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Study on Automatic Optimization of Image Processing for Visual Inspection

Hhg ik HH SRR HAT
NAKASHIMA Ken TANAKA Tomonobu KANAMORI Naoki
Per R ik EN )
SASAKI Katsuhiro HONBO Eiji

Abstract
In the manufacturing industry, visual inspection using camera images is actively conducted. The image

processing program used for visual inspection is created by trial and error by some engineers who have knowledge

and experience in the field. Therefore, if a false detection occurs while the production line is in operation, it is necessary

to correct or adjust the program immediately, which places a heavy burden on the engineer. It is necessary for workers

with no experience in image processing to be able to create and adjust image processing programs. In this research,

we examined methods of automatically generating image processing procedures and parameters simply by presenting

non-defective images and defective images in image processing for visual inspection. We search for better image

processing procedures and parameters using a genetic algorithm, one of the evolutionary algorithms. In executing the

algorithm, it was carefully considered that the created image processing program would be used on actual production

lines. The devised program generation method was applied to appearance inspection cases of precision machined

parts and electronic boards, and its effectiveness was confirmed.
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Fig.3 Block diagram representation of image processing procedure.
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Fig.7 Image of mutation.
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(b) After mutation (when only the parameter changes). Fig.10 Example of crossover.
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Fig.13 Example of appearance defect on piston pin (grinding uneveness).

14 EXRUEL D BSEEA]
Fig.14 Example of good product image example of piston pin.
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Table 1 Available image processing functions (grinding uneveness).
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Fig.15 Results of automatically generating image processing procedure
(grinding uneveness).
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Fig.16 Output image for appearance defect image (grinding uneveness).
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Fig.17 Output image for good product image (grinding uneveness).
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Fig.18 mask image (grinding uneveness).
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(@) 10th generation.
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(b) 20th generation.
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Fig.19 Output image for appearance defect image (grinding uneveness).
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Fig.20 Example of appearance defect on piston pin (spiral scratch).
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Fig.21 mask image (spiral scratch).
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Table 2 Available image processing functions (spiral scratch).
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Fig.22 Results of automatically generating image processing procedure
(spiral scratch).
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Fig.23 Output image for appearance defect image (spiral scratch).
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(a) Example of appearance defect image.
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(b) Example of good product image.
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Fig.24 Inspection of missing jumper wires on electronic boards.
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Table 3 Available image processing functions (Visual inspection for

jumper wires).
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(a) Example where jumper wire exists only on the lower side.
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(b) Example where jumper wire exists only on the upper side.
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(c) Example where jumper wires exist on both sides.
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(d) Example of no jumper wires on both sides.
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Fig.25 Inputimage and mask image for jumper wire inspection.
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(a) TRIDHD v \$RHFIET S
(@) Example where jumper wire exists only on the lower side.

(b) EBIDIHZ s ERDEFTET S5
(b) Example where jumper wire exists only on the upper side.
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(c) Example where jumper wires exist on both sides.

(d) MflEt v ERMFEELLL VI
(d) Example of no jumper wires on both sides.
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Fig.26 Output image for jumper line presence / absence judgment (left:
3rd generation, right: 30th generation).
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Fig.27 Results of automatically generating image processing procedure
(Visual inspection for jumper wires).
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The Activity Recognition and Multi Agent Simulation for Production Sites

Kb Fi# = ARk mA
OOKAMI Yoshiki MINABFE Kaori IWAMOTO Takeshi
Abstract

The expectation for smart factories has grown by the idea of Industry 4.0. Small and medium-sized companies

have promoted "visualization" of production sites, for example, systems monitoring the status of production in

real-time have become popular. On the other hand, especially in small and medium-sized companies manufacturing

processes by humans and machines are still mixed, and most of the human manufacturing processes have not yet

been digitized. In this study, we focused on the manufacturing processes by human and examined two problems

"standardization" and "optimization". In "standardization", we perform activity recognitions of the worker to identify

which process is doing and whether there are any deviations from standard work. In "optimization", we simulate the

production site by using software agents of each worker, machine and product, and find suitable people and the best

machine conditions.
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Fig.2 The acceleration and gyro data of wrapping.
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Table 1 The evaluation of cluster classification.
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Fig4 Three processes acceleration data within cluster No.3.
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Fia.5 The list of condition for process classification.
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Fig.6 The tree diagram of evaluation samples.
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Abstract

In recent years, with the spread of mobile electronic devices and electric vehicles, demand for higher performance of
secondary battery has been increasing. Materials are being developed to improve the performance of secondary
battery. In particular, secondary batteries using lithium-ion conductive solid electrolyte that do not use an electrolytic
solution have a low risk of ignition. In addition, the characteristics do not deteriorate due to the decomposition products
of the electrolyte. Therefore, there is a possibility that both improvement of energy density and securing of reliability can
be achieved. Among them, thin-film secondary battery having thinned layers are flexible and lightweight. So, the aim of
this study was to develop a flexible thin-film secondary battery with forming thin-film layers at low temperature by a
vacuum deposition method. This year, we focused on the cathode thin-film and analyzed its structure. Subsequently,

the characteristics of thin-film secondary battery were evaluated. In this paper, the deposition condition (sputtering

temperature) of cathode thin-film and the discharge characteristic of flexible thin-film secondary battery are reported.
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Fig.7 Discharge characteristics of LCO electrode.
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Table.1 Discharge capacity of LCO electrode by heating substrate.
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Fig.8 Discharge characteristics of LCO electrode.
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Table.2 Discharge capacity of LCO electrode by sputtering time.
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Fig.10 Thickness direction composition analysis of LCO/Ti thin layer.
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Research on Product Evaluation Technology Using Remote Monitoring System

/IR TR HiE W o B2 e 22 Rl
KOBAYASHI Kanji ~ YOSHIZAWA Akira ~ TSURITANI Hiroyuki  SASAKI Katsuhiro
B EHik el Flz B fE

TSUKAMOTO Yoshitoshi SAYAMA Toshihiko SEKIGUCHI Noriaki
Abstract

At the development of electronic devices and components, thermal cycle tests are widely performed to evaluate
the reliability. In the actual tests, it is usual to take the products out of the thermal chambers and evaluate the
structural integrity at the end of the test or every few hundred cycles internals. However, this procedure can only
discretely detect the product failure and has the problem of performing unnecessary thermal cycles before product
removal. On the other hand, in order to respond to the spread of 10T in recent years, Toyama Industrial Technology
Research and Development Center has developed a test equipment remote monitoring system, which connects
environmental testing chambers to the Internet, and makes it accessible from the outside. In this research, this
system is used to improve the efficiency of the environmental testing, so that the structural integrity is evaluated
remotely and continuously from the outside without removing the specimens from the thermal chamber. Using DC
switching regulators as specimen, a measuring system that can remotely evaluate the structural integrity of the
specimens was constructed, and then the system actually operated properly. Additionally, in order to increase the
efficiency of the environmental tests, the testing method has been improved so that multiple specimens can be tested
simultaneously in a certain temperature range. As a result, the average number of remaining cycles was reduced by
76.8% compared to the case when the evaluation was performed at intervals of 100 cycles. In addition, by constantly
monitoring the operation status of the specimens, it was found that input / output power ratio rapidly decreased in a
very short time when the damage occurred.
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Fig.13 CT images of the solder joint in a broken specimen.
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Abstract

Topology optimization is an excellent design method that has the potential to create highly flexible shapes composed of
many holes and connections, unlike dimension or shape optimization. However, there are also problems that it is difficult to
materialize by molding and machining, or that the shape cannot be realized as a structure. In this study, a practical CAE
design process was proposed, examined, and verified the effectiveness in order to apply the highly flexible design using
topology optimization to resin molded products by injection molding. Taking a chair as an example of a general structure, the
following processes were implemented and examined: (1) search for topology-optimized shapes by minimizing mean
compliance under volume restrictions, (2) conversion to 3D-CAD data for easy design change, and (3) shape design
considering resin moldability such as shell structure. The final shape was converted into a solid using a 3D printer, and then

the compliance was verified by static loading tests, and the strength of the structure was verified by faracture tests and

structural analyses.

As a result, it is concluded that this study has established a general design method that enables the

introduction of topology optimization into the design process of resin molded products.

1. #8

Bds - MEM OGN T, PEREMI 72 HONTIERE A 2 L
7o ECOBRBMITREELIVETH 5, XFHE OR) & RBRICHE-S<
RATEHRAC L DRERE Tl ZRBEE & a2 R 3 0 |
Te K7 EREIn b b REE A5 2, 20728, BFFHE % VT,
B2 bR N CTRIEZR IR & 3R G2 HFIENBRFE & T
7=, hARvU—E#EfkiE, CAE (Computer Aided Engineering)
R, BEIORHEZGT AT T, Sl e n B E S
DERGE L TIEOOE D THD V., fEROHE, ROFG#E( L
JrELIERRY . MR D LIRDH DRI E. BHE
DEV LA FTRE Td D728, MEERRFH DRIV NEH S HIRE
INTNWD, LinL, bR P—EEkic X > TR HNTIZIRIE,
RN L DRGEEN BB SN TN RNEDTH Y | E7AE
DS DIMIEIRNZ R L CHI THEgaZesa b o v . HTBIRE Z
DFEFFMB~EATHZ LITRFETHD L2 D, £ T THAF
ETCIEL, — ARSI LT, MR e U — Rk A TE
MU= ERRZRR G REE M LT 5 Z L A Ry E Lo, ABET
i, BalbRREIOXIR E L T2 L V&I, £9°. bARro—
i IS J OREMRAT 2 I CRaEIIROBRR 21T o 7o, T DRR,
i 1-00 B AR TZE-KS (J1S) OITARE SN A FHIAMSEE TRV T,

FTREZZPR D B\ I & iR b A BT D Z L & B L Uiz, WIZ,
BHNT- bR C—EE LR 3D-CAD 5 U 7 Z4T0, Hif
NERTATE L7 TAREREHI WO THET R N2 T2, BRI Sh
TS RE LT UK L, ERREEEAT O 720, BEEE
g A A C 3D FRMLEI TV, R ATTRERE & I L7,

2. BEEREIEIZDLNT
<2. 1> Wit  boofiE

g b, BFRRIUC IS X | SO RER TR 2R
WOLIFEGTH Y, BRIEEDO G2 H L - T, Hkhaifb,
R b, BEOMRe O—FaEbic KBS 5, X112, ik
o WEO SRR, £7. NEREkE, mICRS, Wim
FREEEDO~IEE B a3 A S L Ui b2 R Z &z &
V. REEERS HIETH D, KIT, TIREEbIE, #Em o
BMIE 332 L L, TORKE LIAVERIROBE) & ZEFIC
L0 FolEiE AR5 FETH D, Bthlc, MR e O—EaE ki,
TSR LI & ol e B ORI L R 2. TGS
TR BT, MEIOREEZ RO 2 HIETH D, RO
AEETH Y | b HHEOR WEERME(LTETH D LV D,



Hl H2

EREEERL 5T
st

0 1A
HERL

u 2

TiERibit

AR HHOH =Rk

1 BERE AN

Fig.1 Classification of structure optimization methods.

<2. 2> MG ROE ORI

SHEREGIE, STE ST A —Z OFRPIO T T LML 21T %
2NOT, 3 FEOFTIE—FBHEII NSNSV R D, TEIREK
WL, M OHERE R TR T E2HFHELE LTS b
THHND, TPREEZLSBRVHIA T, FEMYOIRO RS
{EZATH T2DDOFEE LTHOW BN, —FH T, bR Y—id#
fbid, Beb B HED S B EFETIED D W2 203, [BRER
BV OND D, BIZIE, FFERNTORBELZIRTH D720
ﬁm%@%%ﬁl Ixt U CHEI R G o 2 AR b, F

. BIRRIERARE LI, HTBIROEE TIEERIC LS
FEE 2 BEL TR0 T, R TERWERTHD &
IMREEN DD, E5IT, bRa YR, #EEREHTE
ERAUITEIF LTV D, 20720, FIRIRMERGIERE L, fif
Z HIIBEE & U, AT fil4ett: & 3 2 DN\ Ci bl a3 &
LD, FO—RRITIEIOWTHE D iFEm S TN
DINBIRTH 2,

3. BB ROREILAEDIRE
<3.1> bR v U—Foif bOEhri:

RN = = ol s SR RS 3 T [ ¥ SENON AN ol | oFend = ' PRGN
RDBH DGR ED B REDEmWRELAFRETH 5720, Zi
FCIARVMEN TSR E A CE 2 FTREM AT 5, BIEE R
VIR & FTREE T 5 M CTh D720, MRr U—ik
WIS A1 B 5 2 L T, SARHREZ AT BN
TSR E L CORBBRAIT) 2N TEDHEEZBND,

<3. 2> KRR O EaE LR ik

2 BO MR U bOMBER Tk~ L, hARRrY

—haEfbiZ Ko CHI) Shcigik A 2 o % R ~EAT 5 2
SITHELWEADRZ A, BlAE, BRSO ROSE. T A —h
NEORIEEZ B L CORWIR, $2DWNE, BRI 4

LIEIRB A SN2 FORMER H 5, £ 2 C, MigHRET v
OB 7T a A% WML T, MRao—E & BB IR
DX 0T, ERNRBGEHTHERML T2 2 L2 EEE 5, X

I AFRICBWTHRET 2RE 7T et A0 7 0 —[E7RT,
FTD/~WﬁMTmﬁéﬂtﬁh IxtL, BB Z D ATz
JERIZT D 72012, WL oD 7T ae AT TR EITH Z &
E LT, @it etRiE, O bR e U—EalE bR o%R, @
3D-CAD €7V 7, QREEMZERGT. 36 L 0@3D FEHkIZ
DRFEE D 4 DO TFHT L~ TR & D,

(DI-'I“’D S—mR{LBEROER

[
BARHE RIS
SR H WDETY

@SDifﬂtl-—J:éﬁ.i

X2 #iigER RO ERNLESEELREDOTOER

Fig.2 A practical optimization design process for resin molded products.
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Table .1 Comparison of equivalent stresses obtained under
different conditions of volume fractions.

AREHIRISRAE FHEI5J)) (WPa)
20. 0% L2
7.5% 16.6
5. 0% 59. 1
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Table .2 Comparison of equivalent stresses obtained under
different loading conditions.

ESM FHMISA (MPa)
YRS 9.8
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b: B 2000 N/& b 7241410 N 21.9
c: FETE% D HREITFIZ 376 N 13.4
d: FEmE{IEA> 5 300 N 10.2
&3 3D-CAD ET IMERFUVBLELERET ILEIZLHBAEN
DEKEDEL

Table .3 Comparison of equivalent stresses obtained by the 3D-CAD
modeling and the model considering resin moldability.

FHYISS) (MPa)
frESHF 3D—CAD Bl
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d: EEHIRIE D> 5 300 N 9.9 13.3
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Fig .10 Comparisons of some optimization models in a practical optimization

design process; (a)direct shape of topology optimization,
(b) 3D-CAD model, and (c)model considered for resin moldability.
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Table .4 Comparison of mean compliances among some optimization
models in a practical optimization resign process.
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Fig.11 Example of materialization by 3D printing from (a)the 3D-CAD model

and (b)the model considered for resin moldability.
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Fig .12 Overview of static loading test of the seat.
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Table .5 Comparison of measured displacement by the loading

test and analytical displacement at the same point.
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(1100N) 1.10 1.03
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Table .6 Results of fracture static tests.
" BT ERE
TIESMF IR OEH () BARAE ()
HEER 14. 56 6342.9
M BEHEETET L 10.18 3896. 0
Forn 3D-CADEFY v 19.14 655. 2
- BEEEET T L 18.27 673.8
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Fig .13 Comparison of cracking by the fracture test and the corresponding
analysis result in the model considered for resin moldability:

(a) cracking under the seat, (b) the corresponding analysis result.
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