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Prefatory Note

KUBOTA TECHNICAL REPORT No.51

Kubota Is Depicting the Future of Agriculture and
Creating New Value

People are demanding a rich and varied diet along
with global economic development, and agriculture is
also changing greatly. In global farming, which is said
to have four times the production volume of rice crops,
future-oriented agriculture is already being developed
in economically advanced countries. The advanced
farmers of Europe and America are using sensing
technology and analytical technology to turn the state
of their agricultural land and the growth of their
products, etc., into data, and to harvest efficiently and
send products to market by visualizing them. While
mechanization is advancing in the developing
countries of Asia and elsewhere too, farmers there are
also trying to incorporate precision farming techniques
like those of Europe and America.

Meanwhile, what is happening with agriculture in
Japan, also an advanced country? Unlike Europe and
America, rice is central in Japan, but the number of
people engaged in agriculture is declining and they
are getting older too. The area of abandoned farmland
is increasing year by year, and the total has fallen by
26% from its peak. Japanese agriculture is facing an
urgent and difficult situation, in which it is unclear
whether it can be protected or whether the country’s
self-sufficiency rate can be made to recover. In order
to solve this issue, it will be important to have an
attractive vision of agricultural business with
professional farmers and farming groups making
money and supporting themselves, and agricultural
villages in hilly and mountainous areas and elsewhere
becoming active.

Kubota has expanded its field of vision from Japan
to the world and worked sincerely on the development
of agriculture. We have grasped the state of
agriculture in each region, created the technology
demanded by customers and rolled these technologies
out in agricultural machinery while, at the same time,
depicting the future of agriculture. In Japanese
agriculture, Kubota has mechanized and built a
consistent framework centered on rice farming to this
point. However, currently, we are advancing support
for professional farmers with the realization of PDCA-
style precision farming where agricultural machines
gather data on produce themselves and use it for the
next cultivation and harvest in their work plans, and
ultra-labor saving based on automation technology

that raises the efficiency of work further. From now
on too, Kubota will push the further evolution of these
technologies and propose total solutions for Japanese-
style smart agriculture.

In addition, as global expansion, we are also
promoting the development of smart agriculture
integrating large tractors and implements in a system
with local group companies in Europe and America
and introducing them to the market.

Kubota is currently advancing R&D aiming for the
introduction of a new GNSS (Global Navigation
Satellite System) and the further upgrading of
sensing technology and control technology as a
challenge towards the creation of new value for
agriculture.

We have made “Kubota, a Leading Company in
Next-generation Farming with ICT” the feature theme
of Kubota Technical Report No.51, aimed at the
realization of future agriculture. Along with
introducing products applying the automation
technology raised above, like tractors and rice-
transplanters equipped with automatic steering
technology, tractors enabling remote monitoring and
cooperative work, and the KSAS Drying System as an
example of PDCA-style agriculture, we also introduce
the development of the Assist Suit, which enables
labor reductions in harvesting and packing work. I
will be happy if you can understand our attitude of
taking on the challenge of “future agriculture” with
the technology we have accumulated over the 127
years since our founding through this Kubota
Technical Report.
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Kubota's Efforts in Next-generation Farming
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Satoshi Iida
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Japanese agriculture has reached a great turning point due to factors such as a significant decline in the number of
farmers because of aging, and the liberalization of agricultural imports. In such circumstances, it will be necessary to
change Japanese agriculture into an attractive, profitable business for the professional farmers supporting it, to allow
Japanese agriculture to develop. To this end, Kubota is advancing R&D on smart agriculture ([1] precision farming based
on the use of data; [2] ultra-labor saving based on automation) using ICT (Information and Communication Technology)
and the IoT (Internet of Things) and its diffusion as Next-generation agriculture. To this point, Kubota has launched the
KSAS (Kubota Smart Agri System) with regard to [1] precision farming, and a rice-transplanter with automatic steering
and an automatically operated tractor (the SLE0A Agri Robo Tractor) with regard to [2] ultra-labor saving. In this article,
we raise the targets that we have worked towards with these products and the state of our R&D.

Moreover, we also raise the future concept of a smart agriculture total solution combining [1] and [2], and the issues that
we will have to clear towards its realization and diffusion, and show our way of thinking about overseas expansion.

1. [XL®IZ

Bt oSG, EMEEEL TS O— L AT —-T5
URISH BT EEEELTOET . CAIEB L S<OBEEEIS IJ0=INpe A p=—T IR

EHESNBITIURICHERENSTETHY . CDHICIE. &
FTOLIICHITRGRERTT LT TEGL BESFICH
BERETDHLLW2—2a %R BICIEREZRBH
LWMEBZEIEL TR ZICHESE TR ERHYET
(BE1),

alue Creating Company
L VA EDRE

Solution Presenting Company

- - REARR
EE . ICTOITHMiZ CIIZHE-HBESRAETILEEEL B

— ICT-loT
TEEEHRESEIDLENRLN, ICT oTIRIRETHEH Pmdut;;l %l& Cﬂgmnanv (bl &3
LTLBHEEEABTD1DTY, e LAaNTYT

AR TIX ICT-loTHMMIEERATHIRERDRAT—FEEAN

ORYMBAK RO BT REESIVITONTHEZLET, B1 7REDEROFA A

Fig. 1 Kubota's Growth Orientation



KUBOTA TECHNICAL REPORT No.51

2. VRN RERERICRYBLES

2 — 1 BRRERDFKERE

5. BRREFZLORELTEATHEY . KELQEKRH
D2 TWET, BRI, 2000422305 F Ho1=8r 5%
BRMN2015FITFIB0FFLIFFFFLTCVET, BA
EROEHEHIL6TRULEBEEHIELTEY. §1410
ETIHEFUTICHSEFRINTOET,

—AT.BEEZFTELTHHVFERTORRIVE
REANEZATEY . BRRRORMBERFICIYEZD
BRREILARLTOET  BEBRELTH, [REEIL AL
EEONEILIZRET D=0 CEDERESADES
L OEMNIRBLEDEEEITEHLTEY. 2023
FITHWFLAEHLIE2HDEE L., TRIKD56%H 580%
ICSETBHELTVET, £, 2018ENSEFINETRE
MOTELRBRBERLELIN, BAOERRIFL&KLE
BiIZzEELNDEICHYET(H2),

CORRIZHEWNT, yR2ELTIE,

2 -2V FRRDRFEEIRIORYHEH

OBEARBENENDBAMBE S RRELTHY I
5YHIE
Qi LEthEEOEFNOESEE. RUEBEDEEA
ROZTHERE D R 3R - HE IS
DF-HOXBENEELFRETHLIEEATVET,

ismaskans | 43—58%

e VA

4
- I
50 50 20%

24
o mm N N B

45 0%
20009 2005 20108 20158 20054 20104 20154
-EnE FXER - IHEE Thak 3% = 1 ~5ha 5~10ha
HRAFERO 10~50ha  ®50~100ha  ® 100hakit

K2 MEAORTEVFELAHHIEMDES
Fig. 2 Agricultural Population and Proportion of Agricultural Land
Held by Professional Farmers

BARREXASIHAAROBENFREROERM
Bl ZORBIEKRELBICRDESLEDREEICER
LTW&EY,

[EOF0EE]
MWEHESEEDME
EMTAEREEEDME
RE. REETOME

(D& HE-EFHE. EEIRDHEIR

QEERDE T INEIEL

BHARER I\ DIRIR)

(SRR K

CNDDREMBRDI=OH . VRITIERD KSRV
HEEDHTVET,
(HEVWFZH T B R2DEYEA]

[ B S A B EEDITRME 2 ORISR

2 —3HEXEBEXDELDRTYT

K3k, BABEDHEILDRTYTERLTNET,

FFBIF4TEITHIABORE - IR TREETISIC
AESALTLUR. BROBESAORYZELICEBLTA
IR—2a FEAHLGEASBREEOEMIE—ERK
ROBEICEELTEEL, TLTHRE., REREXE
X25OT—XERICKIBEHEIL. QBHLIZKLDESE
HbEEET HZRT—FREITDNT, 2010FENLAKE
HIGMRERRETED TEEL -,

IEEY1—1avnRERE
DE—T UV ER+EBRIERE 1CKHED
AME
i -BREOEMIL—BERREBE 4L
MADHEORKR—RANBELGECREEILIZLD
BRFEX 1B
ABAREZBRNADHIENDIEDRRIZEZ TNz
[CIE. SNBICMATEEIVRTLEARERZS1LTS
CET. RONDIEMERDONDEHITKRDHEND
BETERIMLMA . TaHBICT o TR EEALIZR
T—rREVRTLORARLERNFARTT,

20105~

¢\ At 27— R#E
11 OF-2ERICES

: WE(L

| Bt WML —RER
WAL, ML 10808~

| @ W21t t: WAL, AL
N\ s‘}u J EERORL 1950z~

ii BIHE: AH-TEH ~1960%

3 BAREDEILDRTYT
Fig. 3 Steps in the Evolution of Japanese Agriculture

2
U
3
D
R
1t
A
=
%
~
D
B
Y
#
&



KUBOTA TECHNICAL REPORT No.51

2
R
3
)
/4
1
s
e
*
N
)
HY
Y
#
&

3. T—HEAIZEHBEHIL

3 — 1 EBEEXIEVATL KSAS(Kubota Smart Agri System)

AX—FREICREHICRYBLIZHZY . Z<DHEL
FOAREBELLT, RIEOXBEOFBE LA DEIE
#TWELZ, TEXROBRAIXILF0.2~0.3ha/tEJE
B2, ZT0=5H. HIZE40haDFEIER R (X200 2L
TOBHAFERZ ThTNICEGSHSA -BEZNDS
IREICEZ—ENHEETOLRADEEIEDA TN,
RIS HRELRATENL-EEEOEROMELREL
TV, TOHR. IRECREMNMETL., BHH=F N EHE
ENHYEDLRWNEENH D, ICOLIBRIGOEDE
REA—RICERETER-ER, BREBRICHFEELIEE
RBEEMLLEZYINIZTERRT HDTIEAL, B
DL Y THEREINELANER T HELTPDCAR®D
BEEEFTIEVS. ChETOBERIZIFGLEHLLY
ATLOFRFICHETHEITLEL,

CSLTORSAHBICBHELI-ER - Y—EXXIEY
RTLKSASIE, BEMBMEICTEMALTHEE - EWE
HMURE. BIR)EFIELERATHLT. M HPDCAR!
BE ZFRHIIHLLY)2—230TT,

EARBRELTIIRAITIRTEY T, ERLANESH
BEE B HLI-[KSASEE] FEENMMEERLHZRLFERD
HREITSIKSASENAIL] BHROBEENTEITS
[KSASUSIRHY—INO AT LI TERESAhTWET,
DETERRIEV AT LEBBY —E R RT LHRE
LTHY. TNETNRO LS AMIEDIREEHEIELTLY
F7,

[ERXIEVATL]

OFEE-RBKRKXIY

QRLREBEEM IV —HE T1HER)

QEAREEBOBMILORMIHTLIERE)

(€3 e OF &N
AR THEY Y —EXDRBICKDIEAIUEALD
B3R

[F—42IcED<PDCARI E %]

RITKSASD % ELDBRIREIV NA V&, TL 2
VORDLABEELRKRDOFTELRRABFETHLI N
VEBERVKSEITILEAALIZEHRT 522 9(O0—
FEILRGIEFRAD ST P EREELTHY., 5HA
—AE BARIREMNYRSEIC, VN1 DBEE
—REEBITKSASENAILEBL TS IR H—NITE
SNFET,

7-_“
7—_’*

HWFIX, EBHEFRONNYVIUNLITIRY—/NZE
BENEEBECESIRCLORE - BROIESDE
(RS B)E—BTIRIET52ENTEET, TD1=H.
TEAMEEOLEAILTRGIRILOFEICEDE
I ERECEEORBRIANATRELLEYET ., TOHK
FLEBHOBAET —4%. FITHEEXEFOENMILE
TLKSASH G DB BABHONS V2 TEELES . %
{ELI-KSASER I EZ*EENTRET HHAELH-
TWETOT. BEMODETLHEC. BRULOBA
FCTLREEVVECHEREITICENTEET,

ORI, TANEETNEREICLIEEFHE -
BN T—RRE - EWVSHAUILERT IETIR
EPEKRELITHLELICHIEESOFEAN -BHEH
FIELBEREZHUELHKE TS, CWATHETOAR
BEICEEI >z T—2IEDPDCAR B X T (E5),

#BMY—EX -
= gL
=0 iy aE]
CT* m%arm Y—EXZFv T

BRZEATL

4 1T KSAS D&{K&
Fig. 4 The Overall Picture of the Current KSAS

SEORERR — RERT 1 ‘ BEQREPE%
198 (kg/10a) - .

- 2

NS
= PDCARYE %
i i '

&

‘ {
7 8 9
Hn TS WE(%)

a 5 5

5 KSAS M PDCA H (/)L
Fig. 5 The KSAS PDCA Cycle

HBELETD2ERDEIT AT, BR{I=AIEL
EER)DHE-REILEEDITIHDIREEMEREIRLTH



KUBOTA TECHNICAL REPORT No.51

Y. Sh A A0haiRAE TR E S 5 #1302 BIE DRITAS TOETA, S3UIHEASER £ Y20144E6 5 O+ —
TEBCEIHYET, £ BRIEICEBKDHSFTER ERBIAADIERT, BELRT LTILH1 3708, H—
LKA B UM TIREE T 5840, KA L BE BN ERYRTLESD L HHTIE4,5008F L L DIBNF B2
S COREORFILESEIRNDEREAREEAYET, FOEADBESECCHABNTVNET, BRESE
#&(347,000ha(F434ha). FETIE21 B H(TH15080)1<
7385 . COKSASOBIR &, B6ISRT £51k544-H BY . BITHRORENMENFEOH L S, [ESEED
O (LD R REIE LT 5N R SN Lot TR OURE - REM L hS o= LB L
GPS ORI Bl T2 & & BB REMICRYBOHE BTOET,
BASEAED, TLTHEOY—E REPILE 01 P
DEHTOSTHMERBLTHEOELL, i KSASESSGEE 8P —mim—— KsAS
F1-. KSASIE. HREIZESTHDB to CRE(TR r — \ SIMR
TL)THY  ESRRELTEI-AHBEABETLT, Wi OE.SE Y-
ST, HRARADEE R E B IZE R D T i El |2
KSASHER Y L—T . AT LBIS R (IRESRT I (smma o27n ) % - (A
X F TEREEAMEMEL AT EOF 15/ F k,,;ggf_,}{zjf;ﬁ_j 8 | ® 2
POLEFELBELEOEREHIRVBAATHE ! ~ ) ) \ ) x
F.b554. BERBFESZOVTLRBOERE = ' ! =
S TRELRBLTVET, pEEe s X
BOFEDARIZ, ;w;af;ICT-IoT$iﬁﬁi’&iimL,T:~> B 6 KsAS FOS<ohDHSIERE %)31
AT LEFESTWIKIREFRLLIZHREFG AT RL Fig 6 Overview of the KSAS Project Framework 9
H

3 — 2 KSAS ML D A M1

B71Z(&. KSASOEILDAMEERLTNET, [Step.1]#MIL —BHAR, RUT—2EHE DR
Step.1(&. FREEMIE—BERROPTERERLEDT— ORRMN—=ARZ R OPEEEEEIRS R T L
REHEICKDPDCAR B EAZEHRTHLTHY . BED 201746 A ITAKMEHRSE. FREIBEER 2017F1 Ao
RAREEFETTOETA FEERITEOVTVET . T T4, BICREFRMANO—2EDT—5&
LTEICStep.2, 3EELSEINHARAREHEDTLVE EEEHTOET,
ED QkBEfEENLE - KELAEMIEICEERATTT,

Step.1: #R{t—R#&RET -2 EIEOHIR
ARARN—NANEZR. RUBTHEEREBSEOERESRS OfH(E — W B EABRA

Step.2: HEEWERROMIL
-4, BSIRE. SRWELLEYIT—2OFERICEIRIET/ORANOYNRILHB - X, KEE)

: Al EIS = YART &
e 7 7ACPRRTAT——————

*b1yey7

KSASE/ T <2 kRER - (EFHE
e g
. (0. t‘/:‘/'/ﬂ’siﬁT *HERBRREY AR

« biE AE 7

HiiEA. HeAE.
g

BEAE. :ERE,
YE—ET

7 KSAS QLD A M
Fig. 7 The Orientation of the Evolution of the KSAS

9



KUBOTA TECHNICAL REPORT No.51

2
R
3
)
/4
1
s
e
*
N
)
HY
Y
#
&

LRGERRMNAVDERY AT A, REREOE M
B EmRFRENDT —42. BICZESKEES

(Step.2] B AREUEHE R R DFEL
DS HBRIBASOEBRERAEEF)NEABZIKRD

EREMERTHE BHIBROPTONTYFDE
BENETETEZRICLGYET . COBERITHIET S
. BEATOLIECEFTRE. £FEHR. N=
DNGYXERIDUT L, BICHEBIZRIE R - i
ENCTELEERM AT LORFKICRYMEATL
FY . 2FY, R - FFRGIS)ZEIZ, R

ATLGELEEL ChohbBoNIEVT T—
BEAITHHT-WIBY BT, THFIARBROF
BORK ELSBRAE M HEOEREXE
TELIBEERIIAL—FICHELESETIKFET
ED

AR DBRME HIEY (2L OBRBEL(LFADOEX

T . _ . ). RO, SEEE
TA— LR —NTEU LUy L BB EIES. F -

O— PHETHOIVE— LI VTICEDEER
HR.KEEFRIC. RECEE. BH-BEEEH
EHRAE DT —R2EFEVFFL A<y T(E8)
ELTEEL, ChoDEESNEYY T—4%
W ERAT AL TAEMAECHEEEATREL T ~H
REEDTUVET,

QFf. LAVYIVIDEREEIC. RIEBODEEF
BIORERREEFALTTNVELAL HBREDE
EICEDLETHERFECKEEFBDEE-EH
NTELVRTLDEEEBIELTLET,

QFT=. fAllF, ECT, #A. EDBMTIEET DL
EWh, RBEGCEERTISVOEREXIETED
JZ5IZLT:L‘&%7_L'CL‘$TO

IRAIE. KSASERRIZESTEIZARLEIV AT LAIC
FTEHIET, FYEBDESFICHE->TLVEKILERB
LTWET, ZOHICE, Bit- . SR LB &
BETIHREERSINE-ERT—4DEA - EENVE
THY. it BHOCEFR AT LEDERZELEETY . 12
. T—2EEOCRT LEBEEIXVRIERTIEEDS
NERADT, BET —2EREEBIHFEIWAGRDIZS
BEYAHI&CkY, BETAHBEBROEFICLMYA
ATVET,

[Step3]EEERZIEVRTLDEE
(DStep 2 MHEEIZMA T, SV AT LPRFTVRT

RERAREATL
BHYAFL  -WEVATL  -GAPHIELATL F

i

SRHERE
EfEE - ERHE
(EREE AN
<HERE/ HEREEE
_?-'? K EREHE

fERRIT/ 7>
(FV—h= 2T AN

RET—S2ESES KSAS

@[ mi-wE | (" 2016 — 2017 — 2018 — -+ ]
2 =e |

o +m |
@[ st |
5[ EH-Rx |
7 [ Emern ]

IR T N

F—4

THcdtAT

fhatti g >

F—5

HETF—5%%
ShaRiE iR > \

foe ~ :3;]

KSASL1v=y 7/

8 URADAT—FREF ALY a—ar DfFRERLLAYTyT
Fig. 8 The Future Concept of Kubota's Smart Agriculture and Layer Map
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Development of Automatic Steering for M7 Series Tractors
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Kubota has developed an automatic steering system, an
important function for the M7 tractor in dry-field
farming. To ensure an advantage over other companies,
the automatic steering system was designed with a focus
on driving accuracy, the method of installation and the
operating procedure. Based on IS025119, the latest
standard for safety, Kubota established a new safety
assessment and evaluated the automatic steering system
using it. The M7 tractor equipped with the automatic
steering system has received the support of many users in
dry-field farming and contributes to farmers all over the
world.

[Key Word]
Automatic Steering, GPS (Global Positioning System),
1S025119, Dry-field Farming
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GNSS (Global Navigation Satellite System)Z Fl|FALT={E 24
D BEEMEMISEENEE>TULD, FICHEEXESL
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[SIEFREGA) YA H D, LHL. BEFD BHEREHMTZH
FEAEICIS AT AT=0I1Z1E. KB TOEERBECIRENE. £
ARREVSBRY NEREA BT, TITURETIE,
TECH-HEIC-BICHEX N TEIHRIZ2 2T MIHE
DEMBEAFEETL. RiA DS HEEREE B ERAEHEE(E
EX TR EAERERAEL-, ATETIE. BEEF—
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EEX—T et RBHORSR

Development of Rice-transplanter with Keeping Straight Function

PR BT AR B 22 55 — AR

A shortage of skilled human resources is becoming a
serious problem in Japanese agriculture. In this situation,
GNSS-based (Global Navigation Satellite System)
automatic steering systems are considered an effective
way to solve this problem. In particular, a rice-
transplanter with an automatic steering system 1is
strongly desired because of the fact that rice-planting is
one of the most difficult tasks of rice cropping. However,
conventional automatic steering systems are hard to
install in rice-transplanters because of problems with
operating accuracy, production costs and usability. Kubota
made original efforts and developed a “Keeping Straight
Function” as an inexpensive, high-performance,
automatic steering system for rice-transplanters. This
paper describes our efforts in development.

[Key Word]
Robot, Automatic Steering, GNSS, GPS (Global

Positioning System), Sensor Fusion
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Fig. 3 Interface of the Developed System
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to stop automatic steering.
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Fig. 4 How to Use the Developed System

421 IEEHROSREEL

HEFEEDOLSITEVABEENERSNDEEIC
GNSSZFIA 9 %1546 . RTK-GNSS (Real Time Kinematic
-GNSS)EF(ENSEfEERER AR ER AT HI LN —
MR THD. LMLRTK-GNSSIEEMTHY . h594%5E
[CHAEMBEHROEVBEEADEHTIRETH>
fzo ZCTARBE TR, Tl FRELGRAMARXTHD
DGPS (Differential GPS)&$EALT-=.

S EHRFALT-DGPSDHE R BIAIIFE L4960 cmTHY .
BETHEHE10 cmEWSRIBEEEH-I N TELR
Lo LAL, ERBAIBEILEVSBATIE. MHEE
DEHBETHNIERELIZAGIATEETH D, — AT,
BRSO TIETIROEM (TETICE T H0ME
RS LUATHY . DGPSIZL> THE IS ¥ E 4R
WA RRAETHIEE R =,

RFELIAML 7 LT Y X LERSITRY  $lHE 15 i

22

REBEEMBEL, ETHOEFHGAEELIZEDL
TERETIIUNODRELHTET HESLETILT
VALTHBD. COFEIZLY . BITRTOEAIEHMND
BARDYETOM., SRELSMEFHREF AL -HHE
A REEEDT=,

el

Start Point ||Relative

Position

1 ] L O

5 MEXHIGERE

Fig. 5 Relative Positional Deviation



KUBOTA TECHNICAL REPORT No.51

422 FAABEROSHEEL

EBREEGAMARRERL IO REROEEEY
HTHAMEMS (Micro Electro Mechanical Systems) IMU
(Inertial Measurement Units)ZHE LTz, IMUIZ(E. 52 £
MICITESBEEGA L AEEN AR, BEEEBITR
ENERLTLKENS B A H S, —F T, DGPSIZE-
T2 DMEBEFERNOAMALTERETHIENTES
N HEFBROREICEDIFZEEZRECZITDHENIHFE
DHd. TNTNDESNELGLIBREREEHFOILIC
EBAL. ¥ 72—Ca v RBICLSEREEARET
HdEEZT-,

FUAFHET DTN IDERER6ITRT , TNE
NOEVIDLE/ONEAMAITHILILT(ILEEE
AT HETRERLER 7=, AILTU T ILREF R

ERMORGIERESHOEELZHT T DIREBHTE
FILTVXLTHD AERKIE—RZITHE T IILIEEL
NRERDENLIVTLIIEATTFRIL. COBRETE
EETDEENSELFIKEVNSIFEZTHD. COFEIC
FYU.IMUDEHRBICEDIBREFZFYUEILL. BFEE
A ABENAREEEST=(ET),

Calculated
MU Yaw +‘A Azimutfl
GPS I+ =
Cps Jemen Error Ka_lma n e
= Filter Error

6 JAILIHERL
Fig. 6 Configuration of the Filter

—IMU Yaw - GPS Azimuth =——Sensor Fusion

7 oY Ta—SavICkbREERL

Fig. 7 Accuracy Improvement Due to Sensor Fusion

4 — 3 EEHEEM DR

431 #EfEHIE7ILT) X LD

EEREDMBREZR/NET DRIICEMEHEIL =
58 . BEEMTBBGBAINE ST RIZE-TL
3, COFETRHMEREDRIMER/NITESA, B
BANRL =D FHERE T T 5B LR TR
BOELSHIRER NPT,

ZITREARL—EDNURIVEEZS L. ABO

432 KEBFZIZHITEHEIEHELEED R L

KHABEISEEEORSGE, FHEDELDENEEIC
REW, EDT=6, BIEHIEMRICHBIZRIGL THRX
DEZFEEZADEHEELHNIL, AL R v T L TEME
VIZRBIRIELEBWSEE1HD, C0T=6. BIREDIR
EBICISCTERMRAFEZTRET HEND—REVTIEMEH]
HOFETIE. FEDRVETHIEZTICEITRE#T
Hdo

23

BRIEEEISEVEOAGHIEET SAEEEMTHIE
[TLf=. BAMICE. TERAMNOD A LREH/ME
BAMICAMN > TELTCED) IR UTBZRNB NS DAL
BRER/NIEVI2BEDOHEBREEREL. ThbZ
BT HETREHNERET HELSHETILTUX
LZERFELI=(K8),

ZIT.BEBLOREZEITMZ . ERORKRICIHELT
BRAETRETIRMHAHTILIVILEEZERL.A
HEUVMEBRRICESVDTERIAFRLDEE LTI LD
HEIEHREBRL, ChIZEY ., AIZIERYOTVES
TIREBMICKELRERALLDLSIHIHINDGE
BEVEHT TREL-MEEZHKIETHIONIMEDS
WHIHERRT 5 EMNTE,

E
#
I
7
1%
e
1
H
ic]
%
)]
i
Eis



KUBOTA TECHNICAL REPORT No.51

oD O B AR L — A+ Rt

Azimuth
Velocity

_—
Targe
Asimath ﬂ__’ Straight
Azimuth Keeping
Control
It o

Target
Position

Position

Steering
Control

8 BfEHIEHITOvY
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Table 2 Questions
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Question

Is the system easy to use?

How is the accuracy of auto—steering?

Is the system able to use safety for the first time?

Does the machine have value to buy?

Ishigaki Fukushima Chiba

® e

m Very well B Moderately well
E Neither @ Dissatisfied
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Fig. 12 Results of Questionnaire
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Fig. 11 Result of Monitor Test (Pictures)

AMFRARZICT SEREXEORERRDIO. KR MNTEREZEZRD. RFRDELRLINELD:=. SRLER
MEGHBEIERA T EEBBIRREETHIEET—TH [CHEBR = F XM OFRAREEHEL TL,
REIDRAFICERYIBA T, IR B ORI, FIERMTFRRICKY.
A& TGN oA AL —2DRGEICERSNEVNSHEBE
EEERBETE(H13), BISV VT NGREAVAT—R
PRIDYR—MEBEZRBYAL ZET, #ICTHENOT O
BE(CfE EFf-, BEF—THEEE B E L - EHBH (3201659
A&LYRFTZERMIEL TS, RFETFHBLIEOR VS BAEH
HEERDILM0NEEX—THEEBHELI-ETILE
BoTHEY, BRERICEZANON DR MmEL ST,

AEAREBELT. SEROBARRICLDEFARTHSEY

EFOORYMEEV SR O RBEICF 5T L 13 B (EPSD-CS) =& EEFER
Fig. 13 Transplanting with EP8D-GS

SE 3k

1) BMKEE 2015FEMEL Y REERDOMEREEE). (2016) http://www.maff.go jp/j/tokei/kouhyou/noucen/index.html
2) BMKES FERIFEEEEHRETE. (2017) http://www.maff.go jp/i/tokei/kouhyou/noukou/index.html
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Development of AgriRobo Tractor
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ICT(Information and Communication Technology)Z;ERALT=X
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TR S MERB NS VR EEEF—T B Reft BB ZER
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With the aging of society, the number of retired
farmers is increasing in Japan. On the other hand,
certified farmers aiming for efficient and stable farm
management and agricultural corporations are
increasing. As agricultural lands are consolidated by
these principal farmers, the scale of agricultural farms
is expanding, and further reductions in production costs
are required. As smart-agriculture utilizing ICT
(Information and Communication Technology) is being
promoted as the next generation agriculture, has been
developing smart agricultural technology using GNSS
(Global Navigation Satellite System) to support
efficiency and labor saving for farmers, and has already
launched a tractor with an automatic steering traveling
function and a rice transplanter with a “keeping
straight” function in the FarmPilot series. As the third
step in the FarmPilot series, which has advanced more
sophisticated functions, and in order to achieve even
higher efficiency, higher precision, and less labor, we
developed the AgriRobo tractor. This enables automatic
operation of an autonomous monitored tractor and
cooperative work with a manned tractor monitoring the
autonomous tractor, and put it on the market ahead of
other companies. Here we show the outline of the
AgriRobo tractor and its technical development.

[Key Word]
Smart-agriculture, Autonomous, Control, GNSS,

Detection System
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Development of KSAS Drying System
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In recent years, the evolution of ICT (Information
Communication Technology) such as the IoT (Internet of
Things) and big data analysis technology has been
remarkable. Meanwhile, the number of ambitious farmers
constructing mini rice centers for themselves and aiming
for improvements in farming is increasing. For this
reason, the Post-Harvest Technology Division began
studying a system to support the operation of mini rice
centers using ICT. In June 2017, Kubota launched the
"KSAS drying system for mini-rice centers" ahead of
other companies in the market. In this paper, we explain
the development concept of the "KSAS drying system"
and the functions to be provided. In addition, the results
of monitoring tests through the season at 8 places
conducted in 2016, show that this system is useful for
providing new value using ICT such as protein sorting

and improving farmers' earnings in the post-harvest are.

[Key Word]
Mini Rice Center, Kubota Smart Agri System, KSAS
Drying System, IoT, ICT
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Development of WIN-1 Winch-type Power Assist Suit
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Domestic agriculture, which has many problems such
as rapid aging and labor shortages, is under pressure to
change. One solution is to promote the further activities
of women and the elderly in agriculture. On the other
hand, mechanization has progressed in domestic
agriculture, but there are still many people carrying
heavy loads, especially in vegetable and fruit farming.
The work of stacking 20 kg containers filled with crops
from ground to shoulder height is a heavy strain on the
waist, arms and upper body of workers. To respond to
these demands, Kubota has worked on the development of
a power assist suit that assists both the waist and the
upper body. As a result, Kubota produced the WIN - 1,
which adopts a unique assist system with a winch,
realizing easy operation and natural control, and started
selling it in 2017.

[Key Word]

Power Assist Suit, Container, Stack Works, Reduce Labor,
Winch,Weight Reduction, Carbon Fiber Reinforced
Plastics

1. [XL®IZ

BADREZ. RRUSHILOEBETRLEDMEE
BATEYED . SHENRKCEEL. IS AELEBZE
BNERRTED . BHHIEEADEBEIROSA T
%, T T 20B3FELYEMNEARLELGY, ARY MR OICTE
BEEMIERAL. EEECENEEBRETCEHDHRAT—H
BEOERICDH-MEINEDLN TS, TDT—ID—
DT NT—FLRIR—YEEFRALEAEOXREMEED
HHENBEFOA TS,

IND—=FIRRR—=VEIF ADEELTERT L. EEDE
BT OBROERMARERFETIEETHY. KEZEDH
BHBOR Fr R EICKYABRHN IO AITITHORTER,
ER-NEOSHFCHBRICRAELINIEZEDTEY . B
FOME, WEEGED—REESHFAORHALRIIGS

38

nTund’,

INDLDBARDEREICE. KEPTEHEDZTENTA
RTHY ., BIFXEDOELLIEFIENIDBETHD, Y RAEID
BRIZIEZ D=0, VR VA=Y DEHFEHRIZHE
BL. 20134 RESPRLLE DI TIEEF DO BID R BR
BEMFETORARR—ITZ ORI ZHRIEL Iz, BIZ, &
YIBLEVEBEXOEFLEERT L0, BEICBIT5EE
MOEH LTEHBRALEEICHIELEIREBBED (Y
FRNT—F AR —YWIN-1ZFFEL(K2), 2017F18 &
YERFEZBAIR L=,

ABTE.BEOEEMEROEFTLICLY. XHELE
BEEARA LD SBERL, FEDIT—ILREILITS
WIN-1DBRFIZDWVTIRENT 5,



KUBOTA TECHNICAL REPORT No.51

(BA) (&)
a0 BRERAD L 67
350 %
200 - I |65
O 550 ; 6 &
i «3
& i+
e w1 {5 B
& 100 60
50 59
n.. raud . _— .“

20004F 20054 20104F 20154 20165

1 BADOREMEEAOLFENER
Fig. 1 Agricultural Worker Population and Average Age in Japan

B2 WIN-1 ZERALBESTOvAMEIRELT 245%T
Fig. 2 Using a Power Assist Suit WIN-1 to Harvest Potatoes in a Field

2. O ETH

HHAENEAEBRREICBVTH, BICHRORAE
BTRREFERICIIEEMERDERINSTESA T
%, INODBBETIHEZLDBZE. TIRAFYIHALTFICEHE
O-INEMEREISNSEME@MET., FERETmHOER
EEBOHRENEFEETEATLS, COEEF. EN
AT FTEERB/INLYNORSYIDRED LIZRERLIEA
LEF-VBATALIZYT 24X THD, thEA SHITTESD
BSETIAVTTERLLITFEOT. BIEMYIBIZEKRER
BIENHINDBERGEETHD,

it [CTRBESATOS—REERANT T RAR—Y
(Sl A SFYEFSL LT ARICESRET7 RN 540
ZH2H. FMERTOESICETHL LT SEOHmEBDT
VAMIHIELE=b DX Mot FCT. BEICBTEE
MEWMDEFLEERT 5=, BEELBIBOTH DT
AMIHETEHEDTUACR—YDHBIEDADBELEEZ .
1D ETEBIFWIN-1DORRRICERVBATL,

3. IR T NERMTERE

&1 WIN-1 FFav+T+

Table 1 WIN-1 Development Concept
E B SIS
IRHEMEEDT-OT T DEE20 keZ ik A
5,
T RS BB RE LT
hEICE W B A/ LYoy TS E
emabrael 4B E T, BLIBMOFEICIVTTE
2ERFETHEDHDHIL,

i RETOIHDEEEEZOYRFONDIL

T RANRER

(ESEEEN (BRARARD/NYTUREBIFRDSD) .

12 e Eﬁf%?kﬁf‘_{;ﬁﬁl:\ MOBERESLY
[TRENTEDTL,

EEtt —ATHEISERNTES L,

L —ATHLEUMNTESDE,

ERUSN ., BSEGERN THLERTES

ERRLE ce.

WERICBELE=TVANA DR
BT DA LIFEEITHIST DI, BT Tk
PRLGEDLFFDT L AMBLETHSD, CNETHL
NTW= LR EHDT L RAMIRIELI/NNT—F VAR —
YIE AEDEBICEERELGIL—LE, HEIEZEER
B HERDTIF1I—FTHEREINTEY, FEITK
BMYTHo 1= AR RIERDIBECFRICEATE
BEINTTBOITE, PTG TELBOm A%
TR BH IR A R DFFEARETH 1=,

QR ZBEREEFBRDOZNT S A E
BRI ERR T 502 F T o HITKYEEE
DEEZERAML THEHITT L AMEATICEERET LT L
ML BELN RSB RE. ERENEERICEITLES
=BG EICBRE T 7O AMMBILTLEL RELEHECS
ELBADND=OTRITEENROON Tz, B2, AR

HTITBLBD2EFRAA~NDT L AERFNSE DB ELH
Toe CNLIE AR HITHE AFEBISEMBEEZ 5L
FTN D OB SHIRIEL T BENRETH o=,

QL EHEELEZIL DML
AR EOBEET P AMEAICTZ 558 ERRHK
Hoh EEEOEFTEERO-ODOBAEEILLED
ML A RRETH o - FFELUDORERDEZEH LT
30 kgbBHY., DiaEH1/3D10 kgl FIZTIHENH D
EEZBNT, FTOEOICIXBRERMT O ERRICED
HONEWKEEGE LR RVET HEAH 1=,

(HREFFTHA
WIN-T[FADEELTHEATIRATH D=0, £
DEEBHEIRGIBEORELOEENLEL
5%, COXIGHLVERICHLTEBRM TR
WREEZ ATV REMEHER T H LN RETH T,

39

P
g
-
F
it

~
~o

MBS~ -Z T C—NTNUN—T



KUBOTA TECHNICAL REPORT No.51

4. BRF

4 — 1 ERBRETVANAK

AR I T HO<HEEER s e REA T lE =4
B EEIZELENT—TFIARR—YELT. TEDETE
DI HIMEDERERET S ANARXZRFLI=(RK3),

oA FHEBE ILTIET L RMEREIDEE T Ak
BEOIVTHEH LT EEOEFILICERTET.E
LY EOEFEICFWES | LT BT FHREIEEEL.
ME7SAMEREILE S SEBBEOT O ANA K ERFHR
LIz TOA o FRBEIE AR LD VAV FT7—LDBT
(Fr=OA4X TRPZERY . E@DVAF L=V TIA
YEESIL. DS LIF-BIFFET VRN 5, 01>
FT7—LICEHD DR EIFEEDAS L TL—LNSEN

CHIZRY A TL—LDOEREIZA/AIMIRESD
ZwbeLiEhBHH, 81 WD/NEIE—2T20 keDFRHIDE]
LIF-BITFZE BHZEEDELETITASELSITEST
W5, Fz. E—RICHE SN -BHIL—FD AT,k
BEFTH30 keF TOEEMERFTHIENTE M
NEFEOTITEYEERTHIENTED,

@E7 A=Yk

ME7L AMERE IOBFREREL T IBEDET7 A=y
FERAFLTz, ¥V O — AR DREIEIZKY. B
EYDROENI=AR—XIZHLEHLT  KERELZE DG
ffi7 T/ A REBNS 21/ 750 E R £ ER L =,

NIZ&Y. 50 WONREEELE—E2@EEAT DA

? IWNENLTEEEDRBR TR A SEELL. B ERE TT1 N'mDEMLIEFEEL . O/ UMz = ybELGA
;; DEEFICEEAENSHENESIZLTNS TE7VR 5420 kgD TFEHL LIFADITHHEET S AMEE
% MEREIIE. 7 — L TARERL T EARESIERIL. & HERRST BIENTE =,

? MERH>TIH L ARDEORIBEEHT 3. @R

I CNDEEOMAEE ERIICHAE T HEN LD TSI A ERNT BT8O0 \URIE AZE O I TFF)
7,5 BEAUTHEBAOBEIIETaYEEL LIF5— DIEMNHTEUR—)LALBSF ROV TLELY
7|\ EOT Y ABEEERLT =, Va3 T RIS RYIERSEIORRISE oA T Ay
W @94 F1=Yh ERBL. SN URIEBRBICEICHITO N Eh
L oA FHEe I DBRENREL TYA o F LI ERRL DRABIHNENESICTELIFAREL TS,

10') foo BU—ILOTAR OV DR LI BB T AV CNIZEY BHESDEL ST ELVEE RS
g ELESNERR T DL BB, (H5 EF BT ENTEDLSI AT,

@I - FHE

DLBRTYF

BRIl

AAZI=L| @y —)Laes

@IS KES) R~ g
F S FE—H —

OEFZ X ke

QEFARI=V

BUNE-sE  FONMO
PEDREIL—LA

E/avolEn  ——0,
MFvr—2

M7 —bh — @

3 WIN-1 EEHAE RSB AL
Fig. 3 WIN-1 Main Functions and Related Parts

4 — 2 RGTITIREMEEFRDOELT 2 X M
421 BET7LRMEDAFDEEFIE

EREDNURIZEFON2D0DRAYFTERAAY ME ENSROSSICEA LT, BHTALHATES
FIETTBRRAYF NERET BT, BRERNTH HIEAKERFELIz, WIN-I T FEEIZLDRRAY

40



KUBOTA TECHNICAL REPORT No.51

FOBREIZHA. XY sr—RICRBLIZRTo o aA—
ATHEEBEORBEHTEL. VAV FLETIRMDML
V-RE-UBEEEMICHEILTLS,

Balz, WIN-1ZERAL-EXETORELFBORNE
Y M EADEMEFD LIFDIRICIE. LA ATH
MERBFLERRMVFERELERLID), M OEEED
T RERIZSLTHEDERERETHILTETUR
FOMERN T H(R4Q), CHICKUVIEEEDHELERD

T.BEROBEICELELERGI(IVIT TT A
FIKKIITL TS, BICRAyFIREERLIZFE. 4
EENUL ENYDEBIZREHEBT VAN IAVF
[CEBMICEIVEOLYRYES LIFH(R4Q). Shizk
VIERE LR vFERLIRT ST T BT RAREDA
DFOYVBAEERET —EOLBMNNTHEA LITEER
(H4D~D) A BRDLIEE(HIO~@)EERT H_&
AR REEEDT=,

15 EAY

g () ] IRy FRIE i __
) - | TRV FRIE i
®7yvan [THEEFBFIRE | g ; [ BeroBroRr |
®Q ® @ ® ® @ ®

4 WIN-1 ZERAL-EETORELHEO RN
Fig. 4 WIN-1 Operation and Control Flow

422 FE7 AN

BT RANE—ZDOHIEA R (L.~ LD §l 1 &R BE Hl 15
D2EF LB LI ER., FICTEA LG OETHRO ST
WL IEZERRL, BIC FEZEOEBELIZEL
THAMLIEZELSEEIET, HLOTIERTTILE
M SEHHIEELT,

F2 3DDT L RANE—R(T53]-Teh-T3E NDEIRIZK
YHEAMLYDEFEENEZ T OLEISEREE
TEREMICERT HIENTE AT LIFENS T
AR AR EL1=(R15),

423 A F

HHOEENERITEISETHL. TOREERT
FICEEENFYMOBSERERESYITEDE LT
FIVAVTFERILERERMBEL . 2. VA0 F2
ZYMIARBLERTo L ar—RIC&Y DMV FORES
BREIL., AT EEEZEFEL TS, B, Hl#EPIE—4
ISEMN>TWSRFEEMR T HET, AMETHIIRD

4 — IBEELEIM

FLAME—FT#)
Mep)

Mgs)

rLODEE

H4Q EBOEI 43
(Lohta) (325 EAY)

5 B7URMILOYEHE
Fig. 5 Waist Assist Torque Characteristic Chart

DAVF VAV DBEIGEYHLE LT HHEEC. B8
Fi ENSEL EFARICETORAMEHREMICHAE
BI=bDITANYDT=HAHBYKEELRKA =,
NODHEEIZEY  WIN- 1D ERIZFBA LN E
THLRBITEENTEDLKSITH ST,

BEDEE R OB NEE. E—2ON\VTVLRERE
VATLEBRADRELGE . O TE-EE1L

41

FEFAVTHRERIChH-PRTRETENR-EE,
BHFE L #IL30 ke THH-EMEEZX115 keEF TEEL

P
1
-
F
it

~
~o

WES—-Z TG NTNUN—



KUBOTA TECHNICAL REPORT No.51

2
7
v
?
i)

~
~o

WES~-ZT S e NTNUN—

TS LHL. BEEDEREEI0 kgl TEERKT HT1=
DIZ, Y15 keZF B ELTHIZIIBRFEDREBMEREZ

431 AM2IL—LDOEEIL

RAELDAMITL—LICIEEERTILIHEMEE
ALTW =300 LABHZANTL OB IKD
BN TETCBLTELN Oz, ZCT.ERADTILED
L—LELBRODBBEEREZIDD, AV TL— LT
17T2 kg (2RE150HY . WEEERDOBEEILDO=HIC
[FA T —LERIZELT DIBELH 1=,

ZITHMBELTRRAMMRIERELEHRIE
(CFRP)IZFEB L. BT ZEAL-CFRPADEE#
AETEIT ol HMERABICHMDERELT, V1Y
FT7—LEIHERIZ43—2 DA FED 21— )LER{TER
[TINE—2 BIT7 A=y G ERICT /N2 —2 D&
HERELLBITEIT o, BITHRN L. WVTho/ 58—
COERANZHLTETILIHIL—LLEAFLULD

432 BEF7IURARAZYOEEIL

7A=Y NMIE A DRADEZITLEDS
BENROOND, TURAMEAICLELRXVYEREER
R—ADHERE. BELEBMITE-DICXY7T—RAD
MHELTEE TR EEL R RMM S BT B HE G
(CFRTP)& T B ez, BICEAZRIFETL—LA
BEANSE/AVIBEICREL. BTICKYURELHER
LGNS ERIET HETHFVEREAR—RERELHER
LEAS, BEERRITEIENTE L. 0T H
EOREICKYFEFHEDEfTE4To1=(RT),

BRFICHI7 — LB T ILITL—LIEEN S, #iETL—
FEANJLNTRBRIZE T T— AL AL TRIMERE

4 — 4 RE BN

TORBRBEREANDETH Tz, TDEMAIZDLY
TN 5.

Rt ZHERTESLSCFRPOMME DE R PHREFREL
o Z D% EEOBRICTOTAEDRAEZTL. B
FEEBYDRIENERTETLDILEMERLIZ(K6),
ZTOHR. BEETTIUREL BRI AV TIL—
LEERLOI kglTETEETBHNTHIENTE .

s LI FRE

= —

6 A ITL—LDAERETEEHERIE

Fig. 6 Main Frame Strength Analysis and Actual Strain Measurement

RIDARICHHHET, ZY04 keDEEILEEMT
BIEMTES,

BE

-2000

AN mwem [EHK

EEL LT FMRE

7 BEXYVr—ADEERTEEHERIE

Fig. 7 Waist Gear Case Strength Analysis and Actual Strain Measurement

EFEXEORYVEOERZT LREIS013482)(2#ELT-
YROTEAANTOERR LY, BAEREETRHRIZHE
CURVEREHEL . TOREERAH LT HEREHE
Tot=, MEIBHDIY RV ZEHHEL . YRILAJLIZDLY

TEHBEZ TV YURVDBRERIFERZRLBABRE
LTz RICEGXIREZEITD,

MIAFITAYDEIL
DAVFITANVIMGEH . B—HELI=ELTL R E
TLEWES . EB TN ENDNIRIZETA YV EFH
TAND2RKDTAVERT T, FHARDTA Y EHER

42

LTWS, BERICIEETAVICOARMENINEEL
SI2H>THY . ETAVNF—HELIzEETHF
TAVTRYDETEHCIENTES,
@A FADEATAITEHIL—FDIRA

FMERY EFTOHIKREOEIC, AISADEEICEK
UIAoFOTL—FHBIRINTRYNET T 5L
PEVESIC, BHEIL—FICEARATATAREERA
Ltz A BRMAEALTLESTZELTE. HEWMA
NEDATITL—FDEDDESG>THEY, +57%
TL—FHTI0 kgDFEYERY LIFF-FFRFTH
ENTED,



KUBOTA TECHNICAL REPORT No.51

5. BAFE 17 D 5T

BHEHROMERLEL T, UTOHEEEREL -,
MANEET ILERV 2T
AVEL—FEDAKRETILEANT, 20 kgDIAVTT%H
ROSHEE EF-ROBARBSHOEBEBHTLIZ, TOH
ROWIN-1IEEFHOEIBZ100%ET 5L BB, BIE
32%., BI1E9%. B EL6%IETREMEREIN TSI LEHE
RTE(HS),
(EEEICKDFHEREHA
MDOBHEERLESST, 20 kgDAVTFERMNOEHSL £
(FH=IEDOEAREBOHEME(ERICHEZEFTRILZ. £
DFER. BBV TEWIN-TEEBRICE B AR T

B8 AKRETIVICKDHKHARRTHER
Fig. 8 Physical Load Analysis Result Based on Human Body Model

ol B0

RBHESNTNDTLERBTES, T, (DEHBLTY o o

RHEOHRABONI LMD, BITEROE K LR | g;g

TE=(H9), 0
(OWEEE TR HBH LR DFEN ERR 7
ERENEBLTVIBSEHNEERRT 5101, o Bl £ b5 z
VAS(Visual Analog Scale)eL\5, EEMGRER LREIBEDIE Fig, 9 Physical Load Measurement Result Based on Myoelectric Potential 5
EEEEILTBFEEAVTHEL:., FEENBECS Il
ARREBDIEFH DFEEE . WIN-1IEEBEE 1008 L TLEBER -%1;”-_ Pes [ ;(
EHBLIERERI0TIRYT . £ TOHRMLISH LT, WIN-1 ‘m‘?‘{: op R Iy
BEBOADN BFBENDENIENERTET, 9.&-(6!3!’&‘:& i ‘!J
K@D, BERIEH TEHE L 2T EH W
HiiBI% - RARMERGOMEBBTOSIINI0X ok "
EEBHTTot=, % )
7t %

LED#R. (1), QTI -BHRNHEICINZ., FEED
FHRELTEIBEFIEMENREINTNSENERTE. B
AMTEHECTE LR EE G THIENTES

10 VAS [Z&2EEFHIEHN R DO T
Fig. 10 Evaluation of Fatigue Relief by Visual Analog Scale

DAVFEETORNE RSB TV AN TR
L. EEREDEEMEZBICELITAELEIIHELI=Y94
UFRINT—FORARRA—YDEGILERER Lz, COEME

RHICSBBBEEEMROREBOBARICIMYBEA, ZYUBLD
BES 2 TEDARDEFIZRIDEZERHKT S
CTHAREBZIZEMLTL,

SE Xk

1) BMOKES  BMEEH X, (2000, 2005, 2010, 2015) http://www.maff.go jp/j/tokei/census/afc/index.html
2) BMKESE TRY—FBEOERRICH T MRS IRFHERODHEYELSD. (2014)
http://www.maff.go jp/j/kanbo/kihyo03/gityo/g_smart_nougyo/pdf/cmatome.pdf
3) WiEE Mt TAR Y R—YHALIZ & B8 N BIEME D X IE 1 B A F & /X5 .CHR 76(762). (2010), pp.227-235

4) N TREFBI A <y R LA —Y DB F L E S RIFTE | B A

FEIRIE.CHR 78(792). (2012), pp.2987-2999

5) N\NARR—u: TREERFS LFBFEXIET 5O DEREERE LR/ T —T L XM AT LDRFE | B AEIBF SR XK CHR

75(755). (2009). pp.2036-2043

6) BfEBP# TEBEC KR X120174F28270 5. (2017). pp.80-82

7) 1SO:13482 Robots and robotic devices — Safety requirements for personal care robots



5
7K
5
b}
D%
S
7__
N
A
B
7
9
?
pu
T
2
[0))
£
*

RrEER T LR—b

KFBEDF AL BEEWIC K> TKRIBIZHELBS LAY
KEBODAE NEIFRMYZESN Tz, LMALICTAERLDD
HBE.HEOERARERNRBE SNz, #5K/ LT kO
(FEAKDDIoTIZEL>T/ VAV BENSLIHEREEFRA . 1]
TS LB ELE TRIREIBIEL GERRELC B BH
HETSEDTHD. CORBEEBLBFAIEITODC I
REHEDTHY . XKL IRETIVIRIEINIZH AL
TBYTDOABTERBNT 5,

(¥—7—F]
KEE. E 0k, BB ERIEE

BEiSKEES AT LRER 7 VF 1T —2DEH

Development of Electric Actuator for Field Water Management System
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The labor of rice paddy work was greatly reduced by
agricultural machinery, but labor saving in water
management was left behind. However, as ICT is
becoming widespread, the solution to this problem has
been discovered gradually. The water supply valve and
drain port are set up as IoT and the situation is grasped
at home or elsewhere using a PC or mobile terminal
without going to the site, and remote control and
automatic control are performed. The government is
promoting project development aimed at realizing this
system, which Kubota ChemiX Co.,Litd. is cooperating
with, and this report introduces the details.

[Key Word]
Water Management, Labor Saving, Automation, Remote
Control
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Development of M5 Series Tractor for North America

bSO SEMTE AR

The M5 series for North America are utility tractors
developed as PTO 50 to 70 kW (70 to 90 hp) tractors
compliant with the EPA (Environmental Protection
Agency) Tier 4 Final emissions regulation. In fact,
mounting the SCR (Selective Catalytic Reduction) muffler
needed to comply with the EPA Tier 4 Final regulation
outside the engine room as with other models worsens
handling performance, the strength of the previous series.
We took on the challenge of developing proprietary
technology to install the SCR muffler in the engine room
for good handling performance and to comply with the
EPA Tier 4 Final regulation. In developing the expanded
cabin, we developed a cabin frame with reduced
investment and cost by deliberating on expansion
methods and using FEM (Finite Element Method)
analysis. Usually, the expansion of the cabin deteriorates
the performance of the air conditioner, but the M5 series
has at least the same performance as previous models as
we designed a performance improvement plan and

verified the effects by calculation.

[Key Word]
EPA Tier 4 Final, SCR Muffler, DPF (Diesel Particulate
Filter) Muffler, Cabin
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Table 3 Effect of Performance Improvement Measures

R
o) —% _ | HEBR
X | N
Gy | R | sk
23.8°C 26.7°C 22.9°C 22.7°C
10.1°C 10.4°C 8.1°C 8.7°C

HMEDSCRYISEHEMOBRKICHEL, £ERTUHT
DPFYJS&ESCRYISDIV DU L —LRNEFHERR LS
LT TSEHEO T VRS —XORYEILO RSEHAL
AL RBFEEATRFRARBFRCEES L=, 220D
RIZEIVOVII—LRNICEETEHIETRYIEGST=1E
ERRMEL BEREREFEEICL. LAERIVSE IR
TR B ETRED ) —RA DA THAHIEERA M
FHRL. A—TaUTabZ02LLTOMAEITT B EBALE
L

53

ENERILADI=HDFTELDRAETIE LKA ZED
TROBFEEFELREDHERICE ST, FrELIL—LA
DEIRMEEFET L =, £z B —FOIL—TDr2FD
BR.BERDVZ1—TFLIZE-T. TBOERICHZ DS
EMTEL,

M5 ) —RRSHREFDIENMBNETHFAoE—#H LIz
CEVHEDYMLDBFILGEDFEEEDEBMICK>TH
BTaLHEE/STHY. BEIXMM. BETHFFTRTH
THb.

it
*
Al
[+
M
5
D
)
I»
e
Iy
7
9
3
D
!
Eid



it
X
&
A
£
a
i
>
z
7
z
D
>
)
I
x
)
£l
Eid

— BRI

LRI KELTIEEHEO>EOS—VETIELA—BEICE
YEGRBSHEMIL THETES120., 1 miEE Al fE7%/ME
YDFIKHEBIMED BLVENYTH D, 2013F LIFE ., KETIE
B H RARIRE(Tier HDFEITSA. HA19 KWL EDT4—
FILIOD B EHEICOWTEEME T —E L/ TFaF2
L—bI4 L BDOPRPHRER LV BN BEBENABEIC
Hotz, INETERHABEBAL WV -2 —FEBOXRE S
[FCNBICEDKRIBHMETVvTEZANLGNENEEZ . Z
NMUEETHET DB ANZEETHETHEEDRRALICHK
Lz, ChickY,. §HATODU(21.6 KWEEELIZIRTT
BICLLB T DIERBENER T HHE D19 KWREDFHHEFEZE
FL1=,

[%—7—F]
05—V ET HRBA. FRDE, REIE. TR

tKmiTEA2—2FF7 ZDUY—XDEIF

Development of ZD Series of Zero Turn Mowers for North America

FLAAETER.~ 3t AR AR B AT &7

Zero Turn Mowers, which have a big market in North
America, are highly maneuverable machines that can
rotate on one point by controlling the right and left drive
wheel independently. Expensive devices such as a Diesel
Particulate Filter (DPF) and reformer were essential for
diesel engine power of 19 kW or more to meet the EPA
(United States Environmental Protection Agency) Tier 4
emissions regulation, which has been enforced since 2013.
There was a concern that the majority of high engine
power machine users would not accept a drastic price
increase, so we researched work efficiency increases by
decreasing power consumption to allow diesel engine
power of less than 19 kW. As a result, a new machine
capable of mowing just as well as a high output machine
(a current 21.6 kW machine) was developed.

[Key Word]
Zero Turn Mower, Power Consumption, Work Efficiency,

Quality Engineering, Visualization
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Development of CTL SVL95-2s for North America

BER M AR

A compact track loader (CTL) is a compact construction
machine that can perform not only material handling,
excavation, and leveling work, but also a wide variety of
attachment work mainly in the fields of construction,
infrastructure development, and agriculture, etc., in the
North American market. In recent years, this market has
continued to expand, and Kubota has also steadily
expanded its sales volume since launching the CTL in
2010. This time, in 2015, Kubota released the SVL95-2s,
which complies with the Tier 4 Final North American
emissions regulation as a successor to the SVL90-2. This
SVL95-2s is the first in the industry to install a Load
Sensing (LS) system as standard, improving the
simultaneous operability of arm and bucket work, AUX
(Auxiliary) and traveling. As a result, we not only raised
engine output, but also improved the performance of the

machine by using engine output efficiently.

[Key Word]
CTL, EPA (Environmental Protection Agency) Tier 4

Final, Load Sensing
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Fig. 2 Example Attachments
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Competitor | Competitor | Competitor

SVL90-2| SVLO0 | " g o011) | B(2014)

Travel Speed N/A
[km/h] 3.3 20 (Engine stalled) 24 3.7
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Development of Engine HILS System
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Lately, in association with simultaneous compliance
with multiple exhaust emissions regulations, higher level
electronic control systems have been required, including
not just for the engine itself, but also exhaust
aftertreatment devices. To expand our presence around
the world, Kubota has to develop engines to meet the
emissions regulations on time. At the same time, to
accommodate market demand, we have to develop engine
control systems matched to the specific states of use of
each application, of which there are many. As a result, the
software of the Engine Control Unit (ECU) has rapidly
become complicated and diverse, and there are difficulties
developing systems with complete verification of actual
engine operation. Consequently, we introduced a new
development process, ‘HILS (Hardware In the Loop
Simulation),” a system that improves the speed of

development while securing the quality of the software.

[Key Word]
Engine HILS System, Simulation, Engine Model,

Software Test, Test Automation
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Development of a Kit for PRO688Q Combine Harvester for Harvesting Foxtail Millet

In China, the planted area of foxtail millet has
increased every year since 2011, reaching about 890,000
ha in 2015, and is expected to continue increasing in the
future. However, the present combine harvester
specification for rice and wheat cannot secure the
performance demanded by the market for harvesting
foxtail millet. One of the reasons is that foxtail millet
grain is smaller than rice and wheat. So, Kubota
Agricultural Machinery (Suzhou) (hereinafter KAMS)
Technical Development Department was able to develop a
high performance, low cost kit for the main combine
harvester PRO688Q harvesting foxtail millet that meets
market demands for “low loss of yield” and “high selecting

rate.”

[Key Word]
Foxtail Millet, Low Loss of Yield, High Selecting Rate,
Cost Reduction
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Development of Middle Range Weighing Feeder
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A weighing feeder is the piece of equipment that
supplies resin material at a constant flow rate in an
“extruder” used for resin mixing (compounding). We
developed a "Middle Range Weighing Feeder" which keep
down product price and can be used with various
materials in order to extend sales in overseas markets by
enhancing our competitiveness. The current model, a
"High End Weighing Feeder," can only supply materials of
limited types with standard specifications. Users have to
attach "a vertical agitator" as an option to a feeder to
supply other materials so it is high cost and difficult to
maintain. With this development model, we greatly
improved bridge resistance by developing a feeder with
"an original form feed hopper and feed part structure"
and "a diagonal agitator." (One patent applied for). This
made it possible not only to expand the range of usable
materials, but also to improve supply accuracy. In this
paper, we explain the technical development of improving
bridge resistance with the special structures and the
technical development of mass production of the

structures.

[Key Word]
Weighing Feeder, Agitator, Fixture for Welding, Bridge
Resistance, Filling Efficiency, Supply Accuracy
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Development of Survey and Diagnostic Technology for Pressured Sewer Pipelines Damaged by Hydrogen Sulfide Corrosion
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In recent years, water leakage accidents in pressured
sewer pipelines have occurred frequently due to internal
corrosion caused by hydrogen sulfide. In many cases
pressured sewer pipelines are not properly maintained
because of the difficulty in surveying the inside of the
pipelines with cameras generally used with gravity flow
sewer pipelines. We have developed two core technologies
targeting pressured sewer pipelines: (1) risk prediction
methods for hydrogen sulfide corrosion using pipeline
data; and (2) research technology for pressured sewer
pipelines without suspension of service. We have
confirmed the efficiency of our development through joint
field tests with the National Institute for Land and
Infrastructure Management. We trust our development
will be greatly beneficial for sewage operators in
controlling pressured sewer pipelines properly over the

long-term.

[Key Word]
Ductile Iron Pipe, Pressured Sewer Pipeline, Hydrogen
Sulfide Corrosion, Diagnostic Technology, Corrosion

Survey, Risk Prediction of Corrosion
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Improvement and Development of Double Screw-press Dewatering Machine
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The "Double Screw-press Dewatering Machine" for
sewage sludge has the features of low energy
consumption and low cost. This time, we carried out
improvements and development for further performance
enhancement. We refined part of the dewatering
machine’s filter material by changing to an arrangement
using wedge wire with optimized slit width. This makes it
possible for the dewatering machine to operate with high
dewatering pressure, enabling both further reductions in
moisture content and the retention of the high solid

recovery rate.

[Key Word]
Dewatering machine, Screw-press, Filter Material, Wedge

Wire, Dewatering Pressure
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Development of Smart MBR System
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MBR (Membrane Bio-reactor) is one of wastewater
treatment process, which feature is superior effluent
quality and small footprint. However, MBR use more
energy than conventional wastewater treatment process.
In order to save energy used in MBR process, it is
necessary to reduce air, because energy for aeration fills
the most part of energy used in MBR. We work on the
development of smart MBR (SCRUM), which control
aeration to optimum amount. In MBR process, air is
supplied in 2 line, membrane scour air and pre-aeration
air. Smart MBR control each air supply amounts in follow
method. (1) Scour air control using transmembrane
pressure (TMP) predictive model, (2) Pre-aeration control
using ammonium sensor. We developed the model in
conjunction with Toshiba Infrastructure systems &
Solutions Corp. Now, we are conducting a joint research
with Toshiba Infrastructure systems & Solutions Corp.
and Nagoya city and testing the control system using the

model.

[Key Word]
Membrane Bioreactor, Sewage Treatment, Energy Saving,

Aeration Control
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Development of NOx Reduction Technologies for MSW Incineration Plants
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NOx (Nitrogen Oxides) are generated in incineration of
Municipal Solid Waste (MSW) and two methods have
been employed to reduce them: Selective Catalytic
Reduction (SCR) and Selective Non-Catalytic Reduction
(SNCR). The SCR method is to inject ammonia water into
a catalytic reactor before the stack, and the SNCR
method also injects ammonia water, but into the furnace.
The former equipment is costly, but gives higher
performance, enabling a guaranteed level lower than 50
ppm. On the other hand, the latter method guarantees a
level no higher than 100 ppm, but is less costly.

With the recent stringent financial situation in public
projects, reduction of Life Cycle Cost (LCC) has become
one of the most important requirements. In response to
this, Kubota Environment Service Co.,Ltd. and Kubota
Corporation(Water and Environment R&D Dept).
achieved a NOx concentration of lower than 20 ppm
without an SCR reactor. This consists of two steps:
suppression of NOx generation by low excess air ratio
combustion using exhaust gas recirculation (EGR); and
improvement of SNCR reduction efficiency. The above
achievement, which leads to cost reductions in
construction and operation, and the improvement of
power generation efficiency due to the reduction in steam
for the SCR, is expected to contribute to considerable LLCC

reductions.

[Key Word]
MSW Incinerator, Catalyst, EGR, SNCR
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HEE . ZHENOXT100~150 ppm(12%0, 22 M 1B F
HE. L T2 THEL), SNCRILIE#% THREEE100 ppmis
ETHo=h. SCRUEAD50 ppmERIITESH LS. EGR

221 SNCROF#FEZED B1E(E
k. 30~40%FRE THDHSNCRO P REF21ED
60%IZ[E L& E B, =1L, NH,ZHEHIF R I B R 2R E
REEDONHLBHEESN  ERNSBELLES>TRRS,
CNE)—IT7UEZT LS NH A BIEELDREIL10
ppmll EEEN TSz, )—IF7EZT5 ppmll T%
FFBEEEL,

222 FHANOXD BIE(E
SNCRMD At iR 60%Z @ L T30 ppmMBENDH K.
EHE 100~ 150 ppm D FELENOxZ B B 1EfEELL T70 ppm
ELTH, FENOXEMHI T HIEITRY . HIZCOPF A+

ESNCREDEEMETHORFKBIZMEZEI0 ppmld T &%
EL=(FED,

®1 WREAE
Table 1 Development Target Values
NOx & fift H H H & ok =k =
FHAENOX 100~ 150ppm | =70ppm
coO =<30ppm

DXNs(BFH Q) =0.1ng-TEQ/m3N

EETES 30~40% 60%
1)—%NH; - <5ppm
EGR+SNCR ALIE % NOx =100ppm =<30ppm

SNCR

T UFALLTIDXNs 1ELS, )DEMAEEIN DT80,
CODXNsIZDWTHRAFEBREZHELT =
32 70 ppm X (100% — 60%) = 28 ppm = 30 ppm
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Table 2 Schematic Specification of Sakai City Clean Center
HIGASHI No.2 Incineration Plant
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Fig. 6 Results of Thermal Computational Fluid Analysis
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Fig. 8 Operating Date of the Leaser O, Analyzer and Conventional O, Analyzer
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i%] 'T . _ i : Table 4 Operating Data in RUN 1(EGR)
g :g :ﬁimﬁéﬁ‘mm .—:;Fm:? f—c-”:r‘of Lh:mr.wﬁ 8 H H AIEHR L
& = S i BFt OINOX 455 ppm-12%0;
.E & | WYY -.Il'l'lTlll s L—40, 40 % (dry#a )
fg % . Lk, ol LAk f BFH GO 95 ppm-12%0,
1o — 9 BF A CIDXNs 0.58 ng-TEQ/mN
B30 800 530 10:00 10:30 11:00 11‘-3312;.;2-’(223:513&I#UJIIWSUIE?W'!.E:W 16:00 16:30 BFHj CIDXNs 0.0034 ng—TEQ/m3N

9 EGR BE¥iT® NOx,CO0,0, DEERT—4
Fig. 9 NOx, CO, O, in Operation with EGR Alone
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Fig. 10 NOx, O; and Leak Ammonia in Operation with EGR+SNCR
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Development of Compact Johkasou KTZ Type for Large Scale Facilities
FEEEEI -k BRI L—T

The large-type Johkasou is a large-scale sewage
treatment tank for the drainage of apartments, hospitals,
factories and public facilities, etc. In Japan, there is
demand for approximately 1,500 units a year, and they
are also sold overseas, mainly in Asia, as dispersal-type
sewage treatment devices. The main demand from
customers for the Johkasou after sewage treatment is the
reduction of construction costs, while competitors have
competed by downsizing. This paper reports the
development of the large type Johkasou KTZ furnished
with Kubota's original technology. It is the smallest model
in the Johkasou market while maintaining equal sewage
treatment performance and maintenance characteristics

to conventional products.
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Johkasou, Downsizing, Sponge
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Fig. 1 Treatment Flow of the Development Product
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A Case Example of the Introduction of KSIS to Wastewater Treatment Plant

ORBEK BFRAFEE.IHR2EK TOOZTULTE
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2 THY . REASTOEBEZFEEMILSEEREM
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T39I+ —LTKSISORERT—R AV TSRS IF v R
T LY EHKMEEFEANERL-EHEBNT 5,

(¥—7—F]
KL R . EREER. V5K

*1 KSISI (%) VR D B REIZETT,

KUBOTA KASUI Corporation is an engineering
company that produces environmental treatment plants,
such as plants for wastewater treatment and waste gas
treatment and provides those for private companies. By
advancing our original technologies that realize both of
environmental protection and economic efficiency, we
have contributed to the development of industry and civil
society. We expand our business activities not only in
Japan but also in Southeast Asian market along with the
overseas expansion of Japanese companies by offering
comprehensive services including design, construction
and maintenance. This report presents a case example of
implementation of “KSIS (Kubota Smart Infrastructure
System)”, a common platform for the remote monitoring
and diagnosis, which is developed by KUBOTA to

wastewater treatment plant.

[Key Word]
Wastewater Treatment Plant, Remote Monitoring,

CloudService

1. IZL®HI

THOHKLERMBIZE VT, BKDKELKELZRE
RRPCEETRICNCTERY S, BKOLERRICE. RE
P KEHGED VU NRELTHLN . TDT—FHME
AEEPHFEENRIECATDICENSNTLRNODAR
KTHBH. SEVRZEKKASH (UT . IRREK) HiHH
AT DA TIHHKLERE TIL, KSISEBALYISIVR LT

BERKREEBRE=4) YT TEDLSICLIz KSISEAIZK
Y, RGITITFRENE T HELELIT FSTILEEFDORE
RHORPMGIERMEEEAREELT-. T, EETEEIC
JRE.CODULZEHIBERERE), pHOKRAA VIR LED
BET—2%EBTHILET. RAHKOE. EORAS1E.
MAHRKICEC - ESE B A AIREE L=,

2. BT DEREA

2 — 1 KSIS DEHE

KSISOHHRELT, LTO3RAMEFEND,

DD THECTHRIEARE
PC. AX—h I+ ET2EMNDOTELEEINDSTE
FRIKRDERDAIREE LD, EAITH > THRE
MEENFELLGD0 ., DEVFIHRE TREIKR
NDRABDILERREET B,

Q&= ARk

110

Y—ERFAHRE. H—N\EEELBEELZEALTE
REHIT. VRAENTTAGIERELTHY . BIEEER
flil<inz TLVS,

QELMEEMELBEALEF) T4
T—REORIORAE A DT —2 Y —/ 3 T204E
BREL. DAL LISRT—FIZ&D1—F 7O RHl
RICKUBWEFLUTIERERLTLS,



KUBOTA TECHNICAL REPORT No.51

2 — 2 BRI RATLDKRE

OEERRDIELE
2RTO—RRITEY . BEDKRL TEDOHBREIK
MOREDEERGIEETES (B, F=. EEE
BIERELHBRENIEIZE T HpHOEYMEIZE TS
DOGRTFEFRE). FRRE. BUEORERRGEE
70— L THRTE. EEREFERERELOTL,

@rLRYS52
BHIEBRKI~8H)DILURERRSEHIENT
BE(H2) . BN AETOINUFERSDILET
T—AHEBROIRECIS T ILH AL EERIEEDR
EDFLURERERT HETREHEEMNLPTLY,

OIRRH
ﬁ"&)ﬁﬁibf'lﬁﬁl")lﬁ’c H#k. A, FROKT
ATE, RBE-MEEFRDE NEDATRE, F=. #aH
DREBBRBREMENVLTES 0. HEDREE
BEDILEITENT ZENTES(H3I),

@EHRA—ILER
EERICIERIRTIN. BENERBEE—EL

B EfEEERIO—
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Fig. 4 Electro Fusion Joint
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