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Development of Automated Visual Inspection for Agricultural Products
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Abstract

The food manufacturing industry is a key industry, accounting for approximately 40% of Hokkaido s
manufacturing industry. However, because its raw materials are agricultural products that vary in size
and shape, most incoming inspections rely on visual and manual inspection by workers. Therefore, food
manufacturing plants are often labor-intensive forms of work and have been greatly affected by the recent
worker shortage, making it desirable to improve productivity.

In this study, we developed an Al-based automated quality inspection method for agricultural products,
alming to streamline the visual inspection process and reduce labor requirements during the incoming
inspection stage. Furthermore, we developed a device capable of automatically monitoring production
management data, and implemented an IoT-based system to facilitate information sharing. These
initiatives contribute to labor-saving and operational efficiency improvement in food manufacturing
facilities.

KEY-WORDS : Agricultural products, Al, Visual Inspection
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Abstract

A shortage of workforce due to decreasing working age population have been getting severe in recent
yvears, therefore, a lot of demands for labor-saving systems or autonomous systems are growing.
Bspecially in Hokkaido, where major primary industry consisted of agriculture and fisheries, autonomous
inspection systems for detecting foreign matter or deteriorations among agricultural crops or fishes in
sorting facilities or food factories are strongly desired. Inspection machines have been evolved to have high
performance in inspecting products, because of cutting edge deep learning implemented in those devices.
Early Al systems implemented in edge devices require communication with cloud server to get prediction
results, this procedure results in decreasing real-time performance because of network latency, also in
short bandwidth on a network because a substantial number of edge devices all at once connect to network.
In these days, Al estimation models build on cloud server have been implemented in edge devices such as
Raspberry Pi. The performance of prediction with first implemented AI model is tend to gradually decline
along with time passing, because of data drift or sensor deterioration over time. To maintain performance,
updating Al model only in the edge device is getting most important to prevent network congestion.

In this research, we utilize anomaly detection techniques with sparse modeling for image data, and also
with reservoir computing for time series data, and examined the performance in the condition of a small
numbers of training data. We developed and tested several anomaly detection models, and ultimately
achieved satisfactory performance.

KEY-WORDS : Anomaly detection, Edge device, Sparse modeling, Reservoir computing
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Research on Explainable AI in Image Recognition

Keiki ZEN, Shouichi KONDOU, Toshinori HONMA
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Abstract

In recent years, artificial intelligence (AI) technologies, including deep learning, have developed
rapidly, and research utilizing Al has been advancing across a wide range of fields. However, modern Al
models are enormous systems composed of vast numbers of parameters, and their internal structures
are extremely complex, which makes it difficult to clearly explain the rationale behind their recognition
or prediction results. Against this background, research on explainable Al (XAI)—a technology that
enables Al predictions to be explained in a human-interpretable manner—has been attracting increasing
attention. In Hokkaido as well, our institute has received inquiries from companies using Al regarding the
rationale behind predictions made by image recognition systems. In this study, we report on the usefulness
of explainable Al by applying a state-of-the-art visualization method to elucidate the basis of image
recognition Al predictions in a model that classifies agricultural products as either good or defective.

KEY-WORDS : Explainable AI, Image recognition, Visualization, Concept extraction
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Development of Non-Destructive Discrimination Technology for Bolting Carrots
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Abstract

At carrot processing sites, the of bolting carrots (lignification) is currently inspected manually for
all products. However, due to labor shortages, there is an urgent need for the development of equipment
capable of inspecting bolting both quickly and accurately. In response to this need, a technology was
developed to enable rapid and precise detection of bolting. This was achieved by analyzing images captured
after irradiating the cross-section of carrots with blue light, following the removal of the petiole base.
An Al model was employed to determine the presence or absence of bolting. The resulting accuracy of
bolting identification reached 97.4%. Furthermore, the method did not falsely identify bolted carrots as
normal ones. To facilitate practical application, a conveyor-type imaging device was developed, capable of
continuously acquiring images of the cut surfaces of carrots, along with a mechanism designed to remove

bolted carrots.

KEY-WORDS : Non-destructive testing, Autofluorescence, Al, Bolting, Carrots
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Development of Stem Cutting Shears to Reduce the Labor of Squash Harvesting

Takafumi URAIKE, Soki ITO, Iwao IZUMI, Daisuke MAEDA,
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Abstract

Hokkaido is the top producer of squashes in Japan, producing about half of the total. However,
production has been declining since 2012 due to an aging population and labor shortages. Squash
cultivation has not been mechanized. Harvesting, in particular, requires lifting heavy squash and cutting
the hard stem, which 1s hard work for workers. In this study, we developed new stem-cutting shears
to reduce the burden of harvesting squash and improve work efficiency, thereby contributing to the
sustainability and expansion of squash production.

In this development, we aimed to create shears that would cut squash stems with less force than existing
specialized shears for cutting squash stems. Furthermore, we developed shears, based on improving
commercially available products, with the aim of achieving this development quickly and at low cost.
When comparing the applicability of various edged tools to stem-cutting work, blades used for cutting
plastic pipes were highly rated. However, issues were raised, such as the stems remaining too long and not
meeting the shipping standards for agricultural cooperatives. After consideration of improvement points,
new shears were designed and prototyped. Their usefulness was confirmed through demonstration tests at
farms and an evaluation of the physical load using biometric measurements. By optimizing the shape based
on ergonomics, new squash stem-cutting shears with sufficient performance and a high level of usability
were developed.

KEY-WORDS : Squash harvesting, Reduce the burden, Stem-cutting Shears, Biometric measurements, Ergonomics
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Development of a Contact-Driven High-Speed Passive Gripper

Hisashi IGAWA, Keita KAWASHIMA, Toshihiro NISHIMURA?*, Tetsuyou WATANABE*
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Abstract

In recent years, labor shortages have become a critical issue in outdoor work environments, including
agriculture, increasing the demand for labor-saving and automation technologies. However, outdoor
environments are often affected by dust, rain, and mud, making actuator-driven robotic grippers prone
to failure and requiring frequent maintenance. Furthermore, agricultural products vary significantly
in size and shape depending on their type and growth stage, requiring versatile and adaptive gripping
mechanisms.

In this study, we developed a high-speed passive gripper that operates without actuators, using a
contact-driven mechanism. The proposed gripper initiates the grasping motion through belt tension
generated by contact with the object and maintains the grasping posture using a ratchet mechanism.
Additionally, we introduced a two joints finger structure and a variable finger span mechanism to improve
adaptability to different product sizes and to enable gripping from floor surfaces. Performance evaluations
of the second-generation prototype demonstrated improved gripping speed and versatility compared to
conventional electric grippers.

KEY-WORDS : Passive grasping, Outdoor robotics, Contact-driven mechanism, Agricultural automation, Variable finger span
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Study on UX Prototyping for Human-Centered Design

Tomohito TAKAGI, Akira MANJOME, Seiki YASUDA,
Kyoko OHKUBO, Kofuyu INNAMI
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Abstract

In the Human-Centered Design (HCD), which aims to develop products and services that satisfy user
needs, simple prototyping which quickly materializes ideas using familiar materials such as paper and
cardboard, is effective in the early stages of development. We have developed simple prototyping methods
and provide technical support for various product development projects, but we have seen cases where
rough simple prototyping alone makes it difficult for development members to grasp the details of the idea
or the intentions of the proposer, and where it is difficult to determine when to move on to the next stage.
Therefore, we thought that by incorporating measures in the quick prototyping that show the specific
user experience (UX), it would be possible to promote common understanding and consensus among
development members, and development could proceed smoothly. In this study, based on HCD and simple
prototyping methods, we developed “Augmented Simple Prototyping” which uses an electronic work kit
to enhance the reality of UX, and “Use Scene Prototyping,” which uses a miniature simple prototype to
express the overall UX, as UX prototyping methods that can be easily used by non-designers, such as

corporate planners and engineer staffs.

KEY-WORDS : Product Development, Human-Centered Design, Simple Prototype, User Experience

HEY L REEIE
PR AMPLEET o 2» o UX T e b 5 4 E v 7IcBld 50



JLHREL R A B 7R LRSS No.324

1. FC®HIC

A—F=— il LBl . — E 20BN EHET TA
RILEeT ) O A Tl BHFE O WIHAB M TR S 723
fE (5 RTu by A YY) ZRDETEITEETA
FT7TOEMRILERED AR TS 2V B TIREIE, BN
Bl CodUNEEITE T, RPERR - VIS E BT
MT74 77 2FREEICBR LS 2 EOEEFEEZ LD
F LY FHH s ERICW ATHE (K1),

a
Ny

X1 BEHHEEHEOH

—H T B THENTINEZERERE B B & BB
0V s MO L CTHINKIRAIT S Ty 5 7 S
ZOTR TBFEA v N—TT A 77 DY REE DEX
OEHRSEE L W, TIROBEREICHEE NS 51 3 v 72k |
Vo IS ER T 2558055 - 12,

BRENCi3, O—REEICBE L 7c85 « v — 20, H
WAHEEE G T 27 7 =7 DANOBISHEE T s h 28
o — B R A 2 — BRI 22 IR EE TR 9
A5, QEEMETT 2P E TSR T — P ORERE
K L CEfET 21 v 8 57 7 4 TuikREE R 2 EE
BENEF LN D,

Z D& S BGE. BERIECNA T8 « ¥ — & 23R4k
52— (UX) ZFEBICEK - Btz s Lo 0E
fE (UXFm by A€V 7 EER) 2T ET, BT v
N =T OIEEIRP B MEE S N, L o FICBEFES
HDHENEEER B,

UXZB b A EY TR, Y—ERRT TV r—va Vg
Eov 7y = THBEOSEHTRITLTEBD, Y- b
EICHEMEST 559, —H T, ~N— Fu = THEONFICE T
B2UX7 8 b 54 EYTE, FRRKEEOFVA VEEPT
YA VAR LIk o TERITHRR LB o FEHRshTw b
20, BRI/ oo AABE NS T LB, B
FEATRE S IR DI 0, F o, EEPE S L <. Wi
BENTSA F—0F A vHERZE 7)) -5 207
05y b FFEAF=DBIEFITDIE WY 2 Ens hEOR
]« FEHENEE SO M 2 TPk 5N 5,

Z TTAML T, AL 0B AT &S aETFE
b LT, BEE - v — £ R EO NI Y E PGS
E. FHEAF-—TtREVALLETHENIEHTEA2UX 70
by Ay IFEERMRL

.

2. a—9KE (UX) L¢HRO7To—F

UX&EF, 2 =08« & — £ 223 2 B o kB4
Hwehbo, UXEEZ L) ATREGEL-FRFTHL,
IS ZM0&SEE (G - 220D PB%kT 2ftho € /|
b, BIRAEMAT 2FMORESEGEET 208N DH b,
Zotrkw, UX% M85 E 2 —FoBEZ b0 IcUX 0
A T2 ), MBI s 2 — 20 %< UXD 4 k(%
2 2207 7o —F TRA S EDBMELEEZ I (K
2o

Eifiloih
(EME - (EM - (EMiE

1. MREI-YORERE
fuLCUXDEE#EE
\BUTIF3

| UX (- )

2. ®WEEI-HERYEC
UXD2ERERL

2 UXZERTIIHO7TO—F

ZIT, 2207 Fu—FA2ELUX7Tu b4 EVTTF
HOBETEITO. M T A TV B AZEADOBIRBHFE L
BORTHIT LA SFHOAMIEEREE L. BENUXT
O A YIS TFEAEFHTERZ L Y- el DE LD
5T &EE LT

3. UXDU 7Y T4 Z5hd MTERESHE]

3.1 FEowgs

MBIz, 12H077a0—FThsb [HFE 2 —FOREF%
P UX O 2 D N3 ] i) o FEmET 217 -
too 12BN TR E WA 2 TS EICHiEA SR L T
AKEBRTX 2 LT NEEFZ, HrnlitoFEicdinT
X A -—WERBLEDSN VYT v v (- FEREP T 4 —
RNy 78) WOWTHEEOSEHRETE 24 E, FLAK
BEWHEOETF TSy v E2HOVEFEEER LI,
S5, BMERIEOHETH 2 [REE, s »5iE»
¥ 5L, O (For 53 v IV AEELRIES. &
mnfEBE DS &) @FsRME (FEEnffEafEo S E &, M
AEbEOHME) OBATHERITEITV. <7 % v b
KoEV2—VESBF TV T T, HiExEkTtz 23
[LittleBits'” | &, £ OHEN—DICFT LFE oL EV 2 —
WISk A B8R = » N 2SI TR T & 5[ MbStack' |
ZEE L (K3,



M5Stack

LittleBits
X3 SEEEL-EBEOEFIFEFy b

DI Eo#ath b, HRPB R — s & G5R s EM TR E
ik L7 @SB, B TAE+ » b 2O CTHEEZE L
FEEICHES# B3 ETUXD ) T 74 2505 Fik%E
[MEERAEZEE] &9 5,

3.2 H—RRIF 4 ICLBRIT

BT 7 02 2 0 S BB RE 7 = — XITB 1 YRR
Sl BARICHRT 2 2oic, oW 5 7 2 3BEL
ZEIN a7 ETER— N TIFEWE LCRILITR
T (KM4)o BER—VTHOL S BERAIETIE, T IOy
A X LD 7 5 HEAFRETH 5 T & 3bhr 50 [
SVWELHL ] EVWHDREDLIICHL DT TEDLLS
T, HEATHE L0, FETHuTHE L TA TS, HF
ICERDED 518 W ABEMEDSE 0,

22T BT IEF v bOR Y —RE—F =B L.
ANDOEE AN YH -2 LT7 DB F I v 2 2B
2K BT LT ERIC T s B RBRAERIETE S LS 1T L
726
EHICE—Ya vy —TADEXERAT 2 HEEE,
Pl v Y —CTRILEMINT 2 H1LED 2 A RERT 5 2 &
T, EDXHIHI A I v T7 905 ERBVO»ERGEES
5 LMARETH B,

Pl EDWEBTIIFBCAV-FIZHE

ERT MMy FPET2-ICELT
FUIRETERE S AT e

MSStackiE@  MATEILLSRC hE%‘Jﬂkm):m

(E-zavtevy-)

BB
B4 27— T IEOEEHSRIE

st-neoor MR REE

o &S BIEMEEEE r — 228 F 4+ (641 THEIT
L 7o R B BB T TRARERDSHE L W D2 I TIRE) 9 5
[1E5| HOBFKEREIC > VW T, 22—V E3FEEKBREZEL T
X0 BRI OWIfER a3 A v P ASEIREE IS D B/ T 4 —
RKoxy 72155 ENTE T,

PlAE R O3 = >~ o oFRpl T, KHE
TIRBES H 5 Ll ROBITEEIN, HEORT &R
HrdRuEicfBlcldEI -7 a 7otk
B, S aE L 72 kE o v o icMbStack OLED 2 = » b+ &

JLiE AR AT TR TR S No324

o ffiF, BIFEA v N =2 D UL T 5 - 1,
CORERIT R, WERMF OO RO h . FK
BRITKZIREL 2 O FoN — o — 2l > TROI R IHET 5
FRcHEOG T ENTER (X5),

5 IJkRBHERWHAEROEM

Fio. RHHEES EERIELRHNT 212D F N1 20H
plcid. ~vy FF7ROEERIEICLittleBits® € ¥ 2 — b
ZEO T, TN R L 72 IS is LT M s @ sy
b5 [Hoks (UEES) ke zb s, [HILICEH
PR B | EV otk 87 4 — KNy 7 ZBA%E £
YN=RL IR L TH S -, TORERDES [(7 5
VARGV EIZ, ROY - i ok Wk T 4 = F
Ny LTRIFO] TRENG 7 = FoNy 7 & LTHENRT
WThhr g0 DHREAEEZSEA OB LRV
HOBRWIZaA VIR TATFTTBELNI, 5T, PR
D7 4—=FNy 7DOTAFTAEbEIIL, T2 S —EHT
BicgEFrzwEws ax v s DHR] 2 TR ICEH L,
Mb5StackDfiEL = » M EH —KE—Y —FZHWT, B%
Wik 5 LEInICEAH L Cith 2 754 X IR S E
BB L T O -7, COEERD S [REMN 2 D13
CF <ok EEThRV ] TEMPDVSTELVLTT
Rl mEoax v rhBEoni, TokIIT, BIFEA v —
VL —HFOIEONEEBLEA S, To by A TEFESY
ZEnTERL (K6),

K6 BFRRZERHTDT/NARDEH

INSDHMAEEGDIr — AR Y T 4 %38 U T TLES
RIEES 74 77 OFE O PHGE. 2 — v ERkofit | 1
GHThHr Ebhrot, T7LA4 VR =3V IITBVLT
BRHESNFICBEESNEILIBTATFTThb, A THLT
LEN e e QNI -0 =t 1S Gl = 1R 11| K S ANIEW g I S e
FTPFRYS Ry bROEY 2 —VESHT LT THETE
5 LittleBits TRIBIICAIE L, BfES 1 3 v 7/ ouiis 27



A AR SIS TR S No324

075 ATHEETE BMbStack THlA W & T A KT 5.
EWV S FRFT RIS U e BT LIE+ » + OfHEWVS T & ARE
Th b,

3.3 v—IL%Ef

=228 74 OFRTREREWEZ 5, BFT/EF Y b
EMOTHERTE 281, Ry v 2 L2585, TA
ERALICOIRET 2] Evsckdic, [OO (INPUT)
LicH, XX (OUTPUT) 9% @& 5 B0 KRS
rHOCERHTE S (XT),

Z 2T, MRS EIEICiZ £ 5 mMb5Stack DILIE L = »
kP LittleBits® € ¥ 2= — V% [INPUT (Sense & Action) |
& L¢653HH. TOUTPUT (Feedback) | & L CI7THHIZ4y
JH - (RRIL L. TRSREDILRA =2 —] &L LT—ERIC
EnFEwie (8, BT LIE+F Y POILEZ = FPE
Va— VOBENZ L—RIT B KD, HEEEZOUTPUT &
INPUTZ L2 N H-HEIHIC~, EE AR = » b -
Y2 —VEMOT TR L TV 5,

SolT, BTHBOKAEE L UEHHEERZ WEEDLN
HEAGDLDEICOVWTIER, WEEHOYy v 7 V7 a7 5 4
(M5Stack/UlFlow) 2HE L. o7 3 3 v 7 OHGEE»N S
CTHBHE-TEHTE 2 L9 L,

INPUT

(Sense & Action)

OOLS By XX93

OUTPUT

(Feedback)

#l: hovERTE #l: #%3
EINES bR
B3 <{%o7=5 etc. BHEHT etc.
V
T B ——— G

fii ZEtiE

7 HGRESHEIEOKREREE

3.4 BIRAET z —XNoBRHRTT . —ANDBT

IR SEER BFE A v N ICEFTEDRE ENTVLIEL
B&icks v, 328 THHMEERGE L A BE A7 = — X
DA ST BMREZHFTEITHREHER T 5 &V - IR TR
DEILEGT 7 = = Z~NBITT 2IC b A TR VN EER
7o

C DGR EMGES B 7o, EAEE ToThIZFESH) 1Tk

TV v IrERERMLICE A, WREFEN O TEIRN IS HAR
My, BRI ZHER T 255 &0 EHECC R

EO THEIRICERITh 2 | LoRIENE LN, £ T
¥ r—229 7 CHfEL [HREEHREST 57
N2 (K6)] DIGRESHIE (MbStack) &7 v 75 4
(UlFlowa — F) 2L, ChoE b EicLcattliz
L7 (X8 ),

fl : SRBERRTETIMA (M5Stack)

UlIFlowd-F

LR B 1

8 EREHEUE

ZOFEHR, ERMABBIEREB D CEES N, S5
Mb5Stack DL = v 7 a s 5 Lhk—HRHT 55 E
L TR EOBREN T & o 2 &b o RS
VEMIRTIENOHBBMITICOAHTHZE L VA B,

4. UXDeFgeRETE 21— —VEE]

4.1 FEOWKE

KIT, 220007 7o —FThb [BE2—-FEID %
CUXDO R BEML | HE» o TERG 21T - 720 fE5R
PRI+ A RS & 2N T B 1o, BAMICE T Ko+ 4 X
TOL BT ERAEEL TV, ZoHE, MRhZT0b00
BEESER LS > TLE L, B2 —-F2I Y AL UXD
G ETIEEST 2 2 EFEL W,

—h ML TR TRERFETIE, ZF Ly R—F LRIk
WEPOUDIKWICBIBAYPHE - BV s T —
U, EBEHE I =F 27 & LTINS [HEE] &0 IS
W R HENEERI N TV (M9), [HEL] @&
WD T — 0 v e y TR ETEROTER AR Hik
ELTHuonTWwa N, Fike LTlERIbsh T
Vo

ZIT FEEESBEIC, Y =F 2 T A RTlEK L 728
D BERIEIC, 2 =¥ P2 OMMUER O ZEBMT 5 T &
T BEPH - E2OF IR AFI L, UXO2f g%
B 2FE% [2—2v—vilfE] & LT, BERBFETIC
JEH T & OWhRET L 72



X9 HEE

4.2 T—RRIF4ICLBRAT

2 -2 v — valfEE ERIICH G 2 oo, TES Wi
57 9HC | Al a v e S N ET AR — T IFEN
ELTTRIERT (K10 BrR — T2 - ki BallEr
Tl AIEEMEoh TR — F T IE LD XS ICHIE L
TS o, FFEOBRES 2 -0l xv— T3
FED &L 2= R v — v ORRGEILE L2 ST 2 v
N=[TA x =V EIFT 2 EREGTRIT O,

FIT, 3=FaT7H4ARXTRAY— b T IFHOESREE
TEEIL, Db THELPAYS I =F 2 741 X TSR
EZ2ITH T ET, F v F v sy 4 =v I/ TRT—PT I
AT 21— v —vERIETES L DIC L, 2D —
2y —VERIETE. FvFrOhY vy —FicT IHENE
mMTﬁb\*V%VT®W¥$MA&jiﬁ®mE%%ﬁ

L BEPAMAEND TR E, ADITERRZ VT &N
%af%é ZO XS IRARAFE A vox—TTciF Lk
Ty ADESWI 6 7 7 B BfEE MG 5 C LB E L
W,

Bl EIWVESTIHFICAY-FIZ5E

HROERKRERRA

FyFIONTII-TFLIZWEBLE
AERMPIHIY0. S OBETBY
ADITERIEEIE

> - | ' IFATHARO
ati-neoor B RIE e

1-2v-VElfE
10 XRv—FI3IFEOI—R¥—VEE

1-2y—ViEETr—224 74 (TH) THITLH
B, 2= O FIRIOFEr I R S N 7cRFEA B U T &
O IS IS B > S BRI o HIEE ISV 3 X v b STfEE
ERD, BB 74— KNy 725 ENTEI,
Pz, THERYOERYOEGI <3 Bifro Rymmigz
EEIEL. 74 P 2Ry P PEFARIER <= 272 &AL
B L7, BRA vox—TERm L e, IEKICE T
BIERD A b= = F A HBEROBEEIc W T &
= WFHOMRERT 2 ERIPRETICN 9 B BRI T £ v b Pl
ETATTHEON, BEEOEE AR T 5 BT
EnTcEi (K1,

JLiE AR AT TR TR S No324

—'-'h-\-‘

Sy

11 TiHRF0ERYOEL

INSOHEMNEED I —RRY T4 2BLT, 2 —2
v— VYRR, BT A T T ORARRE T TR, [ 74

TICEZEEPROMIRENTHNTH 5 T b - 7o,
Fho, EEPHEHBAR. L. == — 4 @iz &
EBH « BAMCBID o Fh A s 72 M « B odp cikiTT X 2
TEnLH, PUAEOFEWTEE LTk 48 TR AT HE
Th 5,

4.3 Y—ILO%

=228 F 4 ORITRERAEF A 2L, 2 -2V —v %
RIET 2 72D ORISR (F. T8N TRARY ) [{Em#E ] TEE
BEl s TR o621y eonsd (K12, hs
DEFRERBETENE. AIEAECRBOMRE DL S
. HTESG ORI IR A (EA 2 HIGERTE %,

MFEhHUR

R il ] “ESLSHED

BFOE Eme B e
ERELOME | 8804122
HREOMA

7l -MS0BRH il Rk
-HROEARE
WEOAM) 9k

g ot ]

H12 1—xo—vRIEOHKESR

ZC2T, 6 oORWKEROPTHHBMENE S, 2 —
v = VREIZ B U BAESERIERL P E R L & W o 7B AR R
Hihgshzs7a TA 1/10 17202 — )] & TIRAE (10
HDJ 2w —nF v Melie (K13e v —vF v Mgy HUH



A AR SIS TR S No324

7157 v 4 V7 + —< v b TdH b Microsoft PowerPointfZ
K Adobe PDFERXTIER L TH O, 7V v —CHRIL
TUIOAEY 3720 CEHTIRETH 5,

BRE (Z4%. IV7VU-M2E1018)
13 2—xv—VHEDOY—ILF v b

4.4 FHA VEETORIELY—IVF v DB
12y —VREBIU Y —LF oy FOEREICOVT,
M THERM L TWA [ 71 VBI¥EI0) L3 | @7
T, BHAEIH T Zlca—2 vy — vEREERITLTH S -
fo (K14)o TEZERERI30M 0 LTy E D2 b I IC 2 —
2y —vilfEEER s 2L TE, FHERT vy — 03
AV EDSb, ANEKREO Y —vF o b DSEEEE O B3R
WICE G Lc EEMERT 2 &N TE T,

K14 74 VEAFRNELEETOHT

g, 22y —VvilfEORRIcoWTT v -t EE S
7 lA (K. 7T XA Z2PERELSVRT -7
(BE) N 2=y —vE2BRMIcHETcE/ (458 7%
Sz oEPE O, 21— R v — VIllEOH SRR
i,

n=7 X@|HEET
PRMZPRRELSLPIA: I )
1-2y-vERGHRETs: I
RETASIRECRII meess—— )
BAREREPPFIASN: e O
1I-¥-OBRERYANSNE: I 3
KLPIRTER >

feEARBLELVAREL Yo I 1
FEF-LANOBBALP N I 1
K15 2—RI—VEAEOHRE

S5, FTHA YEFAIN LEETOSMAEED 2 — 2
V= VBB X OEREER Lt L T A, < 0HA
T 2 —WORARY) - BIGRE . BORLEACRIAGE /2RI &
AR E D, FV— 77 — 7 TOPERERT, Bl AHZE
ZEML LTV, 22Ty 2=y —vEfEEH WY
V=77 — 7 T OGN A ML - IG5 7o TRV
H—F] BER L. v —vF oy MCBEMLE (X16),

RV — Fid TEARS — F ] 29 ME, T 7 — F ]
DI CTHERR S L THB D RIENTIFFAFE A vy — i it
% RV Hific e Gk s h v 5,

[EAA—F] 3, o EXT - XSl T-
BEES D), [Ho BT EAB A Y » b2, DX
LTI -2y —vREE S ARIEIc BV THE T v
27 bR ABICERT 2, TR A —F] 3, 22—
2 v = vilfEouikT, THAL— 8] 20 ThRF L2
YT PO E SIERRIEPE R, SUROE D 2175 B
OFEHAZBEL TV 5,



g 1-2Y-Vigs : IN-TI-U TR

RIEYN-K

. fERRR-
5W1H +a SWIHDOEH
L= wrx 0 | ==

WEPY—EAERBTE A-Y-HEPY-ER

I EEOHRIL ERRTBBECOUTE
Em % 7, ﬁg BLTHELES,

KAFUEE B W B/ERN AN ETEE

e YT BT~ Freauency DS RMMED T

—HEDLIBRRICED (EFPHBEORNPEA

#H NTOBHERATERE EDLELD ITUDEORENS
. BRNTS. SEET FMATLERELES,
frETHe BNETH?
g
@ & . <

o || =
A-Y—HREPY—ER
EEDISGFR-FETE

»
ﬁ ~£ BIBODEBLET,
4
How

BRPY—CAOERIE

(%) N || wmE
ERRD ||| o

Before Use

PRENEHRITONTS —ERDHRE (B

BEELTHELS. FCRMENTNEOH%
DS BESHIE OERRLTHELES.
EDESIT Jlgiee
BNETH? o
BOTVETH?
(=) Flzs i 2]

A HREPT—ER
ERBIBEEDEIH

A-Y-HREOY—ER
ERMTHIET, (1=
—P) HEHEDES R
o TELLDL. BY T
VROV THALTHE
L.

*u ﬁ AU R HBBHEEL

ESACCT TR UER

Benefit

fEofes
ERBERVNTE
DHVETH?

E55BTLN
ZELLTTH?

NBIUSEDC etc

e ww

X16 RWAH—F

b. fEICHIFI-HIEMRD AR

INETOUX7T B &4y IS FEoRTTcELNLA
Haef Lo, BGTHEELTOD RRIESHA A P (Web) ]
CRFER O te. RESRIEOIRA =2 — « v 7
Fas s a, =2 Y —VELEDOY —vF o b (A KA .
Blowg—F) mEoa vy vy 2iFEL, SENME - IGH
TEx5&oiclLi (M1,

JLiE AR AT TR TR S No324

17 #FELIZavFoY

6. HEHYIZ

UX7 8 k&4 Ey 7 Fikd UTBFL 72 [EERSHE]
& Ta—2v—viElEl ». BEHRCE T 2 EHEEEOR
HERRICE TR Th 5 T EE2MR Lz, $io, BTN
DM « FEFHHYENEHTE 2 L9512, Web ETcob
MO DT VERIRHO Y v VT B S S AR Y —LF .y b
EavyryoRihzeit- 1,

L%I1E. X5 AWeba v 7 v Yy DAL S & & b,
HTZED 794 vBIcB I 2 v 24 v KIBEORTAT
HOBBIEAED TOL FETH 5,

7. HEE

RBIT, KR ZED 31ch 720 RS RIED 7r — 2
AYTFaRr—RY—vilfFOREMICBHL TRVIE IR TR
FRF MA@ EI%Z 1. MbStack DFTRICEI L T4iR K
HZEIZIc SIS « Tz vk Wi, DL CHEEsERS
b0

SE

1) 746759y 794 vBENMRALEZ %
A/ R=va vEBEIFLOELS, BIEE, pplld-
141, (2010)

2) HIFE/IN fth o dbigE AR S IR MR TR,
No.321, pp4T7-51, (2022)

3) Figma https://www.figma.com/ja-jp/

4) Axure https://www.axure.com/

5) UXPin https://www.uxpin.com/jp

6) Canva https://www.canva.com/ja_jp/prototypes/



A AR SIS TR S No324

7)

8)

9)
10)
1D
12)

13)

FEABZNE fth 0 HAR 7 A 25k 7 A R
SEET0S, pp24-29, (2011)

RIFEEE KB ERM AR 7 v — 7 | SERR30EREE
Y — EREEERIEMES, 74 VK, EMEGT
2, ppH2-53, pp84-87, (2019)

S B S P ZE IR L ey R B, © bl 7 A - —
)2 b (Fudy b FHE4 B, (2025)

LittleBits https://littlebits.com/getting-started
Mb5Stack https://mbstack. com/

FA 3t BEF A PR R ASHEEH
K7 HA o Ee3ni s &R, ppd6-47, (2016)
SAEIGR A4 K https://designproto.design.blog/



JLiE AR AT TR TR S No324

OUTPUT M5Stack LittleBits

INPUT HFIY M5Stack LittleBits
(45 - ZRAAB Bt D mAkME »

& (BR] k7D e 5 |Gdka) [fE] © B< (<) SERVO
(B8] L& B |EEHT = BUZZER BUZZER
BERENTLD » AN B (RHT) (HFHB) B FAN FAN 013
it SOUND TRIGGER 20 OLED
EH LD EifkERTT S EL COLORLCD
M5 Display
(8] g B >7d ERAE o [F—EROED * KEY
WEIGHT OLED
E&h (BiE] Khofd ERME < |UF7EERTE #m COLORLCD
M5 Display
(RYE - ZRO)RED [K1E] C LA >7d TEMPRATURE SENSOR i12 U |EETS BUZZER
(5 - ZRIO)BEA [H1E] C TH>75 BERE HANKE < 4B) &

L |EzETTS 23 DIGI-CLOCK

(ORHT - ZE0O)RED [MfE] C k7D

(AD)RED [#1E] C LN o7 R85 (E¢3) MR VIBRATOR MOTOR | VIBRATION MOTOR o4

<

(AD)REH [#fE] C Fh -7 RERE GEDFE T AE] SERVO SERVO MOTOR o011

id

(AD)REA [#fE] C k7D

LED
LONG LED o2
BRIGHT LED
o ; B RGB LED ROUND LED 029
BN 2RI LED s T |RELTHS * FLASH LIGHT LIGHT WIRE
+
PLUSE i16
DEHEHE
[#fl] A QBN ZRELES B T TAT 7Ry b E)TsegRRT S E2 DIGI-CLOCK NUMBER 021
(5%fE] g B Bo7D ERAE WEIGHT 3
LED
RGB LONG LED o2
[#fE] hPa KEA EA 27> o [LEDA)%S * RGB LED BRIGHT LED
- FLASH LIGHT ROUND LED 029
- LIGHT WIRE
(%] hPa REAFA -7 (LED%Y) [®B%] 1<%3 % RG';GEED ROUND LED 029
[EH [#ff] hPa lcf>7cd (5B < B2 SERVO
R SERVO DCMOTOR
- Fa v %49 g
R - ) Pe———— -
OLED
QRI—F &R L1 b |XFERTTS =7 COLORLCD

EtREH

M5 Display
(8] OQRI— F &M LD *»
(55 - ZRAEC Aot D R LIGHT SENSOR 113 L
EHET R > B SOUND TRIGGER i20
(545 - 2/ 0)CO2MEED [#fl] ppm LA -7
(45 - £RI0)CO2BEA (8] ppm FAtoRsd | conmsm BEHKIEDIEX = 21—

)
(B35 - 2 0)CO2IRED (3] ppm % >7
(551 - 2R0)RED [B1E] % LA >7D
)
)

(5% - 2R 0)RED [MIE] % FA>70 REE
(51 - ZR0)RED [B1B] % Kk >7D
JafRT4 v o LRBDLED

JadRT4 v I ETRBDLES B 54
Sk ATRANS i TEAATO7 L jovsTICK
SaART 4y I EERBH LIS e
JafRT4 v I EERBDLED
(DHHERE L7 D
AT
[Dian [BiE] hotd
LA TNEELTD
A YR
FA YLk [BE]° BLES
4% (BiE] BHTE 7z —H—fifE SLIDE DIMMER i5
DEALS ENI PRESSURE SENSOR i11
FEFE-7D vxa7v—#f|  GESTURE

EEes g BUTTON SLIDE SWITCH i1
WEEAY/H7TB e M5 Display !
A4y TR T i
v DUAL BUTTON 'OGGLE SWITCH i2

(&) B0 Ent PRESSURE SENSOR i11

-hRERB Uz s
ABB D, AL D JNCOES MOTION TRIGGER i18
ABES Wz
ADBENT D ) ToF
IEREME
2 A [#fE] mm icB>7 ULTRASONIC

22ORKYOMH [HKilE] ~ [BiE] mm OEET

ko]

#avEmLES e | surion

(M5StackEE R ICFR L7)KE v & LIS HE L RIF M5 Display
(Ra>rh225% 5 b0)REV1UEERLEDS R
DUAL BUTTON
(£ 5221208525 bO)RE L 2(H) EMLED R BRIF
atrs. mirts
T/ (k) ERBHELED

ERES u

5% (L] cBBEERD

5% [T] cBBEErD

5% (£] BBEERD

5% (] <BBEELD

5% (3] <BBEELD

5% (%] BBEELD

5% [HEEY] BB EES
HEE [REEEY) BB ¢

JxAF v —HiF GESTURE







JLiE AR AT TR TR S No324

L — $ELBIZ & » TYUH U 7 &R T H i O 20 BHRHLIE o b
BIE PR IR GOK. EME BHE. G R, KR ke

Analysis for the Microstructure of Heat-Affected Zone
at Tool-Steel for Die Treated by Laser Heat-Treatment

Yohei SAKURABA, Ryota KAWAKAMI, Yasuki MIYAKOSHI
Hidenori TAKAHASHI*, Naofumi OHTSU**

» #®

VYV PETRGEROBEICHVWONS 51 7 X MG, SREkIcBE SN sBULTIIc LD b —
N7 Ty oL B, BB EEEMETE T LHTEH SN S, L Ly HIC & 2R L TBG B
D & PEVELSME T LRSS ESTLD1/BLL M8 5 T & 6 TFFa D[] I 3 B BRI 3 5 BULE
MPBETH O EUSBIBEZEN 28 7o BBGEB O S ZALD £ B = X L 2158 FHICIRIT S 2 L5203
b5,

AT BB O = Z I 28 U718 L — FBULBIS A Z B2 72w, Mog 2R L 72JIS SKD614
DEGZEER O & LA OBARE T L. < V7 v A PAREL BAWER IC L © B BRI s o matiEk s h
5T EEPoMT LI, INED LICRTEIMEDTRIL S L — AN 2 BGEEERITINA . AL Z L & & 24
B RO s 2 PR LT 5 L — FRVLEIS 2] S i L e,

F—T— NI 5AH R PHSR, BB, v T v A MARE BB, L — B

Abstract

Die-casting mold that is used for mass production about the housing parts of car engine and electronic
equipment, occurs a thermal crack caused by repeated thermal stress of casting. Therefore, damaged part
1s repaired by welding and then used again. Nevertheless, lifetime of repaired mold 1s reduced less than 1/5,
because of the decrease in hardness and toughness of heat-affected zone (HAZ), caused by the structural
changes for repair welding. To find the suitable heat- treatment conditions for HAZ, analysis the hardness
changing mechanism of HAZ by metallurgically is necessary.

In this research, relations of hardness to microstructure of HAZ, which is the Mo content modified JIS
SKD61 steel, 1s analyzed to reveal the suitable conditions of laser heat-treatment for control the HAZ
hardness. As a result, hardness distribution of HAZ is formed by martensitic transformation and over-
tempered conditions. Furthermore, several temperatures of laser heat-treatment are added to HAZ,
and then revealed a laser heat-treatment condition which is changed a softened region to hardened and
equalized of whole HAZ.

KEY-WORDS : Die—casting Mold, Heat-affected Zone (HAZ), Martensitic Transformation,

Over-tempered Microstructure, Laser Heat-treatment

* N T2EH T+ ~ 4 —. * Hokkaido Industrial Technology Center

LR 2R, ** Kitami Institute of Technology
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