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Analysis of Spectral Reflection Characteristics for Detecting Crop

1.

Diseases using Hyperspectral Camera

Toshinori HONMA, Shin'va OKAZAKI, Toshikazu YAMANA*
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Abstract

In crop management, proper actions for preventing crop damage by pests and
important. Without those actions, the yield and the quality of agricultural products
affected. Although the population of skilled farmers with ability of discriminating
decrease, the role of visual inspection become more important to make integrated pest
(IPMDto put into practical use. In recent years, handheld hyperspectral cameras capable

diseases are
are severely
crop disease
management
of acquiring
spectral images from visual range to near infrared (NIR) has been developed and commercialized.
These hyperspectral imaging devices are expected to be utilized in agricultural fields for detecting crop
damage by pests and diseases those are not inspected easily. In this study, we developed a technology
to discriminate crop damage by pests and diseases by analyzing the data from hyperspectral camera
with machine learning techniques. We obtained good results by this technology at detecting apple
Valsa canker and Cercospora leaf spot of sugar beet.

KEY-WORDS : Hyperspectral camera, Machine learning, apple Valsa canker, Cercospora leaf spot of
sugar beet
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Abstract

Detection of foreign matter must be conducted for every food products in food factory. It is very
important to prevent occuring contamination incidents, therefore, various countermeasures such as
making employees to take training on sanitation control, and introducing inspection machines are
executed. The inspection machines such as X-ray detectors, metal detectors have difficulty in detection
low density, non-metal substances such as human hair, insects and so on, thus visual inspection is
absolutely necessary. In this research, Multi-aperture spectral imaging sensor configured with CMOS
camera and multispectral optical system along with foeign matter detection algorithm utilizing
machine learning teqniques were developed, and implemented in prototype inspection machine for

vacuum packaging food products.

KEY-WORDS : Multi-aperture spectral imaging sensor, Machine learning, Foreign matter inspection
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Development of a Drone Aerial Image Analysis Tool
for Plant Breeding.
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Abstract

In plant breeding, yield is one of the most important selection evaluation parameters, and its yield
1s closely related to photosynthetic capacity. When photosynthetic capacity is high, leaf transpiration
1s enhanced, and canopy temperature decreases due to heat of vaporization. In other words, breeding
materials with lower canopy temperature is considered to have higher photosynthetic capacity and
higher yield potential. Until now, the measurement of canopy temperature has required a lot of time
and labor, using a radiation thermometer to measure hundreds of breeding materials by hand. In
addition, since the canopy temperature changes from moment to moment, temperature comparisons
become difficult if measurements are time-consuming. Therefore, we developed an efficient method of
measuring canopy temperature using a drone and an infrared camera, which enabled us to reduce the
survey time to about 1/10. And we developed an aerial image analysis tool for growth analysis and
confirmed its effectiveness in beans, wheat, rice, and potatoes. In beans and others, a certain degree of
correlation between canopy temperature and yield was confirmed, and we expect to improve the
efficiency of breeding operations.

KEY-WORDS : Image Analysis, Plant Breeding, Canopy Temperature, UAV

* sty Tokachi Agricultural Experiment Station **JbLREZEERY; Kitami Agricultural Experiment Station

o BNESERERS  Kamikawa Agricultural Experiment Station ***rhif23aA8#5 Central Agricultural Experiment Station
Y REEII

Y 0 U A VIEAREYIE I8 7o S B B T Y — v ORISR (B~ 3 5



Bl ESERVA SRR e S e e A

1. FC®HIC

BV OSENE (B 13, BEOHRENM:© & I iE
fLicEESREER L CE ), BEEORERERETH S
AR OM LR T 2 MERE &I & 5 REDOIKREM
LA EBT 2 coicid, & SIS THREHFE BN 8T
MEBRL, ZOERER > T ZENURETHZ, L
L, HileBERAREOENE ClIc3RMZ2 L, BREE
RERARE 2 SRR L CHE R AR Z 3K L TV D H B
17,

)

35

BEOBEKRE 30

®#500= (1~34H) 25
| £BOBRTHSEE

@%I1008 (4~54EH) B

| #Esg (Wem?) OME®E %y 15

@# 30 (6~7%]H) 10

| ssE]R (Wism?) oREss 5
@ 1~2m (8~9%H) o Il

| sumstl (W4sm2) OIREEIR
mmE (%) R 2 ()

KRAREOHRICF10~15EDDS BEHBORENE ERIRA A—S

X1 fEmEEOARN

BHEICE T 2#KEFITE, SEPAWE, HERNOMME
15 ERE A ISR AFHIHE & LTl D, IR S £ O EER
EYGHRHEEH L 8- Twd (K1), BRETRZHOTFHEM
ke KFEPIc B L cn s (K2) oo, IR UK
FHIRFEETIT O ME D H O, 2L DRREAFZEHL T
Who LIchi->T, IHEZTT S BNTIETEIS > W CEGHE
PITANE, BHEOZRDAIHEL 25,

X2 MEOBEEES

KA I O & BREFEIC & - THRARE 12 3 EEL
HRETH O, (FoEkIcbRMan 2, LaL, Bk
REFIDRNE I I AI D 2 B 2%, RO EREM K214
LD HZERICIFES BV, T T, HAKEET) DIEEE
s s LT, S0 o 0EBMIc L A5 bEuCEH L,
TEMI DL BES I DS S I TR RIS R T N, TEfIDZR

R GEMERE) DME N 2700, ERRES KO EREY
B S WHEKAE AT L, IEEDSOAREEAE X S h
b, ThETICHA BIEYICB VT, HEEE IR 2 0
MZE»H D, ZINEHEOERRESEOHEAARES L TO
5 (B3)Y,

%..
5 iy
SR A B B

(EEmeE: 5 (FEE2E:K)

(IREME : 1K)

(X2 : F)
K3 EmRESREME (TBRE 201545

HEIRE OGN, BB OIEWIEN TiETh 5700,
MR & MEEFNOEARKRE N PFHIi T & i, BB
LENGELTHELE L CIEFICHESITH 5, 2Dk, NED
—OBEMRIE TS, BEHREH TllE U /o Emmil i & 5
HOREREEE L TR 2 2 E8METshTnws, Lanl,
SN E CHERBEOFING, AMHEHREGTE W CRE S
DEFMEZ —2> T DEMINEHIL T Y, £ ORi&
FIEFEL TV, MAT, EEREEIBEAEES (Fi3-o
PCEOWHINER &) ORENKE (KL EELT 5120,
IRk s RIS O F AN K & 229 5 & BRI o 1Rk 72
R INEc s 5, 22T, Fo—vey—2r57 4 —
& RO 7 EMIRIE OB S EH TR &, EBERTO 7 H 0
ZER RN — v ERT T 5 2 & T, (EMEREORIL -
A LICHL D $LA 72 O THE T B,

2. EMEEOMENGTIAFEDORHFRE

AW T, BRI THEEZED TO LD S b, T
N, IS L &, KRREMRE L THREER T - 7o E 72, B
M R 30 2 BERIRELE I 3w o U AL (M
4) A&DHBIAD-563475 & &\ /2, BB D ZE ik 13,
DJI#EID K v — > Matrice200 X (& Matrice210 & — € 7
7 7 4 — Zenmuse XT2Dfl&E, MODIIHED v — v
Matrice300 RTK &% —%€ 2 5 7 4 — Zenmuse H20T DfH
BEEHOVE (M5), ThThottErkl, £K2I1TRd,



X4 MERES X5

ko= ¢ —FETS5T 40—
(k : Matrice210, F : Matrice300 RTK)

£1 FO—VEY—FETST 4 —DHEHN

——

KO—> :DJI Matrice200/210

REx 887 X 880 X 378 [mm]
R e— R FEARE N o 7 U — 1 5y 2.3 [ke]
KNy TV — K 1.6[kg]
I RARATIRE ] FEHEAN > 7 U — 1 13[457]
(RN A m— R | KRNy T7U—  :24[47]

H—FHS5T4—:DJl Zenmuse XT2

BN G i 640 X 512 [pixel]
BEf{RE R By T 17[ n m]
Bmaa (WA |-25 ~ 135[°C]
ERKZ7L—AL— K |30[Hz]

Bmifg L o X AE320° ]

(FE AU HEAE 19mm) M 267 ]

K2 FO—VEHY—FET5T7 4 —DEH2

KO—> :DJI Matrice300 RTK

R X 810 X 670 X 430[mm]
AR a—FR FEE N o 7 ) — ¢ 9 2.7[kg]
T KT T IRE[H] FERE N o T Y — 1 36[47]
(H20T #45#1H)

H—E45 5T 4—:DJl Zenmuse H20T

(F6 MR HE 13.5mm)

BN G 640 X 512[pixel]
AT CTTE = 12[u m]
BmGAE (mAIF) |-40 ~ 150[C]
K7L —AL— K |30[Hz]

Bmifg L R %14 40.6[° ]

JLiE AR AU TSRS WL No321

2.1 BEGOREEY

Fo—ved—%757 ¢« —2HOTEFRITICHHE AR
AR EIRE T B 7201Tid, WRET R L koKX
XEPEORE, FIERELEAR L L (M6) TEnb,
BAEPNCTIG Ut L2 e 2 30 b 5,
BEORE:  LE HFE
—

3

e

2

X6 EMILDEN

MEDIEI T, KT O XD ITEE M & cBiSE L
TSN 2 BEG ) O EmMEE AT 2 L0 EETH 5,
X 7R BmHE 1, (KRS, S SiREBN T~ ~RTEER
SNBEUN 7 —FREN->THEY, (EYOHSHRER (5
HEHRITRIBOVIKE), LIRSS ~IR (EEREN T @
WKL) L1 -5TWB T ENbrb,

IKFEDE G, EOZENHFIECHE S, A TKEIZK
2 AN OB 215 2 ME N H 5 T Em s, JKEICEX
DI O EEZ TSI OEERL T EE oD LD, K
WHEETR U, BRI, K8 Ok 5 IT4e & Fr7sn
STIAZIN - TS AT 5 2 LT, MMPER - 72KRE
DENBE G SN, KIAEIDREEE 21T 31K D & ORI
EOHEMAIEETH B2 T &b -T, TOEE, KRFITE
W O EERE A Z IR Lo & 2 A, HOiERmREE
VBRI B 5 HE (70781 F L RO EmRE %R T
X1, MEFOREZEINS WIOK 8 IR UL 7 —%



I AR AU TR TR WS No321

IRTREODOEVEHLENTH 503, TEHEEHME VK I
WEEM (HEHIRITREVILE), &OWKREREVER (5
BEFTRPPEVKRE) L8 -TW3,

[0 andE |
(EEaE : &)

[7272D(EF U]
(EmEE : &)
RS IKEORERE REHOETRES

S 5T, bR ISTRITERE T ah iR O TEMR L o 722 2GR4T L
fo & A, BmE MR E & SRR O SR O 22 23
2188 T Esbip ot —h, BB —HITZE < EL<
DEMFMEINE > T\ 55 DS FEMR L O G M O iR 22 o
oo icE L, v — 75 7 4 — OHgilifh e
ThH5TEND, FENETIEEWIE ETREPH i Al e
L5, i, BBROmBESFEGEETH S En o,
TEMDORE S & L EHEMEHEOREBRXE DK S iU
T, GO Lo RREETER S 2 72D RTEE R EIR S 1

o FURKIITIZ, GTERE25m T I3 Bm 5 o i E oy iEEE 135
22mm, FITEEImM O Z N IFHI44mm & 755,

NS DHESRIEZEEL, EmMEOIFRHTIc >0 T,
S LB\ G A S &I 2TV, SEMIC B 2 Bl
o2 E Lie (R3). fgiicBiL <id, 58T
FHRESEDLNBTH D O BRPEDE AL S 8
Hofig e, /hNETRINETOHAEL S, HiETtH 3 5
Hrhflm o 828l 202 % 6 H Fa)E <, B L & TRED
—EREAE L, THEEHMETT 5 6 A N o EIRAHE
U3 THNIETOLLDEL TV,

®3 FBEYCEIIIRERBREZENE

W mEAE WORE WERW

g® #wwm 255m T2
nE . @mom 3s7om BRI
mihLs 8 ®  30som OATA
Y i iR B 20-35m 7}?\?2,2 v

KEETR, (FEM~FE S A TH 5 T Hhas o HEH
Wzmz 28 H EfjEcofEMr@ELcwic, AT, TH
A S TFRIIBVT, TAAFEIX[ZHWE | RO [ZE
H1915 I X[ EHATS] oREERE RIS, SAEERIC
B BHER T — 5 AEE LSRR, BESAMIchcs TH
HEOERNEETH S T ERshi (Fd), TofE
&, BHREERTCMIE L2 SRS (7> L) Mo
HEEE S LR & DRI B W T, RO I~ 5
AHNTB W CTHESAOHBINEYD b ik ofsd LE
BTh -7,

x4 KWICEIFBEmMBREE L IREDHEBIFRE
(EINEE 20214

- 7/21
i A= 7/9 7/12 7/15 (TR
HEBAIREL 0416 —0.416 ** -0.578 s —0.392 sk

ENZAHEDIX[EoEIBIUIEF91E 1 X LHI13T | ORERK
(n=100), EEBEDRERIEILT G DIFL ], »Ep<0.01%RT.

3. HEBERITOIZH DERERBENTY — IV DBIZ

3.1 BREESMIXMEY—H—ORE

A CED 1o &b Tl L — ol i3, X7
K 8 IR d kS ICHRERBISO—IBE 2505, O E T 2k
Licbopzmighr oHEld sl E3WNETch s, Fo—
VRH—ES 5T 4 —ICRGPS b TV A, &
HH L7 ¥t o GPSHSE T, FRERIXH o (& % i HE
T BT ERAARETH B, £ T, BHBRIZE > TV B
ERIX i A3 & O FFEM KT d 2 i s S HIBId 2 7w, ZER
iR 5 RGP REIS 28 < — A — 2 {ERk L 7o

HREEM TR, RBRXEE 2 TEEY 2 GV
ThdI e, dBXEERSHHETCESNIERVL, Fik,
BRI (F RIS A LT W B T ED D, —HROEmIRIC
SLThbind Eb—oDZE~—H —hbniE, RBXEE
F eGP REEL 55, —H, Fo—vidEsE DR
BAZT, BIKOMERSEENLELTVWIE bbb, e
MR OMHEPRE SICEEPEL 5, AT, WREREL A it
A amENFEICE U ERES TV, it —70—
BRAAEICKEEF—EIcz 052 TH B T &
NEETH L, £I7T, [ALHRO/ A F1) 3 - FE2HV
WA —Hn—& Ui, SRV NS F ) a—Fidl 258
0Z2ATEHRLAL2bitD T — FT, HEOKDbit ZELHIR
Wi, RARZZ A TS IE CIROMADAE Uls v & 5 Ak
L7

$7, SREHLAY—€27 57 4 — 3, Boh3EE
D—[AlD K 13 s F © AR IR £ [FRF IS S i o o,
W2 — A — @A g S5RGBT B T EE L, RTEE
26m TIE 5N 5 e HEGR O EYiFREL, Zenmuse XT2 T



# 6 mm, Zenmuse H20T TH12mm Td % 7, WIH~D
HEEFOEEL, WME~ -7 —DKE 345X 45em & L
72 (X9), SHoBHBEIEIcE VT, dRXE0X T &I
WEw—H —%EE L, SE25m TR L clig £ X101 R
ER

K9 xtEZ—Hh— (45X4bcm)

X 10 ZEHROKHBRESOERER

KETOBAFE U - WY — L TlE, ORI —An—0
TR % RS B C 5T, < — 1 — ORE E A Y
I — FIC K 250I%E5 2 HE I L CERRT 2 EEE 1S
#L 72,

3.2 HEERBHTE T ERENTY — IV OBER

BRI 2 EBE 2179 720, iRl o2 mig
o BREME O SEMm R 2 R X O &l 4 2 WG T
Y =W EBFE L T, A — i3 Windows ¥ 2~ ETHEjL
V72T EL, FRa—VvEF—ES 57 4 =MV
s U o BRI O Bulig i &, SEBXNOIEmICH YT 2
e onT, FERER KRR, e Z Ml U CTesy
74N IdTAb0Th D (KD,

JLiE AR AU TSRS WL No321

S (EERHER)

3 28.4 238 316
4 29.3 247 326

SRR O S EEIREZ it ME%R (KERERTA)
X1 FHBXOERREOH

Ky — T, HRRKES T 2 SRR ORI
WES LD LS, Rl AT ER A 5% < —
W — DR & HAE SO BB TR TS B, Fh, BIE
iid = DIEOTRECEERILSE E12 X 0, HBRIXAIC 555
DAL B 72, HEAKA OFHIE© R & & JiETaE
U (12, HO B G A L TS 5 7o B E 7 —
y DR RAEAREE Lz (K13)0

BIEEMEL CERSDEL
| InEgsRETY

EHBREENS
.| EmEEESuHE |

Jote O o WL LD
B12 BBSE LIEURRRATY — I

E - WREmENITT T

TRER HEEE
FTIEE%) 3015 1-2RORER 182
K151 & (pixel) 115 4110 X E#E 2z
FEBE{E (pixel) 23 12hRAMEHEME(%6) 503

FTHE (degree) 0.0 4A1BRIDETAINE(%) 807

BER(EELHS-) I-h-EEXY)
LRI (O 450° 1 275 1382
TIREE (O 10.0° 2 586 1457
3 5887 3997
wETAL [ EmR 4 22 4102
[Conﬁg jsonl I
[(#aas | [ &F | [Tk ] [Feen |

X 13 E&EgRITY — IV DR EEE



Bl ESERVA SRR e S e e A

S5, SEEH LY —ES 57 4 —Tld, LY XDE
HRENER OB IIEIC > WT, RS EicENE U iciew,
FNENORIFMIES v — VS L (K14,

FREHHAS :
EffAE T~ TFEp [ETiE il
ALCIEEEN H2~3CEN

14 LY XRUE Y OFIELRE

4. BAZE LTEHRAIFERDOFHE

WEREZ AW CINEMEEFHE T 2720, BFELI e —
v IO T BERR LS TS & kit (BURREEEHc & 21k
WE) 1coWT, PR E IR LR, T (WATA
) TRAERELH /101G s e (K15,

HeFRE RO—>&

e \ETERR ii

gy de 3¢ 3¢ e dr g,

TR

7/16 7/21 7/26 7/30 8/3

3

e
E’;ﬁ kOo—># 89 49 69 49 4%
mE) IORE 509 609 549 589 649

16 fEkiEd FO—ViEDRAERR
(+Bs e 2021 )

7, MANEE TR S N TEMmERE QMBI > W TS
(WATFAE®) THHD L 7FER, K1612md & 5 SR
Foftee Fo— vkt~ EREO LB ER Tl S hic
RPRZT o508, BEEREHD L 2 AEOKIc, HEiT
1378 < HIFRER S D E A FHI L T EHER S, ililE D
DOFBIBIR I T OFH EREL W EEZ o b, S5
2, BAYE L 7cEHTEE TS o A TEm L & IR O FH BB
RICOVTREEM TRAEZ D TV 5, /NE D TR
Bl & Lt ey, —0.6THEEOMHBEM MRS TH
D, TEMEED FM30% =Ml TREES 2 L5 BIET, B

TEEDNRHHEINTVE Y, Fi, /INELIADIEYIC
BV, HH (WATATY) OSEERMEIE SR E L
figtr < ld, —0.581FE oMM ERsTEB Y (KD, K
fEe B L s ic B0 COEREAMICH T cRa sty 5hT
W39,

KMHRIITEE R3/7/218F

FmERE(C) IR ES : 1286
41
[ ]
o
o
39 (0]
)
o

37 f.
o
o o
35

o
o

33 ‘. '. o
O L&
..0..: ® r=0.673

31 ;
R y = 1.0048x 4 3.5549
R? = 0.4523

(Kl 3 |- &) B ¥ &R

29

25 27 29 31 33 35 37
Fo—vi  EEREC)

16 fEREE FO— v ROEEEEDIERN
(+B5 3 2021 %)

. kg/10
R ke/102) o ows Lk : 1288

350
300 °
ERAAOEES :
°, © BEROHE
250 e o = INEEHMEL\EIARN
- o.iog.o. %
i o]
200 | o8 Sgoe % [T
"'"."."iigh o !
[ ] k) .'. ’ ’{ ~.. 1
150 °© 8o © @i
1 o1
r=-0.581 8ogbo !
100 : !
26.0 285 31.0 335
HERE(CT)

K17 ZHCEITZE@MBEESNEMOHERE
(+Bsgat 2021 )

b. BhHYIC

Fo—v&y—%7 57 ¢ =20 BEMRE ORhHRI 75
FHFE L, BT O 129 O ZEREHR T — v BT L



too BAFE U 5Tk 250 U 7245 3, BRI & 20
itz e~ AR 2491 /1010 ke 4 2 78 & s L % E 3

Lt F12, by =V TE SN AEREE 7 — 5 2EFR
Hricks 1 280 —>2 L LTIEMT 52 & T, BEIEEDO
AW EAEN S,

BREAMEHT B 2 BEmEE & EMEOHBIc> W TR, fE
PN & - ClR—EREMHR S 2, BKES DSOS
s &, JBEMITE > TRHEPKE KT T 2T &0
RS Nic, Lok - TRERINICIE, fEAFRE (NDVD %,
Wric ik e 0 il A ko EX 2 2 & T, B
CB 2R OB B0 FARGTT 2 LENREZ 5N D,

51 FASCRR

1) Takeshi Horie, Shoji Matsuura, et al., "Genotypic
difference in canopy diffusive conductance measured
by a new remote-sensing methodandits association
with the difference in rice yield potential.", Plant,
Cell and Environment, Vol.29, pp.653-660, 2006.

2) Toshiyuki Takai, Masahiro Yano, et al.,, "Canopy
temperature on clear and cloudy days can be used
to estimate varietal differences in stomatal conduc-
tance in rice", Field Crops Research, Vol. 115, pp.
165-170, 2010.

3) rhINEE, pRURERSE, M, "FIEAA v v e A 2
%@T+§B&%J@%%&#Cﬁ¢6W%ﬁﬁ&§ﬁ°
LB R IR, 55243 0] H ARANEY) 7 42 i i 22 im R
pp.151, 2017.

4) PaNBY, PR, b, "TERERERE I & B AbiEE K
Fitt D 2 IGEL O vl REMEIC > W T, HHE - TEVIF2dti
BHGES2 61, pp.64-65, 2020.

5) Riu&E4, KW, fih, "UAVES—€7 57 ¢+ —Tilll
LRI K B 3 & F OIS EK O nFEH"
HABREEAH 141 EEHHS, 2022,

=l

Bt BRI S No321






A AR AU TR TSRS No321

ZRERESRIEHO UV FY v 7o BT
FHIIl A, B EKR, 58 Wi T 5
Development of Handling Technology for Various Kinds of Foods

Hisashi IGAWA, Keita KAWASHIMA, Saori MIYAJIMA, Yohsuke NAKANISHI
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Abstract

The food manufacturing industry often handles a wide variety of raw materials, such as agricultural
and marine products, and many processes are performed manually by a large number of workers.
Automation using robots is necessary to solve the recent labor shortage and to improve productivity.
Processes that are suitable for robot introduction include those in which foods are individually
separated and those after packaging and filling. However, when foods are irregularly shaped and
stacked in pieces, automation by robots is difficult because of the difficulty in recognizing and
grasping the position of the food.

In this study, we developed a technology to recognize the gripping point of foods stacked in pieces
from depth data and a soft robotic hand that can grip various foods, aimed at automating transfer
operations that require a lot of manpower in the food manufacturing industry.

KEY-WORDS : Automation, Handling, bulk stacking, Bin Picking, Soft Robot Hand, Image Processing
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Surface Modification of Black-Zirconia Plates by

the Laser Beam Irradiation
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Abstract

The black zirconia which combined some additive materials is used for accessories as an example.

We have found that a surface coating layer which have metallic luster and electrical conductance is
made on the black zirconia by a laser beam irradiation in the atmosphere. In order to research
possibility of the surface coating layer forming on black zirconia materials, we observed the surface
coating, and we evaluated the quality of the surface coating layer which generated by laser irradiation
with several conditions. As a result, it was estimated that zirconium nitride have been generated on
the surface of black zirconia by the laser beam irradiation, and we got the knowledge about the
properties of the surface coating layer on the black =zirconia as following; it has the electric
conductivity, it maintained conductivity even if it heated around 400 degrees Celsius, and it is hard to
change in quality for corrosion environment such as brine or acid.

KEY-WORDS : Zirconia; Zirconium oxide, Laser-beam Irradiation, Conductive coating
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Development of Low Temperature Nickel-plating Solution
for Brash Plating

Takayuki SAITOU, Takashi SAKAMURA, Yohei SAKURABA
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Abstract

An attempt was made to develop a low temperature nickel-plating solution for brush plating, which
1s capable of obtaining electrodeposition rate equivalent to that of on-site repair plating by heating.
Addition of nickel acetate and about 1/10 amount cobalt for nickel to the general nickel sulfamate
bath increased the upper limit current density at which the film can be deposited in a metallic state,
and also improved the plating deposition rate at the same current density. With this plating solution,
even without heating, the same "efficiency value" was obtained in the brush plating operation as in on-
site by heating. The corrosion resistance of the plating film formed by this solution was confirmed by
a cycle corrosion test of 21 cycles (168 hours), and the hardness was 440 HV 0.01 in terms of Vickers
hardness, which was considered sufficient for practical use.

KEY-WORDS : brash plating, low temperature, Ni-plating, on-site repair, cobalt
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MR EZ R Uzo BtASHE Ni e OV — R v DI A, Wt
SRAEDFHELT0DE T ED S, ElmTRXBORIEHIEC -
TWBEEZ LN, KEAA VEENEFLpHMME T 5
R E 2, —J, Saf Ni TREM» S oKD IRA L
BHoNnd, NiOEMFETHZRQBBEMTHEITL TS &
ZZioh, KFEAA ViEEE FREETpHEE TS 2
HiFt v, SSic0WFhoBaoks i) ©b Ni st
HL<Tkb, ABDLSBLUE (He) OFESBT NI EnS
KAPIZIFHMTHEITLTB Y, KEA A VIEEEIELES
pH Z LD FERICE 51w, ks LT, B2 SE&H Ni
DA D H pHIEFALE S, fho 2 FFH OB T pH 3K
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T4 3,

Niho & TlEpHM 2 XK 5 &, it (bIKkH#
FEH NI O & 0 & L S EEIciz, BilhE (Eific
FLEAESKED D L, - EcER s cBXEDE
B) PREICE T T 2729, BiE LTpHOE FARED S
Nish-1SEE NI ZRMT2T&E L,

2.4 NIVEIVHEBEOHR LIKBS > TRERDOER

BIRDHFEN100% TH N LIROBREL S WHH, K
JEDOHTHIERE RS 5N 5, EEOBMMIETIZ2.38ITH
RLES MBI LH100%IC 50, KRBT EiAkm I H
B, BURoBBMETH YTV 3 &AM E 1ZIEFE 25
A/dm’ EEE T, KBTI & A TR (Fabb
BIRIR) 2FEBST L E L, UBOERICBVLWTESS
HTON VBT HIRE FRAE <, RBahkEoN
Ba{T-70 WELEAVEVERBRORIZR 4 12787,

M4 HWRLINIVEIVEKE

RKEBDD - TEMPA D BIBEIEGIT, NIV IR
LT 5T ETHANRAE L THIRE FRESEMEN S &
T Lle BB, ROEXTAVEVETHIRGEOIFAT 5, AR
DNV EIVDIFIEE TOY - ZiEEAN S EARIZLIILE -
too o ZEOWHE &7 5 FRIOMIC 6, HoTmic 4 @
DORBAF AT > T3, EBiEE £ LOIRYD O BIHRSIEITS
5 EER ITRERMMEELEVWEZELZONS, S5
CEBARB T EHKkE ANIIOLKIECIE» 5 2 & T, &%
(5 A)THYH S DR LA A 5 minT T CLANITHIZ
BT EMTEI, BIRMEN S ADEHTE, SEENITD
550 1 OB TH I pHMBE N5 T &0 ST -
720 FHNICO W TIZ2.581ITR T,

K2 REBHBICLEINIVEIERBRER

(515 HOETBDRE | HOTHED | BENSOR EEOBRMEDD > EEE (um)
1k (°C) pH 1k FoxEE A B C D E
N 21.5—25.0 4.0-3.4 M 5 5.3 2.8 1.7 0.85 | 0.29
SEANI 26.5—21.0 4.0—4.0 HEGTL 5.0 2.1 1.7 0.85 | 0.30
h—RY 23.5—25.0 4.0—-3.4 (S8 5 5.3 2.8 1.7 0.89 | 0.28

KIGBEEM : Do SHRE267mL, I24E (EAH) EE, TR . 1A, EFERRA - Smin, 200rpm THEH
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W o ZHEKICOVWTER LD 5 3k & bEHAE[T- 12, -
M EEE R Loy, NiEE%112g/L2 5136g/L I
W, AL NI (FEMmERZEET 2 & STV 2D
DG % ED B 12T %E 1Ry, 135 BRiEE%10g/L & Ui
C DRk - i STD &Kl d %,

F ool oRBE E LT, BN 2Lk, Ch
FNiw-> 20 pHEEME LTHIONTED, &EHR CH
AL L7z pHIK N 288 F 4 2 HINTH 5, WM Ni 2BI5EAL
S OB A 14 /LinfR L, A NifIMEOZ VT »
I VNI AL, Nifid136g/L & bl vk diciitE
Lo TNEH - ZWACT EFKidd 5,

S SITTFMAARR DT HORE ] E o e BEEBHE E LT
a0k (Co) OFEMbIT-70 THEBIOHITS - 7216
S LMitatkoEEN 320, Ni & CodE&e bEEX L
THEML hoEBROHRTH 5, FRMICHES LAt
BH D SN - 7208, DED CoifiNTH » ELOHT
HUEE A L < k9 3 C EAVHIF L 7c,

CoIMITIEERY L MHELDZ V7 7 3 U Co(Co(NH2S03):
“4H,0) 60% iR A Wz, 27 » 3 VENi60% & [EL
A0 ICHRLUARICLTI/10MA e 259952 ET,
EkD &R BE A LS H3Ic » ZiErhic Ni ©1/10D
HoHED Co Z7INT 5 2 B TE S, STDBLTACT® -
ST CoimnLicd - &%, LD > ERENZTND
LEIT “+Co(1/10) 7 ZHt THILT 5,

MFFRES Ni(5869) & Co(5893) FIBEALFHULUTH L, B

BEEIAEVEEOVFNICBLTHELLE L,

2.5 BRNIVEIEBRETBEDO > ERTORBREER

INS AFHOD - EETORE L 7oV Vil R %
F3wnd, FEBE oA LK 5 ICRT, o SEOIL
NTHEEF WEAL IS, RO L TBRE b EATO 5,
I D Db B 3T R T ORI TEEREE (Z) fhicH
b Ctz, £330 - EZPREICHOWTIESTDITEWVW TR
BALL ol 2B, GBS LA L Bodifin AB%
GO 5 ATREET-7 (K33, moRERKS,
ABEZAEICINA 720 2% 31213, RN OB L 7268
i & BT O B A 5 1) TR L 7o LBROEiREE
(A/dm®) &7RLTVE, TNODFERMLLTOT &b
5,

D %o XESTDICH L, ACT Tk LR OB REE 5328
(A/dm®) $THIRT 2 & & bICpHOIK R B SN 5,
2L, WENOY - XZH TS LIROEREEICE 501
125 ZFEEEBALAICH T TEREAEBINLE L I
3, $bEL, WFNOKbERESITHET 254 THE
R ESEREETIHERTLTL 5,

2) 2ikicEnEN Co % 1/10INd 5 &, LIROBREE
BAREHWAT S &L bIc LRI E T » IE R
FCLT 2, FIoEEIRBE O T, Coilmick b
[ CEERERE T b ¥ > SHrH#EEE (1 m/min) A Ed 5,

3) - X STD+Co(1/10) & ACT+Co(1/10) % [higd
% &, ERIC K B pH DMK T OEEIC £ EFD S5,

ACT ACT+Co (1/10)
b ARBEOOH-> ZRICLBINIVEIHBER

D KoL TEY-> ZRICEEN I REFEaEICKL, HER
RICHTH L 2B EAD I Wb ENE LT o EE X
SN, TITYH- EFEEZDVREICRLIN L DIV EHL,
DS IEZ FICEMRE KN L 72FER, pHOK TR -
i STD+ Co(1/10) @2.712% L TACT+ Co(1/10) 131.5
LD PITREMW NS T8 5T,

FElE Ni 2300 L 729 - Ziic> 0 TR, BRI & b Bl
P OHERPFEES 5 & BRI L 7o, EH BT THRE o
JBEERIC L 2 AlEEMESE L Sk hs, oot
ML LEh-T,

W > FH ORI D W T L VERERIT & 0 B RET 2 1T -
fohER, R L TOLROBEREEAKRKE L, @0 - &
HEE AR, @pHOKTADIEwEVWSHEET, Ho &
WKACT+ Co(1/10) 2 7 5 v » = KR Y - K O [l
EPE L 7o,

K3 ATBEOO>ZRICEEZININVEIRBESR

HoER Ho>EHDIE | Ho>ERDpH RIEQEMEDH > EEE (um) EROEREE
EZ1t (°C) it (&) A AB B C D E (A/dm?)
STD 17.3—24.2 | 4.8—4.4(0.4) | 21k 9.2 9.4 |87 |48 | 1.2 18
ACT 20.0—24.0 | 5.0—4.9(0.1) | 12.9 | 13.4 | 11.8 | 7.8 | 46 | 1.2 28
STD+Co(1/10) | 22.0—26.6 | 5.1—4.7(0.4) | 35.0 | 17.1 15.3 | 9.1 | 48 | 1.3 39
ACT+Co(1/10) | 21.5—25.2 | 5.2—4.8(0.4) | 27.4 | 18.0 | 13.3 | 8.4 | 4.8 | 1.4 45

KIBRH o ZRE L, BB SEF NI, (248 EHM) &, TR - A, BEEFR : dmin, 200rpm T



3. T3V FICLEEE - mRRUEE

3.1 BBTOTSVHZLETS V> EMEE

X6 ICHEGTOT 5 v - EEEER LI, 15X 6 cm
REDOEAKRD 75 v TREROMEREED A LD - &
BEAITS . BBEIRIE, RED/ v itilb 3 ok
ET->TW3B, BEY > ZIKOFIcHID, HBTH - &
Z g R & LR T OMPRA E RN T 5 LB D B,
Z2ZTRONICED T v - = [RIRME | K 2EHT 5,
K = (i Lt/ 7 5 ¥ i) X o - @& (1 m/min)

(6)

B coRFENL K OMlIZ7 5 i : 90 cm®, fi T
B 08200 cm®, JE T4 < EBE 0 10 £m & TR © 60min
HoRONTLD593EM 5, BREEELTLETRELT S
VIR =Ty 7 LicEE, EBRTo K OfEn5.93k D
INS T NEHE TR BT R DB 5, EBRTO KT
NP EThnEHGI L OB LA TE 5, L0 HiEE
L1835,

6 BEBTDTS o X

3.2 75vH-oEEBAE
ERETNIED 75 2 - X &7 O, O 75
VERELI, K6 0BG TlibnTwaE 75 vE2ZDEE
INEL LIEEARED 75 v b RIELD, _VEIT S vo
FEAL LIS < K LEMIL D » ZRBIERARE Th > 72T
EDo, TOT7 5 v HOREMAIERICH W 72, BMRED
i3S &H Ni 2EHEo/N (B : 3.92 cm?) (< )ik
L7co 2 T/REAT L, #Ni ofilfi (¢10x105mm) ITFEHE I
o £ 7o, BwrERIC 3 (¢ 10mm) OHIESEZATL
bo 77 Vo EhLTo fHEERKE TS Y EXTITRT,
E—h =D - i, Ry 7 T7 5 vicdiihani
MhiciEsh, REZRNIEEI NNy b TZI oMb, &
M (M) v vl & [E U (67X 100mm) % ]
W, B A0 X 100mm 78 5 & 5 —#E 75— 7t LD
T AF v T Ul, EMAEBEEE CIKRICRES 72D, 7Yy b
DOTOKIIKEAN, EHITTIVI Tay 2%5y b Ei
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BE, TOLIKCHEMAEEBEOT I OmEISNSE XS IT L,
20°CHEE DO T I O & S BhEkiIc 3 2 &R &I H I
10CER o Tce £ 7 T v OBIEREIIN 8 O XS5 BHIESAT
OFFVEEEEE Lic, TREAMOEZDAERLT
WA, i oiiE TR 3 EETEY, BRhE TS v A
1B, EAOFEEZBEOE L, 77 v - xEEF, &
3% - ZACT + Co(1/10) ThiiE s Liz £ 0 0.75, 1.00,
1.25, 1.50A @ 4 BB OBHRTHEML 720 TN & & bl HilE
D, STDTY » EEIREE RS LKRUD > ZHEOA -
fo B —H — ZERMIC ANSGCITINE L T7 5 v - 2 &7
too TRTDT 5 V- ZHMETHEMFEL L 5 min T, -
X DG 1329m L/min & L7z,

K7 7S5 H-oZDEEERETS Y

X8 HBRENDDH-ZHEDOTS VRERE

3.3 TS0 EERER

STD® » ZIEDOIEB L TD T 5 v - X DFERZX 9
R, ki3, M 1.00A (FEHEE : 255 A/dm®) T
T0.75A (FBHRHEE 0 19.1 A/dm”) O¥ - ZEOIRETH
%o HEHifE 1.00A TEM o BALBA LA, 0.75A TR
OHEIFEC P 5T, BT D) - FHROERMIO |
ROBHRBEAMA TV DB E L EEZL SN 5,
7ol FRREEA s WL S wERSMETH, 77 vERELERIC
I 201k 5 EBLLPT -7, TN T T ¥ Ol
FEAME T L—#cEBimatihd 2 2 &, MFEH72ZH,S LR%
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WisdtentELZONS, COBRBRELSERD 75 2T,
RUYBEDHECRT o1, - X STD TD52°C~ D
B ACT+Co(1/10) TOWVWFNOFER S, K9 D0.75A
TORERENBNTIZIEEA LA SIRETH - 720 72721
ACT+Co(1/10) T D i KEififE 1.50A DM IFEREE T
1338.3A/dm* &V E I M S I DY - FiE D EROEIRE
FEITE, T =8B LA Ureo S5 Tow - X HE,

K9 STD&H->ERDMELLTDT S o EFER
LB EiR 1.00A (25.5A/dm?)
TE B 0.75A (19.1A/dm?)

R4 BO>BREEXBTORELET S V> EXNEE

HoER BREE-®E | E E| 732 | Ni
(A/dm?) = (°C) | (um) HoE | )
hEE
STD 25.5-18 0.22 0.56 100
STD 19.1-18 0.35 0.90 100
STD 25.5-52 1.08 2.76 100
ACT+Co (1/10) 19.1-21 1.54 3.93 34.0
ACT+Co (1/10) 25.5-21 1.96 4.99 37.6
ACT+Co (1/10) 31.9-21 2.14 5.46 44.7
ACT+Co (1/10) 38.3-21 2.55 6.52 43.5
LB BHEERT Inin, &> EiRIASHEEE20m/min
' N
1 cn: 2cm 2cm 2cm 2cm 1cm
1.5 )
cm )
> > o %
1.5 i
cm
lem ¢ D, J

10 735 - sHBRKOEEAEME

RO SEHEING T 5 V8 > ZRIE R FFEXERATT
BOoNBEETD NI EERBELERLITRT, BftEE 7
7 Y OMBEHOTEREEICHEL TV, B8, H-oX
EEREFTIES D ENH B0, KI0D & S BIEFTXY] -
72155 THIE LSl & L7,

3.4 TS5 - EEBEROER

B TowH - iR e BIZFERGHKTH S5 STDTD 7 5
VYo X TR, B EEEEOEBREE2.5A/dm’ -
GRS CTOMELMETS 75 v » ERhR(EIF2.76T,
BIE5. 93D N1 -t THIRY - FiEHK DS T D&
W, 75 volEE &b ICEMAINER T IESTH 508,
EROM T M7 0 a® ) 7FVITH D T & ENEEL
TVWBEEAOLND, oM L TRIELEBREETH
C ORI KIFITIE R L0.56TH » 720 TOWH - XA
75 L0 CHREO T MR 2 &, BEHEO10M45RED
&% 5 LHEE S h, FERAMTREB L, AL TRE
MEEEADUETSE2E, B{ELBL DT LARERP
PEK L 76
ACT+Co(1/10) ¥ - ZigTld, ME L7 EHSTD&LD
KIEIT 7 5 v - EhREETP L L, BREEN31L9
A/dm’® THIBOMHRME & 3 IFEEE 0546E 0, 383
A/dm® T136.52TEIGE LAl - 7o, L LIERTOFER %
CRERTRLICE S I, FRIGEVWEEREETIE T 7 v
BEEDLTOHT 2, X3bY 3 EB B ETP TS
fowd, 32A/dmPREEEICE EHBNREEA D, TOEREKE
THMRETICHE LEFED T 5 v b - EPRENE SN S
fo0, WEOMEREDHER T E T HAFEHAJEEE B Z 5N B,
ABHHETR, TOV-FHEET v - ZHKED > Z0FH
sl E LT, ISR B A &S OFHIi 21T - 720
ACT+Co(1/10) ¥ » XTI, HREEO FHELEBIC
RO Ni O BBERMBE L 15 - 7208, 32 A/dm” %82 %
E NI BURRRETEEMT 2EALNE, D> XEPD Co
ORI NI 0fJ1/10TH 21T bbb o, HEOMAIT
Co50% VU ETh B7icw, HHARRME & bITH > |15
FRIE—AHINC Co IREM D LT T &iciss, 2D
Y, o EEERFIC X 2 SEHT7 3 Co oA oBINTEs
HREMEASD B, THRFEH ETHMNSEEEDN, S%s 5
WRREE L 720

4. TS5 VH2BILLBH>EREDMEMELES

4.1 THEMEFE &R

it ke o AR K1, ACTW - X 1 LHrkvic 2w
7 7 3 VIR ColmEIRIE %2100 mL A 7o » ZjRIC K D 7
SV o FEEEIT- 0o TS 28I T/RL7ZZACTH+ Co
1/10) &b &L Co DFMFENKEV, 753 ET T VD
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LTOWHOEREM & & bio, EEY A 7 villro21v 1 2
v (168D 1t L7z, @ - SEERMEIC > W TIED - Y
LA DET AT — 7 TR+ v I Ui, B 144 7L
DFMMEIFEFLFOEBY TH 5.

FREIEIKIEFE (35°C, 2 H) — 21 (60°C, 4 H) — iR (50°C,
100%RH, 2 H)

AT O K IBADIRBEE KL NITR T GBI e
ML BAaL, k2 BEOMMAERRICHERS L
7oo 77 v o BRI REICEEPLHBOEBNIAL
TWVBA, fHITE ZREEO MM FAE M AR 35
EINTWi,

GEEaY A 7 ILRER168H %)

&4
(54R)

75
HoE
HB&

K11 BEEYA VIABRROBEM LTS o> SHRE

4.2 BIDOFEMEER

WX ey 7 — 2 EFHC XY mfE10gf THIE L 72, il
iR, FEIESE O EEOSBELNEVDT, 75 Vo
SHIEZ 200 RITT - 1oo MO EMRSME, TR O 5
WEEIETH D, COEERRDOESF6.8um &5 - 7,
AR AR D 30 AT & MIE L 7ol 0 S8 13 440HV0.01 T -
7o

4.3 HHoEREOMEMLESDEER

G THIET ® » &IC & 2 KB IZEAH® Tl Wi,
JBE» oEMMR#ETET N IRIOA BTN EHELE
o, MEHHABRORE R, S ERLIC K FEHH L Ebn
b SOIEHAEMAEELHEETENIHETO TS v - &
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HSICS>WTERT 5, BUGTOEROMLMIEs o4 E
) 7 F Ul TR S TV WY, — IR S 35
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JLiE AR AU TSRS WL No321
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7o

2) TNZNHIC NI L& TR 1/10D Co 2RV T »
IV Co ELTHINT % &, &5 EIROEREE D
WKT5EEBIT, HANINEE LR CEREE T -
MR (um/min) bELEL 72,

3) BT 5 v TR LERE COMRETER
T 2720, 75 v - [RRE ] K 2E#
L, o coREMMSMEICHL, g NI & Co %
ML 7cD - TE, MRLECEST T vd - S
TEIcB L CERRE OEAE S i,

4) TOW->ZFKTD CoDEIINID1/10TH BT bhide
bod, JEkE N B EEOHRIE Co 50% Ll ETh 3
row, R E & bIcY - XHH 5 13EFIEFE—HMI
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JE e 1E Co DA DBINTHO ATEEMED & 5.
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Study on Prototype Utilization for User-Centered Design

Kofuyu INNAMI, Akira MANJOME, Seiki YASUDA,

Kyouko OOKUBO, Tomohito TAKAGI
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Abstract

Small and medium-sized manufacturers, where product designers have never been involved in product
development, have a strong image that "prototyping" in product development is for checking functions
after the design is completed, and they are not familiar with the method of using simple prototypes
to incorporate user feedback. This may be due to the fact that there are few opportunities for people
other than product designers to learn about prototyping of the early stages of development.

In this research, we summarized the findings obtained through a survey on the use of prototypes in
the manufacturing industry in Hokkaido, case studies of product development using prototypes, and
the “Design Seminar for Thinking While Making” . We created a web-based product prototyping
guide that explains the necessity and effectiveness of using prototypes to verify the development
products from user perspective in the early stages of development, as well as specific examples of

prototypes for this purpose.

KEY-WORDS : Product development, Prototyping, Simple prototype, User-Centered Design
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