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History

• Wilkins family have farmed in 

Tiptree for almost 300 years.

• Over 150 years of fruit growing.

• Four farms - combined land of 

around 750ac.

• Jam making since 1885.

• Proud holders of the Royal Warrant 

since 1911.







Growing 
techniques 

Old days – raised soil 

beds on ground level. 

Difficult for picking, 

plants are more 

exposed to a range of 

pests.



Raised soil bed with mulch and under poly 
tunnels



In 2010 we introduced 

the Table Tops System 

– much more efficient 

way of growing. 

Significantly reduced 

pest and disease 

issues and about 40% 

reduction in picking 

cost.



In 2010 a new Micro 
Irrigation System has 
been introduced for a 
greater water control 
and nutrients



In 2015, the first NGS 
Oscillating system was 
introduced on the Farm. 

Also, first structure of its kind 
in the country for strawberry 
growing. 

100% surface growing area is 
used.

90% self-sufficient on water, as 
we harvest all the water from 
the structure.

Fully automated climate control 
(temperature and humidity).

Fully automated Dream console 
Irrigation and Fertigation 
System.



Innovation, Innovation, 
Innovation…

• Strawberries on soil – the traditional way 
of growing – around 5 -10 tonnes/ha

• Strawberry on soil with the raised bed 
system with irrigation – 15 – 25 tonnes/ha

• Strawberries on Table Tops with drip 
irrigation – 35 – 55 tonnes/ha with the new 
modern varieties and improvement in 
picking speed by 40%

• Strawberries with the oscillating system 
with fully automated irrigation, fertigation 
and climate control – 100 – 120 tonnes/ha 
and potently more in the future with new 
varieties

How everything has 

changed with each step 

taken in introducing  a 

new system/technology.



2019 and beyond

Joint up forces with Essex 

University to develop a 

solution for our system.



Collaborative Robots for Soft Fruit harvesting

VISHWANATHAN MOHAN and ANDREY iVANOV





TODAYS MENU
Very spicy chilly sauce
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COORDINATE 
(MULTIPLE 
EFFECTORS/TOOLS)

SOFT Interaction

Configuration is 
Not static
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Humans are remarkably good!!

HUMANLIKE DEXTERITY WHILE OPERATING 
IN UNSTUCTURED SETUPS

http://iros18-mmh.pal-robotics.com/

AMAZON Picking Challenge
RoboCup at Work- EU 

IROS Mobile manipulation Hackathon 

• Natural living spaces

• Industrial workcells, Warehouses

• Extreme Environments

http://iros18-mmh.pal-robotics.com/


Why/ 
WHY NOW

Demographics
- Labor Availability for Low skilled,  

Physically demanding, less rewarding tasks
- Ageing Population
- Political Pressures affecting Migration

Economics
1/3rd of the total production costs
Increasing Demand for Produce 
Reliance on Imports- Local business

Innovation in growing technology 
(Tiptree)

Climate change, pesticide free farming

Health and Hygiene

From batch oriented to Continuous 
operation

Dexterous Berry Picking Cobots -

July 2018- EPSRC Whitepaper

https://www.ukras.org/

https://www.ukras.org/
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WHY IS THE PROBLEM DIFFICULT ?

• INFINITE SOLUTIONS
• MULTIPLE TASK-CONSTRAINTS 

(UNDERSPECIFIED) 
• COMPLEX INTEGRATION OF VISION, TOUCH, 

FORCE, Proprioception
• RUNTIME Configurability/ADAPTIVITY
• Soft deformable, perishable objects
• Active ‘Berry SEEKING, Motion 

Planning, PREDICTION’

• As Robust, fast, efficient…
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• INFINITE SOLUTIONS
• MULTIPLE TASK-CONSTRAINTS 

(UNDERSPECIFIED) 
• COMPLEX INTEGRATION OF VISION, TOUCH, 

FORCE, Proprioception, PLANNING
• RUNTIME Configurability/ADAPTIVITY
• Soft deformable, perishable objects
• Active Berry SEEKING, Motion Planning, 

PREDICTION

• As Robust, fast, efficient…

The brain solves 
this in a fraction of 
a second !!



Strawberry Picking
The Perception-Action Loop and Beyond 



Perception-Action loop - The background

ICUB HUMANOID (53 DoF in the BODY)

Whole body SYNERGIES 
Under loading 
Conditions

ASSEMBLY OF ELECTRONIC COMPONENTS

Berry Picking / PACKING

Time



1979-1985
Bizzi Lab, MIT
Hogan Lab, MIT

2018

Equilibrium point 
hypothesis (Bizzi et 
al, Feldman et al)

Passive Motion 
Paradigm (Mohan, 
Morasso, et al)

Active Inference/Free 
energy principle 
(Friston et al.)

Kinematic Networks 
(Sandro Mussa Ivaldi, 
Morasso et al)

Simulation Theory/ 
IdeoMotor Theory 
(Jeannerod..)



Action generation, Imagination and Understanding share cortical 
networks in the brain

Motor Neuroscience to cognitive robotics 

Ptak, R, et al. The dorsal fronto parietal network: a core system for emulated action. Trends in Cogn Sci 2017;21(8).

Getting ahead; Forward models and their place in cognitive architecture, Pickering and Clark, Trends in Cog Sci, 2014

Forward Simulation 
FOR MOTION 
PLANNING/ 
PREDICTION

COOPERATING WITH 
SOME ONE ELSE 
(ROBOT, HUMANS)



• Coordinate Complex Networks of ‘Body-Tools-
Other bodies’ (electrical circuits)

• Synthesized at Runtime based on the Goal

• Any number of Degrees of Freedom

• Multiple Task Specific constraints

• MultiReferential (Force / Position)

• No Inverse Kinematics, Predefined cost functions 

• Synchronization through Terminal Attractors

• INTERNAL Body Model is learnt – Neural 
Network

• Generate Action / Predict consequences of 
potential Actions

GOAL

BODY

TOOL

GOAL BODY

Strawberry Picking robot 
(Perception Action loop)

Central features



CONFIGURABLE Body Models - REPRESENTATION

Hand 
Position/Disp

Joint 
Position

Hand Force Joint Force

One arm

Motor Spaces

Grounding

Motor Spaces
Blue-Displacement Node
Pink- Force Node



CONFIGURABLE BODY Models - CONNECTIVITY
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CONFIGURABLE Internal Models - CONNECTIVITY

Hand 
Position/Disp

Joint 
Position

Stiffness Admittance
Well posed

Well posed

Hand Force Joint Force

J- Jacobian

Horizontal- Geometric Causality 
Between Motor Spaces

Vertical- Elastic Causality (between 
force and position)

Motor Spaces

Grounding

Connections

Vertical 

Horizontal

Well Posed

NO INVERSE 
KINEMATICS
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THE BODY



CONFIGURABLE Internal Models - CONNECTIVITY

Hand 
Position/Disp

Joint 
Position

Stiffness Admittance
Well posed

Well posed

Hand Force Joint Force

Motor Spaces

Grounding

Connections

Vertical 

Horizontal

Well Posed

Goal XG
GOAL 
ANIMATES 
THE BODY



CONFIGURABLE Internal Models - LEARNING

Hand 
Position/Disp

Joint 
Position

Well posed

Well posed

Hand Force Joint Force

NEURAL Network is Learnt (INTERNAL BODY 
MODEL)

Combination of Motor Babbling, 
Imitation and Reuse of past motor 
experience

Motor Spaces

Grounding

Connections

Vertical 

Horizontal

Well Posed

Learning



Learning the INTERNAL BODY MODEL AND TRIGGERING ACTIONS

Bhat, A., Mohan, V., Morasso, P., Sandini, G. (2018) Goal directed cooperation between multiple robots in a shared workspace: An internal 
simulation based neural framework, Cognitive Computation.



Multiple Constraints, Accuracy

Bhat, A., Mohan, V., Morasso, P., Akkaladevi, S., Sandini, G, Eitzinger, C. (2016). Towards a learnt neural body 

schema for dexterous coordination of action in humanoid and industrial robots, Autonomous Robots (DOI: 

10.1007/s10514-016-9563-3)



Perception-Action Loop- TRIALS IN LAB

• Color Based Recognition

• Access the Depth Map

• Transformation to Robot Frame

• Connect to the Action System

Hyperspectral imaging
MACHINE LEARNING (Adrian Clark, Tracy Lawson, 
Dimitri OGNIBENE with dept. of biological 
sciences)- EPIC (AGRITECH EAST 2018 )

Integration ongoing!!!



Whole Body coordination- two hands + torso

Motor Spaces

Grounding

Connections

Vertical 

Horizontal

Well Posed

Learning

Goal

(Disturbance)

Branching

Circularity

Whole Upper Body

Hand 
Position/Disp

Joint 
Position

Well posed

Well posed

Well posed

Well posed

Hand Force Joint Force

Waist
Position

Waist
Force

+

=

Goal XG

Goal XG

Mohan,V., Bhat,A. (2018). Goal-Directed Reasoning and Cooperation in Robots in Shared Workspaces: an 

Internal Simulation Based Neural Framework. Cognitive Computation, 1866-
9956, https://doi.org/10.1007/s12559-018-9553-1

https://doi.org/10.1007/s12559-018-9553-1


Ongoing work- THE BEAST



Ongoing work- THE BEAST 

Mobile
Bimanual
Bio-mimmetic
Collaborative
ROBOT

- Neural control of 
movement

- Active Perception
- ……

INTEGRATION ONGOING at the moment - Plan to hit the field by MID April

WRIST AND BASE 
CAMERAS

SOFT GRIPPER

CUSTOMIZED GRIPPER 
WITH COLLECTION 
MECHANISM

HYPERSPECTAL 
IMAGING CAMERAS

VELODYNE PUCK LIDAR

GPS

AUDIO I/O

Wifi, Bluetooth, 4g



Bimanual Berry Picking/Packing

Gripping/Cutting Mechanism
(with Wilkin and Sons)

Hyperspectral Imaging, 
Enhanced Perception (Adrian Clark, 
Dimitri Ognibene, Tracy Lawson) - --
BIOLOGICAL SCIENCES

Active Vision (Berry Seeking VS 
Picking)

ENHANCED FEEDBACK LOOP 
(Vision)

Mobile Base (Yield Prediction)

Understand what makes 
humans so good (with ESSEX 
Psychology Dept.)…….

Ongoing work- THE BEAST
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BIOLOGICAL SCIENCES

PSYCHOLOGY/ 
NEUROSCIENCE

ROBOTICS

EXPERTS IN FARM 
INNOVATION- TIPTREE AND 

END USER DRIVEN

On a Deceptively simple and effortlessly 
human problem…..



Thank you + ?????
`

Thank You + ?????
Further Info+ Contact + Software   www.vishwanathanmohan.com


