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The Greek debt crisis is spreading throughout the EU and its common currency Euro is continuing to fall sharply. 

The US economy has begun to pick up after several monetary easing steps were taken; however, the widespread 

housing market problem has not been solved yet and the US economic outlook is still uncertain. On the other hand, 

the emerging economies, such as BRICs, are enjoying much higher growth rates than those of developed countries, 

as the world’s economic growth engine. In Japan, economy and production have been stagnating due to the Great 

East Japan Earthquake in March 2011 and the subsequent shutdown of nuclear power plants nationwide. Japan is now 

struggling to reconstruct domestic economy.

Japan’s businesses have been experiencing a decline in competitiveness in global markets for a long time because 

of the so-called “Six Difficulties,” which include high yen, high tax rates and a rise in electricity prices. As the 

emerging countries are growing and developed economies are stagnating, high-priced products also high in quality 

and function have become no longer appreciated while low-priced products but high in quality and function are now 

required. To maintain cost competitiveness, businesses are merging and restructuring or shifting production bases 

abroad, hollowing out the domestic industries.

FUJIFILM has survived the Digital Revolution, Lehman Shock and the latest Great Earthquake. To continue 

to grow in the depressed world economy, we need to further strengthen our R&D, production and marketing. 

Particularly for R&D departments, two things are important to create new values: collaboration with individual 

divisions to construct and share good business models; and matrix organization of divisional laboratories and 

corporate laboratories to create unique and peerless products. The key to more efficient R&D is to build a well-

balanced matrix organization and make the most of the potential of each laboratory. To achieve that, mutual 

understanding and respect are necessary between the divisional laboratories developing products and systems and the 

corporate laboratories having core and fundamental technologies.

Our domains cover a wide range of businesses, such as functional materials, pharmaceuticals, machines 

and devices. We are facing fierce R&D competition in those fields. To win the competition, we need to take a 

comprehensive view and create a benchmark, including chronological aspects, for assessing each competitor. We 

must know our own strengths and weaknesses as well as those of the competitors and reflect the positive elements in 

our R&D strategies to outpace the competitors and keep a competitive edge.

This technical report introduces a part of our R&D achievements. We will continue creating new products to 

achieve our corporate philosophy, that is “we will use leading-edge, proprietary technologies to provide top-quality 

products and services.” At the same time, we will make an all-out effort in R&D to foster the growth of Fujifilm 

Group.

FOREWORD

Kazuhiko Furuya
Corporate Vice President & General Manager,
Analysis Technology Center,
R&D Management Headquarters
FUJIFILM Corporation
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Introduction1. 
This is a report on our development carried out under a 

joint research contract with the Jikei University and the new 
product developed.

Stroke, a cerebral vascular disease, accounts for about 
30% of the serious cases taken to hospitals by ambulance. It 
is the third leading cause of death in Japan. Patients’ survival 
and recovery depend on how quickly and properly the initial 
treatment is provided. In the case of cerebral infarction, 
which accounts for about 60% of stroke cases, development 
of complications is very likely to be reduced if blood clots 
are removed within the first several hours, for instance, by 
administration of recombinant tissue plasminogen activator 
(rt-PA) or by endovascular treatment. But, that is not always 
possible. It is difficult for hospitals to have the specialists on 
duty 24 hours a day. Team approach to emergency medicine 
and the environment for its spread are required.

The newly developed “i-Stroke” transmits the diagnostic 
images and treatment information of a stroke patient from 
the hospital to the smartphones of specialists. The system 
supports diagnosis and treatment in the hospital by enabling 
exchange of information necessary for the initial treatment of 
a stroke. The i-Stroke has various functions to ensure speedy 
and accurate diagnosis and treatment. They include “Stroke 
Call” that calls all the registered smartphones simultaneously, 
“Timeline” that shows all the images and doctors’ comments 
chronologically, “Treatment Support” that calculates the 
rt-PA dosage and displays contraindications, “3D Image” 
that increases visibility of endo-cerebrovascular images and 
“Streaming” that shows images of surgery real time. This 
report provides an outline of the i-Stroke and its features 
(Fig. 1).

Fig. 1   i-Stroke.

System Configuration, Main Functions 2. 
and Features

The i-Stroke system consists of the i-Stroke server, 
smar tphones, WiFi access points and VPN router. 
Doctors can view diagnostic and treatment information 
on their smartphones inside or outside the hospital. When 
combined with Fujifilm’s medical imaging and information 
management system (SYNAPSE), i-Stroke transmits 
diagnostic images stored in the SYNAPSE to smartphones 
by a simple operation. Transmission security is ensured by 
the use of IPSec VPN connection, as well as anonymization 
and automatic deletion of image information (Fig. 2).

<Outside hospital><Inside hospital>

Modality
• CT
• MRI
• XA

Fig. 2   i-Stroke system.

Development of “i-Stroke”, a Support System Using a Smartphone for 
Diagnostic Image Display and Treatment of Stroke

Koichiro MIYAZAKI*,  Ryosuke USAMI*,  and  Satoshi UEDA*

Abstract
Use of smartphones like the iPhone is rapidly expanding in the medical field. The main reason that use 

of such smartphones is expanding in the medical field is that ubiquity of smartphones would address certain 
medical emergency demands. Accordingly, we have developed a new smartphone-based support system for 
diagnostic image display and treatment of strokes as our first solution for emergency medical care. This 
report presents an overview of its functional characteristics and technical features.
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Emergency Call by Stroke Call2.1 
When a patient with suspected stroke is taken to a hospital, 

a doctor on duty can make a Stroke Call to send basic 
information of the patient to all the registered smartphones of 
specialists simultaneously. The specialists, on receipt of the 
Stroke Call, can view the basic information and diagnostic 
images of the patient on the i-Stroke on their smartphones 
and give advice or instructions on necessary examinations 
and treatments to assist diagnosis and therapy until specialists 
arrive at the hospital (Fig. 3).

Fig. 3   i-Stroke Emergency Stroke Callout.

Emergency Log Management by Timeline2.2 
The boxes showing diagnostic images, doctors’ comments 

and treatments on the screen change color over time. It 
enables all the staff concerned to share chronological records 
of information on examinations, diagnoses and treatments 
(Fig. 4).

Fig. 4   i-Stroke Timeline.

Various Image Display2.3 
The i-Stroke is capable of displaying medical examination 

images, such as CT and MRI images. It also has window/level 
(brightness and contrast) control of the images to improve the 
visibility of sites of lesions. Other functions are available as 
optional extras: 3D Image creates 3D images using the basic 
technology of our SYNAPSE VINCENT and Streaming 
shows images of surgery real time on remote devices (Fig. 5 
and Fig. 6).

CT MRI

XA 3D 3D Viewer

Fig. 5   i-Stroke Diagnostic Image Viewer.

Fig. 6   i-Stroke Streaming.

Treatment Support for Cerebral Vascular 2.4 
Diseases

Treatment Support assists emergency treatment of cerebral 
vascular diseases. This function provides rt-PA dosage 
calculation, absolute and relative contraindication check and 
National Institutes of Health Stroke Scale (NIHSS) check1) 
(Fig. 7).

Calculation for IV t-PA NIHSS check list rt-PA contraindication
check list

Example of prohibition
of drug administration

Fig. 7   i-Stroke Treatment Support.
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Coordination between Hospitals2.5 
When a patient is transferred from one hospital to another, 

if both hospitals use this system, the flow of transfer from 
request to acceptance will be facilitated by the system. 
The Timeline information, such as diagnostic images and 
treatment information of the patient, are transmitted to the 
receiving hospital. The information on the patient is viewed 
on the system and acceptance is notified by the system. That 
leads to speedy diagnosis and therapy (Fig. 8).

Fig. 8   i-Stroke cooperation between hospitals.

Technical Features3. 
Compression of Diagnostic Images and 3.1 
Download

The server reduces the data size of a diagnostic image 
to suit a receiving terminal, for instance, it changes the 
size of an image and compresses the image file by format 
conversion. The data size is made small enough before 
sent to a smartphone. That shrinks time required for image 
transmission and increases the speed of operations on the 
received image. Once an image has been downloaded, no 
data communications is required and only required is the 
internal processing of the smartphone. That enables high-
speed highly-functional image viewing (Tables 1, 2 and 3).

Table 1   Image file data size (Dicom Raw and i-Stroke data).

Modality
DICOM Image Data Per 1 Exam. i-Stroke

Image 
Count Matrix Data size

(approx)
Data size
(approx)

CT 175 512×512 88 MByte 5.3 MByte

MR 95 512×512 49 MByte 3.7 MByte

Angiography 398 512×512 199 MByte 32 MByte

3D Image 240 512×512 − 11 MByte

Table 2   Download time (Dicom Raw data).

Modality
Downloading time to device

3G (approx) WiFi (approx)

CT 10 min 42 sec

MR 5 min 23 sec

Angiography 22 min 1 min 35 sec

3D Image − −

Table 3   Download time (i-Stroke data).

Modality
Downloading time to device

3G (approx) WiFi (approx)

CT 35 sec 3 sec or less

MR 25 sec 3 sec or less

Angiography 3 min 30 sec 13 sec

3D Image 1 min 15 sec 5 sec or less

Tight Security3.2 
As an encryption system for communications, we employ 

the IPSec VPN system. This system is specified in the 
guidelines for security management of medical information 
systems2) established by the Ministry of Health, Labor 
and Welfare. For device authentication, we use device ID 
registration and authentication. Furthermore, personal 
information is protected by anonymization. Automatic 
deletion of data in each terminal is also available.

3D Image Creation and Display3.3 
3D images are created using the SYNAPSE VINCENT 

as a rendering engine. We have developed a plug-in of the 
SYNAPSE VINCENT to request for 3D image creation and 
receive the parameters. The plug-in for the i-Stroke receives 
a request from a terminal via the web service, renders the 
image with volume rendering (VR) or maximum intensity 
projection (MIP) and returns the 3D image (Fig. 9).

i-Stroke Server 

i-Stroke 
Client i-Stroke 

Web Service
VINCENT 

i-Stroke
plugin 

Fig. 9   i-Stroke 3D option – system deployment.

In order to rotate a VR 3D image freely and quickly on 
a terminal, the terminal must have a series of images in all 
angles, like a flip book, downloaded. The images are rotated 
vertically, horizontally and obliquely from the position where 
the positive side of each coordinate axis faces the front. This 
is to ensure that an image appears to rotate in the direction 
intended by operation on the terminal. For example, this 
is to prevent an image from turning in the wrong direction 
when it is to be rotated up or down after it has been turned 
180 degrees to the right or left or to prevent an image from 
twisting when it is turned obliquely (Fig. 10).

Fig. 10   i-Stroke VR Image Viewer – rotatable direction.
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An MIP image is not created from all the original images. 
An MIP image is created from the thickness of the original 
images and increments in position and the images in sagittal, 
coronal and axial orientations are simultaneously created. 
That saves some operations, such as clipping (Fig. 11).

Streaming in Wide Application3.4 
We use the most common and most widely used video 

signals as the input resource and thus they can be used in 
operating rooms and various other facilities. A video signal 
is encoded to MPEG4 (H264) codec and transmitted to the 
server real time with the RTSP protocol. The signal is broken 
up on the server and sent to a terminal after the protocol 
has been converted to HTTP Live Streaming or any other 
protocol suitable for the terminal (Fig. 12).

Conclusion4. 
The report has provided the outline, functional features 

and summary of development (technological features) of the 
support system using a smartphone for diagnostic image 
display and treatment of stroke, i-Stroke. We believe that it 
is the best system available at present that helps hospitals 
suffering doctor shortage and that enables doctors to 
participate in medical practice anytime anywhere.

We will continue to work on this system to expand its 
functions to support emergency care of many other diseases. 
We seek to provide systems that help enhance quality of 
medical care, maintain and improve people’s health by 
beefing up the support of emergency medicine.
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Fig. 11   i-Stroke MIP Image Viewer.
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Introduction1. 
Clinical symptoms of influenza are very similar to those 

of cold. To identify influenza, it is essential to detect the 
flu virus. For the detection, rapid diagnostic kits based on 
immunochromatography are widely used1).

To treat inf luenza, medications, such as oseltamivir 
and zanamivir, are used. Those medications have to be 
administered as soon as possible within 48 hours of developing 
symptoms2). Early diagnosis is critical in medical practice.

Reports have indicated that the existing rapid diagnostic 
kits are high in false negative rate especially when the patient 
has just developed flu and carries a very small amount of 
virus. Rapid diagnostic kits with higher detection sensitivity 
are very much required3).

Applying our accumulated photo technology to 
rapid diagnosis, we have developed a highly sensitive 
immunochromatographic rapid detection system using 
silver amplification. The detection system consists of “FUJI 
DRI-CHEM IMMUNO AG cartridge FluAB”, an influenza 
detection kit, and “FUJI DRI-CHEM IMMUNO AG1”, a 
densitometry analysis machine that automatically determines 
whether the result is positive or negative. This system was 
launched in October 2011 (Fig. 1).

This paper reports on the silver amplification technology 
that enables high-sensitive detection of influenza virus and 
the design technology for the detection kit together with 
examination of the effectiveness of the detection system.

Increasing Sensitivity of 2. 
Immunochromatography by Silver 
Amplification

Immunochromatography2.1 
Fig. 2 shows the principle of a typical immunochromatographic 

test.

(1) Take a specimen using the  
Q-tip supplied in the package 
and put it into the detection 
liquid.

(2) Drop the liquid onto 
the cartridge.

(3) Insert the cartridge into the
machine. 
    The machine determines 
    whether it is infected.

Influenza detection kit
FUJI DRI-CHEM IMMUNO AG cartridge FluAB

Densitometry analysis machine
FUJI DRI-CHEM IMMUNO AG1

Fig. 1 Highly sensitive immunochromatographic detection 
system for seasonal influenza virus.

Labeled antibody

Sample drop section

Sample liquid

Antigen (virus)

Conjugate pad

 • Labeled antibody

Detection line

 • Antibody that reacts  
with antigen (virus)

Absorber
Control line

 • Antibody that reacts with 
the labeled antibody

 • Flow of sample liquid

 • The line is colored when the 
liquid has properly spread.

Label

Porous carrier

 • Cellulose nitrate, etc.

 • The detection line is colored  
when virus exists.

Fig. 2   Principle of immunochromatographic detection kit.

Development of Highly Sensitive Immunochromatographic Detection Kit for 
Seasonal Influenza Virus Using Silver Amplification

Mikinaga MORI*,  Junichi KATADA*,  Hiroyuki CHIKU*,
Kentaro NAKAMURA*,  and  Takayoshi OYAMADA*

Abstract
Applying our photo technology, we succeeded in generating silver particles exceeding 10 μm by using 

50 nm gold particles as catalysts, which are commonly used in commercially available influenza diagnostic 
kits. The amplified silver particles are 1,000 times easier to see than gold nano-particles. We have 
commercialized the influenza detection kit, named “FUJI DRI-CHEM IMMUNO AG cartridge FluAB”, 
and the densitometry analysis machine to determine automatically positive or negative for influenza 
infection, named “FUJI DRI-CHEM IMMUNO AG1”, using this amplification technology.
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When a sample liquid containing an antigen (virus) is 
dropped onto the sample drop section, the labeled antibody 
in the conjugate pad is specifically bound to the antigen. The 
sample liquid is spread horizontally (to the right in Fig. 2) by 
the capillary force of the porous carrier and absorbed by the 
absorber. The detection line on the porous carrier is coated 
with an antibody that reacts specifically with a virus. The 
label is fixed to the detection line with the virus sandwiched 
between the antibody and the labeled antibody. That colors 
the detection line and indicates that the result is positive.

Common substances used as the label include gold 
particles and dyed latex particles. Gold particles are widely 
used because it is easy to modify an antibody with them as 
they are 10 to 100 nm in particle size and vivid red due to the 
surface plasmon.

Increasing Sensitivity by Photographic 2.2 
Technology

The principle of photography is to generate a development 
nucleus by feeble light and, using the nucleus as a catalyst, 
produce a large silver particle by reaction of a developer to 
visualize it. In other words, it is amplification to transform a 
small substance to a large silver particle.

The amplification technology we have honed through years 
of photography development is applied to the technology for 
increasing the sensitivity of immunochromatography. Gold 
colloid, the label for immunochromatography, is used as a 
catalyst just like a development nucleus of photography. 

Silver Amplification of Gold Particle Label2.3 
There are many methods of the amplification technology, 

for example, the instant photographic technology and the dry 
silver photographic technology employed for x-ray film. We 
have examined those methods in various aspects, and as a 
result, found that physical development is the most suitable 
for immunochromatography.

Physical development is to supply silver ions and a 
reducing agent to the photographic film from the outside 
and increase the size of silver particles using the small silver 
particles in the film as a catalyst. We studied this technology 
in depth from the late 1970s to the early 1980s when we put 
our effort to save silver in silver halide photography as silver 
price soared.

Based on this technology, we designed formulation for 
producing large silver particles quickly. We successfully 
produced silver particles with a diameter of more than  
10 μm using divalent iron (Fe2+) as reducing agent and 50 nm 
gold particles on a porous carrier as a catalyst. In addition, 
we developed technology for reducing forming of silver 
particles where no gold particles exist (fogging). As a result, 
we have succeeded in formulating an amplification liquid 

that multiplies visibility more than 1,000 times. Fig. 3 shows 
an electron micrograph of an amplified silver particle. Fig. 4 
shows improvement in visibility expressed by optical density 
(Δ O.D.). We had a known amount of gold labels adsorbed 
to a porous carrier used for immunochromatography and 
compared those before and after amplification to check how 
the visibility increased. The chart shows that the visibility 
has multiplied more than 1,000 times.

Gold particle prior to amplification
(approx. 50 nm)

10 µm silver particle produced 
after amplification

Detection line

<Amplification>
Silver ion + reducing 
agent (Fe2+)

Metal silver after amplification reaction (10 µm)

Gold label prior to amplification (50 nm)

Labeled antibody

Antigen (virus)

Capture antibody

Fig. 3 Large silver particle formed by the silver amplification 
method.

Relative number of labels

Gold label only (prior to amplification)

After amplification

visibility limit

Three-digit increase in visibility

V
is

ib
ili

ty
 (

   
O

.D
.)

Fig. 4   Visibility improved by the silver amplification method.

Reducing Background2.4 
In an ordinary immunochromatography, quite a number 

of gold labels remain in areas outside the detection line 
(background). Because of the characteristics of amplification 
reaction, the larger the number of gold labels is, the smaller 
the change in optical density after amplification becomes.

Even when the number of gold labels captured in the 
detection line by antigen-antibody reaction is same, if the 
background is high, the visibility (Δ O.D.) does not increase 
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very much. Fig. 5 shows a chart representing this problem. In 
order to make the most of the amplification technology, we 
had to reduce the background.

Relative number of gold labels

<Relationship between number of gold labels and O.D. after amplification>

O
pt

ic
al

 d
en

si
ty

 (
O

.D
.)

 a
fte

r 
am

pl
ifi

ca
tio

n Normal background

O.D. of detection line
*   O.D. substantially improves by
reduction in background.

Gold particles adsorbed to the detection line

Reduced background

Fig. 5   Effect of reducing the background.

We have found that background gold labels are divided 
into two: (1) gold labels dispersed and floating in the sample 
liquid in holes in the porous carrier and (2) gold labels 
adsorbed non-specifically to the ingredients of the porous 
carrier and the detection line. We have reduced the gold labels 
(1) to about one thirtieth by adding washing process before 
amplification. For specific washing method, see Section 3.2. 
We have reduced the gold labels (2) by removing the part of 
the labeled antibody liable to non-specific adsorption and 
using a newly developed non-specific adsorption inhibitor.

Prevention of False Negative Rate Resulting 2.5 
From Increase in Sensitivity

When a sample liquid containing no virus is tested by 
the conventional immunochromatography using gold label, 
even if more gold labels are non-specifically adsorbed to 
the detection line than to other areas and unless the amount 
of gold labels exceed the visibility limit, the labels are not 
visible and false negative result does not occur.

In immunochromatography with silver amplification, a 
small difference in the number of gold labels is amplified 
to produce strong color and therefore this method is prone 
to false negative results. When silver amplification is 
conducted, the non-specific adsorption of gold labels by 
the detection line must be drastically reduced. We have 
solved this problem by removing the part of the labeled 
antibody liable to non-specific adsorption as described above.  
Fig. 6 shows reduction in gold labels adsorbed non-
specifically to the detection line when a sample liquid without 
virus is tested.

Unprocessed antibody Antibody with non-specifically 
adsorbable part removed

R
el

at
iv

e 
nu

m
be

r 
of

 g
ol

d 
ad

so
rb

ed
 n

on
-s

pe
ci

fic
al

ly

Reduction in 
non-specific 
adsorption to the 
detection line

Detection line Other areas Detection line Other areas

Fig. 6 Improvement in decrease of non-specific adsorption at the 
detection line.

Silver Amplified Immunochromatography 3. 
Packed in a Cartridge

Many conventional immunochromatographic tests are very 
simple. All you have to do is to drop a sample liquid onto the 
kit and see whether the detection line is colored. Our silver-
amplified technology additionally requires washing process 
and amplification process. That could make the operation 
much complicated than those of the conventional methods.

We have found a way of avoiding complex extra steps. We 
have even simplified the operation by designing the machine 
to form a judgment automatically. The user only needs to 
drop a sample liquid onto the cartridge and insert it into 
the machine and he/she will get a result. The new method 
requires the same or less operation by the user than the 
conventional immunochromatographic tests.

The new method, however, requires a machine, which 
was not necessary before. We had to make the machine as 
small as possible so that it could fit into small space on a 
table in a clinic. We have made the machine compact by 
simplifying the movement of the machine. The machine only 
“presses” the parts of the cartridge. The cartridge is designed 
to control supply of the amplification liquid when “pressed.” 
Furthermore, we have added the following functions to the 
detection kit to meet user needs (Fig. 7).

Intermediate member
• Hold the washing liquid supply pads.
• Hold the amplification liquid container.
• Control liquid supply.

Reducing agent container

Silver ion container

Absorber
Porous carrier

Sample drop section
Immunochromatographic test strip

Sample drop hole

Underside

Washing liquid supply 
pads are fastened.

Fig. 7 Configuration of the cartridge of silver amplification 
detection kit.
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(1) All-in-one design
•  The cartridge contains the amplification liquid. Washing 

and discharge of the amplification liquid are done by the 
machine.

•  No supplies other than the cartridge need to be stored or 
disposed of.

(2) Stability in storage
•  The amplification liquid is stabilized. It will keep for two 

years if stored in a temperature of 30°C.
The key to achieving those functions is the technology below.

Storage of Amplification Liquid3.1 
When the reducing agent (Fe2+) and silver ion solution 

(Ag+) are mixed, even if there is no catalyst, the reaction 
gradually takes place. For stability, they have to be stored 
separately. We have decided to fill the reducing agent and the 
silver ion solution in two separate resin containers, seal them 
and place the containers in the cartridge.

To seal the containers, a sheet with metal foil and resin 
layers is thermal-welded to each container. The sealing 
sheet is required to have two opposite characteristics: it 
must be easily torn to discharge the amplification liquid in 
the cartridge and supply onto the porous carrier as well as it 
must serve as a good barrier. When the resin layer is thinner, 
the sheet is easier to tear. But, the resin layer may melt away 
by thermal welding. That will cause the metal foil to touch 
the amplification liquid and deteriorate the liquid. We have 
selected a material that is easy to tear even with a thick resin 
layer and we have found the optimum sealing conditions 
(heater temperature, pressure and welding time) to leave the 
resin layer after welding.

The reducing agent Fe2+ is deteriorated by oxidation. We 
have put a deoxidant in the package. And, we have achieved 
the storage stability of two years at 30°C.

Washing, Supply of Amplification Liquid 3.2 
and Amplification Reaction

The reducing agent and the silver ion solution are fed 
inside the cartridge in this way.

When the sample liquid has dropped onto the sample 
drop section, antigen-antibody reaction is initiated just as the 
conventional immunochromatographic tests. According to 
the amount of the antigen, the corresponding amount of gold 
labels is bound to the detection line.

The machine presses the intermediate member as shown 
in Fig. 7 and that brings a washing liquid supply pad into 
contact with the porous carrier. The machine then pushes 
in the reducing agent container and that discharges the 
reducing agent to the other pad. The reducing agent is 
fed in perpendicular direction to the flow direction of the 
sample liquid and thereby washing the porous carrier. The 
f lowing force of the reducing agent is generated by the 
capillary force of the porous carrier and the washing supply 
liquid pad. While washing the carrier, the reducing agent 

fills the holes in the porous carrier. This process does both 
washing to remove excessive gold labels and supply of the 
reducing agent. The liquid supply process in the cartridge 
is thus simplified. We have confirmed that the number of 
background gold labels on the porous carrier is reduced to 
about one thirtieth by the washing.

Next, the silver ion solution is immediately filled into 
the space between the intermediate member and the porous 
carrier (Fig. 8). As a result, the amplification reaction takes 
place uniformly over the porous carrier. We believe that 
any other supply method can hardly achieve this uniform 
amplification reaction. For instance, when the reducing agent 
and the silver ion solution are mixed outside and when the 
mixture is spread by the capillary force of the porous carrier, 
silver particles do not form uniformly in the direction of 
f low of the amplification liquid. That makes very uneven 
amplified surface.

In addition to the mechanism above, the cartridge has the 
following mechanisms. The cartridge is structured to block 
f low of the sample liquid when the intermediate member 
is pressed. If the sample liquid flows to the washing liquid 
supply pad during washing or amplification reaction, the 
reducing agent may not do substitution properly and the 
amplified surface will be affected. Another mechanism shuts 
off air and allows only the silver ion solution to fill the space. 
If air gets in while the silver ion solution is filling the space, 
the amplification reaction does not occur on the surface in 
contact with air. This mechanism is achieved by shape design 
of the cartridge and adjustment of the contact angle between 
the silver ion solution and the intermediate member.

Silver ion container Sample drop hole
Intermediate member

Porous carrierAbsorber Sample drop section

Pressing of silver ion container

Discharge of 
silver ion solution

Filling of 
space

Cross 
section

Enlargement

Pressing of intermediate member

Fig. 8 Schematic description of pumping of Ag+ solution in the 
cartridge.

Performance Evaluation4. 
We have evaluated the performance of the highly sensitive 

immunochromatographic detection system using the silver 
salt amplification configured with the technologies above 
in diagnosis of influenza. This evaluation was conducted 
with the approval of the Ethics Committee of EIJU General 
Hospital. The data in this section are taken from the article 
No.4 in References.
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(1) Sensitivity Test of Diluted Specimens
We used nasal specimens taken from patients with 

their consent in 2009 and frozen. In the virus cell culture 
test, two specimens were positive for A(H1N1)pdm 2009 
virus and two specimens were positive for type B virus. 
We defrosted these specimens immediately before testing. 
We diluted the specimens with saline and compared the 
detection limit concentrations of the silver amplif ied 
immunochromatography and Espline Influenza A & B-N 
(Fujirebio Inc., hereinafter “Espline”). Espline was reported 
to be one of the highest-sensitivity influenza rapid diagnostic 
kits sold in Japan as of 20115).

Table 1 shows the result. The score (2+) indicates that 
the test line is colored strongly, (+) indicates that the line 
is colored and (-) indicates that the line is not colored. The 
results (2+) and (+) are judged positive. Comparison of 
detection limit concentrations shows that the highly sensitive 
immunochromatographic rapid detection system using silver 
amplification is 16 times more sensitive than Espline A or 8 
to 16 times more sensitive than Espline B.
(2) Clinical Test

Using 120 nasal specimens of outpatients who visited 
Zama Children’s Clinic because of influenza-like symptoms 
during the flu season from 2009 to 2010, we compared the 
silver amplified immunochromatography with Espline in 
sensitivity and specificity.

From each patient, three nasal specimens were 
collected. We used each specimen for the silver amplified 
immunochromatography, Espline and the virus cell culture test.

Table 2 shows the clinical test result. Among the 120 
specimens, 67 specimens were positive in the virus cell 
culture test or real-time RT-PCR. All of them were A(H1N1)
pdm 2009 virus. Among the 67 specimens, 51 specimens 
were positive in the Espline test and 55 specimens were 
positive in the silver amplified immunochromatography. As 
a result, the sensitivity (positive agreement rate) of the silver 
amplified immunochromatography is 82.1%. It is 6 points 
higher than that of Espline, which is 76.1%. The specificity 
(negative agreement rate) of the immunochromatography is 
98.1%, which is sufficiently high (Table 3).

About the four specimens in which the results differed 
between the two test kits, we compared the amounts of virus 
in the specimens used for each kit using real-time RT-PCR. 
It was not the case that the specimens used for Espline 
contained more virus than those used for the silver amplified 
immunochromatography. That suggests the difference in 
result did not arise from the difference in the amount of virus 

but from the difference in sensitivity of test kit.
Table 4 shows changes in sensitivity by time from the 

onset of symptoms and the number of specimens. Among 
the four specimens that differed in result, two specimens 
were taken within 6 hours from the onset and the other two 
were taken more than 48 hours after the onset. That indicates 
the silver amplified immunochromatography has reduced 
overlooking of infection by increase in sensitivity at the early 
stage when the amount of virus is still small as the virus is 
just multiplying and at the late stage when the amount of 
virus is small as the patient is recovering.

Table 2    Performance of silver amplification and Espline 
compared with virus cell culture and/or real-time 
RT-PCR.

AH1N1 (2009) Silver Amplification
total

Cell culture + RT-RCR + −

+ 55 12 67

− 1 52 53

total 56 64 120

AH1N1 (2009) Espline
total

Cell culture + RT-RCR + −

+ 51 16 67

− 0 53 53

total 51 69 120

Table 3   Sensitivity/Specificity.

AH1N1 (2009)
Silver Amplification Espline

Cell culture + RT-RCR

Sensitivity 82.1%
(70.1%−90.4%)

76.1%
(64.1%−85.7%)

Specificity 98.1%
(89.9%−100%)

100.0%
(93.3%−100%)

95%C.I. in parenthesis.

Table 4   Time elapsed after onset and sensitivity.

Time from 
onset (h)

Silver Amplification Espline

Sensitivity n
+/total Sensitivity n

+/total

~6 84.6% 11/13 69.2% 9/13

6~12 75.0% 3/4 75.0% 3/4

12~24 76.0% 19/25 76.0% 19/25

24~48 90.0% 9/10 90.0% 9/10

48~ 100.0% 4/4 50.0% 2/4

No Data 81.8% 9/11 81.8% 9/11

total 82.1% 55/67 76.5% 51/67

Table 1   Detection limits using nasal aspirates.

Influenza Type A-1 Influenza Type A-2 Influenza Type B-1 Influenza Type B-2

concentration Espline Silver
Amplification Espline Silver

Amplification Espline Silver
Amplification Espline Silver

Amplification

1 + 2+ + 2+ + 2+ + n.d.

1/2 − 2+ − + − 2+ − n.d.

1/4 − + − + − 2+ − n.d.

1/8 n.d. + n.d. + n.d. 2+ n.d. +

1/16 n.d. + n.d. + n.d. + n.d. −

1/32 n.d. − n.d. − n.d. − n.d. n.d.
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Conclusion5. 
Most of the inf luenza virus antigen detection kits 

available in Japan use immunochromatography as the 
principle of measurement. According to the basic study 
by Tagawa et al., the minimum detection sensitivity can 
widely vary with the inf luenza virus type or subtype6). 
Some kits are improved in the detection sensitivity 
by combin ing im munoch romatog raphy with new 
technology and already commercialized. They include 
the platinum immunochromatography using platinum 
instead of a gold colloid label7) and the enzyme amplified 
immunochromatography8) combining enzyme immunoassay. 
They are clinically proved to be improved in precision.

Our new immunochromatographic detection system 
is improved in sensitivity by application of photographic 
development technology. Amplification by photographic 
development technology has been applied to histological 
s t a in ing9) and ELISA10).  It  has been appl ied to 
immunochromatography before11). However, the amplification 
was not enough and the reaction took several tens of minutes. 
The detection sensitivity and response speed could not be 
sufficiently improved.

The newly developed silver amplification technology, as 
described in Section 2, amplifies the signal particles more 
than 100 times quickly and increases the sensitivity. The 
sensitivity is also improved without reducing the specificity, 
as proved clinically, by using antibody with the Fc area 
removed as the label and adding a washing process. As 
reported in Section 3, this system has an all-in-one structure 
in which the liquids for amplification are packed in the 
cartridge so that the amplification process is performed by 
the machine. That has made the system as simple as the 
conventional rapid diagnostic kits.

Although the number of specimens for the clinical 
evaluation is rather small, the system is compared directly 
with Espline, one of the highest-sensitivity influenza rapid 
diagnostic kits available as of 2011 in Japan. This comparison 
shows that our detection system is higher in sensitivity and 
good in specificity. The specimens different in result between 
the two kits are those taken within 6 hours and more than 48 
hours after the onset of symptoms. The amount of virus is 
considered small at those stages. That indicates the silver 
amplified immunochromatographic system is expected to 
be more useful for specimens under the conditions liable to 
cause a false negative result.
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Introduction1. 
We have launched an anti-aging functional cosmetic line, 

the ASTALIFT Series, based on the original technology we 
have acquired through development of photographic films. 
Since then, we have been developing skincare cosmetics. 
These cosmetics have gained a good reputation. Customers 
say “These cosmetics do work,” “They are good for skins,” or 
“They are perfect for my skin.” Next, customers have wanted 
foundation and other makeup bases of the series.

“ASTALIFT Light Analyzing Moisture Foundation” 
launched in September 2011 (Fig. 1) is the first makeup 
base of the ASTALIFT Series. It is the product of our 
expertise on “beautiful skin tone” we have sought in 
development of photographic films and digital cameras. We 
have developed this new product to embody an utterly new 
concept. Skin tone looks beautiful or it does not look very 
nice depending on light source, which varies from place 
to place and time to time of a day. The effect of light is 
determined by three factors: (1) type of light source (spectral 
distribution), (2) intensity of light source (illuminance) and 
(3) light distribution pattern (angular distribution of light). 
We have researched into ways of improving the appearances 
of the skin tones of women’s made-up faces, which vary with 
combinations of those factors of light source.

Fig. 1   ASTALIFT Light Analyzing Moisture Foundation.

Functions of Foundation2. 
The purpose of foundation in making up is to cover 

blemishes on the skin, such as spots, freckles and open pores. 
In addition to the basic purpose of (1) hiding blemishes, 
foundation is increasingly required to (2) give a natural finish, 
(3) keep the makeup in place and (4) make the skin not dry. The 
requirement (2) means that blemishes are covered up and that 
the makeup does not look heavy. It is important for finishing 
of makeup. Ideal foundation must provide both coverage 
and transparency to the skin. That is said to be impossible in 
principle as they are completely opposite characteristics1). The 
ultimate goal in pursuit of beautiful finishing of makeup is that 
foundation covers up skin blemishes while giving a natural 
finish. Leading cosmetics manufacturers have worked toward 
this goal in various approaches1), 2).

Development of Concept behind “ASTALIFT Light Analyzing Moisture 
Foundation”

Kazuhiro NAKAMURA*,  Miki KINAI*,  Noriko ISHIKAWA*,  Eri UTAGAWA*,
Makiko AIMI*, Naoko MORI**,  Hideyasu ISHIBASHI**,  Mami MAEDA***,
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Abstract
Within the spectral ref lectance of skin for the typical Japanese individual exists a concavity in 

wavelengths between 550 and 600 nm, which corresponds to yellow light. On the other hand, the spectral 
reflectance of conventional foundations has no such concavity. Therefore, skin with make-up applied 
appears different from bare skin under certain types of light and conditions. The angular profiles of the 
light source can also affect the apparent skin tone. So as to rectify this, we have developed “ASTALIFT 
Light Analyzing Moisture Foundation” to correct the apparent tone of made-up skin under a variety of light 
sources in daily life.
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Desirable Skin Tone3. 

Various Light Sources and Skin Tones3.1 
We are exposed to light of various sources different in 

spectral distribution (Fig. 2). The skin tone often looks 
beautiful when you are in evening sunlight outdoors or in 
incandescent light at a restaurant. The skin tone, however, 
looks surprisingly bad when you look at your reflection in a 
windowpane on a train at night or on a subway. Our survey 
on women shows that 80% of the respondents are dissatisfied 
with the fact that appearances of their skin tones vary with 
light and that they want to improve it3).

There are various skin tones and their reflectance spectra 
vary, too. Tones of bare skins differ according to race, gender, 
age, living environment, season and physical condition. The 
skin tones on prints or those of foundation greatly differ 
from those of bare skins in that they do not have the so-called 
“spectral concavity,” which the skins of most Japanese people 
have. Spectral concavity is a drop in the reflectance curve 
in the wavelength range of 550 nm to 600 nm (Fig. 3). The 
spectral concavity tends to be more noticeable when the 
transparency of the skin is higher.

A person identifies a skin tone in this process. The 
photoreceptor cells of the eyes receive the spectrum of the 
light source combined with the spectral reflectance of the 
skin as a stimulus. The received stimulus is transmitted to 
the brain. For example, when the light source is changed from 
fluorescent light (three-band) to sunlight, even if they are the 
same in color temperature (they look the same in color), 
changes in appearance are different between the tone of a 
bare skin and the tone of conventional foundation. Compared 
with a bare skin, conventional foundation turns more 
yellowish when light source changes as described above, i.e., 
yellowing by change in lighting, due to the following two 
causes. (1) The yellow part of the spectrum is very low in 
relative intensity in fluorescent light (three-band) but as high 
as the other color parts in sunlight (Fig. 2). (2) Compared with 

a bare skin, conventional foundation has a high reflectance in 
the yellow part (Fig. 3). The similar differences are observed 
between different types of f luorescent lamps (e.g., three-
band lamp to daylight white lamp) or to LED light (blue + 
yellow type), which is rapidly becoming popular. Finishing of 
makeup with foundation often looks unnatural due to various 
causes. We have decided that the light-source-dependent 
difference from a bare skin is one of the causes and have 
explored ways of improving it.

Angle of Light and Skin Tone3.2 
When surroundings are dark and light comes almost 

from one direction, for instance on a subway train, your skin 
tone does not look good (Fig. 4). The parts of the face that 
specularly reflect the fluorescent light coming from above, 
such as the forehead and cheekbones, look brighter than the 
other areas and the skin tone is lighter (like over exposure 
in photography). Specular ref lections by the jaws under 
the cheekbones do not reach the eyes of a person who is 
looking at her but only weak diffuse light reaches them. As a 
result the skin tone looks darker. This means that skin tones 
vary greatly with the angle of light. When the light angle 
distribution is inadequate, sagging by aging and shadows 
under the eyes are emphasized and the skin tone looks bad.

Fig. 4   A snapshot of a woman on the subway.

Fig. 2   Spectra from a variety of light sources in daily life.
Fig. 3 Spectral reflectance of bare skin 

(Japanese) and conventional foundation.
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Desirable Skin Tones in Photography3.3 
In our long history of photographic film development, 

we have researched into ways of smoothing out differences 
in skin tone to achieve pictures of desirable faces. We have 
found various ways to minimize the gaps between light 
and dark tones of a face in a picture. Among them, we 
have developed techniques for preventing a decrease in 
chroma saturation in the lighter skin tones (over exposure) 
and making them closer to natural skin tones in shooting, 
development and printing processes. In the development of 
this new foundation, we sought to reproduce the desirable 
skin tone of a 2D picture on a 3D made-up face.

Improvement of Skin Tone Appearances in 4. 
Various Light Sources

Improvement of Yellowing by Change in 4.1 
Lighting

To reduce the l ight-source-dependent difference 
between foundation and bare skin, which causes yellowing 
of foundation appearance by change in lighting, we have 
developed organic-inorganic composite powder, Light 
Analyzing Powder, and launched new foundation that uses 
organic pigment instead of iron oxide for some of the color 
materials. We tested the new foundation on a woman in 
her 50s. We applied equal amounts of the conventional 
foundation (basic formula) and the new foundation on her 
cheeks and compared the reflection characteristics. The new 
foundation has reproduced the drop in the wavelength range 
of 550 nm to 600 nm, which bare skins have (Fig. 5). 
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Fig. 5 Spectral reflectance of skin (bare cheek, female), with 
conventional foundation applied, and with LAP foundation.

We applied the conventional foundation to one side of the 
woman’s face and the new foundation to the other until the 
two sides appear to wear the same amount of makeup. We 
took a photo of the face in sunlight. The new foundation gave 
the face a healthy complexion and a natural and desirable 
skin tone (Fig. 6a).

a. b.

Light Analyzing 
Moisture Foundation

Sunlight Fluorescent light

Conventional
foundation

Light Analyzing 
Moisture Foundation

Conventional
foundation

Fig. 6 Photograph of a woman’s face (a. under sunlight at noon, 
b. under a fluorescent  lamp), with the right side of the 
face coated with conventional foundation, and the left with 
LAP foundation.

Smoothing out Differences in Skin Tone4.2 
Light Analyzing Powder used for the new foundation 

reflects light of skin tone specularly. We applied this new 
foundation and the conventional foundation in equal amounts 
to a model sheet. We measured lightness, chroma and hue 
angle of ref lections in various directions from specular 
reflection to diffuse reflection using a spectro-goniometer 
(-45 degrees incidence) and compared them between two 
types of foundation. Changes by light angle in chroma of the 
new foundation are smaller (Fig. 7).
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Fig. 7 Goniochromatic characteristics of conventional foundation 
and the new foundation (a. lightness vs. chroma, b. hue 
angle vs. chroma).

We applied the conventional foundation to one side of a 
woman’s face and the new foundation to the other until the 
two sides appear to wear the same amount of makeup. We 
took a photo of the face in a dark room with a fluorescent 
lamp placed above her. The new foundation reduced the 
differences between skin tones and improved the appearance 
of skin tone (Fig. 6b).
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Other Characteristics5. 

Coverage5.1 
ASTALIFT Light Analyzing Moisture Foundation covers 

up skin blemishes, such as spots (Fig. 8).

従来の
ファンデーション

ファンデーション塗布後

Before foundation
is applied

(Dummy spot)

After foundation is applied

After foundation is applied

Conventional
foundation

ASTALIFT
Light Analyzing

Moisture
Foundation

Fig. 8 Coverage effect of the new foundation compared with 
conventional foundation.

Moisture Retention5.2 
This new foundation contains astaxanthin and water-

soluble collagen, which are common ingredients of 
ASTALIFT skincare series, as beauty components to retain 
moisture (Fig. 9).
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Fig. 9 Comparison of the protection efficiency against water 
evaporation from the skin surface (FF: new foundation, A 
and B: conventional foundations).

Perspiration Resistance and Sebum 5.3 
Resistance

The new foundation is provided with perspiration 
resistance and sebum resistance to prevent makeup from 
wearing off due to perspiration and sebum (Fig. 10).

アスタリフト
ライトアナライジングファンデーション

従来のファンデーション
ASTALIFT Light Analyzing

Moisture Foundation Conventional foundation

Fig. 10    Water repellency of the new foundation compared with 
conventional foundation.

Texture5.4 
The new foundation provides an airy moist texture, which 

is difficult to achieve with the conventional formulae of 
powder foundation. We have achieved it by optimizing the 
manufacturing process.

Conclusion6. 
ASTALIFT Light Analyzing Moisture Foundation is the 

first makeup base of the ASTALIFT Series. It is a unique 
product based on the original concept only Fujifilm, an 
expert on light and color, can come up with. Using the 
newly developed Light Analyzing Powder, we have achieved 
spectral ref lectance characteristics that bring the light-
source dependence of skin tone to that of a bare skin and the 
reflection-angle dependence that smoothes out differences in 
skin tone.

We will continue to improve Light Analyzing Powder 
and develop highly user-beneficial functional cosmetics to 
enhance women’s quality of life.
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Introduction1. 
Digital technology has been spreading in movie 

production recently. Especially in the editing process, digital 
technology is the mainstream for synthesizing and editing 
images generated from various sources. Digital masters of 
many movies have been produced. Movies shown at cinemas 
are copies made from digital masters into positive stocks or 
digital media. A lot of money is invested in movie production 
and the image data are precious assets. They are also human 
heritage. Original images of movies (digital masters) must 
tolerate long-term storage; however, there is no established 
technology for long-term storage of digital data. US major 
movie studios store their movies after splitting images into 
blue (B), green (G) and red (R) components and recording 
them on black and white films as silver images that are great 
in long-term stability. We have developed a black and white 
film for long-term storage, focusing on film recording that is 
the best technique for recording digital data.

In April 2010, FUJIFILM launched “ETERNA-RDS”, a 
black and white film stock for digital separation, as a solution 
for long-term storage of movies (Photo 1). This film stock is 
dramatically improved in film recording image quality and 
long-term storage capability.

This report provides background of the development 
of ETERNA-RDS, its features and technologies that have 
enabled the development of the new product.

 

Photo 1   Newly developed recording black and white film ETERNA-RDS.

Development Background2. 
This section outlines digitalization of movie production 

workflows and storage of movies.

Movie Production Workflow2.1 
These days, movies are produced with combination 

of analog and digital technologies. Movie makers are 
establishing workflows that make the most of the advantages 
of both technologies. For instance, shooting is performed 
the way the wide latitude of silver halide films is utilized. 
In editing, the shot images are converted to digital data and 
visual effects are added or colors are corrected on computers. 
More and more images are being edited digitally. Now, more 
than 90% of movies are treated digitally. As digital editing 
is becoming the mainstream, masters are made digitally and 
copies are made from them into various media to suit various 

Development of Recording Black and White Film for Digital Separation 
“ETERNA-RDS”

Hideyuki SHIRAI*,  Yuuki TESHIMA**,
Katsuhisa OOZEKI***,  and  Hikaru MURAKAMI*

Abstract
In 2010, FUJIFILM introduced “ETERNA-RDS” that is a black and white film used for archiving 

from color digital masters. ETERNA-RDS is the first film stock in the world designed especially for a 
digital separation workflow using a film recorder. ETERNA-RDS offers a significant improvement over 
conventional non-specific separation film stock, accurate gradation linearity, improved granularity, superb 
sharpness, higher development stability and long-term storage capabilities.
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types of projectors (Fig. 1). Digital masters are very valuable 
image data necessary for re-screening on TV or producing 
DVD or BL. Those image data are required to be kept intact 
in long-term storage.

Duplicating Recording

Print 
Positive

Edit

Distribution 
Screening

Telecine
Scanning

ETERNA-RDI

Digital Edit

On Air
ＤＶＤ

Digital 
Master

Copy

Digital 
Screening

Digital Camera 
C.G.

Processing

Negative Film
ETERNA

Vivid

ETERNA-CI

Master 
Negative

Inter 
Negative

Shooting

Duplicating Recording

Print 
Positive
Print 
Positive

Edit

Distribution 
Screening

Telecine
Scanning

ETERNA-RDIETERNA-RDI

Digital Edit

On Air
ＤＶＤ

Digital 
Master

Copy

Digital 
Screening

Digital Camera 
C.G.

Processing

Negative Film
ETERNA

Vivid
ETERNA

Vivid

ETERNA-CI

Master 
Negative
Master 
Negative

Inter 
Negative
Inter 
Negative

Shooting

Fig. 1   Workflow of motion-picture film production.

Current Situation of Movie Storage2.2 
The movie industry requires digital data to tolerate 

more than 100 years of storage. There is no established 
technology to achieve that. A report expresses concern 
about this problem1). Actual life of a digital medium, such 
as hard disk or magnetic tape, is estimated to be 15 to 30 
years, considering frequent changes in recording format and 
hardware due to increase in density in addition to the life of 
the medium itself. As a solution, US major studios store their 
movies after splitting images into blue (B), green (G) and 
red (R) components and recording them on black and white 
films as silver images that are great in long-term stability. 
One of the reasons why a black and white film is suitable 
for long-term storage is that polyester used for the film base 
and metal silver particles forming images are highly resistant 
to deterioration. The life is estimated to be 500 years2). 
Another reason is that a black and white film is completely 
independent of recording format as data are recorded as 
analog images and thus can be checked with the eyes.
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Fig. 2   Recording and reproduction using black and white film.

Movies were already stored on black and white films long 
before digitalization has spread in the industry. In the past, 
three color split films were made from an internegative, the 
original, using an optical printer. Now, as movie production 
goes digital, film makers are increasingly using a film 
recorder, an exposure device that records digital data on 
films (Fig. 2).

A film recorder is a digital-to-analog converter. It is an 
important device that determines image quality. Film recorder 
manufacturers have continually improved image quality of 
their devices by technical innovation. ARRILASER, a laser 
scanning film recorder developed by ARRI in Germany, 
has achieved extremely high image quality with far higher 
definition than those of the existing recorders of that time. In 
2002, it won the Academy’s Scientific and Technical Award. 
ARRILASER has now spread in the market as a high image 
quality digital recorder and widely used for production of 
three-color split films as a recorder that also records digital 
masters with high image quality.

Spread of digital technology has brought about changes in 
restoration of films. Especially in the cases of many black and 
white old movies, either original negative stocks are lost or 
the existing films are badly damaged as many duplicates for 
screening have been made from the originals. Furthermore, 
when nitrate or acetate is used for the base, films are often 
distorted or the images deteriorate due to hydrolysis during 
storage. Such films have been restored manually frame by 
frame. With improvement in computer image processing 
technology, the restoration is being increasingly carried out 
on images converted to digital data. Even in that case, just as 
color movies, black and white digital masters are created and 
recorded on black and white films with deterioration-resistant 
polyester base using a film recorder.

Design Concept and Features of ETERNA-3. 
RDS

When designing ETERNA-RDS, we focused on the 
following.

(1)  Ultra-high resolution that supports high-definition 
recording.

(2)  Calibration and development stability that are 
necessary for a digital recorder.

(3) Long-term stability of silver images.
(4)  Long-term stability of materials, including polyester 

base.

Ultra-high Resolution: Superior Graininess 3.1 
and Sharpness

Digital data contain a large amount of information. To 
record such data accurately, an increase in the definition of a 
film recorder is not enough. The definition of a film used for 
the recording needs to be increased, too. The recording pixels 
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of a film are silver halide particles. These particle size needs 
to be reduced. Photo 2 shows cross sections of ETERNA-
RDS. ETERNA-RDS has smaller silver halide particles 
(white particles in the EM layer) than the existing products 
and that enables high-definition recording.

PC
Em

AH

Base

Current Film                           ETERNA-RDS

5μm

PC
Em

AH

Base

Current Film                           ETERNA-RDS

5μm

Photo 2   Cross section of current film and ETERNA-RDS.

When light falls on a film, it is reflected, refracted or 
diffused on silver halide particles or the film surface. And the 
light is shed on silver halide particles, which are not supposed 
to be shone. That causes unwanted pixels to form and blurs 
the image. For example, on an image of lines or letters, when 
the difference in darkness from the background is large, thin 
lines disappear and thick lines blur. The image is reduced in 
sharpness. When incoming light is diffused by silver halide 
particles and enlarged by reflection on the film interface, 
blurring called flare occurs. Flare becomes likely to occur 
in laser exposure as the light intensity is very high. We have 
employed anti-halation technology as described below for 
ETERNA-RDS and succeeded in reducing flare effectively. 
Even highlighted areas with high contrast are reproduced 
very close to the original (Photo 3).

 
Current film         ETERNA-RDS 

Photo 3   Superior sharpness of ETERNA-RDS.

Calibration and Development Stability: 3.2 
Great Toughness against Changes in Film 
Processing

When a film is exposed with a digital recorder, the 
exposure of laser usually needs adjustment to ensure the 
density corresponding to the entered digital value is recorded 
on the film. This is called calibration. It is an important 
process to correct differences in photographic characteristics 

resulting from variations between laboratories in processing 
condition, development equipment and working environment. 
We surveyed laboratories and post production companies 
and conducted verification. We found that photographic 
characteristics required for calibration are great linearity 
and γ (gradation) of approximately 1. When changes occur in 
film processing after calibration has been made, the finished 
image will differ from the original image. To avoid that, great 
stability in film processing (the gradation does not change) is 
also important.

A silver halide particle known to hardly change in 
gradation in general due to changes in film processing is a 
monodisperse cubic particle. Monodisperse cubic particles 
have a narrow particle size distribution and the gradation 
is hard (γ  1). To solve this problem, we have combined 
particles different in sensitivity (size) and adjust the 
difference in film processing resulting from difference in 
particle size using metal doping technology to produce a 
sensitive material with great linearity of γ  1 and small 
gradation changes due to changes in processing (Fig. 3).
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Fig. 3   Development profile of black and white film
            [Developer : D96, Temperature : 22˚C].
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Using Cineon, a computer program that handles movie 
production digitally, we have examined the reproducibility 
of digital data reproduced by the workflow shown in Fig. 2 
(Fig. 4). We have expressed the density of the original image 
in terms of 10-bit printing density (CVo) on a digital negative 
and recorded it on ETERNA-RDS using a Cineon recorder, 
e.g., ARRILASER. We have read the recorded image with 
a scanner and reproduced it in 10-bit printing density (CVs). 
The difference between CVs and CVo is 4 in terms of 10-bit 
printing density or 0.008 in optical density. The images agree 
very well.

2% Black

18% Gray

90% White

Rel Log Exp

1
0

b
it
 P

ri
n
ti
ng

 D
e
n
si

t y

0

256

512

768

1024

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5

Original Image  →　CVo　→　Separation Image　→　CVｓ
　Scan           Exp                          Scan 

CVo

CVｓ

 

Fig. 4   Accuracy of the separation procedure.

Long-term Storage: Stability of Silver Image3.3 
Silver is a relatively stable substance. When it meets 

the ISO standards, life of a silver image is estimated to be 
500 years. The silver halide particles of this new sensitive 
material are reduced in size to provide the material with 
great graininess and sharpness. It means that developed silver 
generated by film processing is also small in particle size. 
Small sized particles are generally low in stability. However, 
no findings have indicated relationship between the size of 
developed silver and stability of silver images. ETERNA-
RDS has achieved sufficient expected life (more than 1000 
years) even though small silver halide particles are used by 
the control of developed silver shape.

Technologies Enabling ETERNA-RDS4. 

Improvement in stability of silver image4.1 
We examined how much the small developed silver 

generated from fine silver halide particles used for ETERNA-
RDS is stable3).

Silver images are normally stable. However, when aged in 
a hot and humid atmosphere, the optical density increases. 
The smaller silver halide particles are, the larger the change 
is. We have observed a change in the developed silver shape 
with an electron microscope. The developed silver was 

first shaped like a thread, called filament. The filament 
transforms to a sphere, which is a stable shape in a hot and 
humid environment. The smaller silver halide particles the 
developed silver is generated from, the thinner the filaments 
become. Changes in shape and optical density by aging were 
large (Photo 4 and Fig. 5).

  

0.1μm

 

0.1μm

Before Aging　　　 　 　After Aging

  

0.1μm0.1μm0.1μm

 

0.1μm

 

0.1μm0.1μm

Before Aging　　　 　 　After Aging

 

Photo 4  TEM Image of developed silver 
[Grain size : 0.07 μm, Swelling ratio : 340%, Aging 
condition : 80˚C/80% 3 days].

Swelling ratio (degree of increase in coating thickness 
when the coating of the film is moistened) influences the 
shape of developed silver. When the swelling ratio is small 
(an increase in coating thickness is small), the filaments 
hardly stretch and developed silver becomes closer to a 
sphere. A change in shape by aging is small (Photo 5) and 
that in optical density is also small (Fig. 5).
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Photo 5  TEM Image of developed silver 
[Grain size : 0.07 μm, Swelling ratio : 220%, Aging 
condition : 80˚C/80% 3 days].
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Utilizing this change in optical density, we have calculated 
the activation energy with the Arrhenius equation and 
estimated the life. Fig. 6 shows the temperature dependence 
of changes in optical density. Based on the result, we have 
calculated the time required for an optical density to change 
by 10% (2.0 to 2.2). We have then created an Arrhenius 
plot (plotting reciprocals of test time on the horizontal axis 
and logarithms of the time required for the optical density 
to change by 10% on the vertical axis) and calculated the 
activation energy (ΔE). It was 34.7 kcal/mol (Fig. 7).
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Fig. 6 Dependence of density change rate on temperature
 [Grain size : 0.07 μm, Swelling ratio : 220%, Fresh density : 2.0].
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Fig. 7   Arrhenius plot and activation energy (   E) of ETERNA-RDS.

From the calculation result above, the life of ETERNA-
RDS is estimated to be more than 1000 years under the 
conditions of 20°C and 60% (Table 1).

Table 1   Estimation of life expectancy of developed silver.

Grain size
(μm)

Swelling
Ratio
(%)

Time required for the 
10% density change
(day : 80ºC/60%)

Life Expectancy
(year : 20ºC/60%)

0.07 340 2.0 150

0.07 220 7.5 540

0.11 220 21 1500

0.11+0.18
(RDS) 220 >40 >2900

Increasing Sensitivity of Fine Particles and 4.2 
Controlling Gradation

We have aimed at providing ETERNA-RDS with both 
gradation of γ  1 and stability in film processing. To achieve 
gradation of γ  1, we need silver halide particles with wide 
size distribution (polydisperse) in general. These particles, 
however, are large in gradation change due to changes in film 
processing. We have used silver halide cubic particles, which 
are quickly developed and small in gradation change. We 
have reduced these particles in size to improve the graniness 
and decrease light diffusion. Reduction in particle size causes 
another problem. The sensitivity is reduced. We have solved 
this problem by introducing the reduction sensitization 
technology. Also, cubic particles have a narrow particle 
size distribution (monodisperse) and the gradation is hard 
(γ  1). We, therefore, have combined particles different in 
sensitivity (size) to achieve gradation of γ  1. Here, another 
problem arises. The difference in size causes difference in 
development speed, resulting in changes in gradation during 
processing. We have doped the silver halide particles with 
a metal complex to control the development speed and we 
have succeeded in preventing gradation changes due to film 
processing (Fig. 8).
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Fig. 8 Achievement of high resolution, suitable contrast and 
development stability.

We will explain the technologies used for ETERNA-RDS 
in more detail.
<Reduction Sensitization>

Pigments adsorbed to the surfaces of silver halide particles 
absorb light and generate electrons and holes. The electrons 
enter the particles. The electrons in the particles are bound 
to silver ions in the particles. That produces latent images. 
The latent images serve as a catalyst during development and 
the silver halide particles changed to silver. The sensitivity, 
therefore, is proportional to the surface area of a particle. 
When the particle size is reduced, the sensitivity is also 
reduced. Also when the particle size is reduced, electrons and 
holes will not be separated far enough. Electrons and holes 
react with each other and disappear. This phenomenon is 



21FUJIFILM RESEARCH & DEVELOPMENT (No.57-2012)

called recombination. Due to recombination, the sensitivity 
is reduced more largely than due to reduction in surface 
area. To prevent a decrease in sensitivity due to reduction 
in particle size, we have employed Ag2 nucleus. A reducing 
agent is added while particles are forming and Ag2 nuclei 
react with electron holes to prevent recombination. Ag2 
nuclei that have reacted with holes release electrons and that 
accelerates formation of latent images. That increases the 
sensitivity more than prevention of recombination does4).
<Metal (Ir) Complex Doping>

Very short and high intensity exposure (10-6 to 10-7 sec) 
like laser exposure generates many electrons and holes 
in a short time. That increases recombination as well. 
Furthermore, as many electrons are generated, a lot of 
small latent images low in developing activity form (latent 
image dispersion). That reduces the sensitivity and slows the 
development. The degree of reduction or slowing depends on 
particle size. ETERNA-RDS uses different sizes of particles 
in gradation design. To prevent the gradation from changing 
during development, we have doped iridium (Ir) complex, 
which temporarily trap electrons, into the particles to avoid 
generation of electrons in high density5). This technology 
enables a large latent image to form in a small particle. That 
increases the developing activity and keeps the gradation 
constant under various development conditions (Fig. 9).
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Fig. 9 The technology to prevent dispersion of latent image; Ir 
complex doping.

Anti-halation Technology: Improvement in 4.3 
Sharpness

Sharpness is reduced by unwanted diffusion of light inside 
a film. There are two types of diffusion. One is reflection 
on the film interface. It causes flare the influence of which 
extends far. This is called halation. The other diffusion is 
scattering on silver halide particles. It reduces the sharpness 
in the high-frequency range. This is called irradiation. To 
prevent deterioration (blurring) of images by these two types 
of diffusion, we have used Dye 1 fixed to the anti-halation 
layer and Dye 2 diffusing to all the layers and examined the 
effects of the two dyes (Fig. 10).

Base
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Layer ScatteringLight

Reflection

Dye 1:
fixed in a Anti-Halation Layer

Dye2:
Defusing to all layers

PC 　
EM

AH

Fig. 10 Scattering and reflection of exposure light in a film and 
anti-halation by use of dye.

Dye 1 absorbs light diffusing a long distance very well 
and prevents flare with only a slight decrease in sensitivity. 
Dye 2, although it reduces sensitivity, effectively absorbs 
light scattered by silver halide particles and drastically 
improves sharpness in the high-frequency range. In designing 
ETERNA-RDS, we have used a combination of the two dyes 
that minimizes a decrease in sensitivity and that improves 
sharpness most effectively.

Fig. 11 shows the flare characteristics of ETERNA-RDS. 
Flare is indicated by an increase in density of the unexposed 
area caused by light diffusion from the exposed area. With 
ETERNA-RDS, the density hardly increases. The new 
film demonstrates great flare characteristics and thus great 
sharpness as shown by Photo 3.

Current film 

ETERNA-RDS 

Exposed Unexposed

Fig. 11   Flare of ETERNA-RDS (Green laser exposure at 532 nm).

Conclusion5. 
More and more movie making workflows are combining 

analog and digital technologies. The advantages of each 
technology are made the most of in all the processes. 
Especially in the editing process, digital technology is 
spreading rapidly due to ease of the operation. The masters 
of almost all the movies are produced digitally nowadays. 
Digital masters are stored in digital media although there is 
concern about long-term storage. In response to the situation 
in the market, we have developed ETERNA-RDS to achieve 
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long-term stability by combination of polyester base and 
silver images and high-definition recording of digital data. 
We hope this product will be widely used as a reliable means 
of digital master storage and will help protecting the heritage 
of the motion picture industry. In closing, we would like 
to thank all the people who have given us guidance in our 
research and who have cooperated in the development of 
ETERNA-RDS.
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Introduction1. 
The printing market’s environment has drastically 

changed. Today, printing companies can hardly survive 
without increasing productivity, reducing delivery time, 
cutting cost and being environment-friendly. Computer to 
Plate (CTP) technology helps increase productivity, ensure 
stable quality, eliminate use of intermediate materials and 
reduce cost. Because of these advantages, CTP is now used 
for 70% of all the printing services in the world or 80% in 
Japan. CTP is virtually a de facto standard for printing.

Environmental awareness is increasing among users. The 
printing industry has established its voluntary standards as 
part of efforts for environmental conservation. One of the 
standards is the Green Printing Certification program by 
the Japan Federation of Printing Industries. The program 
is designed to encourage printing companies to produce 
eco-friendly printed products. The certification is granted 
to printing companies for their environmental efforts on the 
printing materials, materials used for printing process and 
printing process.

Similar efforts are made across the world. For instance, the 
concept of product carbon footprint, the total CO2 equivalent 
greenhouse gas emissions from an entire manufacturing 
process from material procurement to disposal, is widely 
used.

FUJ IFILM’s Ther mal CTP Plate obta ined the 
Government’s Carbon Footpr int of Products (CFP) 
certification in accordance with the Product Category Rules 
(PCR) at the end of 2009. It is the first CFP certified product 
in the industry. The plate has been carrying the CFP label 
since (Fig. 1).

Fig. 1   Label for process-less CTP plate.

Eco-f r iendly design of a plate is cer t if ied with 
environment-friendly printing label (clione label) (E3PA). The 
highest grade is called Gold Plus. In the case of a printing 
plate, Gold Plus is awarded to a process-less CTP plate that 
uses no processing solutions (Fig. 2).

Fig. 2   Environment-friendly printing label.

Background of Development and 2. 
Improvements Needed

In 2006, we launched PRO-T (ET-S in Japan), a Gold plus-
certified process-less CTP plate for on-press development. In 
2009, we launched PRO-T2 (ET-SH in Japan), PRO-T with 
enhanced on-press development capability. We have sold 

Development of Environment-friendly Process-less CTP Plate  
“PRO-T3 (Domestic Name : XZ-R)”
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Abstract
We developed a new environment-friendly, process-less CTP Plate “PRO-T3 (domestic name: XZ-R)”, 

offering high press start-up stability. In the development of “PRO-T3”, we established two technologies: Fine 
Particle Dispersion (FPD) and Rapid Stable Start-up (RSS). This article is a review of these two noteworthy 
new technologies, as applied to PRO-T3.
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the plates to over 1,300 companies in the world and over 200 
companies in Japan (as of December 2010) (Fig. 3).

Process-less 
CTP

Exposure
(Thermal CTP)

Alkali 
development

Gumming

Printing

(Chemical-free and effluent-free)

Existing CTP

Fig. 3 Comparison between alkali-developable CTP plate and 
process-less CTP plate.

Process-less CTP has lower press start-up stability than 
alkali development CTP (Fujifilm: XP-F or LH-PJE). Users 
show an interest in process-less CTP for its short delivery 
time, low cost and space saving feature. But, some users 
decide not to introduce the new plate. In order to enhance the 
press start-up stability, which is synonymous with on-press 
development capability and ink receptivity, the plate must 
combine two conflicting sets of characteristics: (1) Plate 
durability and on-press development capability and (2) ink 
receptivity and on-press development capability.

We believe process-less CTP is the ultimate form of 
environment-friendly CTP. Seeking handiness for users, we 
have developed two technologies to achieve the conflicting 
characteristics above: Fine Particle Dispersion (FPD) for (1) and 
Rapid Stable Start-up (RSS) for (2). In 2011, we launched PRO-
T3 (XZ-R in Japan) improved in press start-up stability. This 
report explains the technologies used for PRO-T3 (Fig. 4) 1).

Fig. 4   Introduction of PRO-T3.

Process-less Plate technology3. 
Our Process-less Design Policy3.1 

Fig. 5 shows the layer structure of our process-less CTP. 
Our process-less CTP is an on-press development system 
using a negative type radical polymerization. The on-press 
development system works this way. A laser-exposed plate is 
set on the press without being processed with a developer or 
any other chemicals, a fountain solution and ink are applied 
to the plate and the unexposed areas (non-image areas) are 
removed on the press to form an image.

Top layer
(Containing tabular particles)

Intermediate layer

Support
(Multigrain)

Image forming layer

High-sensitive radical polymerization system
Monomer
Binder
Micro-gel

Fig. 5   Layer configuration of process-less CTP plate.

The on-press development mechanism we have employed 
consists of quick penetration of the fountain solution into the 
image forming layer (Step 1), formation of a water layer to 
reduce interface adhesion between the image forming layer 
and the substrate (Step 2) and peeling of the image forming 
layer by the adhesiveness of ink (Step 3) (Fig. 6).

Roller

Penetration of fountain 
solution into image 
forming layer

Formation of water 
layer in the interface

Peeling by ink 
adhesiveness

Fountain solution and ink

Fountain solution

Ink

Fig. 6   Mechanism of on-press development.

Among all the process-less systems (Table 1), the 
advantages of the negative type on-press development system 
are that it has great resistance to stains as it can use an 
aluminum hydrophilic surface just as alkali development 
CTP does and that a reaction mechanism very effective for 
hardening an exposed layer can be applied to the system. 

Table 1   Imaging technologies and the merits of each process-less CTP plate.

Image formation Advantage Disadvantage

Ablasion Sensitive material design is easy when a high-
powered laser is used

• Low sensitivity
• Treatment of a scattering is required

On-press 
development

•  Aluminum hydrophilic surface is available just 
as CTP for alkali development

•  A reaction mechanism very effective for 
hardening of an exposed layer can be applied

•  Disposal of removed materials on the 
press is required

•  The removal speed of non-image areas 
can significantly affect the number of 
waste paper sheets

Polarity inversion
No need to treat removed materials • Low sensitivity

•  It is hard to clearly separate hydrophilic 
areas from hydrophobic areas

Press
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We use a combination of the starter containing an infrared 
absorber (cyanine dye) and a photo-acid generator (iodonium 
salt), and the radical polymer containing monomer, binder 
and micro-gel to harden an exposed layer and have achieved 
high sensitivity.

The disadvantages of the system are that the removed 
materials on the press need to be detoxified and that the 
removal speed of non-image areas (hereinafter referred to as 
“on-press development capability”) can affect the number of 
waste paper sheets. 

About the treatment of removed materials, we have 
designed the sensitive material to let the removed materials 
dissolve and disperse in the ink not in the fountain solution. 
Using technology for removing hydrophobic areas of the 
image forming layer from the interface like peeling a skin 
and finely dispersing them, we have succeeded in detoxifying 
the removed materials on the press. 

As deduced from Fig. 6, to improve the on-press 
development capability, we must speed up the penetration of 
a fountain solution by creating penetration paths, accelerate 
formation of a water layer by augmenting the interface 
hydrophilicity and increase the breakability of the image 
forming layer by the adhesiveness of ink.

When a large amount of hydrophilic ingredient is added 
to the image forming layer to speed up the penetration of a 
fountain solution, this will enhance the on-press development 
capability but decrease the ink receptivity as the image areas 
become hydrophilic. The image areas also become brittle due 
to penetration of the fountain solution and the plate durability 
will deteriorate.

For PRO-T3 (XZ-R in Japan) , we have developed two 
new technologies in addition to our existing process-less 
CTP technology. They are (1) FPD technology for combining 
plate durability and on-press development capability and (2) 
RSS technology for combining ink receptivity and on-press 
development capability. The following sections explain these 
two technologies.

Fine Particle Dispersion (FPD) Technology3.2 
Among the components of the image forming layer, 

we have focused our attention to micro-gel that largely 
contributes to improvement in plate durability. We have 
distributed unsaturated ethylene group unevenly on the 
particle surfaces and optimizing the hydrophilicity and 
hydrophobicity and developed a new type of micro-gel that 
disperses uniformly in the image forming layer.

The conf licting characteristics of plate durability and 
development capability are achieved by the high water 
penetration along the surfaces of uniformly dispersed micro-
gel particles in the non-image areas and by the increased 
hardness by the reaction between the high-hardness micro-gel 
and the polymerized component in the image areas (Fig. 7).

Image area

Formation of penetration paths for fountain solution

High hardness

Non-image area

Fig. 7   Function of new micro-gel.

Rapid Stable Start-up (RSS) Technology3.3 
Our existing process-less CTP uses the ultrathin layer 

oxygen barrier technology (Fig. 8) including high-aspect-ratio 
tabular particles (filler) to achieve plate durability, on-press 
development capability and ink receptivity. This method, 
however, has a problem. While the coated topmost layer is 
drying to form the barrier, a certain percent of the topmost 
layer mixes with the image forming layer. The hydrophilic 
component of the topmost layer gives hydrophilicity to the 
image forming layer and that decreases the ink receptivity.

High-aspect-ratio
(approx. 1000) filler

Formula with filler

Existing

O
xy

ge
n 

pe
ne

tr
at

io
n

Topmost layer thickness (µm)

Fig. 8 Relationship between thickness of top layer and oxygen-
barrier property.

To solve this problem, we have reviewed the polymer 
structure of the topmost layer focusing on the layer forming 
characteristics. We have also improved the coating method of 
a solution containing tabular particles. And, we have reduced 
mixing of the image forming layer and the topmost layer  
(Fig. 9). The image forming layer retains the hydrophobicity 
while the topmost layer surface is hydrophilic and helps 
penetration of a fountain solution. That the topmost layer 
above the image areas are removed effectively and the ink 
receptivity is drastically improved.

Topmost layer

Image forming layer

Topmost layer

Image forming layer

Fig. 9   Cross-section TEM picture between imaging layer and top layer.



26 Development of Environment-friendly Process-less CTP Plate “PRO-T3 (Domestic Name : XZ-R)” 

To improve the on-press development capability, we have 
focused our attention to Step 2 (formation of a water layer to 
reduce interface adhesion between the image forming layer 
and the substrate) of the on-press development mechanism in 
Fig. 6. We have achieved the goal by reviewing the design of 
the interface (intermediate layer) between the image forming 
layer and the aluminum support.

For the intermediate layer of process-less CTP plates, we 
have used a support preserving (support adsorbing) polymer 
consisting of a functional group that accelerates a reaction 
with the polymerized component in the image forming layer 
(unsaturated ethylene linking group), a functional group that 
interacts with the support surface and a hydrophilic group 
(Fig. 10).

Reactive group

Substrate
adsorbing

group

Hydrophilic
group

Fig. 10   Function of the polymer in the interlayer.

In this study, we have drastically improved the on-press 
development capability by employing a new hydrophilic group 
controlled in hydrophilicity, reactivity and interaction with the 
component of the image forming layer to help formation of a 
layer of fountain solution in the interface while maintaining 
the design policy of the polymer in intermediate layer.

Fig. 11 illustrates Fine Par ticle Dispersion (FPD) 
technology and Rapid Stable Start-up (RSS) technology.

▼▼ ▼▼▼▼

▼▼ ▼▼▼▼

Improve ease of 
topmost layer removal

Reduce penetration 
of fountain solution

Image area Non-image area

SupportSupport

Increase penetration 
of fountain solution

Prior to exposure Exposure

Exposure

On-press development On-press development

Improve layer 
strength

Improve 
adhesion

Topmost layer
Improve ease 
of removal
[RSS]

Photosensitive layer
Improve particle 
dispersion
[FPD]

Intermediate layer
Reduce interface 
adhesion
[RSS]

Fig. 11   Innovative technologies of PRO-T3.

Attainments of New Process-less CTP, 4. 
PRO-T3 (XZ-R in Japan)

With the start-up stability dramatically enhanced, thanks 
to the two new technologies, the new process-less CTP will 
provide customers with greater satisfaction (Fig. 12, Table 2).

Existing CTP

New CTP

Fig. 12   Press start-up property of PRO-T3.

Conclusion5. 
Process-less CTP brings various benefits to the users, such 

as eco-friendly printing, short delivery time, reduction in cost 
and space saving. It is significant that process-less CTP is 
enhanced in compatibility with existing presses, which many 
consider a problem that has kept it from being widely used 
for general commercial printing services. We believe PRO-T3 
(XZ-R in Japan) will help process-less CTP to dramatically 
grow in the market and help the printing industry to boost 
efficiency.
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Table 2   Plate performance of PRO-T3.

PRO-T3
New

PRO-T2
Existing

Alkali development CTP 
(XP-F)

Exposure sensitivity 120 mJ/cm2 120 mJ/cm2 120 mJ/cm2

Plate durability 50,000 to 100,000 sheets 50,000 to 100,000 sheets 100,000 to 200,000 sheets

Start-up stability Ink receptivity

On-press development capability

Resistance to stains

Processing and effluents
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Introduction1. 
The printing industry has been going digital since the 

1990s. Beginning with digitization of the plate making 
process by the advent of DTP, digitization of the pre-press 
field has been completed by CTP technology. Digitization 
of printing is attracting attention as a supplement to offset 
printing to meet diversified needs, such as short run printing, 
with an increase in real time information by the spread of IT, 
and a rise in environmental awareness.

FUJIFILM has launched “Jet Press 720”, a fully-fledged 
digital press, and it has been well received.

This report explains innovative technologies that enable 
the high performance and high image quality.

Overview of Jet Press 7202. 
Jet Press 720 is developed from the design concept of a 

digital offset press to support short run printing. The new 
press has the following features. It (1) has equal ease of 
operation to that of a sheet-fed offset press, (2) supports 
landscape feeding of general offset sheet paper, (3) provides 
offset image quality, (4) suits short run printing and (5) 
generates low VOC emissions (water-based ink). The press 
also has the following advantages over the conventional 

offset presses. The press (6) prints in vivid color, (7) ensures 
high color registration accuracy, (8) is easy to make color 
adjustment and (9) produces stable outputs which makes 
revision easy. Specifications are as follows:
Image quality :  Equivalent to 175 lpi offset printing (1,200 dpi / four 

levels of grayscale)
Number of colors : Four colors (YMCK)
Paper feeding : Impression cylinder and chain grippers
Output speed : 2,700 sheets/hour
Paper size :  545 mm × 394 mm to 750 mm × 530 mm  

(landscape feed)
Dimensions : 7,350 mm (W) × 3,700 mm (D) × 2,060 mm (H)

Technologies behind the Features3. 
Overall System3.1 

To print a high-resolution image with the quality of an 
offset print on common offset paper that does not have an 
ink absorbing layer, this system applies a pre-conditioning 
solution to the paper prior to printing to prevent bleeding. 
The system, to produce a print equivalent to that of an offset 
press,  also needs to prevent paper curling due to use of 
water-based ink, ensures image strength and prevents image 
flaws characteristic of single pass inkjet presses. In order to 
meet these conflicting requirements, we have identified key 
factors of the image forming process along the timescale 
using advanced analysis technology. As shown in Table 1, we 

Development of Digital Inkjet Press “Jet Press 720”
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Abstract
We have newly developed a digital sheet-fed inkjet press “Jet Press 720”, which has a potential to 

bring about great changes in the commercial printing world. Jet Press 720, adopting aqueous single pass 
inkjet technology, allows printing on commercially available offset paper and shows good post-process 
compatibility. The prints produced have real “offset print quality” and are even superior to offset printing 
in color chroma, color stability and print repeatability. We report some unique technologies adopted in this 
press, which can be realized through FUJIFILM group’s own technologies in materials, hardware, image 
processing, software, system integration and analysis.

Table 1   Technical requirements to provide the high quality demanded.

Required capability Material Marking process Head Hardware Image processing
Offset image quality Prevent bleeding Examine a 

phenomenon and 
determine control 
values

Precise droplet 
control

Ensure constant application of a 
preconditioning solution

Screening design with 
dot gain prevention

High density 
arrangement of 
nozzles

Arrangement of four color heads 
on an impression cylinder

Anti-curling Delay water infiltration
Prevent curling by a 
moisturizing solvent

Quick drying

Image strength Increase rub resistance 
and block resistance

Control of heat pressure fixing

Image flaw reduction Increase discharge 
stability

Increase discharge 
stability

Stable paper feeding
Precise gap control

Correction of streaks 
and unevenness

Reliability Maintain head characteristics
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have taken different measures in different aspects: Material, 
marking process, head, hardware and image processing. As 
a result, we have employed the image formation system as 
shown in Fig. 1.

Paper

Application of 
preconditioning solution 

Drying
Drawing
with ink Drying Heat pressure

fixing

Fig. 1   Printing process with Jet Press 720.

Material Technology3.2 

Rapid Pigment Coagulation (Rapic) Technology3.2.1 
We have employed technology for rapidly coagulating ink 

by a reaction between the preconditioning solution and ink 
to prevent bleeding and dot gain. The technology prevents 
dots from joining together and helps each dot to keep their 
shape (Fig. 2). Furthermore, it helps prevent a decline in 
repeatability of characters due to bleeding, which is inherent 
to inkjet presses (Fig. 3). Coagulation occurs when pigment 
and latex are negatively charged and dispersed in the ink and 
when a flocculent in the preconditioning solution controls 
the electric charges and eliminates the repulsion (Fig. 4). We 
have increased the speed of coagulation by designing the 
molecules of our original pigment dispersant and latex and 
developing a new manufacturing process.

Preconditioning solution is not applied

Preconditioning solution is applied

 

Fig. 2   Ink dots with and without Rapic applied.

Existing inkjetJet Press 720

Fig. 3 4 pt letters printed with Jet Press 720 and conventional 
inkjet press.

Pigment

Dispersant

Latex

Dispersed Charged negatively 
and repelling each other

Coagulated

Coagulating 
agent

Control the 
surface potential

Fig. 4   Mechanism of pigment coagulation.

This rapid coagulation technology has not only achieved 
high definition by preventing dot gain and prevented bleeding 
but also made it possible to increase the ink droplet density and 
thereby broadening the range of reproducible hue (Fig. 5).

Fig. 5   Color gamut of Jet Press 720 and Japan Color (coated 
paper).

Water Penetration Deterrence (WPD) 3.2.2 
Technology

We have developed paper anti-curling technology by 
combining material technology and process technology.

Deformation of paper due to moisture is minimized by 
three technologies. The rapid coagulation technology using 
a preconditioning solution retains the moisture content of 
ink in the coagulated image and that delays its infiltration 
into the paper. Quick drying technology dries the retained 
moisture rapidly and process technology controls the timing 
of drying.

Ink contains a high-boiling-point organic solvent as 
a moisturizing agent. The solvent does not vaporize and 
remains in the image. This solvent gradually disperses into 
the paper. That is one of the causes of paper deformation. 
We have found a solvent that curls paper much less than 
common solvents for water-based ink, such as glycerin. 
Combining this solvent with ink, we have found a low-
curling ink formula.

The low curling ink had problems. It reduced paper 
surface strength, ink storage stability and discharge stability 
due to ink clogging. We have solved the problems with ink 
formula design, pigment dispersant design and clogging 
prevention by the system, respectively.

High Image Strength Technology3.2.3 
To ensure rub resistance of an image immediately after 

it is drawn, a stable film must form while ink is being 
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fixed. To stabilize film formation, the softening temperature 
of polymer (film forming temperature) must be regulated 
not to exceed the fixing temperature. After ink has been 
fixed, to ensure block resistance to prevent stickiness of an 
ink film, the polymer softening temperature needs to be 
higher than the ambient temperature (Fig. 6). By finding the 
optimum formula for blending the polymer latex FUJIFILM 
has developed with several solvents, we have achieved 
control of thermophysical properties to keep the softening 
temperature (film forming temperature) low during fixing 
and high after fixing in various situations, such as printing 
and transportation.

Head Technology3.3 

Head performance required for a high-3.3.1 
resolution single pass inkjet press

With an ordinary inkjet printer, ink discharged from a 
nozzle may not hit the intended spot or make a dot of the 
correct size. To make these errors less noticeable, the head 
runs in the same place on paper several times and an image is 
drawn by several nozzles to even out the errors of individual 
nozzles. This mechanism also makes the pixel density higher 
than the nozzle density. For instance, it enables printing at 
over 1,000 dpi.

To print at high speed, a printer needs to have the head 
fixed and only paper moved. The nozzle density needs to 
be the same as the pixel density on paper. As errors cannot 
be evened out by drawing with several nozzles, the ink 
discharge accuracy of the inkjet head itself must be increased. 
Furthermore, Jet Press 720 must have as high print position 

accuracy as that of an offset press to implement the product 
concept, i.e., a press. Jet Press 720, therefore, feeds paper 
with an impression cylinder. The four color heads have to be 
placed on a single cylinder and thus each head needs to be 
reduced in width.

Jet Press 720 is improved in the ink discharge direction 
and dot size accuracy, using Micro-Electro-Mechanical 
Systems (MEMS) process technology. In addition, we have 
developed a reduced-width head with a nozzle density of 
1,200 dpi.

Jet Press 720 head is small in size, high in nozzle density 
and high in machining accuracy. That is the main feature of 
the head.

Structure and Reliability of the Small, High-3.3.2 
accuracy and High-density MEMS Head

Each color line head of Jet Press 720 consists of 17 
modules with 2,048 nozzles arranged in a straight line 
(Fig. 7). We have achieved position accuracy of several 
micrometers by carefully selecting materials and devising the 
optimum assembly and adjustment methods.

The module (Fig. 8) is designed to discharge ink with 
high accuracy. A single module achieves a dot density 
of 1,200 dpi and a printing rate of 2,700 sheets per hour. 
MEMS machining process based on silicone substrate is 
applied to the entire actuator, including the nozzles and flow 
passages that ink discharge accuracy and drive frequency 
greatly depend on and the piezoelectric elements and the 
high-density wiring used to drive ink discharge. That has 
achieved the machining accuracy of sub-micron level, which 
is difficult with traditional machining. To make the most of 
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Fig. 6   Demands for the control of polymer thermal properties  under various conditions.

 

Fig. 7   Line-type structure. Fig. 8   Exterior view of ink head module.
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the accuracy, we employ the optimum fluid design and head 
structure and a high-output piezoelectric actuator.

Fur thermore, for downsizing, we have combined 
advanced wiring and mounting technology with material 
technology. Unlike semiconductor devices, an inkjet head 
has microscopic ink passages next to the high-density wiring. 
Ink leakage and moisture can seriously affect the reliability. 
But, there are many restrictions on design of moisture-proof 
sealing because of downsizing of modules and their highly 
precise layout in the line head. It is necessary to achieve 
strength, high ink resistance and moisture-proof barrier 
performance with a small bonding area. We have achieved 
high durability, utilizing a bonding material highly resistant 
to chemicals and stress analysis of sealing material.

Highly Durable Water Repellent Technology3.3.3 
Jet Press 720 uses special ink high in fixing capability to 

achieve resistance of printed products equivalent to that of an 
offset press. To ensure stable discharge of ink for a long time, 
the areas around a nozzle must be highly water-repellent. 
As a water-repellent film is always exposed to ink or other 
chemicals, it needs high chemical resistance. The film also 
needs to have resistance to physical wear due to maintenance 
of the nozzles. As a press is used to print a huge number of 
copies, the quality of a water-repellent film is critical for the 
life of a head. We have used a fluorocarbon-based material, 
which is also repellent to the ink used for this press, and, 
combining with the control of the underlying film, achieved 
a precise and high-strength water-repellent film. Besides 
that, with the ink itself and maintenance procedure, we have 
achieved a long-life press.

Ink Discharge Control and Stabilization 3.3.4 
Technology

The viscosity of ink changes as the temperature changes. 
That affects the way the ink is discharged. To discharge ink 
stably in any environment, Jet Press 720 regulates the ink 
temperature and supplies ink with a constant temperature 
to the modules to reduce fluctuations in ink viscosity. To 
provide offset image quality, three different volumes of 
droplets are required and a correct volume has to be selected 
every time at high frequency. We have achieved that by 
optimizing the drive waveforms of piezoelectric elements 
using fluid simulation technology and discharge monitoring 
technology (Fig. 9).

Hardware Technology3.4 
We have employed many unique hardware technologies 

in Jet Press 720 to meet demanding requirements. Among 
them, this section focuses on paper feed technology and head 
maintenance technology.

To provide the ease of use of a sheet-fed offset press, stable 
sheet feeding and accurate control of the gap between the line 
head and paper; Jet Press 720 uses an impression cylinder and 

chain gripper system, which is a proven paper feed system 
used for offset presses. Thanks to this system, Jet Press 720 
can feed paper at high speed with high accuracy.

To control the gap between the line head and paper 
accurately, a vacuum suction mechanism is installed on 
the drawing cylinder that holds paper while the line head is 
printing on it. The mechanism holds paper firmly, the gap is 
kept constant and the dots are positioned in place. To support 
various sizes of paper, suction holes are made in the suction 
sheet. When a small size of paper is used, air may leak from 
the holes not covered by the paper. However, the internal 
flow passages are so controlled as to ensure that the paper is 
held firmly (Fig. 10).

Fig. 9   Photo of ink droplets.
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Fig. 10   Sheet paper holding mechanism.
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Head maintenance is necessary for maintaining the head 
characteristics. The head maintenance mechanism for Jet 
Press 720 is a web-wiping system combined with a cleaning 
solution specially designed for latex-containing ink, which is 
liable to harden by drying (Fig. 11).

Nozzle surface

Cleaning solution

Non-contact

Pressure by spring

Travel of head bar

Cleaning solution
spray nozzle

Web is rolled

Spraying of 
cleaning solution Web wiping

Fig. 11    Method of web-wiping head maintenance using cleaning 
solution.

The nozzle plate of the head is stained with ink mist 
generated during printing or covered with dust. The head 
maintenance system of Jet Press 720 sprays a cleaning 
solution to the plate from a non-contact nozzle to make 
the ink and dust easier to remove. They are then wiped off 
completely with a clean surface of the web and the head is 
kept clean. After the web has wiped the plate, the web is 
rolled to renew the cleaning surface and maintain cleaning 
capability.

Image Processing Technology3.5 
Jet Press 720 employs the single pass system to achieve 

high speed printing. With this system, drawing defects 
immediately lead to image defects, streaks or unevenness in 
the paper feed direction (Fig. 12). The drawing defects are 
a “dot position error” in which an ink droplet hits a spot off 
the right position by the specified distance, “uneven dot size” 
caused by unevenness in droplet volume and “missing dot” in 
which a nozzle fails to discharge ink.

Even if a high-powered head is used, it is difficult to 
completely prevent these image defects. Jet Press 720 is 
provided with two types of correction functions using image 
processing techniques to correct the image defects. The two 
correction functions both reduce the visibility of defects to 
help provide high image quality.

Single pass system

Discharge
port

(Nozzle)

Missing dotUneven dot sizeDot position error

Fig. 12   Diagram showing errors in the single pass printing.

Defective Nozzle Correction Function3.5.1 
The defective nozzle correction function corrects high-

frequency unevenness appearing as thin streaks caused by a 
discharge error or missing dot. Correction is performed in the 
following sequence.
(1) Output test charts

 The defective nozzle detection pattern is printed in the 
margin where paper is gripped during printing for one 
color per paper. This is to monitor for defective nozzles 
during printing.

(2) Read image information
 The inline sensor built in the system reads the defective 
nozzle patterns.

(3) Analyze image information
 The system analyzes the read detection patterns and 
identifies a defective nozzle (dot position error or missing 
dot) if any.

(4) Perform correction
 The system increases the drawing density of adjacent 
nozzles to the defective nozzle identified in the step (3) by 
the specified rate (Fig. 13). Increasing the density of adjacent 
nozzles decreases the visibility of a white streak caused by 
missing dot. After a defective nozzle is identified in (3), 
the nozzle is forced not to discharge ink and therefore a dot 
position error is corrected the same way as missing dot.

Missing dot White streak Missing dot Adjacent nozzles

Nozzle defect is caused Defect corrected

Fig. 13   Diagram showing correction of the missing dots.

Low-frequency Unevenness Correction Function3.5.2 
Unevenness in dot size (unevenness in droplet volume) 

depends on the characteristics of each module, including 
accuracy of drive control. It often becomes relatively stable 
low-frequency unevenness. Low-frequency unevenness is 
corrected with a correction sequence called Auto Calibration 
Print (ACP) prior to printing. Correction is performed in the 
following sequence.
(1) Output test charts

 The system outputs an ACP test chart for each color of C, 
M, Y and K with several gradations.

(2) Read image information
 The ILS in the system reads the images of the APC charts.

(3) Analyze image information
 The system creates a gradation correction table for all the 
nozzles used to make the density data of each gradation of 
each color uniform in the nozzle width direction.
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(4) Perform correction
 The system adjusts gradations using the gradation 
correction tables created in (3) to produce an image with 
each gradation uniform in density in the nozzle width 
direction (Fig. 14).

After correction
(Density)

ACP test chart

Nozzle width direction

Nozzle width direction

Nozzle width direction

Correction
table

Head nozzle
array direction Values read by ILS

(Density before
correction)

Fig. 14    Diagram showing correction of non-uniformity due to low 
frequency noise.

Conclusion4. 
Development of Jet Press 720 has been achieved with the 

help of inkjet head technology, material technology, system 
integration technology and image design technology.

We will make our efforts to offer new business models 
making the most of the added values, i.e., features of a digital 
press and continue technological development to expand 
versatility of printing substrates, increase printing speed and 
enhance image quality.

(In this report, “Jet Press” is a registered trademark of 
FUJIFILM Corporation.)
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Introduction1. 
We have developed Acuity LED 1600, a wide-format UV 

inkjet printer used for producing large posters, POP displays, 
window displays and other similar applications. Acuity LED 
1600 combines the class’s highest productivity of 20 m2 per 
hour*1 with high image quality (Fig. 1).

Fig. 1   Acuity LED 1600 printer.

In the development of Acuity LED 1600, we have brought 
together FUJIFILM group’s technologies, including fine 
chemical technology and image processing technology 
of FUJIFILM Corporation, printing head technology of 
FUJIFILM Dimatix (FDMX) in the US and ink technology 
of FUJIFILM Speciality Ink Systems (FSIS) in the UK.

*1:  It is the highest among roller-feed wide-format inkjet printers 

using UV-LED light source with a printing width of 64 inches 

or below.

Characteristics of Wide-format Printer 2. 
Market

Wide-format printers are generally defined as those 
that produce 24 inches (61 cm) or wider print. The most 
common printing formats range from 44 inches (111.7 cm) 
to 64 inches (162.5 cm). The largest format is 197 inches 
(500 cm)1), 2). Printers vary in printing width, type of ink, 
printing speed and printing method. Manufacturers build 
their printers with a combination of technologies that best 
suits each target market.

More and more large prints, such as large posters and 
POP displays, are needing to be produced in a small lot, with 
short delivery time and many graphical designs. To meet 
these needs, printing process is going digital and the printing 
market using wide-format inkjet printers is expanding. 
Especially, UV inkjet printers are spreading because UV ink 
does not contain volatile organic compounds (VOC), dries 
quickly and is suitable for a wide variety of substrates, such 
as various types of plastics, besides paper.

A UV inkjet printer appeared at the end of 20th century. 
The UV ink was first adopted mostly in high-end printers, 
which were high in productivity and thus could make the 
most of the quick drying ink. In the sign graphics field in 
Europe, UV inkjet printers have been replacing multi-color 
screen printers to meet the needs for quick delivery and 
small-lot printing. The most commonly used printers in this 
field are a f latbed type. The fastest model of Inca Onset 
Series achieves productivity of approximately 650 m2/h, 
using 144 FDMX print heads for each color.

Manufacturers offer inexpensive entry-class UV inkjet 
printers with productivity of 10 to 25 m2/h. These printers 
use one or two print heads for each color and cannot achieve 
high productivity. Instead, many of them feature high image 
quality, keeping the minimum droplet size down to 10 pl or 
smaller level and using a multi-drop print head that can vary 
droplet size.

Development of the Wide-Format UV Inkjet System “Acuity LED 1600”

Takehiko SATO*,  Yasuhiko KACHI*,  Kazuo SANADA*,  and  Yoshimitsu ARAI*

Abstract
“Acuity LED 1600” is a newly developed wide-format inkjet printing system, which has class-leading 

high productivity and excellent image quality for billboard or display application. New technologies 
including recently developed high-speed printing head, fast-curing UV-LED ink and proprietary-design 
LED light source achieves good print quality and wide-ranging expression by using color and transparent 
ink. Here, we report some unique features adopted in this printing press, which can be realized through 
FUJIFILM group’s own technologies in materials, ink, print heads, light source control, image processing 
and analysis.
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Aim of Development3. 
We have launched the development to build an entry-class 

inkjet printer that uses LED as the UV curing light source 
and combines high productivity and high image quality. And, 
we have come up with Acuity LED 1600.

Using LED3.1 
Most UV inkjet printers use metal halide lamps or 

high-pressure mercury lamps, which are high in output 
and suitable for large-scale production, as the UV curing 
light source. LED lighting, spreading rapidly for general 
lighting applications because of its long life and low power 
consumption, is also increasingly used as the UV light source 
for curing printing ink. UV-LED lamps are smaller in size 
and lower in heat generation than metal halide lamps and 
therefore suitable for UV curing on substrates vulnerable 
to heat, such as thin films. The peak wavelength is 365 nm, 
385 nm or 395 nm. The light does not contain far-ultraviolet 
components and it does not emit an ozone odor.
Selection of UV curing light source: Advantages of use of 
LED

(1) Energy consumption
 An UV-LED lamp consumes about a quarter of the 
energy a metal halide lamp does (approx. 0.5 kW).

(2) Life of lamp
 UV-LED lasts more than 10,000 hours while a metal 
halide lamp lasts about 500 to 1,000 hours.

(3) Easier instantaneous on-off operation
 Lighting only when required reduces energy 
consumption and prolongs the life of a lamp. That 
also eliminates the necessity of the mechanical shutter 
mechanism in a metal halide lamp unit.

(4) Lightweight and compact lamp unit
 The carriage weight is reduced and a load on the 
chassis supporting the carriage is lessened.

(5) Heat generation
 UV-LED generates less heat than a metal halide lamp 
and hardly deforms a thin plastic substrate.

Graininess3.2 
Acuity LED 1600 uses six color inks; cyan, magenta, 

yellow, black, light cyan and light magenta; to create smooth 
gradation and also uses white and clear inks to enhance the 
expressiveness. The printer is also improved in graininess, 
thanks to the multi-drop head FDMX has newly developed 
and the addition of light cyan and light magenta (Fig. 2).

Binary head + CMYK Multi-drop head + light inks

Fig. 2   Grain fineness.

Printing on Lightweight Rigid Substrates3.3 
Acuity LED 1600 prints on up to 13-mm thick rigid 

substrates and sheet substrates in addition to roll substrates.

Technologies for Acuity LED 16004. 
Acuity LED 1600 prints with the class’s highest 

productivity of 20 m2/h, thanks to Fast Accurate Marking 
technology that enables stable discharge of high-sensitivity 
ink and accurate positioning of ink droplets. That makes it 
possible to meet the end users’ needs for short delivery time. 
In addition, we have newly developed Intelligent Curing 
Control technology to adjust UV exposure conditions to 
individual printing jobs (Fig. 3).

 Head scanning
direction

Paper feed direction

Fig. 3 Layout of Print Heads and UV-LED Lamp Unit, Worm’s 
Eye View.

Fast Accurate Marking technology4.1 
Acuity LED 1600 is equipped with a newly developed 

high-speed piezoelectric print head that discharges ink 
straight ahead and high-sensitivity UV ink. This is a marking 
system technology that combines high productivity and 
precise droplet positioning.
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Printing Head4.1.1 
FDMX’s newly developed Q-class head (Fig. 4) has 256 

nozzles arranged in a line. The printing width is 6.48 cm. 
Acuity LED 1600 has one head for each color. It discharges 
UV ink with a high drive frequency and positions the ink 
droplets precisely. This is Fast Accurate Marking technology. 
Thanks to this technology, the printer achieves the class’s 
highest productivity of 20 m2/h and meets the needs for 
short delivery time. The Q-class head is an industrial print 
head designed for scanning that employs a drop-on-demand 
system. The head is high in performance, great in durability 
and high in reliability (Fig. 5).

The print head has two ports as liquid interface. That 
makes it easier to flush the manifold that supplies a liquid 
during ink replacement or flushing with a wash.

The Q-class print head is designed for scanning 
applications that require multiple heads to fit into a small 
space. The head discharges ink downward. It has liquid 
interface and electric connections on top. Because of this 
design, the head is as thin as 8 mm (at the mounting bezel) 
in the scanning direction and that makes the entire head unit 
compact. Combining this new print head with the lightweight 
UV-LED unit downsizes the carriage consisting of eight-
color print heads and the lamp as well as increasing the 
scanning speed.

Fig. 4   Newly Developed Q-class Printing Head.

Ink4.1.2 
Ink used for Acuity LED 1600 is UV curable ink (UV 

ink), which is excellent in drying property and processed 
quickly. Inks used for wide-format printing are roughly 
divided into two types: Solvent ink containing a volatile 
solvent is dried by heating and UV ink containing a reactive 
monomer is polymerized and hardened by UV light. To 
polymerize UV ink, free radical and cation methods have 
been researched. Now, the free radical method is widely used. 
We use this method for Acuity LED 1600 and many other 
UV ink products. Free-radical UV ink has the following 
advantages over solvent ink. (1) Ink cures instantaneously 
when exposed to UV light and that saves time required for 
removing the solvent between printing and postpress. When 
solvent ink is used, residual solvent in the ink film must be 
vaporized before postpress, such as cutting and laminating, 
is started and it takes about a day. (2) As the ink contains 
no volatile organic compounds, it has less impact on the 
environment.

Typical UV ink consists of photopolymerization initiator, 
reactive monomer, resin, pigment, pigment dispersant and 
additives (e.g., stabilizer and surfactant) (Table 1)3).

Acuity LED 1600, to achieve high productivity using 
the UV-LED light source, uses high-sensitive ink newly 
developed by combining (1) a photopolymerization initiator 
with the sensitivity range extended to near-UV light and 
(2) a monomer formula immune to oxygen inhibition of 
polymerization and great in surface curing.

Fig. 5   Linearity.

Table 1   Composition of UV Inkjet Ink.

モノマーモノマー

Pigment

Photopolymerization initiator
Additive

Oligomer

Monomer

Composition of UV lnkjet ink

Free radical Typical adding 
quantity

Monomer Radical monomer, e.g., acrylate and vinyl ether 60-90%

Oligomer Film quality improvement and viscosity control <10%

Additive Stabilizer, surfactant, etc. <2%

Photopolymerization 
initiator Generating radicals with exposure to UV light 5-15%

Pigment Color: Organic pigments, White: Titanic oxide 1.5-5%

Pigment dispersant Basic dispersant for color pigments and acid dispersant for titanic oxide 0.2-2%
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Fig. 6 shows the absorption spectrum of the initiator for 
Acuity LED 1600 compared with that of our initiator for a 
metal halide light source. The initiator for Acuity LED 1600 
ink hardly absorbs the light in the visible light range (400 nm 
and above) not to affect the color reproducibility of the ink 
while it has sensitivity that corresponds to the emission peak 
wavelengths of the LED light source.

Fig. 6   Absorbance Results with Photoinitiator System.

Curing property is enhanced by using a multifunctional 
monomer, which has multiple reactive groups in a molecule. 
But, the f lexibility of the cured film is reduced. It is not 
suitable for printing roll substrates, which Acuity LED 1600 
is used for.

To produce high sensitivity ink suitable for roll substrates, 
we have developed a formula that increases adhesiveness of 
ink film surface using a monofunctional monomer, which has 
high elongation and adhesion.

Intelligent Curing Control Technology4.2 
The UV-LED light source is compact in size and easy in 

switching. Making the most of these advantages, we have 
designed a new lamp unit to control ink curing speed and 
achieved (1) improvement in ink adhesion to poly vinyl 
chloride substrates and (2) simultaneous printing of two 
layers different in exposure conditions: color and clear ink 
layers.

Lamp Work4.2.1 
A typical UV wide-format printer, to prevent droplet 

interference, has the lamp placed on a side of the print head 
and exposes the ink droplets to the UV light immediately 
after they hit the substrate with the same intensity throughout 
from the first pass to the last of multi-pass printing (Fig. 7a).

A metal halide lamp and a mercury lamp are high in 
output and suitable for high-speed printing. But it takes 
long for the output to stabilize at startup. The lamp also has 
to stay on while the printer is on standby. The illuminance 
changes significantly with time. It is difficult to keep the 
light quantity constant4).

Acuity LED 1600 uses a minimum pinning exposure 
system to accelerate wetting and spread of droplets and 
their penetration into a poly vinyl chloride substrate. UV 
lighting is performed by the pinning exposure unit to prevent 
droplet interference and the curing unit to harden the droplets 
completely (Fig. 7b).

Acuity LED 1600 is greatly improved in ink adhesion 
to poly vinyl chloride substrates, widely used materials 
for banners. The printer gives printed products enhanced 
durability during installation and display. Fig. 8 shows poly 
vinyl chloride substrates printed with a conventional printer 
and Acuity LED 1600. We have applied adhesive tape to the 
central part of each print and then peeled it off. Acuity LED 
1600 demonstrates great adhesion strength.

Acuity LED 1600Conventional Printer

Fig. 8   Adhesion to PVC Banner material.

Initiator for Acuity LED
Initiator for metal halide 
lamp

Exposure with a fixed intensity from the 1st pass to the last

Fig. 7a   Conventional Curing Process.

Dot size control and acceleration of penetration into 
substrate with pinning (weak light exposure)

Complete hardening

Fig. 7b   Curing Process in Color Printing with Acuity LED 1600.
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Simultaneous Multi-layer Printing4.2.2 
Acuity LED 1600 uses clear ink. The printer can give 

a glossy finish to the whole print or a particular part of it 
on demand, which broadens expressiveness of prints. To 
make the printed surface smooth with clear ink, time must 
be allowed for wetting and spread of droplets. To allow 
for the time, the lamp needs to light some time after the 
color printing. However, with the conventional lamp work 
technology, it is difficult to execute multiple different lighting 
conditions simultaneously in one job. We have divided the 
operation into two phases: The color heads print upstream 
and the clear ink head discharges downstream. The lamp 
operation is also divided. The upstream lamp is switched on 
to pin the color droplets and the downstream lamp is switched 
off to smooth the clear droplet surfaces. To finish up, the 
curing lamp unit hardens the whole print completely (Fig. 9). 
This system was complete when we have found a compact 
LED light source that switches on and off quickly.

 Paper feed direction

Fig. 9   Curing Process for “Color + Clear” Printing Mode, Side View.

This system makes it possible to perform color printing 
and clear finishing, which are different in exposure condition, 
simultaneously without having to wind back a substrate roll. 
It also enables simultaneous color and clear printing with 
sheet paper fed only once and ensures a quality finish without 
misregistration.

The curing lamp unit can be moved to a position where 
it can emit UV light onto droplets immediately after they 
are shot. Therefore, the printer supports simultaneous multi-
layer printing with color and white, which requires high UV 
intensity.

Conclusion5. 
The UV inkjet system, thanks to its high speed printing 

capability, is increasingly spreading in the sign graphics 
field. The inkjet system hardens ink droplets on a substrate 
instantaneously on demand and non-contact. Because of 
this feature, the system is expected to become widely used 
in various other fields, too. We will continue to improve the 
technology supporting the system, combining all the element 
technologies for material, ink, print head, droplet control and 
lamp work.
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Introduction1. 
Measurement of dimensions and shapes is required in 

various fields, for instance, to survey or keep a record of a 
construction or civil engineering work site, to understand 
equipment layout in a building or draw the diagram, to 
archive the data of a cultural asset or create its CG, and to 
create a 3D model for a prototype of an industrial product. 
The conventional measurement is quite a big task, using a 
laser type or any other instrument that must be operated 
by an expert. Those instruments are not handy. They are 
often expensive. It takes long to acquire data. They are 
large in size. To create an easy-to-use measurement system, 
we have launched this development project. And, we have 
developed a 3D measurement system that captures images of 
an object taken with FinePix REAL 3D W3, an easy-to-shoot 
consumer 3D digital camera, measures the dimensions of the 
object using the software on a PC and outputs its 3D shape. 
This system has been on the market since 2010.

Fig. 1   3D measurement system.

Principle of 3D Measurement Using 2. 
Stereo Images

Before explaining the system, we will explain the 
principle of 3D measurement using stereo images.

The basic principle is triangulation based on the 
difference in position of an object in images taken from two 
different positions.

When the axes of two cameras are parallel to each other 
(parallel stereo), the 3D coordinates that are at u and v on the 
basis image are calculated as follows1).

u’ is the horizontal coordinate of the object on the 
reference image (corresponding point). The difference 
between u and u’ is called stereo disparity. Depth is inversely 
proportional to parallax. That is evident in human eyes. 
When you look at an object with one eye and then with the 
other eye, the object looks as if it has moved. The nearer 
the object is, the larger the stereo disparity becomes and the 
greater the distance the object appears to move. B represents 
the distance between the two cameras. This is called base 
line length. f represents the focal length and p, the pixel 
pitch. 

3D calculation using parallel stereo images has the 
following advantages.

As shown in the formula above, 3D coordinates are 
obtained by very simple equations and they are calculated 
quickly.

The corresponding point on the reference image is always 
at the same vertical coordinate as that of the coordinates to 
be measured on the basis image. To locate the corresponding 

Development of “3D Measurement System” Using Images Taken with a 
“FinePix REAL 3D W3” 3D Digital Camera
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Abstract
We have developed a size and 3D objects measurement system aimed at creating a more user-friendly 

and inexpensive system than conventional measurement machines. As a result of this development, we 
created a “3D Measurement System” which consists of a multi-view camera and software on a PC to take 
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point, it is necessary to search only one horizontal line where 
the vertical coordinate to be measured is. That simplifies the 
process to locate the corresponding point. If the images are 
not a parallel stereo pair, the process will be complicated.

Because of the reasons above, it is desirable to use parallel 
stereo images for measurement. It, however, is difficult or 
practically impossible to place two cameras exactly parallel 
to each other. 

To solve the problem, we convert images taken with a 
stereo camera to parallel stereo images. This process is called 
image rectification. The image rectification process uses 
the exact conditions of the two cameras and their precise 
positional relationship obtained in advance. Specifically, 
the conditions of each camera are distortion by the lens, the 
focal length of the lens and pixel pitch of the image device 
and the principal point. These are called intrinsic parameters. 
The positional relationship is the difference in position and 
angle of the other camera from the basis camera. These are 
called extrinsic parameters. Calculating internal and external 
camera parameters are called calibration. Calibration is 
one of the most critical processes. It can directly affect the 
precision of 3D measurement using stereo images.

Theoretical resolution in a 3D space is expressed by the 
following formula in principle.
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In the case of FinePix REAL 3D W3, the base line length 
is approximately 75 mm, the focal length is 6.3 mm at the 
wide angle end, the number of horizontal recording pixels is 
3,648 pixels for L-sized image and CCD size is 1/2.3 inches. 
The resolution in relation to shooting distance is estimated as 
shown in Table 1. When the distance is long, the resolution in 
the depth direction drastically deteriorates. We recommend 
the shooting distance of this system to be up to 3 m.

Table 1   Relationship between distance and resolution.

Distance 
between camera 

and object
    X    Y    Z Ratio of    Z to 

the distance

 1 m 0.3 mm   3.6 mm 0.3%

 3 m 0.8 mm  32.4 mm 1.1%

 5 m 1.3 mm  89.9 mm 1.8%

10 m 2.7 mm 359.7 mm 3.6%

System Configuration3. 
Fig. 2 shows the configuration of the system. An object to 

be measured is photographed by the camera. Measurement 
using the images is performed with the software on the PC.

The camera is FUJIFILM’s FinePix REAL 3D W3. Table 2 
shows the specification of the camera for this system.

Stereoscopic image files taken with the camera are stored 
on the PC and read with the application software. The read 
images are rectified using the calibration data of each camera. 
Using the paralleled stereo images, the system calculates and 
outputs 3D measurement information and 3D shape data with 
color information.

FinePix REAL 3D W3

Shooting

PC processing

Application software Paralleled stereoscopic 
image(MPF)

Color information and 
3D shape data

3D measurement 
information

Calibration data

3D measurement DLL

Stereoscopic
 image （MPF）

3D digital camera

Fig. 2   Composition of the system.

Table 2   Specifications of camera used for measuring.

Weight 250 g (including the supplied battery and memory 
card)

Dimensions 124 mm × 65.9 mm × 27.8 mm (the minimum 
thickness: 21 mm)

Effective pixels 10 million pixels

Focal length f = 6.3 mm (Approx. 35 mm in terms of 35 mm 
film)*1

Aperture F3.7 to F8

LCD monitor
3.5inch 3D high-definition color LCD, lenticular 
screen, approx. 1,150,000 dots (Field ratio of 
approx. 100%)

Recording 
medium

Built-in memory (approx. 34 MB)
SD/SDHC memory card

Recording 
method MPO + JPEG or MPO*2

Power supply
Rechargeable lithium ion battery is supplied with 
the system. AC power supply is available as an 
optional extra.

*1:  When the system is used for purposes other than 3D measurement,  
f = 6.3 mm to 18.9 mm (equal to approx. 35 mm to 105 mm in terms 
of 35 mm film).

*2:  It supports the multi-picture format specified by the Camera & 
Imaging Products Association (CIPA) standard.

Technological Features of the System4. 

Processing Suited to Shooting with 4.1 
Consumer Digital Camera

We have employed FinePix REAL 3D W3, a consumer 3D 
digital camera light in weight and small in size, for the system 
to facilitate shooting and measurement of thin intricately 
shaped objects or moving objects like animals, which are hard 
to measure with the conventional 3D measurement machines. 
To ensure high precision in measurement with a consumer 
camera, we have added two processes. First, we measure and 
produce calibration data for each individual camera to be 
sold as part of the system. Second, the PC software detects 
the camera conditions, which vary from shooting to shooting, 
and makes corrections prior to 3D measurement.
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Functions of Software4.2 
The functions of the software are roughly divided into 

two. They are measurement of dimensions and output of a 3D 
shape.
(1) Measurement of Dimensions

The system locates the 3D position of a specified point 
of an object in a photographic image using their x, y, z 
coordinates with the position of the camera as the origin. 
Using these coordinates, the system can obtain the distance 
between two points or the area of a polygon specified on a 
plane. It can also obtain distances between a point and a line, 
between lines and between a point and a plane. When the 
contour of a cylinder in an image is specified, the system can 
obtain the diameter. Fig. 3 shows the dimensions of a building 
measured with our software.
(2) 3D shape Output

The system is equipped with a filter function. The system 
can output the 3D shape of an object in a photographic image 
with the color information of the image. The system can be 
set to output or not to output a particular part of the image. It 
can also output a shape in a specified 3D position range. It is 
possible to select an image to be used for color information 
separately from the image used for 3D shape measurement. 
Therefore, the system can create a 3D shape with color 
information from the image with a pattern projecting for 
high-precision measurement and one without a pattern. The 
output formats, the system supports include our original 3D 
point cloud format with color information (CSD format), 
CSV format listing color information (RGB) and 3D shape 
(XYZ) of each point, OBJ format, and STL format (binary), 
which are general-purpose 3D polygon formats. The output 
data can be imported to CAD or CG modeling software and 
processed on the program. Fig. 4 shows 3D shape data with 
color information measured with this system. The top photo 

is the photographic image facing front. The bottom photos 
are its 3D data turned to the right and to the left.

Fig. 4   Example of 3D model with color data.

Performance5. 

Processing Time5.1 
When our application software is used on a PC with 

2.40 GHz Intel Core 2 Duo and 2 GB RAM, it takes 20 to 
30 seconds to read images, perform calibration and create 
paralleled images. Dimensions are measured instantaneously. 
3D shape measurement takes 20 to 30 seconds. These lengths 
of processing time vary with distance between the object and 
the camera, shape or size of the object (width of depth) and 
pattern design.

Fig. 3   Examples of measuring function.
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Accuracy5.2 
This section provides two evaluation examples of typical 

characteristics for accuracy.
(1) Accuracy Evaluation with Measurement of Dimensions

We measured eight parts on the flat plate chart as shown 
in Fig. 5 and evaluated the average error and deviation. The 
measurement was performed with the shooting distances of 
2 m and 5 m. Table 3 shows the dimensions at each distance. 
Table 4 shows the evaluation result.

Table 3   Size of charts.

Inside Outside

Height Width Height Width

Shooting 
distance: 2 m 0.3 m 0.4 m 0.7 m 1.1 m

Shooting 
distance: 5 m 1.2 m 1.6 m 2.1 m 3.6 m

Fig. 5   Measured positions.

Sample A Sample B

5.0 cm                  8.0 cm

17.0 cm

20.0 cm

Height

Fig. 6   Measured sample.

Table 4   Measuring performance at distance.

Distance between camera and 
object Average error Deviation

2 m -0.13% 0.39%
5 m -0.16% 0.50%

Fig. 7   3D model of sample.
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Fig. 8   Section of Sample A.
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Fig. 9   Section of Sample B.

(2) Accuracy Evaluation with 3D Shape Output
We placed two samples A and B (see Fig. 6 for the 

shapes and dimensions) on a flat plate, photographed them 
approximately 50 cm from their front and output a 3D model 
of the whole picture (Fig. 7). 

Fig. 8 and Fig. 9 show a lengthwise vertical section of each 
sample.

Conclusion6. 
This report has explained the 3D measurement system 

that measures the dimensions, area and 3D shape of an 
object without requiring any complicated operations using 
photographic images taken with FinePix REAL 3D W3 
digital camera. We will continue our efforts to further 
improve the functions and performance to meet users’ needs 
so that the system will be widely used in the 3D measurement 
market.

Reference
1) Xu, Gang; Tsuji, Saburo. Three-Dimensional Vision. 

Kyoritsu Shuppan, 1998, p.95.

(In this report, “Intel Core Duo” is a registered trademark of 
Intel Corporation. “FinePix” and “FinePix REAL 3D” are the 
registered trademarks of FUJIFILM Corporation.)
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Introduction1. 
As the processing power of mobile devices, such 

as cell phones and smartphones, is increasing and their 
communications band is expanding, solutions to use mobile 
devices as a business tool are developing.

Under this situation, we have developed “GT-Document” 
(GT-Doc), document viewing technology for mobile 
devices, making the most of the image technology, our core 
technology1). GT-Doc converts a document file created with 
Microsoft Office, Adobe Acrobat or other document software 
to an image format file, such as JPEG. This technology is 
mainly used to view a document file in an office’s file server 
or a document attached to email on a mobile device. To view 
a document file, the corresponding viewer application for the 
file is usually required. This technology, if a mobile device 
has JPEG display function, enables easier creation of a 
viewer application to view the document on the device. Some 
mobile devices have viewer applications for document files. 
However, viewable layout and design may vary depending 
on type of mobile device. GT-Doc, as it transmits data as 
an image, reproduces the original document file exactly 
regardless of type of mobile device. It is only the image file 
that is sent to the mobile device and the original document 
file is not transmitted. That reduces the risk of information 
leakage due to loss of the mobile phone. There are several 
solutions for businesses to enable viewing of document files 
on mobile devices. GT-Doc is given a competitive edge by 
the perfect reproducibility and security, which are essential 
for use in business.

Although GT-Doc enables viewing of a document file on 
a mobile device without the viewer application, the document 
is not always easy to read. A document file is designed for 
viewing on a PC monitor, a printout or any other medium 

with a large display area. When such a document is viewed 
on the small screen of a mobile device, it is displayed only 
partly (Fig. 1). The entire document may be displayed on a 
mobile device if it is reduced in size. But then the letters may 
be too small to read.

Fig. 1   Document view on a mobile device.

When the document is enlarged until the letters are large 
enough to read, each line is partly missing and thus the 
sentences do not make sense. To read the whole text, you 
have to scroll the screen every time you reach the end of a 
line on screen and then scroll back at the end of each line 
of the original text to return to the head of the next line. In 
other words, the user is disturbed by those operations while 
reading a document. The problems arising from the layout 
of a document file and the size of a mobile device screen are 
roughly divided into two.

Development of the Document Image Layout Reconstruction Technology 
“GT-Layout” for Mobile Devices

Hironori YANO*,  Arito ASAI*,  Tetsuya SAWANO*,  and  Norihisa HANEDA**

Abstract
Document browsing on the small displays of mobile devices impairs the readability because the typical 

page layout of document files is designed for browsing their contents on a PC display or printed paper. 
To improve the readability of mobile devices, we have developed the document layout reconstruction 
technology “GT-Layout”. In this report, we introduce the technologies used in GT-Layout. 

PC screen Mobile device screen
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(1)  Complete sentences cannot be displayed on one screen. 
(Problem of screen size)

(2)  That causes extra steps and makes the operation annoying. 
(Problem of ease of operation)
To solve the difficulties in viewing document files on 

mobile devices, we have developed “GT-Layout”, document 
layout reconstruction technology. This report provides an 
overview of the GT-Layout technology and explanations of 
the features.

Technological Concept2. 
When a document file created for a PC is viewed on a 

mobile device, there arise (1) problem of screen size and (2) 
problem of ease of operation. These problems reduce the 
readability. GT-Layout has achieved user-friendly viewing 
and operation by reconstructing the layout of a document file 
to suit the display screen of a mobile device (Fig. 2).

Fig. 2   Layout reconstruction by GT-Layout on a mobile device.

Fig. 2 shows a document reconstructed to suit a mobile 
device by GT-Layout. GT-Layout reconstructs a group of 
letters, such as a paragraph, to fit into the screen of a mobile 
device while keeping the sequence of the letters. That solves 
the (1) problem of screen size. Extra operations are not 
necessary. The user can read the text just scrolling down. 
Therefore, (2) problem of ease of operation is also solved. 
Next section will explain the system configuration of this 
technology.

Technology3. 
A GT-Layout system consists of the GT-Doc server for 

converting a document file to an image file, the GT-Layout 
server for analyzing the layout of the document image, 
and a client application for acquiring the analyzed layout 
information and reconstructing the layout to suit a mobile 
device (Fig. 3).

Fig. 3   System configuration of GT-Layout.

This section explains the technologies used for individual 
components of the system and the operation flow.

GT-Doc Server3.1 
The GT-Document server converts a document file to 

an image format file, such as JPEG, and  transmits the 
converted image data to a mobile device so that the user can 
view the document on the mobile device. The server also 
receives a request for acquisition of layout information from 
the client application. The server sends the GT-Layout server 
the request together with the document image from which the 
layout is to be acquired. Other basic functions of GT-Doc are 
provided in the reference literature1). 

GT-Layout Server3.2 
The GT-Layout server receives a request for acquisition of 

layout information and a document image from the GT-Doc 
server. The server performs layout analysis and acquires 
layout information. Layout analysis of a document file 
normally requires a viewer application that can reproduce the 
document file. But GT-Layout does not need the application. 
Instead, GT-Layout applies the optical character recognition 
(OCR) technology to the document image file converted by 
the GT-Doc server. That makes it possible to support any 
document file format the GT-Doc server supports.

The information acquired by layout analysis is needed 
for reconstruction of the layout of the document image on a 
mobile device. It consists of character areas, line areas and 
paragraph areas. Analysis is performed in the flow below.

PC screen Mobile device screen
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(1) Acquisition of Character Area
Character areas are acquired from a document image with 

OCR (Fig. 4). OCR is designed to locate the coordinates of 
characters and identify their types. But, GT-Layout uses 
OCR only for locating the coordinates as reconstruction of 
the layout of a document requires only the coordinates of 
characters. We have decreased the precision in the character 
type recognition to speed the OCR processing.

Fig. 4   Recognition of character positions in a document image.

(2) Acquisition of Line Area
A line area is constructed from character areas (Fig. 5). 

Using a character as a reference, when another character 
exists at a distance of a character width from the right edge 
of the reference character, the character is judged to be an 
adjacent character. The same process is performed using the 
adjacent character as a reference. Repeating this process, the 
server makes character strings into a line. When there is a 
character with a small area, such as punctuation, the line may 
be broken at the punctuation. To avoid that, when characters 
are about the same in top and bottom positions and when 
each space between them is within an average character 
width, those characters are judged as a line.

Fig. 5   Calculation of line regions.

(3) Acquisition of Paragraph Area
A paragraph area is constructed from line areas (Fig. 6). 

When another line exists at a distance of a line height from 
the bottom edge of a line, the line is judged to be an adjacent 
line. Repeating this process, the server acquires a paragraph, 
a set of lines.

Fig. 6   Calculation of paragraph regions.

The layout information of a document image is acquired 
by the processes (1), (2) and (3) above. Next section explains 
how layout suitable for a mobile device is created from the 
acquired layout information and the document image.

Client Application3.3 
The client application, communicating with the GT-Doc 

server, receives a document image and displays it on the 
screen of a mobile device1).

To reconstruct the layout of a document image on screen, 
the application sends a request for acquisition of layout 
information to the GT-Doc server and obtains the layout 
information. Next section explains the method of layout 
reconstruction and discribes UI of the application.

Layout Reconstruction3.3.1 
The client application reconstructs the layout to fit the 

screen of the mobile device using the document image and 
the layout information.

Fig. 7   Reconstruction of paragraph layout.

Fig. 7 shows an original document image on the left and a 
mobile device screen with reconstructed layout on the right. 
The text on the mobile screen and its corresponding character 
areas of the original document are shown in color. The layout 
is reconstructed in the following procedure.
(1) Specifying a Paragraph

A paragraph of which the layout is to be reconstructed is 
specified in the layout information.
(2) Laying out a Paragraph Area

The line area information of the specified paragraph is 

Document image Mobile device
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acquired. A part of the first line of the paragraph to fit into 
the screen of the mobile device is cut out from the document 
image in order from the head of the line and displayed on the 
mobile screen. This process is repeated until the last part of 
the first line is cut out and displayed. If there is space left 
next to the end of the first line on the screen, a part of the 
next line to fit into the space is cut out and displayed. The 
process is repeated until the last line of the paragraph is cut 
out and displayed.

It is possible to reconstruct a document image using the 
character types OCR information contains. But, GT-Layout 
is better in that the document image is used as it is and that 
the appearance, for instance, font, character and line spaces, 
is maintained.

Application UI3.3.2 
This section describes the UI of the client application, 

assuming that the touch screen is used to operate the mobile 
device. The arrow key can be also used to perform the same 
operations.

Fig. 8   Client application UI.

Fig. 8 shows screens of the client application after it has 
received layout information.

When the client application has acquired layout 
information, the paragraph selection screen shown on the 
left of Fig. 8 is displayed. The application acquires paragraph 
areas from the paragraph area information in the layout 
information and highlights them in the document image 
on screen. This helps to indentify the paragraph to be 
reconstructed. By touching the highlighted area, the client 
application reconstructs the paragraph.

The reconstructed layout is shown on the right of Fig. 8. 
The upper half of the screen shows a paragraph with the 
reconstructed layout and the user can read it simply by 
scrolling up and down. The font size can be increased and 
decreased by pinch-in and pinch-out gestures on the screen. 
The lower half shows a thumbnail of the whole page. The 

paragraph currently displayed in the upper half of the screen 
is highlighted in red in the thumbnail. All the paragraphs that 
can be reconstructed are highlighted in blue. When the user 
touches one of the blue areas, the touched paragraph will 
replace the currently shown paragraph. The user can move 
from one paragraph to another by intuitive operations. The 
user can also see which part of the document he or she is 
viewing. In other words, it is possible to check both the whole 
page and a part of it simultaneously even in a small screen of 
a mobile device.

Conclusion4. 
This report has explained GT-Layout, technology for 

improving readability of document images on mobile 
devices using our image technology. This technology makes 
it easy to read documents on mobile devices. That will 
increase the use of mobile devices as a business tool and 
enhance business efficiency. As well as continuing our 
efforts to further improve the functions and performance of 
this technology, we will work to expand the market for the 
technology, exploring applications other than mobile devices 
and various other purposes.

Reference
1)  Ohtani, Hiroshi; Ikeya, Naoki; Uesugi, Eiji; Asai, Arito; 

Segawa, Hideo; Haneda, Norihisa. “High Quality 
Document Viewer on Mobile Phones”. FUJIFILM 
RESEARCH & DEVELOPMENT. No.55, 50-54 (2010).

(In this report, “Microsoft Office” is a registered trademark 
of Microsoft Corporation. “Adobe” and “Acrobat” are the 
registered trademarks of Adobe Systems Inc. “GT-Document” 
and “GT-Doc” are the registered trademarks of FUJIFILM 
Corporation.)
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Introduction1. 
In recent years, electronic books have been booming in 

popularity. The main focus of the public’s attention is reading 
general text-oriented books on tablet-type devices. However, 
of the total sales of electronic books within Japan, about 90% 
is made via feature phones (i.e., conventional mobile phones) 
and smartphones, and about 80% is of comic e-books1). Thus, 
there exists a large gap between people’s interest and reality.

Based on these results, we decided to concentrate on the 
domain of comic e-books because it has currently a large 
market scale and we can apply our technological assets 
in image processing to it. Comic e-books are displayed 
on the screens of feature phones or smartphones that are 
smaller than paper comic books; therefore, in most cases, 
they are designed to be viewed frame by frame. However, 
the conventional method for frame data generation that 
enables such viewing requires much manpower and it has 
been a bottleneck for the distribution of e-comic contents. To 
solve this issue, we developed the image analysis technology 
“GT-Scan” that enables automatic e-comic frame detection.

In this paper, we explain the background and process 
of the development as well as the details and benefits, and 
future issues of GT-scan technology.

Background of the Development of 2. 
GT-Scan

The breakdown of the sales of electronic books as of 2010 
within Japan reveals that the major platforms used are feature 
phones and smartphones and the contents are mainly comics. 
Because the screens of those devices are smaller in size than 
the original paper media, the contents are generally displayed 
frame by frame for the sake of their visibility.

To achieve this, frame forms and coordinates need to 
be identified as data. Conventionally, most of that labor-
intensive, time-consuming task was done only manually, 
which greatly hindered the further spread of comic e-books.

If the automatic detection of frame forms and coordinates 
becomes possible, that issue can be solved. We have extensive 
experience in photographic image processing and it can 
be applied to the required technologies for the automatic 
detection such as image analysis and binary image processing 
often used for comics. We believe that we can establish our 
technological superiority in this domain.

Thus, we started the development of GT-Scan, the 
technology for the automatic detection of frames in scanned 
comic image data.

Development Process of GT-Scan3. 
Before we started to develop GT-Scan, there were already 

some examples of the use of automatic frame detection in 
scanned comic image layout2), 3). However, its accuracy could 
not compete with that of manual processing and technology 
enabling a considerable reduction of manpower for frame 
data allocation was yet to be created. Thus, we aimed to 
develop a completely new technology and discussed our own 
unique development policies and processes.

First, we analyzed a considerable number of comic pages 
and classified the patterns of frame division and layout.

Then, we made a list of image processing components 
assumed to be required for automatic frame detection.

Finally, we created trial versions of the listed components. 
Via a trial-and-error process, we selected the optimal 
configuration, combinations and parameters for them and 
increased their integrity.

Development of “GT-Scan”, the Technology for Automatic Detection of 
Frames in Scanned Comic

Shunichiro NONAKA*,  Tetsuya SAWANO*,  and  Norihisa HANEDA*

Abstract
We have developed a new image processing technology, “GT-Scan”, to detect frames in comic pages 

automatically. GT-Scan enables to detect frames in about 95% of boy’s comic pages and about 78% of girl’s 
comic pages, contributing to reduce the costs and efforts for the digital comic authoring. In this paper, we 
introduce the structure of the technology and procedure of development.
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Configuration of GT-Scan4. 

Overall Configuration4.1 
Fig. 1 illustrates the processing sequence of GT-Scan. 

GT-Scan consists of several image processing modules and 
outputs comic layout data, such as frame positions, forms 
and sequence order, via the analysis of input images as an 
integrated function.

処理開始

二値化

前景背景判定

四角形検出

線検出

不要線除去

コマ境界線統合

コマ領域候補抽出

コマ確定

処理終了
End of 
processing

Frame fixing

Frame area 
extraction

Frame outline 
combining

Line removal

Line detection

Rectangle detection

Foreground/background 
recognition

Binarization

Start of 
processing

Fig. 1   Flowchart of GT-Scan.

GT-Scan is provided in the form of a software library on 
PCs, mainly used in combination with e-comic authoring 
software that creates e-comic contents by attaching frame 
information to e-comic data and specifying view effects. In 
this way, GT-Scan reduces labor and costs for authoring. Figs. 2 
and 3 illustrate the processing sequence of the modules. The 
details are explained step by step in the following paragraphs.

(d) Rectangle detection (f) Line removal(e) Line detection

(c) Foreground/background 
     recognition

(b) Binarization(a) Original picture

Fig. 2   Results of GT-Scan steps (1).

(i) Frame fixing(h) Frame area extraction(g) Frame outline
      combining

Fig. 3   Results of GT-Scan steps (2).

Binarization4.2 
First, to extract frame information automatically from 

scanned comic images, colors recognized as grayscale in 
image data are converted into black or white. This process, 
which is called binarization, simplifies the detection of the 
outlines of frames described in the following paragraphs 4.4 
to 4.7. If the original image is multi-colored, binarization is 
preceded by grayscale conversion.

Foreground/Background Recognition4.3 
Then, in the foreground/background recognition process, 

the image binarized as described in paragraph 4.2 is 
separated into foreground (inside-frame) and background 
(outside-frame) areas. In Fig. 2 (c), portions recognized as 
foreground are painted out in black. This process makes 
frames stand out from the rest.

Rectangle Detection4.4 
The foreground area that is separated from the background 

area in the process of paragraph 4.3 sometimes has simple 
rectangular portions. Looking at the standard comic page 
layout, more than 90% of frames are rectangular and 
rectangular portions are highly likely to be frames. Therefore, 
in this process, simple rectangular areas are extracted to be 
treated as frame areas in the following processes.

Line Detection4.5 
In paragraph 4.4, simple rectangles extracted are regarded 

as frame areas, because many frames come in that form. In 
reality, however, the outlines of frames are often disrupted 
by objects such as human figures and speech balloons. That 
is, the common frame forms are not purely rectangular but 
actually rectangles with overlapping objects such as balloons, 
which are omitted from detection described in paragraph 4.4. 
Therefore, in this process, to extract other possible frame 
areas, line detection is executed on the areas that are excluded 
in the previous process.

 The Prince is Singing His Love.
   ©HARUMO SANAZAKI 2009/
   OHZORA PUBLISHING Co.
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Line Removal4.6 
The process described in paragraph 4.5 is simply for the 

detection of lines in image data. Many lines other than frame 
outlines detected at the same time prevent correct outline 
extraction. Therefore, in this process, those unnecessary 
lines are removed based on the analysis of line positions, 
lengths and angles.

Frame Outline Combining4.7 
After the process described in paragraph 4.6, forms that 

are close to the actual frames are derived. However, their 
outlines can sometimes be divided by obstacles or be partly 
missing. Then, in this process, possible frame outlines are 
combined to extract more precise frame area data.

Frame Area Extraction4.8 
The outlines of possible frame areas are derived via 

process described in paragraphs 4.4 to 4.7. In this process, 
they are classified based on data obtained via each process up 
to paragraph 4.7.

Frame Fixing4.9 
In this process, with data obtained via each process 

described in paragraphs 4.2 to 4.8, frame areas are finally 
fixed. Fig. 3 shows that GT-Scan has achieved high accuracy 
frame detection in accordance with its processing sequence.

Benefits and Issues of GT-Scan5. 
In paragraph 4, we clarified the configuration of GT-Scan. 

To verify its capability, we conducted a demonstration test 
of GT-Scan in combination with an authoring tool created 
for the test and confirmed the reduction of labor and time 
required for frame data generation. The following is the 
summary of the investigation conducted in the test:

Subjects      :  Five boys’ comic books and five girls’ comic 
books

Comparison:  The authoring tool alone vs. GT-Scan in 
combination with the authoring tool

As a result, with only the authoring tool, frame data 
generation took 50 to 60 seconds per page on average for 
both boys’ and girls’ comic books but, in combination with 
GT-Scan the time was reduced to 15 to 20 seconds per page. 
That is, GT-Scan reduced the time require for that task by 
about 70%.

The accuracy of automatic frame detection achieved 
was 95% in boys’ comic books and 78% in girls’. For your 
information, we considered a case to be accurate where all 
the frame positions of a page were detected correctly, which 
means, of all the frame data obtained via automatic detection 
for the subject boys’ comic pages, 95% could be used without 
any correction.

Although the details are not explained in this paper, 
GT-Scan also has a function that automatically derives 

the sequence order of frames for viewing. Of pages whose 
automatic frame detection was successfully done, 99% gained 
the right order with this function.

On the other hand, the following issue was discovered 
during the demonstration test. In authoring, frame data 
generation is not the only labor-intensive, time-consuming 
task. On the small screens of smartphones, images are often 
zoomed up for the sake of visibility and, in particular, those 
enlarged frames sometimes need to be divided into smaller 
portions to be displayed. In such cases, depending on the 
screen size, it consumes much more time than expected to 
identify the optimal frame division and to specify the display 
order of the divided portions.

The development of technologies that automate these 
tasks, too, is one of the issues we will deal with in the future.

Applications of GT-Scan6. 
GT-Scan is a technology that enables the automatic frame 

detection of comic data. As of November, 2011, we use that 
technology in combination with authoring tools in the process 
of attaching frame information to comic data entrusted by 
publishers (i.e., authoring). By incorporating GT-Scan into 
authoring tools, the output of contents files in the EPUB 
format becomes possible.

Contents files thus output can be viewed stress-free by 
zooming in on frames with our e-comic viewing product 
GT-Comic Viewer. The viewer is ensured to function 
correctly on Android OS as of November 2011 and has been 
employed in several commercial e-comic contents (http://
fujifilm.jp/business/imaging/keitai_service/gt-scan/index.
html).

In the meantime, we have received many requests to 
apply GT-Scan technology to the viewing of the fixed 
layout contents of magazines, catalogs and technical books 
including medical treatises on the screens of small devices 
such as smartphones. We will be discussing the spread of its 
use to genres other than comic books in the future.

Conclusion7. 
To make it easy to view e-comic contents on the small 

screens of feature phones and smartphones, authoring that 
attaches frame information to comic data is necessary. 
Conventionally, most of the authoring process has been done 
manually and that is the cause of its high costs. To solve this 
issue, we developed the automatic frame detection technology 
GT-Scan, which led to success in reducing authoring costs 
considerably. We then developed GT-Comic Viewer that 
enables the easy viewing of e-comic data to which frame 
information is attached, frame by frame on smartphones, and 
launched it to the market. In this way, we have established the 
environment where easy-to-read comic e-books are available 
at low costs.
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Among issues for the future is the development of image 
analysis technology that makes it possible to display a 
large frame by splitting it into several smaller sections, but 
avoiding, as far as possible, any disruption of the key elements 
of the image such as human figures and speech balloons. To 
achieve this, we are going to undertake feasibility studies 
and the development of automatic detection and display area 
control technologies for those key elements.

References
1) Takagi, Toshihiro. e-Comic Marketing Report 2010. 

Internet Media Research Institute, Tokyo, Impress R&D, 
2010, p. 23.

2)  In, Y. et al. Using Fast Frame Decomposition and Sorting 
by Contour Tracing Mobile Phone Comic Imaging 
System. International Journal of Systems Applications, 
Engineering & Development. Issue 2. 5, 216-223 (2011).

3) Kawamura, Kei et al. A Study on Text Localization in 
Comic Images. Proceedings of the 2010 IEICE General 
Conference, Information and Systems 2, p. 163 (2010).

(In this report, “Android” is a registered trademark of Google 
Inc. “GT-Scan” is a registered trademark of FUJIFILM 
Corporation. Application for t rademark registration 
of “GT-Comic Viewer” has been made by FUJIFILM 
Corporation.)



50 Development of Intelligent Movie Data Compression Technology for Video Surveillance Systems

Original paper (Received November 25, 2011)
 *  Imaging Technology Center
  Research & Development Management Headquarters
  FUJIFILM Corporation
   Miyanodai, Kaisei-machi, Ashigarakami-gun, Kanagawa 

258-8538, Japan

Introduction1. 
In recent years, surveillance cameras have become a 

part of our daily lives. In addition to security cameras often 
introduced by mass media, employee monitoring cameras for  
compliance control and safety work and traffic surveillance 
cameras have been increasing. They have been installed 
in airports, train stations, commercial facilities, financial 
institutions, hospitals, offices, schools, parks, etc. Everyone 
is likely to be recorded on video at least once every day.

However, in many cases, the quality of those video images 
is not very good and it is very rare to be able to immediately 
identify a wanted person in security camera videos released 
on TV. Although the quality of images is affected by that 
of the cameras themselves, the fidelity of video recorders 
can also be a significant factor that decides the clarity of the 
images. That is, compression methods for storing image data 
may be the cause of the degradation of video images. There 
are intense demands to compress image data. For example, 
video tape recorder is expected to store one week of data 
from four cameras in a single video tape. Therefore, a need 
for compression technology that enables high-resolution, 
long-duration video recording has always been strong in this 
domain.

In the meantime, image data sizes have been expanding 
inevitably because of the trend for high-resolution cameras 
producing high quality images, large-scale systems 
supporting network cameras and demands for long-duration 
recording to monitor compliance in offices. This, together 
with the aforementioned increase of surveillance cameras 

and the demand for high quality images, has increased 
storage costs. We expect that the need for compression 
technology which can solve those issues will keep increasing 
in the future.

Thus, we developed a compression technology that 
enables high-resolution, long-duration recording for 
surveillance video images and commercialized it as the 
network video recorder “FUJIFILM Clearvision FVR-
100/200” supporting high quality network cameras (Fig. 1)1).

In this paper, we explain the details and capabilities of 
the Intelligent Compression technology that is applied in this 
series of network video recorders.

Fig. 1   FUJIFILM Clearvision FVR-100.

Intelligent Compression Technology2. 

Outline of Intelligent Compression Technology2.1 
Image data compression consists of the following three 

processes: i) Bias the frequency of occurrence of specific 
data with some signal processing techniques; ii) selection 
of target data and bias the frequency of their occurrence 
after removing non-target data; iii) data reduction by code 
assignment in accordance with data occurrence. In the 
Intelligent Compression technology, the process described in 
ii) above is the focus. By enhancing the function of selecting 

Development of Intelligent Movie Data Compression Technology for Video 
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Abstract
We developed “Intelligent Compression”, an intelligent movie data compression technology that is useful 

in video surveillance systems. We expanded our unique image recognition technology, which is used in 
the digital photography field, in the development of “Intelligent Compression”. With its highly accurate 
recognition capability, this technology realizes a high compression ratio while preserving the information 
necessary for surveillance. It also makes quick image searching and crowd analysis possible, contributing to 
wider application of surveillance systems.
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data to be saved in surveillance videos, it enables compression 
in which target objects can be viewed clearly with high time 
resolution and spatial resolution. If the targets are human 
faces, the frame rates and resolution of human face areas are 
unchanged in compression, while other areas of the images are 
reduced to a barely recognizable level (Fig. 2).

Fig. 2   Intelligent Compression overview.

Such the Intelligent Compression function requires a 
detector that selects the targets to be viewed clearly and a 
compressor that controls the compression process area by 
area based on the detection results (Fig. 3).
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Fig. 3   Block diagram of Intelligent Compression.

Detector2.2 
In surveillance videos, human f igures and moving 

objects are the targets that need to be clear. As shown in 
Fig. 4, the detection of those objects can be covered almost 
completely by using motion detection technology and human 
head detection technology. In the field of motion detection 
technology, there already exist many useful technologies. 
Therefore, the development of human head detection 
technology was the key to realize a detector that can achieve 
required performance.

Fig. 4   Relation between detection target and technical components.

Overview of Human Head Detection2.2.1 
Fig. 5 illustrates the configuration of our human head 

detection process. As shown, the core of the process is the 
human head detector. We developed it based on computer 
vision technology.

We have been involved in the development of computer 
vision technologies for many years and achieved high 
accuracy recognition, specially at the point of  false positive. 
Among such technologies is the face detection function 
applied in our digital cameras for focus and exposure 
adjustment. However, the same function can achieve only 
10% accuracy in human head detection for videos from 
surveillance cameras. The reason is that face angles shot 
with surveillance cameras are different from those taken with 
digital cameras. In most cases, the surveillance images are 
taken downward from near ceilings. Front faces are seldom 
seen in surveillance videos while, with digital cameras, 
faces are taken from the near front. To solve this issue, we 
developed a novel technology that enables the detection of 
the human head from any angle.
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The human head detector searches and recognizes human 
heads within each image frame with video inputs. The 
recognition is made by comparing the image data with 
templates of human heads derived from multiple image 
characteristics. Human heads are detected by scanning onto 
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assessing the matching results (Fig. 6).
The face detection technique applied in our digital cameras 

is used in this head detection. However, human heads have more 
image characteristics variation than faces and many objects 
whose image characteristics are similar to those of human heads 
can exist in videos. To achieve high detection accuracy, a greater 
number of image characteristics are incorporated into templates 
used in head detection than in face detection.

Fig. 6   Scanning procedure for head detection.

Restrictions on the Search Range for Head Detection2.2.2 
Restrictingthe search range for head detection can increase 

its processing speed and can reduce its false positive rate. 
That is an important element in the development of the 
head detection process. Restrictions on the search range are 
realized by the following two techniques.

Based on the fact that most surveillance cameras are installed 
pointing downwards and their viewing angles are fixed for a 
considerable length of time, the first technique utilizes the relationship 
between human head positions and their sizes within images.

If the camera is installed pointing downwards, the longer 
the distance from the camera, the smaller and the higher up the 
objects of the same size appear in the image. At the same time, 
in surveillance camera shooting, human heads remain within 
fixed ranges in height from the floor and in size. Therefore, 
depending on the position in the image, possible human head 
sizes also remain within a specific range (Fig. 7).

 
 
 
 
 
 
 
 
 
 

Human head sizes 
to be detected

Fig. 7   Relation between the head size and position on screen.

With this principle, by narrowing down human head sizes 
to be detected depending on the position, the high speed and 
low false positive technique was realized.

However, for commercialization, this technique required 
a function to recognize the relationship between human head 
positions and their sizes within images that varies depending 
on the installation position of each surveillance camera. 
Therefore, we also developed a system that derives and sets 
the said relationship automatically as values by analyzing the 
videos shot with the installed surveillance cameras.

The second technique utilizes the motion of objects in 
images, which is also based on the fact that the viewing angles of 
surveillance cameras are fixed for a considerable length of time.

Moving objects are detected in image areas using data 
that differs between frames, and areas without any motion 
are excluded from the search range for head detection. To 
eliminate false positive caused by the subtle movement of 
cameras and image noise, data are extracted from open areas 
in images to recognize the motion of objects.

Because simply excluding motionless areas may cause 
failure in detecting still humans, a function to correct the 
search range based on the analysis of past data has been added.

Compressor2.3 
A compressor needs to reduce the size of data while 

retaining the required image quality of important areas. 
However, in general motion picture compression techniques, 
the whole screen image or image file is compressed evenly 
and this often blurs the details of the targets such as facial 
features in shots that have many fine textures and sudden 
motion while still shots are unnecessarily clear.

The detector that we developed for this series of network 
video recorders has been configured so that spatial resolution and 
difference in both time and space quantization can be controlled 
from area to area. This enables stable compression of each target, 
retaining appropriate image quality in any shot (Fig. 3).

Capability of Intelligent Compression3. 

Image Quality-Compression Ratio 3.1 
Capability

Image quality and compression ratio forms a trade-off 
relationship. If the compression rate is increased, image 
quality is degraded and vice versa (Fig. 8). Because image 

 

Image quality High capability

Data size

Fig. 8   Compression rate-image quality curve.
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quality and data sizes can vary greatly, image quality 
comparison is made with the data sizes fixed and data size 
comparison with the image quality fixed.

Fig. 9 shows the comparison of two images compressed 
into the same size: one from a surveillance camera digital 
video recorder (DVR) on the market and another from 
our network video recorder FVR-100 that incorporates 
the Intelligent Compression technology. As seen, in the 
light of human identification, the quality of the image from 
FVR-100 far exceeded that from the general DVR. It was 
thus confirmed that the Intelligent Compression is more 
capable of high-quality image compression than are general 
compression methods.

Fig. 9 Comparison of image quality between different 
compression rates.

On the other hand, in Fig. 10, the data sizes of compressed images 
are compared. They have been compressed with three different 
techniques, namely JPEG compression, H. 264 compression 
(the latest motion picture compression technique applied 
in 1seg and Blu-ray) and the Intelligent Compression, into 
the same quality levels in the light of human identification. 
The data sizes indicated are the averages of values gained 
via demonstration tests at multiple financial institutions and 
commercial facilities. The quality of cameras connected 
and shooting environments may affect their compression 
ratios, but it is still clear that the Intelligent Compression can 
achieve a higher ratio than the other two techniques. 

Fig. 10   Comparison between compression rates.

Compression Speed3.2 
The human head detection process applied in the 

Intelligent Compression is generally time-consuming because 
it requires many calculations in its image recognition process. 
However, the development of technology that limits the 
search range for human head detection has increased its 
processing speed dramatically.

The speed of the Intelligent Compression including the 
detection process is about 160 ms per frame on average 
on PCs (Intel Core 2, 2 GHz CPU with 2 GB memory). 
The Intelligent Compression technology is feasible on PCs/
servers.

Intelligent Search4. 
Because of its high compression ratio, the Intelligent 

Compression is suitable for long-duration recording. In that 
application, a function to retrieve the required data quickly is 
indispensable. We therefore developed an intelligent search 
function, too.

The intelligent search function is realized by making 
it possible to store, frame by frame, the position data of 
detected objects generated in the process of the Intelligent 
Compression within the compressed data itself. An original 
position data format was designed to keep its influence on 
the overall compression ratio to a minimum.

For example, a shot in which the detection target (e.g., 
human) enters a specified position can be searched quickly 
by comparing the data of the specified shooting area and 
the stored position data. By saving the search results as 
cueing bookmarks, the video can be skipped from one shot 
to another that require confirmation. This search function 
considerably reduces the time required for video checks, 
compared with fast-forwarding (Fig. 11).

Fig. 11   Intelligent search.
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Analysis of the Degree of Congestion5. 
With the human head detection data, the number of people 

in a shooting area can be derived. As shown in Fig. 12, the 
time-scale summary of the detection data can indicate the 
flow of humans including the degree of congestion in the 
area.

We are interested in such an analytical function because 
it can produce a valuable new feature for customers by 
extracting useful marketing information from surveillance 
videos. Customer expectations of that secondary benefit 
are also very high. We are going to extend that function by 
enabling the integration of multiple camera information in 
the future.

Fig. 12   Number of people count.

Conclusion6. 
In this paper, we explained the features of the Intelligent 

Compression technology for surveillance videos. With this 
technology, human image data area can be compressed 
without quality degradation and, in addition, storage costs 
for surveillance video recording can be reduced. Having 
incorporated this compression technology, the network video 
recorder FVR-100 achieves a size reduction of image data to 
one-thirtieth or less of Motion JPEG that is generally used 
in this domain. This capability is useful in various other 
situations that require human image data communication 
such as TV conferences and remote monitoring. By extending 
the detection targets to those other than human figures, 
we can respond to the demands of reducing the size of 
various other data without quality degradation. We expect 
that such demands will become stronger in parallel with 
advances in information and communication technology and 
spread to fields other than video surveillance. To respond to 
those diversified needs, we are going to further improve the 
functions and capabilities of this technology.
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Introduction1. 
Nowadays, there is increased interest worldwide in the 

development of materials to support a sustainable society 
by reducing environmental load. Conventionally, in the 
manufacture of products, the polymer chemical industry 
was completely dependent on materials originating in 
fossil resources. However, the industry is now striving 
to develop recyclable materials with biomass. As such 
materials, polylactic acid (hard type) and polybutylene 
succinate (soft type) have been commercialized, but the 
expectation for the development of even higher-performance, 
higher-functionality plastic originating in biomass has been 
increasing1).

Among biomass, cellulose has vast output and thus 
stable supply can be expected. However, it is a self-cohesive 
energy, non-thermoplastic material, having very strong 
hydrogen bonds within and between molecular chains. To 
add thermoplasticity to cellulose materials, the following 
two methods have been discussed: external plasticization 
utilizing the denaturation of hydroxyl groups in combination 
with plasticizers; and internal plasticization utilizing the 
denaturation solely. Acetylcellulose and nitrocellulose are 
cellulose-based polymers with low molecular plasticizers 
added that can be produced using the former technique. 
On the other hand, cellulose acetate propionate and 
cellulose acetate butyrate are materials made with the 
latter technique2). However, in spite of the above-described 
development activities, the thermoplasticity of cellulose-

based polymers alone is still insufficient.
Under such circumstances, focusing on the unique 

property of cellulose, the industry has been vigorously 
working on the improvement of cellulose materials by 
utilizing denaturation. In recent years, some case examples 
have been reported, such as the commercialization of melt-
spun fibers with thermoplastic-enhanced, cellulose-based 
polymers3); and the development of strong, thermoplastic 
cellulose-based polymers with excellent water and heat 
resistance from acetylcellulose with cardanol (a main 
ingredient of cashew nuts) grafted on4).

In the meantime, we reached the idea of developing 
high-performance biomass plastic materials having 
excellent thermoplasticity from cellulose-based polymers by 
controlling their strong hydrogen bonds within and between 
molecular chains.

Thus, we developed new strong, cellulose-based polymers 
with excellent thermoplasticity and heat resistance. In this 
paper, we explain their capabilities and report the results 
of investigations of their applicability as injection molding 
materials.

Thermoplasticity and Mechanical 2. 
Properties of New Cellulose-based 
Polymers

On considering the thermoplasticity of new cellulose-
base polymers, we focused on the following factors: binding 
species, molecular sizes and the degree of substitution. 
Among them, it is molecular sizes and the degree of 
substitution that are directly related to the control of the 
hydrogen bonds of cellulose. Binding species function to 
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Abstract
New cellulose-based polymers with excellent melt-processability have been developed. The effects of 

molecular size, functional groups and the degree of substitution on the mechanical and thermal properties 
of cellulose-based polymers were studied. Plasticity improved markedly with the size and number of added 
substituents. It was found that the balance between mechanical properties and plasticity was improved 
dramatically by the combined use of small and large molecules added to side chains. Furthermore, the 
impact strength of cellulose-based polymers was increased by the addition of ether/ester groups together. 
These results correlated with the degree of prevalence of soft segments as estimated from dynamic 
mechanical analysis and solid-state 1H NMR, and such a specific effect is reported here for the first time. 
Injection molding of this material was carried out, and good rheological and processing characteristics were 
confirmed.
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change the rigidity of portions connected to cellulose. Fig. 1 
illustrates the idea of binding species and molecular sizes that 
we considered.

Properties of Cellulose-based Polymers 2.1 
Denatured with A Single Substituent

We first considered the impact of molecular sizes and the 
degree of substitution on the expression of thermoplasticity 
and discovered that those factors are closely related to it. As 
shown in Fig. 2, using bulky substituents was more effective 
to enhance thermoplasticity, and binding species had an 
influence on the mechanical properties of the new cellulose-
based polymers. Fig. 3 exemplifies the relationship between 
the degree of substitution and glass transition temperature of 
materials that have molecule sizes of four-carbon atoms and 
eight-carbon atoms. The use of bulky substituents promoted 
the expression of thermoplasticity but it also tended to 
soften the polymers. That means, to balance the mechanical 
performance and melt moldability of polymers, controlling 
molecular sizes and the degree of substitution alone is not 
sufficient.

Fig.3 Glass transition temperature as a function of substitutions．Blue and red symbols correspond 

to 4 (●) and 8 (●) of carbon number. 
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Fig. 3 Glass transition temperature as a function of substitutions. 
Blue and red symbols correspond to 4-carbon ( ) and 
8-carbon ( ) additions.

Properties of Cellulose-based Polymers 2.2 
Denatured with Multiple Substituents

With only a single substituent, it was difficult to balance 
thermoplasticity and material performance. Therefore, 

we considered modification in the higher-order structure 
achieved by the substitution of three hydroxyl groups in the 
cellulose repetition cycle. Then, we designed polymers with 
a method in which binding species, molecular sizes and the 
degree of substitution were combined within the chemical 
structure, incorporating molecular motion in the cellulose 
molecular form (higher-order structure) and side chains 
during the modification.

Fig. 4 shows the dependence of modulus on the degree 
of substitution in the cases where the following materials 
with multiple substituents were used: a combination of the 
methyl group and the 2-ethylhexanoyl group (MC-2Eh); and 
a combination of the acetyl group and the 2-ethylhexanoyl 
group (CA-2Eh). Compared with the case where materials 
with the single substituent 2-ethylhexanoyl (Cel-2Eh) 
are used, materials with multiple substituents expressed 
thermoplasticity in the high modulus area and had a better 
balance of material performance. In this way, they exhibited 
performance that materials with a single substituent cannot 
achieve. In addition, further consideration of various 
combinations of substituents found that specific substituent 
combinations exhibit an excellent balance of rigidity, impact 
resistance and heat resistance, based on which Article A was 
developed. The results of an analysis of newly discovered 
materials retaining excellent performance balance are 
described in the following paragraphs.

Fig.4 Tensile strength as a function of substitutions modified by 2Eh for MC-2Eh (●), CA-2Eh (●) 

and Cel-2Eh (●). 
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Fig.2 Plasticization behavior of cellulose-based polymers modified by one functional group. 
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Impact -Resistance Factors of New 3. 
Cellulose-based Polymers

We investigated the reason that the cellulose-based 
polymers having the aforementioned specific combination of 
substituents exhibit excellent impact resistance. As a result, 
it was discovered that impact resistance is closely related 
to the molecular motion in the higher-order structure and 
side chains of the cellulose-based polymers incorporated 
as an additional element. More specifically, we discovered 
the following three scientific facts related to the increase 
of the volume of the molecular chains of cellulose and to 
molecular motion at low temperature: i) at the velocities used 
in high-speed destruction tests such as impact tests at room 
temperature, there exist a constant number of molecular 
motion elements that can absorb energy; ii) the increased 
degrees of freedom in space allow molecular chains to 
move within gaps in response to impact; iii) weakened 
hydrogen bonds let the higher-order structure transform from 
a molecular chain layered structure that consists of general 
cellulose materials to a symmetrical uniaxial cylindrical 
structure (pseudo). Putting these results together, we propose 
a model shown in Fig. 5.

As far as we know, this correlation between impact 
resistance and the molecular structure had not been 
recognized as a property originating in the structure of 
cellulose-based polymers. We believe that these findings are 
significant.
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Fig. 5   Structure and morphology models of the development materials. 

Molding with Test Molds4. 
We conducted injection molding on Article A, which 

is one of the materials with excellent performance, at a 
temperature of 210°C (Photo 1). From the resin-filling 
condition of the thin portions and ribs of the molded articles, 
we could confirm its high f luid capability. In addition, it 
exhibited high performance in the molding cycle and was 
amenable to pigment coloring.

Table 1 shows the summary of the properties of Article 
A, polylactic acid (PLA), cellulose acetate propionate (CAP), 
acrylonitrile-butadiene-styrene copolymer (ABS). Article 
A far surpassed PLA, which is now commonly used as a 
biomass material, in heat distortion temperature, impact 
resistance and hydrolysis resistance and CAP, the cellulose-
based polymer on the market, in moldability, impact 
resistance and absorbency. In addition, although not listed in 
the table, it is worthy of note that, for a biomass material, the 
physical properties of Article A are less likely to be changed 
by heating. In our opinion, Article A has achieved a level 
of heat flow kinesis close to that of resin on the market. It 
has excellent thermoplasticity for a cellulose-based polymer 
created with the internal plasticization technique.

 

Photo 1Photo 1

Table 1   Characteristics of the development material.

Biomass plastic Petroleum resin

Article 
A

Commercial materials

CAP PLA PMMA ABS

Flexural modulus (GPa) 2.2 1.8 3.7 3 2.2

Flexural strength (MPa) 76 78 105 124 74

Heat distortion temperature (°C) 93 78 50 87 81

Charpy impact strength (kJ/m2) 10 2 2 1.5 15

Moisture absorption coefficient (%) 0.9 2.3 0.3 0.3 0.2

Hydrolysis resistance

Molding cycle (s) 30 45 120 25 25

Moldability

Injection

Solidification

Measuring



58 Development of New Cellulose-based Polymers with Excellent Melt-processability

Conclusion5. 
We developed new cellulose-based polymers with high 

thermoplasticity. It was confirmed that those introduced 
in this paper also retain a good balance of rigidity, impact 
resistance and heat resistance and are suitable as molding 
materials. In the future, we are going to consider technology 
that enables the low-cost mass production of those new 
materials and to extend their usage to other possible domains. 
We intend to systematize the findings obtained via this 
activity into a basic technology to unleash the various 
practical properties of cellulose materials.
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Postscript

It has been a challenging year of reaffirming the importance of having a reliable solid technical 
foundation. Unexpected events have happened both in the natural world and human society and many things 
have not proceeded as planned across the world. However, we were able to launch many new products 
incorporating new technologies. From among these technologies, we have chosen highly advanced and 
unique ones and compiled this report. The report consists of 12 papers newly written for this issue and 
14 papers taken from science and technology journals. These papers will show that the technologies we 
have built up over many years, in the field of image information and photosensitive materials, help create 
new businesses directly or indirectly. In the process of solving problems at hand, we come up with various 
technologies. Integrating those individual technologies into an expansive system will provide a source of 
technical strength to meet any challenge. 

(Editor in Chief : Yoshio Inagaki)




