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The ExoHand from Festo is an exoskeleton that can be worn like 
a glove. The fingers can be actively moved and their strength 
amplified; the operator’s hand movements are registered and 
transmitted to the robotic hand in real time. 

The exoskeletal hand has all the principal physiological degrees of 
freedom of its human counterpart. It thus supports the human 
hand’s diverse techniques for grasping and handling objects.

The objectives are to enhance the strength and endurance of the 
human hand, to extend humans’ scope of action and to secure 
them an independent lifestyle even at an advanced age.

Robotics meets orthotics   
Since all the joints and their drive units are located outside the 
actual hand in the form of the exoskeleton, this manual orthosis 
can be fitted not only over the human hand, but also over an artifi-
cial hand made of silicone. Using the same hardware, this enables 
a scenario that creates a link between robotics and orthotics in a 
completely new way. 

Pneumatic exoskeleton: flexible movement through all degrees of freedom Specific addressing of the actuators: precise orientation of all finger joints

The ExoHand combines human intelligence with the capabilities of 
a robot. While machines are precise, robust and powerful, their 
responses to complex situations are limited. They normally rely on 
the visual and tactile perception and decision-making capacity of 
a human operator. 

From assembly to medical therapy
The practical benefits for Festo lie in extending the scope of 
human-machine cooperation for automation technology with the 
addition of know-how in the fields of remote manipulation and 
force amplification. 

In this form of direct human-machine interaction, the ExoHand 
represents a possible technical solution to the challenges that will 
be faced by production and working environments of the future – 
both real and virtual. The medical advantages, along with an 
immense interest in assistance systems for automation technology, 
have motivated the engineers from Festo to enter into a collabo-
ration with the Tübingen University Hospital as part of the Bionic 
Learning Network.

New scope for interaction between humans and machines 
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Force amplification in assembly 
With the ExoHand, Festo is supporting its customers in the 
development of innovative solutions for human-machine inter-
action. Despite the high degree of automation in industry, there 
are still a large number of activities in assembly that can only be 
performed by the human operator. These include numerous 
repetitive tasks that easily lead to fatigue. This type of activity 
represents a challenge, especially to older workers.

In most industrialised countries, the average age of the workforce 
will continue to rise over the coming years. The ExoHand thus 
represents a technological solution that meets the challenge of 
demographic change in the world of production. 

The system amplifies the strength of the human hand and helps 
employees remain in the work process for a longer time without 
suffering permanent physical effects. To prevent fatigue, the 
ExoHand can be worn for activities carried out in the assembly 
process, thereby functioning as an assistance system that makes 
for more pleasant working conditions in the assembly environment.

Force feedback for safe remote manipulation
When the ExoHand is used for remote manipulation of a robotic
hand in an industrial setting, complex tasks in dangerous or 
hazardous environments for example can be performed from a safe 
distance. As a force feedback system, the artificial hand can greatly 
extend the human operator’s scope of activity in a production 
environment. In this scenario, the ExoHand is fitted over both the 
human hand and an artificial hand of silicone. It thus simultaneously 
functions both as the operator interface and a robotic hand. The 
entire artificial hand can therefore be addressed with practically all 
relevant degrees of freedom.

This allows forces to be transferred from a different environment to 
the operator’s own hand in the form of force feedback; the operator 
has the sensation of feeling the shape of the remote object. The 
human sense of touch can thus be implemented over long dis-
tances and can even be applied at the interface of the real to the 
virtual world. The operator need no longer rely merely on his or her 
visual and acoustic perception, but can actually feel forms and 
resistances or the effects of applied forces.

Power assistance: pneumatic actuators for increased gripping force 

Improving endurance: preventing fatigue due to repetitive hand movements Force feedback: feeling and moving without direct contact  
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Potential for the field of service robotics 
In addition to industrial robotics, the ExoHand is especially suited 
to the service robot market, which will be characterised by rapid 
growth in the coming years – after all, new concepts in materials, 
sensors and drives have the potential to revolutionise this market. 
If, for example, a robot is to maintain its orientation in an everyday 
domestic environment in combination with the ExoHand and 
interact with humans in a variety of everyday situations, the 
human-like characteristics of the robot will be even more essential 
than in the production environment. 

With its newly developed ExoHand, Festo is thus incorporating a 
drive concept based on pneumatics: the eight pneumatic actuators 
make for precise movement while at the same time lending the 
ExoHand excellent properties in terms of yielding capacity and thus 
also of safety. But whether the service robot will find its way into 
our living rooms will also depend to a large extent on cost 
developments. Festo’s ExoHand consists of components from Festo 
that are already produced in large quantities and are therefore 
available on the market at relatively low cost. 

Use in medical therapy 
In rehabilitation, the ExoHand can be used as an active manual 
orthosis. In Germany alone, some 150,000 people annually suffer
a stroke for the first time; many of these patients must learn to use 
their hands once more. 

Together with a brain-computer interface (BCI), the ExoHand from 
Festo allows a closed feedback loop to be established. The active 
manual orthosis can help stroke patients suffering from paralysis 
to regenerate the damaged connection from the brain to the hand. 
The stroke patient’s wish to open or close his or her hand is 
recorded by means of an electroencephalographic signal (EEG) that 
is measured on the subject’s head. 

The movements are carried out by the active manual orthosis. This 
gives rise to a training effect, which over the course of time enables 
patients to move their hands once more without technical assistance. 
With a passive manual orthosis, the chronically bent fingers of a hand 
are merely straightened by means of a spring; but with the ExoHand, 
the pneumatic cylinders actively move the patient’s fingers.

Training for the brain and muscles: the ExoHand in combination with a brain-computer interface

Future scenario with service robots: independent living for the elderly Already feasible today: the ExoHand in the rehabilitation of stroke patients
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The development of such a project calls for expertise in various 
fields of automation technology. Mechatronics and generative 
manufacturing technologies are playing an important role in the 
realisation of the ExoHand. 

Mechatronics: uniting several technologies
Mechatronics, a core competence of Festo, combines the tradi-
tional disciplines of mechanical, electrical and computer 
engineering; the objectives are to improve the functionality of 
technical systems and gain new insights into various aspects of 
human-machine cooperation. The software used allows functional 
integration within the system and thus paves the way for intelligent 
human-machine interaction. 

Tailor-made: generative manufacturing for a perfect fit
The ExoHand, which is customised to fit the hand of the individual 
user, is manufactured from polyamide in the selective laser sintering 
(SLS) process. For this purpose, the exoskeleton is produced on the 
basis of a 3D scan of the user’s hand. 

Pneumatics: movement through almost all degrees of freedom
The eight double-acting pneumatic actuators – DFK-10 cylinders 
from Festo – that are attached to the structure of the exoskeleton 
allow the wearer to open and close the fingers of the orthosis with 
utmost precision. The index finger can also be pivoted to either 
side, and the thumb can be rotated towards the palm just like its 
human model.

Precise position detection and efficient use of compressed air
Linear potentiometers register both the positions of the fingers and 
the force applied by each individual drive unit. The corresponding 
pressure in the various chambers is regulated by means of piezo 
proportional valves. Pressure sensors on the valve terminal serve 
to regulate the pressure and give an indication of the forces 
exerted by the cylinder. 

Precise positional control with CoDeSys
A CoDeSys-compliant controller registers and processes the 
positional and force parameters. It regulates the pressures in the 
cylinders, in order to ensure the correct finger positions and forces. 
Non-linear control algorithms are used for this purpose.

A driving force of innovation: creative solutions for new markets
Festo supplies both components and know-how: with this broad 
basis of expertise in technology and research, Festo enables its 
customers to develop systems and robots that can play an important 
role in human-machine cooperation.  

This involves the questions of how humans and machines can 
interact more efficiently in view of the extended possibilities of 
state-of-the-art technologies, and what demands production must 
meet in the future. For this purpose, systems and environments 
such as the ExoHand are created which extend the human 
operator’s scope of action by active support to meet specific 
requirements. Festo can draw on the insights that have been gained 
in this field with the Bionic Handling Assistant. 

The ExoHand: combining diverse components and technologies 

DFK-10 cylinder
Double-acting cylinder with integrated mounting 
flange and connection  

VPWP proportional directional control valve 
With external position controller and position 
sensor system for precise pneumatic positioning 

CoDeSys control
MPA-L compact valve terminal with integrated 
CPX-CEC control and I/O modules 



Technical data

•	 Pneumatic actuators:	 8 DFK-10 cylinders per hand

•	 Piezo proportional valves:
	 Orthosis: 	 16 piezo proportional valves
	 Robotic hand: 	 8 MPYE proportional valves 

•	 Sensors:	 8 linear potentiometers per hand  
		  as displacement sensors, 
		  16 pressure sensors per hand;  
		  in the orthosis: integrated  
		  into the valve terminals  

•	 Control:	 CoDeSys-compliant control 

•	 Exoskeleton material:	 polyamide

•	 Production method:	 selective laser sintering (SLS)

Project partners

Project initiator: 
Dr. Wilfried Stoll, managing owner, 
Festo Holding GmbH

Project team:
Dipl.-Ing. (FH) Markus Fischer, Dipl.-Des. Elias Knubben, 
Dr.-Ing. Rüdiger Neumann, Dr.-Ing. Alexander Hildebrandt, 
B. Sc. Nadine Kärcher, B. Eng. Andreas Gause, Valentin Falkenhahn,  
Festo AG & Co. KG

Prof. Dr. med. Alireza Gharabaghi, Dr. med. Florian Grimm, 
Centre for Integrative Neuroscience of the Tübingen University 
Hospital

Dipl.-Inf. Boris Vaksic, M.Sc. Jun Yuan, Dr. rer. nat. Stefan Riesner,
Robotics Technology Leaders GmbH
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