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Moravec’s paradox

What’s easy for robots is hard for humans

and

What’s easy for humans is hard for robots! f

Source: youtube.com



Source: IEEE Spectrum



Designs, Preferences and Skills

Flexible about robot embodiment but strongly prefer robots that display perceptual cues and
demonstrate functional competence

Sirithunge, C., & Dahn, N. (2023, October). How Do We Trust Our Robots?. In /IOP Conference Series: Materials 4
Science and Engineering (Vol. 1292, No. 1, p. 012014). IOP Publishing.



Evolution at its finest

One bone, two bones and digits

Dolphin

Environment: Water, land, air

Neil Shubin. “Your Inner Fish”.



Robots as a surrogate

Exploration of human and primate anatomical behaviour

Starting primate Modify desired New hybrid
hand Napier indices primate hand
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Gilday et al. "Embodied manipulation with past and future morphologies through an open parametric hand design." Science Robotics 10, (2025)
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Artificial development
- Behaviour diversity  (Augmentation)
Diverse Limited
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OPH: Single-piece 3D printable, anatomical, robotic hand

33 GRASP types
Single variable stiffness change
up to 290%
Multi-variable up to 660%

Gilday et al. "Embodied manipulation with past and future morphologies through an open parametric hand design." Science Robotics 10, (2025)



Exploration of human behaviour

Reveals which skills are embodied, intuitive, and evolutionarily refined

Visual and haptic perception Physical properties
Classify Synchronize for Be soft Be warm Be human sized
gestures user approach non-robot|c

How can robots embody and support core aspects of human nature?

HuggleBot 2.0

Human robot physical interaction Human fine manipulation skills Human robot nonverbal mteractlon

Sirithunge et al. "Situation awareness for proactive robots in HRL." IROS 2019, Abdulali et al. "Effect of Material Viscosity on Tactile Compliance Discrimination." BIOROB 2024



Sensing solutions and exploration strategies

5 5 . 5 . Morphological adaptation
Distributed sensing: proprioception

==

Merkel’s disk

Fluidic pressure sensing

Bio-inspired solutions

Emergent exploration strategies Assessment of human skills

Soft sensing Fine manipulation skills

an Gilday and Fumiy

Sirithunge et al, “A Study on Pressure Modulation for Biomimetic Fine Manipulation for Soft Robots.”Robosoft 2024.
Sirithunge et al, “Soft-Rigid Coupled Blade Leg Achieves Spatio-temporal Terrain Classification with Minimal Sensor Configuration.” IROS 2025 (accepted)



Machine Learning-guided Design

Generation of new designs
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Reservoir computing

Gilday et al. "Embodied manipulation with past and future morphologies through an open parametric hand design." Science Robotics 10, (2025)
Fan et al. “Learning Coupling for Pendulum Swing-Up Using Physical Reservoir Control.” Nature Machine Intelligence (under review)
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Use case 1: Human- ML co-optimization

Physician / Robopatient \ Human Patient

Visual and
auditory
cues

Study of high dimensional human features
Eg: Pain

Synthetic generation of pain expressions
through medical robotic simulator

Hypothesis-driven
Exploration
Physiological
Abnormalities

Sensory-Motor
Coordination

MorphFace Symptomatic
Psychological
Conditions

replication
\ Abdominal
phantom
f\ Individual
. Variances
o Force sensor platform _— > v \
Qiaptuc Input Device ‘

L Projector
, Update policy

Learning
algorithm

Musculoskeletal
Dynamics

Requirement of extensive human studies:
Human-machine learning co-optimization

Force sensor

Soft 4 ; 4
phantom

platform

Computer

Proximal Policy
Optimization
(PPO)

MorphFace 11

Sirithunge et al. “Auditory-Tactile Congruence for Synthesis of Adaptive Pain Expressions in RoboPatients”, AlS (under review)



Experiment Procedure
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pain response

Selection Interface

Human feedback on robot’s behaviour

Sirithunge et al, “Palpation Alters Auditory Pain Expressions with Gender-Specific Variations in Robopatients”, Transactions on Medical Robotics and Bionics, 2025
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Pain Expressions

Pain sound

Male pain sounds

Facial expressions
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Use case 2: Robotic Assistance for Risk-Aware
Human—Machine Collaboration

Future Roads Project: £6.3M, 24 industry partners
Robotics in construction

) Lancashire, UK
Human mU|t|'rObOt teams nationalhighways.co.uk/
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Information-theoretic Scalar Indicators
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Soft robotic approaches to Embodied Intelligence

Decentralized control Adaptive shape Adaptive functionality Adaptive mechanics

e

---------- TRTTHTIT

THIT T s sssssnss-

Kortman et al, 2024

Decentralized The decentralized A pinecone opens its Earthworm adapting its Tendril coil serving as a
control system of sensing system of scales due to humidity shape to optimize its spring-damper system to
the octopus the eye of the environment functionality support the plant

Reflexive pain responses Deformation of skins Passive robotic hands Adaptive robot legs

Lalitharatne et al. "Face mediated human—robot interaction for remote medical examination." Scientific reports 2022. 16

Nonaka et al. "Soft robotic tactile perception of softer objects based on learning of spatiotemporal pressure patterns." Robosoft 2023.



Prognostics in Robotics and Al

Jeoffrey Hinton, Bernard L. Feringa, Bill Gates,

Nobel prize 2024 Nobel prize 2016 Microsoft
“Tasks requiring physical dexterity and real-world “Future robots will increasingly rely on “Biologists remain among the least
adaptation won’t be easily replaced by robots.” molecular- and material-level machines.” impacted by Al automation.”




Thank Youl!

csh66@cam.ac.uk
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