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Custom Mechanics to Realize Virtualization of Whole
Facility Using Physical Simulation
HASEGAWA Naoto, IWAMURA Shintaro, SHIMAKAWA Haruna and SHIRATA Seito

In recent years, rapidly changing market needs has led to a trend of shorter product lifecycles. To keep up with
such market trends, it is necessary to shorten launching time for production facilities. We introduced virtualization
technology in our FA integrated development environment, Sysmac Studio, which enabled debugging without
physical machines using a 3D simulation.

A production facility consists of various elements such as robots and peripheral devices, and if it contains even
a single device that cannot be reproduced in the virtual environment, a 3D simulation of the whole facility is not
possible. Although a 3D simulation is realized by the combination of virtualization models of each mechanism,
our conventional virtualization technology only supported the general mechanisms and virtualization models were
not available for the unsupported mechanisms. To solve this challenge, we have developed virtualization models
for custom mechanics that allow users to easily define movements of movable parts and joint points. This enabled
a 3D simulation of a facility containing the mechanisms that had not been supported and further contributed to

reduction in launching time.
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The Improvement of Defect Classification of Web
Inspection System by Al Technology

HAZEYAMA Hiroyuki

In recent years, labor force issues have become more serious such as “declining labor force” or “reduce of skilled
workers” at manufacturing sites. And the factory automation necessity continues to increase as its countermea-
sure.

In this paper, I propose a technique for defect classification using Al technology, based on confirmation the
performance improvement compared with the conventional method. The conventional method in sheet inspection
system is measuring the feature values (width / length / area of defect pixels, total value / maximum value /
average value of defect pixels, etc.) from the defect image, and classify the defect by using the range of each
feature value. However high accuracy and stable classification by feature value is difficult for defects in various
patterns, and only visual classification by human was effective.

I expect my proposed method to reduce visual classification by human, and I hope the method will help to

solve labor force problem.
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A Proposal for a Causal Analysis Method for Product
Defect by Integrating Control Program Analysis and

KAWANOUE Shinsuke, OTA Yuya and SUDA Keishi

In recent years with the trend toward IoT, there has been an increase in cases of causal analysis for product
defects in the Factory Automation (FA) field. However, a conventional method is not effective because the
collected data has low independence by multiple processes and synchronous control.

To solve the issue, we focus on a PLC control program that has information of them. In this paper, we propose
a method to integrate knowledge from the PLC control program by applying a program slicing technique into data

analysis. In addition, we show the method is effective for cases that do not work by the conventional one with an
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F— 2B OHHEARMEL B L BERL TV D,
INLOREICOVWT, IRERKOEHEEZRHHL, %
RFFE A TR A2 R 1 IR T,
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106 108 110 15.0 155 1375 1400 1425 14.50 84 86 a8
I A TAE AT 2T IVF—ILTAE

AT (FHEL)

1L I 1

D4V L WEETH 2 t s — )L

3 SRETHELNIFHET — 2 OBAR FEE : MLy FHEE, r BERED

F1 RRFETHLREREEZEDHER

KE | EZE (ED
by 7o —LE bLY BAME 0.129 (1)
by T — Ll B BR/ME 0.126 (2)
Ny 7o —Ldh LY BAME 0.112 (3)
OVARTEY FLy T 0.074 (7)

22T, REARD T AT Y X 4 & LT RandomForest
L, EEEOE 3 D 0ORHE L AR B &R T
BB OERE#TH L T3, ZoflTtid, 2 v 7
DIMELIZ I Y _TE P L7 IS C e E S, EHE
FEiZ A8 iR o h T 7T HEH L o T %, R
BWEEZRL TV, BTRED Yy 7y —LiofE
DEEEDTHEL hoTH Y, EL L ERNEZREH%ET
Wi, SR DE T — 2 2 & UHIE T — 2 B
DEHINAZREREEL T, ERNFECES AWt %
ALTW3,

26 (26)

3. REFE

3.1 REFEOBE

AfEcik, Mtk nT — 225827 7o —F &
L. PLCHIfH 7w 2T 2ar & TR & FIEAHIHE 015 % £
Ol 7 v =& L. Hl#H T — & OBREE S 7 7 —
KAKT 22 TT — 20tk @Eo ¢, ERTLEOHE
REFET 5, WEFHERUTORT v 7h oI h
%,

1. $fll 7w 75 L@ (TS L2542 v 2) I
Xy, W7 =2 L, BEIRTERR 2 (ER T
50

2. ERURTFBREICIC, BRIKTT 2 7 7 #1EKT 5,

3. HlfHF — 2 DBRIE A RS REEZE 7 T 7 R ER T
50

4, BRI 77 7 iE&e s 7 7 2 G L, BHEE
ED-oDr 77 (BREEST7) #EKT 5,



LI 4N S=x NET

AR, 3.2 i CABIKEMRE AR T 220070 s 7
LART ALy FEA, 33 ficPLCHIfHl 7 v 7 F nic s
DEBURTE 27 7 0T, 34 Bic#EEl s 7 7D
ARTEE, 3SEICHNRIE S 7 7 AR T kR BT 5,

3.2 7RV FLRFAI VY

Ta T TLATA YR, Tal T Lna— b
SN 7 -2 7k LT, fEHKRERT & 7 — &
KT 2 A GbE 2 2 & T, 7027 ANDIEED
DERICHEL L5 253 — Forziilis 2 5Kl ¢
%,

HIEURTFRRIT 12, SRR EIC X > THEL S [H B X
DEITHRDE, MOXHBEFTINDZ2E»EELAL T
2 BfREET 20T, 7= ZKEMITIE. [H 5
TERINET 2R EDXTHHAINTE 2% RT
RN %252 7-00TFETH L, CO20D@H»26. &
BDEBUCER LK, SHEs 2 TEHS 2 SRR % - <
W, ZOEBICBEES 2 XoA B L, FET A
BEETs LR TE 3,

Ta T LAT ALy X AIREEME I . BH
T AL E* 5.2 25T 2720 0% 510 & 2
FAv vl BHTAEBDHEE G 2 5B R T
2720DHMEATA LV IBHFET D,

M4o%yFrrarsnhoiitiL#Elye -2
BT, K5 EM6ICHEAMERT A v v 7L
ATA YV T RBEHALEFERT,

i:=0;
SIWHILE i < n DO;
=i+ 1
sum :=sum + T;
prod :=i;
END_WHILE;

push1(sum);
push2(prod)]

4 H>7ur7ass A

—» Hl#Eo0-
- (K BAR

="
e

M5 #AMZERZA v

W 71 75 LENT & 7 — 8 I OMAIC X 2 B R OZERRE T ORSE

—» FiHo0—
- KAF R

K6 maEx7(4>>7

HBAMERT A v v 7 OFER, sum ICHE L 5 2 5258
lEn & iTHY, HiMERTA4 v I7OfER, n 3 8%
52 5% i, sum, prod TH DL LB 0h 5, BED
RAFBAFR I,

Dep(varl, var2) (D

DEHICEKIN, varl Bvar2 I ERLE5 2 3L 2131, ¥
BrEzhnwezlZ0Lhrd,

3.3 EHKEFES T 7

KEITIE, oI LTy 7 PLCHE 7w 7
I LTHEA L, ZNE N OEBIKTFRGD O ERIRE 7 7
7 RERT 2 FEEBHT 2,

AFGTH S PLCHIfI 7 0 75 413, PLCOFu /5 3 v
S EEHMS CTH B IEC 61131-3° 2R L ¥ 3,
IEC 61131-3 Tl%. PROGRAM. W¥FIRRED HETE$ 5 FB
(Z7rvovavruy ), NEIREDOFLEL %\ FUN
(Zrvrvay) O3BHEOEENERINLTVD, T
o TRCHEEETIC e 277 AxiEltl, 7a2 7 4
onFitEm EeHAHAEEEST 2 2 L 2BRLT» 5,
X7, PLCHIfHI 7 v 7 DR 2 ol Rm3, F
2. R7D70 7T LICDONWT, T4 ZICE Y FHTF o
T (TN AR OBIRERTERIKET 77 7 Ol
X 81T T,

10(1/0U7Ly31) Ve \
TINAREEL
varl: £-41 var2: =42 var3: %3
vard: £—%4 var5: 251 var6: o542
T

UPG-JDJ5L) |

Program1 (I%2A)
tmp1 := calc(varl);

Program2 (I#EB)
fun-b(In:= var3, Out:= var4, Out := tmp2)
vard ;= tmp2:

Program3 (I#2C)
IF var5 == TRUE; THEN tmp3 := TRUE;

fun-c(In:= tmp3, Out := var6)
MC (-3 i) t |/

7 PLCHEZ R T LIRAEW

@n 27
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X 8

ERRET 77

PLCIZ, IOV 7L vy a (F—2 AHN), 2—¥ 7o
79 5917 (UPG), E— = YAl (MC) DULHE% R
IR CEITT 2 2 & T, ERBEARIEZEHL T
2, BVHRE—RREDT 7/ F 2T —RFT N4 ZAEK
ELTCIOY 7Ly vaTHFIENE, 2—F7Tv 7T L
. ZTNZ N TRCHEREICE U T, 754 2AZH % AH
hel<7urs0%2E 745,

REFHE T, IIBRBEOEMERL TV LT[ 2%
BCERALT, MiAERAIA L v 7 %75 2 LT, ZEH
DIRTFER Z MRS 2, Z DIRFRFBIC, & TR CEARW
A% (T 5 FB & FUN ~O AHIIEMRZEBMT % Z &
0, BEIKE 7 7 2L T 5, M7 D Programl IZ B>
T, ZHvarl BHRIEETH % tmpl /L T fun-a il AJJ
I, fun-advar3 T 5 2 LA, X8 ODEEUKLE S
F7RCHRINTWDS, Ik, funallBVT, InlT AN
ZSH. Out lEHTEREZ RIS TH %,

BILRT T4 AL % Xy ={varl, var2, ...var6} =
{Xo, X1y s X}, N=6 & LT, BRI 77 713, B
xRt (@) cken s,

Dep(Xy, Xo) Dep(Xo, Xy-1)
Agep(Xy) = : . :

Dep(Xy-1, Xo) -+ Dep(Xy-1, Xy-1)

001 00O

001 00O
10060110
“looo0oo0o0o0

000001

000O0O0TO0

(2)

BEEEITINI B AR A THR L L2 IETT0 e L TRBE
%o Dep(X;, X;) 1330(1) TR L 2 ZH M D7 BIR & 7«
D, BRI 7 73 EGmr 778 LTREEING,

28 (28)

3.4 BEZEIT 77

BRI 79 7 ICART 2 2 L HINE L2265 — &
B o KBLIZ, W2 MEZCRAMPEE & LT, EH
(R LEE (FR&) oMBfToEcHET27 7
O—FBEZLNL, ~MBERBRTIICERI YT
Y v OREEMBRBUI ER M A KEL T 570, K
T 2103 T X ) ARG o7 — 2 MoKEE R
L A ERE R F AT 2, HAERE RN TF
Ihd,

p(xiaxj) (3)

(X, X)=3 Y p(xi’xj)logp(xf)l?(xj)

xeX, x,eX;
Xi, X & B 1 E 2 e d 2 X e XY) o 226l 7 —
ZDXTCTH 5, HABREOREHFEE LTiE, AN
N7 =22 % 7 v X077 ) v FICXY) Y . MHAER
BERRNANERDZ 7Y v FE2EEHRT 32 MIC (Maximal Infor-
mation Coefficient)'” % il 3 3,
FTRCofIfH 7T — 2B cEE S 2 HAERET
Awe(Xy) ZH (@) TRIN D,

I(XO, XO) I(X()a XN*])
Apie(Xy) = : - : 4)
I(XN—la XO) : I(XN—ln XN—l)
K2LRIKLIEHT -2 LB ET -2 2 hZnoHAlE
WERITH OB %R

k2 EET—20HEEBERETH

‘ var2 ‘ var3 ‘ vard ‘ varb ‘ varé

1.00 | 0.86 | 0.00 | 0.00 | 0.00 | 0.00
0.86 | 1.00 | 0.90 | 0.00 | 0.43 | 0.00
0.00 | 0.90 | 1.00 | 0.00 | 0.92 | 0.00
0.00 | 0.00 | 0.00 | 1.00 | 0.55 | 0.00
0.00 | 043 | 092 | 0.55 | 1.00 | 0.75
0.00 | 0.00 | 0.00 | 0.00 | 0.75 | 1.00
£3 EET-20BEHEERETH
var2 ‘ var3 ‘ vard
1.00 | 0.85 | 0.00 | 0.00 | 0.00 | 0.00
0.85 | 1.00 | 0.80 | 0.00 | 0.31 | 0.00
0.00 | 0.80 | 1.00 | 0.00 | 0.82 | 0.00
0.00 | 0.00 | 0.00 | 1.00 | 0.66 | 0.00
0.00 | 0.31 | 0.82 | 0.66 | 1.00 | 0.77
0.00 | 0.00 | 0.00 | 0.00 | 0.77 | 1.00




LI SN 1 G 3

Ric, IEHT —2 L BE T — 2 oM EFRE DA 13X

GlckVEHEING,

Amicidiff (XN) = ‘ Amirinormal(XN) - Amicianarmal(XN) |
0.00 0.01 0.00 0.00 0.00 0.00
0.01 0.00 0.10 0.00 0.12 0.00
0.00 0.10 0.00 0.00 0.10 0.00
0.00 0.00 0.00 0.00 0.11 0.00
0.00 0.12 0.10 0.11 0.00 0.02
0.00 0.00 0.00 0.00 0.02 0.00 (5)

T Ty i poma(Xy) X IEH T

Anic_anormat(Xn) 1ZHHE T —2TH 5,
mtzic, #EZitrs 7 73R »ofiitiEn, Mo
Koickahng,

T =% Tdh Y,

Ay (Xn) = tu(Apic_air (Xn) = Airesnora (Xn))
000000
001 01 0
o1 0010
“loooo0o1 0
011100
000000 (6)

M9 BEZNS S 7B
EZHDOLEVEE Apegon(Xy)=005 & LT, AT v 7
B#fu <, LEWHEEZBAEGREDOREZERT I LIC
D, BEELS T 7 RERE NS, L?b\{ﬁgow“mi
A 2 T TR & 0B 5% KHE L IFHE O Ik A
o, HAERE D2 005 L LA ICHERERD D

b3V, b, EEES T 7 IXE6 S5 7TCHD
7o, W E LCREI NG,

35 ERBES 77
FHREEZ 7 73R eoE I, K100 X 5 ic$k
s,

W 71 75 LENT & 7 — 8 I OMAIC X 2 B R OZERRE T ORSE

Acuuse(XN) = Adep (XN) ° Adlf/(XN)

000000
001000

joooo1 o0

100000 0
000000
000000 (7

fun-a

fun-b

10 ZRFES 77

K (D BITHNRDBORETH 2 7 X~ — A BEEHT»
5,

Zoflclid, BRI var2 & 72 Y, fun-a 24 L T var3 i

WER G 2 X bIT var3 1T fun-b 24 L T varb ICHEET 3
L&%TL“CWZ) &2 L7 7 7 Cl, var2 L varb B X
U vard & varb DOBIRIEICELDFED b v b 03, ZBEIKE
77 7B 2BRIEIEN -, BRFES 7 7 & LTI
K Ihrnwz Lichkhd,

4. tR3E
AT, 2.1 HiCm L 72 LB %%%wr RE
FLEDOBENEIC O W CTRREE L 7245 5 % i~

4, 1 mEEI*M'é“

EWCRET IRENBARIIEELRARTH 5208, £
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i i
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x5 NET—LOHE

PSE ]
Y—RE—%

TREH HET — % ()

. FilmFeedMain.Trq (%)
U Ik
;EEI o FilmFeedMain | FilmFeedMain.Vel (mm/s)
FilmFeedMain.Pos (mm)
o FilmFeedSub.Trq (%)
L Lk
;EE; i FilmFeedSub | FilmFeedSub.Vel (mm/s)
FilmFeedSub.Pos (mm)
ProductFeed.Trq (%)
OV RTih ProductFeed | ProductFeed.Vel (mm/s)
ProductFeed.Pos (mm)
.. TopSeal.Trq (%)
v T =L
;;3 i TopSeal TopSeal.Vel (mm/s)
TopSeal.Pos (mm)
A8 % VirtualMaster | &L

ZORTEH, BEHEEHEKT 29 —FE—2ITx L T,
HlfH 7' 1 7" 7 L O REEL & INE & N B HilfH T — 2 TG
fFFCws, 7 e 277 L oxRE R T RIIIHIEH o
RARELZ B L C\v 5, fillffl7 — %%, PLC 25 DIF4IC
BRELCH—KRE—-ZZHHT 29 —KREIF4 ND7 14 —
Foy 7{ECcH s b (Trq), HE (Vel), fiiiE (Pos)
TR XS, b, PAZIZEKRIALZZ100% & L=
LEDOIETRING, KT — 2 DHATIXE L 2 25,
BAFTHLMEEL 2T 7 % ERKICiZ MIC 24 L T
Waizo, FHLIEARELE RS,

4.2 WREHER
33HNTR L FECTERINAERIRE 77 7 2K 11
IR,

B_RotaryKnife

B_FilmFeed

X 11

EHURES T 7

26 . BRI 7 0 b & TRCRITE 05 FB
BT BEBENIEH T L 0T 5.

*6 IREBICEELALAEHEDODFE

=93

=

52 5EH

BRI HEH

7 — 7 ALIRE FB_ProductFeeding

VirtualMaster ({RA8%H)

ProductFeed (2>~ 77 &)

22— —I)LTHR | FB_FilmFeed

VirtualMaster (fiA8%)
ProductFeed (2>~ 7#h)
FilmFeedMain (7 1 JL LiffXEh 1)
FilmFeedSub (7 1 JL L¥%iXEH 2)

FilmFeedMain (7 1 JU Lifkeh 1)
FilmFeedSub (7 1 JL L¥&iXEH 2)

TV Ry —LITHE FB_RotaryKnife

VirtualMaster ({RA8#H)
ProductFeed (2> ~R778H)

TopSeal (b 7> —ILEh)
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R I NMHAERETINZER T IORT,

FilmFeedMain, ProductFeed, TopSeal, FilmFeedSub ® 4
TONZE (Pos) A3 BARME (095 F) 2L Twa,
T WEERE YT — 7 Wk ProductFeed 7> & fi7 i % [A]
HEL T nwBz0TdHs, ZDFEED S, FilmFeedMain,
ProductFeed, TopSeal, FilmFeedSub 4= C ® {if & 1%, 11

W 71 75 LENT & 7 — 8 I OMAIC X 2 B R OZERRE T ORSE

DERIKIF 27 7 D LR TH % ProductFeed D A7 1< HEH)
AL T 5,

FkRIC, Rah&WERR 1 ICoWT, 34Hiicpn Ik
FECHEE S N HAERBETIO2ES% R 8 ITRT,

INODOFE» L, LEWEE 032 & LT, HEZil
T 7RER LD DR 12 ICRT, BEIKES S 7L
BT 2701, Pz EoBEEFT Yy JEICEET S
KILLLTW3, 2DZI 700, FdOMEY A7 EERE
ProductFeed ICEF L TERL 72D D %KX 13 IZ/RT,

Trq

FilmFeed 0.99

KT BRRT—2hoEmRL-HEEIBRETH
FilmFeedMain

Vel
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ProductFeed

Trg
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Vel
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Trq
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Vel
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FilmFeedSub

Trq
0.03

Vel
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Pos

Main 0.42

0.99

0.04

0.03

0.03

0.04

0.03

0.04

0.04

0.03

0.03

0.04

0.07

0.04

0.99

0.07

0.03

0.96

0.61

0.90

0.96

0.10

0.05

0.96

0.03

0.03

0.07

1.00

0.41

0.08

0.05

0.05

0.07

0.03

0.03

0.07

0.03

0.03

0.03

0.41

1.00

0.04

0.04

0.03

0.04

0.03

0.03

0.03

0.07

0.04

0.96

0.08

0.04

1.00

0.60

0.92

0.99

0.11

0.04

0.96

0.04

0.03

0.61

0.05

0.04

0.60

1.00

0.19

0.59

0.05

0.03

0.61

0.08

0.04

0.90

0.05

0.03

0.92

0.19

0.99

0.97

0.11

0.05

0.90

0.07

0.04

0.96

0.07

0.04

0.99

0.59

0.97

1.00

0.10

0.05

0.96

FilmFeed 0.03

0.03

0.10

0.03

0.03

0.11

0.05

0.11

0.10

1.00

0.45

0.10

Sub 0.03

0.03

0.05

0.03

0.03

0.04

0.03

0.05

0.05

0.45

0.99

0.05

0.07

0.04

0.96

0.07

0.03

0.96

0.61

0.90

0.96

0.10

0.05

0.99

Trq
FilmFeed

%8 RMmEOEARR1OHEEBERETIDOE
FilmFeedMain

Vel
0.03

ProductFeed

Pos | Trq

0.00

0.00

Vel
0.00

Pos | Trq

0.00

0.00

TopSeal

Vel
0.00

éj\

FilmFeedSub

Pos | Trq

0.00

0.02

Vel
0.00

Pos

0.00

Main 0.03

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.02

0.00

0.00

0.01

0.00

0.00

0.37

0.12

0.00

Product 0.00

0.00

0.02

0.00

0.02

0.02

0.01

0.01

0.02

0.01

0.01

0.02

Feed 0.00

0.00

0.00

0.02

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.00

0.01

0.01

0.01

0.35

0.10

0.00

0.00

TopSeal

0.00

0.01

0.01

0.00

0.01

0.00

0.01

0.01

0.07

0.02

0.00

0.00

0.00

0.00

0.01

0.00

0.01

0.01

0.00

0.01

0.20

0.07

0.01

0.00

0.00

0.00

0.02

0.00

0.01

0.01

0.01

0.01

0.36

0.11

0.01

FilmFeed 0.02

0.00

0.37

0.01

0.00

0.35

0.07

0.20

0.36

0.00

0.15

0.36

Sub 0.00

0.00

0.12

0.01

0.00

0.10

0.02

0.07

0.11

0.15

0.00

0.11

0.00

0.00

0.00

0.02

0.00

0.00

0.00

0.01

0.01

0.36

0.11

0.00
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TETR 1 OBEERT T 7

ProductFeed
A Pos

Trq y
FilmFeedSub

MEFRREENL-QERTR 1 OBEELSF 7

X 13

%I, 35 fiICR L e FIECER S NAZBRRE S 7
7 %X 14 1R T,

VirtualMaster
B_ProductFeeding
\FB_RotaryKnife

B_FilmFeed

X 14

TEAR 1 DERFBES 7 7

CORER, V= 7 Wk TR % 9 ProductFeed D7 iE E
WK TH S &L, BHTH Sz v XTHfEE AL
T2 BB,

Rz, FREDFIECTERINAZTERR 2 1C0 4 3 ERH
WEsr o 7 %K 15 1R,

B_ProductFeeding
B_RotaryKnife

B_FilmFeed

X 15

AETR 2 DERBES 77

FERMEEHT & L T, ProductFeed @ fif i 7% FilmFeedMain/
Sub DEEICEE L5 2 5 b D &, FilmFeedMain/Sub O i#
FEOBHR MDD 2 WERBEE I NS,

CORRENIZ, 74 NVLDWITTH Y. 7 4 L L%
fih1 & 2 T3 % FilmFeedMain/Sub o 3% FF BEHRAME D i 4113 5
HEeBHLTCwb, REFEOERFEMEICOVWT, &£
QiIcE w3,

Ihid, RACRLEARAR L ERIC, REFE LR
RFEIC X D ERFFERRZETLL 72D TH 5,

RERFECIE, BELRR LICOWTITHGRRE Y R
BEE L., BELRH 2ICOWT IRERERZ 2 0% TEY
At ke, ERTE TR, 2.3 i & MARIC Ran-
domForest DEEEIC X W EH XNz FL3 >DFE L.
AFDOERICEE Y T 2 HMEOEEE # ML Tw5b, fE
RFECHE I N HFHEOEEE T, Ak RO
HOBHE LKL TRWVWEE > Tk, EHRFEL L
TIHWEY) Tl R\ Z 2399 5,

®9 REFEOERFERR

REFECLIHEERBER

MEFEICL DERFERER ERE

BETRBL| 7T—/uBTH AV RTEUE 74V LEE 2 FLo (BERE) | 0.154
(A RTHEUE) 7 4L LR 2 EE (\K) 0.137

by Fo—n#biLy (8N 0.081

aIVRTEUE (BERE) 0.007

QERE 2| 74 ILLIEIT AVRTEUE T AN LREE L FLy (FE) 0.169
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A Case Study of Real-time Screw Tightening Anomaly
Detection by Machine Learning Using Real-time
Processable Features

SAKAMOTO Yuki, NAKAMURA Yoshiyuki and SUGIOKA Masayuki

The replacement of human work with Al has been promoted in recent years because the labor shortage in the
manufacturing industry has become remarkable". Especially anomaly detection by Al image inspection has come
to be used. On the other hand, image inspection cannot detect abnormalities such as insufficient axial force in
screw tightening due to the lack of difference in appearance. In this paper, we propose a method to detect screw
tightening bottoming defects in real time as like workers feels the difference during tightening by using the data
collected from the AC servo system during the operation. Anomalies should be detected in rea time, at least until
next work is started to reduce unnecessary process in factory. To achieve that, our proposed method uses Omron’s
Al machine automation controller”>. Experimental results show our proposed method is effective even for

0.04mm bottoming defects which are difficult to detect by conventional methods.
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Partial Discharge Voltage Prediction in Printed Wiring
Boards and Their Expansion to High Frequency

HAKATA Tomoyuki and SATO Hiroshi

With the recent increase in frequency and power of power conversion equipment, the risk of dielectric breakdown
in multilayer printed wiring boards is increasing. In order to respond to risks, a technology for predicting the
partial discharge generation site and partial discharge start voltage, including support for the high frequency
range, has been desired.

Conventionally, for simple shapes such as twisted pairs of enameled wires and sphere electrodes, the partial
discharge start voltage has been predicted from electric field CAE analysis and theory. However, there was no
predictive technology involving printed wiring boards, especially in the high-frequency region.

In this paper, assuming a multilayer printed wiring board, we investigated the prediction technique of partial
discharge phenomena between the upper and lower copper traces with the insulating layer in between, especially
in the high-frequency region (including the MHz band).

Clarification of the partial discharge start voltage and discharge site by electric field CAE analysis and
discharge theory, and actual measurement evaluation showed that the partial discharge start voltage in the high-

frequency region can be derived by adding a frequency-dependent correction factor. As a result, it became

possible to predict the partial discharge start voltage up to 5 MHz with 30% accuracy.
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Study of Analysis Method for Conducted Noise Caused
by High Frequency Leakage Current for Servo Drive
Systems

HAMANA Kentaro, TOKUSAKI Hiroyuki and UEMATSU Takeshi

The declining working population and the energy saving of production sites for decarbonization have become
major social issues. Toward this end, methods to effectively utilize the regenerative power of motors have been
proposed, and DC powering of servo drives is expected to achieve this. On the other hand, compared to the current
mainstream AC-powered systems, DC-powered servo drive systems tend to cause noise generated by one servo
drive to be circulated to other servo drives, which raises concerns about malfunctioning problems. In particular,
conducted noise caused by high-frequency leakage current from the shielded cable between the servo drive and the
motor is a problem. Since this conducted noise is a factor that prolongs the product development period of servo
drives, an analysis method that can study solutions upstream of the development process is needed.

In this paper, we investigate a conducted noise analysis method that can evaluate the effects of high-frequency
leakage current from shielded cables on the power system and other equipment in an AC power supply system,
with a view to future DC power supply systems, in order to shorten the development period of servo drives.
Using this method, the phenomenon of conducted noise was reproduced for a servo drive system when the cable

length and number of axes of the shielded cable were changed.
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High-speed Inspection Technology by Continuous
Movement between Fields of View of Automated
CT-type X-ray Inspection System

SHICHIRO Makoto

In order to inspect the solder joints of invisible components on increasingly sophisticated automotive electronic
circuit boards, we have been providing automated X-ray inspection systems using the CT method. However, our
conventional technology, VT-X750-V1/V2 with continuous image capture control, repeatedly stopped and moved
the image capture system stage when moving it to the field of view to be inspected, resulting in a loss of acceler-
ation and braking time. To solve this problem, we developed a technology to eliminate this loss by performing
acceleration and braking during the movement between fields of view and not stopping at the connection between
the movement between fields of view and continuous image capture. As a result, the series of inspection move-
ments can now be performed in a stroke-like motion, thus realizing faster CT inspections. With this technology,
the new VT-X750-V3 achieves an inspection speed 1.5 times faster than the previous model, enabling high-speed
inspection that keeps pace with the evolution of customer boards. This paper introduces the latest technology in
OMRON’s X-ray automated inspection systems that has greatly contributed to the higher speed.
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High Resolution Coaxial Displacement Sensor Using
Small Diameter Fiber for Thickness Measurement

HAYAKAWA Masayuki, KIMURA Kazuya, FUJIWARA Naoki and MORINO Hisayasu

In in-line thickness inspection of glass and film for displays, there is a need for a sensor that is easy to adjust
during installation and can stably measure even when tilted due to fluttering or wrinkling during transport. A
fiber coaxial displacement sensor based on the chromatic confocal method has been released which replaces
the triangulation distance measurement method that has been the mainstay of displacement sensors. The fiber
coaxial displacement sensor is resistant to inclination on glossy surfaces, which has been a problem in the past.
However, in order to measure the thickness as thin as a film with a coaxial displacement sensor, it was necessary
to reduce the core diameter of the fiber inside the sensor, but this was problematic due to a decrease in light
intensity and high wavelength dependence at the fiber coupler. Therefore, we utilized a laser-pumped light
source and optical filter coupler for visible range to realize measurement of a transparent film as thin as 15 um.
This coaxial displacement sensor with improved thickness resolution is expected to reduce the time and effort
required for installation and adjustment in in-line thickness inspection, and to ensure stable measurement during

transport.
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Multi-pulse Fiber Laser Technology That Realizes Deep
Marking on Metal
YOSHITAKE Naoki and YOKOI Tadamasa

Recently, social interest in safety and security has increased, and in addition to quality improvement that does not
bring defective products to the market, traceability to manage target parts and manufacturing process is important
to enable quick identification when defects occur. In addition, mainly in the automobile industry, problems such
as unreadable marking due to post-processes such as heat/polishing and painting after marking on metal objects
have become apparent. Laser marking requires a means to achieve a deeper marking process in a short time that
does not disappear even after post-processing. Therefore, we aim to obtain the pulse energy and laser average
output required for deeper marking on metal and use a MOPA (Master Oscillator and Power Amplifier) fiber laser
with multi-pulse and input signal control technology. As a result, we achieved a high laser average output (20W
at 50kHz) below the peak power where stimulated Raman scattering (SRS), which causes deterioration of beam
quality, does not occur. In addition, it was confirmed that the laser marking system using this technology can
obtain about 25 times deeper marking on a metal compared to the conventional method while maintaining high

marking quality.
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High-speed Laser Scanning Technology for 2D Code
with High Readability
ASHIHARA Yoshimitsu

In preparation for responding to a recall when there is a defect in the product, it is required to quickly identify the
recall target. In identifying the target, there is a method of assigning a 2D code that records traceability informa-
tion such as the date of manufacture to the part. Laser marking is one of the ways to assign 2D codes. When per-
forming laser marking, it is necessary to set the laser power and printing speed, but in the printing speed, there is
a trade-off between takt time and printing accuracy, and it is difficult to find an appropriate set value.

In this study, in order to solve this problem, it was confirmed that printing collapse can be eliminated by auto-
matically adding a preliminary operation to the control input. Furthermore, for example, when printing an 8 mm
square 2D code, when the printing speed is set to twice that of the conventional one from 500 mm/s to 1000
mm/s, the printing time is 54% of the conventional one, and it was confirmed that significant high-speed printing
can be performed.
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Dimensional Stabilization by Controlling the
Higher-order Structure of Polyester Polymers
in Electronic Components

IMAIZUMI Toyohiro and OTANI Osamu

In mechanical devices such as relays and switches, polyester-based polymer molded products are used because of
their excellent mechanical/electrical characteristics. On the other hand, it is important to control the dimensions of
the molded product because the dimensions of the polyester-based polymer molded product change due to the
application of heat. In this paper, we have found that coarsening of polymer crystal sizes is effective as a factor
that controls the dimensions of molded products. By heat-treating the polymer in the polyester at a temperature
higher than the temperature at which the phase transition occurs, the crystal size becomes coarse and the shape

change of the molded product can be suppressed. Changes in dimensions and crystal size were clarified by the

amount of linear expansion and X-ray diffraction.
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Prediction of the Characteristics of Flame Retardant
Coagent for Polyester using Deep Learning Technology
and Evaluation of the Retardancy

IMAIZUMI Toyohiro and OTANI Osamu

Using deep learning technology, we searched for an alternative flame retardant coagent to antimony trioxide,
which is a flame retardant aid for polyester resins. Specifically, a deep learning model for physical property
prediction was constructed based on the flame retardancy mechanism, and candidate materials were predicted and
extracted. When the flame retardancy of the molding material using this candidate material was examined, it was
found that it was equivalent to antimony oxide. In addition to flame retardancy, many physical properties such as
strength and fluidity are required for electronic components. However, since we studied an inorganic flame
retardant additive as an alternative to antimony trioxide, we considered that the impact on other physical

properties is considered to be minor, and here we will report only the flame retardancy.
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Establishment and Utilization of Technological
Knowledge Global Sharing System

AKAMATSU Yasuyuki

In OMRON’s factory automation business, engineers around the world provide effective technical solutions to
address customer manufacturing issues, in order to bring more value to customers. For further acceleration, we
have built a system to formalize the technical know-how and to share and to utilize globally, which beforehand,
has remained within individual engineers or within each region. We setup and classified technological knowledge
as the outcome of engineers’ activities, such as technology developments, feasibility studies, verifications, and
operational manuals, in order to lessen the burden of engineers and lead to continuous increase of technological
accumulation. As for the global sharing system, we developed a mechanism for users to access technological
knowledge that they can freely utilize, without the worry of handling of technologies such as export control. The
number of technological knowledge accesses between regions increased 2.8 times from the first month of release
due to this mechanism and the extensive information sharing through the steady increase in technological
knowledge. Furthermore, as the results above, two years after the system release, customer deployment cases have
increased 3.0 times from the initial month of release, which reflects the contribution to customer issue resolutions
and OMRON’s factory automation business.
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Improving Direction Estimation Accuracy of Millimeter-
wave Radar by Suppressing Unnecessary Radiation
from Transmission Lines

OZAWA Hisashi, TANIMOTO Yudai and SAITO Keisuke

Millimeter-wave radars have been drawing interest as a means of contactless sensing of the position of people and
objects, and are expected to be used in a wide range of fields such as automotive, transportation infrastructure,
factory automation (FA) and healthcare. In order for radars to correctly detect the position of the targets, it is nec-
essary to estimate the direction-of-arrival of the radio waves with high accuracy. When radio waves are radiated
from parts other than the antennas, such as transmission lines, the accuracy of estimating the direction-of-arrival
decreases. Therefore, we introduce substrate-integrated waveguides (SIWs) in which the electromagnetic field
propagates inside the substrate layer instead of the conventional transmission line formed on the surface of the
substrate. Then, we investigated the suppression of unnecessary radiation and the improvement of the accuracy of
the direction-of-arrival of radio waves.

In this paper, we use electromagnetic field simulations to show the effect of suppressing unwanted radiation,
and show that the error in direction-of-arrival estimation is improved from the conventional 4.1° to 1.2°. This

result is effective in providing millimeter-wave sensing that detects the position of targets with high accuracy.
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Soft continuum arms have significant potential for use in various appli-
cations due to their extremely high degrees of freedom. For example,
these soft arms can be used for grasping and manipulating fragile materi-
als in the deep sea or carrying a human to rescue in unstructured envi-
ronments. However, in these situations, the environment is often dark and
visual cues are not always usable. Therefore, these arms must estimate
their pose from proprioceptive sensors to control their behavior and
execute their tasks in dark places. Estimating the pose in a dynamic situ-
ation is still challenging because of the arms’ high dimensionality and the
complex structural changes in the body shape. Therefore, this study dem-
onstrates a novel method for estimating the pose of proprioceptive bend-
ing sensors using recurrent neural networks (RNNs). In particular, an
RNN framework known as deep reservoir computing was used for this
purpose. Results from experiments using an octopus-inspired soft robotic
arm clearly indicate that the proposed method significantly outperforms
existing methods using long short-term memory models or linear models.
We expect that our proposed method will enable behavioral control of
these arms in dark places such as the deep sea, space, and inside the
human body in future applications.
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Although industrial robotic arms are equipped with external cables to
supply electricity, gases, or other materials, cable path design is a difficult
and demanding task. Herein, an efficient optimization method is proposed
for automating cable path design under the assumption that the robot
motion path is known. The contribution of this study was to reduce the
considerable computation time required for the optimization, which was
a concern in our previous work. The previous method represented candi-
dates for cable paths as a set of parameter vectors (PVs) that included
cable length and guide configurations, and then selected the optimal PV
that satisfies stress constraints and provided the shortest cable path. The
proposed method extracted critical poses, i.e., several static robot poses
that are prone to applying stress to the cable, from the joint angle time
series of the motion path, and then performed attachment and motion
tests. The cable geometry for the static critical poses was simulated in the
attachment test, while the geometry for dynamic robot motion was simu-
lated in the motion test in an ascending order of the cable length among
the PV candidates. Experimental results showed that the computation
time for cable path optimization could be significantly reduced.
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Cable-path optimization method for industrial
robot arms
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turing, 20224, Elsevier, Vol.73. p.102245,

HeSE
Ci=]

The production line engineer’s task of designing the external path for
cables feeding electricity, air, and other resources to robot arms is a
labor-intensive one. As the motions of robot arms are complex, the
manual task of designing their cable path is a time-consuming and
continuous trial-and-error process. Herein, we propose an automatic
optimization method for planning the cable paths for industrial robot
arms. The proposed method applies current physics simulation techniques
for reducing the person-hours involved in cable path design. Our method
yields an optimal parameter vector (PV) that specifies the cable length
and cable-guide configuration via filtering the candidate PV set through a
cable-geometry simulation based on the mass-spring model. The proposed
method offers two key features: 1) Increased computational efficiency via
an optimization procedure that separates the entire cable into the cable
segments. In the proposed method, the entire cable is segmented at the
positions of the cable guides into several separate cable segments, and
the PVs of the cable segments that satisfy the constraints of collision,
stretch, and curvature radius are filtered into the local optimal PV set.
The global optimal PV is obtained by finding the combination of the local
optimal PVs which have the same guide configuration between the
adjacent cable segments and have minimal total length of the adjacent
cable segments. 2) Robustness to external disturbances, such as
fluctuation in the physical properties of the cables and the accuracy of
manually attaching the cables. The PVs of the local optimal PV sets are
required to satisfy the above constraints, even if the cable length changes
in the predefined range, which ensures the robustness of the obtained
cable path. To verify the validity of the proposed method, we obtain the
global optimal PVs by applying the method to several pick-and-place
motions of a six-axis vertical articulated robot arm in our simulations and
implement the cable paths on an actual robot arm based on the obtained
PVs. Our results indicate that the proposed method can aid line engineers
to efficiently design the cable paths along robot arms.

Copyright 2022 Elsevier, All rights reserved.
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In this study, we partially reannotate conventional benchmark datasets
for object detection and check whether there is performance improve-
ment/drop compared with the original annotations. Recent studies on the
annotation qualities of ImageNet for image classification revealed some
issues of how to associate only a single label to each image accurately.
Object detection, on the other hand, should have other nontrivial issues
because there are multiple objects in a single image, and realizing consis-
tency among bounding boxes is challenging. A team of professional anno-
tators was formed for MS COCO and Google Open Images datasets. To
realize highly-consistent annotations, we prepared carefully designed
guidelines for each category and selected quality inspectors who checked
the annotation quality of each annotator. Finally, we applied conventional
object detection methods for reannotated parts of each dataset. We found
mixed results: whether the performance dropped or improved depended
on each category and dataset.
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Prioritized Safe Interval Path Planning for Multi-
Agent Pathfinding With Continuous Time on 2D
Roadmaps
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We address a challenging multi-agent pathfinding (MAPF) problem for
hundreds of agents moving on a 2D roadmap with continuous time. We
propose Prioritized Safe-Interval Path Planning with Continuous-Time
Conflicts (PSIPP/CTC) that extends a scalable prioritized planning algo-
rithm to work on the 2D roadmap and continuous-time setup by alleviat-
ing intensive collision checks. Our approach involves a novel concept
named Continuous-Time Conflict (CTC), which describes a pair among
vertices and edges associated with continuous-time intervals within which
collisions can happen between agents. We pre-compute CTCs using geo-
metric neighbor-search and sweeping techniques and annotate roadmaps
with the CTCs just once before planning starts. Doing so allows us to
efficiently enumerate collision-free time intervals for all vertices and edges
and find each agent’s path with continuous time in prioritized planning.
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