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Introduction 

Task-orientated repetitive movement can improve 

movement performance in patients with neurological le-

sions. The application of robots such as ARMin can serve 

to assist, enhance and evaluate rehabilitations of move-

ments.    

Audiovisual displays in combination with the robots are 

often used to provide task-orientated training and moti-

vate the patient. Besides simple games for the training of 

single joint movements, more functional movements 

should be trained to have a better transfer to daily life [1] 

With the latest version of ARMin we are able to train ac-

tivities of daily living (ADL) tasks. ARMin III has seven 

actuated degrees of freedom (DOF); including a one DOF 

hand module. To support the movements of the patient 

during ADL training a dynamic trajectory planner and a 

suitable control strategy are required.  

Motivated by the path control algorithm [2], which was 

developed for robot-aided gait training, we present a pa-

tient-cooperative path control strategy for ARMin. The 

strategy allows patients to move freely within the borders 

of a virtual tunnel around the spatial path of a desired tra-

jectory. Additionally, an adjustable force field along the 

path can help the patient to reach the target. The reference 

trajectory to build the tunnel is based on the minimum 

angular jerk method [3]. 

To evaluate the control strategy, a healthy subject had to 

perform several ADL task with ARMin. 

 

Methods 

Trajectory Planner 

One approach to generate trajectories that are suitable 

for reaching movements during ADL tasks is the mini-

mum angular jerk method [3]. This method requires the 

target position in joint space to build the trajectory. Given 

a certain hand position in task space the position of the 

elbow is not clearly determined. Therefore, the orientation 

of the hand is used as an additional constraint to reduce 

this redundancy problem to only one solution. The hand 

orientation can be described as a function of upper and 

lower arm rotation [4] and is determined by the task, e.g., 

the goal is to grasp a glass, then the hand orientation is 

vertical. Instead of a target position we define for each 

task a target pose (ptarget) consisting of the target position 

in task space and the hand orientation. This allows the tra-

jectory planner to calculate the target joint angles for each 

possible task within the workspace of the robot. 

Path Control 

The path control algorithm for ARMin is based on the 

algorithm presented in [2]. The idea is to build a virtual 

tunnel between start and end position in space. The calcu-

lated reference trajectory is used as the center of this tun-

nel. A radius defines the diameter of the tunnel. The walls 

of the tunnel are implemented with a soft impedance con-

troller that pushes the hand back to the tunnel. To calcu-

late the direction of this force, the smallest Euclidean dis-

tance between the current end-effector position and the 

reference trajectory is used.  

Inside the tunnel patients can move freely and choose 

their own timing to reach the target. To allow free move-

ments of the arm, gravity and friction of the robot should 

be well compensated. With position sensors and a model 

of ARMin we are able to compensate the weight of the 

robot and the dynamic friction (τcomp). 

 

Fig. 1: Block diagram of path controller 

 

To support the patients while they move inside the tun-

nel, a force field can be added. The direction of the force 

field is tangential to the reference trajectory. 

To adapt the amount of freedom and the support to the 

individual patients’ capabilities, the radius of the tunnel 

(rtunnel) and the magnitude of the force field (gsupport) can 

be changed (Fig. 1). 

ADL 

To test the path controller the system was combined 

with a virtual environment. A bathroom scenario, where 

the subject can perform several ADL tasks, was chosen 

(Fig. 2). The whole task consist of six reaching move-
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ments: picking up the toothbrush from the shelf and lay-

ing it down in the other hand, fetching the toothpaste and 

bringing it to the toothbrush, laying the toothpaste back 

on the shelf and reaching for the water tap. The virtual 

arm is synchronized with the joint angles of ARMin. 

 

Fig. 2: Bathroom scenario 

 

The virtual environment controls the task sequence. 

Once a task is achieved, the next task is started by sending 

the next target position in task space and the next desired 

hand orientation to the controller.  

Results 

The virtual tunnel expands from the starting hand posi-

tion to the target position (Fig. 3). The solid point in the 

middle of the hand is used as end-effector position.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Visualization of the virtual tunnel 

 

Preliminary tests showed that for a soft tunnel wall an 

impedance of K = 250 N/m is appropriate. The radius rtun-

nel was set to 10 cm. During the movement’s position, ve-

locity and applied support force were recorded. The dif-

ference between an active and a passive subject perform-

ing the same ADL task is shown in Fig 4. The force field 

magnitude gsupport was adjusted between 0 N for active and 

10 N for completely passive movements. 

 
 

Fig. 4: Position, velocity in space and supporting force 

gradients of an active (left) and a passive subject (right) 

 

Discussion & Outlook 

The first evaluation showed that the basic concept is 

feasible. The subject was able to complete the ADL tasks 

and stated that the force field inside the tunnel helped to 

reach the target with less effort. 

 Because the subject’s arm weight is not compensated 

passive movements were always performed at the bottom 

of the virtual tunnel and the amount of support has to be 

increased until the task can be achieved without any ef-

fort. Therefore an adaptive support estimation algorithm 

has to be developed to automate the training.  

Furthermore the system will be tested with patients to 

show that a clinical application is possible. 

Conclusion 

The test with a healthy subject showed that even if act-

ing completely passive the desired ADL task could be ac-

complished. With the adjustable force field the path con-

trol algorithm is a meaningful strategy to support patients 

during ADL training.  
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