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Was ist ein Roboter? 



Definition 1 

Eine Maschine, die wie ein Mensch 
aussieht



Schreibautomaten, 

Jaquet-Droz, ca. 1770



Metropolis 1927

Fritz Lang



Terminator

1984-2009



Definition 2

Eine Maschine, die sich wie ein 
Mensch verhält



Industrieroboter



Serviceroboter

ROOMBA 520



Serviceroboter?



Robotik in der Rehabilitation



Riken, Japan & 

Tokai Rubber Industries (TRI)



Waverley Glen, Lifting Systems



Carobot, FhG F&P Robotics



Pepper, 

Softbank



Hasbro



Roboterseehund „Paro“ 

Takanori Shibata, AIST, Japan



Dekubitus Prävention 

Intensive Care Bed „TotalCare SpO2RT“



Frühmobilisation mit Erigo®



Frühmobilisation mit VEMO®
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Datenverarbeitung

Mechanische 

Intervention
Messung

Somnomat: Therapie- und Lifestyle-Bett
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Somnomat Nachtmessungen



Meet the Somnomat Casa
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Till, 10 Jahre alt

Leidet unter Stoffwechseler-

krankung (Mitochondriopathie) 

Gelähmt, Insomnie



Anti-Apnoe
Bett



Anti-Apnoe
Bett



Hirnschlag 16’000 neue Fälle

pro Jahr in 

CH



Mindestens 90% 

der Zeit INAKTIV



Bewegungslernen von Kindern
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Fig. 1. Experimental setup with ALEX on the right leg of a subject walking on a
treadmill. The computer display in front of the subject provides visual feedback
of the gait trajectory.

Fig. 2. Powered leg orthosis, its major components and all the DOFs are la-
beled.

endurance, muscle strength and tone. Studies using robot as-

sisted gait training with chronic stroke survivors were not found

in the literature. In this paper, a motorized orthosis for gait re-

habilitation called ALEX (active leg exoskeleton) [8] is briefly

described and a preliminary gait training study conducted with

two chronic stroke survivors is described in detail.

II. ORTHOSIS DESIGN AND CONTROL

ALEX is a motorized orthosis shown in the Fig. 1, its com-

ponents are labeled in the Fig. 2. The details of the device are

described in [8]. The device is supported by a walker and the

orthosis has several degrees-of-freedom (DOF) with respect to

the walker. The overall setup has five main components.

1) Walker, which supports the weight of the device.

2) The trunk of the orthosis, which is connected to a walker

and has three DOFs. These DOFs are vertical and lateral

translations and rotation about vertical axis. The human

trunk is secured to the orthosis with a hip brace. The human

subject is allowed to lean forward in the hip brace.

3) Thigh segment of the orthosis has two DOFs with respect

to trunk of the orthosis, one in sagittal plane and the other

for abduction-adduction motion. The thigh segment is tele-

scopic and can be adjusted to match the thigh length of a

human subject.

4) The shank segment of the orthosis has one DOF with re-

spect to the thigh segment. The shank segment, like the

thigh segment, is also telescopic.

5) Foot segment, which is a shoe insert, is attached to the

shank of the leg with one DOF ankle joint (plantar/dorsi-

flexion). The foot segment also allows limited inversion-

eversion motion at the ankle due to its structurally flex-

ible design. For controller the foot is considered as a point

mass, therefore the ankle joint position is used as foot po-

sition.

All above DOFs were found to be the minimal number essential

for achieving natural walking motion of a subject. Fig. 2 shows a

photograph of the device with the DOFs labeled. The hip joint in

the sagittal plane and the knee joint are actuated using linear ac-

tuators. These motors have encoders built into them, which are

used to compute the joint angles. All the other DOFs are pas-

sively held by springs. Ankle joint angle is measured by using

an encoder directly mounted at device ankle on foot-piece as-

sembly. These motors can generate about 50-Nm peak torques

at device knee and hip joints. The physical interface between the

orthosis and the dummy/human leg is through two force-torque

sensors, one mounted between thigh segments of the orthosis

and the leg, the other mounted between shank segments of the

orthosis and the foot brace on the human leg.

A force-field controller was developed which applies tangen-

tial and normal forces at the ankle of the subject. Such force-

field controllers have been used in upper extremity rehabilitation

[9]. The controller developed for ALEX applies a force-field at

the ankle of the subject. Even though the linear actuators are

mounted at the hip and knee of the orthosis, the torques gen-

erated at those joints simulate the forces applied at the ankle.

The tangential forces help move the ankle of the subject along

the trajectory and normal forces generate forces to simulate vir-

tual-walls around the desired ankle trajectory in the plane con-

taining the human thigh and shank. All the parameters of this

controller can be changed during rehabilitation. Equation (1)

gives the equation to the normal force, which is used to gen-

erate the virtual walls:

if

otherwise
(1)

where is the distance from the ankle (point P in Fig. 3) to the

nearest point on the desired ankle trajectory (point N in Fig. 3),

is defined as the tunnel width, is a constant with length

units which is used to change the shape of the normal force

versus curve. is a constant with force units, which can

be considered as a stiffness parameter. And is a unit vector

pointing from point P to N (Fig. 3). This nonlinear parabolic

normal force profile works like a stiffening nonlinear spring in

helping to guide the ankle of a subject along the desired ankle

trajectory.

The tangential force is defined as

if

otherwise
(2)
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Technische Herausforderungen
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