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Robotic Technology for Strawberry
Production

RiE £HEVY- MXE

Bio-oriented Technology Research Advancement Institution (Brain, NA
S. HAYASHI

Food and Agriculture for the Future

NEw #7 Topics

National Agriculture and Food Research Organization

O HBROE=

Background of strawberry production in Japan

® 1 FIDBRBEIFIBEES

Strawberry movable bench system
O EER A FIOUNEOMRY

Stationary type Strawberry-harvesting robot
O /Ny DFEHORY b

Strawberry-packing robot

®FEH

Future vision and conclusion




A F JHEE : Strawberry production in Japa e

National Agriculture and Food Research Organization

1) 1B @& Planting area: 6000 ha

- Elevated substrate culture: 500 ha

{ER%FE Forcing cultivation

2) —FP OV DFISEIE
Planting area per farmer: 24.7a
3) 5518)8%R8 Working hour: 2092h/10a
4) FHEZEE Density: 7000~8000 plants/10a
5)UNE Yield: 3-5t/10a

e ———

Packaging, 27%

Harvesting, 23%

1) Difficult crop maintenance in winter
- Burden in fruit set
- Dormancy

2) No production in summer season

Seedling, 10%

Management, 1% )
[ /Tillage, 2%

Sowing &
transplanting, 4%

/

Spraying, 4%

Watering & control,

“=NARO

National Agriculture and Food Research Organization

1 F IDBBEIRIEES

Strawberry Movable Bench System
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N S e, 1

o BREMEIZY
—— 3 Waterlng and Spraymg un|t |

TEHB Transplanting

Ty ey v
Sy~ > -

® R21& : DU\ > C Cultivar: Moikko
© FHEAEL Plant density: 13330-16660 plant/10a / f
(plant distance: 12-15cm, bench distance: 50cm) Bak% ./ X)L j BRI

Spray nozzle Nutrient solution

National Agriculture and Food Research Organization

EEH-FIRFEOMNY

Stationary type harvesting robot
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4 FI3R#ENDR « I Harvesting robot

National Agriculture and Food Research Organization

@ SEHIZXTM Cope with elevated substrate cultivation

@ FEIRUIXFE Selective harvesting
BIFWBICKNDREDEBERERD ZHITE

Machine vision assesses maturity & overlap level

Q@ RMIBHFLIHA Cut peduncle
LR(CHNTIC/\Y F1J >/ No contact to fruit

@ 1% @YEZ Co-operation work with a human
INFE LOTVNREQOHEORY FRFE =

Harvests only fruits which are easily picked

< L
HR D 5% U(40%) (X ADURFE

Leftovers are picked by human worker

EBBORYI Stationary type HR

National Agriculture and Food Research Organization

Y=—Eal—4
Manipulator

BBALF | 77 wofvk [0

| Movable bench | Harvesting robot | = S\ AN V2 !"TQA
§ S T F ,'—.lg.»

IVRITIHAR
End-effector

IIUEDIY
Machine vision
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BBMEHIE Maturity assessment WN_AWBQ

Maturity assessment algorism

W3DDBIICIDITTIEE (red, light green, and pink)

Maturity = Whole area—Pink X wejghted value—Green area %100
Whole area

BIFLIFIE Overlap judgment

Overlap judging algorithm

W RESZ D ADXTM Cope with overlapping problem
* matured fruit and matured fruit
* matured fruit and immature fruit

BEHEHOG
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RIBIRE Detection of peduncle S2NARO

National Agriculture and Food Research Organization

Detection of peduncle cutting point & mechanism

RRiE
| Fruit breadth

i
o Cutting blade
- [ e~ |
= S < _
9 9
T q B
4 Q2 9
Q | A\ Q
W S2FREDEA Cutting peduncle

* Find the cutting point by machine vision
* Design of fingers to insert peduncle
* Fingers rotation coinciding with inclination of peduncle

URFEMEEE Performance ‘NARO

National Agriculture and Food Research Organization

® PGESIS

Successful Harvesting rate: 42~79%

® NIBRE

Process speed: 350 plants/h (Night operation)
to cover 22m?/h




/\C:\y OE%&DD/_I_\\\\y |\

Strawberry-packing robot

I 7558) Packing

___ o anan
(;Eﬁﬁmg@

~ Burden of producer
. oApmOHE

Reduce labour cost
/

B EHE)
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F &M Conclusion 5=NARO

National Agriculture and Food Research Organization

ODRTZAVCA FIEEY AT LAERRED
We are developing new production system using RT for
strawberry.

1) BBENFISZ > X5/ Movable bench system
2) 4 FIUFEDON v I Strawberry-harvesting robot
3) /\w D5EHO7N W I~ Strawberry-packing robot

) ERIEADTEEME
System showed the great potential for practical
operation.

1) FIRFEORY F2014FICRBX —HXKDHER
Strawberry HR will be released in 2014.
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Robotic harvesting, flexible robotic
packaging and advanced labour
management in greenhouse production
(BINE., SERVEEREICE T EMFTEBERE)

Jan Bontsema, Jochen Hemming, Erik Pekkeriet and
Albertus van ‘'t Ooster

Wageningen UR Greenhouse Horticulture

m e A*
¥ »

Contents

1. CROPS: clever robots for crops (k=0 B aRY k)

Intelligent sensing and manipulation for sustainable
production and harvesting of high value crops (> 4%—%
Bb. BEFDOFRMHEEDE - IREZT50/KRy B)

2. PicknPack

Flexible robotic systems for automated adaptive packaging
of fresh and processed food products (A#%ERUMIEROE
E-EHPINCRARTHIREMOHHORY FORTL)

3. Gworks

Tool for advanced labour and resource management for
horticultural greenhouse production (JEXEZ=HEDFERV
BREED-HDY—IL)

gWAGENINGEN
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C R O pb S ”Cleter Ro;f: fo? Crtps”

® CROPS: Intelligent sensing and manipulation for
sustainable production and harvesting of high value

P

Crops. (tr4—%#H5. SMEFEYMOFRMEEN - NEZE1TS)

® CROPS is a project in the seventh framework program
(FP7) of the European Commission (BxMZE&NDE7 XA T
AT LDFD Y )

Website: www.crops-robots.eu
Coordinator: Jan Bontsema, WUR Greenhouse Horticulture

WAGENINGEN p
For quality of life
s SEVENTH FRATEWORK b
PROGRANME

CROPS

14 partners from 10 countries
Budget € 10M

Funding € 7.5M

Duration: 4 years

Kick off: October 2010

10N EMN 5148 DS ME
FE:1FH1—0O
&% . 75051—n0
2R . 44ERE

B4 : 20104108

gWAGENINGEN
For quality of life



http://www.crops-robots.eu/
http://www.crops-robots.eu/
http://www.crops-robots.eu/

Applications (demonstrators) (sf. Ex)

Sweet pepper harvesting, apples harvesting, grape
harvesting, canopy sparying, precision spraying, obstacle

avoidance in forestry (In# (E—<>, Yyod, FEY) | #
N BRRTT. FBEE. HRICE TS EEYEE)

Integration of components and modules
BEMEED1—LOHEL

i Robotic arm /e
Platform \ "JJS’ Segigr_s/y;f,vt_ims
IS5y rI4—L

WP5 Sweet Pepper

E—<>

Data analysis ) End-effector
Artificial intelligence Oy kEHY—IL
F—H 54T - ANTHIRE Software

VI2boz7—

gWAGENINGEN 7 CRO
For quality of life
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Prototype with all modules integrated

FTRTODESa—LEHE LLRER

==
S===
s
E==

el —
o Manipulator
I
|

ntrol electronics w
RgLes |
)

Manli:pulator module
X=Ealb—8— EVa—) |

Laboratory test and demonstration (July 2013)
_ 201357ANKRBREIHITEHITAETEVRALL—I Y

=




Results demo and laboratory testing
ERZBICEHFSTAMETEVRA ML= a3V 0KER

® 189 out of 194 fruit could be detected (97%)
(194D EMD 5 5189(97%)DRMZERHETET=, )

® 167 fruits could be reached (86% of all fruits)
(167(86%)DRMICEET HZEMNTET, )

® 154 picked (79% of all fruits)
(154(79%)DRHEHAMD Z ENTEL, )

gwAGENINGEN

PicknPack

® PicknPack: Flexible robotic systems for automated
adaptive packaging of fresh and processed food
products. (£@&¥MERUMIBROEOEZEBMICART 2EZHENH DO
Ry AT L)

® PicknPack is a project in the seventh framework program
(FP7) of the European Commission (BRMEESDE7 XA T
O35 LDHDT Y b)

® Website: www.picknpack.eu

Coordinator: Erik Pekkeriet, WUR Greenhouse Horticulture
(2—F 4 +—% — : Erik Pekkeriet, 7—#% = 5 U XKE HEEE)

gwAGENINGEN
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http://www.crops-robots.eu/

Partners & budget (/S—r+—/F%)

14 partners from 9 countries
Budget € 12M

Funding € 9M

Duration: 4 years

Kick off: November 2012

IMEM 142 DSME
FH:120051—0
AE¥E%E - 9007/ 1—n

user Friendly

:ﬁ\ﬂ FEﬁ : 4ﬂ£ﬁsﬁ Budget € 12M interFace
Bt : 20124118 Funding € 9M

Duration: 4 years (Kick off: November 2012)

WAGENINGE N [NEHE [
L. PICKAIFQC
sssssssssssssss

PROGRAMME

Flexible robotic systems for automated adaptive
packaging of fresh and processed food products
(EBHMBRUNIBROO%LEBMIHET 2RHMOHZO0RY SR TL)

PicknPack

digl mould

:::::::::
self cleaning

rejected

. AT 3 microwave scan
I ° kn n ° k : : s
P I’ L
SEVENTH FRAMEWORK * W

PROGRANME
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Robotic Handling(a® v iz & 2E3kLY)

Impact (%)

® Cost reduction, higher quality (=2 x ~EIE., &5E)

® Standardized modules (huge market, low cost) (E#itahi-E
Ta—)b (KELhiE. EEE)

® Flexible to small batches and small runs (hav FIzE85RiwE)

v/ Fast change-overs (GR#E#LZPIYEZ)

v  User friendly interface (EREIZBLLN ¥4 —T x4 R)

v Adaptive to high variety of food products (Z¥ D& READEGHE)
® Shorten production and logistic chains (4&, nY54 > 0EH#)

® Safe, easy to clean and traceable production system (2%, &5
TkE, FL—RADARELGEEVRATL)

® Reducing food waste (B#EEMDEDHELD)

PROGRAMME

BRHEHGC
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Gworks

® Gworks: Tool for advanced labour and resource
management for horticultural greenhouse. (fEZEZHED
FEEVEREEDIE=HDY—IL)

® Gworks is joint research between WUR Greenhouse
Horticulture and Wageningen University, Farm
Technology Group (7—4=>#% U XS HREZEMER & ARZRHE
i IL— T DIREHE)

® Gworks is partly funded by the Dutch Ministry of
Economical Affairs (+ 5 v 4 BAiFEHENERD—EHZEEE)

Website: www.fte.wur.nl

Researcher (fziEx#) : Albertus van 't Ooster, WUR
Greenhouse Horticulture (7—4= o4 U K% RE SR

WAGENINGEN
e m Ministerie van Economische Zaken

Conversion of a practical process to a model

(EERMAZTOERZETIVIZEZS)
B2 | = ] g

o

|
=

Harvest = = .73 < Disbudding &
e X h FnE

Combined
Harvest
Bending

Distribution Centre s
|l Job management and reporting
FTA4RARJE2a—Yavt

H ,:. 3 3 - .' 5
Servis % > g Mok Al
o VA= FEEE, LR— -’ 3
_ R e ” J Node
JOB_OUT TV P BEs| completed

w - Sink.and report

WAGENINGEN
! m Ministerie van Economische Zaken



http://www.crops-robots.eu/

Measurements in a commercial greenhouse
(BAEMRETORIE)

Recording of worker
actions and position in
the greenhouse GEZER
DT BHEDEE ELED
FCER)

Video’s processing with
Noldus Observer XT 10
(Noldus Observer XT
10&AWVEETADMI)

labour data from the
labour registration
system Dytime® (%18
Zik T X T LDytime®MH
SOFEEBT—4%)

?‘& Ministerie van Economische Zaken
o=

gWAGENINGEN
For quality of life

Results model calibration (one harvest cycle)

(ETNICKDEERR) (1INEHY)
® June 15th, 2011 (7:45-11:00AM) in section 2 by harvester 34

(20115 6A15H ((7:45-11:00AM) £ L 3 22, IN#EEEE34

Performance indicator Measured Simulated Accuracy
IN—DT+—T U RIEEH FHiRIE YaIlb—YaviE EREHE
Yield (# roses) IgiE# (/N5 D7) 1593 1581 0.99
Cycle time section (s) 10693 10442 0.98
Cycle time subnode (rose-bed)

Mean (s) 391 405 1.04

Std. (s) 95 98 1.03
Harvest rate (stem h-1) BsR& /- U URfERR 557 545 0.98

WAGENINGEN
For quality of life ?i% Ministerie van Economische Zaken
ey

BRHEHGC
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Validation harvester number 34 - 7 workdays
INEE3AQBGH L Y INEROIESDE (7 H@A)

® Harvest rate:
700 -+

RRMSE=4.5%

e .'9.“-' .0'--.-"'-_/.\,,, - ".—-4@ r=0.94
%500 ] ! ® Labour time:
Baoo 4 & RRMSE=4.4%
g 300 A r=0.99
§ 200 ® Number of stems:

100 - RRMSE=3.3%

(o]
1 2 3 4 5 6 7

Day number

~~~~~~~ Measured Simulated
SRBIfE YaILb—YaviE

gWAGENINGEN

Results: Validation section 2, summer 2011
BRIV 20%R. 20114K

® 96 days in period June 12t till September 18th
6HA12AM59A18HE TMN96HM

N
ES

"
N

10 A

Effective harvest time in section 2 (h)
B o o0
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Y| | 1 \ ,,/ IR 1 j \ |
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41 & & S ) o
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Influence of the skill level of a harvester
INEEDOREEDTE

Sla new harvester (-=) $ ADINFEE
S1b highly skilled harvester (——) #hd L 1=InEE
SO reference (-+-) jE#

35 -

-
~

12 LE--e - a _F F3q ...
=10 ) :Il-ﬁﬁzs- R--8--8
= ” o =~
HEo " 4 BEEY) :
% . N . EARMEEE
m o2 e A 28]
ml § = ¢
LIRS I & 8
& 4 5 -
2 A D 9
=] ;é 0 T T T T T ]
0 T T w w T R 9 500 05 10 15 2.0 25 3.0
00 05 10 15 20 25 30k o
Yield (stems m?) - Yield (stems m?)
Pt 5
Harvest labour time S1a, S1b and SO Cost difference S1a/b-S0
S (8 B

® Sla new harvester (BT ADIVEE) :

e harvest rate 207-339 stems h-1, extra costs 21-31 € /1000 stems
(UNFEZNZE 1 BE& =Y 207-3394K, 1000KINFET H-HDaRX k : 21-31€)

ngnunl\lllvuplvm

Some conclusions of GWOrks (Gworkizo\ T o)

® Qutcome of Gworks model is in good agreement with
measurements form a practical greenhouse, both for mobile as
static growing systems (GworkEFILERAL-&EC A, BEX, BAEREE
SRATFLBAEIZENWT., RBOBRICETERAEE—HT S EAHEALT, )

® The GWorkS model is a useful tool for the grower to get a better
performance of the workers (GworkETFILIE, HIEENFBEDELV/—
TA—TUREBIEHTLOICERLEY—LTHD, )

® The Gworks model gives insight how many resources (f.i. trolleys)
are needed. Can also be used to determine the number of robots
needed. (Gworkix A —ZDEMHBNL DBETHAM DOV TEV +EE
AT NB, £, ORY FHAABDLENMNEROZ=DHIZHEZ S, )

® Gworks is perfect for running scenarios. Scenario studies give
clear answers to (grower) questions. (GworklZ> a3 L—Y 3 %=
TERHDELEY—ILTHD, YasSLb—avItkdEFICLY (FEED)
BRICHARICEAD I EMNTED, )

gwAGENINGEN

linisterie van Economische Zaken

B

BEHmENGE
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For more details on Gworks

Available onlina at www sciencedirect com

SciVerse ScienceDirect

journal hamapage: www.elsevier.comilocate/issn/ 15376110

Research Paper

GWorkS — A discrete event simulation model on crop
handling processes in a mobile rose cultivation system

Albertus van 't Ooster “", Jan Bontsema®, Eldert J. van Henten ™", Silke Hemming®

Available online at w

- = > 5
Attt i st o s zom ScienceDirec
SciVerse ScienceDirect
=
fomenst oass it ¥ Journal homapage: www.alsevier.com/locate/issn/15375110 |
Special Issue: Operations Management Research Paper

Research Paper
of harvest in a static rose

cultivation system

Sensitivity analysis of a stochastic discrete event (!)“Mm
simulation model of harvest operations in a static
rose cultivation system

Albertus van 't Ooster “**, Jan Bontsema®, Eldert J. van Henten*",
Silke Hemming *

**, Jan Bontsema °, Eldert J. van Henten “",

Albertus van 't Ooster°
Silke Hemming °

gWAGENINGEN

Thank you for your attention

7 CROM%,S

SEVENTH FRAMEWORK
PROGRAMME

1| pPicknPack

PROGRAMME

7 Ministerie van Economische Zaken

gWAGENINGEN
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201424 BEHRIIKRY YMRIDA (Japan - Netherlands Joint Research Symposium on Horticulture)

B eitlc K DhsEERE NS
How . to increase efficiency of greenhouse horticulture through labor
administration

—0O7/hy EEAFDICTEAZDOCLT—

How to change sreenhouse horticulture through robotics and ICT

ESU—5— EIFBT (20HHEE e
Moderator : Yuji Nagasaki
Western Region Agricultural Research Center (NARO)

beam (75 x 45 mm)

 2,000mm

rail (30 x 60 mm)

smm Issue
o HAREASIUADIEE=DZEN

Difference between the Netherlands and Japan in Horticulture
o BA I INBRBERERE (Japan: family farm, small farm size)

o MERE=ICHRITDENILDIRE
Limit of labor-saving in horticulture
o F I HENIFRE2,00085/)/10a (Working hour: over 2,000h/10a)
o O/hy FEAMIIIEREEE DT LU —D)L—I[CT8dH
(How to brake down limit of labor-saving through robotics)

RERRICH UIEEHERE (BARERSER)

Optimal labor administration in farm size (Japan model)
o NIRBIRETOICTER (CT: large-scale farm change entrepreneur)
o REBEFEZIEDRDICEETHEDN (How to change small farm)




\
x - - Empowered by Innovation N E‘

HEMRARR R4
Japan — Netherlands Joint Research
Symposium on Horticulture

EYNIEHSIRER#EICOVT
Development of integrated environment control
system in greenhouse in Japan

2014% 2A4H
BExESHKASH
February 4, 2014
NEC Corporation

2014%2A48 BMHRRRSHIIL (WE)

February 4, 2014 Japan — Netherlands Joint Research Symposium on Horticulture, Sendai, Japan

1. EBIHbEFRORE ~BRICMITIT

1. Issues of outdoor-grown vegetable and solutions

| fRiRT AER Issues to be solved | fRiRiE Solutions
HHEDER RERENEATLORR
Market requirements Development of integrated environment
REM(GHESR). SEHNE(EESR) control system
Safety (consumer), Productivity
improvement, or KAIZEN (producer) \’ BRBIEICI)RSERL
g D Providing safety by hydroponics
Productivity modernization EMORRH#EZT§EE T 2EERH
KEAODKEDEH Production control for plant growth control
Underused massive information
IxNF—OAMERERICTZIRE R
BOFLE Environment control minimizing energy cost
Labor shortage
ERbtsnET - HDABOEE Less labor burden
Aging problem in Japan - RzEFH Predictive profit

HOERICHLFFL<BAHIRROVEHICTFS(6RILERNRMK)

Contribution to revival of new, attractive agriculture for a young generation

= 201452A48 BMHMRIRS - HEIVL (WE) Empowered by Innovation
L~ Page2 ©NEC Corporation 2014 Eopy a4, 2014 Japan  Netherlands Joint Research Symposium on Horticulture, Sendai, Japan. o - Y NEC

RHEHO
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2. EMTEAOHF (1/2)

2. Expectations for an advanced greenhouse (1/2)

/] HEromE
From market
o ER . R

Clean, fresh and safe

o ARBICER

Convenient for cooking

o ikt £ICHEBAL T3

o

Contributing to community

o

4

~ Page3 ©NEC Corporation 2014

/l EEEAHI SO \

From farmers

© U=V JARMMET
Lower running cost

o (EURTENNE
Easier vegetable growth
management

o HHNTOEE

\ Labor-saving technology/

201452848 ARBERE KoL (WE) & 4 by Innovat
B s i Reseach Symposium on Horticulure, Sendai, Japan o Y Invation NEC

2. EMTIEAORRFH(2,/2)

2. Expectations for an advanced greenhouse (2/2)
BARORIFLRARIRFEEENL. BT AEARENTHEOKEEE

EHRIEHEFEID

Dependence on farming in an advanced greenhouse is expected to
increase, taking an advantage of Japanese climate.

EEHE QKRR - RIRILAEE S, BEORRIREERKIFARIC
BLEEEORSRENB ARATLHDEELSD

As small farmlands are merged and horticultural facilities become larger,
it is necessary to develop an integrated environment control system
suited for Japanese local climate and cultivation type.

BAOAXREBEEZEER TRON T —2%v 1=/ HKilicEULL.
ELEOMARREHH AT LORRICHIT TS

We are developing an evolving integrated environment control
system, based on formulas derived by mining of data collected

in Japanese large-scale greenhouses.

~ Page4 ©NEC Corporation 2014

201452A48 BMHMRIRS - HEIVL (WE) Empowered by Innovation
February 4, 2014 Japan — Netherlands Joint Research Symposium on Horticuture, Sendai, Japan' ™o - - f NEC
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3. FNER
3. Knowledge from academic research

KEABREMITIBICHTBNYMEORTED
Th

FIRERALERINER, FRAOEREERBHAHEICIZIFLLFHTS.
e possible maximum annual yield of fruit vegetables such as tomato in a
greenhouse is approximately proportional to annual accumulated sunlight.

BVEEIAMERRA=IRNF-LBROEVFIAME,
BlzlE, BRERE. COMEAZFNHIEA I TIELL,
The major factor of high production cost is low energy efficiency.
For example, control of air-conditioning or CO, application is not intelligent.

(BEEEORENSE, REVCHEOHBHREFRBNICLEBLE
HARERNE, L=
From the viewpoint of agriculture business,
it is necessary to develop an integrated environment control system that
\_ _ considers market price of products and fuel in the mid-and long-term.

~ Page5 ©NEC Corporation 2014 20145F2A48 BMBMRZRLAIIL (WE)

Empowered by Innovation
— February 4, 2014 Japan — Netherlands Joint Research Symposium on Horticulture, Sendai, Japan id N Ec

4. MEREHE =EFED
4. Overview of the integrated environment control system

MEAHE IPRROBEER ICIIBANERDLS, HERTLEELREDT =T
JAMTERE - BHNEEEEZRBL. RAOIAMNTA—2 0 AL RELENEEBEIEY.
Aiming at highest cost performance and stable profit, we are developing an integrated
control system that realizes minimum running cost and maximum yield/efficiency and
overcomes a present combined control and seat-of-the-pants approach.

@ @A Envimnﬁlﬁt’ [;2 Q%! ,%L%’ﬂm
E=H@E RIEHE R co, Rt Eplironment
Production Environment 1oF)vvbhavka-5 || 1oFUSobavka-7 trol
control control co, Heat pump
HEr—4 intelligent controller intelligent controller
Y Control da PN
An Output avba-3 #ilT¥—% Control Mya
Dpuildevice device Y5 Ega=vk P 7—% Sengipefliata
Y7 —
Sensing daffa (#7;‘7) e
) 8 ok Intelligent HESE
% : fp /S controller link unit || 1>FJ¥z/bavba—5
% 3t Lum ﬂ/ N Ny ey (sub core) : Fpg cooling
EAC 1 H-l_: o intelligent controller
3 @\Eﬂ"@ 4 EF—# Growth data =
s <‘° = ®EF—% Environment data % %
= 201452048 BMARZRSVHIOL (UE) m innovation
.~ Page6 ©NEC Corporation 2014 poy a4 2014 Japan — e B ori Honculture, Sendal, Jopan oo By novatio NEC
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5. RERIRHE AT LOWEAE
5. Structure of the integrated environment control system
HERRUHAATL = AT IARATL + 1F7)obaryba—5
Integrated control system = Core control system + Intelligent controller

’ A7 AT L EYMORREREZ TR/ Hl#Y 205
Core control system: Brain that predicts and controls plant growth and environment

170z harybn—-7: BRNICEET ZHEEE

Intelligent controller: Autonomous local controller

AABEVITHEORSER UM R RIS - I A
For a large-scale greenhouse For a middle/small-scale greenhouse
AP SATL EIEFIA Combined use
Core control system —nMes S
17900 1o7)oI b
/ \
1oF)TIU =11 arka—-3 arsa—-3
S — 1o7Io1Uh Intelligent controller] |Intelligent controller
Avka—3 avka-3

Intelligent controller :
+ B — sensor Intelligent controller,
|

I HIMFIA Single use

1 | | - —
FOF1I—4R oy 1o7)ozharyba—5
Actuator Sensor Intelligent controller
5 ;_:TPage7 ©NEC Corporation 2014 201452R48 BRBMRIRS - HIVL (WE)

Empowered by Innovation
February 4, 2014 Japan — Netherlands Joint Research Symposium on Horticulture, Sendai, Japan id N Ec

6. MEBIRIEHE AT LOENE
6. Operation of the integrated environment control system

v ITF—8 — e
Sensing data > KBEH

Formularization by
RIEKRELICEDET E—— data mining
vV RERERE i -
Temporal eriatioLn in Core control system AAEEE. ##E=

- Initial parameters
sensing data

EE IS S A and control formulas

4.

[ Production control

FYRLBUTRES ERGEENENE | — o

!ﬁiﬁaszliﬁﬁ’(".}am’&ﬁﬁ Environment control T\ 1o7)oharba—-3

Targeting environment Other

and control data / f \\‘\\mtemjentcontrouers

(s Co, HigsE-an E—hELT TS RNEE D

1o7)xohavba—-7 || 170 ohavba—7 || 17z obavha—3 || 1790 zobharea—-3
CO, Fog cooling/Humidity Heat pump Hydroponic

\___intelligent controller intelligent controller intelligent controller J\_ intelligent controller J

L [ I I L I L I
FOFix—4% oYy FOFix—4% oYy FIFi1x—4% Yy PIOFiI—4 Y
Actuator. Sensor. Actuator. Sensor. Actuator. Sensor Actuator. Sensor.

= 201452A48 BMHMRIRS - HEIVL (WE) Empowered by Innovation
.~ Pages ©NEC Corporation 2014 £oy 4 2014 Japan — Netherlands Joint Research Symposium on Horticulture, Sendai, Japan v NEC
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7. HRhEHERIR

7. Goals of the integrated environment control system

(1) ZEICERLTWLBIMRBEINITINIALANIVOFIA(I00ELRTF)
Small-scale pipe greenhouse widely used in Japan (~1,000m?2)
1700z h 2/ ba—5%2BETHERL T, 10%2E0OREEER k.
Profitability up by 10% by single use of intelligent controller

(2) hIRBERBELTORBTSFAF Y71\ I ALNIVOFIA (300~ 1,0005F)
Middle-scale plastic greenhouse (1,000~3,000m?)

17)2 b /bA—5%2E /LT, 20%ZEOREEER L.
Profitability up by 20% by combining intelligent controllers

(3) KIBHFARR (FSTFRAFV21\voR) LANIVOFIA (1,0003FLL L)
Large-scale glass/plastic greenhouse (3,000m2~)

A7 ATLEZEALT, 50~60% 2NN E%EM L.
Profitability up by 50~60% by adding core control system

FARREELTTREAFENITENROHBRTEZSESV
FESRFNER I AT LOBENISERL TR EZET

Preferential utilization of greenhouses and analysis/diagnosis systems
at Chiba University as a development environment.

'_:__ 2014€2A48 BMBRZRSVHIIL (WE) Empowered by Innovation
L ~—=Pageo ©NEC Corporation 2014 £o 2y 4 2014 Japan ~ Netherlands Joint Research Symposium on Horticulture, Sendai, Japan v NEC

8. BMKEZ7OI VMDA

MAFF: Ministry of Agriculture, Forestry and

8. |I’ltI‘OdUCtI0n Of MAFF prOJeCt Fisheries of Japan
BIKEE GRERLMR BEKORBEHBER/OSIIMNERE)

Sextiary sector measure by MAFF
“Innovative environment technology project for green and water”

NPOEMIIBMRE/ TEKPEHRICHE, b o Jeer1=IKizER
Application of sensing and data mining technologies to greenhouse
by Plant factory association of Japan (NPO) and Chiba University

WA Ceryr—a) gg B
Enviﬁ;;nﬁrﬁinfo. HIETISH Analysis results
] i BEA R EEEA BEE-RR
Device info. Sensm_g gaig Plant ﬁnﬁ\?g\g Farmer/farming corporation

Cultivatio Management analysis 1

AEXBENIS Gre

SR, IRAE Temp. Humidity RERER B )
77>, C0,Fan, CO, Farm work record e (8 BEZIE HIESE il
Regjagﬁfo ::m = Farming support L
£0$% Records otivbd FTE L] MHHH('—‘H\ support PRISCH /A9 Na0b
BUBR RELUILS | oo Tami s 1 Farming supervisor
R ARIEA M2M75Y 74— L (Platform) “CONNEXIVE” \,.
Yield, resource INE M2M: Machine to Machine 24 => %18
-4 User

Collection Data mining

YRR - ARFEROZ T -84 T, B@IMO-N

Optimum control by analysis of sensing data and resource information

'_:__ 2014248 BMBRZRS L HIIL (WE) Empowered by Innovation
L~ Pagel0 ©NEC Corporation 2014 £oy 4 2014 Japan — Netherlands Joint Research Symposium on Horticulture, Sendai, Japan v NEC
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9. Project schedule

9.7z 9 bARFTVa-l

20125E
"B w1 2013%5E 20145E 20155E
Iltems FY2012 FY2013 FY2014 FY2015

B

Development CERERRE i;:f’;’:)ﬁi%’ . &
. ﬁﬁﬁﬁﬁﬂﬂ * Requirements), || oo atic design of Eiﬁﬁtiﬁﬁ]ﬂﬂ!"ﬁ 7 ERE

Environment control Z?(:frll?::ttif: growth model Prototype developmen)
i izati f producti trokSyst

ﬁﬁﬂigﬁ'ﬁﬂ oy forxﬁl(l;fiztr:or}::rﬂn of production contrgl/4ystem

Production control (. preliminary p B

design S
Prototype development
of environment control sygtem
-of environment control
WREE — BEHEERREN@O
£ BHEMIRERN @O EREICE SR
Verification KERIRIC & DIREE Verification of environmént control
FTFEAEMIS Verification of | yreenhouses
A A environment control =

at Chiba University system in experimentdl g."}E:’;q ’%ﬁwv b
] EFET()E?!IE greenhouses Verification ‘t’f Verification, data collgftion,

in Fukushima environinel data mining, and
greenhouse SYSIE mipsa@\| design feedback

Field insﬁllation

© NEC Corporation 2014

N

201452A48 BMHRRRSHIIL (WE)
February 4, 2014 Japan — Netherlands Joint Research Symposium on Horticulture, Sendai, Japan

Empowered by Innovation N Ec

114

Specializati

AP

\

P
97K

! Cloud SRk

Generalization

P WAN

H5WBAPIZEHKE—IE Unified APIs

“ 4
\

FINCR
s Device

© NEC Corporation 2014

| e 2

M2M75Yb7x—L M2M platform

iy e~
> <>
L pic_J

=0

Aceagiine variaus davicaswith diifgigmtilisEges
201452R48 BR#MRRRS > FIL (&)
February 4, 2014 Japan — Netherlands Joint Research Symposium on Horticulture, Sendai, Japan

o AR M:ueue

Empowered by Innovation N Ec

10. EvIT7—420BTIEERM (1) : T539hT74—L4
10. Key technology of “big data” processing (1): Platform

77V r—2a L TR —BAPIT
BAILTIMART M ABNRRL T —2AOT7 I AFRER#

Providing application software with unified accessibility
to varlous devices and a vanety of data by un|f|ed APIs.

o BN G

API: Application
Programming Inteﬁgce

ot
X0
(\6 a‘g\’l—a
@

BRHEHO
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http://www.adv2.ho.nec.co.jp/cil/clipart/emf/it_077.zip

10. EvYI97F

| F-ovr=rifmieEorEENRR

D|scover|ng rules by data mining technology

— R ET HEEHN (2) :F— 2V A= I BB

10. Key technology of “big data” processing (2):Data mining and optimum control

= y0=a00*x00+a01*x01+...+b0

y0=a00*x00+a01*x01+...+b1

» 88 » i » il.l.ﬁ=an0*xn0+anl*xnl+...+bn
ey

G!‘t’/ KETF—% F—R21= /ﬁﬁﬁ SHORBEFNTIR
Various sensors “Big data” (RERA®T)

Formulas for prediction

Data mining technology
(Heterogeneous mixture learning)

| F—421= I ORRENAL L RE

Optimum control using results of data mining

sHE Y N ‘ ey e
Various sensors = el ’
- :"; AN s v

y0=a00*x00+a01*x01+...+b0
y0=a00*x00+a01*x01+...+b1l

i/'h:ano*xn0+anl*xn1+...+bn . I’ .
SRORBEFMTER P’ -

o FERBORE R
Formulas for prediction % TR (BRBDITEF)
Optimum control of
multiple devices

BHEE-RX oM e
Target, domain knowledge } | (R‘

Predictive control technology

= 201452048 BMARZRSHIOL (L)
L~ =Page13 ©NEC Corporation 2014 £o 2y 4 2014 Japan ~ Netherlands Joint Research Symposium on Horticulture, Sendai, Japan

Empowered by Innovation N Ec

11. F=ae1=J LmEFIHEOH
11. Example of data mining and optimum control

| F=421=050f: BREOMNEEEFNEDLLE
Data mining: comparison of measured and predicted temperatures
| BVRETSHONIZARNEEDTMA T

Showing possibility of high-accuracy prediction of inside temperature
BECGHE®E)

am
AL HIZESF MEL RO B SEDIREEFMNTZE
Measured temp. N Formulas for prediction

y0=a00*x00+a01*x01+...+b0
RE(FiNE) _‘) y0=a00*X00+a01*X01+...+b1
Predicted temp. | =, e .

yn=an0*xn0+anl*xnl+...+bn

| BEHEOH: 21= /7"#5%’&55(.\ =R B DT
Optimum control: temperature control using data mining results
| FiRLEYDI I PR O FI {15 7] 58
Showing possibility of inside temperature control as predicted
EEE(MJEE) N SREE (T SEHEEY)

Measured temp. ¥ —**?‘w\‘
BEGHEFNE) AE——
S

akro

Predicted control temp.
Pageld  ©NEC Corporationzon  2014F2A4B AMEMRSERY AIL (ME)

Empowered by Innovation
February 4, 2014 Japan — Netherlands Joint Research Symposium on Horticulture, Sendai, Japan > NEC
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12. F&o
12. Summary

BEATRR BRI IMSREREORRICAIIT

Towards realization of an integrated environment control
system that will be prevailed and spread in Japan,

it should be
¢ BARDIREEICEIL /=K SRR H#H
suited for Japanese climate and weather characteristics, and
SFALZL, LT, (Kl
<VIBEAIRDS, 5= TAAMHRN>
— #&r. BigkhS5OZIE(FRS)IEATFIR
easy to install and operate, and low initial/running cost
with indispensable support or subsidy from central and local
governments.
BOFRROREEBNHDREOREICEMR ! !

Contribution to solving labor shortage and creating attractive agriculture!!

= 201452R48 BRBMRIRS - HIVL (WE) Empowered by Innovation
f—=Page 15 ©NEC Corporation 2014 Eop iy 4 2014~ Japan = Natherlands Joint Research Symposium on Horticulture, Sendai, Japan. P00 NEC
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)0
4
GREEN

HORTICULTURAL EXPERTISE GROUP

IMPROVEMENT CENTRE * EDUCATION © PROJECTS * CONSULTANCY

)0
4
GREEN

Climate control
‘Steps towards a integrated system’

iﬁﬁw -
THEHE R TLANEIT T

‘ ‘;
IMPROVEMENT CENTRE ¢ EDUCATION © PROJECTS * CONSULTANCY

EEmEHD
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« Utopia (EE7E )

» Steppingstones model
(RUBETIL)

» Steps
(RTv7T)

» Example: Top Crop

(%51)
Name (KX 4 ) :Arco van der hout

Company(=#%t): GreenQ
Function (#%5%) : Consultant/trainer
@AY IE k- L—F—)

Utopia (EE7848)

Plant: | would like to order menu A; 19 °C
. 24 hour temp and 1800 J/cm?/day radiation.
.‘ 1B B — AP ER24E T, AMEIF—H
H7=418003/cm /=L TTFEL,
Waiter: Ok, and would you like something to
‘ drink?
8 DI 4—:OK, BAYIE DI TI 5 ?

Plant: Yes please. (2,5*1800 =) 4,5 L water.
HEYAB Y FILBREOLET,

Waiter: And a side dish??
DA A— AIIEEIETEILFELLID ?

Plant: A bit boron and zinc. Thank you and
can you please close the solar screen
because the sun is in my eyes.

KB ThoEEBIRELL TE KIGHES
LODTH—TFBEEL TTFEL,

EEmEHD

Document 10
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Utopia (EEFE4H) ?

GREEN

If plants could tell us what they need, growing would be much
easier.

(BL. BB T-MAEBEELT ENEEFLIENTENIL,
HIBEEEo2EHZ LG STEAD,)

New sensor techniques are making this more and more a
reality.
FHLWE Y —HMIXCDIEETREICTHTHAD, )

Stomata (5 #)

/ »
Steppingstones model@uaz71) ,{.‘2\ ")

>4
GREEN

-Steppingstones

Growth Site Chain Level

MY TIAFI—2D HLMLEFOEH-LI=
10 Cgﬁnaeteﬁtegrateﬁsu{p:ply/chalggs%u espons%le en{frﬁepeneu%s p%‘ e

B ARELRE KRB Iy (B SR T .
9 | Closed/Optima greenhouse with o technology and post harvest processing

8

Conventional greenhouse; demand. Market develops to pull
market B D;] L TEOER
BEDORE:H ﬁ‘lﬁwd)ﬁiﬁﬂ: [€25=:5] )ﬁiﬂiﬂlédﬁxgl‘“

6 | Conventional g of and controlled b ion (i

S EHE, HEHFEOHDRE \

5 | Greenhousegfor controlied gruwth and planned dellvery

VRY QAR OKDHER . HEMIREE, FE
1 4 | Risk regfiction (safety of water, cropprotection,diseasecontrol)

ﬁté DRAEESHESIILE

1 3 rolled growth with

HHEHE T TORETAETEEORBRUERMETOHIE GEH, R, HEIE)
1 1 2/] Prevention of irreversable damage and controlling basic growth (irrigation, spraying, fe lisation)

FFHL &M T TOREE T AT LR S O 36 (<
1 1 | Prevention of irreversable damage due to outdoor condmons (fence, etc)

RE

BA
0 | Mother nature conditions




").

3. Growth control (B £ &) .,

« Growing in soil

y (TIERLE)

~ « Plastic tunnels

8 (TSRTAYIRURIV)

* Nutrients by hand,
simple irrigation unit

= N (FERICEBER. BRTERR

_ T4)

¥« + Climate control by hand

SR (IR BBREHE)

* Disease control
(FREHIE)

* Local market
(bIETiE)

)"

5. Controlled environment@imans-ms o-Zen

» Cost price focus
(ERAXMmEISER)

« Growing in soil
(LiEsE)

» Climate control
(BRI il 40)

» Thermostats (on/off)
(Y—EX429h)

» Plastic cover
(F3RTAYIIVF)

» Simple irrigation
(AT ERRR)

» Disease contrc
(7R Hl0)

» Local market/e
(M35 TS /EA )

27 L

EEmEHD
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").

-
GREEN

5. Controlled environmentsimanr-ms)

» Basic climate control
results in growth
optimalization and
increase of the yield.

(BXRWTREFNBICLIYBE
D BE{E LIV E G A A RE
&%)

* Lessrisks mean a
constant production.
(VROZE@DT CEIZ&Y, Y
RAUNEEENTIREES

%)

27 L

").

7. Optimizing Quality (azossik) cReEn

» Growing in substrate
(AR

+ Plastic or glasshouse
(E=—LAHBNEHSRERE)
* Water treatment
(ko)

* Labour management
(FBER)

» Biological treatment
()

* Quality control
(REEH)

* Local and export market
(3536 O I8 %)

_i‘
Z %
% 3
=3

g.
.! 3
.\
2

3
C

b

R\Y->

2
by i \p
s S SRR TS NS S S N
$49§ W !

22 L




9. Optimizing and integrating ")
chain activities @acgansaszn aHEEn

—~ £ 3 N~ z
Y - e

- Added value focus

s Gl ==3:=)
7 : Joint operations
] e , (HRES)
e = Tracking & tracing iEgf)
: ‘P lt 4 * Greenhouses (&%)
‘. 1 ) * Energy supplier
- (T L F— e E)
‘ : Closed water loop

BASHAGKTEIR)

Water desinfection
KBE)

Biological treatmen
EMEnE)

Marketing 5 L

I=T4Y)

0

T T T T T T T T T T T T T T T T T T T
0000 0100 0200 0300 0400 0500 OR00 0700 OROD OO0 9000 100 1200 1300 1400 1500 4600 1700 1800 1900 2000 24:00 2200 2300 OO
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