
In this paper, we report a newly developed cassette type DR called the “FUJIFILM DR CALNEO Smart”. CALNEO Smart is 
the world’s lightest DR with a weight of 2.6 kg, and its innovative shape and high-quality internal circuit allow for dramatically 
improved workflow and low-dose diagnosis. A detailed explanation about CALNEO Smart is provided in this paper.

Abstract

1. Introduction
In recent years, digitalization in the medical field has been 

advancing rapidly and the use of digital radiography (DR) 
has been promoted in the X-ray imaging domain. Under such 
circumstances, FUJIFILM has increased the sales of the DR 
cassette CALNEO C with its high image quality that over-
whelms the similar products of other companies. However, 
digitalization has also encouraged many electronics manu-
facturers and newcomers inside and outside Japan to enter 
the medical equipment industry, which initiated fierce sales 
competition in that domain. We therefore developed the 
FUJIFILM DR CALNEO Smart (hereinafter, the “CALNEO 
Smart”) that can improve imaging workflows dramatically, 
placing top priority on the requests of medical staff gained via 
our accumulated experience in that field. This paper describes 
its various functions.

2. New functions that improve workflows dramatically
The CALNEO Smart has a variety of new functions in 

addition to the improved basic imaging functions necessary 
as a DR cassette. It can realize excellent usability regardless 
of the location, environment and domain. It is suitable for use 
not only in X-ray rooms of radiology departments but also in 
various other situations, such as walking rounds, home care 
and disaster relief operation.

2.1 Enhanced operability with innovative rounded-shape, 
protrusion-free design

While being compliant to the ISO standard for cassette 
sizes, the CALNEO Smart has a prominent characteristic in 
appearance: the smoothly chamfered back side. That rounded 
shape helps to greatly reduce the physical load applied to 
users; for example, the pain that patients feel when the 
cassette is inserted under the body and the fatigue of technicians 
due to the resistance that they feel when inserting it (Fig. 1). In 
addition, the fully-flat design, reducing as many protrusions 
and depressions (e.g., battery mounts, screws and labels) as 
possible, has realized high cleanliness and cleanability. The 
uniformity in design including even peripheral devices also 
contributed to the CALNEO Smart winning the Good Design 
Award for 2014, representing its innovativeness and exhibiting 
high presence (Fig. 2).

2.2 Compatibility of robustness, water resistance and 
the world’s lightest body

The CALNEO Smart has employed a shellfish structure for 
its housing (Fig. 3). The material used is light, high-strength 
magnesium and, by integrating stiffening ribs into the structure 
during die casting, the strength of the housing has been 
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Fig. 1　Improvement in insertability of cassette because of the round shape Fig. 2　Innovative and uniform design including peripheral equipment
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increased even further. In addition, by redesigning the weak 
points discovered via dynamic analysis with the high-precision 
finite element method (Fig. 4), the world’s lightest body of 2.6 
kg with improved robustness has been realized. In particular, 
the extent of deformation to bending loads has been signifi-
cantly reduced, becoming approximately one sixth compared 
with that of the previous models. The CALNEO Smart is thus 
useful for portable imaging in unstable positions, such as on a 
stretcher in an emergency (Fig. 5).

Moreover, the joints of the housing are sealed up, which 
achieves improved robustness as well as water resistance 
equivalent to IPX6 (a level at which there is no adverse effect 
caused by strong water jets from all directions) even when 
the body is loaded. That allows its use outdoors at disaster 
sites, etc., and cleaning with running water after use (Fig. 6).

2.3 Antibacterial property bestowed by FUJIFILM’s 
own antibacterial coating HYDRO AG

For the first time as a DR cassette, the CALNEO Smart has 
introduced an antibacterial function into its housing surface. 
The antibacterial coating used is based on the silver and 
precision coating technology that FUJIFILM has cultivated in 

the photo film domain in combination with a newly developed 
technology, HYDRO AG, utilizing the expertise in bacteria 
of Toyama Chemical Co., Ltd. In general silver-based anti-
bacterial coatings, the binders in which antibacterial agents 
are dispersed lack hydrophilic properties. Therefore, without 
reaching the inner levels of the coating film, moisture only 
reacts to the antibacterial agent exposed on the surface and 
elutes silver ions there. In contrast, the HYDRO AG uses a 
hyper-hydrophilic binder, which causes moisture to react to 
the antibacterial agent not only at the surface but also inside 
the coating film. Silver ions are thus released gradually from 
inside and the surface silver ion concentration is kept high. 
In that way, the CALNEO Smart has acquired both high and 
lasting antibacterial performance that has never been achieved 
before (Fig. 7). In a JIS Z 2801-compliant test, one hour after 

Fig. 3　Shellfish shape of magnesium alloy

Fig. 5 Comparison between flexural deformation of “CALNEO 
Smart” and that of the previous model

Fig. 4　Simulation of drop destruction by the finite element method

Fig. 6　Waterproof test under load pressure (100 kgf)

Fig. 7　Antibacterial mechanism of HYDRO AG
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contact with bacterial solution, the number of residual bac-
teria decreased below the detection threshold. In another test 
simulating a hospital environment, the CALNEO Smart was 
sprayed with bacterial solution and stored at 25°C and 50% 
RH. Six hours after the contamination, the number of residual 
bacteria decreased by 99.9% or more. In both tests, the coating 
function achieved a performance one hundred times better 
than that of the conventional technology (Fig. 8).

2.4 Implementation of long-term accumulation mode
The maximum signal accumulation period of conventional 

DR cassettes is approximately four seconds. That prevents 
them from being used in examinations that require long-term 
accumulation of signals, such as esophagography in which X-
ray exposure is performed several times for one image divided 

into multiple regions to observe the flow of barium. However, 
by considerably reducing the dark noise that occurs during 
long-term signal accumulation with a newly developed low-
noise circuit, the CALNEO Smart has succeeded in lengthen-
ing the maximum signal accumulation period to 10 seconds, 
2.5 times longer than that of conventional ones. It has thus 
become possible to replace X-ray fluoroscopic equipment 
dependent on computed radiography with DR cassettes (Fig. 9).

3. Improvement of basic performance
In addition to the above described advanced functions, the 

CALNEO Smart has established further user-friendliness in 
usual imaging as well, by overall reviewing and improving 
basic DR technologies.

3.1 Realization of low-dose imaging
DR cassettes generate images by outputting data digitally 

converted via the following processes: conversion of radi-
ated X-ray signals into light with a CsI or GOS scintillator; 
conversion of the light into analog electrical signals using 
photodiodes; and reading the converted signals using TFTs. 
The detector of the CALNEO Smart has inherited the config-
uration of the high-performance X-ray detection system with 
FUJIFILM’s own ISS method (Fig. 10) that was already used 
in its previous models. By using a newly developed low-
noise electrical circuit in combination with advanced image 
processing technology in the field of FUJIFILM’s expertise, 
the CALNEO Smart has achieved high image quality with half 
the conventional X-ray dose, while also obtaining a substantial 
improvement in the granularity of images.

Fig. 8　Antibacterial performance of HYDRO AG

Fig. 9　Esophagram image of “CALNEO Smart”
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3.2 Improvement in battery lifetime and recharge time
In the CALNEO Smart, we have realized a reduction in the 

required battery capacity by maximizing the performance of 
each voltage conversion circuit based on a thorough review 
of the electrical circuits. That contributes to weight reduction. 
We also reviewed the behavior of the sleep mode that was 
already incorporated into the previous models, via which 
we have succeeded in seamless switching between the sleep 
mode and normal mode and in increasing the battery lifetime 
to approximately eight hours. In addition, to further extend 
the lifetime, we have employed a low power-consumption 
microcomputer chip and reduced power consumption by 
controlling voltage supply to the A/D convertor and image 
processing chip during idling. Consequently, we have real-
ized a new extra sleep mode that achieves a battery lifetime 
of 18.5 hours. Normal mode, sleep mode and extra sleep 
mode can be selected arbitrarily depending on the situation 
(Fig. 11).

With regards to battery recharge, the CALNEO Smart 
supports a new rapid battery recharging function for its main 
body, which shortens the recharge time from about 10 hours 
with the previous models to 4.5 hours. In addition, it provides 
a quick charge function to allow a small amount of imaging 
when the battery has gone flat. With that function, a three-
minute recharge enables the processing of approximately 30 
images. In that way, the downtime when the battery unex-
pectedly gives out can be minimized.

4. Conclusion
As described, the CALNEO Smart is a next-generation 

DR cassette with a variety of new functions as well as basic 
performance further enhanced from the previous models. It 
has other functionalities beyond the scope of this paper, such 
as outdoor wireless communication, allowing use not only in 
conventional imaging rooms but also anywhere inside and 
outside hospitals. We believe that this system will enable 
digitalization in fields that have given it up and thereby reduce 
the workload of technicians and doctors in diagnosis of as 
many patients as possible.

Trademarks

・ “CALNEO Smart,” “CALNEO C” and “HYDRO AG” referred 
to in this paper are trade names or registered trademarks of 
FUJIFILM Corporation.

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

Fig. 10 In the ISS method, converted light reaching the TFT surface is strong and sharp compared with the conventional side sampling (CSS) 
method; therefore, image quality is significantly improved

Fig. 11 Battery life improvement of “CALNEO Smart” compared 
with previous model
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