
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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Fig. 1　The 7000 system
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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”
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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
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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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