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Automation vs Collaboration
“Organizations that use machines merely to displace workers through 

automation will miss the full potential of AI…Tomorrow’s leaders will instead be 
those that embrace collaborative intelligence, transforming their operations, 

their industries and –no less important-their workforces.”*
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*Daugherty, P.R.&Wilson, H.J., 2018. Human+Machine: Reimagining Work in the Age of AI. Harvard Business Press.



Collaborative intelligence
A “human-centric” approach to AI that collaborate with humans rather than replace them.*
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Train Explain Sustain

Human contribution: 

* Leva, M.C., Podofilini, L. “Assessing Human Performance and Human Reliability in Collaborative Intelligence Scenarios: Upcoming 
Challenges and Opportunities” in Proceedings of ESREL2020-PSAM15



Collaborative intelligence
A “human-centric” approach to AI that collaborate with humans rather than replace them.
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Amplify Interact Embody

AI Systems’ contribution:

* Leva, M.C., Podofilini, L. “Assessing Human Performance and Human Reliability in Collaborative Intelligence Scenarios: Upcoming 
Challenges and Opportunities” in Proceedings of ESREL2020-PSAM15



Part 1

Collaborative 
Intelligence for 
Safety Critical 
Systems

H2020-Grant Agreement Number 957402 



The CISC 
Approach 
to DOE



Teleoperation challenges for users:
• Remote environment awareness
• Intuitiveness of the control schema

Human-system interaction and 
ergonomic interface standards

ISO 11064-5 - Ergonomic design of control 
centers 
ISO 9241-11 - Ergonomics of human-system 
interaction –Usability definitions and 
concepts
ISO 9241-920 - Ergonomics of human-system 
interaction - Tactile and haptic interactions
ISO/IEC 25023 - Systems and software 
engineering — Measurement of system and 
software product quality
ISO/IEC 25022 - Systems and software 
engineering — Measurement of quality in 
use

Shadow Robot Teleoperation system - VOJEXT Horizon 2020 project

Live Lab 1 A: Human-system interaction and interface 
design considerations

[Xu et al., 2020] Motor Imagery Based Continuous Teleoperation Robot Control with Tactile Feedback



Live Lab 1 A: Telerobotic Experimental Evaluation set-up

• Evaluation data:

Task performance data, such as task 

completion time, workpiece cut quality and 

collision rate.

Operator state data: objective metrics, 

including mental workload, task engagement 

and arousal level, estimated from 

physiological sensor data, including a 

consumer-grade mobile EEG-cap and eye-

tracker mounted on a monitor, and 

subjective metrics gathered from user 

questionnaires.

Human-system interaction data, to assess 

interaction efficiency and effectiveness.



Live Lab 1 B: Naturalistic Learning in Cobotics
A model to also support the human in the loop: what does the robotic system expect from the human 
member of the team? What does the human expect as feedback from robotic team?

Evaluate interface on the basis of failed attempt and subjective feedback, also using physiological measures 
(pupillometry)  



Live Lab 1 C: Workload evaluation in Cobotics
- Common company

Workstation

- Preparation 60-70%

- Poka Yoke Station 

- Starting 

neuroergonomic/ergonomic

testing

- Model for assembling

- Job rotation

Adjustable lighting

Adjustable legs

Kinect

Touchscreen

computer

Working area

Working instruction

Time measurement

TV/Monitor

Cobot introduction



What are we assessing?



Part 2 
RoboMate: Case for 
Reconfigurable 
Collaborative Robots In 
Manufacturing 



Challenge
“Grow the Irish manufacturing sector in the face of Labour Shortages and an Aging Workforce.”

Strength:    37% GDP,  #1 Labour Productivity1   

Weakness:  Low Automation density, MNCs, Infrastructure

Opportunity: Reshoring / Near-shoring 

 Threat:  Labour Shortage,  Aging Workforce, Competition

Robotics?

1) https://data.oecd.org/lprdty/gdp-per-hour-worked.htm



Challenge
“The challenge is the lack of robotics and automation solutions for low-volume and complex manufacturing 
tasks in Ireland and the growing dependence on an aging workforce to execute these tasks.”

SMEs

Internal Expertise

Reconfigurability
What’s stopping 
Automation & 
Robotics?

• Reconfigurabilit
y

• Robot 
capabilities

• Safety
• ROI
• Internal 

Expertise for 
setup 
maintenance

• Validation FDA

Is labour an issue?
Manual Labour €
• Labour pool is shrinking
• Relying on imported labour 
• Competing with low-costs countries

ROI

Low-Volume High Mix



Specific Challenge
“Barriers to Robotics & Automation for SMEs in the Manufacturing Sector”

Flexibility

Responsiveness

Low cost

Short term contracts

Quick turnaround

Limited room 
investment

No ROI for short jobs

Staff turnover

Retaining staff

Business Model Consequence Barriers



Solution
“The real challenge, for our key stakeholder SMEs, is the barriers to automation forcing them 
to rely on transient low-cost labour for manufacturing flexibility.”

Internal Expertise

ReconfigurabilityROI
Low-Volume High Mix

Smarter Robots

Robotics 
Programming Experts

• Skill Shortage
• Competition 
• Training gap



Solution
“The real challenge, for our key stakeholder SMEs, is the barriers to automation forcing them 
to rely on transient low-cost labour for manufacturing flexibility.”

Internal Expertise

ReconfigurabilityROI
Low-Volume High Mix

Smarter Robots

Robotics Programming 
Experts

Academic Solutions

Commercial Solutions



Solution

Smarter Robots

Academic Solutions

“The real challenge, for our key stakeholder SMEs, is the barriers to automation forcing them 
to rely on transient low-cost labour for manufacturing flexibility.”

Commercial Solutions



State-of-the-art: Flexible Robotics

Commercial Academic/ Research



SOTA-Human-in-the-loop

• Behaviour Cloning, imitation learning, learning through 
demonstration where high-level task is shown



State-of-the-art – Commercial Options

Task Complexity & Generalisation

Programming 
Complexity

Versabuilt, Vention, Easy 
Robotics, Enabled Robotics

New Teach pendants

Older Teach 
pendants

Offline 
programmers - 
Robodk

Productive Robotics Automation



Quantitative 
Results 
– Key 
findings

The Adoption is strongly influenced by 

• Participant years of experience 
• Compliance with ISO standards, 
• Presence of key technologies such as vision systems, 

smaller footprint ⇒ Add flexibility, automate part of 
process workflow!

• Ease of use ⇒ Existing Robotics Solutions are not seen 
as easy to use!

• Existing Robot systems in company ⇒ Existing Expertise 
and experience!

No significant influence from company type, 
user usability and robot flexibility

Companies already using Cobots are keen to 
adapt more!



Proposed Solution: RoboMate
“A software package linking robot and vision that creates task and motion plans from a single human 

demonstration”

Demonstration Segmentation Generation Execution



1 - Learning Phase

One-time human demonstration

3D acquisition of the scene

2- Offline processing

Fusion of data from the 
camera and the human 
demonstration
Definition of the hole with 
respect to the object

3- Execution

Same object but with different position on the 
table, the camera take a picture, and using the 
order defined in the human demonstration the 
robot starts moving



Key Industry Feedback  
Machine Vision

“The biggest limitation … is vision too flaky 

and is sensitive to ambient light … a rethink, 

or a new piece of hardware could … improve 

the product.” Automation & Controls 

Engineer

SafetyTask Planning

“System must be safety certified” 

Senior Process Engineer

“Pick a selection of tasks … Customisation to 

each facility may be required, it will be hard to 

find a “one solution fits all tasks” approach.”

Automation & Controls Engineer

“I'd pay 250K for an automated cell that 

could do 6-7 different products”- Director



Safety for 
Machinery 

Ever rapidly changing landscape

Necessity for designing Interaction 
with Cobots

Flexible and naturalistic interaction 
with Cobots is key to greater 
adoption across industries



Summary
Problem
• SMEs no confidence to 

invest in robotics and 

automation solutions

• Reliant on manual labour

Solution
• Robots & Automation that can be 

reconfigured from task to task

• Intrinsically safe

• Intuitive teaching and calibration

Validation
• User study 

• Industry engagement (in-kind)

• Industry feedback

Impact
• Support a thriving manufacturing sector

• Increased Labour productivity

• Solutions to help SMEs implement 

safety standards for reconfigurable 

robotic systems. 
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