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Funding

The research received (and is receiving) funding from
* The Dutch Ministry of Economical Affairs

* The European Union Seventh Framework Programme
(FP7/2007-2013) under grant agreement n° 246252

= The Dutch Horticultural Product Board

* The European Union's Horizon 2020 research and
Innovation programme under grant agreement n° 644313.
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Why robotic harvesting?

" Maintaining a sophisticated greenhouse sector (in
Europe)

® Lower labour costs

" More sustainable labour (low skilled labour replaced by
high skilled labour)

" Better guaranteed food safety (cf. EHEC scandal 2011)
" Higher quality (selective harvesting)

" Higher yield (by changing climate into a for humans
unacceptable climate)
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30 years of robotic harvesting research:

Harvesting Robots for High-value Crops: State-of-the-art
Review and Challenges Ahead
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Cucumber harvesting robot

" Project running from 1996 — 2002

" Funded by the Dutch Ministry of Economical Affairs
(actually at that time by the Ministry of Agriculture)

The Cucumber Picking Device
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Cultivation system cucumbers

Traditional N
High wire, leaves
removed before
harvesting
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The cucumber harvesting robot

Prototype in laboratory Prototype in greenhouse
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End-effector

No virus transport

No mold on fruit or
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Cucumber detection

NIR reflection: detecting
water content
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Cucumber harvesting robot in the greenhouse
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Cucumber harvesting robot, results

" Detection: 95%
® Harvesting rate:74%
" Cycle time: 124 s
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Website: www.wageningenur.nl/nl/show/
Cucumber-harvesting-robot.htm
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Cucumber harvesting robot

Today, labour is the largest cost factor of a modern
greenhouse holding. More than 30% of the total
production costs are spent on wages for the grower and
his employees. Obviously, to cope with saturating
market demands and increasing competition, the grower
is looking for ways to improve the over-all efficiency of
the production process. Manual labour in a greenhouse is
demanding, especially under poor climatic conditions.

Because the robots reported in literature were not suited for the
high productivity growing systems used In Dutch horticultural
practice, in 1996, we began research on the development of an
autonomous cucumber harvesting robot supported by the Dutch
Ministry of Agriculture, Food and Fisheries. The task of designing
robots for agricultural applications raises issues not encountered
in other industries. The robot has to operate in a highly
unstructured environment in which no two scenes are the same. Both crop
and fruit are prone to mechanical damage and should be handled with
care. The robot has to operate under adverse climatic conditions, such as
high relative humidity and temperature as well as changing light
conditions. Finally, to be cost effective, the robot needs to meet high
performance characteristics in terms of speed and success rate of the
picking operation,

This research project was finished in 2002,

Flyer

An autonomous harvesting machine for cucumbers (146,57 kb)
(/upload_mm/5/5/7/c221711e-98da-4865-805a-
8fc8531aa624_flyer_cucumber3%20harvesting_robot_uk.pdf)

Key publications

Van Henten, E.J., ). Hemming, B.A.). van Tuijl, ).G. Kornet, J.
Meuleman, ). Bontsema and E.A. van Os, (2002): An Autonomous
Robot for Harvesting Cucumbers in Greenhouses. Journal on
Autonomous Robots, 13, 241-258.
(http://link.springer.com/article/10.1023%2FA%3A1020568125418)

.

Henten, E.). van., Hemming, )., Tuijl, B.A.).van., Kornet, ).G. and
Bontsema, J., (2003): Collision-free Motion Planning for a Cucumber
Picking Robot. Biosystems Engineering, 86(2): 135-144,

* Henten E.). van, Tuijl, B.A.).van, Hemming, J., Komnet, ).G. and
Bontsema, ., Os, E.A. van, (2003). Field Test of an Autonomous
Cucumber Picking Robot. Biosystems Engineering, 86(3): 305-313

® Henten, E.). van; Schenk, E.).).; Willigenburg, L.G. van; Meuleman, J.;
Barreiro, P. (2010): Collision-free inverse kinematics of the redundant
seven link mai
Biosystems Engineering 106 (2). - p. 112 - 124.

s Henten, E.J. van; Slot, D.A. van 't; Hol, C.W.).; Willigenburg, L.G. van
(2009): Optimal manipulator design for a cucumber harvesting robot.
Famnitars and Flartranics in Aaricultura 85 (2) - n 247 . 257

ulator used in a cucumber harvesting robot

status: Afgerond
Start project: 1-jan-1996
Einde project: 31-dec-2002

Parmers: Wageningen UR Greenhouse
Horticulture (/en/Expertise-
rvi R h-Instif ningen-

UR-Greenhouse-Horticulture.htm)

Cucumber harvesting robot
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Sweet pepper harvesting robot 1: CROPS

Intelligent sensing and manipulation for
sustainable production and
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The partners
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Some facts and figures

m FP7 EU project within Theme NMP:
Nanotechnologies, Materials and new
Production Technologies

m Start date: Oct. 15t 2010, end date: Sept.
30th 2014

m Budget: 10.2 million Euro

m EU financial contribution 7.6 million Euro for
a period of 48 months

m 13 (was 14) partners from 10 countries
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Appllcatlons (demonstrators)

-

‘Sweet pepper, apples, grapes, precision
spraying, obstacle avoidance in forestry
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Sweet pepper harvesting robot
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End-effectors for sweet pepper
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Mailn sensors

m Combination Time of
flight (ToF) and 1
colour camera for
fruit localization

m Stereo vision for
obstacle localization

R i g h‘t a n d | eﬁ R
colourcamera -
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:: ROS.org

Software

m Linux

m Robot Operating System
(ROS)

m C++

m Simulation and visualisation
environment

m Image processing done
using OpenCV and Halcon
(MVTec)

m Main partner:
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Sweet pepper harvester testing:

_ICameras
4 and
Light Grid

LComputers
and
Electronics

. |

e :._.—"‘"'__,‘1 |
= Manipulator modules " .= Sensor module

S

— CSECWE  SE—

CRO%S

SEVENTH FRAMEWORK
PROGRAMME



Sweet pepper harvesting robot, results

m Fruit detection and localization rate: 56%-86%0

m Harvesting success: 33% (due to suction failure of end-
effector)

m Cycle time: 94 s/fruit




Website: www.crops-robots.eu
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mj\! http://www.crops-robots.eu/index.phpZop am =article&id=581temid=1 P-Bex Hﬁ Crops homepage
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MENU
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Dissemination L of :

Uigeos U project Materials and g sormat forastry management

Links

Contact 'CROPS will devslop scientfic know-how for 3 highly configurabie, modular and clever earier platform that includes modular d intefigent tool algorithms, sprayers. grppers) that T the earierand i of atapting to new tasks itions. Seversl technologi il be

Wi ey developed for high value crops o . pr The ragers spray only ruit (setects the fut, determines s ripeness, Moves towards the fru, grasps % 3nd sofy
detaches 1) jective of CROPS & to Gavelop techniguas for classiiation of abstacles and othar forasts, The apricusural and forestry appicatans share many . primarly

R The projeet staried In catober 2010 and willun for 48 month

roh. = B :

= eed Announcement: Final Crops workshop during the AgEng conference 9th of July 2014 in Ziirich.

Below a numbes of phatos pich From left to right; Swest-pepper harvesting robot, sople harvesting robo, dose bat

mn

A collection of video clips can be found in the Videos section of the website.

You can also dowrlod 3 general CROPS overview poster (POF. 510 kB)

0l ) e o

The CROPS the Ty g {CROPS GA na 246252).

For more information pisase contast us

webmasterBiops-robots sy

W Follow @CropsRobots.
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European The EU Framework Programme for Research and Innovation

Commission

Sweet Pepper Harvesting Robot
Jan Bontsema, coordinator
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This project has received funding from the European Union's
Horizon 2020 research and innovation programme under grant
agreement No 644313
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SWEEPER: sweet pepper harvesting robot

Some facts:
Budget: M€ 4.6
EC-contribution M€ 4.0

Period: Feb. 1st, 2015
— Jan. 31st, 2018

m H2020 EU project within the program Industrial Leadership,
Information and Communication Technologies

ey




How? SWEEPER is a follow up of CROPS (FP7)

1. Using ROS

2. Using mechatronics
(mechanics overcomes
Inaccuracies in
detecting)

3. Visual servoing

Colour
b camera
B : Lip 2

4 Crop adjustment
5. Involvement of
horticultural research

station

6. Grower as partner




Website: www.sweeper-robot.eu
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Sweet-pepper crop

in the greenhouse

Sweet Pepper Harvesting Robot

Sweeper)

2

ICT Robotic Use Cases project in the H2020 programme of the EU

SWEEPER's main objective is to put the first generation greenhouse harvesting robots ento the market. Until now this has never been achieved and it will ensure Europe’s
leading role in agricultural robotics.

In modem greenhouses there is a high demand to automate labour. The availability of a skilled workforce that accepts repetitive tasks in the harsh climate conditions of a greenhouse is
decreasing rapidly. The current state of the art in g of fruits and veg has remained stationary in the past decades. In the EU-FP7-project CROPS

(www_crops-robots eu) extensive research has been performed on agriculural robotics. One of the applications was a sweet pepper harvesting robot. SWEEPER will use the
fechnology developed in CROPS to introduce, test and validate a robotic harvesting solution for sweet pepper under real-world conditions.

The project involves 6 partners from 4 different countries (The Netherlands, Belgium, Sweden and Israel). The consortium consist out of fundamental and applied research
organisations, a system integrator and a modem grower of sweet pepper. In the consortium a wide-range of disciplines are available, including: herticulture, horticultural engineering,
machine vision, sensing, rebotics, control, intelligent systems, software i , system and crop

The Kick-off meeting was held on February 12th and 13th, 2015 in Wageningen, The Netherlands

European

Commission
—_—




Thank you for your attention
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The Cucumber Picking Device
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Is robotic harvesting economically feasible?

" For sweet pepper harvesting robot, with a cycle time of 6
sec, the investment space for the grower would be €
196.000 per robot

®" New markets for robot suppliers (In NL only: 230 robots,
40 M€, for 30% of sweet pepper growers)
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