scans with a low resolution (pre-scan) to 
calculate the PMT high voltage automatically.

In the auto function, PMT high voltage setting is deter-
mined from the maximum signal intensity of the whole 
pre-scanned image and scanning is performed automatically 
with the setting.

In the semi-auto function, the user determines the PMT 
high voltage setting while looking at the pre-scanned image. 
The semi-auto function is divided into two functions. In one 
of the functions, the user selects an area in the pre-scanned 
image and the PMT high voltage is calculated from the 
maximum signal intensity of the selected area (Fig. 8). This 

function allows the user to scan by determining automatic 
setting of a PMT high voltage suitable for the band the user 
wants to see. In the other function, the PMT high voltage is 
set by moving a ruler and an image predicted from the setting 
is displayed (Fig. 9). This function allows the user to scan by 
determining the PMT high voltage setting while looking at 
the intensity distribution of the whole image.

4.2  Overlay view
Amersham Typhoon provides an overlay view of up to 

three colors after scanning a sample using multiple fl uorescent 
labels. As shown in Fig. 10, an image is displayed in one 
color, overlay in two colors or overlay in three colors.

4.3  Densitometry
Amersham Typhoon provides measurement function of 

relative optical density (OD)of CBB-dyed gel in addition to 
the conventional digitizing functions.

As shown in Fig. 11, the relative OD is measured using 

Fig. 8　Semi-auto prescan: (1) area of interest 
and (2) calculated PMT

Fig. 9　Semi-auto estimation: (1) ruler and (2) simulated image

Fig. 10　Overlay view Fig. 11　Overview of the densitometry system
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the fluor stage, the spacers and the fluorescent plate for 
densitometry. The spacer is used to prevent contamination by 
contact between the fl uorescent plate and gel. The excitation 
light passes through the gel and excites the fl uorescent plate. 
The excited fl uorescent light passes through the sample again 
and is collected on the PMT. As light passes through the sam-
ple twice, collected light is attenuated corresponding to about 
twice the OD of the sample. A new algorithm considering 
the attenuation enables measurement of the relative OD of 
a sample.

4.4  Slow scan mode
To further reduce noise, we have developed the slow 

scan mode, combining oversampling and slow scanning. 
Oversampling reduces noise by sampling the same pixels 
several times for shorter time than the sampling time per 
pixel and averaging. In the slow scan mode, the sampling 
time per pixel is lengthened and the number of sampling  
is increased to achieve an image with a high S/N ratio.

Fig. 12　Fluorescence set up screen

5.  User-friendly GUI

5.1  GUI
Amersham Typhoon provides user-friendly GUI, equipped 

with new functions including the aforementioned automatic 
setting of PMT high voltage, while maintaining the unity 
with the conventional Typhoon FLA series. Fig. 12 shows an 
example of the parameter setting screen in the fl uorescence 
mode. Fig. 13 shows an example of a pre-scanned image on 
screen.

5.2  Automatic fi lter recognition
Amersham Typhoon provides automatic recognition of the 

fi lters mounted. If changes are made in the combination of 
fi lters, they are refl ected automatically on the GUI screen as 
shown in Part (3) of Fig. 12.

5.3  Output fi le format
As shown in Part (2) of Fig. 12, three fi le formats (gel, img 
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Fig. 14　Intensity display(after the scan):(1) area of interest and(2) maximum intensity

Fig. 13　View of the image screen （after the prescan）

Table 4　Imaging mode and fi le format

28 Development of a Next-Generation Laser-Scanner System for Life Science Research



and tif) are available in Amersham Typhoon to meet vari-
ous purposes. In a gel file, the signal intensity is converted 
to a square root. This format has been supported since the 
conventional Typhoon FLA series. In an img file, the signal 
intensity is converted to a logarithm. It is used in the BAS 
series. A tif file is a general-purpose file format not used for 
quantitative analysis. Table 4 shows the relationship between 
imaging modes and output file formats.

5.4  Intensity display
Amersham Typhoon provides display function of the 

signal intensity of an area selected by the user on screen 
after scanning or pre-scanning is completed. As shown in 
Fig. 14, the maximum signal intensity in an area is displayed 
just by selecting the area on screen.

6.  Conclusion

We have developed the next-generation laser scanner 
systems, Amersham Typhoon and Amersham Eraser, based 
on a new concept in pursuit of improvement of detection 
sensitivity, versatility and ease of use.

Amersham Typhoon comes in three types to meet various 
applications. It can be upgraded to a higher-function type by 
adding lasers and other units. Amersham Eraser is drastically 
reduced in thickness. Amersham Typhoon, Amersham Eraser 
and the cabinet for storing stages are unified in design as a 
system.

To improve the detection sensitivity, the scanner optics is 
optimized. Improved efficiency in light collection on PMT, 
optimization of the spectral properties of laser and filter, 
and improvement in the PMT quantum efficiency have 
made possible to detect weaker signals.

New functions are added to enhance the versatility. 
Those functions include the auto and semi-auto PMT 
high voltage settings to automatically calculate a PMT 
high voltage from a pre-scanned  image, the overlay view 
to display an overlay image of a sample using multiple 
fluorescent labels, the densitometry to perform quantitative 
measurement of a dyed sample, and the slow scan mode to 
further reduce noise using oversampling technology.

About GUI, new functions are added while maintaining the 
unity with the conventional Typhoon FLA series to achieve 
a user interface easy to understand and easy to use. The user-
friendliness is also improved by the automatic filter recognition, 
three output file formats to meet various purposes, and the 
intensity display for quick check of the signal intensity of a 
scanned image.
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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 

(a) Average build

(b) Large build

Pixel value

Pixel value

X-ray dosage (input)

X-ray dosage (input)

被
写
体

X-ray

X-ray

Subject region

Subject region

Fig. 1　Contrast control method of conventional processing

(a) Average build

(b) Large build

Pixel value
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X-ray dosage 

(input)

X-ray dosage (input)

X-ray

X-ray

Adjustment amount is 
determined based on 
body thickness, etc.

DR 
compression

Subject region

Subject region

Fig. 2　Contrast control method of Dynamic Visualization II

(a) Radiation field recognition 
technology

(b) Direct X-ray recognition 
technology

(c) Bone recognition 
technology

(d) Artifact recognition 
technology

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).

Original image

Smoothed image

High frequency
components

Enhanced image

Fig. 5　Processing fl ow of multi-frequency processing

(a) Conventional processing (b) Dynamic Visualization II

Fig.  6　Effect  of  extremely low spat ia l  f requency image 
enhancement

(a) Conventional processing (b) Dynamic Visualization II

Fig. 7　Artifact around big edge with high enhancement

Conventional processing

(b) Large build

(a) Average build

Variable contrast

Conventional processing
Variable contrast

Dynamic Visualization II
Fixed contrast

Dynamic Visualization II
Fixed contrast

Fig. 4　Difference in contrast control effect of conventional 
processing and Dynamic Visualization II
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Noise reduction by pattern

Dot pattern Complex pattern

Linear pattern

Fig. 8　Processing which separates noise from body structure

102kV
1.0mAs
100cm

(a) Noise reduction is not used. (b) Noise reduction is used.

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 

Difference in pixel 
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red-framed areas 
next to each other 
is measured as
contrast.

Bone mineral phantom

X-ray image of 
bone mineral phantom

X-ray detector

20-cm to 40-cm 
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Bone-mineral-component-
containing region

Region representing 
a soft part

Fig. 10　Layout of bone mineral phantom and contrast measure-
ment method
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Fig. 11　Contrast of bone mineral phantom
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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. 12　100-kV image example of 30-cm thickness phantom
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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.

(a) Conventional processing

Enlarged image of the neck

Enlarged image of the hip

Enlarged image of the neck

Enlarged image of the hip

(b) Dynamic Visualization II

Fig. 19　Image example of whole-spine lateral
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Fig. 21　Density correction frequency in whole spine images
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Fig. 20　Contrast correction frequency in whole spine images
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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.
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In the practical application of processless CTP plates that have high printing durability and adaptability to UV ink printing, one 
of the most important issues is the balance between high-definition suitability and high reactivity in the photopolymerization sys-
tem. By formulating a mathematical model for the initiation system, we found that it is possible to maintain this balance through a 
combination of controlling the amount of radicals and delaying their generation.

Abstract

1.  Introduction

In the recent print market, cost reduction, eco-friendliness 
and productivity gains are strongly required. To achieve all 
those goals at once, it is effective to apply a resource saving 
concept of comprehensively reducing waste in materials, the 
number of processes, energy, emissions and water. We have 
adopted environmentally-friendly design for our products for 
the print industry from early on and launched CTP (computer 
to plate) compliant with the PCR (product category rule). At the 
end of 2009, our thermal CTP obtained a CFP certificate, for the 
first time in the industry, and began to carry the certification 
mark. We have accomplished a wide range of development 
and proposed environmentally-friendly design and produc-
tion technologies. Those proposals include the Plate to Plate 
system1) to recycle aluminum used in CTP supports to make 
new ones and the waste liquid reduction processing system2) 
including the XR technology for condensing waste developer 
by vacuum distillation and the LBL technology for improving 
the processing capacity of an automatic developing machine. 
Above all, the processless thermal CTP3) provides the ultimate 
resource saving effect in plate processing. The uncured photo-
sensitive layer is discharged onto paper while finely dispersed 
into the ink on the printer. That eliminates the need of the 

development process by an automatic developing machine. In 
other words, the processing with the CTP does not generate 
processing liquid or waste liquid, or require water (for dilu-
tion and cleaning), energy (electricity) to drive the automatic 
developing machine, space (installation of the machine and 
auxiliary equipment, and storage of chemicals and parts), 
and man-hours for maintenance. In 2015, we launched 
SUPERIA, a global brand of resource saving solution. 
In 2016, we launched SUPERIA ZD, a processless CTP 
plate with high printing durability and adaptability to UV ink 
printing. This paper provides the development background of 
SUPERIA ZD, a processless CTP plate with high printing du-
rability and adaptability to UV ink printing and reports on the 
technology for balancing high reactivity and high-definition 
suitability, one the core technologies of SUPERIA ZD.

2.  Development background of SUPERIA ZD

2.1  Necessity of processless CTP plate with high printing 
durability and adaptability to UV ink printing

In the recent print market, more and more UV printers are 
being introduced4) as the UV ink’s advantage of rapid curing 
helps shorten delivery time and reduce environmental impact 
(Fig. 1).
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The UV printer market is expected to grow constantly. The 
conventional processless CTP SUPERIA ZP did not have 
high printing durability to UV ink printing and we needed to 
develop a processless CTP plate with high printing durability 
and adaptability to UV ink printing.

2.2  Necessity of high reactivity of photosensitive layer
The reason why UV ink reduces printing durability is that 

the photosensitive layer of processless CTP and UV ink are 
similar in composition (Table 1).

As both processless CTP and UV ink cure by radical po-
lymerization, similar materials are used and they are compatible 
with each other. When processless CTP and UV ink are compat-
ible with each other, an image area may swell and that leads to 
reduction in printing durability (Fig. 2 top drawing). To make 
CTP adaptive to UV ink printing, we need a design to reduce 
damage to image areas, like swelling, by UV ink by increasing 
reactivity of the photosensitive layer (Fig. 2 bottom drawing).

Oil based ink cures by oxidative polymerization. The ink is 
not very compatible with processless CTP and it is unlikely 
to reduce the printing durability.

2.3  Negative effects of high reactivity
Simply increasing the reactivity does not solve the problem.
Fig. 3 (a) shows an example of a result of enhancing the 

reactivity of the photosensitive layer in relation to laser inten-
sity. (The vertical axis represents relative monomer conversion 
with the saturated polymerization rate assumed to be 100.) If 
the reactivity is increased, polymerization increases in both 
low and high exposure areas. When the laser profi le of an 
exposure machine has an intensity distribution like Gaussian 
distribution (Fig. 3 (b)), the reactivity of a low exposure area is 
increased and the range of an image formed by laser irradiation 
is broadened. Therefore, each halftone dot is enlarged and the 
suitability for high-defi nition printing is reduced (Fig. 3 (c)).

To balance high reactivity and high-defi nition suitability, 

Fig. 1　Estimated rate of implementation of UV printing machines in 
the domestic market

Table.1　Composition list of oily / UV ink and processless CTP

Fig. 2　Infl uence of UV ink on exposed image area Fig. 3　High reactivity and image formability
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reactivity has to be suppressed in low exposure areas and 
enhanced in high exposure areas. That means a design to 
achieve high reactivity represented by the dotted line in Fig. 
4. It is the ideal “high reactivity.”

3.  Design based on chemical kinetics

To suppress the reactivity of a low exposure area, it is 
effective to remove radicals, for instance, by adding a reaction 
inhibitor and stop reaction, but it also reduces radicals in a 
high exposure area as a drawback. It is important to develop 
a new mechanism that removes radicals in a low exposure 
area and polymerizes radicals effi ciently in a high exposure 
area. For this purpose, we have developed a design based on 
chemical kinetics5).

We have thought of a simple system with a photosensitive 
layer consisting of an initiator and a monomer only. The 
initiator is represented by I, initiator radical by R・, monomer by 
M, monomer radical by M・ and polymer by P. The following 
formulas are used for the reaction scheme.

v represents the radical generation rate constant, ki the 
reaction rate constant for initiation of polymerization, kp 
the reaction rate constant for propagation and kt the reaction 
rate constant for termination.

From this scheme, [I], [R  ], [M] and [M•], the concentra-

tions of I, R•, M and M• respectively, are represented by the 
differential equation below.

When the differential equation is solved, the equation 
below is obtained to show the relationship between remaining 
monomer [M] and remaining initiator [I].

[M]0 and [I]0 represent the initial concentrations of monomer 
and initiator, respectively. When the number of generated 
radicals is constant, in other words, when the constant is √[I], 
from the relational equation of monomer and initiator above, the 
polymerization rate has dependence on the radical generation 
rate v as shown in Fig. 5.

Fig. 5 shows that the polymerization rate increases as the 
value of v decreases. We have found that even if the total 
number of generated radicals is constant, the polymerization 
rate can be improved if radical generation is delayed.

With the reaction scheme of the conventional formula 
(SUPERIA ZP), the reaction rate constant v depends on the 
excitation life of dye and therefore it is diffi cult to delay 
radical generation. To delay radical generation, we have 
considered introducing a new reaction scheme to the con-
ventional formula (Fig. 6). The point of this new scheme is to 

Fig. 4　Ideal high reactivity

Fig. 5　Dependence of polymerization rate on constant radical-
generation rate v

•
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Deactivated

(B)New reaction scheme

(A)Conventional reaction scheme

Fig. 6　Reaction scheme for delaying the generation of radicals

further accelerate radical reaction using the product (Dye•) 
of reaction by the conventional formula as a trigger.

To verify whether the new reaction scheme above improves 
the reactivity, we have applied a mathematical model to 
SUPERIA ZP and determined the values of the reaction rate 
constants so that the dependence of the polymerization rate 
of the material on laser intensity and formula would be 
reproduced. We have then added radicals [R2•] that can be 
generated after exposure as shown in the reaction scheme 
in Fig. 6 to the mathematical model. Assuming the [R2•] 
generation rate constant v2 to be 1/100 of the initiator radical 
generation rate (v2/v1 = 1/100), we have obtained changes of 
the polymerization rate with time (Fig. 7). The polymerization 
rate is enhanced with the new reaction scheme (B) compared 
with the conventional formula (A). That confi rms that delaying 
radical generation by the new reaction scheme helps increase 
the reactivity.

4.  Balancing high reactivity and high-defi nition 
suitability

Based on the result of the studies above, we have started to 
work on a design to delay generation of two or more types of 
initiator radicals. We have checked whether there were delayed 

radicals by nanosecond transient absorption measurement 
(Fig. 8). In the conventional formula, radical generation 
reaches the peak immediately after laser exposure and it is 
the only peak. In the formula with a scheme designed to 
delay radicals, there is a peak of radical generation besides 
the peak immediately after exposure. That shows that there 
are delayed radicals and that the design is as it is intended.

We have also confi rmed that generation of the delayed 
radicals is drastically increased when an oxygen-blocking 
layer is used (to control the amount of oxygen to pass) even 
if the material composition of the photosensitive layer is 
the same (Fig. 9 (a) vs. (b)). In addition to incorporating the 
mechanism of generating delayed radicals, controlling the 
permeation of oxygen makes a photosensitive layer design 
that maximizes the polymerization effi ciency.

We have develop a required system by reducing the amount 
of the initiator to suppress the reactivity of low exposure areas 
and adding a reaction scheme that delays radical generation 
and controlling the permeation of oxygen of the photosensitive 
layer to increase the reactivity of high exposure areas. 
Fig. 10 shows the reactivity of SUPERIA ZD in relation to 
laser intensity. SUPERIA ZD has high-defi nition suitability 
while having drastically improved printing durability and 
adaptability to UV ink printing.

Fig. 7　Time profiles of the monomer conversion of reaction 
schemes (A) and (B) in the mathematical model

Fig. 8　Relative amount of radicals generated over time after 
exposure

            (The amount of radicals is unity at time T = 0)

Fig. 9　Relative amount of radicals generated with or without an 
oxygen-blocking layer

            (The amount of radicals is unity at time T = 0)
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5.  Conclusion

To put the processless CTP plate with high printing durability 
and adaptability to UV ink printing into practical use, one of the 
important issues was how to balance high reactivity in a photo 
polymerization system and high-defi nition suitability. We have 
studied an initiation system that could both limit the number 
of radicals to be generated and improve the reactivity using 
a mathematical model. As a result, we have found that 
delaying radical generation is effective. We have added a 
reaction scheme that delays radical generation, reduced the 
total number of initiator radicals and controlled the permeation 
of oxygen to achieve a contrast in reaction. This way, we have 
succeeded in developing SUPERIA ZD.
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We developed a friction modifi er called FFJ-1 that does not contain environmentally hazardous atoms such as those of metals, 
sulfur, or phosphorus. Adding a small amount of FFJ-1 improved the tribology features of lubricants. Their anti-wear properties 
were improved even under high-temperature or high-load conditions, wherein the oil fi lm becomes thin. In particular, when using 
FFJ-1 with MoDTC, the low-friction properties of MoDTC were signifi cantly improved.

Abstract

1.  Introduction

Today, Improvement of the equipment effi ciency is re-
quired for resource saving and reduction in CO2 emissions. 
Reducing friction with a lubricant is one of the key solu-
tions. Lowering the viscosity of a lubricant is effective to 
reduce friction, but it is also likely to cause a break in 
oil fi lm and result in wear and seizure. To achieve both 
reduction in friction and prevention of wear and seizure, 
various additives, including an extreme pressure agent 
and a friction modifi er, are added to a lubricant besides 
the base oil1). This paper reports the tribological behavior 
of the newly developed friction modifi er FFJ-1, which is 
free of the atoms of metal, sulfur or phosphorus, in both 
the case of using molybdenum dithiocarbamate (MoDTC) 
combinedly or not.

FFJ-1 is a chemical compound having a branched structure 
as shown by the conceptual image in Fig. 1. A polar group 
interacting with the base material and a compatible group with 
hydrophobic base oil are optimally placed on the side chain. 
With that structure, FFJ-1 is designed to achieve both high 
solubility in base oil and localization to the base material, 
gather in extreme pressure areas and serve as a friction 
modifi er.
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Fig. 1　Design of FFJ-1
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Table 1 shows the properties of FFJ-1. FFJ-1 is an envi-
ronmentallyfriendly ashless friction modifi er which does 
not contain environmentally concerned atoms, such as 
metal, sulfur, and phosphorus atoms.

2.  Experiment

2.1  Sample oil
In the experiment, Group-I or -III mineral oil were used as 

base oil, and low-viscosity gasoline engine oil (ULV-GEO) 
was used as fi nished oil. To these oils, 1 to 2 wt% of the 
friction modifi er FFJ-1 was added.

2.2  Testing method
We have conducted the reciprocating ball-on-plate friction 

test. Using a 10-mm ball and a plate both made of SUJ2 (high-
carbon chromium steel), a lubricant was applied between the 
ball and the plate and the ball was reciprocated at high speed. 
We observed the friction coeffi cient at different temperatures 
and under different loads (Fig. 2).

3.  Results and discussion

3.1  Effect of FFJ-1 added to base oil

Fig. 3 shows the effect of adding FFJ-1 on the friction 
coeffi cient indicated by the friction test of Gr-I base oil at 
temperatures between 25℃ and 120℃. With the Gr-I base 
oil alone, the friction coeffi cient increased at 80℃ and 120℃. 
When 1 wt% of FFJ-1 was added, the friction coeffi cient did 
not increase at those high temperatures. We consider based on 
this result that as the temperature rose, the oil viscosity became 
low and the oil fi lm thinned, causing the oil fi lm to break and 
the metal surfaces to touch each other. That was why the fric-
tion coeffi cient increased using the base oil alone. Addition 
of FFJ-1 helped keep the oil fi lm intact and maintain steady 
friction condition.

Fig. 4 shows optical images of wear scars on the ball 
made during the friction test for 30 minutes at 120℃. With-
out addition of FFJ-1, the wear scar is large in diameter and 
the ball is heavily weared. With addition of FFJ-1, the wear is 
drastically reduced. As such, FFJ-1 suppresses wear in a 
low-viscosity region where the oil fi lm is liable to break. 
We assume that FFJ-1 adheres to or gathers in the friction 
area and maintain the oil fi lm and thereby prevents contact 
between the metal surfaces and reduces wear.

Table 1　Properties of the friction modifi er FFJ-1

Fig. 2　Friction-test method

Fig. 3　Friction coeffi  cient of Gr-I oil with and without FFJ-1
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3.2  Effect of combined use of FFJ-1 and molybdenum 
dithiocarbamate (MoDTC)

Molybdenum dithiocarbamate (MoDTC) is widely used as 
a friction modifi er for fuel-saving engine oil. This additive is 
said to provide great friction reducing effect with the inter-
layer slip of layered MoS2 it forms by reaction on a friction 
surface (Fig. 5)2). However, it has diffi culty in maintaining 
low friction. Under severe friction conditions including high 
temperature and high load, it is considered unable to keep 
low friction as the MoS2 layers rub each other hard and that 
damages the MoS2 layers.

Fig. 6 shows the effect of adding FFJ-1 on the friction 
coefficient at different temperatures. The friction test was 
conducted using commercially available low-viscosity 
gasoline engine oil containing MoDTC (ULV-GEO) and 
increasing the load from 100 N to 400 N in stages.

The friction coeffi cient of ULV-GEO is very small around 
0.05 under low loads, by the effect of MoDTC. As the load 
is increased, the friction coeffi cient begins to rise and the 
friction reducing effect of MoDTC is lost. This behavior 
becomes noticeable in a test at high temperatures, at which 
the oil viscosity becomes low. In the friction test at 130°C, 
the friction coeffi cient increases even under low loads. As 
mentioned above, MoDTC is considered to produce the friction 
reducing effect due to the MoS2 layers formed by reaction on 
a friction surface. Under severe friction conditions, such as 
high temperature and high load, the oil fi lm is likely to break. 
It is considered that boundary lubrication condition causes 
damage to the MoS2 layers and results in an increase in the 

friction coeffi cient.
When FFJ-1 is added, an increase in the friction coeffi cient 

is suppressed at higher temperatures and under higher loads. 
As FFJ-1 maintains the oil film and reduces wear, it is 
considered to have a mechanism to reduce damage to the 
MoS2 layers and keep low friction. FFJ-1 is expected to 
improve MoDTC’s sustainability of friction reducing effect.

Using the commercially available gasoline engine oil con-
taining MoDTC, we have conducted another friction test. We 
have used a very small quantity of sample and limited the sup-
ply of MoDTC in order to verify whether addition of FFJ-1 
improves MoDTC’s sustainability of friction reducing effect. 
Fig. 7 shows changes in the friction coeffi cient in relation 
to test time observed in the friction test with 0.1 micro 
liter of sample oil. Without FFJ-1, the friction coefficient 
begins to increase at relatively early test time. With FFJ-1, 
an increase in the friction coefficient is suppressed and 

Fig. 4　Optical images of wear scars on a ball after a 30-min test at 
120℃ : (a) without FFJ-1 and (b) with FFJ-1 (1 wt%)

Fig. 5　Function of MoDTC

Fig. 6　Friction coeffi  cient of a low-viscosity gasoline engine oil (containing MoDTC) with and without FFJ-1

Fig. 7　Durability of MoDTC with and without FFJ-1
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the time it takes for the friction coeffi cient to exceed 0.05 
is about 1.5 times longer. Thus, the sustainability of friction 
reducing effect is improved. We consider as described above 
that these results show that FFJ-1 reduces damage to the MoS2 
layers, enabling to lower the consumption rate of MoDTC, and 
that it helps the MoS2 layers remain intact longer and im-
proves the sustainability of low friction.

Therefore, FFJ-1 does not inhibit the functions of MoDTC. 
It works synergistically and helps MoDTC exert the friction 
reducing effect in wider temperature and load ranges, im-
proving the sustainability.

3.3  Surface analysis of friction area
We have analyzed the tribo-fi lm formed in a friction area 

and obtained information on the synergistic effect with 
MoDTC by adding FFJ-1.

After the reciprocating ball-on-plate wear test, we have mea-
sured changes in the friction coeffi cient and element distribu-
tion of the tribo-fi lm surface formed on the friction surface in 

each test time using X-ray photoelectron spectroscopy (XPS). 
As an index for the degree of coverage by MoS2 layers, we 
have used the Mo/Fe ratio, a ratio of Mo derived from the 
MoS2 layers to Fe derived from the base material (Fig. 8).

The result allows us to presume that by addition of FFJ-1, 
the percentage of Mo considered to derive from MoS2 is 
increased, forming the MoS2 layers with high density.

We have examined the tribo-fi lm formed in the friction 
area after 1800-s test using a cross-section transmission 
electron microscope (TEM). Without FFJ-1, the tribo-fi lm 
is nonuniform and discontinuous. With FFJ-1, the tribo-fi lm 
is more uniform and smoother (Fig. 9). The improvement in 
the uniformity of tribo-fi lm is also considered to come from 
FFJ-1’s reduction of damage to the MoS2 layers.

3.4  Resistance to wear and seizure
It is important to have resistance to wear and seizure as 

well as low friction as lubricant properties. Fig. 10 shows the 
result of the four-ball wear test conducted in accordance with 

Fig. 8　(a) Friction coeffi  cient and 
　　　  (b) Mo/Fe ratio of the tribo-fi lm surface

Fig. 9　Cross-sectional TEM Images of the tribo-film (test time: 
1800 s)

Fig. 10　Four-ball wear test
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the ASTM D4172. In the case of either Gr-III base oil with a 
general-purpose antiwear agent, zinc dialkyldithiophosphate 
(ZnDTP) or one with ZnDTP and MoDTC, addition of FFJ-1 
reduces wear. The effect is particularly noticeable with oil 
containing MoDTC. Optical images of wear scars also show 
that the wear scar is the smallest in diameter when FFJ-1 is 
added to MoDTC-containing oil.

Fig. 11 shows the result of the FALEX extreme pressure test 
conducted in accordance with the ASTM D3233-A. Just like 
the wear test, oil with MoDTC and FFJ-1 has the greatest 
resistance to seizure. The combined use of MoDTC and 
FFJ-1 also has the synergistic effect in resistance to wear 
and seizure.

4.  Conclusion

We have examined the tribological behavior of a new 
friction modifi er FFJ-1 free of metal, sulfur or phosphorus 
atoms and obtained the result below.

• FFJ-1 reduces wear in a low-viscosity region, where the 
oil fi lm is liable to break.

• FFJ-1, when combined with MoDTC, helps MoDTC’s 
friction reducing effect occur in wider temperature and 
load ranges and improves MoDTC’s sustainability of 
friction reducing effect. The combined use of FFJ-1 and 
MoDTC also has the synergistic effect in resistance to wear 
and seizure.

From the characteristics described above, FFJ-1 is expected 
to improve the energy effi ciency and the reliability of various 
machines including automobiles.
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Fujifilm has developed a sensor film named “EXCLEAR” for touch panels using silver halide photographic technology. This 
sensor film comprises a conductive silver mesh pattern on both sides of a thin PET film, and a thin transparent sensor. Earlier, 
indium tin oxide (ITO) was mainly used as the sensor film for the touch panel; however, its conductivity was insufficient for the 
application to large-size touch panels. Moreover, it tends to easily crack if bent. Furthermore, the supply of indium is limited, 
which made it a major concern. ITO is resisted as a specific chemical substance. Therefore, there was a need for alternative 
materials for constructing the sensor film. “EXCLEAR” is a novel sensor film that overcomes these issues related to ITO and 
responds to the market demand.

Abstract

1.  Introduction

Touch sensors are being increasingly used for not only 
mobiles devices including smartphones and tablets but also 
laptops. As a transparent conductive film for touch panel, 
indium tin oxide (ITO) has been mainly used, but various 
problems are emerging. As touch panels are getting larger, 
ITO’s conductivity is becoming insufficient. It is particularly 
not enough for 10-inch or larger touch panels. ITO also does 
not quite fulfill diversifying needs, such as pen input and 
enhanced touch performance. In addition, indium, which 
is a material of ITO, is rare metal and the supply is likely 
to be limited. The production load is high due to a gas phase 
process including sputtering. Therefore, a, alternative material 
is required.

As an alternative sensor material for an ITO film, a metal 
mesh film and other non-ITO films are attracting attention. In 
the touch sensor market, expected to be constantly growing, 
non-ITO films are becoming widely used as a key material 
for large-size touch panels. In 2014, the non-ITO film market 
size was 1.72 million m2. In 2016, it was expected to reach 4 

million m2 (2.3 folds in two years) (Fig. 1)1).
On this backgrounds, we developed EXCLEAR4), a touch 

panel sensor film that comprises thin PET with a mesh pattern 
of several μm wide lines on both sides, using our black and 
white photographic technology and silver halide photographic 
technology2), 3) in 2015 (Figs. 2, 3 and 4).

2.  Development background

2.1  Touch panel configuration and principle of touch 
detection

Fig. 5 shows the most commonly used configuration of a 
touch panel and the principle of touch detection. A panel is 
divided into cells and each cell is a capacitor consisting of 
two ITO transparent conductive films and a dielectric layer 
between them.

A top ITO film and a bottom ITO film have patterned 
electrodes arranged in different directions  (X direction or Y 
direction). One electrode scans a pulse signal and the other 
electrode senses it to read a change in the capacitance in a 
touched position and detect the position.
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2.2  Problems of medium- to large-size panel sensors
The percentages of medium to large sizes (10 to 24 inches) 

in all the touch panels are expected to rise5) as demand for 
tablets is growing and touch panels are increasingly introduced 
to laptops and all-in-one computers.

When the size of a touch panel is increased, the number of 
detection points is increased. This means that the scan rate to 
store an electric charge in each cell must be increased, and 
the electrode resistance must be reduced. For a 10-inch or 
larger panel, there is concern that the conductivity of an ITO 
fi lm will be insuffi cient.

In addition, when the size of a touch panel is increased, 
the production yield tends to decline as misalignment occurs 
more frequently in the process of bonding the conductive 
fi lms. For this reason, highly productive modularization 
process is required.

2.3  Demand for alternatives for ITO
Indium used for ITO fi lms is rare metal and the supply is 

likely to be limited. Furthermore, ITO is listed as a specifi ed 
chemical substance in recent years. It is not desirable to use 
ITO because of safety.

There is also a concern that the process load, such as (1) 
gas-phase fi lm forming process, like sputtering, is required, 
(2) the photolithography process for patterning is complicated, 
and (3) separate process for peripheral wiring is needed, is 
high for the sensor production using ITO fi lm.

3.  Features of EXCLEAR touch panel sensor

3.1  Confi guration of EXCLEAR
EXCLEAR is provided with conductivity by silver mesh 

patterning. Fig. 6 shows a schematic diagram of a silver mesh 
pattern. A silver mesh pattern is formed on both sides of the 
transparent base. Each pattern consists of (1) sensor electrodes 
and (2) trace lines connected to the sensor electrodes. The 
electrodes (1) are formed into a pattern with several μm 
wide lines not to block the LCD image below the sensor and 

Fig. 1　Schematic of the worldwide market size for transparent 
conductive fi lms

Fig. 2　Schematic of an example of a touch panel module

Fig. 3　Roll of EXCLEAR Fig. 4　Schematic of the silver 
mesh patterning

Fig. 5　The principle governing the projected capacitive touch 
panels to detect touch positions

             (a) Dividing the panel into cells
             (b) Sensor confi guration in each cell
             (c) An example of input and output electric signals 
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not to cause noise. The trace lines (2) are placed in the frame 
section (outside the visual area). As a thin fl ame is required 
to maximize the display area, those lines are usually several 
tens of μm in width (the same number of lines as that of 
electrodes are placed in parallel several tens of μm apart 
from each other).

3.2  Patterning process
The silver mesh pattern of EXCLEAR is formed using the 

photographic image forming process. Silver halide, a sensi-
tive material, is exposed and developed to be converted to 
metallic silver (developed silver). Fig. 7 shows the overview 
of the process. Compared with production process using a 
resist for patterning, this process is simple.

3.3  Comparison with the conventional sensor ITO
EXCLEAR has highly conductive silver patterned in the 

form of mesh. That provides EXCLEAR with both optical 
transmission and electric conductivity and reduces the resis-
tance to a lower level than that of ITO (Fig. 8).

Furthermore, EXCLEAR has features that conventional 
sensor ITO does not have. They are simplifi ed touch module 
process, reduced sensor fi lm thickness (total sensor thickness 
is 40 μm) and fl exibility. Those features are explained in the 
sections below.

(1) Simplifi cation of touch module process
We have developed the following two mass-production 

technologies (a) and (b) to improve the touch module process 

Fig. 6　Illustration of EXCLEAR silver-mesh patterns

Fig. 8　Schematic of the correlation between transmittance and 
resistance

Fig. 7　Comparison of various conductive processes
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and helped ease the production load (Fig. 9).
(a) Simultaneous forming of sensor electrodes and trace 

lines
For an ITO fi lm, the sensor electrodes are formed fi rst and 

then trace lines are formed in separate process. In the case 
of EXCLEAR, the sensor electrodes and the trace line are 
simultaneously exposed to form a pattern and the man-hours 
are reduced.

(b) Mono-sheet sensor
In the modularization process of a touch panel using ITO 

fi lms, two patterned ITO conductive fi lms are to be bonded. In 
this process, misalignment is likely to occur and that increases 
the production load. In the case of EXCLEAR, patterns are 
positioned accurately on both sides of the base and that reduces 
the production load.

(2) Reduction in sensor thickness
Coupled with the use of the mono-sheet sensor, the thinned 

base helps EXCLEAR reduce the sensor thickness to 40 μm 
and that leads to reduction in the thickness and weight of the 
device (Fig. 10).

(3) Flexibility
The conventional sensor ITO is liable to crack when bent. 

It needs great care in handling during production. EXCLEAR 
is highly fl exible, thanks to the right choice of the type and 
amount of binder. It has much higher bend performance 

than that of ITO. Fig. 11 shows changes in resistance when 
EXCLEAR is wound around a 4-mm diameter rod and bent 
repeatedly. In the case of ITO, a change in the resistance 
(from the initial level) increases as the number of bending 
is increased. There are few changes in the resistances with 
EXCLEAR.

4.  Technical features of EXCLEAR

This section explains the newly developed silver halide 
sensitive material and its process (pattern exposure and 
development).

4.1  Silver halide sensitive material
The newly developed sensitive material is made by apply-

ing several hundreds of nm silver halide particles (silver halide 
for photography is in several μm) using a polypeptide binder 
onto a transparent substrate. To give the developed silver high 
conductivity, an ultrahigh density silver halide sensitive 
material is newly developed by reducing the percentage of the 
polypeptide binder, which raises the conductivity between the 
developed silver particles, to about 1/100 of that used for a 
conventional photographic sensitive material. (Figs. 12 and 13).

Fig. 9　Schematic of simplifying the touch module process

Fig. 10　Comparison between thickness of the ITO and EXCLEAR 
fi lms

Fig. 11　Comparison between the fl exibility of EXCLEAR and other 
materials
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4.2  Pattern exposure
Silver halide is a high-effi ciency photo sensor. Various 

precision patterns can be formed by pattern exposure on the 
sensitive material. We have also developed the roll to roll 
production method to enable pattern exposure with accurate 
positioning on both sides of the substrate and achieved mono-
sheet double-sided sensor.

4.3  Development
In exposed silver halide, latent images (silver nuclei that 

trigger development) are formed and they are reduced to silver 
by the reducing agent in the developing fl uid (Fig. 14). Unde-
veloped particles are made soluble by the fi xing agent and 
removed from the fi lm.

After the chemical development above, EXCLEAR takes 
on a black tone that comes from the silver fi lament shape. 
We have also developed a formula of developing fl uid that 
matches the new sensitive material as below.

(1) Balancing black tone and conductivity
Fig. 15 shows comparison in silver shape and color tone 

between EXCLEAR and silver plating as an example of 
conventional metal material.

In EXCLEAR, microscopic structures composed of dis-

persed fi ne fi lament silver are formed. It is noteworthy that 
it achieves the neutral black color tone, which reduces light 
refl ection on the surface and does not refl ect visible light 
of particular wavelengths, without requiring blackening 
processing.

In addition, using the layer design of the sensitive material 
and process conditions, the silver density is controlled in the 
thickness direction (high density in the bulk and low density 
on surfaces) to achieve both the black color tone and high 
conductivity (Fig. 16).

(2) Development of new fl uid formula
As the polypeptide binder is reduced, we had to take 

measures (a) and (b) below for development process.
(a) Reduction of noise (silver nuclei developed in unexposed 

areas) caused by agglomeration of silver halide particles
(b) Reduction and stabilization of silver ions increasingly 

dissolved into the developing fl uid
We have developed stabilization technology of developing 

fl uid combining an adsorption stabilizer for silver halide and 
silver (to reduce noise and reduce silver dissolution into 
developing fl uid), of which a common example is mercapto 
compound, and reduction inhibitor for dissolved silver. 
Thanks to the technology, we have achieved stable serial 
production.
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Fig. 13　Graph illustrating the reduction of volume resistivity by 
increasing silver density in EXCLEAR

Fig. 14　Cross-section of
　　　　(a) Silver halide grains 
　　　　(b) Metal silver after developing the fi lm

Fig. 15　Colored top view and cross-section  of   
              (a) EXCLEAR (chemical development)  
              (b) Physical development of silver

Fig. 12  (a) Cross-section of the silver halide coating layer
             (b) Illustration of the silver halide grains 
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5.  Conclusion

We have developed EXCLEAR, a thin double-sided sensor 
fi lm. We have explored new pattern forming methods using 
a photographic sensitive material and succeeded in balancing 
conductivity and fi lm strength and improving the reliability 
as an electronic material. Demand for photograph fi lms has 
dramatically declined, but we have applied the core technol-
ogy we developed for photograph fi lms to present needs and 
come up with a new product.

EXCLEAR is well received on the market for its con-
tribution to thinning touch panel modules, quick response 
(low resistance) and support of large-size panels. It is also 
recognized to reduce production load in manufacture of the 
touch panel modules because of its mono-sheet structure 
(conventionally, one-sided conductive fi lms are bonded) 
and simplifi ed module process by simultaneous forming of 
the sensor pattern and trace lines.

EXCLEAR is expected to be used for new sensors, such as 
3D sensors and wearable sensors, as it is great in fl exibility. 
Thanks to the high-defi nition photographic properties, various 
conductive patterns can be formed. The possibilities of apply-
ing to various transparent electrodes, electromagnetic shields 
and heaters are already being discussed, and it is expected to 
be used for a wider range of applications as well.

To meet those expectations and customer needs, we will 
seek further user-friendliness and greater performance.

In closing, we thank all the people who gave us guidance 
in this research and cooperation in the development of the 
material.
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Fig. 16　Schematic of light scattering from the fi lm
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In June 2013, the Optical Devices Division (Former Fujinon) and Electronic Imaging Division were integrated to establish the 
Optical Device & Electronic Imaging Products Development Center. This collaboration enabled us to develop a novel Head-Up 
Display (HUD) system for automotive devices. We adopted a newly designed free-form mirror system. By the mirror system, we 
were able to simultaneously realize following features in our HUD system: distortion-less large virtual images, high brightness/
contrast, and small unit size. Herein, we report the development results related to this HUD system.

Abstract

1.  Introduction

  Recent automobiles have come to have multiple function-
alities. Due to them, they are equipped with systems to provide 
drivers with various information. Among these systems, the 
ones providing visual information to drivers, such as a car 
navigation system, as well as instrument panels in front of 
the driver seat, have been penetrated. Meanwhile, people 
have pointed out new problems for drivers who need to 
move their line of sight to obtain such information, causing 
an inattentive driving, which in turn results in an accident. 
Therefore, the head-up display (hereafter called HUD) 
technology has attracted much attention, as it supports 
information recognition without causing the movement 
of the driver’s line of sight by overlapping driver support 
information on the background through the windshield in 
front of the driver. This market is expected to grow in the 
future.

  Meanwhile, in June 2013, the Optical Devices Division 
(Former Fujinon) and Electronic Imaging Division were 
integrated to establish the Optical Device & Electronic 
Imaging Products Development Center. We started review-
ing about the creation of new businesses by combining each 
division’s competitiveness in optical device and electronic 
imaging technologies, and leveraging their synergy. As a 
result, we decided to focus on HUDs because of two rea-

sons. One is expectation of market growth. The other is 
technical advantages in both optical design capability and 
optical material manufacturing technology based on long 
experience of projectors as well as movie theaters. Finally, 
we have commenced the development of the HUD system 
for automobile in September 2013.

2.  Principle of HUD

  We will explain about the principle of HUD using Fig. 1.
  An image from the picture generating unit is projected on 

the surface of the diffuser as an intermediate image. This inter-
mediate image is enlarged with the magnifier, and the lights are 
reflected with the windshield then led to an observer. At this 
point, a driver (observer) recognizes the intermediate image as 
a virtual one. Actual lights from the picture generating unit are 
transmitted through the light paths show in solid lines in Fig. 1, 
and entered into the driver’s eyes. He/she feels that lights seem 
to come through the light paths in dotted lines (the right side 
of the windshield) in Fig. 1 before entering into his/her eyes. 
As a result, the driver recognizes as if the images displayed as 
intermediate ones (A, B, C) were placed on other points (A’, 
B’, C’), and feels that driving support information is floated on 
the road.
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3.  Confi guration of picture generating unit

  The schematic confi guration drawing for the picture gener-
ating unit is shown in Fig. 2. The light emitting diode (LED), 
laser beams, etc. are used as light sources. The vacuum fl uo-
rescent display (VFD), liquid crystal (monochrome/color), and 
micro electro mechanical systems (MEMS) elements are 
used as image display elements.

Optical parts constituting the light paths from the light 
source to image display elements, and lenses enlarging and 
projecting image display elements are also used. The picture 

generating unit is comprised of various other parts, but its 
element technologies are roughly divided into fi ve fi elds: 
optical, mechanism, electric/electronic, software and mate-
rials.

4.  Development of prototype HUD system

  We had manufactured a picture generating unit, one com-
ponent of the HUD system using our traditional projector 
technologies that had been accumulated, and started market-
ing activities in April 2014. During our marketing activities, 

｝→ →
The driver feels that the image displayed at Point (A) 
on the diffusing plate seems to be at Point (A ).’

Windshield

Picture Generating Unit 
(PGU)

Diffuser Magnifier
(free-form mirror)

(B)

(A)

(C)

)

)

)

(B’

(A’

(C’

Virtual image

Driver
 (eyebox)

Virtual image distance

Both of the light paths the 
driver sees are the same.

Solid line: Actual light path
Dotted line: Virtual light path the driver feels

Fig. 1　Schematic of the optical system used to develop the HUD
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Fig. 2　Schematic of the internal structure of the projection system
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we found that: (1) there are a lot of needs for providing an 
entire HUD system; (2) the keywords for their performance 
were “large screen”, “high brightness”, “high image quality”, 
and “small HUD unit body size”; and (3) providing only one 
component would not create an added-value, which would 
soon make us facing a price competition.

  Considering these backgrounds, we started the development 
of a prototype HUD system. After a lot of trials and errors, we 
have fi nally realized a smaller unit body size, while maintain-
ing distortion-less large virtual images with high brightness 
and high quality by incorporating a newly designed free-form 
mirror system. We will report our challenges we have done in 
the development process as follows.

4.1  HUD unit body size
  Optical designs realize desired optical performance by 

optimizing various parameters specifying optical part shapes, 
while maintaining manufacturability. There are huge numbers 
of rays to be controlled and performance indicator functions 
describing the light-focusing status. Therefore, optical design 
software to be used in optimization is extremely important. 
The Optical Device & Electronic Imaging Products Develop-
ment Center has developed in-house optical design software 

and utilized in the vast product portfolio of Fujifi lm since 
the beginning of the company’s history. The software has 
accumulated experiences and know-how of various types in 
several decades and still been making evolutions with optical 
designers.

  As we proceeded the design of devices, we found that 
the unit body size depends specially on the “fi eld of view 
(FOV)”, “eyebox (the range where the virtual image can be 
seen)”, and “virtual image distance (distance from eye to the 
virtual image)”. Customers often request us to expand FOV 
and enlarge eyebox, but if we do so, the unit body size (near-

Fig. 4　Schematic of the relative eyebox size vs. mirror sizeFig. 3　Schematic of the relative horizontal FOV vs. mirror size

Fig. 5　Schematic of the virtual image distance vs. mirror size

Less than
 0.6 mm

Local displacement
(enlarged)

Optimization

The difference in the red and blue grids is a cause for discomfort and eye fatigue.

Less than
 0.6 mm

Fig. 6　Representation of the virtual image viewed by the right eye 
(red) as compared to that viewed by the left eye (blue)

56 Development of an Automotive Head-Up Display using a Free-Form Mirror Based Optical System



ly equal to the free-form mirror size) increases accordingly 
(Figs. 3 and 4). Customers also request us to push the virtual 
image further (i.e. 5m or so) than conventional 2 m. Such 
demands would also increase the unit body size, however it 
is saturated about 10 m (Fig. 5). Such trend is caused by the 
absence of optical power in the light path from the driver 
to the magnifi er (free-form-mirror) via the windshield. This 
condition is mandatory to install the HUD system into auto-
mobiles, therefore competitiveness should arise from how we 
can reduce the unit size. 

4.2  Quality of HUD virtual image
4.2.1  Suppression of position and shape displacements 

due to the eye position
  If the image position or shape changes due to eye position 

variation in the eyebox (ex. right eye or left eye), it causes the 
driver’s discomfort or his/her eye fatigue with, for example, 
doubled images and shaken images. To solve this issue, we 
optimized the mirror’s position and shape optically. By this 
optimization, we realize to minimize image distortion within 
entire eyebox (Fig. 6).

4.2.2  Goals of reducing difference seen by the left and 
right eye

  Here we discuss the situation when the driver focuses on 
the virtual image locally. Since the visual acuity of 1.0 means 
the ability to recognize the direction of a gap with the width 
of 1.5 mm in the ring with the diameter of 7.5 mm from the 
position 5 m away from the ring (angular resolution capability 
at 1 arc min). If the virtual image distance is 2 m, for example, 
the resolution capability for a person with the visual acuity of 
1.0 is about 0.6 mm in calculation. The difference in grids at 
the lowermost drawing in Fig. 6 caused by parallax is about 0.6 
mm at maximum.

4.2.3  Quantifying sense of resolution
  When projecting information as a virtual image, the 

readability for drivers also plays an important role. We have 
tried quantifi cation of a sense of resolution (sensory evalu-
ation results) by establishing an evaluation environment in 
Fig. 7, aiming to optimize specifi cations and apply this as 
an inspection method in manufacturing lines. As a result, we 
have quantifi ed necessary and suffi cient resolutions and set 
design goals for optical devices.

4.2.4  Distortion evaluation
  The HUD optical system tends to generate asymmetrical 

distortion as it does not use rotational symmetry. As described 
in 4.2.1 and 4.2.2 above, we need to strictly control the differ-
ence between the distortion in the virtual images seen by the 
right and left eyes, as it would cause the driver’s eye fatigue. 
We therefore verifi ed the validity of optical design simulation 
results and actual distortion of prototypes (Fig. 8).

  As a result, we confi rmed that the simulation results 
and actual distortion almost coincided in the eyebox center. 
Meanwhile, distortion seen from the left and right sides in 
the eyebox were different from the simulation results. We 
will analyze the cause to brush up the evaluation accuracy. 
We have achieved quantifi cation of distortion measurement 
values, and are establishing a strict control method for asym-
metric distortion. In the future, we plan to defi ne necessary 
and suffi cient distortion specifi cations, and to further develop 
a distortion correction method utilizing image processing.

4.2.5  Environment robust design (measures against 
stray light)

  The in-vehicle HUD system is required to secure visibility 
in various outdoor environments. To establish a design policy 
for inhibiting stray light caused by sunlight, one of causes 
interfering with the visibility, we compared the optical design 

Chart for image
display (blurred)

Input
HUD unit

Windshield
Eye location

Virtual image
(chart)

Equipment layout

Fig. 7　Schematic of the quantifi cation methods used for quantifying 
resolution

Camera or eye

Grid pattern 
for image 

display

Input
HUD unit

Windshield
Virtual image

Designed Designed 
grid patterngrid pattern

Fig. 8　Schematic of the quantifi cation methods used for quantifying 
distortion
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simulation and actual device evaluation, thereby verifying 
the effectiveness of optical design simulation and reviewing 
countermeasures (Figs. 9, 10, 11).

  For the light path ①, we have already found a counter-
measure of mechanically covering the HUD opening. For the 
light path ②, we will continue to study countermeasures as 
we have confi rmed the actual light path by optical simulation.

4.3  Design of prototype (further downsizing)
  We have explained about the verifi cation results for the 

basic performance with the quality of virtual images of the 
HUD system in 4.2. We have further downsized the unit body 
size by adopting a newly designed free-form mirror system, 

while keeping its performance (latest prototype). The new 
optical design (leftmost in Fig. 12) realizes further body size 
reduction as well as distortion suppression by two surfaces 
– three refl ection magnifi er. These two free-form mirrors are 
placed afterward of intermediated image resulting longer 
light path and freedom to correct aberrations. 

  Depending on automobiles, there are variations of accept-
able volumes and shapes for HUD unit, so we have variations 
of confi guration of free-form mirror systems to achieve the 
best optical characteristics. The examples are shown in the 
center and right of Fig. 12.

  Simplifi ed specifi cations for the past and the latest pro-
totypes for the HUD systems are shown in Fig. 13 above, 

Horizontal type Vertical type

To windshieldTo windshield
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M1

M2

Intermediate 
image on 
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M1+3M1+3M1+3

M1

Method used this time

Diffuser

M1+M3

M2Exit

Diffuser

Exit

M2

M1

Diffuser
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Exit

Intermediate 
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Intermediate 
image on diffuser
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Fig. 12　Schematic of the variation of the free-form mirror
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Fig. 13　Comaprison of the specifi cation

Light source ②

Ghost ②

Light source ①

Ghost ①
Opening

Windshield

Dashboard

Fig. 9　Schematic of the paths of stray light that hit the HUD

Fig. 10　Illustration of the optical simulation of the stray light path ① Fig. 11　Illustration of the optical simulation of the stray light path ②
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Fig. 14　Schematic of the confi guration of the proposed prototype

and the schematic diagram is in Fig. 14. The latest prototype 
achieves a smaller (thinner especially) unit body while 
maintaining optical characteristics. We have demonstrated the 
latest prototype to several potential customers, and received a 
high evaluation with its wide fi eld of view and distortion-less 
virtual images. We have also confi rmed that the unit body 
size is at a level of installable to actual vehicles.

5.  Conclusion

  In this paper we reported our development of prototype 
achieving “distortion-less large virtual images”, “high image 
quality”, and “small unit body size”. Currently we are 
addressing with various challenges, such as electronic 
distortion correction, internal production of free-form mirror 
systems, review of their materials (change from glass to 
plastic), and realizing further higher brightness with our 
material technologies. In the future, we will aim to enter into 
the market by fully utilizing FUJIFILM’s technical strengths 
to generate customer value.
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We have successfully developed and commercialized the “FUJI DRI-CHEM IMMUNO AU Cartridge v-BA”, which is a 
quantitative immunoassay system for measuring total bile acid levels in dog and cat serum and plasma. This reaction system 
allows the simultaneous measurement of three bile acids and has been successfully used to diagnose hepatobiliary disease with 
high accuracy in these animals.

Abstract

1.  Introduction

  Recent development of veterinary medicine has succeeded 
in prolonging the average life span of pets. Meanwhile, there 
are diseases that tend to easily appear due to aging of pets. 
Hepatic and biliary tract diseases for dogs, for example, have 
the same tendency as liver diseases for human beings: they 
significantly increase after the age of 4 to 5, equal to the mid-
dle of 30s in human. Liver and gallbladder diseases for dogs 
appear from various causes such as congenial malformation or 
predisposition, viral or bacterial infection, intake of harmful 
substances, unbalanced meals, etc. Human liver is called as 
“the silent organ”, which is true to dog’s liver: the abnormality 
in physical conditions is difficult to recognize only by external 
appearance. Thus it is important for pets to undergo medical 
checkups, including blood, X-ray and echo inspections1).

  A blood inspection for a pet which is suspected to have 
a liver disease checks four hepatic enzymes as a primary 
panel: alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP), and γ-glutamyl-
transpeptidase (GGT). However, blood inspections also inspect 
the secondary panel (liver function inspection) to evaluate liver 
functions to a certain level, as these enzymes do not reflect 
the functions. Secondary panel items include bile acids (BA), 
bilirubin, ammonia, albumin, cholesterol, urea nitrogen. BA, 
among them, is most superior in the sensitivity and peculiar-
ity in checking liver functions for dogs and cats2).

  Generally there are two types of immunoassays to measure 
antigens such as hormones, utilizing immunological reactions 
through the use of antibodies: a sandwich method and a com-
petitive method. The former is used for antibodies with the 
molecular weight at several ten thousands Da (like protein) 
and sandwich them with two antibodies, while the latter is 
used for antigens with the molecular weight at less than 1,000 
(low molecular antigens like BA) too small to be sandwiched, 
and have antigen label and antigen in the specimen compete 
each other in immunological reactions.

  Our company has developed the FUJI DRI-CHEM IM-
MUNO AU10V, an immunological analyzer for animals that 
can use both methods, and the FUJI DRI-CHEM IMMUNO 
AU Cartridge v-T4, vc-TSH, v-COR, dedicated immunoassay 
reagent and report on them3)4). This system adopts a surface 
plasmon-enhanced fluorescence (SPF) method as a principle 
to detect fluorescent particles to be used as markers. The con-
ventional epifluorescence microscopy method whose laser 
beam illuminates uncombined fluorescent particles by immu-
nological reactions, requires cleaning to eliminate unreacted 
fluorescent particles. The SPF method adjusts the incident 
angle of laser beams from the bottom surface, and irradiate 
them on a thin metal surface having combined fluorescent 
particles to generate proximity-field light through surface 
plasmon resonance (SPR), as a result of which only combined 
fluorescent particles on thin metal surface illuminates (Fig. 1). 
Elimination of cleaning has shortened the measurement time 
to about 10 minutes, and the system become more compact 
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as it requires no cleaning agent and wastewater treatment 
system. It is also characterized by its easy operation: all you 
have to do is to set a specimen, cartridge, and consumables 
on the system and to press the start button (Fig. 2).

  This time we have developed a new reagent, the FUJI 
DRI-CHEM IMMUNO AU Cartridge v-BA (FDC v-BA), 
using the competitive method to enable fast and simplifi ed 
measurement for BA. In this paper, we will describe the tech-
nical overview and clinical performance of the FDC v-BA.

2.  Development of FDC v-BA using the competitive 
method

2.1  Meaning of blood BA in blood measurement
  BA are steroid derivatives generated from cholesterol in 

the liver, and “bile acid(s)” is a collective term for compound 
having cholanic acid structure. Therefore, BA are measured 
for the total volume as BA concentration. Its biological role 
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Fig. 1　Schematic representation of a) the epifl uorescence method and b) the SPF method

Fig. 2　Quantitative immunoassay system for measuring BA levels in dog and cat serum and plasma
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is related to digestion and absorption of fat, as well as absorp-
tion of liposoluble vitamins.

  BA generated from the liver are concentrated in the 
gallbladder as bile, and sent to the duodenum. Then it is 
effi ciently absorbed by the portal vein through the intes-
tinal tract, absorbed in and re-excreted from the liver. In 

this way, BA circulate between the intestine and liver in 
an extremely closed manner (Fig. 3). Due to this, in-blood 
BA concentration is normally low5). If, on the other hand, 
there is any disorder in excretion into the bile, in the portal 
vein circulation path back to liver, and absorption in liver 
cells, BA infl ow into the general circulation system, causing 
a high in-blood BA concentration6).

  One of disorders in the portal vein circulation path is por-
tosystemic shunt (PSS). With PSS, portal vein blood infl ows 
into the entire systemic circulation due to shunt blood vessels 
from portal veins to the entire body. At this point, neurotoxic 
substances absorbed from the intestinal tract directly fl ow into 
the peripheral and cerebral circulation systems without detox-
ifi ed in the liver, posing a problem as it may cause impaired 
consciousness. Moreover, BA re-absorbed from the intestinal 
tract also directly fl ows in the general circulation system, 
causing in-blood BA at a high level5). Judging from the above, 
in-blood BA measurement is effective for diagnosing hepatic 
and biliary tract diseases.

BA
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tract
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Liver

Fig. 3　Enterohepatic circulation of bile acids
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Fig. 4　Principles underlying the measurement of BA levels in dog and cat serum and plasma using FDC v-BA
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2.2  Measurement principle for FDC v-BA
  The FDC v-BA measurement using the competitive method 

is conducted as follows (Fig. 4).
 (1) Specimens are dispersed in the Reaction Cup 1. Then 

BA-binding protein and dissociating agent in specimens react 
to each other while being dissolved to generate free BA (Step 1).

 (2) The reaction solution in the Reaction Cup 1 is dispensed 
into the Reaction Cup 2, fl uorescent particles marked with 
BA monoclonal antibody (fl uorescent-labeled anti-BA anti-
body) react with BA in specimens (Step 2). At this point, the 
volume of BA combined with antibodies on fl uorescent parti-
cles increases in proportion to the BA concentrate in specimens, 
causing reduction in antibody combining sites.

 (3) Reaction solution is fed to the immunoreaction channel. 
BA-abeled bovine serum albumin (BA-BSA) is fi xed on thin 
gold fi lm formed in the immunoreaction channel, so fl uores-
cent-labeled anti-BA antibodies are trapped on thin gold fi lm 
inversely to the combined BA volume (Step 3). The fl uorescent 
particle volume obtained from the SPF method is automatically 
converted to the BA concentration by the system to obtain 
measurement results.

2.3  Points for reaction system development: three 
types of BA measurement

  It is known that major BA of dogs and cats is taurine con-
jugated cholic acid (CA), chenodeoxycholic acid (CDCA), 
and deoxycholic acid (DCA) (TCA, TCDCA, TDCA)7). Thus 
this reagent must simultaneously measure these three types 
of BA to calculate the total volume.

  When using one type of anti-BA antibody and one type of 
BA-BSA, the reactivity against antibodies varies depending 
on the type of BA, causing the difference of measured values 
from the results from the enzyme cycling method used in spe-
cial animal inspection centers.

  Using three types of anti-BA antibodies (anti-CA anti-
body, anti-CDCA antibody, anti-DCA antibody) reacting to 
three types of BA, namely TCA, TCDCA, TDCA and three 
types of BA-BSA (CA-BSA, CDCA-BSA, DCA-BSA), we 
were able to confi rm that the inspection results at the same 
level as the enzyme cycling method’s were obtained, and 
realized simultaneous measurements of three types of BA 
(Fig. 5).
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Fig. 5　Eff ects of three types of anti-bile acid antibodies and bile acid–BSA conjugates
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2.4  Clinical performance
2.4.1  Confi rmation of correlation

  Aiming to verify the effectiveness of FDC v-BA we have 
developed this time, we checked the correlativity in dog and 
cat serums using the enzyme cycling method used in special 
animal inspection centers as a control method.

  The correlation coeffi cient (r) of FDC v-BA against the 
enzyme cycling method is 0.960 for dog serum, and 0.967 
for cat serum, both indicating correlativity for dogs and cats. 
Moreover, the slope (a) and intercept (b) of the regression 
line (y=ax+b; x: enzyme cycling method, y: FDC v-BA) are 
0.970 and -0.600 for dog serum, respectively, and 0.933 and 
0.643 for cats, respectively. Thus, we confi rmed that FDC 
v-BA brings the BA measurement results for dog and cat se-
rums, same as the enzyme cycling method (Fig. 6). This re-
sult shows that an inspection with the same precision as the 
one that has been outsourced can be performed in hospitals.

2.4.2  Confi rmation of precision
  We confi rmed the simultaneous repeatability when the 

same sample is repeatedly measured with FDC v-BA. Us-
ing three test liquids with the different BA concentration, we 
measured values 10 times for each liquid. The results are 
shown in Table 1. Coeffi cient variation (CV) which is a 
scale for variation at each concentration level is 3% or less, 
indicating that this product has a suffi ciently high repeat-
ability (quantitativity) as immunoassay reagents.

3.  Conclusion

  We have developed “FUJI DRI-CHEM IMMUNO AU 
Cartridge v-BA”, a reagent for quantitative immunoassays 
to complete a fast and simplifi ed diagnostic method for BA.

  Technologically, we have established the reaction system 
simultaneously measuring three types of BA. In the future, 
we would like to contribute to the improvement of the quality 
of animal therapy by enriching measurement items to achieve 
more easy and swift inspections within animal hospitals.

Unit

BA level

Table 1　Reproducibility of measurements obtained using FDC v-BA

Enzyme cycling method [µmol/L] Enzyme cycling method [µmol/L]

Dog serum correlation test Cat serum correlation test
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Fig. 6　Correlation between the enzymatic cycling method and FDC v-BA (left: dog serum; right: cat serum)
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We developed a functional supplement called “Metabarrier Slim” that qualities in the new system of “Foods with functional 
claims,” which was initiated in Japan in April 2015. This product includes the new ingredient “indigestible dextrin” as a water-
soluble dietary fiber. We further developed an analytical method for determining the quantity of Salacinol, which is the biologically 
active chemical component in Salacia extract, and confirmed that Salacinol level does not decrease within the best-before period. 
Our documentation and data on Metabarrier Slim were accepted by the Consumer Affairs Agency, Government of Japan, and this 
product was released with the following health claim: “Salacinol prevents carbohydrate absorption.”

Abstract

1.  Introduction

  Since its launch in 2007, “Metabarrier” has gained loyalty from 
a lot of customers as a diet support supplement. Salacia extract, 
the main ingredient, is reported to have an effect to prevent carbo-
hydrate absorption. In 2011, we added two products to this series: 
“Metabarrier Premium” containing seaweed polyphenol having 
an effect of preventing fat absorption in addition to Salacia extract 
and “Metafire” containing ingredients to facilitate body fat burn-
ing, such as ginger extract and piper longum extract.

  The renewed “Metabarrier Slim” is our first food with 
functional claims (FFC) certified in the Foods with Func-
tional Claims System that started in April 2015. This system 
was newly established as the third category following “foods 
for specified health uses (FOSHU)” and “food with nutrient 
function claims” (FNFC) to increase the number of foods 
with labels stating a specific function in an easy-to-understand 
way, and enabling consumers to select products after correctly 
understanding information on them. The Metabarrier Slim was 
certified as FFC, and was able to bear labeling claiming its 
function (effect) of “prevent carbohydrate absorption”. In this 
paper, we will describe the process from the development of 
this product and to apply for certification to the Consumer 
Affairs Agency governing the functional food labeling 
system.

2.  About the functional food labeling system

  Currently, the aforementioned FOSHU, FNFC and FFC 
are classified as the following (Fig. 1).
〇 FOSHU system - The labeling system where the govern-

ment reviews the effect and safety of each product, and the 
Secretary-General of the Consumer Affairs Agency approve 
them. Food manufacturers are approved to use product labeling 
with a health claim and an FOSHU mark. For application, they 
shall perform functional and safety tests, and submit their result 
data.
〇 FNFC system - The system to approve manufacturers 

to use product labeling with a nutrient function claim for 
vitamin or mineral prescribed by the government, given that 
the food product contains certain amounts of such nutrient.
〇 FFC system - The system to allow manufacturers 

to use product labeling with a functional claim at their 
own responsibilities by submitting data on the evidence 
supporting the safety and function of the product to the 
Secretary-General of the Consumer Affairs Agency before 
launch. Unlike FOSHU, the product does not need to be 
individually pre-approved by the Secretary-General of the 
Consumer Affairs Agency.

  To make a functional claim in this system, it is necessary 
for a manufacturer to demonstrate the function by either of 
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the followings: (I) to perform clinical trial(s) using a fi nished 
product, or (II) to use research review (comprehensive evalu-
ation of literature related to functional-related ingredients not 
only materials supporting the function but also denying it. 
Also called a systematic review). A major characteristic of 
this system is that, unlike FOSHU, it does not always require 
a clinical trial using a fi nished product, which reduces the pe-
riod and cost to obtain approval compared to FOSHU, caus-
ing many companies, from leading fi rms to small-sized ones, 
have applied for this claim. As of the end of October 2016, 
the Consumer Affairs Agency has received 479 applications.

3.  Product renewal

  We will explain about the renewed Metabarrier Slim here.

3.1  Formula of tablets
  Based on the formula for “Metabarrier NEO”, we newly 

added “indigestible dextrin”, one of water-soluble dietary fi ber 
to allow users to take a total of 1.12 g of dietary fi ber per day. 
Indigestible dextrin is made by decomposing starch by heat, 
hydrolyzing it with α amylase, and then extracting only 
indigestible fractions from it. It is a glucan with the mean 
molecular weight at about 2,000 and having a lot of branch-
ing and 1-2 and 1-3 binding (Fig. 2), in addition to 1-4 or 1-6 
glycoside binding starch naturally has1). Consumed calorie 
is 1 kcal/g, one fourth of general carbohydrates. Application 
of indigestible dextrin has been expanded, mainly in FOSHU 
soft drinks.

  However, we found that the friability of tablets (the rate of 
wear on the tablet surface due to collision or rubbing of tablets) 
was worsened by mixing indigestible dextrin. Presuming that 
it was caused by low binding capability, we added a small 
amount of microcrystalline cellulose, as a result of which the 
friability was improved to a practically allowable level.

  Another concern was an increase in tablet size by 200% or 
more from conventional products, due to heavier weight per 
tablet by adding indigestible dextrin. We solved this problem 
by changing the quercetin containing extract from the onion 
skin-derived to the Sophora japonica-derived with a high 
quercetin content, and achieved the weight per tablet at 185 
mg (up 65 mg from conventional products). With this new 
product, we obtained comments of “easy to swallow” in drink 
tests, as this slightly larger type is still smaller compared to 
other general tablet supplements.
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Fig. 2　Presumed molecular structure of indigestible dextrin
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  Other active ingredients in the Metabarrier NEO than 
above were not changed.

3.2  Setting functional-related ingredients
  To claim for functionality, functionality-related ingredients 

satisfying the following conditions ① and ② shall be set.
① The mechanism of effects related to the functionality to 

be claimed shall be examined in in vitro and in vivo clinical 
trials, and the ingredients shall be confi rmed qualitatively and 
quantitatively, either directly or indirectly.
② Nutrients for which standards are established in dietary 

reference intake, etc., based on stipulation in the Health Pro-
motion Act, such as vitamins, minerals, etc. shall be excluded. 
“Salacinol”, a type of thiosugar contained in the Salacia extract, 
has a chemical structure as shown in Fig. 3, having extremely 
high α-glucosidase activity inhibitive capacity2)3).

3.3  Preparing analyzing protocols
  Based on existing reports, we developed qualitative and 

quantitative analyzing protocols for Salacinol using the 
LC-MS method4). The analysis method with these protocols 
was transferred to the Japan Food Research Laboratories, 
enabling analyses by a third party.

3.4  Preparing research reviews
  We conducted a research review aiming to clarify the 

food-derived carbohydrate absorption suppressing effect of 
Salacinol derived from Salacia contained in Metabarrier Slim 
for the healthy. A food intervention trial for foods containing 
Salacia-derived Salacinol, targeting healthy people having 
no diseases was conducted to determine the eligibility. In the 
trial, the effect was evaluated by comparing a target group 
with a control group taking placebos not containing Salacia-
derived Salacinol. The major outcome was an effect of inhib-
iting rise in blood glucose levels.

  As a result of the research review, it was found that taking 
Salacia extract containing 0.2 mg or more of Salacia-derived 
Salacinol before meals by Japanese health adults will inhibit 
absorption of carbohydrate, and slow down increase in blood 
sugar levels after meals (Fig. 4).

3.5  Clinical trial using fi nal products
  Aiming to clarify the effect of Salacia-derived Salacinol 

contained in Metabarrier Slim on the intraintestinal environ-
ment of the healthy, we performed a randomized, double-
blind, placebo-controlled parallel-group comparison trial5). 
As a result of the trial, we found that intake of 1.0 mg of 
Salacia-derived Salacinol increases the Bifi dobacterium rate 
in the intestines, thereby improving the intraintestinal envi-
ronment. This effect seems to be caused by the following 
processes: carbohydrate not absorbed by the Salacia-derived 
Salacinol was selectively utilized by Bifi dobacteria, etc. in 
the intestines, as a result of which the bacteria increased in 
the intestines, causing decrease in destructive fungus and 
putrefactions generated by destructive fungus, leading to an 
improved intraintestinal environment.

3.6  Determination of the amount of functional-related 
ingredients

  We determined the component amount of Salacia-derived 
Salacinol to label the above-mentioned function of inhibit-
ing carbohydrate absorption and intraintestinal environment 
improvement. We determined the single intake amount of 
Salacia-derived Salacinol at 0.2 mg or higher, and the amount 
of Salacia-derived Salacinol per day (8 tablets) at 1.0 mg, after 
confi rming the relationship between the amount of Salacinol 
and α-glucosidase inhibitory activity. We also confi rmed that 
the Salacinol amount in a tablet does not fall below 1.0 mg 
within the best-before date through accelerated life testing.

3.7  Application to the Consumer Affairs Agency
  We prepared materials based on the above results. Fur-

thermore, we prepared qualitative and quantitative analysis 
methods and results stipulated in preparation specifi cations, 
safety information, and functionality-related ingredients, as 
well as information on package design, and submitted them 
to the Consumer Affairs Agency for application.

Fig. 3　Chemical structure of Salacinol
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3.8  Reception of Consumer Affairs Agency and launch 
of renewed products

  Through interactions with the Consumer Affairs Agency 
after the application, Metabarrier Slim was approved as a 
food with functional claims by the Consumer Affairs Agency 
(Application No.: A91). The application information is dis-
closed in the database on the Consumer Affairs Agency website, 
therefore accessible to everyone.

  After the approval by the Consumer Affairs Agency, 
we re-launched Metabarrier Slim with a new package with 
the approval number and the statements of the function to 
“prevent carbohydrate absorption” in November 2015. We 
prepared zippered aluminum pouches with large characters 
easily noticeable by customers, in addition to conventional 
plastic bottles. We did not change the design from the current 
one, but used pictures familiar to customers (Fig. 5).

  A claim for another function of “regulating the intraintes-
tinal environment by increasing Bifi dobacteria in it”, which 
we had been applying for, was approved by the Consumer 
Affairs Agency while I was writing this paper. (Application 
No.: B218). We plan to launch the new product named 
“Metabarrier S” bearing a label claiming this function 
(Fig. 6) in March 2017.

4.  Conclusion

  We have explained about “Metabarrier Slim”, a food 
with functional claims containing Salacia extract which is 
reported to have a function to prevent carbohydrate absorp-
tion. “Metabarrier Slim” has been sold well through mail 
orders and store channels. Customers have expanded from 
those interested in diet, our conventional main target, to 
include people worrying about excessive daily intake of 
carbohydrate such as rice and breads, and those concerned 
about future disease risks (Note: this product does not aim 
to cure or prevent diseases).

  Recently, the food industry has faced many cases endan-

gering the food safety, such as contamination with pesticides 
and molds. There was also a case of rescinding the approval 
for the FOSHU system because only about 1/100 of the 
necessary amount for functional ingredient was contained 
in actual products6). Under these circumstances, control of 
foods with functional claims may be strengthened in the 
future. Our company only uses food materials whose safety 
is suffi ciently confi rmed, and designs the functionality-related 
ingredients to secure the safety, even considering the effect of 
decay over time, so as to provide products with high safety 
and reliability, characterizing the FUJIFILM brand. We will 
continue high-quality product design and development that 
do not betray customers trust.

5.  Future prospect

  We found that Salacia extract has an effect of preventing 
carbohydrate absorption, as well as an intraintestinal environ-
ment regulating effect through our researches to date, and 
utilized them for functional claims, but we also clarifi ed that 
the extract also has an immunity-improving effect. We would 
like to further progress our research on its mechanism to 
achieve another claim for this product series.

  In the US, a leading nation for health foods, sales of health 
foods by medical institutions other than over-the-counter 
sales have become very popular, and in Japan, too, doctors 
have started to utilize health foods for patients, though in a 
small scale7).

  Reducing healthcare expenditures has become an impend-
ing issue in Japan where increased healthcare expenditures in 
line with aging has become a major cause for increase in the 
national debt. Under these circumstances, it is indispensable 
for the future of Japan to realize the society where as many 
as people possible can complete their lives without relying 
on the healthcare. We want to contribute to the realization of 
such society through expanding the functional food business 
in the future.

Fig. 6　Packaging for Metabarrier S (left: zippered pouch; right: 
plastic bottle label)

Fig. 5　Packaging for Metabarrier Slim (left: zippered pouch; right: 
plastic bottle)
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In September 2016, we launched “ASTALIFT Moist Lotion,” which is a renewed, high-functionality skin lotion of the ASTA-
LIFT skin care series aimed at anti-aging skin care. Quantitative and qualitative changes in the dermal collagen contribute to 
wrinkle formation in photoaged skin. Collagenase, which is induced by ultraviolet rays, is capable of degrading fi brillar colla-
gens into distinctive 3/4 and 1/4 fragments. These collagen fragments have been reported to be incorporated into fi broblasts via 
the receptor protein Endo180. Therefore, Endo180 is presumed to play an important role in collagen turnover. In this study, we 
investigated the involvement of Endo180 in the uptake of fragmented collagen and searched for a material that would enhance 
Endo180 expression in the fi broblasts, which led us to “Retinol” (or Vitamin A). We then developed a nano-sized emulsion called 
“nano vitamin Ax,” which contains a retinol derivative and astaxanthin, and formulated it into ASTALIFT Moist Lotion.

Abstract

1.  Introduction

  In September 2016, we launched “ASTALIFT Moist 
Lotion”, a renewed high-functionality skin lotion in the 
functional cosmetic ASTALIFT series (Fig. 1).

  Many women have a trouble of reduced tension of the 
skin. This trouble is caused by reduction or degradation in 
dermis collagens due to aging or UV rays.

  Many measures to increase the production volume of 
collagens have been proposed to date, so as to fi ght against 
collagen decrease, but researches on measures against de-
graded collagen have not progressed well.

  We focused on accumulation of degraded collagens, 
or fragmented collagens, and their turnover mechanism in 
this study, aiming for “collagen regeneration”. This paper 
will elucidate functions of “Endo180”, a protein known 
as a collagen receptor, and report on the development of 
“nano vitamin Ax” that accelerates turnover of fragmented 
collagens.

2.  Fragmentation of dermis collagens

  Human skins are roughly classifi ed into three types, namely: 
“epidermis”, “dermis” and “hypodermis” in the order of the 
proximity to the skin surface. The dermis having a thickness 
several dozen times the epidermis gives resilience to the skin, 

Analysis Technology Center
Research & Development Management Headquarters
FUJIFILM Corporation
Nakanuma, Minamiashigara, Kanagawa
250-0193, Japan

**Original paper（Received December 12, 2016）
* Pharmaceutical & Healthcare Research Laboratories

Research & Development Management Headquarters
FUJIFILM Corporation
Ushijima, Kaisei-machi, Ashigarakami-gun, Kanagawa
258-8577, Japan

Development of “ASTALIFT Moist Lotion”

Toshiyuki HOMMA*，Yuko IGARASHI*，Katsuhiko KANAZAWA*，Atsushi ORIKASA*，
Gen OMURA**，and Tomoko TASHIRO*

Fig. 1　The newly developed “ASTLIFT Moist Lotion”

so the degradation of the dermis function is related to aging 
phenomena, such as wrinkles and laxity.

  The dermis mainly consists of fi ber components, differ-
ent from the epidermis having many cell components. The 
majority of fi bers consist of collagen, which accounts for 
over 70% of the dermis dry weight1). As a result of actual 
observation of the human skin using a scanning electron 
microscope, we confi rmed developed collagen fi bers in the 
dermis (Fig. 2).
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  It has been well known that dermis collagens are quanti-
tatively and qualitatively affected by aging or photo-aging. 
As a result, many conventional approaches of activating 
fi broblasts in charge of producing collagens have been pro-
posed to fi ght against decrease in the quantity of collagens by 
improving collagen generation.

  On the other hand, a qualitative change or degradation of 
collagens is caused by activation of collagenases induced by 
ultraviolet rays or infl ammation, and their enzyme activities 
decompose collagen molecules into two types of fragments: 
3/4-length and 1/4-length fragments. Collagen fi bers, aggre-
gations of many collagen molecules, are also decomposed, 
resulting in decrease in fi ber diameters and partial ruptures. 
It has been reported that such “fragmented collagens” are 
accumulated in the dermis of the photo-aged skin2).

  For the effect of such “fragmented collagens”, it was re-
ported that the collagen synthetic ability of cells is decreased 
compared to untreated normal collagens, as a result of cultur-
ing fi broblast in collagens3). This means that accumulation of 
“fragmented collagens” inhibits generation of new collagens 
in fi broblasts.

  In fact, it was observed that the diameters of collagen 
fi bers restructured in vitro were decreased by activities of 

Matrix metalloproteinase-1 (MMP-1), a type of collagenase 
(Fig. 3). We also confi rmed that the dermis where normal col-
lagens (green, Type I collagens) account for the majority also 
have fragmented collagens (red; 3/4-length collagen) in a 
wide range  after the observation of the immunofl uorescence 
stained skin of 70-year-old woman’s face (Fig. 4).

  Is it possible to eliminate such “fragmented collagens” 
which are accumulated in the dermis and prevent collagen 
generation? Toward that end, we focused on “Endo180”, a 
protein known as a collagen receptor.

3.  Collagen turnover through Endo180

  Cells have a mechanism named “endocytosis” that engulfs 
extracellular substances. Fragmented collagens are engulfed 
into fi broblasts by this mechanism, and decomposed later. It 
is reported that a membrane protein called Endo180 (uPARAP, 
MRC2, CD280) recognizes fragmented collagens during this 
engulfi ng process4).

  Based on these facts, Endo180 is considered to be involved 
in regeneration of collagens damaged by ultraviolet rays, but 
it is also reported that Endo180 itself decreases due to photo-
aging2).

Fig. 2　SEM images of a cross-section of human skin

Fig. 3　SEM images of type-1 collagen gels with (a) no treatment 
and (b) collagenase treatment

Fig. 4　Microscopic image of a cross-section of human skin stained for 
collagen fragments (red) and type-1 collagen (green)
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  We therefore studied a turnover mechanism of collagens 
through Endo180 (Fig. 5).

3.1  Engulfi ng fragmented collagens by Endo180
  We used Type I collagens derived from pig’s tendon to 

prepare fragmented collagens. After cutting and treating 
collagens using Recombinant Human MMP-1 at room tem-
perature for 14 days, we separated them into 3/4-length and 
1/4-length collagen gels with the SDS-PAGE, and extract 
and purifi ed them (Fig. 6). Fragmented collagens were 
fl uorescent-labeled using the Alexa488 labeling reagent. 
Endo180 expression in human fi broblasts was inhibited by 
the siRNA treatment.

  After adding purifi ed, fl uorescent-labeled fragmented 
collagens (of 3/4-length) to the culture medium, we ob-
served the phagocytosis of them by fi broblasts. Also engulf-

ing of fragmented collagens was remarkably inhibited by 
knockdown of Endo180 (Fig. 7). Such tendency was also ob-
served in 1/4-length fragmented collagens (Data not shown). 
We performed a similar experiment for proteins other than 
collagens (fi brinogen, tripsin-inhibiter, etc.), but found no 
difference in engulfed amount in cells (Fig. 8). These results 
indicate that Endo180 has a role of specifi cally recognizing 
fragmented collagens and engulfi ng them in cells.

3.2  Endo180 and collagen synthesis
  To further study the functions of Endo180 in more details, 

we evaluated the effect on the collagen synthetic ability. 
From the results of measuring mRNA expression in Types I, 
III, IV, V, and VII collagens known to be present in the skin, 
we found that expressions of Types I, III and VII collagens 
decrease in fi broblasts where Endo180 was knocked down 

Collagen
fiber bundle

Fragmented
collagen

Fibroblast

Endo180

Fig. 5　Collagen fragments and Endo180

Fragmented collagen

Full length type I collagen

Fig. 6　Preparation of collagen fragments

Fig. 7　Endo180-dependent uptake of collagen fragments

Green: Fluorescent
 labeled protein Upper: Negative Ctrl. siRNA

Lower: Endo180 siRNA

Fibrinogen
340kD

BSA
68kD

Trypsin inhibitor
20kD

Transferin
80kD

Incorporated into fibroblasts without 
the involvement of Endo180

Not incorporated
into fibroblasts

Fig. 8　Endo180-independent uptake of fl uorescent-labeled proteins
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(Fig. 9). Based on the results, it was revealed that Endo180 
expression is involved not only in engulfi ng of fragmented 
collagens, but also in synthesis of new collagens.

4.  Enhancing Endo180 expression by retinol

  These verifi cations indicated that recovery of Endo180 
decreased by photo-aging plays an important role in collagen 
turnover. Therefore, we searched for ingredients so that we 
could apply this protein to skincare products, and found that 
retinol (or vitamin A) has an activity to enhance Endo180 
expression. We also found that this activity is synergistically 
increased by simultaneously adding retinol and collagen 
peptide, known as a cosmetic material (Fig. 10).

5.  Development of proprietary ingredient “nano 
vitamin Ax”

  To make utmost use of retinol’s effect, we focused on a 
derivative named “palmitic acid retinol” that is transformed 
after penetrated into the skin. At the same time, we also 
reviewed on incorporating astaxanthin that inhibits genera-
tion of fragmented collagens with its anti-oxidant effect. As 

a result, we fi nally succeeded in the development of “nano 
vitamin Ax”, a nano-sized emulsion with the size of 50 nm, 
thereby enabling to incorporate it to “Moist Lotion” (Fig. 11).

6.  Skin improvement effect of “Moist Lotion”

  To confi rm the effect of “Moist Lotion” containing 
“nano vitamin Ax” that promotes turnover of collagens in 
fi broblasts on the skin condition, we performed a 4-week 
continuous use test with 29 healthy Japanese women from 
whom we could obtain approval in writing. The subjects 
had used an appropriate amount of this lotion twice a day, in 
morning and night after face-washing or taking a bath, and 
we measured the moisture content in the horny cell layer 
at the cheek of each subject with the Corneometer, and vis-
coelasticity with the Cutometer (both equipment made by 
Courage+Khazaka) before and after the continuous use.

  As a result, we found that the moisture content of the 
horny cell layer increased by about 5 from the mean value 
of 54, while the R6 parameter of the viscoelasticity (the less 
the value is, the less the viscoelasticity, which means less 
the laxity) decreased by about 0.06 from the mean value 
of 0.42. We therefore confi rmed the skin improving effect 
from continuous use of “Moist Lotion” (Fig. 12).

Type I collagen Type III collagen Type VII collagen
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7.  Conclusion

  In this study, we focused “fragmented collagens” accumu-
lated in the skin due to photo-aging or aging, and have pro-
ceeded with the research related to “Endo180”, a protein 
in charge of turnover of fragmented collagens. Through 
the study, we were able to obtain new findings related to 
turnover of collagens, such as engulfing of fragmented 
collagens dependent on Endo180 in fibroblasts, as well 
as observation of actual fragmented collagens existing in 
the human skin. We were also able to find an Endo180 
expression enhancing effect of retinol as an ingredient to 
promote turnover of collagens. Moreover, we developed 
“nano vitamin Ax” combined an anti-oxidant astaxanthin 
preventing collagen decomposition and a retinol inducer, 
incorporate it into “Moist Lotion”, and demonstrated the 
skin improving effect of the product.

  Applying collagen research results accumulated in the 
photography field to skincare products is an approach only 
FUJIFILM can achieve. We would like to develop new 
cosmetic products further in the future, fully leveraging 
our proprietary technology.
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We are glad to present you the report Fujifilm Research & Development No. 62. The issue No. 62 
embodies the legacy of our research and development activities accumulated since the 1950s. For us, this 
exactly represents the expressions, “Slow and  Steady wins the race.”

  Originally, the report mainly comprised technical articles related to silver halide photographs. However, 
its themes have dramatically changed since the second foundation that resulted from the trend toward 
digitalization. Currently, the content is diversified in line with our varied business portfolio, including 
organic/inorganic materials, high-performance films, medicines, and healthcare products.

 We have been engaged in launching new businesses by fully utilizing our technical strengths accumulated 
in silver halide photography. In short, “Our history creates our future.” To achieve further growth, however, 
not only our own strengths but also open innovation, diversity, and global activities are essential. Although 
the concept seems somewhat banal, the key to success is, in any age, the way we can highlight ourselves. 
Toward that end, the most important thing is to know ourselves. Through the publication of technical 
articles, we are able to know ourselves and our competitors. We believe that continuing these small but 
steady efforts will lead to future success. We would be extremely delighted if this report will provide you 
an opportunity to expand and deepen your knowledge and skills. If you have any opinion, please feel free 
to contact us.
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Editor in Chief
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