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Outline 
 

•  State of the Art in Robot-Assisted Minimally Invasive Surgery  
 
•  Advancing Soft Robotics for Surgical Applications 
 
•  Stiffness Controllability 
 
•  Challenges 
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State of the Art in Robot-Assisted  Minimally invasive Surgery 



5	

Faculty of Science & Engineering 

ARQ  
Centre for Advanced Robotics @ Queen Mary  

Surgical Robotics 

Da Vinci                              Raven 

Miro                                      Robin Heart 
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Current Flexible Robots for MIS 

OC	ROBOTICS	

i-Snake	

CARDIO	arm	

Johns	Hopkins		
University		
cable-driven	robot	

Vanderbilt	(Siman)	
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Concentric Tube Robot  
Vanderbilt (Webster) 

Concentric Tube Robot  
Boston (Dupont) 
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Advancing Soft Robotics for  Surgical Applications 
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STIFFness controllable Flexible 
 
and Learnable manipulator for 
 
surgical OPerations 

    January 2012 to December 2015 
    Coordinator: 
    King’s College London 
    Department of Informatics 
    Centre for Robotics Research (CoRe) 
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 Scientific Experts 
from Biology 

 Scientific Experts 
from Medicine 

 Scientific 
Experts from 
Engineering 
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Bio-Inspiration 
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From Bio-Inspiration to Bio-Application 
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SoD,	but	sGffness	controllable	
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Requirements for soft/flexible surgical robot 
•  Ability to bend and elongate to reach far and behind 

obstacles – to reduce repositioning tasks and simplify 
execution of certain tasks 

•  Soft (where and when required) to automatically adapt to 
surrounding environment without applying to high forces 

•  Stiff (where and when required) to apply forces at site of 
operation such as grasping, excising, ablation 

•  Control of pose 
•  Control of applied force 
•  Haptic feedback 
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Distal joint Omni-directional 
bending 

Stiffening system 

Actuation 

  CURRENT DIMENSIONS   

-  Silicone Unit: 0030 EcoFlex 
-  Sheath: PET 
-  Stiffening chamber membrane: Latex 
-  Granular matter: Coarse Coffee 

MATERIALS  

OVERALL STRUCTURE 

3 chambers for fluidic 
Actuation 
Stiffening 

STIFF-FLOP Manipulator Design (1) 
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STIFF-FLOP Characterisation 

Elongation 
85% of 

elongation  

Bending 
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STIFF-FLOP Charaterisation 
Force 
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one fluidic chamber activation
three fluidic chambers activation

Isometric conditions 
ATI Mini45 load cell on the 
top of the module 

40% passive squeezing 

Squeezing 
Due to the absence of rigid 
structures the module can be 
deformed for passing through 
single port laparoscopy 
incision   



18	

Faculty of Science & Engineering 

ARQ  
Centre for Advanced Robotics @ Queen Mary  

STIFF-FLOP Motion Behavior 
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STIFF-FLOP – Fiber reinforcement 
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•  More	linear	actua7on	
•  No	sensor	interac7on	
•  Radial	expansion	

strongly	limited	
•  No	external	braiding	

=	soCer	robot	
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Early	prototype	in	phantom	
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Miniaturized Prototype 
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Miniaturized Prototype 
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Miniaturized Prototype 
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First in human 
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Inflatable, tendon-driven robots  with inherently antagonistic   behaviour  
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A	

A	

Air Compressor 
 

Motors 

Input device Push & Pull  
Antagonistic System 

Pressurized Air 

Tendons 

Section A : A 

Pressurized 
Chamber 

1 [bar] 
Internal Pressure 

Sleeve Reaction Force 
Ambient Pressure 

STIFF-FLOP Manipulator Design (2) 
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Department of Informatics 
Centre for Robotics Research 

IEEE International Conference on Robotics and Automation  
Seattle, Washington, 26-30 May 2015  

The Inflatable Arm: Steer and Shrink 
Steerability 

Shrinkability 

ü  High dexterity 
ü  Complex body poses 
ü  Body pose redundancy 

ü  No rigid backbone 
ü  Access through  

narrow openings 
ü  Maximized workspace 
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Inflation 
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Deflation 
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Steerability 
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Inflatable Robot in phantom abdomen 
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34 

Air Inlet 
Pipes 

Tendon 

Tendon 

Tendon 

~ 47 mm 

Hybrid fluidic-tendon robot 
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ORTHOTICS	-	INFLATABLE	EXOSKELETON	GLOVE	

Pneuma7c	chambers,	2	for	the	long	fingers	
	and	3	for	the	thumb	

A	pair		of	wes	

Wrist	band	

Pneuma7c	
air	in	presure	

supply.	

Velcro	for	simple	and	fast	use	
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ORTHOTICS	-	INFLATABLE	EXOSKELETON	GLOVE	
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SERIES	ELASTIC	LINK	IN	ACTION	FOR	A	SAFER	FACTORY	
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Granular jamming, to control   stiffness in a soft robot   



39	

Faculty of Science & Engineering 

ARQ  
Centre for Advanced Robotics @ Queen Mary  

Bending:	Experimental	setup	
	
Ac7ng	as	a	can7lever	beam	with	
one	fixed	end,	the	joint	is	
deflected	at	the	7p.	The	loading	
force	is	measured	as	the	
deflec7on	increases.	This	process	
is	repeated	at	several	pressure	
differen7als.	

Region	1:	Tension	
Region	2:	Compression	
Region	3:	Shear	

Granular Jamming to control stiffness 
 



40	

Faculty of Science & Engineering 

ARQ  
Centre for Advanced Robotics @ Queen Mary  

Granular Jamming to control stiffness 
 

Granular jamming, a phenomenon where many solid grains can act as ‘fragile matter’. An 
externally applied stress can change a granule system from being fluid-like to solid-like. 
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Granular Jamming to control stiffness 
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Soft sensing  
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Low-cost Force Sensor 

Real-time acquisition 
 
•  C Sharp GUI 

(Microsfot Visual 
Studio) 

 
•  Fsampl = 50 Hz 
 
•  Single segment 

STIFF-FLOP arm 
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STIFF-FLOP – Pose Sensing using fiber-optic sensor 
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STIFF-FLOP – Pose Sensing using yarn sensor 
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•  Floppy to Stiff – Stiff to Floppy? 

•  Motion Control 

•  Sensing in a Soft Structure 
  

•  Integration 

•  Miniaturisation 

 
 

Challenges 
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STIFF-FLOP (Partners) 
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THANK YOU 
 
 
Prof. Kaspar Althoefer 
 
 
K.Althoefer@qmul.ac.uk 


