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UNDERSTANDING OTHERS
ACTIONS, intentions

Acting, Perceiving and 
learning from mistakes..

Trying to pick strawberries..(not 
just the low hanging ones..)
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▪ 6 Faculty members (Most of us are around today)
▪ Ai/Machine learning, COMMS, bci Faculty from CSEE (reini, Javier, Hossein, Amit, MAYS)
▪ 18 KTP associates or Research Officers, 36 PHD students 

ROBOTICS GROUP ++++

If you give us problems, we give you solutions.
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ROBOTICS GROUP

RESEARCH HORIZON- ‘Above, Below and Around’



RESEARCH Theme Robots/COBOTS working 
for and alongside humans…..

Alignment with  ICT core research Themes (EPSRC & EU)
❑ Computer Vision

❑ Dextrous Action/manipulation and Soft Robotics

❑ Lifelong and Humanlike learning 

❑ COBOTICS and Social Intelligence

❑ Developmental Robotics (going back to the brain) 

Alignment with KTP Program to support local business/Economy
❑ 12 ongoing INNOVATE UK FUNDED KTP’S

Contribute to Education: 
❑ Two New degree programs

BEng Robotic Engineering (2018-)

BEng Mechatronic Engineering (2019-)
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Not just building fruit 
picking robots but 
also-understanding 
what makes humans so 
good!



ROBOTICS RESEARCH FACILITY / Equipment

Robotics Arena THE BEAST’S DEN ISPACE

• Fleet of 30 Mobile robots 

• Several Drones (>20)

• 3 Robotic Fish

• 5 Humanoid/Companion Robots (with hospitals)

• Essex Agrobot (Mobile, Bimanual, Soft, Collaborative Robot)

• 2 VICON Motion capture systems (8 and 26 cameras)

• Intelligent Wheelchairs

• Several educational robots, STRANGE ROBOTS



TODAYS MENU..

• Cobots for Soft Fruit harvesting (SUPPORT OF Tiptree- Andrey/Chris)-
Expanding TO OTHER CROPS- Lettuce, Coffee (ME, Adrian)

• Weed/Blackgrass detection, Aerial Surveying using drones (Adrian, John, 

Dongbing)

• Oyster farming (John Woods)

• Autonomous Navigation of AGROBOT fleets  (Logistics, Transport, Yield 

Analytics) (All of us)

• Shared control/Collaborative robotics (Me, DIMITRI)

• Responsible ai, Ethical design (Javier, Me)



SOFT FRUIT HARVESTING ROBOTS 
CHALLENGE- ACHIEVING ‘HUMANLIKE’ DEXTERITY 

2018 ROBOT SOCCER ASSORTED HUMAN SOCCER



SOFT FRUIT HARVESTING ROBOTS – What’s Novel

Neural network for coordination of action- Multiple Robots  



1979-1985
Bizzi Lab, MIT
Hogan Lab, MIT

2019

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

Passive Motion 
Paradigm (Mohan, 
Morasso, et al)

Commentary from N 
HOGAN, Friston (2019)

Kinematic Networks 
(Sandro Mussa Ivaldi, 
Morasso et al)

Simulation Theory/ 
IdeoMotor Theory 
(Jeannerod..)

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



SOFT FRUIT HARVESTING ROBOTS – What’s Novel
Neural network for coordination of 
action (Internal body model) Goal = Disturbance



SOFT FRUIT HARVESTING ROBOTS – What’s Novel

Neural network for coordination 
of action (Internal body model)

Reaching Accuracy (5mm)



• 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

• No Inverse Kinematics, Predefined cost functions 

• Force/Position Control

• Synchronization through Terminal Attractors

• INTERNAL Body Model and Extension to tools is 
learnt 

• Generate Action / Simulate Actions

Central features

GOAL

BODY

TOOL

GOAL BODY



SOFT FRUIT HARVESTING ROBOTS – What’s Novel
CLOSING Perception-ACTION Loop

STEREO vision, 
Point cloud 
analysis-
‘What/Where’

Geometrical Properties, Point of contact

Edge detection, 
Polygon simulation

Detecting/Localizing the stem



SOFT FRUIT HARVESTING ROBOTS – What’s Novel
CLOSING Perception-ACTION Loop

STEREO vision, 
Point cloud 
analysis-
‘What/Where’

Geometrical Properties, Point of contact

PREDICTING THE WEIGHT THROUGH VISION USING ANN (LOT OF HELP FROM TIPTREE !!!)



What do we do with the stem….. 



What do we do with the stem….. 



BACK TO THE ACTION SYSTEM- berry picking is a 
bimanual task

AFTER SEVERAL ITERATIONS (with 
TIPTREE)



BACK TO THE ACTION SYSTEM- berry picking is a 
bimanual task

Bimanual coordination, spatial 
planning, peripersonal space 
representation (ONGOING)

EU DARWIN Project (DEXTROUS ASSEMBLER 
ROBOTS WORKING WITH EMBODIED INTELLIGENCE)



BACK TO THE ACTION SYSTEM- berry picking is a 
bimanual task

ACTIVE PERCEPTION AND SOFT 
ROBOTICS

Action drives perception (berry seeking vs. 
berry picking)

Human ACTION PERCEPTION, COLLaBOARATION

Being adapted to lettuce…..(with 
help from ANGLIA SALADS)



BACK TO THE ACTION SYSTEM- berry picking is a 
bimanual task

ACTIVE PERCEPTION AND SOFT 
ROBOTICS

Action drives perception (berry seeking vs. 
berry picking)

Human ACTION PERCEPTION, COLLaBOARATION

• DOMAIN AGNOSTIC (Agri 
surgeon)

• Plant agnostic…

• Biomimetic..(Going back to 
Human)

• Low cost..(3D PRINTING)

• Modular..

• HUMAN IN LOOP…



AUTONOMOUS NAVIGATION (MONITORING, TRANSPORING, 
PREDICTIVE Yeild analytics) 
Deep Learning SLAM (Prof Dongbing GU) 

Multimodal GROWING NEURAL GAS (INSPIRED FROM ANIMAL FORAGING, RAT NAVIGATION)

Physical location, vision, sound activate the neurons



black grass detection using machine learning (ADRIAN) 

Visible and NIR wavebands 
and the black grass 
identified using  machine 
learning 



NOSY - Non-invasive Oyster Sensor (john woods)

Innovate UK KTP ON 
Laser cutting (2019-21)



Dinner

Wire

Alex Kacelnik’s Lab, Oxford

The END- Necessity is the mother of 
invention: The Story of Betty



Necessity is the mother of invention: The 
Story of Betty



What IF - BETTY WAS A ROBOT INSTEAD ??



• Perception (Beyond labelling….. Understanding the scene)

• Inference (The goal  is not Achievable BY PREDICTING)

• Memory (Recall of a specific past learnt experience: playing with Wires, Twigs)

• Fine Manipulation (Creating a hook tool and Using it as an extension of its body)

• Knowledge of Cause-Effect relations (Pulling the basket with a Hook Tool)

• Integration: The Magic glue

CONNECTING THE DOTS      

IF BETTY WAS A ROBOT INSTEAD ??



unstructured 
world…is full of 
such problems..

Low trl/high trl..



Agricultural robotics is a great stress test 
covering the whole perception-action-interaction and 
learning loop !!!!! 


