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Production Equipment Virtualization Technology by
Integrated Development Environment for Factory
Automation

SHIMAKAWA Haruna and INAMURA Shintaro

The rapidly changing market needs have demanded shorter launching time for production facilities. In conven-
tional methods where only physical machines used, production facility launching took longer time due to stand-by
time and teaching positions and poses to robots. A virtual launching environment where multiple independent

software work together has been proposed to solve this issue, but complex configurations for data coordination

seamlessly interlink and synchronize the data.
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and difficulty in time synchronization between software are challenges.
To solve those challenges, we have defined system data that can be used throughout the system for linking the

data in each function on an FA integrated development environment and developed virtual modules that can

We have launched actual production facilities with our virtualization technology for the purpose of validation.

The launching time decreased by 56%, and it proves the effectiveness of our virtualization technology.
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Safety Design Method for Interactive
Manufacturing System

TSUKIYAMA Kazunari and TAKETA Saori

Various interactive manufacturing systems are developing to enable humans and robots to produce products in
cooperation. For safety designers who design the safety of interactive manufacturing systems face difficulties to
select a practical safety design method. The origin of this issue is a lack of appropriate safety standards for refer-
ences. Determination measures of risk reduction against identified risks are also challenging to set the criteria for
interactive manufacturing system. It leads to increased cost and decreased usability of the interactive manufactur-
ing systems and the inability to prove the safety design’s validity.

This paper reports on a new method for the efficient safety design of an interactive manufacturing system is
studied and its effectiveness is verified.

First, applications of the interactive manufacturing systems were analyzed and a new concept of “Consecutive
application” was created. Then, by applying this concept, a method was devised to select the most appropriate
safety criteria as a basis for safety design. Furthermore, a method for systematic hazard identification and deter-
mination of the need for risk reduction was studied and its effectiveness was confirmed.

By applying these methods, designers can demonstrate safety of the interactive manufacturing system that ade-

quate cost and user-friendly system.
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Fast Motion Planning Technology for Vertical
Articulated Robot

KOJIMA Takeshi, HAYASHI Kennosuke, FUJII Haruka and HOSOMI Shinichi

In recent years, due to soaring labor costs and the spread of a new type of coronavirus, there has been an increas-
ing demand for labor-saving at production sites. However, the needs for industrial robots, especially vertical
articulated robots, has been increasing as one of the labor-saving measures, but they have not been widely used
because of the large man-hours and expertise required to generate the motions of the robots to achieve high pro-
ductivity. In this study, we have developed a fast motion planning technology for a vertically articulated robot.
The motion planning technology consists of two technologies: path planning and motion acceleration. In the for-
mer, we have reduced the processing time for the path planning to 100 msec, which is several seconds per motion
in the conventional technology, by selecting a context-specific algorithm and fast collision checking. In the latter,
by optimizing the acceleration parameters and path correction to reduce the inertia on the robot joints, the tact
time was improved by about 20% compared to the robot’s default parameters. To confirm the effectiveness of
these technologies, we built a bin-picking system. It works in the 3 seconds as much as a person’s tact time with-

out any robot motion generation by user.
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The Ping Pong Robot to Control Motivation of a
Human-Player

NAKAYAMA Masamune, KURISU Takanori, MIZUNQO Yuta, MIYAKE Youichiro and
YASE Satoshi

We are developing a Ping Pong Robot called “FORPHEUS” which can keep table tennis rally and interact with
people to appeal the “Harmonization”, which is future relationship between humans and machines. Although the
performance of the table tennis robot has been improving year by year, player’s motivation to keep a rally tended
to decrease because of the tendency for rallies to be monotonous.

Therefore, we propose an interaction system to control player’s motivation to continue a rally. In our work, the
table tennis robot can measure player’s motion and vital signals to estimate the skill and emotion. In addition, we
also implemented a ball-return planning to make the player feel comfortable and focused using a “MetaAl” of
SQUARE ENIX. This system could control the motivation to keep a rally of more than 80% of players and also

realize “Harmonization” in teams of bringing out the players’ maximum capability and promoting their growth.
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T3L9ICL T3, 280 AT THIGINEZENEFh
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3DiVi) ZfWw23 2 & T, REFEEER 12 S0 3 RIthiE L
EHEEZ ST 27, T, S#EBOEEEICESE A
DEAFIIRAETADHKIEMA 2 C & T, BEERE
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A2 5T 210,
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o, R, ROEESEECH L, 22 CHOAEENET
AERAOCTRMZ VR E S22 28T aRy 2T
REZO VRO - T X EHE L MEE 2 KD 5, i
WT, IS O EFTERIERTO v v BRO L & [mlfims
FRAWT, vvEkE 77y bofffsier i X, FTBREE
DTy hOEE L EREENT 3Y,

3. Moti-Ctrl X319 2 i

ANz DX LEP N ZEO L4 v 2T 7 avic
X0, A7) =% T 27200 F = a v EiER
5L EHIEL, Moti-Ctrl¥éfE# B L 72, £3. vV
BREBIERD O NOBBEDHT 2175, 74TV F &
Ny gy FENZ N TIRERDSATRE 72 BR AL 2 FH
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Ball Data Motion Data Vital Data
.
Skill Judge Emotion Estimation
Maximum Ball Return Speed Valence
on a Forehand/Backhand Arousal

Ball Return Planning

!

Position & Speed of Ball Return

X2 Moti-Ctrl gD X7 L7 0 —

LIF. Moti-Cirl #RE %2 KT 2 Hiffi & L <. A EEkE:
RE & HEE 3 2 Hifli, A oA RIEH % M cBUS 3 2 £
i, NDEIEZHEE T 2. ROADEFR—v avi
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VLKD) — LSOV RE S HER b Ry b ICFEEEX
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FREHEE Cld, (RBE & ) & DIRIROTAEZR v R v b Dk
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DPOWET L L HIET, SRIERBEEO% S BUOH
ThHDHLREE 2, ERAWREDEOEFR TH 2 KM
JE LRk — R L, REE S —E O | ciRER
"RER B R Y P ORKBREREE 7+ TV K -
VIEZEICHEET 5,
JBRETTEY AN L —v a VIR E W70,
PBOEIKT Y — 2 b ERMEEZIT I L ErH D, £ T
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FPENFERCL > CINEFERT L2l R 5, BiRE
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Swing Segmentation & Maximum Ball Return

Recognition Estimation
- " Maximum
ex) —_—. Ball Return Speed
m @ " Forehand on a Forehand
B 5 A==

-
AN
BE Maximum

Ball Return Speed
on a Backhand

3 KEHEDYRTLT7A—

ZA Vv ZEEOYI Y LT 2.1 THROLN D KR —AfLER
FIMERAE S, ARy F2RERL T, v v ERASAMO
SEREICERE L 2R 5. ADREKL T v BRI e R
MUl ERGICHEL 2R ETE2 1 AL v 7 ERL,
—HD NDFEMEEREZ M T 5, BESEClLEED
EEY L SROMEICH T 2 HEES O 7 E
74 (LT HMM) 1€ X 2 EFEEH V2, SHE=R
A v I7EEOU VL TR ONEBKT —2D95 b, 7
YV —HIc FE B E NN, OF. AL, RO
BB TFEICHIT 72 3 2D 3RICHER 2 F v DORERYIEHR
X WCHEHT 5, BATICERA REBRED 7+ T~V F -
IV FOFKEREZIMGLCEE, R4 vk
HMM % {55 L THE L Mppoo Mper £ T %) HMM & LT
E—JiNC 22 L 3 2 R RGO I H ) 75 left-to-right
o HMM Z v 5, 4. #TLWIEERE O 2 4 v 7 RER 5
HiEERx oz &, UToRickoTr74+T7 v
F Ny 2y FRHEET S, 7B 2T, s= {Fore,Back}
Th b,

2Ny

Swing = arg max P(x|M,) (1)
i€s

RICT FTAYE - Ny oy P icEREs Lic
—E DMERLL L CIRERA[AE 7R v R v b DR AR BRIEE o
EEZIT)e TTHRABRKEEDOERZIT). WE. BB
BER AWM - -2 TRRKT 208y + DiREk
R L CHFEMoBEFLD 2 =7y F B H- THERT U —
BiToMoF—2%K41cFT, ZOBOaRY bk
BRI 2 2 =4y b LA ER OREDBRS 6
ERARRREEZE BT 5, BRNICEIR4I0 XSz —
Ty b bDEA0T m R BE L L GRRCTE 2 hid %
HE L, vFy b ORIREGEE ICE T 5 (REE 0 IRERRER
% 0.5m/sec. T L ICE DEFHED B XL % 20 HOTF — 2 HH
HLKS5 DX RBERED 77 7 %2152, % L CGRERED
85% % T[El B KD KD v R v b IRERKEFE % R AR ERGHE
942 (X5),

TLAYXY—DEFR—varvaryirua—Lz2ERTsHERO Ry Fo 2724

E 200 =
(= [ ]
- R T
=
2 150 - - % :
o < 4 — Fail
o 125 ®
2 e ®
& 100 ® -~
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£ ° ® il e

050 °
£ ”y o‘ ..l 2 - . — Success
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2 3 4 5 6 7 8 9 10

Ball Speed from the Robot (m/sec.)

R4 7—2EUSHER OERAEHE
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=
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Maximum Ball
Return Speed

Return Rate (%)

=
L%

v
0.0 . . . . , .
2 3 4 5 @ 7 B 3 10

Ball Speed from the Robot (m/sec.)
K5 SARMREOEHA®

T DX I ICRKRIRERGHEE 3% B Ok 4 7% o BRICH 3
250 —fEEIERRICEONRTIUTIEL S ED B 2 &8
TER, L2 LABLERETIEZED L) ok
FIOWFMIZETE v, L2 > THEIIE, —[E D % A4
v ZEIE L BROREGHE OBIREZ FHTICEEH L T T
T, RO EFHUKERF ICH 7222 2 L —RHD R4
v EED b Z ORAREEE AT 5 2 L 2 HIET.

FHTAE U T OFHE TITH. T IES BRI
e 57— 20F%EIT 5. SlElid 18~50 F £ T/
304 (ObLMs54) T L CHET — 2 S E2iT- 72,
HEREREL ~ v o NERIZ, SERERICBIRATR L Tvw 2 ik
L~ OPBRF D5 . BEICEEREICHTE L Tk
ERFL_XALOBIREHL 5 4, BEEICHTE L Tuhhngd
MRS CHERZ 1T - T 2 PfE L~ o#laE 28 12 4.
13 & A EREBREIT o 72 2 B WHIIE L v D s A
8HTH B, FHWERHITH L TheA 7B - o — 2Tk
FT3uRy bORRICH L CHFMoBRLOZ -7y b
o CHKT ) — 2T EEEML., ZOEOR—L
F—2, BT -2 %05+ 5, Kic, KBREDERL v
7 DR R ERIERE AT T — & & L TR RRBRHE %
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tEzZLNE, BAOH - W26 FEICHIT 7z 3 KTtk %
TfriEEwRE . B - oRERVIBIHi A EERE A5,
72 TNOLDF =R LT/ 4 XREDZDDT =82
7 AN ZIEL RERE L OfEE R 2 T2 OFIKIE
LR, vRy b DR EDENIC L Z 24 v 7 ED
B R TR0, =2 -T2y P =2
KA T 5 720 OREEIEBAE Z i3, 7 — 2 EH T
DI FGEERHEE DZAL I T L. AN TOERD
AT =2 T2HNT—23L2THELL AL X51CT
_AMTF L (KD, 2OAMAT—22HwWE LT
mliEE 7 V% FHIEE T 5,

£1 ANT—REHNT — 20K

C S

Data Pair

Ball Speed
from the
Robot

3.0m/sec.|...|8.5m/sec.|4.5m/sec.|...| 7.0m/sec. ...

Swing
Skeleton

Swing A |...| SwingJ | Swing K |[...| Swing T |...

Maximum

Ball Return 8.0m/sec. 3.0m/sec.

Speed

Za—IA%y F7—2ELTiE, 30 LOWEHE L W»
SMH T =Xy FEHGBE I NT A — DD
W/ — P16, 3EBREOEEAET L EM . ANE
RS T — 2 % Tl AN 3. A IRRK
BHGEEERER L LT 1 o0fio a3 i Eh s cE
B9 2, EEoHEFEOEICIE, U1 &2 KRG FHEE
WEANE LTI ) —Z it RRBRHEE 2 H 1 %,
ZLCHEELI 7)ol hfdoFEEz 7+ 7~V
RNy 2y FOUICET 2 2 & CRONRBGHEE O H#
EffE T2, £/, REEEI [KREPHEEREOHLE
HoTITHIET] L EDF— & &EiC L TRARERGEE D
HEZIToT0Ee®, BDRAICA~Y Y v a®iTHLIAAL
V., BOI—F—FREKIMIH> T BIRLZDY &) X
O EBRE BT E R LICHE I NV,

3.2 FEIEfRAEAIEIRETA
ARIEHREHANC X, BREE 4096 X 2160pixels, 40fps D j#
M RGB 77 # Z (STC-MCS891U3V, OMRON) # 1 &1
FALTWw3, #X71F, BEREA Y P OHPRICEEI T
BO. NOEZIEH» bRIET 5, ANOEHBEGH S K
&, BEH. IRiA2IEEA G T2, 2o 7 —-%K6
IZ/RNT,
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RGB Image
| Face Area Detection |
|
I l !
Expression Blink rate Heart Rate
Estimation Mesurement Estimation
Smile/Neutral Blinks in 10 seconds Heart Rate

M6 £HEHTHOYRTL7O0—

{52 & EHENE % 1T 5 OKAO Vision™ ® I FAw =7
%ﬁﬁb\ﬁ@ﬁﬁ‘iﬁg‘ﬁﬁﬁ‘&ﬁEﬁ®%ﬁﬁ
ZFT 5, —ERR O 4 OBk H FE O FEE O f il H3 %
muﬁibﬁﬁﬁ%ﬁK#EW%WEﬁk?é

¥ 72, B KEHEE O {2 & remote-Photoplethysmog-
raphy ({PPG) IC X b, BRIGHEE 2175, MPicEETN D~
71 E VI3 500-600nm DR RICPE Y — 7 2 FfFo T
5729, T OWRRICED ZHEOZ T 5 Z LT,
%m%%ﬁ?é’kﬁ@§50$ﬁ%6ﬂ\%m%i%ﬁ
SBICH 7T DRI E T AR E 2 B Y,

% Light source

Epidermis

Dermis

Hypodermis

=Xk 14)
7 RBILEET LY

ARG AMlA bR L B D 2 & TREK T T v

%, £/, ERONMOE TN ICIE SR Ko T h
THH, —WMOEBMMEPERICEEL TV 5, HBRK
(a2l %é‘é &y —HIENEICEE L, IR I NS,

PR IS X A7 I3 R b gt L. BT AR o L %
TET 2, ZI TR ININIE, BERERKZEHL
B CING TN | - F ?%BZ“CE\%#LK)‘I:&%EZ#BTH&%(%
D 2HBDNA A7 THEINS, Lo THEE
D DB ORI T 2 2 & CIRIAKE DR EEL %
W92 enTE s, MPHEEO 7 v — 2K 81T/,



Pl e 2ae
Face Image
‘ Skin Regioi Extraction ‘ | Plane-Orthogonal-to-Skin ‘
‘ Averaging of each RGB Value ‘ | Bandpais Filter ‘
‘ Normalization ‘ | Gabor Wave‘I;el Transform ‘
| | Peak D;tection ‘
Heart¢ Rate

8 BRmEEDS RT L7 HA—

OKAO Vision I X 0 bV I v 7 - EEmE ISR L, 18
HAZS 8 1 2> D B HEIE ISR < b T 5 YCrCh 1
MZEMICHBEAZ T 2 2 & CREHEBZ BT 2, v
T, KIS O RGB 2z hofiz FEt L., —ERE
MoKRS T —2icxt L, ERLAEETS 2 & T,
TRIEEND FL Y RN ERRET S, BHERE VI BEIED
BMLUGIRRZ N RICL T3 720, WEAROB) X Cmf
Plate-Orthogonal-to-Skin (POS) 7 A=) X AiC X b, K%
§IF— 25 b RIAKEOES 2 il 2, z 0k, EH
o0 TH 3 60~180bpm I KT 5 1~3Hz I
Bl 2NV PR T AN ZEHIGL, AR EE2E /A
ZAERET 2, T, [B5 ORRIHEROER % kb T
JE B BENT 21T 5 7=, v ABBE BBEBE L
R=AYz—=7Ly bPEBICK Y 27 bu 2T L5 EE
T %, EIC 1I~3Hz WICFES 26D 5 5, mKEZ
R e Ao RBEE Lt 5,

3.3 RIFHE

ANDRAEHEE BT 209813, ca—~<v=v v 4 v X
v avonBThi{TbhTnid, FEFREL 2D
WKHET 5 2 e c&, RiEPHEAL AR & oREEHR
OHEE T 5 Tk L DABC-C RN 7 & O VEET H D iEE T
DRRICHBHT L2 TED, /2. AFR=VICBWT
. X7 F == v R ERIE WSS 2 L E LN
5. Ko TR TR, REFR. FEIFHR, KTERD
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EHET 2 kil Aa b, BIEET AL L TR, AR
DIEIE & HEY/EH OIRIED 2 > CRIHINE T v 2L D
MBEEF AR AT 29, 21 fichiEa N2 7 ) — ik
felEc, ADFTEGEE v & 328 CHUS X b A DEEHE
s. HEHEE n, RIAZEIE b, K OWBEEE b %2 v TR
DI x & BB/ OEREy 25T 5, Sk, £
KAHTHY, VT2 4 LERHERT B7200C, HBICAT
TR e HAEROBRIMIETH 2 LIEL. (2D X
JICRBT 5,

x r
|:y]—A[s n h b c v 2)

Alx2xe nftdltchh, K@)k > KD %E2ET 5,

TLAY—DEFR—avaybuo— L2ERT 258Ky F A5 A4

agq 0 a 0 a5 a
A=|:1 3 s 6:| (3)

0 ag 0 @ an an

SEEAFE L IRIAA B 25 P & DA 2350 < L B/ SE
WCH 2 28NS W b b BEEE LB H RS HE M
OB R Fi b, AR TRIC R E AR EER S 2 kv e
HonTw20To BENNSWESZ 0 ICEEL T
2, LT OFETDORDF HIRR B, BHERYLOH
IB3HICHRe Ry PS5 HREZ V% LCHE, 7V —
T & ERERE ST 5, H2ERm Ry b IIEE o ke
LRVICED LT 7 v X o mdlifE e a—ATiRKT 5 X 5
CRET B, 70 =B@UINAERICT v 7 — b E2fTwe,
7 ) — o/ BEEGHFO MO LN 2 HRT 2, &
THICBET 2 M AR li 247 5 o IR TH 5720, 1 7
Y —Hii & DA 7 3 2 T 2, 7 ) — 1R & RS
WAL L 72 BR O P/A e & TR/ E o 28 AU A o BATEE %
HHL, 22 AD T35, % DR, ay, as, ag 1F1E
DIETH Y, a)p FADETH 3, ZNIZLITHIETOM
1 LEWICE L WIERTH B,

Il

3.4 REIREHEIRERA

23 D u Ry b OREREIER JIET B BIC, FHafic AH
D EERE O HELRERRIE, W, KO EE5EE % %E T 5
DERH %, SN EEEEE % —E i L, RKERALE &8
REE S ETADRT ) — kT 20 DEFN—
vaviknhIes xRN L, NG FRESL
T, FNZFEI N2 A2 AIY O0FFHESZIC L, ADIK
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R XV AB T, AEEOT LT XL %K 9
7N B

Maximum Ball Return Speed on a
Forehand/Backhand Valence, Arousal

Calculating the transition
from past emotions

Are there other than @
within 10 times?

No

Ball Return
Posion Change

® [©)
l ! !
Maximum Maximum Maximum

Ball Return Speed Ball Return Speed x1.1 Ball Return Speed x0.9
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Incorporating Error Correction and 3D
Coordinate Conversion in 3D TOF Sensor
Module

TANAKA Hiroyuki and ISHII Akihiro

In recent years, 3D TOF sensors that can acquire three-dimensional information with a wide viewing angle have
been attracting attention in various service robots such as autonomous driving robots used in factories and nursing
care robots. Since the 3D TOF sensor can acquire spatial information, it is expected to replace the displacement
sensors and 2D cameras that have been used so far. In TOF method, distance is measured from the flight time of
light. TOF sensor reads the imaged information as a voltage output and calculates the distance from this output
data, as in a general CMOS image sensor. Since the calculated distance data includes errors due to various factors
for each sensor, it is necessary to perform appropriate correction processing for each sensor in order to obtain
high accuracy. Further, since the distance data directly obtained from the sensor is one-dimensional information, it
is necessary to convert the distance information and angle information into three-dimensional coordinates. Incor-
porating post-processing such as distance calculation, correction and conversion in the user’s system creates a
heavy burden on the user’s development.

In order to execute these processes in the sensor, we have developed a 3D TOF sensor module equipped with a
mechanism that incorporates common arithmetic expressions required for the processes and sets the optimum

parameters for each sensor at the time of shipment. As a result, we have realized a function that can acquire 3D

information with high accuracy with a single command.

Contact : TANAKA Hiroyuki hiroyuki.tanaka@omron.com
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Transfer Learning Technique for Identifying Optimal
Production Conditions with Accuracy and Efficiency

OTA Yuya, HATTORI Reiko, MIYAMOTO Mami and FUJII Toru

In the manufacturing industry, it is important to identify the optimal production conditions using statistical meth-
ods such as design of experiments. However, the number of experiments is often reduced through the use of
knowledge and other means, which leads to lack of accuracy in the response surface model (RSM) for predicting
product quality. In this paper, we adopt transfer learning, which is a technique of efficient learning by utilizing
knowledge gained in other domains, to propose a method for constructing RSMs with higher accuracy by intro-
ducing past experimental data into the learning process, even when only a few experimental data are available. In
addition, we have conducted an experiment on a packaging machine to verify its effectiveness. As a result, com-
pared with the RSM constructed on a sufficient number of experiments, the proposed method has managed to

improve prediction accuracy by about 25%, even when the number of experiments is limited to 1/3.
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Safety Light Curtain System
That Improves Preventive Maintenance Effects by
Realizing Information-Driven Production Sites

HASHIMOTO Minoru

The environment for constructing information systems such as faster network, lower cost and larger storage
capacity is becoming available at the production site. With these technologies, OMRON realizes an information
system that covers the sensor level using the open network 10-Link as a future factory. And the IO-Link compat-
ible safety light curtain (active opt-electronic protective devices) system has been released to support the realiza-
tion of this future factory concept.

In the existing products, a dedicated tool is required although useful maintenance information can be provided,
and it is difficult to link with other devices in a large-scale system. This problem is solved by designing the sys-
tem configuration and communication control with maintaining the existing function. As a result, we have
achieved products that are high-performance, small, and low in cost. We can make it easier to deliver the value of
information-driven system to customers.

By expanding this method to other safety components in the future, it is possible to contribute to the improve-
ment of the customer’s production equipment operating rate through the realization of the above future factory

concept.
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Optimization of Multi-Channel Lighting by
Lighting Simulation for Visual Inspection

NARUSE Yosuke, OHNISHI Yasuhiro, KURITA Masashi and HASEGAWA Yuki

In an imaging system with multi-CH lighting, this paper addresses the issue of optimizing the lighting conditions
and the imaging conditions of the camera so that they are suitable for visual inspection. The proposed method
establishes a technique for accurately simulating an image of a workpiece (subject to be inspected) under arbitrary
lighting conditions by image synthesis, by correcting hardware characteristics such as ambient light, sensor noise,
dark current offset, and quantization of light intensity. By this technique, the number of photographs required for
optimization was reduced to the logarithmic order of the number of patterns to be evaluated, and the search for
the optimal solution could be completed in 1-2 seconds (for 39 CHs) from all the lighting patterns. In addition,
the proposed method works universally with multi-CH lighting devices of arbitrary configuration, while the
conventional technique requires modification of the optimization algorithm depending on the configuration of the
lighting device. The proposed lighting simulation is a fundamental technology for automating the teaching

process and making it off-site.
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HOBE #2252 & CREEE(LE 244 T THD,
TR CRBHFZRELLT 27 —2bE&Eh2, 265
DEAHICE VT, B LB EIC R bA D 201
NIZAP Yy ZICHE TR G X O T HA
I A DB EE TeoTLE 5,

68 (68)

AfEcit, chborb~wrF CHEHZE S, HH
X, BIHY I 2L —v s vEEGROMMEIC X 2ELED
HHEE VO IEFICHMAHE CRHERCEHTE 2729
Th b, i, FIEIRHOE G, FEE O & IR >
Jalb—vaviERTI0RESErEWED, Mo
BRI 2 T AR IR b Zn v, ARRECHY 5 HHIA
v Iial—va vEiiiiE, w9 CHBRIACHZEA A
RECH V. FrEOEICIKEL Tl v v, itk
39CH (K713, t3) %#FF2oFH vV —X[EJ O B E
FL-MD180MC ([X| 1), FL-MD90MC % F|H L 7=,

(Full Color)/ ;€

\.

Ring x12ch
(Full Color)

1 <7 CHEBEOH (FL-MD180MC)

1.2 FEMR

Z OMFEICTT AR e LT, B2 — v 2 ERA
IR > CEBSICHRE R R VR L, HIBIOHTIC X 2 FEm IR
DD EVD DR BERT 2 FED WG I T B, FH
B e L CIIARRTH HAD 2T w 328, REFE
WFL T D 2 2D i CEMEDR S %,

120, BELofFrERM-cH 2, B CHE % K,
FEogT{btL B T, BHOWY 5 2MEELT 2
L. BSOS AORITE*TY b, CHEICH L
TEREAEIICIN L C L £ 9 720, CHED S W E2TOD
WL CIRE L THANH T 3 7210 T b KRB 25 2
o TCLESMELRD S, AfEldZ OREZ A TG X
NnNi-dboThh, EFFEICINIE, LELREORE S
BXZEKOERE~EIRE ¢ 2 2 L BTHEL B, F7-.
BEF T <, B IER L 7 2 A B ERE T L =
VALV IC X o THIRINICHERT 2 L 2RELT 05
2, HHEH CH O E SR %2 B ic A0S FRBRIcH D S R T v
T XL EHERFEITILEPELTCLE S, ARRORE
Fii3. W CH @ BARM A BLE ITRTT L e\ X 9 Ikl
k7 V=) XL G c&, EE D~V F CH HH2EE I
N LCTHAMICHATE 37T XL EHEETE 3B,

b9 1 20EWIIFHEREHOEY e ThH b, —fRIC
NEIREICBWTIZ, V— 2 ¥ —2DEMIES 2 & 21
VS 70, 120F Yy Frind L VEROY v Fric
3 3 FHBIR R F v - ol b ok b b, REFIET
X ToH v IOV % [EIRFIC 72 AT o FEM B B < 1
B 21T 5 C L3 0EEE 72 B, A T, ARG O
FEZRTED, HBORBEEFDO AT v A% b o TRLIH 3



B A 20

o7, HWEZERIc—BIcEE TS LoTERhwn
% BB LRETH - 254 iz, BB R EIEL 2
OXFEINCEZ R LT K DR H 5 2, REFEHETIZ
HBEBZZE L T FREOLTEII RNz d L ARV R
DR BB EEE R TR 5,

Aia e FRIC, 58S 2 2L — 2 Rl 7285585 O o
L& LT, BMEEN TR X > TRIER DR S H v
% Bl X 4 % Proxy Modeling®  fiaf ¥ L2,

1.3 &5

A=A FO/NLFRNZ P AERL, A=A FORLTF
BT R RS, FNINEA AT —TH L, ||-|IZx2 b
MEIT 212 7 VAR L, [X], AT X 011750
EERTLDLET D,

2. BfRERKICE A I aL—a Y

HIEE 0 & 2 1R - fRff R OmELRIEE RS 5 2
T, JERY T2 L — 2 EERAMECE 2 2 L I3EE
TH5, AfTlE, w1 F CHRBHOGAICIIREY I 2
L — 2 BERAERAR (HERoEAEGDE) THEETE
22 EICHEHL, EBOTF N4 2ARERMIET 2 2 &0
Lo CTRVWHEEREEZFEI T 5,

21 BEERK/ N Z2—VIC& B 77— E—RFFEERORE
HfROEREDTICILZEHY I 2L —v a vk,
RIG AT LB T2y HDY =T Y54 (KR L i
OOV =TV 7 4) BKIZL T2 ERET S, N
B2OFED, HTI—TANZDTEFAL v 7 EDEFIL
HMEEO I =7 ThdERATENTE, BEER
F 7%y MHFIC X > THEXY 0o W HEEIL o &
o Tk h, WMAELMIC X 2 IERE L8 T 272012,
HDR (High dynamic range) & % & A 72 o LEL 23 S
TW3EWHIERTHZ, 2D X5 I L TIRES N EE
EREELHR & MESC L ICT 5, BARICEWT, Ko<
NF CHIRHHCHHL LY —27 v —X %23 2k %%
A %W CH oML REoERSE L b E) %LU
ToEHE~Z bre LTRELT %,

9=(01. 02 0x) . 920 (1)

TA—=FVTICBNT, 1207 —27 ¥ —RIZDO TR
AR 2 — v B NBZEL S TIRFE L., Rl A BRERD
MRS @ ZIRET 22 %E 25, n (1<n<N) H®D
T IC BT 2N NER 7 PAERD X S ICEET 5,

hn=(hl,n,h2,n,"'s hK,n)Ta hi,n 20
H=[h15h29“'5hN] (2)

INLDRHNAXR— Ik oT T — 2 —22RET 2
ZET, TEORE - TCHL LEGAED T -7 ¥ —

A S 2L —3 a VEHITIC X 2 A BIRTTIC B 2 < L F F v v 2 VIR HEL

Z DERFHEG TR T 2 2 ERAA[REL o B, THIFLT
(Light Transport) {7%1¥ OHEE 2 1T-> T3 2 & & % &
%, —RICLTITH O CoHMEZEIET 2 7201013,
rank H=min (N, K) 2 F D #RIEMI7 & 72 5 X 5 ICFEH
R—VEPRET DL EBEE L, KEOWIAOHRE%
ETHRTEARCFEHAES R -0IciE, PR EDN=K
THY, ZOBICHIEZINT V7o TWBRERH B,

—7Jj. N<K 72 L WA o AHE % T2 IciEH T & 75
WS, V=27 ¥ — ZDREHM A EMmE e 3 I LA TE
3, TOWRWIZ, Toverx—WBHLEHEABEK D
JEHICREVIEZRECRKET 2, REN AL DL LT
Compressed Sensing % i\ 72 LT fT4IHEEY %17 5 Fikns%e
Fohd,

Fh.N>K LT ETr—RbF2 6N, ZNIFHFAOH
HEZ o IcEREE2 &0 BERClRSEL ETdh b E
BRAEME E 7 208, SN XA F I v 7L vV K
ChREDHBEMGEREINS 27,

FN 2 — v b, TR & W B G % BRI S & 0
Rt s, HEEHERE 27 L7 bre LTilivkd
DEfi & LT, TbENKSBICIER72175] F=[f,
oo M ERCT, MEROHEMNEERZ P re & 2D
PROBEEIR g (AT O X 5 IcRHAI NS,

(szxa x:(xla-XZ,"'s xN)T (3)

g=zxiﬁ=Fx (4)

T, x B FA v OREERT I LT
B2, W CH DL <Al (BT 7= ERH
DL~UHE) I ETTICEEINED, ZOEFDOHD
TRy, Zhid—RICADEZ &2 Z L bFFI 525,
W OIS A& — v I TIATHRTINE RS RV TzD,
DTo&Er#Hieonsd,

Hx =0 (5)

2T, XZ PARITHNCH T 2 ARG L, &2TOER
KOWTDORESTHE TS, H=120F V., BA% 1
DT ORI TK EN) iR L 2GEICiE. 0 & x i
Fflie 7%, AT Tl RiBZREERGRER x Z3RKD 5
itk oT, ZDBRORERIA ¢ ko 2 MEER S,

2.2 £ YET N EEBRER O

FEHIR « CHRE X MR 2 b f R, B
B BER~ 2 b v gl 5 E 7 iE, B %
B HG, RO LI 1A 7 2y b o EMhE T
TRENG,

gé=%{ﬂ—da+m (6)

ZZTC, c(1€c<O) BAATDAT =T ANZGA VT v 7 A

(69) 69
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d XEERA 7y PMEaThV F ¥V TL—v 3 v IC
IoTFORDOTHELDDLTE, 2V DBZDET A
BES e, = F CHIRHOEIRAKIC X 2L I =
L—vavigRAcRE I NG,

N
g; = zwn,c(fn,,c _dn,c)+dc (7)

n=1

TZT, fre B INLEEEGDO 2T LT P AT
H b, FJEE R IT Z N Z A AEC (Automatic Exposure
Control) /I HDREHE I N T wWE 2, FEKD A v
Ty I7An(1<n<N) T eI EZNZTNE 2B HEeT 4 v
T ENTWw5, g FEH BT 288 S Wiz
BT P VTH D, w, FHIRARY =4 FTH Y, M
BHCH ~DEL ~ Ul & BHERE» O RRE S 00 —E
ICREIND,

3. REICRBELRARSFDORE

3.1 §MEE¥ o xRz A — vs. SN

SR IC BT 2 IIHEGT O HiIZ. RS & A R2NIE
LAHBIENDE LHIcTr2Thb, E, HEHKLEL
LCEEEQHBIT ATy X L0352 bz 5é, TR RE
{LRIE IR, RVARSOHNZERE —3 23 [7nm
2T v bev—f/MeEE] ELCERbbE s, b LA
BlgR A B T h o G, IR & R o
HEFERICIT L, BAEWICE > TIRODEREZRET 2 X9
I ARG L & 2T R,

L2Ladks, 72y revrv—i/MbizitTbe XS
ETHGBICRERMEL R 200, BMARM 7 L
DEMENTF Y TAVRKBICLETHE LW HTH
3, 2hiE, Loy v IARBELRL VL E EFRICIE
FIAAEE LCRERBEE b, FRCKE R ABEZ i
OIRIARE # Rl X 9 & T 386. PEORM/AR
R 7~ &4 2720 & v ) HAET i3, Fod iz EH
Bk b TETLEY (—RBCIDLNERY) &
SRENRELCTLE S,

COMERERT 2701, KTl —F—2FEL
HIRE S RZREEX 3 &) B TD SN o AL
ERAT 5, ik, BRAKOFMELE (2 F 7R
by BB X, X)) Bx—2 L LT Z RT3 FiE
ThHbd, TDXICEZGE, SMEREICE T 2 BIAR
FHicsko b2 8L LT, BICUT 2088 b5,

(1) B EARRSEOHBIA LT WHEHEAZR 22T T
32t DEVRMERzZLTLSTEL)
(2) BitliEoox 2R zici¥352t

W& Z—RICHR T 3R TH 2720, TNHDAT Y
ZDORNT-WBIAZ T2 2 & A DEERE L 72 %,

70 (70)

3.2 2RI & ZEFHEREBOEERL
2.2 Tl ~7z X5 c, HJERER E RSN & S A E CllE
Tz, R sBRHclitgIh s, 207k
O, WBREKY =4 b wikBEHOBEVLZDZbDL L
TERINTED ., K3 XEIEIH CH OMFEEZ DD
DTIERY, 1 PTEICEDHER N, ¢ (1<i<N) 3%
RKEROBEHTH L T DL, Kb XEWEIHCH D
EDOWERT N7 P x 3RO XS ICEKHTE B,
x=D"w, D=diag|:ﬁ,ﬁ,~-~,r—0:| (8)
T Ty Ty
A6 C IR o BRI L HE & s 1 BT 5 6 7o oo TARRE AL
F2RANCRES LI T 7Tu—F%2e5, X)) XD,
ARSI g=Fx L LTEHTE 2, ZZTFRUFTE
T AN B FHEFH I B 2 IR % 7175 TH B,

F=[.fi9 f23 T, fN]
- [E(f.'— do) (= dy) - 2 —dN,)] (9)
7 T T,

2

InZEHWT, 2 v b7 R+ Toeplitz 15 B &~ A4 3
A7 4NEE LT ||BFx|’. B2 X3 BRWEFEFEE LT
|BFx|Ps gD —3Z |Fx—Fox|* & L TERETE %72
B, 171Q % NXN OPIEEMEITIIE LT, ThbidReT
Xox DXy m2xpR e LTEBHEI NG, WO SER
WIEER D22~ D FaE I O W b kI 2 R & 7k B,
—. HOFHMmBEE L L, TOEEL Zm§ gL —HX
ERHEAT N Fx-gIP. I8ELEHZIRMyicT 240
B ZF#E ¥ L LT |BFx—y|*. FFEHLDOHN 2 —v
ZEE LT RS 25813 |1BF(x+x)|P &7
D, ThHEFLET2RXAXOx+cx L7 5,

DX S 2 XRA0BB KRBT Z itk o T, g
DY 7 L MBUTREE S, i S AT AE 72 REAMRE %K % 2%
HTx 2, HEINZE., o oXRIZMEBLMBEL
TLEIEALELRS>TLEIRTH S, TND X, HFE
fUf & ¢ WHEIFH COREL e L, 83l % &0 B BICi3AT
Fic X 2 g i - 9, iR % ERIA R L CRIRlIC X
27V v vk LB T, BER I VLAEFHET S,

3.3 Fisher ##R3I50IC & % BRAARRE

Fisher #ZHIA & 13, [ 27 2 ARS8 A B/ME] 2o (2
A B e mA L] $EHEX7 Pk B LR T
E2FETHD, ZOFETIE, FERZ P LVERD
DEHFIIH R NETH 3720, IEREREEZIY Ah
FEL RT3 LRI ICREI T E, LAl
B D, AR THY S St o REICHE W CTiE, ~
AF CHHEBIC X 2 3RfG 2 3R & WL a3 L BUamicid fi
ZNEHES L B Z Db D TH 5720, ol a ki
e %k 5 2 & H3C% % Fisher fEHIR 2 w3 2 &



JSHE RS 32

I LT\, ATk, mifRo 28E# I X 25X (A
JE) WCHEHL T, 72 7 ARG E 7 T A B EER L,
Z I X o T Fisher I % 3 5 v v 5 CH RIS
HSk— v RN B EEE ERLT 5,

WE, kicy—s7v—2% VO T IV ICHBIT 3
MEZZ 25, fl2ZIERMERBMICHBT 254101
V=2¢,hd, 73V DA Vv Ty 7 RT1<vsV T35,
¥ 72, MR DBH.0EE (Region of Interest: ROT) ] o Ll
RELTP (D)o V—T%ob 032, BHOE
WL, NS DR —FICET 2 EEHED IS
DEDOREIICL>TEREINS, RO RV —T
DAVTy 7 RF1<p<P T3, 2—HF—DIFRICIY
Byl pDfAGDREICONT, 7 — 2 ¥ —X[i{§h 5 ROI
FREHLEEGRES SO A5 2ibnTwibold 5,

FA—FVIZICHVWE Y -7 ¢ —X[li{§ FeSY i3, <
NF CHDE % %BEE D FHEiF) #32—v b, it
BT CIREINTWEb D ET S5, TRbEHWT,
7 7 2N (RiES2E) OHFRHE Dygin &+ 7 7 R
MIEEEE (Ko B4 &) DU Dwwen Z XKD X 5 1T
12 e LCERT 5,

Dwithin =E Var(S,(,V), MI(,V)) (10)
v.p

Dyeieen = IEJVar({M](,V)}V , EM(pV))

v

(11)

where MI(,V) = E F

Fesy’
Var (S, M) 13~V F CHERDOEA S & T M 2> b HE
INBHETHY, UTOERTH S, Zhid, FAR2
FLxD2RERE LTRETE, 2L EOREITH %
Q LFKilT 5,

Var(S,M)= B || Fx - Mx IP= EI (x" ® I'vec(F — M) |I*

=tr(x’ @ N R(x®I)=x"Ox (12)
Z 2. ®ldKronecker i, vecA=[a,a;, -, ay]" TH Y,
AR L QRUTD Xy icKHE N2,
R= E vec(F - M)[veo(F mr
=F@Szeief®(ﬁ—m,~)(fj—mj)r (13)
[Q]i,j =FI§S(ﬁ_m/’)T(fi_mi) (14)

T, fim iZENEN, (T FMOiFEHD2Z L
RIZ PN TH Do Dyitins Derween P 2 KILRDIREFTH % %
NE I Ouiny Qown & T 5 & Fisher BTZHHI Tld, 7 7 R
MDD AR 7 7 AN D soMbE % FIRFIC 33 5
7ewic, LMo zm At e2, ZoX0EKT 2
LA, HRIFODOXFICHN L CHIRD L2 TTEREL <
WAl wn) SNEEZRKIEL T2 L ART I LT
5, 22T, 2XBATETARBEIN T, 32T~

A S 2L —3 a VEHITIC X 2 A BIRTTIC B 2 < L F F v v 2 VIR HEL

LNTWBREEOFMEXZHNTD L v, ZoXEmAt
XD xR®ZNEEBELESR, 70D b AL
e s,

X Twan X

T
X win X

maximize

, subject to: || x|*=1 (15)
x D7 L EHIRIT 2 ERIE. B O A TIEAE L
oTLEH0THS (x ZERMLL THiHIEIE D
Lol 3 X AP 5 7n\), Fisher BRI o f b
B2 05 W%, Lagrange A ETEEEIC X 0 — AL & iR
BT RAEEMEICHET2EE~7 brei LTk 3
TERTE D, L Lads, MHREICE W TEEE
N7 MADPEAEERELE L EBREE RS, OF D,
R PR HRTHIRIEE R 7 P L% ETIUL &
WOTH B0, AOHHHREIZEITE v & v ) [
B2, TNIENTERFIIREL 22o0F526N15,
A DR L, IR~ 7 okl LIEESE%E A
NChEELEEZ S b D Th b, ARTlE, RTEIhi-
7 — A THNITEHEEEESEATEETH B 2 & BRT,
ROMREHRF L, IEfED A L BED AT 2 DD,
BED D DIFHIEEZ L Y Z2hFRofliconTiRE L,
BEOHEGUE I T2 o DRFEHEDOEZNS 2 &
T, BICAORIARE A EHT 2D TH S, Thic
o, TOEEL AEIRET 2EH <2 b v CEER
L0 LEFEORES LN DD, BRI 2 [0 B
BEZIREASEICR>TLE S, AFEICD LS %~
ANFvay MREEZRFTICED R,

3.3.1 FEEEFEEIC & 28E

T, RAETRESNZERT IRIRLERD
RTHR12OTHIEEITEWTIE, KX T/R I3 Fisher
R o B L R, BERFHEEIC X o CIEBSMFET
IR EOEfE 2wl Ic R T 2 2 b kR 5,
xTQbWHx
xTQwinx ’

subject to: || x|*=1,

maximize :

Hx>0 (16)

TZT, He>0 L WIHKRELIZ, "7 PV Hx DT RTCOHE
EZRFEATHE E VI ERTH S, ZOMEIT, —kEE
£S5 RLUTOLS ICERTE 3,

maximize : xTQwinx,

Hx>0 a7

subject to: x” Qpunx =1,

Z 1. Nonconvex-QCQP (Quadratic Constrained Quadratic
Programming) @ & L CHI & 4L, —#%IC NP HEETH 5
B T Oy — ATIRPIEEMBEN 2179 2 LA TE,
SDP (Semidefinite Programming : 2 1F %€ i 1M E) T
K LHARETH B, BRI, xx” % IEEMITH X

@71
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ThsreLTEEBRATLE Y, XD X st ilE~
B3 %,

maximize : <X r Qwin>F,
subject t0: (X, Qpu), =1, HXH' 20,

X0, X'=X (18)

T 2T, (A4,B), =tr AB" 13175 ® Frobenius M % Bk
L. HXH >0 3fiAloeBErFEachs L, X=0 %
I X2 IEEMTH B 2 &, X =X B3RP ch sz
CHREWRT S, ZORMBEIZSDP Y L= X o TEEIC
oM X ko 5 2 L B TE D, MR X 13 SDP DHREAF
DEEV. IBIET v IR R eBMbNTED Y,
Z OB X=xx" LT & 3720, HXH'=Hxx'H = 09"
ZEAMESR L CEEERKCHIGT 2EE~2 Pk
ko b o b TR L R BMHNKERT P Lo BB D,
Perron-Frobenius DEF L v . HXH'>0 D & %13 ¢>0 & 72
2T EPEEE N T VS 720, KRz T CIEFA DA
REMEE L x0T EFIHTE %,

3.3.2 ZENREILIC &k 28EE

Hiik L7z SDP IC X 2 fifikicld, 1 20Him e HRO~R
THHi5 SNIORAMELAMO TS C B TE RS
A, {2 2oty 1XHECHEEND 2 XA %25
DB LFEZIOR S 2 e TE b o7z, L. HE
DHIF EERD T 55 72 58I D SN Lz [ ic &AL
THELIL LAY, HEECa v P IR ZTEOMHEIC
LT X L72Y 35 e, HEDOHWEKD N7 v 2
Tl o TiAILE ¥ 2% BB L E % i < A D
%5, COREZRD 720 IcARTIE, i4 0 HBER o=
BOTMe R TE, ZROFITIC Lo TEHADT %
T LTl 728 7 v 2 R KB E & 5 MEMEY 2 RAT
%, wBEA I 1ZBE R X (Sequential Least Squares
Programming: SLSQP) % FH L 7=,

4. FHMRER

4.1 ¥R T LEK

PSR TRV 72 o A 7 LR IR, A 2\ v O {RALER
VATLTHLFHY ) —X%ER=XL LT3, LT
CH 88 X FL-MD180MC, FL-MD90MC %, 71 X 7 (% FH-
SCX12, FH-SMX12, FH-SCX05, FH-SMX05 # F \» 7z, %
7oy KGRI OFRICEREDEB AL v X5 T, g
TV RBEERNICHE Lz, REHREzRE T 57200
AEC,HDR IC X 2T A Y X%, WEEHRA 71y +
FHIE. HE L _RAE—HE LUT filEOoF + ) 7L — 3
VIEREIZ, FHN QMM 2 =y b & LCHEELAZ, ZhU
HDfgEt T v =) X 4% ULk, FH & LAN ¥fe & iz
PC NCEIfFS %,

72 (72)

4.2 Ul

ER L 72BBIARE{ D7 4 —F v 7 UL 2 2 1T T,
DOTHEEFEH ¥ % — v & AEC, HDR 72 & D /7 20 % 58I
LT —2v—2%#¥ET 25, QChEsnhiz7—2v—
2% BN L QO TREMIESE & % H Vi o EY = 4 M %
ANT 2, FHliEED AT B WTIZ, BROT7 -2 v —
AFEFICSBTE 2 LY IChoT w5, Rk ETT
LD Y R P PRDICRR SN, QICE W CEE D HIWE
BT % TR L 7203 b fF % BT © & 2, fRONER
INDEREL_AEHROICK RTINS, MEOKEIC
Lo THHAZ T THHIZWEL V720, @©ICX > TR
TeNEFETE L LI o T D, REEIENRE B
LDIcEoTyIal—ya VllREEERY) Y Bz 08
5., ®ILERINDGT — 2 v —RAMED A TE 5,

2 {ERL7-BBER#E1LTEY R T LD U

4.3 V7 bz PEELETHE

BUBEEFFLZ Python THEEE L 72, 1745 IZ Numpy % F\»
Twa 2, A1) o NEHEEICR D K120 2720~
F ALy F &N o it Hv v b, H(18) D
SDP ic & 2 /MU icit. CvxOpt” DFEHEEFIH L 72, N=
39 0BG O R L O I A Fr R I 1~2 PREE TH
%, %HWBELICIE, SciPy? IcEE I T2 SLSQP %
FIFH L 7=, JRPTfd % ahiE3 2 720, FIHEZ N alik - T
HE#EL 2 EZT L, MOBWHEBERT 5 X511 L7z, 7]
WMt 72 N AR > CTHEof b L < b FrsEmefiz 1 REcH 5,

4.4 RIBHDRNAHIIE
R v S I IRBARRER LASL 2 & DB EA L TL %



BRI A 129

FSEEFLY Ial—va vOlREROERE 3,
ML LT, BEERORYICE W TREDEOMEE M
KIIC/NE LT 272000, HMIADOKREZFICikK L LTk
L. A AT OB R T L TR & LB X & B Rk
AL 7z, (AEC #55%

W7z AEEDCONE S EE LT, Bt~ F CHR
BB W THICHET LTV BB 1 OFELTWSE Z &
WKCHY T 2720, 7 — 7 ORI ORI IR %
AT & 4T, BREDEEIG A 1 BARE S LB & R
FCTEL, COTHEICL - T, EREICE O THEZ W
L~ L OBBDCHIEATE 32 2 L 2R L T3, AT
3. BEDLOMER R VREETY T2 L —v a3 vIERER MR
B 20ic, V=2 —2RREENCIRY L =5A 0k
REBEHL T2

45 BB I al—¥ 3 Y OEBRLE

AT =7 8= LI A2—vIicB T B, BREK

vial—vaVvEFEFEORKEX 3 ITRT,

@06

X)48.2% (1)97.5%0 (X)64.2% (Y)99.2%

(X194.5% (Y)99.3%H(X)97.4% ()99.9% 0 (X199.4% (Y)99.9%H(X)98.7% (¥)99.9%".(X)99.0% (Y)100.0%

Sim

Sim
(X)99:4% (1)99.6%H8 (X)78.9% (1)99.7%M(X)58.8% (¥)99.2%H(X)58.8% (1)99.2% 1(X)96.6% (Y)99.9%
3 EBELEBOYIaL— 9y DHE

A S 2L —3 a VEHITIC X 2 A BIRTTIC B 2 < L F F v v 2 VIR HEL

WRTHRIERS EEVAEDD DI WA, FKRKTE0.1
fEREOHZ ToFhelmY (BCHI L D2 X3
n) AELTw3, W2 XoFNIFERORENRKTH
O, mlE Y FREETRA 7 2y FMEDOHEE TN AEC IR
OTEAEMBCHRII TN TREE T3 EE 2 LN, MHIEIC
X 2UCERVEETH L EZ LN DD, WHREL D &
TRIVROMEE T TH 2 LT LG L T,

Ko (X) 13, H2 X oF s BENICHHIES Wz
ATBWT, ¥ al—Ya VEIROMZEMEL, EEMHGR
20[EicE T2 ay b/ A4AXD 30 DHPFHAPNTH 3 HFEK
DEEERLTH Y, FkiC (V) id, @Y £ cHER
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Developing a Draft Model to be Utilized as a Framework
for a Logic Model to Evaluate the Social Values of
Programs and Projects in the Field of Healthcare

OSHINO Saki, ITO Yasuhisa and KAWAI Tomone

As a variety of social issues have been noticed in recent years, various programs and projects are now conducted
to solve the issues. In many cases however, whether or not these programs and projects have been effective is
actually not evaluated. Under this circumstance, Social Impact Measurement is attracting attention as a method to
visualize the benefit of programs and projects. Social Impact Management Initiative permeates Social Impact
Measurement widely in society and promotes solutions for social issues.

In this study, we developed a draft model as part of the activities, which is to be utilized as a framework for a
logic model in the healthcare field. Such a logic model illustrates causes and effects between individual elements
from the input to the outcome in the programs and projects, which is to be needed for Social Impact Measure-
ment. Based on health behavior theories and models, a draft model has been developed in this study, specifically
focusing on one’s behavior change. The draft model is expected to be utilized to develop a logic model for

healthcare-related programs and projects, applications, and healthcare devices.

Contact : YAMAZAKI Fumisada fumisada.yamazaki.2@omron.com
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Efficient Scene Adaptation Technology for
Object Detection Using Auto Image Synthesis

YAMAMOTO Yoshiki, HIRAI Sawa, HAMABASHIRI Hideto and OKAMOTO Yamato

Recently, because of the growing need for automation of monitoring, machine learning is widely used in the
social systems domain. However, the problem of machine learning is that the pre-learned model will work in poor
performance when the environment changes. Especially in social systems domain, there are various environmental
changes such as place, camera angle, etc., and additional learning through scene adaptation is essential to achieve
the required accuracy.

Therefore, we tried to develop a method to make more efficient scene adaptation. Until now, it took a lot of cost
to collect images of the new scene and enter the ground truth. In this paper, we investigate a method to automati-
cally generate images and ground truth labels for training by image synthesis. The experiment was conducted for
vehicle detection at highways and intersections. As a result, we were able to generate the training dataset with less
cost while achieving accuracy close to that of manual input. This method can be expected to further automation.
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Novel GaN Device Gate Driving Technique
For High Efficiency and Noise Reduction

NOSAKA Noriyuki, OKADA Wataru and UEMATSU Takeshi

Recently, high-speed switching circuits using GaN GIT have attracted attention for higher power density.
Especially, GaN GIT devices have an ultra-fast speed capability but tend to cause false turn-on due to a lower
threshold voltage. A simple RC-type gate drive method is usually used to prevent the false turn-on phenomenon.
However, during the turn-off period, the spike gate voltage will exceed the rated voltage, it is necessary to slow
down the turn-off switching speed, the high-speed switching characteristics of GaN GIT could not be fully
utilized. To solve this problem, we propose that the novel GaN GIT gate driving technique using a two-step turn-
off fashion. It is possible to simultaneously satisfy the conflicting performance of low spike voltage and high-
speed turn-off switching. This circuit was implemented on the board using the GaN GIT device and applied to a
synchronous rectification type boost converter. It is confirmed experimentally that this driving technique is
verified to be useful.

1. iiﬁ% BWHAAMEILTWw3, SiT A4 Rk E AT RUH)

LA, ZGR DS ENE L, M EBICm T ARER D, 8T 4 X4 A4 — F O BEEESE O

<. /) ay (Si) KRbZFLWREERT AL ZOME 1L, GaN T4 RF NS DREDITZ 2IT/hE L
LT, 74 F¥yy FpEERFEAI T3, & WEHERFEMENL TV B, o T, GaNT N4 R & fH 3
BT AT (e — v v 7). ZEES (a v Ty 5 Z & TCE ﬁj]r%%i%fgé GaN 7N 4 2 DY PERs 1 %
H. VT MA) BREAEAEEEDTEY, EHEL - RAI T Mo, RENEEY, BRSE ny.
FEEAIC XY 2 o/NEHE - Ko % MM R FEBHSR &bﬁmﬁﬁﬁ%%OGm7»4zﬁ%%én1wé
5, AonvoBRRCHEBENEHE (XV—avFs FALviavE—FYGNIZ/) —< ) —FVFNLRT
vad, WHER, %—FFI7347) BEETW~HKkWE HY, 2v v 24y E—F (BE-MY GaN i34
Bchh, MILIRT I ICEICELTY 7L (GaN) @ W) —< U —F+7%EHLTWw3, ¥7- MOSFET % i1

Lnd 7Yy FeE—F (HM® b gt
Contact : NOSAKA Noriyuki noriyuki.nosaka@omron.com 3, B1ICATEERNRFENR T AL ZD T X — & ik

7 97



OMRON TECHNICS Vol.53 No.1 (#i# 164 5) 2021

ERT, REHFRAM. RFEKME RS, GaN GIT
(F—= P EAF T2 13, /=~ —F TEIEL R
1 oj@ Y 7k ¢, AR Q2N E I 2 T E 5
TN AL LTERIN T S,

A ZDMEEE Vy 12, B1OED SiFAAA 22XV DBIE3
PITHE L, A 7 IREEDHERF 1T GaN GIT I & - CTIEH ICHE
$Cehb, GaNGITIZ/ 4 RIC&TH Y, Aoy — &
JElx, 37 —@HIC X 3 GaN GIT O sk 1k ic %38 T
Hb, ADT — FEED R W=D IC, BEIIBREL -5
H. T DR L. HEN R REEIC O R 5]
MDD 2, Ao — FEITIER., A4 F—7EBHE
TxNB, GaNGITD A4 v F v 7 MEfe 5| 2 4701
I RC %" — | BRB SO 3% X T\ %, Tk
XY, GaNGITO7 — b & X ) @WELECHEI T 3 72
b, A v FvIPEEICTE S, 2L, A=V A TD
BRI KR E A D RN, 25— FEIERRET B,

INODMEERERT 27001, K AR EHEE— Y
F T AA v F v T OMKT B ERE & FIRFIC EB AT HE 7 GaN
GITZ — FEREhE (2B 4 — v A7 A5 #ET 2, 2
., 3ETRIEKD T — FEREEIE, RCRET L7 — L
EXEH[E s O B R IC O W T 3, 4T, RBRET
%77 — b BRE) A & AR DC/DC 2 v 8 — 2 i A
L. Btz EBIC X iR L 72,

High-Power
* Automothive
* Railway

si ,‘ High-Frequency
+ Power Conditioner
+ Power Supply
« Servo Drive
+ Wireless Transmission

Power

Switching Frequency

1 RT—=FNRARET TV —2 gy

K1 TNARNRTA—ZHR

. : GaN | GaN | GaN

SiISICHym | EM | GIT

Ves [V] 600 | 650 | 650 | 650 | 600
I [A] Max. 35 | 39 | 34 | 30 | 31

Ryson [m Q7 Typ. 52 | 48 50 50 55
Ciss [pF] Typ. 2850 | 1118 | 1000 | 242 | 380
C, (tr) [pF] Typ. | 1050 | 194 | 310 | 160 | 102

0, [nC] Typ. 68 | 33 | 16 6.1 | 5.8
Qoss [NC] Typ. — | 78 | 126 | 64 41
0. [nC] Typ. 6000 | 125 | 126 0 0
Vin [V] Typ. 35 | 45 4 1.7 | 1.2

98 (98)

2. iEkDT — kERE)EE

2.1 [E3&HERK

X 2 icfeko RC B — FERE)RIFEAEK 2~ 37, & o
Iy vy T, pOREOEFERD 223K 3 (Frv AL CH
TS IORT XS, XhEwgr—vFThickE L
BORANL 77— EERFERTREELRD 2, o
T, GREAA v F v I EEELTCLE S,

Gate driver

| GaN GIT D
sl _L—ng
VS__ Vsig G F Cas
] o 1
vgsT![ = Ces -[
2 l Des
S
GND
K2 fEkos— ERENEE
2.2 EhiEIRE

M3 WHEHEy —7 v 2%mRd, K4ic, fEko RCH
& — b BRE[A] % o £ IR < o ZE Al A R, K3 ICBIL
T Ryn & Roonr EIEFIT/N T 7200 MEH L CEIfEFIR %
BT %,

TERMI [T, <¢<T]:

Ty CTAA vF S1HA+Vickh? L, GaNGIT D ANER
(Cs=CyutCp) IER G 2N L CHRELRFIGT 5, IR
IZ. GaNGITD % — | &V — 2 DRICTERK X =Bk X A4
7 — F Dy ICERBTRNIED 5,

TERMII [T, <1< T]:

R—VAVYHRETTEE, 7= FERIHEICR 2o
TT =t eV —RDMOFEXA &= Ficiiin, 2—v+
VIRBE R MEFE T 20 v 13 TWAELA A — FOIET IR
V) T2 v 7aEnsd, 2nit, GaNGIT D N v F
Frv FICLoTRE D, Rpld, —RICHFEXAA—FD
Ve 3135 VICh 3 X o icikalan s, MBI o Ves 11 B &
UQ‘VCPJI%H_:‘”:\ ALK Q2)TcEH5Ez2zbNE, T T,
Vs 137 — MHEEETH %,

Ves n=Vr (1)

Vep n=Vs Vg (2)

TERM I [T, <t<Ty]:

T, TAA v F S2HBFVIClEdE. Culd G 2/ LTI
BEFIAT 50 v T NG C TR T 5, BB Iy I,
—fi%i¥ 72 MOSFET D #.(3)"” % fifl L CRHAAHETH 5.,



LTS SVIIETA

TZT, QB 0OVRL 1 ETORS,—FEMETDH 2,
X4V?Vfﬁﬁi&w’l01%¥7%féé 7 — b

BESARICAF L ICET 2720, IWICBEMTKE
ANA Y7 — FEEBFEET D,
Qg_CP'VCP I
V== —F "¢ I
N Ciss+cl’ (3)
TERM IV [T; <7< Ty]:
Cow & Gt ReZNLTIHEIND, 77— FEE vy 13.

B RCHFERT O VISED K o I IV D vy 1y BIE
BRWTHRBNS,
Ve exp| = =)
Vs v(t) =Vn eXP|:RP (CP + Ciss):| (4)

v,
AS T moIm IV | TERM

Ves1=Vg

Vige it = Vi |- gl !

Vep t

A
chJI /
Vepn=—Wn

0\ S

A
S1 |

S2 3
To Ty T, T3 Ty t

3 fEkoy — FREBEEOBIES -7 X

H—
D
Dgs* 3 +CissT Vgs
D

TERM I
C Cp
RAS] £ ""IE:,J+'!J-'_?"'_'!
Rp » > i "'I'-‘,'I;' i ._o_
Dgs¥ ==+CissT Vgs ! i CissT Vgs
> | 1¢—o0
T i
TERM III TERM IV

4 REEDT — b EREERE O E Ak

R AR A L2 FEBLT 2 GaN 734 2 BRE) Al

3. REODT — FEFENEIR

3.1 [

B 512, Os Rse Cs (FROBEHRER ) CTREELI L5 T2
B2 —vA 7] oF— MEERgEZ RS, I 7 -\
FoTHIERIENDE AT =T VI REDB STz E =V
AV EPCTEDICHEHINEGT 7T 4717057
MOSFET Qs 13, mW@7—b}74»f% INTnw3
N 77/7% ExfiHT % L. —h7/yxﬁ@

7 — & ik%\ﬁ7&¥@a§ 2V RMTY 7V
TEND, BELAZT— FEREEIRKIZ, K6 GRuiLchH
ATEE) IR T XS, X—vFT7hD R, 77— ¢

BE 2K ATRETH 5,

Gate driver

GNarr |
s " -
:'17 8d
VS_._ ngg_ [—Rgou <Iﬂ) G | |J Cys
l @_I o |
Dp Rgorr [ Cp vg§1£ %Cgs
-
Ven 7/ Qsjfiqs & g .
GND : . (i:is
5 REOS — EREEIE
3.2 EhEIRE

6 ICENEY —r v A&, 7T, #BELAET—}
B [0 3% o> - AR C i E & R F . RITICBIL T Ryons
RM\kiUMOWm&%@%%@EiCHB;UQiD#
HICNS W7o ERT 2,

TERM I [Ty <¢<T]:

To TAA v F SI A vIcm b . GaN GIT D AN A&
(C) 1E. GBIV CGENLCREXRHIGT 2, HRTO
KTRED Vo v Vop 1w BLU Vs EHE . (G5). #K(6).
BLUAMNicREns,

Vgsf[:VF (5)
Cs
Ver 1=(Vs =W
O e ®
Cr
Ves 1=(Vs =W
cs 1 ( s F)CP+CS (7)

TERMII [T, <¢<T]:
Ty CR—VFVYDBTET T DL, v FTFEXAF—F Dy
DIESEETE (Vp) T2 IV 7E3N5, Co b Csld, Rp &
RsZNLCTMES L UOREI NS, BT DK TIRD Vep
B X O Ves y BIE X, MOSFET @ —f'? i< X v RK(8).
RO TR B,

99) 99



OMRON TECHNICS Vol.53 No.1 (#i# 164 5) 2021

~(T.-T)

Cr+Cs  Rp —_—
Ver u=Ver 1(1— )-exp Rp - Ry
- - — |(Cp + C:
Cs RP+RS RP+RS ( P S)
Rp
+(Vs =V
(¥ F)RP+RS )
—(T.-T)
Cr+Cs R
Ves u=Ves 1(77—1 1—exp|( Rp-Rs
- - Cp Ry +R Cp +C.
P P S Rp + Rs ( P S)
+Ves 1 9)

TERM III [T, <¢<T]:

T, TAA v FS2HF4 v ic7 5% &, GaN GIT D Ci, 1. Cp
BLOCGENLUNELZHIGT 2, £40avTvy¥o
ERIAEM T 5 &, WEIIRT T 5, HMHIOKTRO
Vet Ver s Vesn B X OV B E i3, R (10) 2 5
(13 icmd, chbld, BREFNZEH L CEH SN
5, 2BAfERX —v A7 RFEBT BTG VmE ALY ¥ 3
AREBHE (V) khEWlETr v I T 20ERH 5, *
DFER, A4 77— P EFEIIHERD RC BUMIERIC R T
K325 (X6),

Cr [Qg —Ves_n 'Cs]+ Cs [Qg —Ver_n 'CP]

_— 10
gs_III (CP'CS +CS'Ciss+Ciss'CP) ( )
Vi o = Cs [VCUI -Cp — Qg] +Cis [VCPJI G —Ves CS] (11)
cp m (CpCs+Cs-Cis +Ciss - Cp)
Ve _ Cp [VCS_H -Cs— Qg] +Ciss [VCS—H G- VCP‘H . CP] (12)
cs_1 (CP -Cg+ Cs - Cigs + Cigs 'CP)
Vs =Ves m +Ves m (13)

TERM IV [Ty <1< Ty ]:
Cin Goo BLUGCGIE, RRBIUV R ZNLTHEI N
%o

TERM V [T, <¢<Ts]:

7 — b1 & 7 — b I GND Ui T OB v, 282 L v
van FEE (V) X Y€ 723 &, MOSFET Qg 28 ON
T2, FFFIC, Gy Cpn B X UCsld. MOSFET Qs D#ERE
CThHRFICE I NS,

TERM VI [Ts <¢<Ty):

Cou & Csld, ReENLTMEEI NS, 7 — FBIE vy 13,
Eito RCEEHTOVICEDL,

100 (100)

v,
A5 1 0 mIVV VI

Vgsﬁl = VF
VgsJII \
N A <54 77— VAE
Vep 't
ch,l[
0
—Vin
ch_III
Vcs 11 \ch !
Vcs,l[[
Vcs_l
0
\Vas !
Vgs_m /—
Vin
0 >
t
S1 [
S2
To Ty T, T3T,Ts Te t
6 REDNT— FEBREEOBIES -7 X
C g
vHir e
R i L=t i1
PDgs!Z =iCiss Vgs i RP Dgs h 4 Tvgs =Vr
Vs 3 —° Vs e P
R, |[==_cs i R FECs
o i sy
TERM I TERM II
_CP Cp
= s — e
B ==~ L
RpDysy =iCISSTng p = Ciss| Ves
o +—o
re+ r'1+
Rs E:ics RSEE==_CS
TERM IIT TERM IV
G, G
PR [T
r‘___!gp___ =j_Ciss[UgS f____ﬁp__,i =£ClSSIng
H i o
H T+ ! T+
sione |
s 1 |
TERM V TERM VI

7 REDT — b ERE) A EE 0 ]




LTS SVIIETA RN - K, A4 ALz ST % GaN 734 A BREEE

4. EERER

K8 LX9ic, ML Z2FHMi+ — F & FHA% A DC/DC
avAN—zo7ay 7KERT, fEERE L RER K E
4 — b EXE) el B% (GD1. GD2) I 3 ] L. GaN GIT |%
IGOT60R070D1 (Infineon)'® # A L 72, 754 Z D
FEENEREI 2 I L V=150 V. V=300 V, Py=0.25—
1 kW, fsw=20 kHz O FEEESAF Rl 21T o 72, K 2
W, LRI A—2%RT, G, 17 —FEiick-
THIERZ N2 GaNGIT Dl o7z X — v+ v %< 7=
DIT, F Vy=—5.0V ICFAEL 7=,

10 B FRMERE R 2 R T, fEREIEE & $RE Mg T4
RICERENT B0 b, 1112, Po=1KkW &ffic
B RO — FEEEEKEE (K 11() LREL-
7 — FERBIEE I (11(0b) %573, ML 0,74 m8 FHER—F
ARR—vEA T, AL O T AB R — v F 7D

: -
.. -

KIETH D, BEFT ve BL P vy lZ. ATA VL — 3

v # @) 7 v — 7 (TIVMI, TIVHOS : Tektronix #f: %) ic Drive cineuit GaN GIT

Yo Tl L7, FRARQ DE—VF 7D RAL 2 —— \Fo,

5 — B, fEREEECIE—12.8 V. LR T et | o
—72VTH o, RERBEIE. RO D LHBKL T, 2 Inductance

A7y P RIEL 56 VEGELE, Rk, 7oA 2 0, ™ & T roull
2 ﬁ e 7]— 7 HTT@ AY /f 7 7‘?‘ }‘ i‘ %%E%T Input voltage | Capacitor Drive circuit GaN GIT

—124V, REFPETE—40V TH 5. REMBIE, \ ] toput signt o,

KDLD LWL T, A4 77— FEER 84 VEL vl G 6b2

7oo REEEERIZ, 754 R 010 0, DX — Vv F TIRFIC T

BT, EDR2EELX—v AT AL vF v IR TE
T30, A4 77— FETEOFREZIHEIL T3

PeoT, —10V DET — F-v — A[HE FMTL(Jr
he— UV RIERTE 3. ¥, fEKOREE DT, 0 e
L0, DR—VATHDF LA vy —RREEDZA v F '
v MEICRE B, & S ICRERBIE, 24 v o=
F v Ry - PEEICEREINS I 7 -/ 4 XK

. 9 HEHE/}IL;F:I:U DC/DC aAvnN—%

WAgEch v, 24 v F v M IcIs—2 v 7 %97.20

MOSFET Qs I X 0 77— FEIf D& 4 v e =& v 2% EH &

TEHLHEALNG, CRLOMRLD, 2BHEA -V seso

TEEEEAT 5 C LX), E2A4 25— VEELE 3 4= The Conventional Gate Drive Circui

WE— VAT AL v F v IOMK T B ERE T R ICE7-5 96.40 96.54 ==e=The Proposed Gate Drive Circuit
Ze 75‘%%% X D E@E tl:’lﬂéf:o

96.00

x2 SHERME e = =
o Power [W]
wfp b 1R RE 10 PEAFETEER

R, 330 Q 130 Q
R, — 200 Q
Reon 22 Q 22 Q
Reot 00 00

C, 3.2 nF 1.0 nF
c, — 22 nF

(101) 101



OMRON TECHNICS Vol.53 No.1 (#i# 164 5) 2021

e {8 — 5 =
Z. 0 2. 0
r v -
- %
&, D \N/-128v
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 03 0.4 0.5
Time [us] Time [us]
5 _ 5
2. 0 Z, 0 JI
N 5 ) o) T
< - ( The rated voltage < B
é’b o 'L 124v (continuojus) g) s
0 0.1 0.2 0.3 04 0.5 0 0.1 0.2 83 04 0.5
Time [us] Time [us]
__, 400 __ 400
Z 300 2, 300
— 200 — 200
O'I 100 —70 V/ns C>‘| 100
g o — g 0 -
= -100 & -100
0 0.1 0.2 03 04 0.5 0 0.1 02 03 0.4 0.5
Time [us] Time [us]
__ 400 __ 400
>, 300 fpeces 2, 300 e
oy 200 o 200
O‘I 100 60 V/ns O] 100
2 0 g 0
= -100 = -100
0 0.1 0.2 03 04 0.5 0 0.1 0.2 03 04 0.5
Time [us] Time [us]
Q, 8—>vF 78 Q Z—>vF 7K
(a) ks — FERB)EEE
— O e 5
Z: 0 Av\, i Z 1]
= - — -« Hn
(® 5 -5 ul: = =
ol -10 q_lo \ /* 72V '
eh &
> -15 ~ -15
0 0.1 02 03 04 0.5 0 0.1 0.2 0.3 0.4 0.5
Time [us] Time [us]
= i _s [
Z. 0 & Z 0
o= Q
= T ~I0V B S s
w10 @ -10
&b
Ds =15
0 0.1 02 03 04 0.5 0 0.1 02 03 04 0.5
Time [us] Time [us]
400 400
— —
Z, 300 =, 300 rng
— 200 I, — 200
< 100 |=70 V/ns < 100 |
-Sl 0 \,,._v _g' 0 J
= -100 =~ -100
0 0.1 02 03 04 0.5 0 0.1 02 03 0.4 0.5
Time [us] Time [us]
400 __ 400
> 300 I“ >, 300 \
200 200
g, 20 60 V/ns & 100 ll
| |
[72) 0 _8 0 Ve
g -100 = -100
0 0.1 02 03 0.4 0.5 0 0.1 0.2 03 0.4 0.5
Time [us] Time [us]

102 (102)

Q, ZB—rF 7

(b) RES — b EREHEEX
11 SRFZAITE AT R

L Z— AT



LTS SVIIETA

5. LIV

WD 7 — FERENEEE Tld, R4 v F YV IRRICKE R R
NA = PEEMREL, BEAAL v F VT @RIEL
ZIET HFERD 572, £ TR T, K7 4 X
A =V d T 24 v F v I OMKT B MR %[RRI B
T¥%., GaNGIT 7 — FRE) D 70D [2 B2 — v A 7
KR BREL7Z, BREL 27— MRS 2 B C R
BHRAIDC/DC a v N — 2R L RGN L 72,
R—vF T ALy F v IR, RURERZBRS LA
(o AL 77— PEEDPRK8AVIKT T 5 2 & AR
T, —10VOEKRT — b-v —AMELICH LT+ 7%k
~—V Vv EERTE, KARXoGEUMEERL 72,

A3, BREIZM I &b 72 BRI B D sl & BET L
Tw{,

SEXM

1) Jones, E. A.; Wang, F. F.; Costinett, D. Review of Commercial GaN
Power Devices and GaN-Based Converter Design Challenges.
IEEE Journal of Emerging and Selected Topics in Power Electron-
ics. September 2016, Vol.4, Issue 3, p.707-719.

2) Oka, T; Ina, T.; Ueno, Y.; Nishii, J. Over 10 A Operation with
Switching Characteristics of 1.2 kV-Class Vertical GaN Trench
MOSFETs on a Bulk GaN Substrate. Proc. 28th Int. Symp. Power
Semiconductor Devices and IC’s. July 2016, p.459-462.

3) Hilt, O.; Treidel, E.; Wolf, M.; Kuring, C.; Tetzner, K.; Yazdani, H.;
Wentzel, A.; Wiirfl, J. Lateral and vertical power transistors in GaN
and Ga203. IET Power Electron. December 2019, Vol.12 Issue
15, p.3919-3927.

4) Hahn, H.; Reuters, B.; Pooth, A.; Hollinder, B.; Heuken, M.;
Kalisch, H.; Vescan, A. p-Channel Enhancement and Depletion
Mode GaN-Based HFETs With Quaternary Backbarriers. IEEE
Transactions on Electron Devices. October 2013, Vol.60, No.10,
p.3005-3011.

5) Cai, Y,; Zhou, Y.; Chen, K.; Lau, K. High-Performance Enhance-
ment-Mode AlGaN/GaN HEMTs Using Fluoride-Based Plasma
Treatment”. IEEE Electron Device Letters. July 2005, Vol.26,
No.7, p.435-437.

6) Huang, X.; Liu, Z.; Li, Q.; Lee, F. C. Evaluation and Application of
600 V GaN HEMT in Cascode Structure. IEEE Transactions
Power Electon. May 2014, Vol.29, No.5, p.2453-2461.

7) Uemoto, Y.; Hikita, M.; Ueno, H.; Matsuo, H.; Ishida, H.;
Yanagihara, M.; Ueda, T.; Tanaka, T.; Ueda, D. Gate Injection
Transistor (GIT) - A Normally-Off AIGaN/GaN Power Transistor
Using Conductivity Modulation. IEEE Transactions Electron
Devices. November 2007, Vol.54, No.12, p.3393-3399.

8) Morita, T.; Handa, H.; Ujita, S.; Ishida, M.; Ueda, T. 99.3% Effi-
ciency of Boost-Up Converter for Totem-Pole Bridgeless PFC
Using GaN Gate Injection Transistor. Proceedings of the Interna-
tional Exhibition and Conference for Power Electronics, Intelligent

Motion, Renewable Energy and Energy Management, PCIM

R AR A L2 FEBLT 2 GaN 734 2 BRE) Al

Europe. May 2014, p.325-329.

9) Li, H.; Han, C.; Brothers, J.; Zhang, X.; Wang, J. Evaluation of 600
V GaN based gate injection transistors for high temperature and
high efficiency applications. 2015 IEEE 3rd Workshop on Wide
Bandgap Power Devices and Applications (WiPDA). November
2015, p.85-91.

10) Abdullah, Y.; Li, H.; Wang, J. Evaluation of 600 V Direct-Drive
GaN HEMT and a Comparison to GaN GIT. IEEE 5th Workshop
on Wide Bandgap Power Devices and Applications (WiPDA).
November 2017, p.273-276.

11) Bortis, D.; Knecht, O.; Neumayr, D.; Kolar, J. W. Comprehensive
Evaluation of GaN GIT in Low- and High-Frequency Bridge Leg
Applications. 2016 IEEE 8th international Power Electronics and
Motion Control Conference (IPEMC-ECCE Asia). May 2016,
p-21-30.

12) Zojer, B. 600 V CoolGaN™ high electron mobility transistors.
AN_201702 PL52 012, Infineon Technologies AG, 2018.

13) Infineon Technologies AG. “IGOT60R070D1, 600V CoolGaN™

enhancement-mode power transistor”. datasheet, 2020.

HEERNT

PP #8JC NOSAKA Noriyuki
BT - AT BRI v
o ERLYE

lE¥s AR

[f{H B OKADA Wataru
el - M AT PR &

W BAT

il U]

4% 8 UEMATSU Takeshi
el - M AT R &
HY ER LY, flE T

RS EAER ETWHEREYS

Bt (T

ARAGHOFR DAL, B TEL LTI LEMRH LT,

(103) 103



104 (104)



(0]

LD LR AT




OMRON TECHNICS Vol.53 No.1 (#i# 164 5) 2021

BERBREY AT LRARICE T DV AT LR EER
Fi& (STAMP/STPA) EA DK H

i AR

PR, ERRE S AT LD AT LHKFTCIRT 774 T ARy =7 VAR EFER LTV AT LDIRS EHW%

ﬁfﬁbf%f?_o

LeL%ds, Tho TRETE 20— RNARIRZ2FBHICHE > TR 230088 RTH Y, v 2T

LDEBRREL - BHEL T 2 h CREHERIE IC B W THRERDIR S 0 2 FEUCRE L CTREADRAZIIC 2 L3

L\,

EH O IIERMAE Y 2T LD ICEWT Y AT L REWEMITFiED 1 D Th % STAMP/STPA O % A4 72,
FOFER, WKL S H BV AT LEFFECTIHIMBL OO0 072Th 5 5 AEEFAETR %2 0B I CEH
TEZENTE, 5%, Bty 2T a0EBEl - EHL Lz LTd, EHEEZEBHRIZ LB TE I TINA

%f%_?l—:o

ARCiE, FERRE S X7 4 OFAFEIC STAMP/STPA ICE ] L 72 /0 il 2 i~ 5 & dhic, ALY #la Z2id U<

b NIz HER DR TFB R RET 5,

Introduction of System Safety Analysis Method (STAMP/
STPA) in the PCB Inspection System Development

YOSHIDA Kunio

Traditionally, system behavior has been expressed by creating activity and sequence diagrams in the system

design of the PCB Inspection System. However, it is difficult to specify the abnormal behavior of the systems in

the design phase to prevent the inclusion of defects, as the system becomes highly functional and complicated.

The authors have tried to apply STAMP/STPA which is one of the system safety analysis methods in the devel-

opment of the PCB Inspection System. As a result, it has been able to acquire the cause of failure that would have

been difficult to extract with existing system design methods, and it helps to maintain high reliability of the sys-

tem even if it becomes more sophisticated and complex in the future.

This paper describes an analysis case applied to STAMP/STPA for the development of the PCB Inspection Sys-

tem and proposes a method for improving the efficiency of analysis work obtained through this approach.
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Study of Cost-effective Threat Analysis Methods for
Embedded Devices in Various Domains

SERIKAWA Masataka, NIWA Toru, YOSHIOKA Sachie and HARADA Shintaro

By the arrival of the IoT era, embedded devices that connect to the Internet being exposed cyberattacks]) . In order
to provide products that users can use with reassurance, it is necessary to analyze security threats and take counter-
measures to avoid important cyberattacks. OMRON had a problem that there was no threat analysis method that
focuses on availability for embedded devices, and there was no efficient and effective threat analysis method.

To address these issues, we studied a method for effectively and efficiently analyzing security threats to embed-
ded equipment products and found that it has the potential to significantly reduce the number of man-hours

required for threat analysis while extracting all important threats and implementing countermeasures against those

extracted threats.
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Development of the Vibrate Reproduction Software for
Vibration Sensors

NARUMIYA Akinori, KURIYAMA Shinji and UNO Yutaka

The Great Hanshin-Awaji Earthquake of 1995 and the Great East Japan Earthquake of 2011 had caused large-
scale disaster to building collapses and fires. Therefore, it is recognized that the grasp of building damages is
important for early reconstruction of the region and infrastructures”, and the method is required. OMRON has
been providing the vibration sensors made by steel balls® that detect earthquakes for many years, but in order to
meet this need, we have released the vibration sensor equipped with an algorithm for analyzes vibrations and
quantifies building damage levels, it also be improved earthquake detections and realize free mounting direction®.
This vibration sensor analyzes vibrations with an accelerometer, and an accelerometer produces continuous digital
data from its vibration. So, the most important point for evaluating the accuracy of vibration sensors is accurately
reproduction of vibrations and various vibrations easier.

The earthquake vibration waveform will be different from depending on the epicenter, energy, and observation
site conditions and its unpredictable. vibration sensors are tested with various waveforms for its unpredictability.
Reproduction of these vibrations and waveforms are produced by vibration tests systems with large size actuators
generally. But it is not easy in terms of time and cost to reproduce accurate vibrations of many earthquake wave-
forms for its various and complexity.

Therefore, instead of verification on the vibration test systems, we have developed the software that can repro-
duce the vibrations of waveforms and reproduce our vibration sensors embedded software in the software simul-

taneously. This made it possible to shorter time and more efficient for verification of our vibration sensors with

various vibration waveforms include earthquake.

Contact : NARUMIYA Akinori akinori.narumiya@omron.com
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Method for Measuring Incremental Magnetic
Permeability of Magnetic Materials and Construction
of a DC Superposition Estimation Flow by Using It

FUKUDA Masaya and YAMADA Takashi

Magnetic materials like ferrite, which is used in power supply circuits that handle high currents such as DC/DC
converters, exhibit a rapid decrease in inductance due to the influence of the magnetic flux generated as the DC
current component increases. This phenomenon is called DC superposition, and it adversely has a negative impact
on the efficiency of electrical energy conversion, there has been a need for a property prediction technique to
determine the current limit value prior to design.

The Play Model is well known as a mathematical model that can accurately represent this phenomenon". How-
ever, the poor availability of the model, the difficulty of making actual measurements for the model, and the large
computational load have become bottlenecks when trying to perform the analysis in reality.

In this study, we investigated an alternative method that uses the slope of the minor loop, called incremental
permeability. Although this method limits the superimposed current to a sinusoidal wave, it has a feature of light
computational load, and by deriving the material constants using a combination of actual measurement and analy-
sis using a toroidal core, it can be evaluated more quickly and accurately than the play model method. Due to this
advantage, a practical application study was conducted.

As a result, we were able to obtain the expected results with a light computational load of only a few tens of

minutes and an estimation error of less than 5%, and we were able to make a prospect for practical application. In

this paper, we report on the practicality of the method through a concrete example.

Contact : FUKUDA Masaya masaya.fukuda@omron.com
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Derivation of Arc Length Calculation for DC High
Voltage Arc Interruption in Closed Space

KAWAGUCHI Naoki, MINOWA Ryota and OTSUKA Kohei

In recent years, higher efficiency of systems has been promoted in renewable energy represented by photovoltaic
power generation, which is increasingly used as a countermeasure against environmental problems. These systems
consist of high voltage DC systems. The DC relays built into these systems for safety breakers must support
higher voltages. In order to cut off a high-voltage arc with a DC relay, we need technology to control the arc gen-
erated when the arc is interruption.

In this study, we tried to construct a relational expression between the arc length and the arc voltage when the
arc is in contact with the resin in a closed space such as a relay. The added parameters are the magnetic flux den-
sity that drives the arc and the distance that the arc abuts against the wall. By using the formula derived this time,
it is possible to calculate the arc length required for arc interruption in a closed space with a load voltage of 800

V, and it is possible to realize interruption performance design with an appropriate arc length.
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Novel GaN GIT Gate Driving Technique Using
Two-Step Turn-Off Fashion
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IEEE Conference Proceedings, 20204F, IEEE,
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Recently, high-speed switching circuits using GaN devices have
attracted attention for higher power density. Especially, GaN GIT devices
have an ultra-fast speed capability but tend to cause false turn-on due to
a lower threshold voltage. A simple negative gate bias method is usually
used to prevent the false turn-on phenomenon. However, during the turn-
off period, the spike gate voltage will exceed the rated voltage, which
leads to fatal damage to GaN GIT devices. To solve this problem, we
propose that the novel GaN GIT gate driving technique using a two-step
turn-off fashion. It is possible to simultaneously satisfy the conflicting
performance of low spike voltage and high-speed turn-off switching. This
circuit was implemented on the board using the GaN GIT device and
applied to a synchronous rectification type boost converter. It is con-
firmed experimentally that this driving technique is verified to be effective
and useful.
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Core Temperature Measurement by Wearable
Device
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Learning Robotic Assembly Tasks with Lower

Dimensional Systems by Leveraging Physical
Softness and Environmental Constraints
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Robert Lee (Queensland University of Tech-
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IEEE Conference Proceedings, 20204E, IEEE,
Vol.2020, No.ICRA, p.7747-7753. b3k

In this study, we present a novel control framework for assembly tasks
with a soft robot. Typically, existing hard robots require high frequency
controllers and precise force/torque sensors for assembly tasks. The
resulting robot system is complex, entailing large amounts of engineering
and maintenance. Physical softness allows the robot to interact with the
environment easily. We expect soft robots to perform assembly tasks with-
out the need for high frequency force/torque controllers and sensors.
However, specific data-driven approaches are needed to deal with com-
plex models involving nonlinearity and hysteresis. If we were to apply
these approaches directly, we would be required to collect very large
amounts of training data. To solve this problem, we argue that by lever-
aging softness and environmental constraints, a robot can complete tasks
in lower dimensional state and action spaces, which could greatly facili-
tate the exploration of appropriate assembly skills. Then, we apply a
highly efficient model-based reinforcement learning method to lower
dimensional systems. To verify our method, we perform a simulation for
peg-in-hole tasks. The results show that our method learns the appropri-
ate skills faster than an approach that does not consider lower dimen-
sional systems. Moreover, we demonstrate that our method works on a
real robot equipped with a compliant module on the wrist.

Copyright 2020 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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Contact-based in-hand pose estimation using
Bayesian state estimation and particle filtering
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IEEE Conference Proceedings. 20204FE, IEEE.
Vol.2020, No.ICRA, p.7747-7753, bk

In industrial assembly tasks, the position of an object grasped by the
robot has to be known with high precision in order to insert or place it.
In real applications, this problem is commonly solved by jigs that are
specially produced for each part. However, they significantly limit flexibil-
ity and are prohibitive when the target parts change often, so a flexible
method to localize parts with high accuracy after grasping is desired. To
solve this problem, we propose a method that can estimate the position
of an object in the robot’s hand to sub-millimeter precision, and can
improve its estimate incrementally, using only minimal calibration and a
force sensor. Our method is applicable to any robotic gripper and any
rigid object that the gripper can hold, and requires only a force sensor.
We demonstrate that the method can determine the position of an object
to a precision of under 1 mm without using any part-specific jigs or
equipment.

Copyright 2020 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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Novel Proximity Sensor for Realizing Tactile
Sense in Suction Cups

TAEIVBE (BRAlT - MEAAER FAREFEEVY). &
BEH (Bl - RS MREFtEYY). REi
BB (Beffy - HIMAE HRREFELEVY)

IEEE Conference Proceedings, 20204E, IEEE.
Vol.2020, No.ICRA, p.638-643, Hik

We propose a new capacitive proximity sensor that detects deforma-
tions of a suction cup as a tactile sense. We confirmed that one sensor
module provides three applications for reliable picking and a simplified
setup. The first application is the picking height decision. The second one
is the placing height decision for detecting whether the grasped object is
placed on the placement surface. These two applications are achieved by
detecting the push-in stroke of the suction cup. The final application is
detection of whether the suction cup is in partial contact or full contact
with the object. This function can correct the picking posture as well as
detect whether picking is possible before the pull-up motion. We also
demonstrate that the partial contact position can be estimated in real
time.

Copyright 2020 The Institute of Electrical and Electronics Engineers,
Inc. All rights reserved.
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Impedance-based Stability Analysis of Servo
Drive DC Bus Systems
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Team O2AS at the world robot summit 2018: an
approach to robotic kitting and assembly tasks
using general purpose grippers and tools

Felix von Drigalski (AAQY A=y /Ty IR
HRARt), PETE (BT - MFAAR HRFEHKE
V). HEHEz (Kl - FAS AEERKEVY).
INFEEE BRI -AHAR AERERREEY Y.
Joshua Christanto Triyonoputro (KBERAZ).
Nie Kaidi (KBRAZ). Petit Damien (KFRAZ).
2@k (EIZAREREENEERMHRESHIR).
ERE— (BXZREREANEERMEEMITA).
2HIER (EUZMRFAREAEEZRIMTEETER
FREER MERXSHEEYZRILI v, RSt
Laboro.Al). HREX (ALOY YA=ZvITyvY
2% £4t). Ramirez-Alpizar Ixchel Georgina
(EZARAREANEER MBS, KRX
). AEE (RRKZE. EZMREBREANEER
TS affRen) . REMN (KERAFE. EZifREH
FE NEERMB SR
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Vol.34, No.NOS.7-8, p.514-530, ik

In this article, we propose a versatile robotic system for kitting and
assembly tasks which uses no jigs or commercial tool changers. Instead
of specialized end effectors, it uses its two-finger grippers to grasp and
hold tools to perform subtasks such as screwing and suctioning. A third
gripper is used as a precision picking and centering tool, and uses in-built
passive compliance to compensate for small position errors and uncer-
tainty. A novel grasp point detection for bin picking is described for the
kitting task, using a single depth map. Using the proposed system we
competed in the Assembly Challenge of the Industrial Robotics Category
of the World Robot Challenge at the World Robot Summit 2018, obtain-
ing 4th place and the SICE award for lean design and versatile tool use.
We show the effectiveness of our approach through experiments per-
formed during the competition.
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