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In minimally invasive surgery (MIS), tools go through 
narrow openings and manipulate soft organs that can 
move, deform, or change stiffness. There are limita-
tions on modern laparoscopic and robot-assisted sur-
gical systems due to restricted access through Trocar 
ports, lack of haptic feedback, and difficulties with rigid 
robot tools operating inside a confined space filled with 
healthy organs. Also, many control algorithms suffer 
from stability problems in the presence of unexpected 
conditions. 

Departing from the traditional robotic manipulati-
on concepts that rely on fixed stiffness distributions, 
the STIFF-FLOP project takes inspiration from biolo-
gical “manipulation and actuation” principles as they 
are, for example, found in the octopus who can turn its 
links from a completely soft state into a state of pre-
cise and, if needed, powerful articulation – an approach 
that combines advantages associated with both soft 
and hard systems by selectively controlling the stiff-
ness of various parts of the body depending on the task 
requirements. There are many advantages: the ability 

to squeeze through narrow gaps and openings, inher-
ent compliance leading to increased safety especially 
when in contact with humans, hyper-redundancy for 
improved reachability in an obstacle-cluttered envi-
ronment and increased adaptability to and stability in 
a possibly unpredictable environment.  
In order to realise the envisaged soft manipulator, dis-
tributed sensing mechanisms are of vital importance 
for the system to perceive the physical interactions 
between the robot and the environment to enable the 
robot to understand the environment it is operating in 
and to learn appropriate control strategies. 
The internal sensing modalities will be complemented 
by outside vision sensors to enhance the estimation 
of the pose of the manipulator. The human operator’s 
input commands will be sensed by means of an opera-
tor console integrated with a 3D haptic feedback sack. 
All sensor signals will be used for learning – learning 
pose and interaction dynamics as well as relationship 
between operator input and the manipulator in its en-
vironment. 
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