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Abstract

In order to contribute to the environment, we have devel-
oped flame-retardant composite materials based on polypro-
pylene, which enable the production with a lower CO, emis-
sion and a lower cost. On the other hand, it is necessary to
modify several performances including flammability to apply
to structural parts of our multi-functional peripherals. Since
polypropylene is flammable, flammability often emerges as a
major issue.

The UL94 vertical flammability test is used to rate the flam-
mability. Conventionally, we searched for effective formula-
tions using the data of burning time and drip occurrence for
the rank decision. However, it was difficult to evaluate the
flame retardancy effects and analyze the mechanism with
these data, and that prevented us from understanding the
detailed relation between the flammability rank and the for-
mulation. As a result, it took a lot of time to design the flame-
retardant formulation.

Therefore, we introduced a novel approach in which com-
bustion behaviors were analyzed as intermediate properties
between the formulation and the flammability rank using data
science. We quantified the combustion behaviors so that we
could understand the phenomenon and streamline the way of
designing the formulation.

First, we created a dataset of combustion behaviors from
the video of the flammability tests. Then, the behaviors with
high importance were extracted by decision tree, which is one
of inductive methods. We applied this method to complex for-
mulations containing polypropylene and flame retardants, etc.
The analysis suggested that dripping and foaming were impor-
tant behaviors for the flammability.

Furthermore, we investigated the effect of dripping and
foaming to the rank of flammability, which supported the
above hypothesis.

We expect that this method will be able to apply to any other
materials and make progress in designing and optimizing the

flame-retardant formulations.
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Table 2 I HINZETH 28R 7 > 7 LIk, MRBECB D
LREE T,

2 flame application

Time/sec Time/sec

Flame application burning
’ i time

Y

dl’lp mducmg ignition T 7 e 1
of cotton batting —» extinguished extinguished

char gradually
formation _ rising

\ ASL ]

Table 2 Datasets of combustion features.

Class Feature

Sample Flam- Time to Time to first  Drip Flame-spread Flame Flame size Char Drip Drip flame Foam
P mability ignition (sec) dripping (sec) times way color from bottom formation viscosity color amount

1 not-V 0 5 19 22 gradually rising 0 orange 0 >70% O yes 0 low 0 white 0 no 0
2 not-V 0 6 23 10 gradually rising 0 orange 0 >70% O yes 0 low 0 white 0 no 0
3 not-V 0 5 36 4 gradually rising 0 orange 0 >70% O yes 0 high 1 white 0 no 0
4 not-V 0 7 39 1 gradually rising 0 orange 0 >70% O yes 0 high 1 orange 1 no 0
5 V-2 1 10 13 gradually rising 0 orange and blue 1 <40% 1 no 1 low 0 orange 1 small 1
6 V-2 1 10 15 1 gradually rising 0 orange and blue 1 <40% 1 no 1 low 0 orange 1 small 1
7 not-V 0 6 15 30 gradually rising 0 orange and blue 1 40-70% 2 no 1 low 0 orange 1 large 2
8 V-2 1 9 14 1 gradually rising 0 orange and blue 1 <40% 1 no 1 low 0 white 0 small 1
9 V-2 1 7 30 1 gradually rising 0 orange 0 >70% 0 yes 0 high 1 white 0 small 1
10 V-2 1 9 15 1 gradually rising 0 orange 0 40-70% 2 yes 0 low 0 white 0 small 1
11 V-2 1 6 22 1 gradually rising 0 orange 0 40-70% 2 yes 0 high 1 white 0 large 2
12 V-2 1 4 27 1 gradually rising 0 orange 0 40-70% 2 yes 0 high 1 white 0 large 2
13 V-2 1 8 14 2 gradually rising 0 orange and blue 1 <40% 1 no 1 low 0 orange 1 small 1
14 not-V 0 7 12 50 gradually rising 0 orange and blue 1 40-70% 2 yes 0 low 0 orange 1 no 0
15 not-V 0 8 11 50 gradually rising 0 orange and blue 1 >70% O no 1 low 0 white 0 large 2
16 not-V 0 6 40 1 wrapping 1 orange 0 >70% O yes 0 high 1 white 0 no 0
17 not-V 0 6 42 11 wrapping 1 orange and blue 1 >70% 0 yes 0 high 1 white 0 small 1
18 not-V 0 6 14 50 wrapping 1 orange and blue 1 >70% 0 yes 0 low 0 white 0 no 0

2 All features were observed at first flame application. ¢ Integers adjacent to categorical variables represent the levels used for the decision tree.
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FUy 708, SR 1EHORID RY v 7% TORRE]
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drip times <= 3.0
gini = 0.494
samples = 18
value = [10, 8]
class = notV

gini: Gini impurity
samples: total number of sample(s)
value: numbers of classified sample(s)

Fig. 4 The 1stdecision tree, each square represents a node.

foam amount
drip flame color
drip viscosity
char formation
flame size from bottom
flame color
flame-spread way
drip times
time to first dripping

time to ignition ‘ ‘ ‘
0 0.2 0.4 0.6

Feature importance

Feature

Fig. 5 Feature importances of the 15t decision tree.

foam amount <= 0.5

gini = 0.494 gini: Gini impurity
samples: total number of sample(s)

value: numbers of classified sample(s)

samples = 18
value = [10, 8]
class = notV

flame color <= 0.5
gini = 0.444
samples =3
value = [2, 1
class = nof

drip viscosity <= 0.5
gini = 0.444
samples = 3
value = [1, 2]

class = V2

Fig. 6 The 2" decision tree.
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drip flame color
drip viscosity [N

char formation
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flame color

flame-spread way
time to ignition _ ‘ ‘

1
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Feature importance
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Fig. 7 Feature importances of the 2" decision tree.
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Fig. 8 Chemical structures of hindered amine (HA), (a) HA-A, (b) HA-B, (c) HA-C.
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Table 3 Formulation of test samples and V test results.

Polypropylene Hindered Hindered Aluminum Flammability

amine amine hydroxide
(Wt%) (Wt%) type (Wt%)
100 0 - 0 not-V
99 1 A 0 not-V
99 1 B 0 not-V
99 1 (¢} 0 not-V
75 0 - 25 not-V
75 1 A 24 not-V
75 1 B 24 not-V
75 1 (¢} 24 V-2
10000
1000 |

e

5

2 ol o .m -e-PP

z - 4 PP/HA-A

[T

= -=- PP/HA-B

10
PP/HA-C
1 L L L

270 280 290 300 310
Temperature/°C

Fig. 9 MFR plotted against temperature, polypropylene (PP) / hindered
amine (HA)-A, B, C.
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Realization of Sustainable Consumption and Production

— Development of the Inspection Technology for Chemically Strengthened Glass —
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Abstract

Chemically strengthened glass is used as a cover glass for
protecting the display of electronic equipment such as a smart-
phone and a tablet PC. Chemically strengthened glass is glass
with enhanced strength by ion exchange and has excellent
drop resistance and scratch resistance. However, a chemically
strengthened glass tends to cause quality variation derived
from a manufacturing process, and insufficiently chemically
strengthened glass is broken easily.

If a cover glass is broken, it is necessary to replace the dis-
play module or to dispose of the smartphone itself and replace
it with a new one. Itis inconvenient for the user and is not pref-
erable from the viewpoint of effective use of the resources. In
the manufacturing process of the cover glass, if we can inspect
the condition of chemical strengthening treatment by a non-
destructive method, enhancing the quality and reducing the
broken risk can be expected.

The feasibility of the inspection method by the optical tech-
nique using ultraviolet ray, visible ray, X-ray, etc. was exam-
ined, aiming at the whole number inspection in a short time in
the manufacturing field of the cover glass in which the produc-
tion quantity is very large. When aluminosilicate glass, whichis
commonly used as a cover glass, was examined in a model, it
was observed that the glass emits light by irradiation with
deep ultraviolet rays or X-rays. And, we have discovered that
the emission spectrum changes before and after the chemical
strengthening treatment. In the future, by realizing a new eval-
uation method of chemically strengthened glass in the manu-
facturing process, the contribution towards the realization of
sustainable resource utilization is expected in the whole sup-

ply chain related to cover glass.

* P AT FEY T4 AR A By —7
* ok PIFSHRGAE  TIREMNBRT £ v ¥ — DS EAfBHTEE
* %k kLA THERE ~LRT THEER TS T 4 HENET
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Sample A

Sample B

Fig. 1 Kion distribution of smartphone cover glass. Each glass is removed
by the same type of smartphone and analyzed by TOF-SIMS. Allows
show the thickness of the K ion distribution.
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’ Cut ‘ ’ Chemical strengthening ‘

’ CNC ‘ ’ Single side polishing ‘

’ Double side polishing ‘ ’ Single side polishing ‘

1 1

’ Thermal forming ’ After treatment ‘

Fig. 2 An example of manufacturing process for the 3-dimensional smart-
phone cover glass.
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Table 1 Chemical composition of GORILLA® GLASS 2.

Composition Content (mass %)
Na20 12,5
MgO 15
Al203 21.0
Sio2 64.4
CaO 0.5
SnO2 0.1
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Fig. 3 Li, Naand Kion distribution.
(a) Liion distribution
(b) Naion distribution
(c) Kion distribution
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Fig. 4 UV -visible- near infrared absorption spectra of the glasses.
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Fig. 5 Fluorescence spectrum of GORILLA® GLASS 2.
(a) GORILLA® GLASS 2
(b) Chemically strengthened GORILLA® GLASS 2
(c) Difference data (b-a)
Color shows intensity of the luminescence.
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Fig. 6 X-ray Transmittance property.
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Fig. 7 X - ray induced fluorescence spectrum.
(a) GORILLA® GLASS 2
(b) Chemically strengthened GORILLA® GLASS 2
(c) Difference between (b) and (a)
Blue bar: (b)-(a)=0, Orange bar: (b)-(a)<0
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History of Konica Minolta Pulse Oximeter Development and Social Contributions Under COVID-19 Pandemic
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Youichi ONO Masanobu KAMEDA
Abstract

The pulse oximeter is a medical device to measure pulse rate
and percutaneous arterial oxygen saturation (SpO,) without
blood sampling. The world’s first finger pulse oximeter was
commercialized by Konica Minolta (Minolta Camera at that
time) in 1977.

Throughout product development history of pulse oxime-
ters, Konica Minolta has been pursuing performance improve-
ment and downsizing. In the beginning, pulse oximeter was
used in the limited places such as operating rooms and ICUs
in hospitals. Along with the performance improvement and
downsizing, places and situations to use have been being
expanded initially from limited situation such as operating
rooms and ICUs currently to personal use by non-medical
experts outside the hospitals. Furthermore, the COVID-19
pandemic broke out since 2020 has driven the remarkable
expansion of usage and social recognition of pulse oximeter,
and it becomes an indispensable medical device under the
COVID-19crisis.

With fighting against COVID-19, Japan faced the severe
shortage of domestic pulse oximeters and the hospital beds for
moderate or more severe COVID-19 patients. To solve these
two social problems, Konica Minolta offered the solutions; to
boost production capacity 20 times of pulse oximeters and to
urgently put new SpO, central monitoring system into the
market. With this new system, hospitals can prepare and main-
tain beds for moderate or more severe patients more flexibly
and instantly than before.

This paper reports the origin of pulse oximeter, its history of
downsizing and expansion of use, market change caused by
COVID-19 crises, still prevalent as of this writing, and social

contribution of Konica Minolta against COVID-19.
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Fig.1 The picture called ‘Earthrise’ taken aboard Apollo 8 and ‘SPACE METER’
specially customized Exposure Meter for Apollo project.
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Fig. 2 The picture of ‘OXIMET MET-1471".
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Model Weight  Situation of use
MET-1471 Operating
- ialized room
LN Icu
oximeter
SM-32
1985 k% Microcomputer
Calibration system
: PULSOX-7
1987 | Sy Good for carrying around
;y/ Small desktop type
~—  PULSOX-8
1990 é Pulse wave indication
e
-l PULSOX-5 Respiratory
1991 := gl Portable handy type Vg,‘h’gr/gg?y
transport
r PULSOX-3 SAS
1997 & == Wristwatch type SNEE
PULSOX-2 70g
2002 & Integrated type
i
e PULSOX-300 [ 569 |
2005 ’%ﬁ? Developed
- wristwatch type
~ PULSOX-1 3 I
2009 ;" High shock resistance ﬁare worker /
3 Integrated fingertip type SIEpatient
4 Puisox-lite [T EEZEEN
2012 @ For home-use
casual model

Fig. 3 The history of downsizing and lightening of Konica Minolta pulse
oximeters.
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Fig. 4 The picture of ‘PULSOX-5".
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Fig. 5 The pictures of ‘PULSOX-1’ (left) and ‘PULSOX-Lite’ (right).
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Fig. 6 The picture of ‘PULSOX-Neo’.
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Fig. 7 ‘Monitoring system VS1’ with Sub-GHz wireless communication is
easy to instantly install to the temporary hospital beds for COVID-
19 patients and move or expand the beds in hospitals.
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Fig. 8 The picture of ‘Monitoring system VS1’.
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Educational Solutions for Individually Optimized Learning
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Abstract

As the economy grows, advanced technologies such as
internet of things (IoT), artificial intelligence have deeply pen-
etrated our lives. The effective utilization of the technologies is
required even in educational scenes. The goal of GIGA School
Program is that elementary and junior high school students
will learn the needed skills in the Society 5.0 era by utilizing the
distributed computers.

Konica Minolta has accommodated the customer’s needs
and requirements while visualizing issues that even customers
haven’t noticed. In demonstration project promoting by the
Ministry of Education, Culture, Sports, Science and Technology
(MEXT), we have been collaborating on the project about the
utilization of advanced technology in schools with Minoh City,
Osaka Prefecture since 2019. The purpose of the project,
which Minoh City board of education envisions, is decrease
teacher’s workload and improvement the level of education. In
order to solve the problems, Konica Minolta has analyzed the
academic achievement data of students and provided teach-
ers value by visualization of them.

In addition, due to the COVID-19 pandemic, education has
changed dramatically, whereby teaching is undertaken remotely
and on digital platforms. With this sudden shift away from the
classroom, we are developing the educational one-stop solu-
tions that solve customer issues to realize Educational Digital
Transformation (EDX). The solutions help teachers to easily run
their lessons at school or in remote locations.

Building upon our success, the solution enables EDX by
through the analysis service of academic achievement. The
solution is used by our business partners, and we expect fur-

ther expansion of our business.

* [EHARBTEAGT DX B2 > & —
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Fig. 1 Learning analysis system architecture.
By combining the experience of teachers and Al analysis, the teach-
ers can provide more accurate guidance than ever before.
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Table 1 Use case of the learning analysis system.

Use case User Purpose How to Use

Teachers Class
improvement

After class Pay attention in the next
lesson to the students

who don’t understand

After class Teachers Class Give the students
improvement homework according to
their growing points
Class Teachers Improvement of Take over the teacher’s
management classroom guidance when students
management pass to the next grade
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Fig. 2 Graph that classifies the characteristics of academic ability.
The students in group1 have high scores for math. However, they
are not good at the field of volume and figures.
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Fig. 3 Report of the learning analysis service.
It shows the transition of each child’s academic ability, strengths
and weaknesses, prediction scenarios and prescriptions for growth.
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Fig. 4 Application Architecture of services.

The educational support service supports the remote collaborative
learning and the contact book function required for school life. The
learning analysis service of Al analysis is described in Chapter 3.
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Fig. 5 Questionnaire results.
We asked 77 children and students how they felt about the lesson
using the service.
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Technology of Skill-free Color Matching with AccurioPro ColorManager Print
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Abstract

In recent years, in the production printing industry, printing
jobs are becoming more diverse and smaller in lots.

Therefore, the printing company faces a problem that the
cost increases too much if it takes time to prepare for printing
for each job.

When the print sample comes with the print data, the skilled
operator uses the tone curve adjustment to perform color
matching to the print sample.

This is done over 30 minutes by repeating adjustment trials
and errors, but due to the difficulty of technology inheritance
and the need for cost reduction, anyone was required to be
able to easily perform color matching.

To meet this customer demand, Konica Minolta has devel-
oped a technology called AccurioPro ColorManager Print,
which enables color matching by simply scanning a print sam-
ple with a scanner.

By linking the application with the controller and 1Q-501,
skill-free operation is possible, and high-precision color match-
ing is achieved by hybrid color measurement using the spec-
trophotometer equipped with IQ-501 and the scanner attached
to the engine.

By deploying this technology, we will promote breaking
away from customers’ dependence on skills and at the same
time contribute to expanding profits of printing companies
by reducing color matching man-hours.
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Fig. 1 Color adjustment method using the conventional tone curve
function.
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Fig. 2 Some examples of user interface that completes all the work accord-
ing to the instructions.
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Fig. 3 Determining color measurement points from natural images.
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Fig. 4 Hybrid colorimetric system using a spectrophotometer in 1Q-501
and a scanner.
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Fig. 5 Image coordinate matching technology between scan image and
PDF image.
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Fig. 6 Correction of the ICC profile using by extraction points from input
natural images.
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Fig. 8 Color difference in measured color values (represented by diame-
ters of dots) between the target and the print sample.
Left: Before adjustment, Right: After adjustment.
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Automated Printing Operation Technology with Automatic Curl Correction Using IQ-501

F H B Nx o H B
Keisuke NODA Makoto IKEDA

£5

RE, HIRIZERTIKERY 3 728RENMNODEZELT
BWEENETUETE ZEENDERIN—ER G- T
ETTWVWS HIRIERICH I RMEEZRHET B/coHic, =
1=/ )LFFAccurioPress C14000/1Q-501 (Intelligent
Quality optimizer) ¥ X7 L%ZBIF U Tz, EIRIEARET
& %AccurioPress C14000&, BERERBELI=Y b
TH3IQ-501 THHESNBIERY AT LE, HIBOFRE
=ML - AALL, HTHERICEREIDLELEL
FIRINTEZ &2 BIEUVRAREL

AT, ENRFEDORERECERIROEE DR
PEAMVRRTE 2HEDEHR - A—I)LicL T, 1~
T4 Y THIRIB®RZFHEHANS1Q-501 &, Fikirx1
Zy hTHBRU-518m Z&EHET 5 2 & THIRIFICEED
TH—ILFEIEZITY, 72 v NSERY Z B IR AIEE
E93 Th—)LEBRERERE) ICDVWTBNT %,

TERD A —ILEIEEREE, BEENN—ILEZBRIL
RITNEFESHEWT & &, ZORIEICYT LKL I/EERME
TEYLFEND oo, MEMRYZHERL, H—ILHE
EE{TORIFTNIERSRVWT EIE, BEROEEERLE
ZHITF T W, 22T, 1Q-501IC THIRI MK DREEER

FHED, HRIFEOH—ILEZEEHRL, RU-518m
DH—IILEDOHIFEZBERET DI & T, HRFIES
53 LHIRIFRDA—IILEEICE BEITHIET 2 A—)L@E
FZzAfes Ulico Chid, HIRIZHFEESICEICT Sy
NSENRYORENBEITTE S8, BINTIETO
EEMER EPiRADITh, HRIOBNZERL, VLK

HIRICEND, BROREORLICHFST %, e,

A—ILIFJAM (EFEE D) PEMIARORRAICE ST
&, TNSERRICHS ZETRERDY U5 A LHI
BICHEMT 5,

h—ILiE, B RIE, e AREREDOZ < DK
IckDEALT B8, VFILYA LTDHAH—ILEEL D
ERFETH S, BE@mERELLZENE LIQ-501
DEBRT—5 & h—ILE#EEZE I 5 RU-518m Z &
¥I2IET, NI BEEEZEELT DI ENTE
5h— IV EBRHIEEEIC DWW TRE T %,

FOH K fxx b E R OKkx
Daiki HIRATA

Shunta OKITSU

Abstract

In order to provide new value to the printing industry,
Konica Minolta has developed AccurioPress C14000/1Q-501
(Intelligent Quality optimizer) system. This system consists of
AccurioPress C14000, which is the main body of the printing
press, and 1Q-501, which is an automatic quality optimization
unit. This system was developed to make the adjustment of the
equipment more efficient and labor-saving, and to enable any-
one to easily produce high-quality and stable printing.

This paper describes “automatic curl correction function”
that automatically corrects curl during printing by linking
1Q-501 and RU-518m, in order to provide flat printed materials
atall times, against curling of paper caused by the storage con-
ditions of printed paper and the heat and pressure of the fixing
process during printing. We will introduce “automatic curl cor-
rection function”.

The conventional curl correction function requires the cus-
tomer to visually measure the amount of curl, and the correc-
tion of the curl requires the use of damaged paper and work
time. To solve this problem, 1Q-501 reads the front and back
images of the printing paper, monitors the amount of curl of
the printing paper, thereby enabling curl correction that
automatically responds to changes in curl before and during
printing. This improves workability in the post-processing
process, reduces paper corner folding and printing abrasion,
and leads to a reduction in waste paper, thereby contribut-
ing to the improvement of printing quality. In addition, since
curling can cause JAM and post-processing defects, it can also
contribute to reducing customer downtime by preventing
these problems.

This paper reports on automatic curl correction function
that can complete curl correction work automatically by link-
ing the image data of IQ-501 and RU-518m with curl correction

function.

* [EARBEERBATEA PP 2 7 AflfHIEYE 2 > & — PP 27 LffllHIBATEL
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Fig. 2 Auto-curl adjustment system by 1Q-501 and RU-518m.
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Fig. 3 Paper curls formed by transportation path.
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Fig. 6 Curl condition during preparation and printing phase. Detected
values (blue line) indicate measurement results by 1Q-501.
Measurement values (orange plots) indicate that on a scale. The
curl condition improves in the printing phase because of the curl
condition detection by 1Q-501 and the feedback adjustment value
toRU-518m.
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Fig. 7 Curl condition during printing detected by IQ-501. Red circles indi-
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curl condition become worse because of paper condition change
butimprove immediately with auto curl adjustment function. In the
printing phase, the curl condition is kept within the target adjust-
ment range (yellow area).
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Consideration of the Counter Charge Traveling
Distance on the Charge Transport Equilibrium
Mechanism with a Dynamic Procedure
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Abstract

In the history of the electrophotography, two-component
magnetic brush development method has been adopted in
many color MFPs and production printers because of its qual-
ity, durability, and controllability in developing characteristics.
The charge transport equilibrium mechanism proposed by
Kurita is useful as an analysis model of development character-
istics in two-component development method of electropho-
tography and has been applied in many MFP designs. In this
model, the traveling distance of the counter charge is treated
as a constant, and its value is estimated experimentally. The
author tried an iterative calculation of the process of counter
charge transport by applying a diffusion model and an electric
charge mobility model. In each calculation model, the devel-
opment characteristics showed a gradual time dependence
after a lapse of a predetermined time, and the results obtained
that the charge transport equilibrium mechanism was gener-
ally supported.

The diffusion model met the developing condition that DC
bias voltage was applied. The charge transport equilibrium
mechanism can be accepted except the condition under the
‘limitation of toner supply’. The electric charge mobility model
met the developing condition that AC bias voltage was super-
imposed. In this case the charge transport equilibrium mecha-
nism can be accepted if the developing time is longer than
the transit time of counter charge which is determined by
amplitude of AC voltage and so on. These results provide the
value of replacing empirical know-how with analytical under-
standing and helping to transfer technical knowledge. Further
applications are expected for improving electrophotographic

technology.

* EP Process R & D Division 1, EP Image Engineering Development Center, R & D Headquarters Business Technologies
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1 Introduction

In the history of the electrophotography, two-com-
ponent magnetic brush development method has
been adopted in many color MFPs and production
printers because of its quality, durability, and control-
lability in developing characteristics. Several impor-
tant theories and models helped in designing devel-
oping systems and controlling algorisms for image
stabilization. Kurita’s Charge transport equilibrium
model [1] is one of the useful models for analyzing
experimental data. Equation (1) shows Kurita’s original
charge transport equilibrium model determining
developed toner charge Q;

—&oVo

O Lkt dk+d k0

where V), is given potential difference, 0 is speed
ratio between developing roller and photoconductor,
and d,/k,, d,/k, and d./k. are equivalent thickness of
the photoconductor, developed toner layer and the
counter charge. In this model, developability is domi-
nated by the counter charge thickness and 6.

Equation (2) shows Hattori’s revised charge trans-
port equilibrium equation (2019) [2]. In this equation,
the term of the counter charge thickness is modified
considering relative movement of developer from the
viewpoint of developed photoconductor.

_ —&V
0= ds d, d, 2)
ke 10|- (1+10-1])

Fig. 1 refers above model [2] showing the counter
charge is condensed or diluted to 1/| 60| and |0-1] is
ejected to the vertical direction. In this figure the dis-
tance of the counter charge is constant.

Ax
= > Q

Photoconductor - l‘

= AV

Fig. 1 Schematic illustration and equivalent circuit of the revised charge
transport equilibrium model at the condition of 0<6<1.

Fig. 2 shows comparison between experimental results
and the calculated results reported in the author’s pre-
vious paper [2]. Equation (1) and Equation (2) can meet
good correlation with experimental results by estimat-
ing some constant value on the term including ‘counter
charge’. However, there is no suggestion in these mod-
els why or how the counter charge is driven to the bal-
anced position. Okada [3] suggested a useful reference
as a mathematical solution for both IMB (Insulative
Magnetic Brush) and CMB (Conductive Magnet Brush)
development method by focusing conductivity of the
magnet brush. In this study, the author focused the
IMB method and applied a numerical, iterative solu-
tion for toner deposition and counter charge trans-
portation to understand the mechanism that the
counter charge term seems to be a constant.

L ’9—
O/Q"/ _
e
L 7
L 7/ NS
o //—’/O///
g 0.5+ /’ //
€] / =7
# -
-
//
I /
./ . Q/M
L — Equation (1) A 28.1uClg
" ---- Equation (2) 0 36.3uClg
| | I ! !
0 0.5 1 1.5 2 2.5
0

Fig. 2 Comparison between experimental results and the calculation;
solid lines are by Equation (1) and dotted lines are by Equation (2).

2 Charge transport model and calculating
method

A calculation model is shown in Fig. 3. It is a ‘multi-
layered model’ consists of developer layer, air gap,
developed toner layer and photoconductor layer, where
developer layer including counter charge is divided in
n sublayers (L;, L.*+- L,) to reproduce counter charge
distribution. At the step 1, developed toner charge Q,
and newly generated counter charge in the top sub-
layer of the developer AQ,, are calculated so as the
electric field in the imaginary air gap layer to be zero
else toner density in the top sub-layer to be empty.
AQ, is condensed or diluted from Q, by Equation (2);

_ 00— 0t - Ay
\9](1+]9—1\)

A Qy, (3)
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At the same time, amount of counter charge trans-
port among neighboring sub-layers is calculated by
the determined model. After At, at the step 2, elec-
tric field in all sub-layer are re-calculated on the basis
of the new charge distribution calculated at the step
2. Step 1 and step 2 are alternately repeated.

Developer layer Lpo=nAx Developed Photo-
<— (including counter charge) —=<- Air gap —><— toner —><-conductor>

PR L;j=Ax LosL, Lo Li=M/p/0,© L

/i

£ £ £y Eq €78 & o £
Ed=Ax/£ D, DyD; D,=L,/s, D=L/g = Lo/¢,

Q

41 (inlayer) (Qy; Qa1 Qun Q (in layer) Q, (on surface)

=V/D,

Ea: e
E,=E,ep/e4
17 En-Qun /€4
E 27 By 1-Qun1 /84

=Ej1-Quis1/€q
i~ Qui/€q

m

m
m-m

(ONONONONO)

Fig. 3 Iterative calculation model by alternating development and charge
transport.

Two types of charge transport model were tested:
the Fick’s laws of diffusion and the electric charge
mobility model. By Fick’s laws, counter charge den-
sity Qg (¢) in sublayer L; is expressed in the following
Equation (4);

Qui(t) = Oy (1 —At)
+0{ Qi (t=A) = Qi (t=A)} ()
_5{Qf]f(t_At)_Qf]f—] (t_At)}

where 0 is the diffusion coefficient. This model
assumes the counter charge transportation is domi-
nated by mechanical dispersion such as vibration or
collision rather than electrostatic force.

In another model, the counter charge transporta-
tion is dominated by electrostatic force received from
the electric field;

AQ,i(1)
d
= = 00 (t—ADE(t=A1) )
At
where p is the counter charge mobility and E; is the
electric field in the i-th sublayer of the developer layer.

List of the parameters for calculation is as follows;
*Developer layer thickness L,=0.5mm

*Number of divisions of the developer layer n =40
«Imaginary Air gap layer L,=0.1 um

»Packing ratio of toner layer g,=0.5

«Specific gravity of toner p,=1000kg/m3
*Photoconductor layer thickness L;=25um

*Developing bias voltage Vz=-500V

« Latentimage potential on photoconductor V/=-100V
*Toner charge per weight g/m=-30uC/ g

« Permittivity of the air gap (vacant)e,=8.85x10"2 F/m
*Relative permittivity of the developer layer ¢,=2.5
*Relative permittivity of the toner layer ¢,=2.0
*Relative permittivity of the photoconductor ¢,=2.7
« Counter charge mobility ¢ = 1.0x107m?/Vs

Unit time At is tuned as uE, (0) doesn’t exceed L,/n/At.
Development efficiency n is evaluated;

_ 9
o)
(V= V)

Q= Li/e,+ L,/g,

3 Results and discussion

3.1 Diffusion-model-based analysis

Fig. 4 shows an example of the result supposing
charge transport was given by the Fick’s laws of dif-
fusion at the condition 0 = 0.1 and 6 = 0.25. In case
that diffusion model was supposed, counter charge
generated at L, gradually moved slowly and kept
stagnation around the photoconductor side.

1.0E-05
9.0E-06
8.0E-06
7.0E-06
6.0E-06
5.0E-06
4.0E-06
3.0E-06

2.0E-06

Counter charge density (C/m?)

1.0E-06
0.0E+00
t=4.15m:

t=1.66ms

t=0.83ms

t=0.00ms

12345678 910111213141516171819202122232425262728293031323334353637 383940

Sub-layer number

Fig. 4 Calculated result of the counter charge distribution in the developer
layer by applying diffusion model (at 8 =0.25, 6 =0.1).

Fig. 5 is the time dependence of development effi-
ciency by supposing the diffusion model. The figure
shows rapid increment of efficiency from ¢ = 0 to 0.1ms
and nearly static state after that. During the period of
above rapid increment, the calculation result indi-
cated a state like ‘limitation of toner supply’. Even if
E, was not canceled to zero, toner density at L,, became
empty and development did not progress until toner
was dispersed from the neighboring sub-layer.
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Fig. 5 Calculated result of development efficiency by applying diffusion
model (at 8 =0.25, 5 =0.1).

Fig. 6 shows effect of 6 at the diffusion model calcu-
lation. By giving sufficient 6, ‘limitation of toner sup-
ply’ could be avoided. Anzai et al. [4] suggested that
toner to develop latent image was provided from the
uppermost carrier layer, and that mechanical force
by magnetic brush should be included in developing
forces acting on toner. The diffusion model seems to
correspond to their investigation in case of IMB sys-
tem that DC bias voltage is applied.
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Fig. 6 Calculated result of development efficiency by applying diffusion
model (at 6 =0.25,0.5, 1.0and 1.5, 6 =0.1).

3. 2 Electric-charge-mobility-model-based analysis

Fig. 7 shows another example of the result suppos-
ing charge transport is given by electric charge mobil-
ity model. Counter charge generated at the photo-
conductor side of the developer layer was transported
to the developing roller side in about 2ms and was
stayed around the neighboring area of the developing
roller. Fig. 8 shows a corresponding result of develop-
ment efficiency. At the start of development, ‘limita-
tion of toner supply’ was observed from ¢=0 to 0.4ms,

consecutively from ¢=0.4ms to 2.2ms, developing
efficiency was increased according to counter charge
transport form the photoconductor side to the devel-
oping roller side, and finally developing efficiency
became constant. The result can be understood that
transport of counter charge induces toner deposition
and that it requires ‘transit time’ for developing prop-
erty to be in the stable situation. The ‘transit time’
may be a factor for the process speed limitation of
the system.

t=0.83ms

1=0.1

1234567 89101112131415161718192021 93031 7383940

Sub-layer number

Fig. 7 Calculated result of the counter charge distribution in the devel-
oper layer by applying electric charge mobility model (at 6 =0.25,
1=1.0%X107m2/Vs).
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Fig. 8 Calculated result of development efficiency by applying electric
charge mobility model (at 6 =0.25, u=1.0x107 m2/Vs).

Fig. 9 shows effect of 0 at the electric charge mobil-
ity model calculation. As can be seen from the figure,
developing efficiency was relatively increased by
applying larger 0 but it does not have effects to accel-
erate the developing speed. On the contrary, Fig. 10
shows effect of ¢. By giving the larger u, the devel-
oping efficiency reached to the saturated level in a
shorter time, but the saturated levels were the same.
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Fig. 9 Calculated result of development efficiency by applying electric
charge mobility model (at 6 =0.25,0.5,1.0 and 1.5, u=1.0x10"7
m2/Vs).
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Fig. 10 Calculated result of development efficiency by applying electric
charge mobility model (at 6 =1.7, ©=0.5%X107, 1.0X107 and
1.5%X107 m?/Vs).

In case of two-component development method
applying AC bias voltage superposition, AC ampli-
tude is considered as a parameter of the counter
charge mobility. In actually, counter charge is a part
of charge on the carrier surface with opposite polar-
ity to toner. Counter charge is appeared when a toner
particle is deposited from the carrier surface and
transferred and disappeared when another toner
moved from neighbor onto there. There exist many
kinds of barriers or traps for toner transition through
the developer layer. AC bias generates an alternating
electric field in the developer layer and is thought to
affect the toner to overcome barriers and traps result-
ing counter charge transport. Fig. 11 shows experi-
mental data of developing property under various
condition of AC bias superposition reported by the
author in 1997 [5]. In this figure, M/A (mass of toner
per unit area) was increased by applying AC bias
superposition from 0 (=DC only) to 1.0 kV;, and satu-
rated at 1.0 kVp, and more. It is understood that the
counter charge mobility was increased by AC bias
superposition and the transit time came up at the
developing time when AC bias became 1.0 kVyp.

In rough approximation, supposing the process
speed limitation of the single-headed two-component
development method utilized in color MFPs to be
around 500 mm/s and contact width between magnet
brush and photoconductor to be 1mm, developing
time is calculated as 2.0 ms. Developing property
should be saturated until the end of the developing
region if the unit were designed with sufficient robust-
ness. When the developer layer thickness is 0.5 mm
and developing bias is 500 V, mobility of the counter
charge is approximated to be 5x107m?/Vs. It is as
same order as mobility of organic semiconductor.

Sin wave
-0- 1.5 kVep
-2- 1.0 kVep
-~ 0.5 kVepp
-O- DC

10.0-

o
=)

M/A on paper (g/m?)

0 100 200
Developing potential (V)

Fig. 11 Experimental result of the change in development property
depending on AC bias superposition reported in [5]. M/A (mass of
toner per unit area) was increased by applying AC bias superposi-
tion from 0 (=DC only) to 1.0 kV,» and saturated at 1.0 kV,» and
more.

4 Conclusion

Although the charge transport equilibrium model
is well-known as a useful model for analyzing experi-
mental data of the two-component development method,
there was no discussion why and how the counter
charge layer was determined. In this study, an itera-
tive calculation method was applied to consider the
process of counter charge transport. A diffusion model
and an electric charge mobility model were discussed.
The diffusion model met the case that DC bias voltage
was applied. The charge transport equilibrium mech-
anism can be accepted except the condition under
the ‘limitation of toner supply’. The electric charge
mobility model met the case that AC bias voltage was
superimposed. In this case the charge transport equi-
librium mechanism can be accepted if the develop-
ing time is longer than the transit time of counter
charge which is determined by amplitude of AC volt-
age and so on.
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Although two-component development method has
been applied to many commercial products and has
contributed to progress in speed and quality of elec-
trophotographic process, few analytic investigations
have been presented recently. In this paper, two-com-
ponent development method was discussed by utiliz-
ing a charge transport model in multi-semi-conduc-
tive-layer. Such a model is worthful to improve technical
knowledge from empirical know-how to analytical
understanding. Further applications are expected for
improving electrophotographic technology.
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Development of Gloss Sensor for Electrophotography
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Abstract

Konica Minolta has developed a gloss sensor to detect the
glossiness of electrophotographic image, to solve the customer
demands for electrophotographic printers, which are becom-
ing more sophisticated and automated.

Until now, Konica Minolta has made it possible to stabilize
the density, color, and position of toner images by 1Q-501 which
has some unique technologies, but there has not yet been a
technology for stabilizing gloss.

Gloss is the human sense of specular reflection of light on
the surface of an object, and the intensity of gloss is due to the
reflectance and diffusion distribution. There are some mea-
surement methods for gross, but they are not for the gloss of
the toner image, so that it was not a suitable method for the
feedback of a fusing unit of an electrophotographic printer.

So that, before developing a new gloss sensor, we first stud-
ied the mechanism of gloss that humans perceive on toner
images. It was found that the gloss of the toner image is due
to reflectance and diffusion width of the specularly reflected
light, the reflectance changes depending on the color of toner
and the fixing conditions, and the diffusion width changes
depending on the surface condition of the paper.

To measure these characteristics, the gloss sensor is equipped
with a white LED as a light source. The toner’s color is mea-
sured by three photodiodes with RGB color filter, and the reflec-
tance and the diffusion distribution are measured with a linear
sensor.

By combining the gloss sensor and the fixing parameter
control technology currently under development, it is possible
to control the gloss of the toner image, and it is possible to
automatically provide printed matter with gloss that meets the

customer’s request.

* HWEIRPIFAT PP 73 A AlHIBASE >~ & — % 1PP 7734 A {HlHIBIFEE

* & (ARSI PPRIRIGATE L v & — 45 2PP BTN
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Fig. 4 Variation of gloss of the magenta toner by the paper.
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Fig. 5 Variation of gloss of the black toner by fusing condition, in the high
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Fig. 16 Composition of gloss in the optical simulation model.
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Study on Internal Stress Vibration and
Edge Wear of a Cleaning Blade

Yoshiki NAKANE *, Yu MUKOBAYASH]I %k, Yoshihiro HATTORI s
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Abstract

A cleaning blade is one of the parts used in the electropho-
tographic process. The life of the cleaning blade is deter-
mined by the amount of wear on its edge, and it is known that
fatigue wear dominates the of edge wear. Fatigue wear pro-
cess is known as follows; when repeated stress acts, micro
cracks progress in the wear part, causing peelings. The linear
cumulative damage rule is used as an empirical rule that
explains fatigue fracture of rigid body well. On the other hand,
few studies have applied the fatigue wear of viscoelastic bod-
ies that make up the cleaning blade to the linear cumulative
damage rules.

The purpose of this study is to confirm that the S-N curve,
which is the basis of the linear cumulative damage rule, holds
for blade wear, and that there is a correlation between blade
wear width and Zn;/N;.

In this study, we applied photoelastic method and dynami-
cally analyzed the internal stress acting around the edge of the
blade from the photoelastic high-speed moving image. The
rainflow method was used for the dynamic analysis of the num-
ber of stress repetitions, which is a counting method that con-
siders hysteresis among the typical methods for counting the
number of repetitions.

As the results, the S-N curve of the blade showed typical S-N
curve behavior in which N decreased as S increased. The blade
wear width and =n;/N;also showed a good correlation, and the
larger the =n;/N, that is, the cumulative fatigue damage, the
larger the blade wear width.

By the results of this study, it can be said possible to predict
the wear width by visualizing the internal stress of the blade
from a short-time photoelastic high-speed video, analyzing
the data obtained by tracking the stress fluctuation, and calcu-
lating =n;/N;.

* EP Process R &D Division 1, Image Engineering Development Center, R & D Headquarters Business Technologies
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1 Introduction

In the electrophotographic process, toner used as
colorant causes image noise when it remains on an
image carrier. A toner cleaning system is installed
and a cleaning blade, hereinafter referred to as a
‘blade’, is widely applied to the cleaning system. The
blade is composed of a viscoelastic body cut into a
strip shape supported by a metal member, and is held
under pressure at the edge of the blade against the
image carrier. While the image carrier, formed in a
cylindrical shape, rotates to repeat imaging sequence,
frictional force is generated between the image car-
rier and the edge of the blade, which results in wear
of the edge. As the edge wear increases, the blade
cleaning performance deteriorates, and image noise
is triggered due to toner slipping through. Various
studies have been reported to reduce the blade edge
wear and extend life of the blade. Several types of
wear mechanisms have been proposed. Seino et al.
proposed wearing equations based on the fatigue
wear model [1]. They predicted stick-slip behavior
causing fatigue wear of the edge and successfully
examined the possibility by their experiments. At the
time of Seino et al.'s research, there was no tech-
nique to measure the stress acting on the edge of the
blade, so a tensile fatigue test was conducted by
applying a repetitive stress with constant amplitude
and frequency to the blade. They concluded induc-
tively that the vibration acting on the edge caused
fatigue wear.

In our previous report, “Visualization of internal
stress of cleaning blade by photoelastic method” [2],
we proposed a method to visualize the internal stress
of the blade and discussed its validity as a measure-
ment method by means of static analysis, and the
magnitude of the stress. Dynamic analysis was car-
ried over to the next report. Therefore, in this study,
we brushed up this method and dynamically ana-
lyzed the internal stress acting around the edge of the
blade from the photoelastic high-speed moving
image. Since it became possible to analyze the num-
ber of repetitions in addition to the magnitude of the
stress acting around the edge of the blade by dynamic
analysis, we tried to explain the amount of wear of
the blade by applying the linear cumulative damage
rule.

The purpose of this study is to confirm that the S-N
curve, which is the basis of the Minor's rule of cumu-
lative damage, holds for blade wear, and that there is
a correlation between blade wear width and Xn,/N;.

2 Model

2.1 Photoelastic method

When an external force is applied to an elastic body
having a transparent and uniform structure such as
celluloid to generate stress in the elastic body, the
elastic body temporarily exhibits birefringence. When
polarized light is incident on a photoelastic body, bire-
fringence produces a pair of plane polarized lights that
oscillates in the direction of the internal force and in
the direction perpendicular to the internal force. Since
the pair of plane polarized lights passes through the
elastic body at different velocities, the light exiting
the photoelastic body has a phase difference 0 with
respect to the incident light. Since this 0 is propor-
tional to the principal stress difference, the photoelas-
tic method is used as a method to analyze the stress
distribution in the elastic body by measuring 0.

The detailed method for measuring the internal
stress of the cleaning blade by the photoelastic
method is as described in the previous report [2].

2.2 Linear cumulative damage rule

The linear cumulative damage rule is used as an
empirical rule for estimating the life when the ampli-
tude and frequency of stress acting on an object are
irregular. This method is used when external stress
acts on a rigid body that receives repeated loads.
Fig. 1 is called a fatigue strength curve, and it is also
called a S-N curve because it takes the magnitude of
stress and the number of repetitions as axes. When
the fatigue life due to constant repetitive stress of
stress 0; (i = 1,2,---, m) of arbitrary magnitude is N; (i
= 1,2,---, m), respectively, the o; that actually acts if
the number of stress repetitions is n;, the degree of
fatigue damage due to o; is n;/N;, and it is considered
that fatigue fracture occurs when the cumulative
fatigue damage due to all o; exceeds 1, which can be
expressed by Equation 1 [3].

a1

stress

[oF]

[

Ni N N
cycle of count

Fig. 1 Example of S-N curve.
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Although many studies have applied the linear
cumulative damage rule to fatigue fracture of rigid
bodies, few reports have been employed it to predict
the occurrence of fatigue wear in viscoelastic bodies
[4]. In this study, we tried to adopt the linear cumula-
tive damage rule to predict the fatigue wear of the
blade from the magnitude and number of repetitions
of the internal stress caused by the self-excited vibra-
tion generated in the viscoelastic body. Firstly, we
focused the difference between fatigue fracture and
fatigue wear. Equation 1 expresses the conditions under
which fatigue fracture occurs, but fatigue wear can
be considered to be the repeated discontinuous occur-
rence of minute fatigue fracture at the wear-gener-
ated portion. On this supposition, we considered that
the larger the Xn;/N; and the larger the number of
fatigue fractures, the larger the wear width of the
blade. Based on this hypothesis, we hypothesized
Equation 2 to represent the wear width ‘IW;’ under the
constant ‘a’.

m
Wf=a x Y, (2)
io1 Ni

2.3 Cycle counting method

When the number of stress repetitions is measured
by the cumulative linear damage rule, it is necessary
to consider the properties of the object on which the
stress acts, the surrounding environment, and so on.
For example, when some phenomena such as stress
corrosion cracking are involved, the effect of the rep-
etition rate is taken into consideration. And in the
case of low cycle fatigue (fatigue phenomena in which
the number of repetitions is 104 times or less) accom-
panied by the same phenomena, it is necessary to
consider the waveform shape of stress, that is, trian-
gular wave, rectangular wave, and the like rather
than the speed. Since the blade edge of this study is
classified as high cycle fatigue in which wear becomes
remarkable after 104 or more repetitions, it is not
necessary to consider the repetition rate and wave-
form shape. On the other hand, since the blade is
composed of a viscoelastic body as a material, it is
desirable to use a method of counting the number of
repetitions in consideration of hysteresis [5].

Among typical methods for counting the number
of repetitions such as the peak method, the range

method, and the range-mean method, the rainflow
method is a method for counting the number of rep-
etitions in consideration of hysteresis. Hereinafter,
the rainflow method will be described. As shown in
Fig. 2, stress is on the horizontal axis and time is on
the vertical axis. Unlike normal, the vertical axis is
time, pointing downwards. The time-series wave-
form is likened to a multiple roof structure, and the
behavior of rain flowing from the top of the roof is
emulated. Rain flows downward from the base of the
roof. When it reaches the eaves of the roof, it falls
down to the lower roof and start flowing again until
the flow stops due to the conditions for stopping the
flow described later. After the flow stops, the next
flow begins.

There are two conditions for the falls to stop. The
first is, for example, when the flow from point 0O falls
down from point 1, it can fall down to point 3 as it is
because the starting point of the flow 2 in the next
tensile direction is on the tension side of point 0, it
flows down as it is, but the flow stops at the point 3
and the next tensile flow starts because point 4 is on
the compression side of the point 0. The second is,
for example, the flow from the point 2 stops at point
1, because the roof is already wet with the flow that
has fallen from the point 1.

2 1
0 \ ,/ Strain

1 cycle =

O S— - 3 1/2 cycle
™ 1 cycle
1 cycle

Compression Tension

6.

1/2 cycle 8=

1/2 cycle

NI é'7

/ 0 y Strain

8 64 Stress

Fig. 2 Relationship between distortion interval and hysteresis loop by rain
flow method.

Amplitude and frequency are determined as fol-
lows; when the conditions for stopping the flow are
met, or when the flow is not stopped and the water
falls down toward an infinite bottom, the length in
the horizontal axis direction of the water flow is mea-
sured as the amplitude of the corresponding half cycle
wave [6]. One of the features of the rainflow method
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is that it deals the waveform in half cycle units. It
means the method can count the wave even if the
hysteresis loop is not closed as can be seen from the
hysteresis loop corresponding to the distortion.

3 Experiment

3.1 Experimental equipmentand analysis method

Fig. 3 shows an external photograph of the friction
tester manufactured for this study. It is a blade-on-
disk type friction tester that imitates the cleaning sys-
tem of the electrophotographic process, and can test
the line contact slip friction between the disc and the
blade. This tester consists of the following units: a
disk drive unit that rotates a disk, a blade holding
unit not shown in the photo that holds the blade and
presses it against the disk, a polarized light source
unit that polarizes the light emitted from the light
source with a polarizing plate and transmits the
blade, and an imaging unit consisting of a ‘camera’
CRYSTA PI-1P manufactured by Photoron Co., Ltd.
with a built-in 1/4 wave plate connected to a lens
holding a circularly polarizing filter at the tip to cre-
ate a photoelastic image from transmitted light.

Disk drive unit Polarized light

source unit
Imaging unit
Blade

u/

= =

Blade holding unit*

Fig. 3 Photograph of the friction tester prototyped for this research.

Fig. 4 shows an example of a photoelastic image
taken by the friction tester. This is a snapshot from a
photoelastic video. Fig. 5 shows a snapshot of the
optical image taken at the same time. In the optical
image, deformation of the edge cannot be observed,
but in the photoelastic image, the color matching
lines are lined up at narrower intervals near the edge,
which means that higher internal stress is acting. In
the high-speed moving image acquired by applying
the photoelastic method, the movement of the color
matching line, that is, the fluctuation of the internal
stress acting near the edge of the blade was quanti-
fied using the tracking software. The high-speed
video was shot for about 5 seconds at a frame rate of

10000 fps. Kinovea [7] was used as the tracking soft-
ware, and Fig. 4 also displayed the trajectory during
tracking. Since this study focused on the stick-slip of
the blade, the data acquired by tracking is limited to
the direction in which the frictional force acts. The
obtained data were output in csv format and used for
cycle counting. We used the Python rainflow module
for the analysis. Among the outputs obtained by the
rainflow module, the range and count are equivalent
to the strain and cycle of count on the S-N curve. The
cycle of count was divided by the video recording

time to obtain the number of repetitions per unit time.

Trajectory during tracking

Fig. 4 An example of a photoelastic image of the edge of a blade.

Fig. 5 An example of an optical image of the edge of a blade.

3.2 Derivation of S-N curve

In order to derive the S-N curve of the blade, we
first extracted the conditions under which remark-
able fatigue wear occurs in the blade. A blade set to the
specified conditions was installed on the AccurioPress
C6100 manufactured by Konica Minolta, hereinaf-
ter referred to as the ‘actual machine’, durability
was evaluated, and then the edge of the blade was
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microscopically observed. The presence or absence
of fatigue wear was confirmed. When no significant
fatigue wear occurred, the level of the pure water
contact angle on the surface of the image carrier was
changed and the durability was evaluated again. By
repeating above operations, the conditions under
which fatigue wear remarkably occurs were extracted.

Next, by using the friction tester, the blade and the
image carrier were set under the conditions that
cause remarkable fatigue wear extracted in the dura-
bility evaluation of the actual machine. Photoelastic
video was captured and the magnitude of stress when
fatigue wear occurs in the blade and the number of
repetitions were obtained by analyzing the video.
The S-N curve of the blade was derived by dividing
the magnitude of the stress thus obtained into a pre-
determined range and measuring the number of rep-
etitions in each stress range.

3.3 Wear width - Zn;/N; correlation

In order to verify the relationship between the
blade wear width and Xn;/N;, it is necessary to
acquire the wear width and n; data under different
conditions, excluding N; verified in 3.2. Durability
evaluation using the actual machine was carried out
to acquire wear width data. For the acquisition of n;
data, the data obtained by tracking the photoelastic
image was analyzed by the rainflow method. The
parameters whose levels were changed were the pure
water contact angle of the photoconductor, the blade
material, and the blade edge angle, and the other
parameters were fixed and verified.

4 Results and discussion

4.1 Resutlts of S-N curve

The S-N curve of the blade shown in Fig. 6 was typi-
cal S-N curve behavior in which N decreased as S
increased. In addition, there is no fatigue limit that
appears only in iron-based materials (at a certain
stress or less, fatigue fracture does not occur even if
the number of repetitions increases), and the linear
cumulative damage rule was agreed.

4.2 Wear width - Zn;/N; results

As shown in Table 1, the wear width of the blade
changed when the contact angle of the photoconduc-
tor, the material of the blade, and the angle of the
edge of the blade were changed. Since no trend can
be found from here, the life of the blade cannot be
predicted.

[ ]
[ ]
[ ]
[
» [ ]
[
[ ]
[ J
[ ]
0.1 1 10 100 1000
N (count/sec)
Fig. 6 S-N curve of blade.
Table 1
Material Edge Pure water Wear > ni/N;
angle contact angle
A X Low 61.8 15.1
Middle 22.2 4.0
High 25.2 8.4
A Y Low 29.3 8.5
High 25.8 5.3
B X Low 36.0 9.1
Middle 29.0 6.7

On the other hand, the blade wear width shown
in Fig. 7 and 2n;/N; showed a good correlation, and
the larger the Xn,;/N, that is, the cumulative fatigue
damage, the larger the blade wear width. This rela-
tionship was maintained even if the pure water con-
tact angle of the photoconductor, the material of the
blade, and the angle of the edge of the blade were

changed.
70
©® material: A, edge angle: X
60 ® material: A, edge angle: Y e
material: B, edge angle: X
50 |- 9 9
E 40
2
T30 | °
® )
20 ®
10
0 . . . )
0.1 5 10 15 20
2n;/N;

Fig. 7 Blade wear width - Zn;/N;.

5 Conclusion

The S-N curve derived by counting the magnitude
of the internal stress of the blade and the number
of repetitions by the rainflow method showed a typi-
cal S-N curve, and it was suggested that the linear
cumulative damage rule holds for the blade as well.
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Furthermore, it was confirmed that a direct proportional
relationship was held between the wear of the blade
and Xn;/N; regardless of the conditions such as the
surface condition of the blade and the photoconductor.

Previously, we have used actual machines to study
for extending the life of blades (with many materials)
by measuring the wear width of the blade tested in
the durability evaluation (which requires evaluation
time). By utilizing the results of this study, it can be
said possible to predict the wear width by visualizing
the internal stress of the blade from a short-time
photoelastic high-speed video, analyzing the data
obtained by tracking the stress fluctuation, and calcu-
lating ~n;/N..

This study suggests that the cumulative linear dam-
age rule, a method for predicting fatigue fracture
when an external stress is applied to a rigid body,
may also be applied when measuring the internal
stress of a viscoelastic body. Viscoelastic bodies such
as blades have become widely applied in other fields
(for example, in the case of electrophotographic pro-
cess, rubber rollers for paper transport, charging,
transfer, fixing rollers, etc.), and similar verifications
will continue in the future. It is hoped that this will be
carried out and that the technology for predicting
fatigue fracture of viscoelastic bodies will advance.
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Identification of Dominant Noise Sources of Radiated Disturbance for EMC Design Using Common-mode Simulation
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Abstract

EMC design is required to be updated to make the develop-
ment period of products short. EM emission from multi-func-
tional peripherals (MFPs) and automobiles is mostly due to
the common-mode. Therefore, if the dominant common-mode
excitation source and its course are identified in the early
design stage and take appropriate measures, it enables EMC
design without repetition. This paper showed that the imbal-
ance difference model, modeling the mode conversions occur-
ring where a transmission line changes the balance, could
identify dominant common-mode excitation sources. If the
recognized excitation sources are reduced the intensity in the
early design stage, the EMC design can prevent redesigning
the product.

We applied the model to a structure imitating MFPs. As a
result, we identified the dominant excitation source by com-
paring common-mode current or radiation generated due to

each common-mode excitation source.
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Fig. 3 Common-mode antenna model of signal trans-mission system shown
inFig. 1.
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Fig. 4 EMI simulation flow chart using imbalance difference model.
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Fig. 6 Cross-section view of FFC.

Fig. 7 Expanded view of transmitter board used for real structure model.
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Table 1 Parameters of trapezoidal pulse used as transmission signal.

Item Value
V (V) 3.34
T (ns) 100
D (%) 50
t: (ns) 0.74
tr (ns) 0.62
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Table 2 Parameters used for circuit simulation.

Item Transmitter board FFC Receiver board

Normal- Zn(Q) 48.99 87.08 48.99
mode €n 2.97 1.72 2.97
Loss (dB/m) 0 2 0
Common- Z:(Q) - 225.64
mode ce - 1.10
Loss (dB/m) - 2 -
h 0.0009 0.1820 0.0009

FEREEE T NVOZRITEWHR Y T2 —varvEe—
FEAAS 2 W72 S 2L —> avick hEHL
721, & V, DL % Fig. 8 IR, Fig. 8 (a) DFEMD 6 &
JAPTIRBE DA 523, 0.1 GHz ~ 0.5GHz T4 U
kR ek MRE L Licae vy — FIHRZ HE
TECED, E—7rmEsHh—%L T35, 490MHz
TE— 7B END L L) ICRA 5D, EfEET
NWICBOWTHIRE—7 BT NT052dTHSE, 2D
&6, EUTTAL %€ — FABOME R £ — F%{fin|
BCHHTETWA I L3

JKIZ Fig. 8 (a) DWEARD S I, & I, % IR I E I B W
THI T 2 & R JMBHAISIC TL 2SR TH 5 2 &3
B0bH, AEVE—FEHFREIE S 3T VE— FIHRK
IZ ARV, TEINE DT, Fig. 8 (b) DfiHH & FMIELK
DN X > CFFC L ZEHMH D ) —< L E— FEE
Ve DS EAMN & FFCRE D / —< VE— FEEV,, £ D /h
IV, WA ER>TwEEELILND,

Plb&b, == FEMEKIC XD L 2@IT5 2T
XL 72 2 € v — FIHRIEOHEED WRECTH D, F7-
KR ORI R £ S IR E D AIBETH B,

70

— —_——
Lt
60 Lt — Real structure model. i
L Modal equivalent circuit model.
< 50+
= L
2 40
g 30
E L
O 20+
10 -
Oiuuuuuuuuwuu‘\H‘.‘H L P B
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Frequency (GHz)
(a) Common-mode current spectra
0 [ T T T
£ — Real structure model. ]
-10 E —— Modal equivalent circuit model.
S 20F
/m [
<2 r
o -30
) £
s 5
° 40 F
50 F
_60:\\\\\\\\\\\\\\\\\\\\\\\\\\\\-\\\\\\\\\\\\\\\\\\\\\7

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Frequency (GHz)

(b) Normal-mode voltage spectra

Fig. 8 Comparison of common-mode current and normal-mode voltage
between of real structure model and modal equivalent circuit model.
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Abstract

We present a study of the recently developed deep learning
architecture for matching videos with captions that employs a
graph of video features and graph convolutional neural net-
work to share node information. The edges in the graph are
learned features and represent semantic and proximity infor-
mation of the features and frames of the video. We begin by
describing the overall model, focusing on the video encoding
portion of the architecture. The model employs precompu-
tation with ResNet152 for extracting features from frames
and also gated recurrent units (GRUs) for learning sequential
aspects of the video which are then incorporated into a prop-
erty graph, where each node of the graph is given by a vector
of a given feature in a given frame. We illustrate the graph
edges with raster figures for a variety of examples. We note
that the edge strengths can be positive or negative and are
generally asymmetric (i.e. the graph is a directed graph). A
Fourier transform of the edges exhibits no pronounced period-
icity in the frame-feature space suggesting that information
about the proximity of frames is not incorporated in the video
encodings.

* Konica Minolta Laboratory U.S.A., Inc.
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1 Introduction

In the past several years, deep learning methods
based on artificial neural networks have revolution-
ized the analysis of speech, text and images [1,2].
The individual breakthroughs in language and vision
have led naturally to the confrontation of a variety of
tasks that combine these two modalities. Video cap-
tioning, as captured in the MSR-VTT Challenge [3]
Fig.1 is one of the major applications of the combi-
nation of visual and language modalities. Datasets
with multiple modalities are of increasing importance
for machine learning since they broaden the space
of available labelled instances. For Konica Minolta
areas like image and text or video and audio are
applications where multiple modalities come into play.
In particular, benefiting from the advances in the
Natural Language Processing (NLP) and Computer
Vision (CV) research communities, video captioning
as shown in Fig. 2 has rapidly attracted increasing
attention over a short period of time and developed

in a variety of directions.

_

. Aman hits a homerun playing baseball.

. Men are playing baseball in a field.

. Aman swings and hits the ball over the fence.

. The team in white scores a homerun in baseball.

a|lbh|jw|N

. Aman homers and is congratulated by his team.

Fig. 1 Example of labelled MSRVTT video clip. The clip is typically 5 sec-
onds long. Each clip has five captions generated by human beings.

In contrast to image captioning, video captioning is
substantially more challenging due to the need to (a)
ingest much more data, and (b) capture action (verbs)
rather than focusing primarily on objects (nouns) with
a presumed relationship.

In general, video action understanding is a difficult
and challenging task and accurate video action under-
standing can provide many benefits in several business
domains, such as, security, manufacturing, and retails.

Video captioning is one step towards accurate video
action understanding and predication. Many models
have been developed which differ depending on the
precise task being addressed; for example, writing a
caption for a given a video as opposed to choosing a

caption from a list that best matches with a given
video. One unifying feature of most video-text mod-
els, however, is the positing of an abstract joint space
into (and out of) which the video and the language
are encoded (decoded). Indeed, the encoding process
can be considered as a problem all its own.

Joint vision
language abstract
vector space

encoder —
ResNet152,

NLP Boy

sequence kisses
encoder .
girl

GRU,
Graph,
Attention

Fig. 2 Video to text machine learning requires that both images and lan-
guage be encoded into a shared abstract space. Comparison of the
projected vectors is then trained against ground truth to align the
embeddings from the two modalities.

2 Graph neural network

In that context a recently developed technique - typ-
ified in a paper by Li et al [3] on which we will focus
in this technical report — is to employ feature graphs
to aid in the encoding of a video. Such a graph con-
sists of nodes and edges, in symbols G=(N,E). For
these graphs the nodes are vectors representing the
features extracted from the graph and the edges are
learned relationships between those features, which
we discuss in greater detail below.

The primary function of the graph is to employ an
algorithm called the graph convolutional neural net-
work (GCN) [4,5] in order to pass information between
the nodes — the expectation being that this provides a
better representation of the whole video.

GCNs perform similar operations to convolutional
neural networks (CNNs) where the model learns the
features by inspecting neighboring nodes. The major
difference between CNNs and GCNs is that CNNs are
specially built to operate on regular (Euclidean) struc-
tured data, while GCNs are the generalized version
of CNNs where the numbers of node connections
vary and the nodes are unordered (irregular on non-
Euclidean structured data).

Konica Minolta Labs U.S A has open innovation
research project with Professor Raymond Fu of
Northeastern University. The topic of the first year of
that program was video captioning and the group
produced algorithms and code that established state-
of-the-art results in the MSRVTT challenge [3] on
matching videos and captions. The architecture of
that model is shown in Fig. 3.
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Global video representation branch
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Alignment learning
GGAL on whole video region graphs

Input video

Fig. 3 Overview of the GGAL architecture, emphasizing the video encod-
ing branch. Two kinds of graph are constructed: a frame level graph
and a global graph. The global graph is created from faster R-CNN
features and is analyzed in this paper.

2.1 Graph guided attention learning

Here, we want to simply present an overview of the
NEU developed model, Guided Graph Attention
Learning (GGAL) enhances the video learning by cap-
turing important region-level semantic concepts
within the video. The inputs to the model are a series
of videos (typically about five seconds in length) and,
for each video, ten captions that have been gener-
ated by human beings. The objective is, upon train-
ing, to input either a video or a caption and to infer
the correct caption or video.

In this paper we are specifically interested in the
encoding of the video (as opposed to the text encod-
ing function, see Fig.3). In deep learning it is common
to encode sequential data with a recurrent neural
network. A video is an interesting case because it
contains visual data in each frame but then the
frames themselves form a sequence. The solution is
to first extract ImageNet pre-trained features from
each RGB frame using ResNet-152. The resulting
sequence of frame-level scene features are:

F={h 1L} (1)

where f; € R” and D is a hyperparameter (typically
2048). The number of frames, typically 20, is denoted
k. These features are then fed into a gated recurrent unit
(GRU) to learn the sequential properties of the action.

At the same time, the frames are analyzed for frame-
level features using a region-of-interest algorithm such
as Faster R-CNN (here using ResNet-101 as a back-
bone). In this case, every frame i contains a finite set
of features which we denote:

= {r 2)

where again 7/€RP and there are n features
extracted for each frame. In the work cited here there
are generally n=25 features per frame.

Note that in the GGAL model there are two sets of
feature and thus two types of graphs. In the first case,
each frame is cast as a graph based on the scene fea-
tures which are encoded in one vector per frame, f.
In the second case, one global graph is constructed
from the faster R-CNN extracted regions of interest
and associated features. It is this second graph, and
the graph convolutional neural network that is applied
to it, that we focus on in the remainder of this report.

2.2 Region features as agraph

In any video the features which can be discerned
in each frame are not isolated but have some rela-
tionship with each other. This relationship can be
semantic (e.g. a boy kicks a ball suggests that a fea-
ture for boy and a feature for ball are related). The
relationship can be frame-to-frame (the same ball at
successive times), or it can also be just physical prox-
imity within a frame. These kinds of relationships
between a collection of entities —or nodes — are the
essence of graphs, and the relationships themselves
are manifested as edges between the nodes.

For this case the set of vectors R are treated as the
features of a set of N =n-k nodes. The edges between
these nodes are learned parameters. Specifically, if
we denote the edges between r; and r; (for notational
simplicity we will now use only one index on each
feature which range from 1 to N =n-k) as A(r;,r)=
w,(r)-wye(r) then the composite functions are simply
ryand wy(r;)
= Wy-r;. The weight matrices W, and W, are learned

fully connected layers, that is: w,(r) =W,

during training.

As shown in the model architecture in Fig. 3, we
perform a Graph Convolutional Network (GCN) oper-
ation[4] to learn relationship enhanced region fea-
tures by message passing on this fully-connected
region graph. Response of each node is computed
based on the message passing with its neighbors
defined by the graph relations. We add residual con-
nections to the original GCN to help the training:

R, = R,+ (AR, W)W, ®

Where W, is a weight matrix of the GCN layer with
dimension DxD, W, is the weight matrix of the resid-
ual structure. A is the above-mentioned edge (also
called “affinity”) matrix. The output R, = {r",r,'---,r\/},
r{ € RP is the semantic relationship enhanced repre-
sentation for the region nodes.

The meaning of Equation (3) can be readily under-
stood by referring to Fig. 4. Each node has a 2048-
dimension feature vector r;. The affinity matrix A,
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multiplying the feature vector, produces a linear com-
bination of neighboring node feature vector weighted
by the strength of the relevant edges. In the illustra-
tion in Fig. 4 we represent the feature vectors by the
colors of the nodes. After one GCN step, those nodes
with strong connections have had their colors mixed,
e.g. a blue node strongly connected to a red node has
caused both nodes to change to purple. Similarly, red
and yellow nodes become orange.

The GCN mixing can be applied only once or it can
be applied several times. The choice here is entirely
empirical and the objective is simply to produce a set
of node feature vectors that share information and
(hopefully) make a better encoding of the video.

O} O}
GCN one step

@

&) )

Fig. 4 Illustration of the graph convolutional neural network process.
Nodes with features - illustrated by the colors - are connected by
edges. The GCN step then mixes the features between nodes
according to their connections.

3 Analysis of graph edges

The original models for convolutional neural net-
works for image recognition, for example, treated the
intermediate layers as black boxes. Only afterward
was the structure of those “feature maps” examined
to show the evolution, in a multi-layered CNN, of the
features from primitive elements like edges and curves
to more complex structures like faces and cars as the
layer index increased toward the feature classification
at the end.

Until now, to our knowledge, no similar investiga-
tion of the structure of the elements of a graph in a
GCN has been conducted. In the case of this calcula-
tion this is especially interesting because the edges
are learned, rather than being prescribed by some
algorithm. Thus, they bear a similarity to the kinds of
attention matrices [6] that are common in, for exam-
ple, natural language processing. In the remaining
sections of the report, we will specifically look at the
structure and statistics of the learned edges of the
graphs which emerge from the faster R-CNN features
of the videos. Mostly we will present typical exam-
ples and statistics of those individual examples rather
than a full examination of the entire dataset, which
we leave to the future.

3.1 Affinity matrix

As discussed in section 2.2, the edge or affinity
matrix is learned during the training process and,
for each video it captures the relationship between
the global features that are extracted with faster
R-CNN. Note that due to the definition of that matrix,
A(r;, 1)) =w,(r) wy(r;), there is no built-in symmetry of
the edges. In general graphs do not need to have
symmetrical edges. For example, graphs that repre-
sent Markov processes are typically asymmetrical as
they represent evolution of some dynamical system
(which is not possible for a completely symmetric
graph). In the context of GCN the asymmetry implies
that a given node can share the properties from a
neighboring node without sharing its properties to
that node.

In Fig. 5 we plot as a color map a raster of the affin-
ity matrix for a typical video. Note that the affinity
matrix changes from one video to the next because it
contains not only the learned weights W, and W but
also the region features R ={r;, r?,---, r/*} for that par-
ticular video.

100

Fig. 5 Sample raster of edge connections for a typical video. Each video
has 20 frames and 25 features per frame for a total of 500 features.
Note that the rasters are asymmetric indicating that transfer
between two nodes can have a directional dependence.

In this matrix the rows (and columns) are ordered
as first by feature, 1-25, and then by frame, 1-20 (i.e.,
the first twenty-five rows, 0-24, correspond to the 25
features in the first frame, etc.). Thus, a periodic sig-
nature with length 25 might be expected but this
does not appear. A Fourier transform of the data also
does not show any periodic feature near length 25. In
Fig. 6 we have taken the Fourier transform of each
row of the video whose affinity matrix is shown in
Fig. 5. These 500 transforms have then been averaged
together to produce the displayed figure.
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20 40 ) 80 100

Fig. 6 Fourier transform of the edge connections in Fig. 5. Each row has
been indiividually transformed and the results averaged together
No significant periodicity at n=25 is discernable.

Clearly there is no distinct feature corresponding to
a periodicity of 25. Indeed, the signature shows no
prominent Fourier components at any length scale.
Therefore, nodes in frames that are far separated are
as likely to be joined by strong edges as nodes in neigh-
boring frames or even the same frame. The implica-
tion here is that temporal proximity is not incorporated
into the construction of the graph. All of the region
features of all of the frames are included in the graph
and no information is retained to indicate which notes
are temporally close to which other nodes.

Also note in Fig. 5 that the edge strengths can be
either positive or negative. This is not surprising in
that the feature vectors themselves are not restricted
to be positive definite but are rather arbitrary real
vectors. Hence when the GCN process mixes feature
vectors in a general linear combination it is sensible
that the edges also are freely positive or negative.

It is possible to create a symmetrized version of
the afflinity matrix by using only the ¢ weights or the
§ weights. In other words, we can write A(r;, ;)=
w,(r)-w,(r) and thereby expect A to be symmetric.
Fig. 7 shows an example (the same video as in Fig. 5)
of that symmetrized affinity matrix.

F-250
200

300 L 150

100

o
0 100 200 300 400 500

Fig. 7 Symmetrized version of video edge data from Fig. 5. Only one of the
learned weight terms is included (see text). note that negative
weights are significantly reduced but not eliminated altogether.

It is interesting that the symmetrized version of the
affinity matrix shows significantly less — but not zero
— likelihood for a weight to be negative.

4 Conclusion

In this short technical report, we have explored the
detailed structure of a recently constructed deep learn-
ing model for matching videos with captions in the form
of the MSR-VTT challenge. We have illustrated the
architecture of the model and highlighted the video
encoding side and in particular the novel technique of
casting the features of the video in the form of a graph.

We have looked at the components of the graph
which consist of feature vectors for nodes and a learned
affinity matrix for edges. We have examined the struc-
ture and statistics of those edges showing a basic
asymmetry in the raw weights and a type of “level-
repulsion” in the symmetrized version of the weights.

In the future we will look to correlate the proper-
ties of the learned edges with the specific nature of
the features which lie at the nodes. In addition, as
we discussed, we will determine how to include tem-
poral correlations in property graph with the aim of
increasing the accuracy of the captioning process.
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BIRZHIEZIEBHEE TPositioning iy DFF

Development of Re-shooting Judgment Support System “Positioning i”

B ¥Fx W0 & 3 tHB*x*

Takuya YAMAMURA
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ERBEEBREICLZ2EBIEPEM) SBEREZRKOESNS
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Uy NDEET 5,

COELSBBEEICHULTAZAI/ILY TR, BES
N XREERIBEIEN Z BERETICK D BEIYIE S 51
B2 LT TPositioning iy ZBIF U o, AR, RY
Y aZ YV THIERRE E EATBAIFIEREN SEBERENT
BD, AIEMTD—D7T3H 3 Deep LearningZFAWT, K
£, ZRGEREGE TICYEN NI TE > TEE
RICEAYT AR ZMAFAFEL TWB,

Positioning iy #EEIC K D, T F TREIEUMEHR
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BHEOHZ2EEZRETE D6, BERFZHMTICEKSEH
HERST I ENTRETH %o

Amai SHIMIZU

B KN E Bxxx
Tatsuya TAKAGI

B K HERRIR

Abstract

Radiologic technologists have a responsibility to provide
X-ray images taken with appropriate positioning for accurate
diagnosis by physicians. If the positioning is inappropriate and
not suitable for diagnosis, it causes image retakes. Therefore, it
is important to understand the positioning criteria for each
body part and take X-ray images.

However, due to the complicated positional relationship of
the bones, it is particularly difficult to take the joints of the
limbs with appropriate positioning, and the rate of image
retakes is high. In addition, the radiologic technologists are
required to visually evaluate a few millimeters of the positional
relationship between bones and decide image retakes. Itis dif-
ficult for inexperienced radiologic technologists to always
make appropriate decision, and bad decision causes the prob-
lems such as increased exposure to patients due to unneces-
sary image retakes and misdiagnosis due to interpretation of
the images with inappropriate positioning.

Konica Minolta has developed the Positioning i that auto-
matically determines the adequacy of the X-ray image through
image analysis technology. By integrating Deep Learning tech-
nology and our accumulated knowledge of X-ray images, the
Positioning i can provide accurate positioning assessment
result and alert of wrong side X-ray examination.

The Positioning i can provide reproducible positioning assess-
ment result and it is expected to lead faster decision of image
retakes and reduce decision differences between radiological

technologists.

* ~OVAT T HREARE PR WAL — 7
* ok VAT T HERT BTN BRI Vv —T7
* % % [oT ¥ — Y A PFRIFHIGT AU H2 -7
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Fig. 1 Number of X-ray shots by a month in certain hospitals.
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Fig. 2 Re-shooting ratio of X-ray in certain hospitals.
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Fig. 3 Kneeside X-ray image with gap area of femur (leftimage). Ankle side

X-ray image with gap area of talus (right image).
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(Fig. 4).,

Fig. 4 Exposure screen on diagnostic X-ray image workstation CS-7.
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‘ Take image & input
X-ray

s Q-
-

\ 4

Gap Estimation

‘ Area estimation ‘

‘ Max width estimation ‘

!! =) Gap width: OO mm

\ 4

Image classification

Re-shooting recommended

Using judgment boundary setting

| Class A: good.
Class B: acceptable.

Class C: reject

Fig. 5 The positioning detection support algorithm.
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‘ Compare with the order

If X-ray order is “Left knee side”.
= No alert.
If X-ray order is “Right knee side”.

Re-shooting recommended

= Right-left reversal alert.

Fig. 6 The right and left detection support algorithm.
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GHIRMETMEII—REZEIRT S
Vascular NAVI® DR ¥

Development of Vascular NAVI® for “Easy to use” Vascular Ultrasound

h B BERFx ® H & &E=x X 2
Makiko URABE Yoshihiro TAKEDA Masumi OSUGI
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Abstract

Ultrasound diagnostic system has been used in various clini-
cal departments in recent years because it’s the minimally
invasive and convenient medical tool with real-time imaging.

Since launching the ultrasound system SONIMAGE HS1 under
the concept of “Visible”, “Easy”, and “Connected”, we have been
well accepted in clinical departments targeting superficial
organs, like orthopedics, musculoskeletal system, breast, thy-
roid, vascular and on. We newly released the SONIMAGE MX1
o and the SONIMAGE HS2, and these systems have been well
received in the dialysis field, too. One of the features of our sys-
tem is simple operation. We constantly consider about some-
thing that can be done to improve the workflow in each clinical
department. In this time, we focused on the complicated oper-
ation of vascular echo examination.

For example, in the dialysis field, blood flow volume (herein-
after referred to as FV) measurement using an ultrasound diag-
nosis method is performed as an important examination for
vascular access (hereinafter referred to as VA) management. In
hemodialysis therapy, FV is one of the important examinations
to determine the next treatment. However, it has taken a long
time because 11 steps of operation and many manual adjust-
ments of settings on the system are required to complete the
FV measurement.

Accordingly, we have developed the Vascular NAVI function
that enables operators to measure FV in just 4 steps by auto-
matically adjusting the parameters, and we have installed this
new function to our ultrasound system SONIMAGE MX1 & and
SONIMAGE HS2.

This article introduces the Vascular NAVI function and the

technology we developed.

* VAT THRERE VR 7RI B5) T 4 FEREE BRI

® ok IV AT 7 HIEARNR BAFERIET
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Fig. 1 Photographs of ultrasonic diagnostic system SONIMAGE MX1a and
SONIMAGE HS2.
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Fig. 2 B-mode image and Color doppler image of blood vessel.
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DI, MR OB TR I NS (Fig.3),

Fig. 3 An example of PW mode that displays blood flow velocity informa-

tion in the interest region.
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TR77WEERL, FT7EBOR—=Z2 74~ L
WMLy Y 2i#E T 5,

> v M EEREREMIC B 1) 5 PWE — F o FEfiE H X RI
EFV—INTH %, RUINGHEI AR IMGEEE (peak-
systolic velocity, LA FPSV) & 55K MIMFTEE (end-
diastolic velocity, BIFEDV) & 253 (1) THRHI#,
FRHEERAL & D R o MR OIS S &2 KT 5 518
b5,

RI=(PSV-EDV)/PSV (1)

BEICIE N7 7% A8 L —A L TRI, PSV,
EDV 7 £ oatilfiiz B $ % 4 — F b L — ABERE DS IS
ENT0250bdh, HETHIET2 2L HTES, FV
(Y67 : mL/min) 1&, “FHMFELE (EA7:cm/s) &, 1
%M EARE L MEREZ TEICRHEI L 225502 Hw T EH
SNZWERE (Ff7:em?) Lo R (2) Ik hkdon s,

FV = P g > A Wi s < 60 2)

DX, HERIZEBEZEIGL TEBEDL L DT
A= — % FEETHEL, TR ORfZZEL T
Wic, ¥, AERIEMESCIMAEROFHIEIC X > CRH
FERICAEDVEL 27-90, WEEMOERSZIZET 2 2 &0
TERVEFSDON TN,

3 Vascular NAVI#EEICDWT

HIARD X 912, HERD MRETMN 13 £ H0E 2 BRE L 72 9
ZTHL DBEDPBIETH o7, TNREHET 272012,
Fox ik, I HESHEEE O _ LI S 7 A R
ZENTL, PWE—=FD AT X =% — (¥ 7L R
Va—ofE, ATT7HE, U7V RY a—La% A X,
AIEHIEE) BXOF 7 7HIBEOR—2 74 v Liid L
V¥ %Y il 3 5 Vascular NAVIBERE % B L 72,
Vascular NAVISBEDFHEII LI T D3 TH 5, PED
BTZNFIUIOWTEREL S 3T 3,

1) vz 5y 7Tl CE 2 E7 v —
2) I EIEAMHIREOIMBE WG T 2 iR i
3) BIELRTVIL—H A vy 7 2—2R

3.1 Vascular NAVI##gEz LW e MR DR

Vascular NAVI#EEE 1 X 2 RS T E % 7~ 3, Fig.4
1ZSONIMAGE MXI1 a 12 17 % Vascular NAVIFERE D 15
EFNTH %,

Step 1: Push PW button
Step 2: Push Update button

Step 3: Measurement start

= Step 4: Confirmed blood vessel diameter

Fig. 4 The operation procedure of the Vascular NAVI function by the
SONIMAGE MX1a.

MEHIE, £TBE— NS E L2 IME ORI
ZHiHT 2, RICPWE—F2EET2, ZOk, ¥
TR 2 —LhiE, AT TAEE, Y 7URY -4
Y4 R, MERIE{EIZ Vascular NAVIEREIC X H HE)T
FEEIN D, MEERIFLIN T A= =T
BHLEDEDPEMR LRI, Ty 7 T—bFRZ 2L
TF7 PR dT s, F7I7WROR—AF74 v &
Fi L v 2 3 Vascular NAVIEERE 12 X - T 1c 9% X
n, 512, £ — b+ b L —2H&REIC X > TRI, PSV, EDV
% EOFHfED HEI TR NS,

FVEHZ 4T 9 BanE, GHIIR & v 2 L 728, miEo
WAEE, EAZEE L NHICRR NS H— Y UAEZ iR L
Set ¥ —CHEET % £ FVEBFE R I NS,

Table 1 12 f¢k 451 & Vascular NAVIEERE 12 X 2 514
FMED i % R §,

Table 1 A comparison between the conventional operation and the opera-
tion using the Vascular NAVI function.

Conventional Vascular NAVI

Blood flow | (1) PW button (1) PW button
velocity* (2) Sample Volume position

(3) Steer Angle

(4) Sample Volume size

(5) Angle Correct

(6) Update button (2) Update button

(7) Baseline

(8) Flow Velocity Scale

Freeze and Store Freeze and Store
FV (9) Measurement button (3) Measurement button

(10) Cursor setting on the proximal | (4) Press the Set button

wall of vessel two times
(11) Cursor setting on the distal

wall of vessel
Store Store

*Using Auto Trace
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DX I, FERIFFVEHINC 11 AT v 7OHEMEIUL HIC X Bl 720 T, M B RUREIALIE & 1E L LB
ETH o, UKL T Vascular NAVIEERETIE, Z MES L WEaEVRH 5, £ 2T, BaifiED K
T 7 Q@) B) DY INRY a—LfiE, YT JTTOEHED P L T b, BRI, BEEH O
VRV 2 =LA X, AT 7ME, MEMHLEHES, AT v BRI &7 E iR Z 2 2 b & L R RR R
TN BLOR(B) DR=2AF4 v EfidEL v PHET ICEEHRZ, a2 A PDMR/N & 7 BRI R A RERE R L L
RESNDDT, AAT v TOEETEVEHIDBSE T T 2, THit 9% (Fig.6),

Z TR D T AEE L EAEED 2 D DIME R R S il
3.2 Vascular NAVI##EZ R 9 % BRI EREHEL, A=A X2HERET 3,

T2 ¥ TR, BHTHEBRIC B T 2 A o R
VAL 2—DFMEICOWTHHL TE 7/, DT, #id
® Vascular NAVIFERE O i BT 2 FEBL 9 2 BTN 72 fig
AR D,

3.2.1 MEMEORH

oIz, i I N7 BE— FHIRD |)s & MG AL E Search for the route
%*ﬁ.’_‘ﬂ l,, PWE— P%ﬁﬁ%@ﬁ‘/?ﬂxd‘f‘) :L*—L@ﬁz with the lowest cost

EZIRET 5, Fig. 6 Detection of blood vessel wall boundaries by route search method.
BE— FHE{RTIE, MRG0 3R
Biciitisng, 22T, MEMEORIAIETIE, % 3.2.3 MEETORE

FETT AN & — K — B O 8 — o & D —FE 2 5 S A DELTITOVTIE, 3. 2. 2Hi TR D 72 MAE DI
5, COLE, IEIFRIMEIA XITHIET 57012, BE L EED 2 D DEIH» S I L 2 Ko, HRRT
TEIHHR 2 ffii/ MU S & 73l & 479 (Fig. 5). 74 v T4 v IETUNEOMHEMELRNT 5, R,
502, FHlifEIcEAZ b2E 52 LIk D, PWE— I OB S ISR LT, AEMIEMEA60° 2 A & \»
F OREIRH XA S R b ME S LW iZE 2B L, XA TTAEZBGET 5, Z O, FAEAIIEEL60°
BEICPWE— FZMH L T 285G RRINTV S DUF2260° IS WEEZ MO LX) ICHET S L)L,
P TNRY 2 — LORED & iR ECINE 2§ % LN FICREBR AT 7AELE 25w X ) TG L 7,
CETHERSNTEL X L TwE, ZDXkIHIZL T, UL ->T, PWE-FOREDKR IS T—F 777
FHEfED R K & 75 2 078 2 A & LTl d 5, F ORIz 2 ENTE %,
3.2.4 FVEHRBOMERSAIXE

] B OIE D, FV 2 5HI 2 BRI IE % 2 519 2 24

Eb s, 22T, 3.2. 28 THRINL 2MEFIRD ) B

/ 7 — il & M1 U C R A AER LA 7

A VDB BT & 28b B MLEICEHI A — Y L2 FR LT

/ Same window size W3, ZOR, BWEFEFHA -V LVOMELZERL,

MR T IUSHEERIEZ 1T . BN L B Th e

Among these, the window with the maximum evaluation X, FHlA — v VB R M L 72 EChEERET 5,

L value is detected as a blood vessel. ) O -, *ﬁﬁ%iﬁﬁ%%ﬁ, EIE L 7 J:Tﬁﬁﬁ'?‘ 2 %

Ty 7RIS EICKY, RICEBESNEHA—Y
WALEPREE DR 2 MEE TN TV THAL—X
IMBIES 22 L8 TE S,

Fig. 5 Detection of blood vessel position from a B-mode image.

H=LES
3.2.2 mMEBEROBKRE 4 EREFHE

3. 2. 1 fioMBlz T L 72 AL E % & T T iE O N DR FEZ R E L, Vascular NAVIEERE % V>
BRI B\ TIMAE SR GIEA7HE & om A EE I b 7 5 BERL) 72 FV EHHIPERE & Bl L 72,

DO ZITY, PWE—FOH Y7V AY a—L49 A X

ZRET D, 4.1 FHEAE

IS BE SRR, I ERRE & > T B 72, T RHEIIR, SFSHEINR, WNSHBIR, HEEEIIRZ A L)

FEFT R OREEEZA L2 i 5, BE— FERTI, 18 IR8OHI & FIEEINR 3061 2 xf5ic, T8 & HB TRt 2
BiFUREIC 7 A AFEET 5 2 L b b B 700, B v, FVZHEL 72, 28, FHlI3 & TR R RiH
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L 72, Z O, Vascular NAVIEEREIC X - TR -
WESINTRNTIRA—F 132D F FMHAL, MEHIC
X BRI T T,

4.2 MR

Vascular NAVIHERE 2 H 72 HEEFINC X D, 2R
RORATITE W TIE L WM E K OET, g%
BHL, PNE—FOH Y 7 LRY 2 —LfiE, v
VR =LY A X, AT 7HE, AERIEMEZEY)IC
HETET,

MERLEFVIEHICE T 2 %4 0FE) & AE DM %,
Fig. 7 (a) & Fig. 7 (b) 1278 97, MAERRIC D W T FE)EH
L HEEHI ORI IR S r=0.979 (pfiE<0.0001) ®
BB H b, FVAHIZO W TH FEIEFHH & H B3
DN HBIREr=0.984 (pfiEi<0.0001) D\ HHEY %
AT,

(mm) (a) Vessel diameter n=110
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L]
r=0.979, p value < 0.0001
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Fig. 7 Correlation between automatic measurement and manual mea-
surement of vessel diameter (a) and FV (b).

4.3 ER

S OVEBEEHGi<IE, SHBINR, BBk & oImER
PHREORL ZNZIZH LT, PWE=FIZEITS87
A—=%—%4CIEL { BE)Ci¥E T & 72, %7, Vascular

NAVI #6682 F W 72 AE R E L OFVo B bl & F#hEt
HORNAHBIREr>0.9 £\ 9 FEFICEWHBIDE S
TED, MEREMEICE G 5 EREHER T & 7,

5 FLHESE

Mg a—mEOFMEEREOYUHEICEHL, VAT
I—IZBIT B> v v MERERHEIR OV — 7 7 0 — 2GR
¥ % Vascular NAVIHRE Z BSE L 7=,

Vascular NAVI#EfE X, BE — Flif %@L, PW
E—FDRIRA=F— (V7 NRY 2 —LfLE, AT
THE, Y 7VRY a—a% A4 X, HEHMIEME) % H
L, PWE—FO R 7 B2 L TRX—2 7
AV ERHL VP QBT 2 TH 5, ABEBEIC
T, MEFICK 2FMZ T, BREHT 21cH70
DM TH D Z ERMERL 72,

ABEREIC X D, RN IC B 2 EME 2 EEZ2 WS L,
BN 22 Ml & A IR D RHEDARF T E 5,

AFTIEEEL Mz hr o723, 20214512 BTl 72
SONIMAGE HSZ D#iN—2 a v T, #7—F7 7
I B\ CUIE O Ruhim & i 2 H B HE L
TAT 7%z T 2 memEms i, Tz [ L
LTWw3, I5lT, TOHNN—=YarTiE, HFavh
O — )VEERER A X 7V v 7 BEBE BN S T,

A ay ba—)LUEGE X, Vascular NAVIEERE 2 &
THELTRETE S0, MFEPLIN> TG4
P, HRRE N CEEORY Y RHEZ M D 72 mn
GHICEHTH B, H AT Y v 7EEREIZ, HZ1E Fig. 81278
T LI IEED ERioMmi & o — % &b ThRisRk
TE 570, FVEHIM EPRERIMED L D 30 h 2T
WIE TR TE %,

NS DENIKERE & Vascular NAVIHERE 2 A& H &
32 ET, kO CHBRAEMEL X OO
[N

Fig. 8 An example of the camera link function of the SONIMAGE HS2.

SHROELRD “hAA” ZBRLTY—270—%
BEHETHILED, BEOLED—-ADT TR RHE
L, QOLD Lizo423% 2 L2 HifFd %,
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Introduction of Breast Density Assessment (Bda) Software for Digital Mammography Images

] B Rk
Hirotake MINAMI

£5

A, BEALZEDHDZHDADHRTERSEEER
DEWNATHED, ZOBREBHIIFLBIMLTWS, &
E OANARZOBREFEREUVTRINYNVES S 70—
BENEARTH D, NVEYV T 7« —BIRTIE, FLIRER
FELHEHINS, HAAZEOHZITZALIF "BE
EAE (dense breast)” & Whh 2 ILREBDOZWAE
DANZL, ASHBWMERICH D, —H, FEDHALH
HEnzricsd, EROIREBOBIDOEEICLD, K
EHBURINEWTRWREDRENEL W EHFF
BERO>TWE, 20k, SEREABICHLTE, &
ZOBRHICENTLWSBEREEOHANEENTWS,

LA LAEDS, BEEREDEBINESDHRIEZEL R
2EREABEOHER, EMICLBIYVYETZTT «—H
BROEEMNEENTEIC LD IThhTWSZENS, 7
FEBCPHEENOHERBROBREOHERIRE L
R>TW3,

JZAZ/IFR, COLSBFECHLTIVES
714 —EEI SUABER T BENRIBETHET 24
EREENTY 7 b7 7 "Breast Density Assessment
(Bda)y ZRE UL, AV 7Dz 7IE, ABODOEYMRE
BRCIIEREES <Y 32 EDE L WHI I EER
DEWZ, SELREGRBITERINICEDEENICENTL
HAADARZBEEBTRAEBO A RS VICED
WeHERRZ EMANIRTRY %, CORBREERNSE
Cg52eT, BEENEVWIEBRHENERTE,
BEREEOHAZEET D20EDDE>MNFICHED E
E2Z %o
AETIE, AEBRERY 7 U7 (Bda) DiEEE
ZFOFZINTYXLERBNT B,

B #E T &k
Chiharu KAl
Abstract

Breast cancer is the most common cancer in Japanese women,
and the prevalent rate is increasing every year. Mammography
is used as a basic screening tool to detect early breast cancer in
women experiencing no symptoms. Breast tissue appears as a
white area and dense breast tissue appears as a much solid
white area on a mammography image, which makes it diffi-
cult to find abnormal findings. Therefore, for dense breast, it
is recommended to use ultrasonography, which is better in
detecting abnormal findings in dense breasts, in addition to
mammography.

Since the category of breast density, which is an index for
deciding additional ultrasonography, is determined by a doc-
tor’s visual evaluation on a mammography image, reducing inter
and intra reader variability represents a challenge for leading
appropriate examination.

Konica Minolta has developed the Bda (breast density assess-
ment) software that quantitatively analyzes mammography
images to determine the category of breast density.

The Bda software analyzes subtle differences in breast den-
sity that are difficult to determine with high reproducibility by
the human eye or experience by means of advanced image
analysis technology, and provide the result based on the guide-
lines from the Japan Central Organization on Quality Assurance
of Breast Cancer Screening.

It is expected that doctors make decision of breast density
with high reproducibility by using the Bda and it leads appro-
priate ultrasonography.

In this paper, we give an overview of our breast density
assessment algorithm, which can robustly provide the results

of breast density.

® IV AT T HREARR BAFEARIET

78 KONICA MINOLTATECHNOLOGY REPORT VOL.19(2022)



1 LI

AN, HAANLMED DD 2 D34 DOhTht b EEER
DEHVWBATHY, ZOHREBEIZELBHEML T 5,
20184E DG TIE, ERI9TALL EDSF DA LB S
TED, ZWEIEETHAPAICHEET 2HAIZIAIC]
NEHEESINT LB, ABAE, FHRRATHZIZE
BHEENEHCZ 06, EMNRBZIEETH A
DOEDEINTV Y, BIEDOHADHAS AWML Z
3 47.4%2 L JEROFRTHER L L OVITHE L, B
B A2 B hEmic d %,

DAL TIE, FECEOWA DG S T 51—
DRETHLYVET 77 4 —REVHARLINTVDS,
QYRS T 74—, N0 L I X o TRE
DORHIBENE L 2 Z LMo TE D, FURBFEL
TWLHOEEE, BMHEEEMET T2 2 EMEE
%oTws, TOFAMNFEL B E TEEEAE
EWEY, MiZDdH D FiEEZ D ETCEERLPEE - T
W3,

—JiT, wVES T 74— LGN R R R
Bt LT, @EEmErd 2, MEHRREX, v E
777 4 —BAETEAMCENL TN TE R WIREDKR
MEH D BHRBELETH D 2 LDIRINTVSI,

HAANZE&L 77 AT, WORA LR L T
BEEAEOHENL I L6, BEEAEICHNL T,
CRUYERTT 74 —ELEEEEEEHFHLTITY) 2 L
R T 2B EDENTIEFRICR > TE TS,

Lo L722dss, HE R OBMES % HE T 5 Eik
EAEDHEIZ, B0~y 97 4 —HRICET 3
R I X D frb i, FEEeTtEE N OHER S
OB PHEE 25T 5,

A=A NI, ZOL)RFHEIIFLTYrES
7 7 4 —Wi&H S IR 2 FBIN 2 iR cHE T 25
ERERSRNTY 7 b7 = 7 TBreast Density Assessment
(LT, Bda)y 2B L 72, ZHuc kb, HBitkoRE WL
BEREOHES R L 2 D, FBORBICE DY I
AEe, bt MERHERRE) OFEBUCHMMTE % &
EZ T35,

2 IAEBREEEHFMICHITDRE

2.1 AEBREF

FLE I3 LA & BRI X > TR S h, ~ v
7774 —BETE, ASEAL, BHERL s n
2, 7, WA AL MBI NS -0, SREAEOEA
IREDFURRICRN TR Z DS L, WEDHRIDHE L »
CEDHELE o TWV R, ZOWENERAMICEI N
TL ) WREMEORE 2 R 318108, “AUER” Th 5.
FUERSR O HIE R, HARILD AR b g
BERE (DUT, KihBRE) ck-oTEwonTs Y, AR
kB ALY b Dh o EIC, I§NTE (fatty), FLIR

BE (scatterd), ¥ —EEE (heterogeneous dense),
i C e (extremely dense) D42 I NS

(Fig. 1), DI b, WEDKEHL V&I N DAY

—ERE L RO TEIRE 2 f T “EIREFE (dense

breast)” EWEATE D, HEHE WM ZBMT 5 HWTD O

EDOLERDODOH G,

Dense breast

Heterogeneous Extremely
dense dense

Fatty Scattered

Breast cancer detection rate

High Low

by mammograph

Fig. 1 Radiologists classify breast density using a 4-level density scale.

2.2 FHFHEICEKTZRE
FLEMOHIE L, FekgH O BN 2 IR I X D
b, G, GELHENETH DK,
TN RHE E 2D, FEk s FEEIcZ L, HER
WG F R HIC Lo THRRZ Z L6 T
W5, ZOK) B ADHPRE IS AT 5
Z DL W R LR D E LI DWW, BRIV
HE LB 2T 2 2 & ELERR 2 BT % ET
OEEZFHEE 2> T0 5,

3 AEBEEHRY 7 U7 (Bda)

3.1 WEOHE

AV 7 27O 70—, KEhEBOTA RS
AV DEZFFNHDE, ARSI D L b EEEL T
W A N T B 7 u e R L AMRDSEIE S 2 fEEE %
T2 7w Aol Ins (Fig.2),

’ Input: Mammography image ‘
I

Calculate the area excluding
the subcutaneous fat area and
the peck area

{

’ Calculate mammary gland area ‘

I

’ Output: Breast density category ‘

Fig. 2 Breast density assessment algorithm, consisting of two processes.

FUIRARE DS D & b EFFE L T gERE, TR &
KBy, B, HES»RFIREEOIEN DA D
Ry PR\ 7RIk T E & s (Fig. 3 @ bfElk), — 77,
HNRGEER (Fig. 3 @ cfHlK) 1%, WLFRVEAEI{GRZ AT
ELTWwB DItk )2 MNERRT OREE bR\ 726
B (Fig.3 0 dfE) % wCiitld 5.
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: Breast area

: Extraction area excluding
the subcutaneous fat area
and the pec area

: Mammary gland area

: Extraction area for calculating
mammary gland area

: Shrinkage width

Shrinkage width
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53 °
Q
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<8 o :."-l
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© 0 C,mm C,mm

Compression breast thickness (mm)

Fig. 3 Relationship between compression thickness and shrinkage width
from skin line (bottom). The shrinkage width is used to identify the
calculation d area.

3. 2fffiTlE, A7) ALICT, BoNR MEERTER
L 7= AUMRGEIRA o 72 & ICFHREIR 2 B L - i L AL
FHNZEICO\WCHIET 2,

3.2 ONXZAMNEEEROHDIER

RVYET T 7 4 A TR SR, R
ZthziEto e L, BFEOMMEE (LEOKRKES - 4F
Wi - (KRS, IRETH & o k4 NI o8 %
25, FHZAX v 74 VLR, FUEHERICARED
RN (FEAR I SR A IS DL L T2 Wi, Fig. 4
DIRKAERSY) L2720, RO T D2
FlCHfp s LcRBlEN S, 22T, FMEESMT D7
DI, FAFEHEEICARE DI E B 7o 5% § HRE
ELTHHT A Z LIk, N M EZAER L 7270
IO 21T 9 BEE & L7,

—>

\
(b)—
/

(0)—=

Fig. 4 Schematic diagram from the side of viewed compressing the breast

(b) by a compression plate (a) and a radiographing stand (c).

9, FEMEREISE L T35 & ALEEREICAR
EOuR L OB E KEDKT—2 XD ERL, 201 %2
HICHBEAX v 74 v 6 DYl (Fig. 3 @ shrinkage

width) zZyE L, HEGEE (Fig. 3 0 dlR) 2ko %,
Z L ¢, atHEsED o A O 72 0 OBiEZ & 2
b7 AENTCRINL, AL D b EFEEL T
7N (Fig. 3 DbfR) ~ko 7Bz 2 2 i
X O FUPRGEER (Fig. 3 @ cfHig) ZHhHL 72,
HERRO A 73 =%, FAMHHIEIS &b LHFEL
T (Fig. 3 O b)) 121 % Al (Fig. 3
D) DG EIAMEE L, FMED»S 4RO A
T3 —Z2HEHLTWwS, £/, KV 7 b7 27 TIEA
iR 2 BRI ETE 2 L), BLA4BRBEDA
5 a9 —% KMDC (konica minolta density category)
a7 (EMEZE 1, SEEZ2, A JREZ 3, )
OTHIREZ4) TEBILTw3 (Fig.5),

Dense breast

Fatty breast

Fatty Scattered  Heterogeneous  Extremely
dense dense

0 Mammary gland ratio (%) 100
1 2 3 4
- 3, 8 @

Fig. 5 Relationship between mammary gland ratio and breast density
category.

3.3 HAREZERUVLHEERDOE ARG

K7 b7, Yo RIS RS — b
% = 4 T % Senciafinder (v 7774 ¥ —) I
BRI N5, B XERELEE Ty S M7 s
D5 — % % Senciafinder 235215 § % & Fig. 6 IZ8§TER
A Y A NVTUBEHER 2 I %,

BreastDensityAssessment

(C)\ (b)\

KMDC l

Fig. 6 Outputimage for breast density assessment.
(a) KMDC (konica minolta density category) for each of the right
and left breasts. (b) Percentage of mammary gland for each of the
right and left breasts. (c) KMDC for the patient is higher KMDC
between right and left breasts.
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DICOM Secondary Capture Statement #£z0cH /1 L
TWw3 ek, ~MNLEFEMATRRDETHD,
MEBEEM IcGbhE 7L X2 TNy 2T MREHAHE
BRI EDS, BANOREEIMENZ EHRHHTH B,

FUBHEK D HIERE R D TR A & A VAL TE IR 72 78
ZELHLEETH Y, WEOMELET K- T 2,
LRDAETIZ, FEAILBIINT 2 AEMEKOHE S 7 I
) — (Fig.6(a)) &z s DAMEEG (Fig.6(b) %277
74 WNVICRRT B, F, BB IIIZEAT DB
DL, XD EIREDOHEAS T I —FiRz L2 0
FRCHARTRER 7 4~ b YA XTERRT S (Fig.6(c)).

DX BFRTEITED, FUIBHEEROHIERS K %
RrlciifEc®, oozl T2 2 LT,
FEA DB 2 2 ERNICHEZ 5 2 L3 T
5,

4 BERLERGEDOZEICDOWVWT

BRI OB i DFE A A Y 7 b7 = 7 ORI iR
WHEDIE. 7 2 53O0, B SYOWMEDRH 5, 4.2
fiilc Z DFEIR & Z U 2 A DERZRT,

4.1 {EFEEG - RERAE

PEREEAALN [HE S KIE TV AN FT 72 ) =y 21
T20074E11 H~ 200843 HEclciE s niz~ v €
7574 —lifk (4tker TS T 74— AT LICTHR
) o s 7 vy MSGER L 72 584EH] (116FLEE) (1<
X U C Rk O X 4 2 HiPHIC TS % Fig. 7
D& I IEH UARFEBIHHA L 72,

Parameter Image processing A Image processing B
G value 3.83 5.56
HE (B2) 0.3 0.65
Image

Fig. 7 Image processing parameter. Contrast is enhanced by increasing G
value, and sharpness is improved by emphasizing HE (82) process-
ing compared with image processing A and image processing B.
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Fig. 8 Evaluation method of doctor’s judgment result and Bda analysis
result in different image processing.
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Fig. 9 Result of average mammary gland ratio and average breast density
category (4 categories).
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Changes in mammary
gland ratio by the Bda

Changes in mammary
gland ratio by a doctor
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Fig. 10 Result of changes in mammary gland ratio between image pro-
cessing A and B. The horizontal axis is the change in mammary
gland ratio of the doctor, and the vertical axis is the change in
mammary gland ratio by the Bda.
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Fig. 11 Result of mammary gland area segmentation between image pro-
cessing Aand B.
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Development of the Label-free Fluorescence Imaging Method of Amyloid B8
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Yuki ONO
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Abstract

Amyloidosis, which causes damage to various organs, devel-
ops due to the accumulation of amyloid locally or systemically.
Amyloidosis is a progressive, intractable disease in humans
and animals, known as Alzheimer’s disease and Parkinson’s
disease and so on. The number of patients with amyloidosis is
increasing year by year, and early diagnosis is required.

However, since conventional methods for detecting amy-
loid are based on histopathological methods of preparing and
diagnosing stained specimens, there are issues such as high
invasiveness to the tissue and time-consuming evaluation.

In this study, we focused on the specific autofluorescence
pattern of amyloid and tried label-free fluorescence imaging.

Autofluorescence emitted from amyloid-g8 in squirrel mon-
key brains and flamingo brains was captured by a hyperspec-
tral camera connected to a microscope, and the captured
images were analyzed using principal component analysis
(PCA). Comparison of the images with Congo red stained tis-
sue specimens showed good agreement. In the near future, it
will be possible to automate the entire process from image
acquisition to data analysis, and we have shown the possibility
of easily visualizing amyloid. This technology, which enables
label-free and nondestructive imaging of target substances, is
expected to be used in various fields such as food, industrial
materials, pharmaceutical, medical, sanitary, and environment.
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Fig. 1 Conceptual diagram of experimental equipment.
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Fig. 2 PCA Score of Amyloid B in Squirrel Monkey brain.
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Fig. 3 Hyperspectral cameraimage of Amyloid 8 in Squirrel Monkey brain.
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(1) Autofluorescence
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Fig. 4 Comparative example.
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Fig. 7 PCA Score with U-MWBV2 and U-MWU2.
(Flamingo brain)
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Development of Spectrophotometer CM-36dG Appropriate for Color and Gloss of QC and CCM System
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Abstract

In the quality control (QC) of industrial products, there is a
shift from management using an actual article such as a color
card as a standard, to DCDM (Digital Color Data Management),
in which digital color data is used as a standard. Management
by way of color cards requires a brand owner to perform man-
agement tasks including producing color cards, assigning val-
ues, and distributing them to distributors. However, DCDM
eliminates these tasks, thereby streaming the quality control
and reducing costs.

In order to realize DCDM, the difference in performance
between colorimeters needs to be minimized. In addition, in
the quality control of external appearance of industrial prod-
ucts, gloss values are controlled as well as color in some cases.

On the other hand, in CCM (Computer Color Matching),
there are cases where the actual color sample does not already
exist and only the toning recipe remains. Therefore, if different
results are obtained even though the same toning recipe is
used, itis necessary to recreate the toning recipe, so a measur-
ing instrument that can obtain the same spectral reflectance is
required.

To solve these customer issues, we have developed the
CM-36dG that reduces instrument error and enables simulta-
neous measurement of color and gloss while maintaining mea-
surement compatibility with previous model CM-3600A.

Equipped with the improved integrating sphere and cali-
bration technology, CM-36dG achieved enhanced usability by
a camera preview system for sample positioning and a large
open-sided transmission chamber, while keeping compatibil-

ity against previous model.
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Fig. 1 Spectrophotometer CM-36dG.
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Fig. 2 Internal configuration of CM-36dG system.
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Fig. 3 Sphere configuration.
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Fig. 4 Comparison of CM-3600A and CM-36dG sphere.
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Fig. 5 Simulation result of radiance angle distribution.
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Fig. 6 Difference of measurement value at matte samples between with
gloss aperture and without gloss aperture.
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Fig. 7 Correction effect of measured value by WAA.
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Fig. 8 CM-36dG sample viewer.
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Fig. 9 Comparison of CM-3600A and CM-36dG transmittance room.
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Fig. 10 Status panel and operation keys.

KONICA MINOLTA TECHNOLOGY REPORT VOL. 19 (2022) 91



3.3 NUIT—ya3vEFI

CM-36dG > V) — X%, & HRPFERFICHIETE %
BA#EE 7L CM-36dG (Fig. 1 45#K), {1 & JGRHIFNEIC
HETET X ALY A NP EICHE L 72t e 7L
CM-36dGV, K&HHEEME 71 CM-36d 2> 5 % % 3
Yxr—3 avafioTw3 (Fig. 11), A &SGR AR
EHREZ: CM-36dG/CM-36dGV 1%, Ao KHHHIE &G
IROBNE I ZEHHERRE D FEEH L TED, 71404,
Wik, BWHD 7 7 2 F v 7 75 EBEEEE e CWEE
e B bW L T3, —F, CM-36d 13D K
SHERSRED A Z B L 28 Th B, 22— —DfliH
Hity, SASGHCEL TRl e T L 28IRTE %,

i

(a) CM-36d (b) CM-36dGV

Fig. 11 CM-36dG series.
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Oberflichen
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Digital-Transformation for Quality Assurance as Sophistication of Customer Service
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ERAR = BEkx MR B OEk %
Katsuji SASAKI

Kaito KOITABASHI

Abstract

In Konica Minolta, Industrial inkjet head has been develop-
ing for a long time. Recently, since customer and market
demand diversity, production procedure need to achieve small
quantity and wide variety of produce line-up. Furthermore,
higher precision, higher productivity and higher stability of
inkjet head are also required. Therefore, process of quality
assurance and customer service are more complicated.

On the other hand, the progress of technology for data sci-
ence and the expansion of applications have been remarkable.
In our inkjet business, Konica Minolta utilizes data science and
data analysis to improve efficiency forimprovement of product
quality.

In this situation, we launched “Digital-QA (Quality assur-
ance)” as digital transformation (DX) for quality assurance and
constructed a new platform to manage data from production
to market. In addition, we are working on workflow transfor-
mation and utilizing data for prevention of quality troubles
before it happens and improving customer service.

In this report, we introduce the concept of Digital-QA and
the method of utilization of data related to product quality.

* ML 2V R—F v PEEAI DarR—xv MEER VRS 58 3BT

* kMK VY AR—F Y FREAT arR—rr FHEER WEEILE
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Fig. 1 RMA (Return Merchandise Authorization).
RMA is system in series of process for market troubles for I) head to
analyze to identify the cause, compensate and correct in production.
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DX for Quality Assurance

Phase 3: .

Proactive quality improvement as using data
Improving customer satisfaction and reduction
. quality loss cost by improving IJ-head design and
response for customer using data analysis.
Phase 2: P 9 Y

Real-time visualization of quality information

Real-time summary report can be viewed on a web browser.
() By narrowing down by year, product type, etc., the transition
of KPIsare accessed immediately.
Phase 1:

Centralized management of information

Data from manufacturing, inspection and shipping
histories are transferred, and aggregate processing
is ran in the Database server.

Fig. 2 Roadmap of Digital-QA as digital transformation for quality assurance.
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Fig. 3 Conceptual diagram of Digital-QA platform.
The traceability is greatly improved by establishment a data infrast
shipment and market data. In order to analyze such data, Bl and ma
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Fig. 4 Real-time automatic aggregation in the quality control dashboard.

Summary reports can be viewed on a web browser and the transi-
tion of KPIs are accessed immediately by narrowing down by year,
product type, etc.
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ructure that accumulates the information regarding production,
chine learning can be used with the internal network.
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Table 1 Comparison of period of response to customers between before
and after Digital-QA. After Digital-QA, period for response to cus-
tomers became less than 1/2.

Before After
Data sharing method Without Digital-QA  With Digital-QA
The number of requests per month 100 80
The days for the response to 40 days 15 days
customers
Lead time for a request response 1 ~1/2
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The experiment immersing
IJ head in ink or cleaning liquid.

The 1J head problem on nozzle plate
and electric trouble is occurred.
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No immersion Passed Passed Passed
Immerse in water based ink  Passed Not passed
Immerse in cleaning liquid Passed Passed Not passed

Fig. 5 Experiment as reproduce int the environment of non-operation
period, such as night or weekend of IJ head in customer.
The electric trouble occurs when the 1] head is immersed in ink or
cleaning liquid for a long period.
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Development of Automated Visual Inspection Technology Using Deep Learning
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Abstract

The automation of the visual inspection process of indus-
trial parts and products using image recognition technology
has been progressing. Especially in recent years, with the
remarkable development of Al technology, it is expected to be
applied to inspection targets that have been difficult to auto-
mate in the past. However, it has been difficult to apply existing
technologies to visual inspection because the conditions for
general object recognition and visual inspection are different.
To address this issue, we are developing a variety of Al visual
inspection technologies for different visual inspection scenar-
ios and tasks. In this paper, we introduce two examples of auto-
matic visual inspection using Al technology.

The first is an anomaly detection technique based on semi-
supervised learning. In general, it is difficult to collect a large
number of defective images at a manufacturing site. To solve
this problem, we developed a new anomaly detection algo-
rithm that combines an image reconstruction model that can
be trained using only normal images and anomaly calculation
parameter optimization using a small number of defective
images. As a result, we have achieved robust anomaly detec-
tion for var-ious inspection targets.

The second is a defect classification technique based on
supervised learning. At the manufacturing site, defect can-
didates are often over-detected to avoid missing defects.
Therefore, many false positives that are not defects are mixed
in, and it is necessary to eliminate them with high accuracy. To
solve this problem, we have developed a new algorithm that
combines the process of extracting frames of interest suit-
able for classification and a multi-task network structure that
independently determines defect/non-defect and defect type
classification. As a result, we have achieved a highly accurate
process that simultaneously eliminates false positives and

classifies defect types.
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Fig. 1 The concept of autoencoder-based anomaly detection. (Step 1)
Training a model from only normal samples and (Step 2) anomaly
detection from erroneous reconstructions of input samples, which
might carry an anomaly.

Step 1 TIHHERFBKETVO¥EEE2E %5, Al
L7 Rk &, B S TR IR D 7253 D3N & <
RHEkHIC, Tva—F—tFa—y—%¥HET5, 2
CTRMEGOAREEBICHC L 20I, Tva—4F—
iﬁm @@%ﬁ@&%%&?%%;ﬁL?%t 7

F R THERO A Z L TE 2 L 9 lrET %
;c‘:i))ﬁﬂﬁ“C%%

Step 2 TIF2EBEDA — b v a——% Tl
EEIRY, FTMRAENREGREZL -y -8 —T
TERERL S %, RITHRADORIEIER & FERERLIEIER & D757 1T
HOWTHREZRaT7Z2FET S, ZLTERFER 27T

DED B L LT 5 2 & TIEH P RED»ZHET 5,

T, RESDHARG E L TANINEEITIE,
FUEEIFTDS) £CERRINT, FEL L THREZa 7
MRELBDETTHD, L) EZHIHE I FHET
b5,

3.3.2 LEORBREAWVC/ISX—Y—RELHL
TR A — b v a—¥—Ic X 2 BEMAITIX
RN RIER & FERERIIR & D 7257 IS HED W THRE R 2
TERHETZ, ZZTHBRD EBY, FEHTRE A L Z
I TRVESPRIENRICE > TRE 2720, #5774k
DLERE A a7 %FET 5720 DML T X — & —
DFERD, BHEHAEROR LELICKESWET S,
Ta ik, R a 7RO R T X — 5 —3%
Ex, PEROLRT = % AT HENERT 2 1A
BREREL 72, METHEICL B9 X =% —FRDFin%
Fig. 2 IZ/R T,

Input Reconstructed Input Reconstructed
images images images images
(normal) (normal) (abnormal) (abnormal)

N/ N/
| Anomaly score calculation unit
1 ! !
Anomaly Anomaly Anomaly
score list score list score list
(candidate 1) (candidate 2) (candidate N)
! ! !
| Parameter selection unit
!

‘ Selected parameter ‘

Fig. 2 Pipeline of our proposed method.
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Table 1 Experimental results using AUC in %.

Method Electronic circuit Metal plate
Case 1 100 96
Case 2 80 100
Case 3 100 100
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(a) (b) () (d) (e)

Fig.3 Sample images of anomaly detection results. (a) normal images of

electric circuit and metal plate. (b) anomalous examples. (c-e) anom-
aly heatmaps obtained by Case 1 (c), Case 2 (d), and Case 3 (e).
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Fig. 4 Image of inline defect classification system.
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Fig. 5 Overview of our algorithm.
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Fig. 6 Example of defectimage.
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Table 2 Experimental results on real factory data.

Pickup Network Remove pseudo Detect true Classify correct Process

important frame architecture defect [%] defect [%] defect type [%] time [ms]
Case 1 No Single task 92 99 87 320
Case 2 Yes Single task 98 99 94 120
Case 3 Yes Multi task 98 99 94 90

- Case 1. RERFIMIR % Z D F F MRS/ FERKHIE
B X UK % Zh 2 Single task & L T 72
56

- Case 2. {1:H Frame O #hiti % ¥ Z 72\ K IE R Bt
TR X ORGSHEE Z 112 1 Single task & L Tfi#w
7-%&

+ Case 3. {:H Frame D #hii % & Z 72\ KRB JE R B
EEB L ORKFESEZ Multi task & L TRW 784

FiR % Table 2 1278 97, ffH % FL 2 L ATALERIC X O j#b)
ZeFrameZ i3 % 2 L TREMICHEREPRESHEL
TOVBRIENSD D, $ToVF IR Ry P — 0
WEWETHZETHBEZELET Z Ll @bz aEE L
TWw3,

Sllofatic X 0, EEAEIC X 2 &R e Kbk
REGHES K ORI EZ IS 2 2 &k, Bl
TE, B % FEBO TRNEM T 2 720 OBGET 2 o T
W5, SR 2 PERR IR E 0 R o 35 K ICHLD 1L
LPETH D,

5 F&H

DYEOEE T — 8 TR TE D AWM I
W, HEEOHD fHA G E AN L 72, BEFS L 7 Bedifrid
A=A I NI ONBIREREE Ly v TRHED
B TIGH - BESEA TV B, S5 b BLERE O DXHE
HECEBRT 2R, R IoT Moz Zmik L Tw <,
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New Conceptual OLED Combined with the Designability and the Capability of On-Demand Printing

kI 1 Ex R i H* = 7 Ik g o BTk it gh &k
Kazuhiro OIKAWA Tomoo IZUMI Hideo TAKA Kunimasa HIYAMA Hiroshi KITA
25 Abstract

OLED (Organic Light Emitting Diode) /X=®JL%ZF
WeT A R7LABLCRANERL, Y 7ZEMHIEL
TW3, AZHI /LI T, INET, DAXREEHE
ZHDE U OLED MRS, BHhERTFHESLVY
L+ > 7IJLOLEDEERED/XRIVEE / RF5%# 1TV, OLED
IRRILDMEEE, £EMES LKVOBERMEORLICEDTE
foo RIATIE, MEOT7LFYTILOLED/XRILEER
Ny T —3 /BREBAA—R /A5 O77% EDHRIICE
BUf 32— NTVYFav Y a—ayv,
ZEERRAL, il ELOME" ZREL TV,

IRTE, OLED/XRILOBEHEDERIBEBEANTH
%, KEMBBEOBIAFERELTAYI Iy ARN
ERUDDOH DD, EMREBRE 7O AN TISHIER
DT &R > TWi,

OLED /X% %Z, &b EEIC, Y1 VEEREDE
UCTREBERICEBEITZHITE, 173y MG —
ZUUOBEEHERETOERADBHREEMITSI &
NEEFRETH S,

BAE, bINIBOAYI YTy MEBOHTHIL
JSIERIDTH A VN AJEETH B Simple-OLED Z FAF
Ufco IR &D, BREMEEAYTFYY REZFERER
LWV 7 NDOOLED/RRILDIEEZEIR U f=D
THWET %,

OLED (Organic light emitting diode) display and lighting
technology is spreading and its market share is growing. To
improve device performance, productivity, and value of cus-
tomer, we have been performed development of phosphores-
cence material system, development of solution-processed
OLED and production/sales of OLED panel. Nowadays, we
offer “Lighting Paper” to the customer of printings as a new
“Light” value improving their branding and product appeal
of printed materials such as product packages, promotional
cards, and greeting cards.

Vapor deposition process is a mainstream of OLED produc-
tion although there are problems concerning productivity and
huge plant investment. Although ink-jet method is gaining
acceptance as solution of productivity, its complicated layer
structure and production process prevent market growth.

To present OLED panel to customer as designable and fast
tool, there remains important issues both utilization of pattern-
ing characteristics of ink-jetting and simplification of device
production process.

We have successfully developed “Simple-OLED” capable of
designability of turning on and off by ink-jet printing only one
layer.

In this study, we report simple structure and process, emis-
sion mechanisms, and prototype examples of new conceptual
OLED combined with the designability and the capability of

on-demand printing.
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OLED (Organic Light Emitting Diode) %)L % H
WeT 4 AT VA BRXOHEAPERL, =7 2HIEL
TW3, a=H3I LY TIE, TNET, hANFEH
Ktz rhis & U 7z OLED MPRIHFE, SAmME T O L &
7 L %> 7V OLED WD S 3 VA BE /HRGE % 1T\,
OLED /8 2 )L DPERE, Atk B L AN D 1) i %%
DT EVIN, FHETIE, MAD 7 L ¥ 7V OLED S
IRy r—Y SR A — R /A a ikl D
FIiN@EH L7z e 2A~— b7V 5407 V) a—
Tayv, ZHEEEPL, Hitkh OCoffii” 2Rt T
w259 (Fig. 1),

Lighting Paper
~New “Light” value from flexible OLED ~

P =; OLED flexible panel o g &g |

Greetmg card ’

Product label/Package

Variety of cards

Direct Mail Store front POP

Fig. 1 Lighting smart printing products by using flexible OLED.
(https://www.konicaminolta.jp/oled/about/)
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TZEE AP TR TH 5, AGEHROHEE LT, MK
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WEFON, ZOMRFRELTA Y72y FHRD
WK LO2OH 5,

BEDA v 7Y =y + OLED O8I IE, H7 b K
RIEPIEAZINTVS, Ny 7 7L —VElR oy
7R NITT A DU T T 7 4 & e BB EE O
BREEZTERL L, BRBEMICEE O 2 HHRE T 2 0
PFBOE L THRTH 5, SHEAEIEN O B2
R ZEAE 12 I3 KRB 20 Bl 23 A BT, %®Lmﬁliﬁf
DEZAHZFNERT 4 A7V A4S L IRERNRY A
F=PIBE->TwE, A=V T4 v T H B0
BAS—F T4 A7 VA%, XOFEIITYA VA6
LD ELTEBERICRET 27012, A v 7Yy b
DY —= v R R L B 7 a k 2 offi L&
Aoby, BEEEA YTy FIE2WN T2 2 LH
BMBEHE I o Tz,

CNSDOMEIIHL, BAIFKLATICEVLTE>71
@A v 7Y 2y MMEHOAR TN DT A v
ZUHEE L7, Zhick b, Btk A v 7~y Pz
iA=L \vwaryt 7 F®OLED S )L pfp#l % 5
WL7zoTHET 5,

2 Simple-OLED

W72 \Z B L 72 Simple-OLED & 734 A K&K % Fig. 2
WRT, FEARKIE, TRlo=EE»HK 5,

(1) OLED _—r8— (Balii 737 7 —J&d 1 v 7 525 )d)
@) A v 7Yy MilFEE (FA L F—sv )
Q) Hiky—t Ny 7 7 —JE B k) Bia

. Substrate
Encapsulation | Cathode
sheet Substrate
| Buffer layer Cathode
Ink-jetting = Buffer layer
Polymer layer Em:itting Iéyer
OLED Buffer layer Buffer layer
paper | Anode Anode
Substrate Substrate

Fig. 2 Layered structure of Simple-OLED.

Bt 7 v A (Fig.3) b FRl3BEICHIELTED, F
DUEHE L 72 OLED R— 83— (fHH | “R—,3=" LElT
B, RGBT CTHEEM Wb 2) 1258 A v 7 2 5H
L (Fig.4), ¥iky—FTHEET 2L TS X 2R
£33, OLEDR—,8—121F, 4 ¥ 7 ZWINT % fufg R
Ve—@e2AL, A v o247 2y MiiE L
T T2 2NEETOE T A 3T e,

Imaging data
P b Ink jet
aperbox i3 Emitter
OLED paper
OLED paper > ‘ ‘ ‘ >
OLED paper ‘ | OLED paper |
Lamination One pair of
common electrodes 1
Electrode and ) |
@ e o Eee e |
|
X X \ $4 3

Fig. 3 Fabrication methods of simple-OLED.

Inkjet head
(KONICAMINOLTA, KM512) _l 4

OLED paper

Fig. 4 Fabrication process of emission area and microscopic figure of emis-
sion dot.
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Fig. 512, 77 AFME X7 L ¥ 7)OVHMR B/
#1 7z Simple-OLED O %4l 2 75§, FOGF ORI 14,
360dpiot y b=y ZJHREZMH, a=h 3 /L y#EA4
VP zybavira—nL AT LUCS1EBLOA VY
Crv by FKM512% W CHIRIL 72, 46x33 mm®
MR 7z, BREE 4 kHZz THIF L TR b, AR
MHIEL B EECIZEH Y, S-EDEFZEL, v
7Yz MRECTORENREZKE LI RICEIEL 72, wT
N E b, FEEHIIEH 100um D Ry F DELT
FHEINTEBY, ko2 7 HFRNTIERL Z 5007
FRZE LR R 7 & DM Y — VRN R, 7 7
FUYNY IRGEEELTERT 5 2 EBTE L,

(a) (b)

LANETARIA TOKYO

Fig. 5 Pictures of the single-color devices. (a), (b) Line drawing images.
(c), (d) Gradation drawing images. (e), (f), (9) Flexible lighting cards
combined with multi-color OLEDs and printings.
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il T E 2 DIcx L, & vRICIFEEEPRE T L
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BUC KD, By r—oera—r—2miF4A x—
TixE, HEIRBPGFTE %,
Power-off state Power-on state
Printing Printing
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"~ Interface

Emitting layer
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Substrate Substrate
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“)splay Week 2021
ciety for Informat
TERNATIONAL SYI
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Fig. 6 Structures and pictures of the transparent device laminated trans-
parent cathode and encapsulation sheet (a) without and (b) with
electroluminescence.

3 REAXANZZXLER

Tang & 12 X % B #E e 43 MRS BRY 3R &5 S LT LK,
OLED o &tk ki i3 % R DS AT R &£ SN TE
oo FEBC, A9 —bF 73 VT LEMDOTF A AT,
la=y F5EME, wVFa=y e 10/
DOREMEIH VN TE D, EFETIIEMAE LT 2
=y FTNA ADFELG ATREIC 2 5 T E T 529079,
TlE, %' Simple-OLED DA 72 WK B Z 12 B W T, &
EFENO R DIEL ) Dy ZDMHZREILD 5729,
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aNPD
Emitting layer Emitting layer
Emitting layer
Buffer layer Ca
Anode/Substrate Anode/Substrate Anode/Substrate
Electroluminescence Electron-only Hole-only
device device device

Fig. 7 Schematic structures of the electroluminescence device (ELD), the
electron-only device (EOD) and the hole-only device (HOD).

Table 1 IZ/” 33 H, ELD @ 2.5mA/cm? 2 B} % 448
HPNE (EQE) BXUEER, Z2nZhn2.7%E LT
5.9V &7, FPYIC 100%FS A 23S BE 2 b AT
JEMEIOfE &, JEHLD H L AIEE20% 2 EE O F R T
bhbHZEREBET DL, MmO 1 HBREICEEST
WpZEitks, LeL, HREEEEZHOTOEVLE
WIHBETIE, RELTHLELTVE EEZ D,

Table 1 Characteristics of electroluminescence device 1.

2.5mA/cm?
EQE Voltage
[%] %!
Device 1 2.7 59
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Fig. 8 Current density-Voltage characteristics of (a) hole-only device and
(b) electron-only device.
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Fig. 9 Grazing incidence small-angle X-ray scattering spectra of emission layer.

100%

90% —— Host )
Insulating polymer
80% r —— Dopant

70%

o ZW\——NWW\/\/\/W-/\_/\
50% -
40%
30% |-
20% -
10% -

0% I I I I I |
0 10 20 30 40 50 60

Thickness [nm]

Ratio of secondary ion intensity

Fig. 10 Depth profile of emission layer measured by time of flight second-
ary mass spectroscopy.
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Table 2 EQE, voltage and polymer distribution ratios of emission layer
using various polymers.

Polymer 2.5mA/cm? TOF-SIMS
Backbone Substituent EQE \ Phanode! P Peatnose! P

Device 1 Polymer A None 2.7 5.9 1.56 0.96
Device 2 Polymer A -OH 10.2 6.4 1.09 1.79
Device 3 Polymer A -CH, 32 9.2 0.88  0.96

Device 4 Polymer B Hetero nitrogen 0.01 5.0 0.98 0.91
Device 5 Polymer C OCOCH;, 2.1 9.7 0.95 0.79
Device 6  Polymer C -CN 2.0 8.3 0.73 0.96
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Fig. 11 J-V characteristic of (a) hole-only and (b) electron- only device 2.
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Fig. 12 (a) J-V characteristics, (b) EQE-V characteristics and electrolumi-
nescence spectra of device 1 and 2.
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the Spectral Characteristics of Organic Compounds
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Abstract

Recently, materials informatics (MI) have been well known
as the innovative technology to use data for advanced materi-
als. Not only experimental results, but also theoretical calcula-
tion results are mostly used for the materials informatics to
improve the predictive models and understand clearly due to
the basis on the principle rules. The high-throughput experi-
mentations are also focused as a tool to store efficiently,
because machine learning requires the enormous data. In this
paper, we targeted neutral organic compounds, and imple-
mented a predictive model for maximum absorption wave-
lengths of them via the machine learning including the density
functional theory (DFT) calculations and the high-throughput
experimentations.

We have constructed the predictive model by using sup-
port vector regression (SVR). To evaluate this model, we com-
pared the predicted values with the experimental values as
test data. We observed that the root mean squared error
(RMSE) was retained within 10 nm in an applicability domain
although small amount of data was in the applicability domain.
Moreover, a five times decrease in measurement time was
obtained via the high-throughput experimentations, and DFT
calculations led to the high prediction accuracy.

The predictive model via machine-learning is useful for a
rapid selection of the materials with the suitable photophysical
properties from a huge amount of the organic compounds.
Our next plan is to modify the predictive model via increasing
the experimental and calculation data for an expansion of the
applicability domain of the predictive models.
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Fig. 2 An automatic pipetting device prepared samples and pipetted into
a 96-well glass plate.

Fig. 3 Amicroplate reader measured absorption spectra up to 96 samples
atonce.
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Scheme 1 Overview of the machine learning workflow.
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Fig. 4 Prediction via the machine learning on training data versus
Observation on the maximum absorption wavelength of neutral
organic compounds.

Table 2 Evaluation of RZ (or Q2) scores and RMSE values in SVR with gauss-
ian kernel by each data.

R2 (or Q?) score RMSE / nm
Training data 0.98 16.6
Test data 0.90 33.1
All data 0.98 15.3
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Fig. 6 Prediction via the machine learning on all data versus Observation on
the maximum absorption wavelength of neutral organic compounds.
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Abstract

KONICA MINOLTA has launched “FORXAI”, an Imaging loT
platform that accelerates the DX of society together with cus-
tomers and partner companies, utilizing the core technology
that it has cultivated so far. FORXAI acquires various data
obtained from devices, organizes them in cyberspace, and
realizes advanced analysis in physical space by Al processing
in real time. In addition, FORXAI focuses on changes in the
business environment and publishes Imaging loT technology
as an open platform, aiming to allow various companies to
freely participate in the value chain and build an ecosystem
that utilizes the services of partner companies.

In People Traffic Analysis, which is one of the FORXAI cases,
we collaborated with Marubeni Network Solutions Inc., which
has strengths in network construction technology. As a result,
we provided solutions to analytical issues such as analysis
of consumer behavior occurring in store marketing of large
commercial facilities and examination of store layout /product
display according to the traffic of people. We use FORXAIl’s
attribute recognition technology, which acquires personal attri-
bute information such as the gender, age, and clothing color
and more of a person from an image, and the person identi-
fication processing technology, which collates the attribute
information taken between cameras, it has made it possible to
analyze visitors in commercial facilities and a smart city.

Not limited to this case, KONICA MINOLTA will utilize FORXAI
to expand our business together with partner companies and
contribute to the realization of a Digital Society through the

construction of an ecosystem.
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Fig. 5 Business model of People Traffic Analysis.
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Fig. 6 Attribute Recognition sample.

*This is only sample. There is actually no function to store the cap-
tured image of a person.

KONICA MINOLTA TECHNOLOGY REPORT VOL. 19 (2022)

HARALCHE L s> Tl A7 RIET-CHDEN T
W A A%@mﬁ&LMﬁT&T%D T AFFE %
T ORIEEZED T IA N —I1Thhrb b Bk
(T ENTER, & 5ICFORXAI DGR AT I X
D, TNETHL > EED A A FHTOmGIEEE
DO (WMHEMEZE) 2kl 7,

CDONFRR =777 4 v 7%, kAN &R o AH A H
FHH, KGHE OB, RGE OB E Vo 7k
BHEDR =TT A v T8 %, HEEDT T AN —
CHCRE L 72236 HEIRICHUS T E, X D R0 2 koeik
W DRGSO IRERRIL 2 LT 5, F/, ATLPEE{ES 2
ETCHICH—DIEHETT — & 2 W 2 2 L 8T &
%, FERELTC, ¥EMEERPELZMHRICBVWTHFH—
@ﬁﬁf%ﬁ??&%—&ktf%ﬂ?%’kﬁf%%
Xk ot, 5%, BAINIREMRICE LT,
DN~ =T 4 /7@;#@“%%%)%““(/\7}[1“ P&
JEzSHTL, BTy oA =T VICHT S 2%
HifL w3,

AKYVa—vavid, azh I/ VYEMTIERL, 2y
b= ZREEICEET B 2 N SRR AL T OE D
EEN RO Ay b7 =V ) 2= a v AR
SrbEmEL, WEEIEREX > T35, i, AFLR
b7 =27V 2= a vy ARRESHACBI A~ D ot 75 £
T EOME P BEEREOW O B, av LT g v
PRI THHH T ET, aZh VY IO
BIFICHRT 2 2 L3 TE, ZNENDMAZTENPT I
EWTETWS, THIZFORXAIZSHIEL Twab T ay
AT LDOWEFEO—HITH S,

4.2 FORXAIEATIC & 2 HEl

N~ =7 7 4 ¥ 7 CldE% < O FORXALEA % TG H
LTw3, ZOHRThid a7 i@k
Hb, HAFIEH S B o NE &L TR %
EFREIC, MR SElRRE, ETVIRE, ETrofi, Aan
YO, AN FOHMER EEBOEH %N 5 il
ThHb,

17



Z o E A 2 I A ID A, IDow Y F
VTR T BT = T4 v ZICEA I T
3, Nfie—7 T4 ¥ 7 Tld 2o NVt o—30% %1%
AL CH—#F LR L T3, 207k, ER#SkTIEH
FLLv R 7EADRIGE T TR, BRI D A
25 THHENEICE 572, 512, REOMRHRS
TEL70, 77viavy Ly FON~DIEHS W
INTWw3, TIiTid, FEINLARX T HOBESM
BWZD7-01I2a=h I VIBEEE LTS IAEIE
BEMibmHL Cwa, ZoEMiickD, 13EA DR
AT TN =T T4V ITMETZDT AT LI
KoTws, ke, Wil FnEcowTE, YN
ABUIFEDNTE D, EBEO AOMWI - FhiizRT b
DT,

CDYATLTIEARATTNAL AR (ZyP) W
A FDY—=N—=DYE—F X7} v RIZloT Platform
ZIHHL W5, Ziuc X h#ERRSTFD a A b2 KIEiC
HIR S % 2 &3 TE, SRR L1, BERP AT 4,
V7 7R EDPIEFICEEL TR 220 0 &
W, MEEICTR A TH B, B (Zy ) &
A FCHAENZ v 7 F—=7 20 LT, SRS A
FLDRME FEEHT B L8 TE S, £, FAA
2R T A MHAZHOTYE— A VYT F VAT S
TELHRETH B, FHNCERMI NS IERE HWT
FTNARE X DRRHEEFEL (T4 R - ¥ AT LR
GE), EHEH» STy 7= 7 7RI ETS 2
EITE D,

CDONRR =TT A YT DYAT LI, a=h3 /)
% DFORXAI L AL # v b7 =2V ) a—va v A4
o AIWG g1 — © 2 TTRASCOPE-AL 7 5 #R X
NT05, JEHNOBLGY A Ry —N=p5 777 F LT
DF—Z 5« EHTIZFFORXAIAMHYS LT3, 757
R85y DFESE1E TRASCOP-AI 23424 L T v» 3, FORXAI
Fiffiz w2 2 &T, N=bF—0FETHLZMNILEY b
7=V ) a—ay ARASt L oHAITHIRY R
FOLRMEREL, HilhY—CRAZHKETEENTER,

Z O MAFEH E I, SRR S —
b F—DHER & o T HREEHE KT > A 7 2 ONATE
B EICH D AT WL, £72, BUEL =7 —% 2 550G
HT 22 LT, HirtkhT =2 —ERDRIHICH D%
%, Bz, FORXAIREZ REI LI LT—F—
3L DAl Z RIE SR, AN X b i A mEA]
HEfTF>Twl,

5 F&H

FORXAILX, 7Y ¥ NHEDEEICE LT, 3= 3
IV DDXHEMEDIL L 72 5,

aA=h I IR NE TR - T E 7z Edge Deviceft
fiti, IoT Platform£:fii, Imaging ATz %M L <, #
Ko —ADLELICHIR RS L, ks 2 2 & T,

FORXAI Ziii & L 7= F¥ ¥ NV Haofisz HIE T, £7-,
FORXAI Eefii %2 G L 72 At~ —77 74 v 7 HETIE5]
EHEAMM AR Y b=V ) a—vay KRS LD
T BERANOMifERR L Z 1T > T <,

CITRALEEHICRS T, a=h3 /Ly
FORXAL Zffio T8 =t F =g L e e P 2 2 %A,
Iav AT LEREEL, FYINEEDOFBICEHEL T
Wi,

@SEXHR

1) Gartner Inc. Building a Digital Business Technology Platform

2) BHH KA “Pose Proposal Networks” Konica Minolta Tech. Rep.,
pp.12-21 Vol.16 (2019)

118 KONICA MINOLTATECHNOLOGY REPORT VOL.19(2022)



REE(CH TS FORXAI loT Platform D;EFH

Applications of FORXAI loT Platform for Manufacturing Industry
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Abstract

In manufacturing industry, there are so many companies
and sites that have not sufficiently adopted digital technology
and DX. To promote DX for the industry, Konica Minolta inves-
tigate issues by analyzing our own production site in advance
and proposes “Imaging loT” solutions for the issues by using
combination of our imaging technology and loT system. Since
there are a wide variety of issues, such as productivity and
industrial safety, it is necessary to develop them efficiently.

Therefore, we developed the common architecture for ana-
lyzing and utilizing camera images at manufacturing site.
The architecture is based on FORXAI loT Platform (hereinaf-
ter referred to as loT Platform) by Konica Minolta. Since most
of the issues at manufacturing site can be visualized by ana-
lyzing camera images, it is possible to make solutions such as
“productivity visualization” and “compliance visualization for
safety” in the common system. We expected that it can be eas-
ily expanded to other uses in the future.

This document describes cases of service development for
manufacturing industry by using our loT Platform and
architecture.

*ERIOT Y Y 2 —3 a v FORXAMEEL S—FrF— v F—IX v L —7

* % JoTH —E APFHERIEHR 7—F7 27 F vhRM H1r/r—7
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Fig. 1 Use case of manufacturing visualization.
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Fig. 2 Use case of safety behavior monitoring.
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Fig. 3 The system architecture (hardware and cloud).
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Fig. 4 Overview of the software architecture.
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Fig. 5 Skelton detection.
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Fig. 6 Andon screen (sample).
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Fig. 7 Operation report screen (sample).
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Fig. 8 Operation chart screen (sample).
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Fig. 9 Sample Image of Video Viewer.
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FORXAI Recognition DERIZRE7ZILII XLICEK S
MFP i HILTIIENE

Improvement of MFP Manufacturing Process Using FORXAI Recognition Frame Detection

W % &K OK HETER® ok

Masashi SONOYAMA Yuujirou MORINAGA

£5
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TETW3, LML, MFP (#826#, Multi-Functional
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B2Ihd,
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IE (£ETIZ, Industrial Engineering) OFE%FRL
TIRHEERK>TVID, FEBDTEOEENLDE
ICIFAEYENNRIBZEZEHFER U TCRDIEREICT
OB,

S[EliE, FORXAIRecognition DEE&EH7IILITY X
L%EFRALT, FEEOTHEENLRZITS>CET, EFE
HEOBBEM CEEFEREOEHOESICKINIL
DT, TDEHITOWTHENT o

X O ESEy B R E #x
Minoru YAGUCHI Shinya SATOMI

Abstract

In recent years, the production and manufacturing process
has been automated mainly using robots, and the number of
factories that operate unmanned 24 hours a day is increasing.
However, it is difficult to manufacture and assemble precision
equipment such as MFP, and it is often done by human hands.
On the other hand, soaring labor costs due to a shortage of
human resources has become an issue, and there is concern
that it will adversely affect production costs.

QC and IE methods are used to improve the productivity
of the assembly process. However, in order to quantify the
behavior of the worker, the person in charge of analysis directly
observes the target process, which requires a lot of man-hours.

We used FORXAI Recognition frame detection algorithm to
quantify the behavior of workers. As a result, we succeeded in
automating the output of the moving distance by the worker

and the indirect work time.

* IoTH —E A PFRIFEMAEE 7 — % — & AL
sk RpE - PEEAEE  APEREIS LRERE
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Fig. 1 Actual production at BMMY factory.
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Fig.2 FORXAI Recognition can perform fast on low-resource edge devices.

Include algorithms such as
- Pose detection and tracking of 2D skeletons from monocular cameras.
- Attribute / Action recognition.
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Fig. 3 Sample resultimage of estimation.

Extracting color information of head, body and leg based on result
of pose estimation.
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Fig. 4 Resultimage of movement trajectory using FORXAI Recognition.
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Fig. 5 Time series change of moving distance.
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Table 1 Comparison of three model accuracy.

Threshold = 0.5

Model AUC
Recall Precision
LightGBM 0.877 0.703 0.782
XGBoost 0.751 0.610 0.712
KNN 0.760 0.350 0.652

Fig. 6 O X 9 2, EEEE¥EEMBEEEDO LKL MR T
% &, EEEMEEE (Actual) 1228.3% DIEEEIEH % %
fEL Tkt L, FHlKESR (Predict) Ti325.4%
DHEEEEZ L T LWL TE D, BulEET
FELEDTHZHMNTETNE I EB00 5, 72, 8
WZMERELTH, TEFUMBEEEHW Ly 4
FIZBTIE, Fig. 7 D X 512, TESEH O % 82 5 I
DT %L, EBICHBEEELZEHL T/ 2 L 2HER
T&E7,

100

28.3 254

80

60 -

40 f

Percentage (%)

® Direct operation

20 - ) .
Indirect operation

0

Actual Predict

Fig. 6 Comparison of indirect operation ratio.

Fig. 7 Pick up image of indirect operation.

AAEHRIC XD, SRS OER: A% I
B % 2 & T, SLEHGOWEH NS E IZBSICRED A
WTWLAL T, HASNARED S W2 T 5 X
SR TE S, £, MEBEEEPEELID D
%I A IV EREFLTOHRELY Y L CHE & L
TYEEH Y F IR 2 2 LT, R R Ic o %
52 ENTES,

5 F&&

ShoiEH)IC X 2 E /P AL %Z, BMMY O
FEEED M ARG RIS SERENICHWT, 74— F
Ny 7%ZF52ET, LYAHRERECHES%H
BIWEE 2RO W5, TTICEBIEEEOEEED X L
HLEMWRLI-VEVIFALHVTED, EMiBHIED
RHIIROGICH 03, ZNRET R T V> v )L DE L E
L5225,

SBITHENOENIMLE~NERT 2 2 LT, BUGYGE
WE A 7V ERD S 2 LIk BEEET y ZICEHBRT
572 TlE7 <, FORXAIVY 2—>avyDl1oE LT,
HAE D FANDIEHAGIAGFTE 2,

O=E Xk
1) T.Sekii: “Pose Proposal Networks”, in Proceedings of the 15th
European Conference on Computer Vision (ECCV), 2018.
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Expediting Konica Minolta’s Digital Transformation:
Al-enabled Orchestration of Modern Workload and
Software-Defined Infrastructure from Edge to Cloud

Antonio DINA ¢, Mohsen AMIRIBESHELI *%, Fragkiskos SARDIS

Abstract

Hybrid cloud combines the benefits of edge computing with
the vast resource pool and services offered by public cloud
providers by integrating the two systems. To take full advan-
tage of hybrid cloud architecture, infrastructure and service
orchestration are needed. Orchestration brings benefits such
as selection, deployment, monitoring, and lifecycle manage-
ment of public and private cloud services and infrastructure
resources to enable comprehensive control over their daily
operations that consume raw data from disparate devices and
transform the data into actionable business processes. This
solution processes these orchestrations to enable the immedi-
ate, real-time transformation of data to valuable and transac-
tion-capable information. Existing orchestrators suffer from
vendor locks, lack of common standards, and inability to be
tailored to advanced requirements of Al and loT and IPA appli-
cations. The Konica Minolta orchestrator is a transparent solu-
tion based on open standards that can be customised to suit
the exact requirements brought by stakeholders. It offers a
solution to partners and customers which can be indepen-
dently interfaced with third-party systems and ISV ecosystems
giving them full control over how they deploy software in an
edge-to-cloud setting. In our pilot demos, we demonstrated
the KM’s orchestrator as a viable solution for managing Al
applications with additional functionality such as loT device
detection and performing automatic disaster recovery.

1 Introduction

The rapid adoption of cloud services in industrial
applications combined with the introduction of 5G
networks have enabled hybrid cloud solutions for
use cases calling for Artificial Intelligence (Al) and
ultra-low latency. Hybrid cloud combines the benefits
of edge computing with the vast resource pool and
services offered by public clouds by integrating the
two systems and giving users the freedom to choose
where their data and services are being deployed
depending on their performance, cost, and regulatory
requirements.

The key enabler for hybrid cloud adoption is the
ability to orchestrate resources between private and
public clouds. Hybrid cloud orchestration includes
functions such as deployment, monitoring, and life-
cycle management of public and private cloud ser-
vices and virtual infrastructure resources to enable
comprehensive control over daily operations. This
often leads to orchestration solutions that are com-
plex and difficult to use because they are designed to
cover a wide range of possible deployment scenarios
and services, which in turn makes it challenging and
expensive to maintain a hybrid system. However,
stakeholders seek solutions that allow them to easily
manage their hybrid infrastructure and deployed ser-
vices that are specific to their needs without super-
fluous functionality that complicates usability and
increases the attack surface of the orchestrator.

Our goal is to develop a modular orchestration solu-
tion that is built on open standards so that it can be
easily customised to the specific requirements of a
user without carrying unnecessary features that affect
usability and increase the risk of attack. Essential func-
tionality includes support for multiple cloud vendors,
lifecycle management of services, aggregated moni-
toring for infrastructure and services, a service repos-
itory for easy deployment of pre-configured services

* GLOBAL R & D EUROPE AI - Hybrid Cloud & Intelligence Driven Cyber Defense
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and finally, a multi-tenant environment to facilitate
control over several environments for multiple users.
Depending on the use case, additional functionality
can include, IoT device detection and management,
Al-enabled performance analytics and cost projections,
automated multi-site disaster recovery and integration
with other systems and services to automate opera-
tions such as DevOps and ML Ops.

In this paper, we present the current state of the
hybrid cloud orchestration technology, market trends,
our recent efforts towards a viable orchestration
product and the business value for Konica Minolta
International. The rest of the paper is outlined as fol-
lows: section 2 briefly covers recent developments in
hybrid cloud adoption by SMEs and manufacturing,
section 3 presents the Konica Minolta orchestration
product, section 4 addresses the business potential for
orchestration, section 5 covers future development and
finally, section 6 concludes the paper.

2 State of the Art

Existing cloud providers are increasingly compet-
ing for taking a larger share of the market. Resource
orchestration in the hybrid cloud seems to be one of
the vital areas of this competition [1]. As a new trend,
the multi-cloud (i.e, to use more than one public cloud
provider) paradigm further complicates the orchestra-
tion market, as it introduces multiple cloud providers
to a single hybrid cloud architecture [2].

In the hybrid cloud space, the existing cloud resource
orchestration tools can be divided into two broad
groups [3]: The first group provides solutions by
major public cloud providers. These solutions are
equipped with a comprehensive set of native man-
agement tools that are highly integrated with the
cloud platform and provide tailored capabilities —
for example, Google Anthos [4], AWS cloud forma-
tion [5], Azure resource manager [6]. In addition, it is
worthy to note that for hyper scalers, orchestration
solutions are a delivery vehicle for their cloud-first
strategy. Therefore, they are not enabling vendor-
neutrality. The second group’s solutions are provided
by third parties. Third-party tools are commonly
cross-platform and multifunctional. While most third-
party tools are vendor-neutral, they are designed
in a way to have less depth in their functionality.
Additionally, the wider scope of use-cases supported
causes them to be more complex to deploy and main-
tain. Some examples of these tools are Cloudify,
Morpheus, and Hashi Corp stack.

Not following the existing standards is causing most
orchestration solutions (i.e., groups one and two) to
suffer from a lack of interoperability. Interoperability
in this context refers to the compliance with a common
standard for describing the configuration of infra-
structure and services, thus avoiding vendor lock-
in and relying on a common unified language and
model across solutions by different vendors. In [7],
by looking at different use cases and definitions, the
authors attempted to identify the state of the art of
interoperability in the current cloud ecosystem. To
address this challenge, all the artefacts presented in
this work follow the European Telecommunications
Standards Institute (ETSI) Management and Orchestration
(MANO) standardisation framework.

It is also important to note the connection between
Al solutions and orchestration. To support Al appli-
cations and machine learning pipeline requires a
complex architecture that is commonly expanded
between cloud and edge. The rise of the hybrid and
distributed cloud made Al solutions easier to be built
and operationalised and ready to be offered to the
public. Each Al solution has at least three separate
and sometimes complex pipelines: Data Engineering,
Model Engineering, and Deployment of services.
Without a suitable orchestration tool, the Provisioning
and orchestration of these pipelines and their compo-
nents can be burdensome and costly. On the other
hand, AI through AIOps makes the hybrid-cloud
orchestration intelligent by enhancing workload fit-
ment, cost analysis, real-time decision-making, and
policy optimisation. In the context of a cloud-native
application running on a hybrid cloud infrastructure
the monitoring and maintenance are very complex and
error-prone tasks as a) infrastructure components are
heterogenic, b) lack of application layer traceability,
¢) overhead of instrumentation and d) lack of syn-
chronisation across a microservice-based distributed
system. Therefore, AIOps is a necessity of any mod-
ern platform [8] [9]. Both Al platforms and AIOps-
enabled orchestration are aiming to make the service
better, predictable, and scalable.

2022 is being deemed as the year of economic
uncertainty and business anxiety. The coming years
require the flexibility and scalability of cloud services
to adapt to constantly changing market conditions.
The COVID-19 pandemic’s effects will last well past
2022. During the past two years, many organisations
faced unprecedented demand on their infrastructure.
Consequently, many SMEs and enterprise I'T organ-
isations adopted cloud computing (hybrid, cloud-first
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and distributed). Gartner forecasts that the trend will
continue [10] and in the coming years we will see a
surge in the emergence of innovative technologies
(e.g., IoT and Al). These, in turn, will create the need
for tools that enable cloud implementations, encour-
age cloud adoption and tie cloud services ever closer
to the user’s premises. As a result of this, it is expected
that hybrid cloud computing will expand at a com-
pound annual growth rate of 18.73% over the fore-
cast period 2021 - 2026, from a market valued at USD
52.16 billion in 2020 to reach USD 145 billion by
2026 [11].

Konica Minolta’s orchestrator is being developed
in conjunction with partners in the AI-NET ANIARA
project funded through the Celtic-NEXT cluster for
next generation communications. In the context of
this consortium, our orchestrator is built to support
new and more demanding use cases for telecom
operators and industrial IoT verticals. The project is
focused on enhancing edge computing architectures
for next-generation smart manufacturing and cities.
KM orchestrator will support all the key requirements
of the next-generation applications such as Slice-as-a-
Service, Function-as-a-Service, and microservices.
The orchestrator will play a vital role in enhancing
the use case narrative by supporting Al automation,
lightweight containers, and efficient power usage [12].
Details of KM orchestrator and its components are
presented in Sect 3. Challenges and Business Potential
are shown in Sect. 4. Current Development and Future
Work are explained in Sects. 5. Ultimately, the study
is concluded in the Sect. 6.

3 Konica Minolta Orchestrator

3.1 ETSI MANO Compliance

The Konica Minolta Orchestrator is built on the
MANO standard [13]. The standard defines the archi-
tecture (Fig. 1) of hybrid cloud orchestration and is
extensively used in modern 5G networks for hosting
and managing network functions [14] and services.
By complying with a standardised architecture, we are
able to extend the functionality of the orchestrator
within a well-defined framework while maintaining a
solid foundation for the future. Furthermore, our
compliance with a widely accepted standard, allows
us and our partners to interface the orchestrator
with existing systems based on our standardised APIs
(application programming interfaces).

For our clients, this means that the Konica Minolta
orchestrator is transparent and can be customised to
suit their exact requirements, even by third parties,
provided they comply with the standard. Consequently,
Konica Minolta can offer a customised solution to
partners and clients which can be independently
interfaced with third-party systems, giving them full
control over how they use the software.

As per MANO standards, we employ a hierarchical
data structure to describe the services deployed to
clouds. At the top layer of the structure is the Network
Service (NS) which describes the entire service to be
deployed and the connections between the compo-
nents of this service. The components of the service
are called Virtual Network Functions (VNF) and they
are a collection of independent elements that build a
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Fig. 1 ETSI MANO reference architecture.
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specific function within a network service. In most
instances, a VNF describes a Virtual Machine (VM)
but the data structure can map several VMs into a
single VNF, depending on the complexity and num-
ber of components that are needed to build a given
function. Physical Network Functions (PNF) are also
supported which means that we can also manage
physical devices within an infrastructure. For exam-
ple, we can configure switches and routers to set up
a Virtual Private Network (VPN) or change the rout-
ing tables and forwarding behaviour.

The orchestrator can store NS and VNF descriptors
[13] locally for each user or through public or private
repositories. These descriptors are plain text files that
can be selected by the end user and deployed to a
cloud of their choice. They can also be customised,
if necessary, to suit a specific use case. The same
template can be used for different clouds, negating
the need to write several descriptors for the same
service depending on which cloud it needs to be
deployed. The translation between the standardised
TOSCA descriptor language and the proprietary cloud
APIs is managed by the orchestrator, negating the
need for having specific knowledge on how to oper-
ate each cloud.

Monitoring and lifecycle management of services
is supported by the orchestrator at distinct levels.
The most basic monitoring occurs at the virtual infra-
structure level. The orchestrator will monitor deployed
VMs to ensure if they are still operational. In most
cases, this uses the cloud API to probe the liveness
of deployed VMs. Furthermore, the orchestrator sup-
ports application health monitoring on condition that
the deployed application provides an API for health

B8 Dashboard > Projects > admin

checks. The orchestrator has the capability of show-
ing real-time metrics from the cloud infrastructure
such as the processor load and network traffic per
virtual machine. The collected metrics can be stored
and analysed to create reports on utilisation patterns
and trends using machine learning.

3.2 High-Availability and Disaster Recovery

High-availability and disaster recovery functional-
ity are fully supported, as well as, scaling of ser-
vices based on current load and estimated load using
machine learning prediction. For high availability,
the orchestrator fully supports applications deployed
in containerised form using container orchestration
engines. In addition, it is capable of scaling existing
services by deploying additional VMs when needed,
which are automatically added to the container orches-
tration engine as worker nodes to balance additional
load. Similarly, disaster recovery is handled directly
by the orchestrator through monitoring the liveness
of services and public clouds. An automated failover
system allows users to select a backup cloud for their
applications which will be used by the orchestrator to
automatically redeploy the services in the event of a
localised infrastructure failure.

3.3 Integration with Konica Minolta Products
Device discovery is supported by the orchestration
and is one of the first extensions we have applied
on the standard. We have implemented automated
device discovery by scanning the network for known
Mobotix camera MAC addresses. This is currently an
experimental feature to demonstrate the capability of
the orchestrator and we expect future versions to
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Fig. 2 Mobotix camera detection and service deployment.
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integrate with Mobotix cameras in a more robust way
that will not require scanning the network actively
to detect new cameras. Upon detecting a Mobotix
camera (Fig. 2), the orchestrator lists under the device
menu and because it is identified as Konica Minolta
equipment, it is automatically aware of which services
are compatible with the camera and allows the user
to deploy the relevant services (such as computer
vision) to a cloud of their choice. Furthermore, the
orchestrator can directly access the live feed from
the camera or redirect the user to the deployed appli-
cation which manages the camera and streams the
live feed. With this feature, we are aiming towards
vertical integration of Konica Minolta software and
hardware products, making it easier to support our
products and provide services to our clients.

The orchestrator itself can be easily deployed to
individual servers, laptops, public and private clouds
through automated scripts. The deployment uses con-
tainerised instances of the orchestrator modules that
are configured for high availability to provide a robust
platform for managing our services. Furthermore, this
modular approach allows us to customise specific
functions for our clients, offering them a bespoke solu-
tion for their enterprise and industrial networks that
eliminates unnecessary complexity and offers a clean
solution that targets their specific requirements. In
turn, this enables us to pre-configure the orchestrator
with relevant Konica Minolta products and services
and easily deploy and maintain custom orchestrator
instances for each of our clients.

4 Challenges and Business Potential

From a business perspective the main advantage
offered by an orchestrator is the simplification of daily
workflows and reduction in operating costs through
the introduction of automation and unified manage-
ment tools, which in turn accelerates the delivery
of integrated services. Furthermore, an intuitively
designed orchestrator which is built to the require-
ments of a use case will improve the overall quality
of experience for the users. An easy-to-use orches-
tration tool enables a greater “democratisation” of
the resources and user’s interaction with them. The
tool will automate the management, coordination
and organisation of complicated IT systems, services,
and middleware. Finally, through automation, the
tool will reduce employee involvement and eliminate
potential errors in provisioning, scalability, or other
complex cloud processes. For this reason, in digital

R&D we are focusing on a set of features that offer
customers an intuitive framework, with self-service
functionality and unified management that acceler-
ates the provisioning of resources, enables end-users
to keep track of the actual and estimated costs of
infrastructure while offering a better way of manag-
ing them.

There exists a quandary between pure sales (re-
selling) in contrast with internally generated propri-
etary (IP) Intellectual Property approaches. DCI’s
strategy is to integrate existing IPs and generate new
ones. Our solutions are creating an ecosystem in
which our customers’supply services to run on our
platforms. It is worthy to consider that, the tech data
and code do not directly result in IPs, The IP depends
on the uniqueness and novelty of the platform. The
ecosystem is aggregating users’IP and provides a
mature platform that increases their chances of suc-
cess. The ecosystem should be formed in a structured
manner, with a strategy, which is not only focusing
on re-sale. From this perspective, the business model
of Konica Minolta will change. We will play the role
of an ecosystem-builder that offers the value proposi-
tion on its platform. The path is evolutionary. First,
we become aggregators, then orchestrators of solu-
tions and facilitators of relations between all the eco-
system’s participants. As the ecosystem provider, we
will position Konica Minolta at the centre. We build
partnerships that make our customers do more busi-
ness with their customers. This can be monetised in
a plethora of ways such as revenue sharing, charging
partners a flat fee, charging partners for API usage,
charging customers to use the integrations.

DCI solutions (KM Orchestrator, and ML pipelines)
are offered in a way that are helping the users to
avoid hyper-scale cloud providers’ lock-ins, ability to
scale resources seamlessly as the workload grows
and to take control and decide where to place their
data. Also, having transparency and a single pane of
glass view makes it possible for the company to posi-
tion itself as an application service provider, easily
responding to the compliance requirements imposed
by IT Operations.

Utilising the orchestrator means the speed of deliv-
ery is increased, automation and governance opera-
tional management costs are lowered, and release
times are shortened. In addition, parallel develop-
ment initiatives and service degradation issues can
be more easily managed and controlled, supporting
different technologies, and operating on multiple
cloud providers.
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From the end-user’s perspective, an orchestrator
can ensure greater stability in applications, provide
new features faster, improve communication and col-
laboration between Development and IT Operations.
It is, therefore, possible to invest in innovation the
time previously spent in management activities.

5 Current Development and Future Work

DCI is currently engaged in several government-
funded projects within the UK and the EU. The Celtic-
NEXT AI-NET is a project focusing on next generation
manufacturing. One of the branches of the project is
ANIARA (Automation of Network edge Infrastructure
& Applications with Artificial Intelligence) which
deals with orchestration in manufacturing. At the
first consortium demo event, we demonstrated our
orchestrator as a viable solution for industrial 10T
device detection and management as well as disaster
recovery scenarios using a combination of edge, pri-
vate and public clouds.

As part of ongoing development, we are currently
in the process of implementing additional features
to the orchestrator that will introduce essential capa-
bilities in infrastructure monitoring and lifecycle
management. Our goal is to have a complete moni-
toring solution for infrastructure and services, allow-
ing users to retrieve detailed metrics and service
logs though the orchestrator. The two aspects of this
are aggregated metrics from the physical and virtual
infrastructure and aggregated logging for distributed
(cloud-native) services. We are aiming to provide this
functionality through the orchestrator to make it eas-
ier for the users to have a holistic view of the state of
infrastructure and services and for developers to eas-
ily trace events in the logs.

Maintaining performance metrics at the orchestra-
tor also enables us to perform analytics using machine
learning and produce performance analysis reports
including utilisation patters and trends. This in turn
will enable us to build pre-emptive scaling algorithms
at the orchestrator which will anticipate service demand
and adjust service resources accordingly.

Another aspect of the orchestrator we aim to improve
over the next development cycle is the service builder
interface. At present, the users define services in
text files that describe the virtual machines and soft-
ware packages to be installed on deployment. To
improve usability, we aim to produce a new graphical
interface that will allow users to build services with
simple drag-and-drop functions and context menus.

The interface will also include a logical representa-
tion of deployed services, showing the topology and
relations between services and allow the user to
query detailed information for each service through
the topology map.

6 Conclusions

The In conclusion, our paper introduces the Konica
Minolta orchestrator, its design philosophy, and the
set of features that differentiate it from other orches-
trators. The orchestrator is built on the European
Telecommunications Standards Institute (ETSI)
Management and Orchestration (MANO) standards
and is modular by design, By adopting this orches-
tration solution, the vast number of connected devices
on the Internet of Things (IoT) creates an enormous
potential for new applications, by leveraging syner-
gies arising through the convergence of consumer,
business and industrial Internet, and creating open,
global networks connecting people, data, and “things”.
In this context, the project aims to develop a pattern-
driven framework, built upon FORXAI [15] platforms
and Internal KM’s Systems, to enable and guarantee
secure and dependable actuation and semi-autonomic
behaviour in [oT/Industrial, Imaging applications and
Intelligent Process Automation.
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Video Encoding with
: Graph Guided Attention Learning

Tell me what you see! It’s all about pictures and words.

Lead Author: Michael STOPA

Connecting video or images with natural language
is a crucial task for a wide range of applications. One
manifestation of that task is video captioning, i.e.
taking a video and using deep machine learning to
either generate a caption or to choose one from a
database of captions. This paper performs video-
caption matching and uses a technique known as
“graph neural networks” to make that process more
accurate. Another challenge facing Al researchers is

Michael
STOPA

to explain how the machine learning model reaches
its conclusions. This paper, by examining the internal
state of the graph neural network, presents insight
into that process and represents original research
not previously investigated. One principal conclusion
is that for the model we investigate the relationship
between objects in nearby video frames or the same
video frame does not tend to be any stronger than
for objects in frames separated by longer times.

S Expediting Konica Minolta’s Digital Transformation: Al-enabled Orchestration
) of Modern Workload and Software-Defined Infrastructure from Edge to Cloud

Al-enabled computing continuum from Edge to Cloud.

Lead Author: Antonio DINA

The infrastructure of the future will be distributed
in edge locations, the infrastructure of the future
will be developer driven and defined from the
software, the infrastructure of the future will be
composed of ecosystems of interconnection with
partners. We see a future where digital leaders
assemble the infrastructure and applications at scale
in minutes, anywhere in the world, on demand, from
an ecosystem of Cloud providers. KMO make sure

-

Antonio Mohsen Fragkiskos
DINA AMIRIBESHELI SARDIS

apps and services are offered on any clouds from the
edge. The orchestration and cooperation between
the cloud and the edge provides a crucial computing
architecture for loT applications and FORXAI. Artificial
intelligence (Al) is a powerful tool to enable the
intelligent orchestration in this architecture.
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Non-contact heart rate variability
monitoring using Doppler radars located
beneath bed mattress: a case report
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