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ABSTRACT
Upper limb motor deficits caused by stroke have a big impact on a 
person’s daily activities and independence. One strategy for 
promoting motor relearning consists on the delivery of meaningful 
feedback during rehabilitative training.  In this paper we describe 
the development and first evaluation of a system that combines a 
portable arm orthosis device and a mobile application running on 
a tablet in order to provide knowledge of performance to stroke 
patients while performing therapy. Here we present preliminary 
results and discuss the potential of this technology. 
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1. INTRODUCTION

Motor impairment of the upper limb, cognitive and emotional 
sequels are commonly observed in stroke survivors [1, 2]. These 
deficits have a huge impact on person’s activities of daily living 
(ADL), making them dependent on others in order to do simple 
daily tasks. Rehabilitation is essential for motor learning and
helping in the acquisition of skills that can improve independence 
in everyday tasks. Here, several elements can contribute to a more 
successful rehabilitation process, resulting in the enhancement of 
the motor performance of the patient [3, 4]. One important aspect 
in rehabilitation is to be able to provide meaningful and valuable 
feedback in order to help patients in their motor relearning tasks. 
Nowadays it is widely accepted that there are two types of feedback that play a crucial role in providing 
information about the motor task execution, knowledge of results 
(KR) and knowledge of performance (KP) [5]. KR feedback is 
given after completing the desired task and relates to how well the 
task has been performed, while KP provides information about 

what is being done during the execution of the training task in 
order to aid the patient in achieving the best outcome [5]. 

The benefits of the advances in technologies in the rehabilitation 
area are well known, and the applications range from brain 
computer interfaces [6] to robotic systems [7]. For instance, 
current computer based approaches for motor rehabilitation are 
very well suited to provide KR by embedding training in the form 
of games that provide quantitative measurements of results, which 
are displayed to the user [8, 9]. However, KP is generally 
provided verbally by trained therapists during the task execution 
itself. To be able to provide meaningful KP requires the 
deployment of specific sensing technology capable of measuring 
and assisting the rehabilitation process in a safe and unobtrusive 
way, such as portable sensing devices. Combined with software 
applications that provide KP, these technologies can assist 
patients with motor deficits while allowing the capture of 
important physiological and kinematic information such as 
electro-myographic signals or arm position. 

The goal of this project is to develop a fully portable system that 
captures and processes multimodal information in order to provide 
KP. To accomplish this, we developed a mobile application for 
Android devices that pairs with a portable robotic arm device that  
has position and EMG sensing capabilities and assists the patient 
during movement execution. The mobile application is designed 
to provide real-time feedback on KP during task execution from 
both EMG and kinematic data. Subsequently, we did a pilot 
evaluation to assess the impact depending on the nature of the 
information used for KP: 1) physiologically based feedback where 
EMG signals are used to inform the patient about muscular 
activation, or 2) kinematic based feedback to provide the patient 
with elbow position and speed of movement. 

2. METHODS

2.1 Myo-electric limb orthosis 
We used the mPower 1000 (mpower1000, Myomo Inc., Boston, 
USA), a robotic limb orthosis that is portable and has one actuated 
degree of freedom (elbow join). The orthosis uses two electrode 
sensors placed on the biceps and triceps of the patient's paretic 
arm, thus reading its myo-electrical (EMG) signals plus the motor 
position (i.e. elbow flexion). By activating the biceps or triceps 
for arm flexion or extension, the EMG readings enable the device 
to assist the patient by driving its electric motor in order to 
support the desired movement. 

2.2 Mobile application 
The application is designed for mobile devices running Android 
OS (Google Inc., Mountain View, California, U.S.) to leverage 
the information gathered from the myo-electric orthosis to provide 

 



stroke survivors with appropriate KP to assist and improve their 
rehabilitation process. The Android application has been 
developed with Unity 3D (Unity Technologies, San Francisco, 
USA) using C# as the main programming language and Java for a 
custom Bluetooth JAR library through the Android SDK since 
Unity 3D does not allow direct access to the Bluetooth capabilities 
of Android devices. With this plug-in we were able to connect to 
the mPower 1000 device for bi-directional communication. 

2.2.1 Physiologically based Knowledge of 
Performance 
In this KP mode, the mobile application presents feedback based 
on the physiological readings of the mPower 1000. Biceps and 
triceps EMG activation are represented in real-time as vertical 
bars accompanied by a numerical value (see figure 1, left panel) 
under the label “flexion” and “extension”. The bar values 
correspond to normalized EMG activation values, with  0 and 10 
corresponding to the minimum and maximum muscular activation 
levels, respectively. This view enables the user to see their 
muscular activation patterns easily represented as bars, thus 
allowing the user to better understand how successful movement 
results from muscle activation. 

2.2.2 Kinematic based Knowledge of Performance 
In this KP mode, the mobile application represents the real time 
position and velocity of the arm movements in degrees/s (see 
figure 1, right panel). Thus, this configuration relies on arm 
movement kinematic data and presents it, consistent  with the 
physiologically based representation, as bars and their 
corresponding numerical value. Both kinematic and physiological 
data were chosen to be represented with the same amount of 
information channels (two bars) in a visually consistent manner. 
However, given the similarity of the two feedback representations 
and to avoid confusions, the kinematic based feedback is 
presented using horizontal bars. 

2.3 Data collection 
For further analysis, the system collects synchronously all 
kinematic and physiological data during each training session. 
Recorded data include pre-processed normalized amplitude values 
of the envelope of EMG signals from biceps and triceps (0-14), 
position of the arm (degrees), time (ms), average speed 
(degrees/s) and the number of arm flexion’s and extensions. The 
application logs all data directly to a file on the mobile device. 
Data are sampled every 100ms and stored as a CSV text file.  

3. PILOT EVALUATION 
Three stroke survivors with an average age of 67 years 
participated in a pilot evaluation of the system (table 1). All 
patients were informed about the purpose of the study and signed 
an informed consent form prior to participation. Participants sat 
with the mPower 1000 robotic arm placed on their paretic arm. An 
Android tablet was presented in front of them with the application 
providing KP feedback (see figure 2).  

All participants were exposed to the mPower device prior to the 
tests in order to learn how to use it. After the training period, 
patients were presented with the Android tablet with both KP 
feedback forms, that is, based on EMG activation and based on 
movement kinematics. The session consisted on the repetition of a
simple arm movement (arm flexion and extension) during blocks 
of 4 minutes (see figure 3). Between blocks, patients had a few 
minutes to rest. After they completed the training, patients were 

Figure 1. Knowledge of performance mobile assistance. The mobile application can provide a physiologically based feedback 
(left panel), and a kinematic based feedback (right panel) based on muscular activation or movement kinematic data 

respectively. ‘Flexão’ and ‘Extensão’ on the right panel is Portuguese for ‘Flexion’ and ‘Extension’ respectively.

Table 1. Patient demographics

Patient Age Stroke type Side Time post-
stroke

1 74 Ischemic Right 40 weeks

2 54 Ischemic Left 5 weeks

3 78 n/a Right 30 weeks

Figure 2. Stroke patient using the mobile knowledge of 
performance system for upper limb rehabilitation.



asked about their opinion about each type of KP feedback. 

All participants reported that they had some difficulty in 
understanding the physiologically based feedback. We believe 
that the large oscillations on the EMG signals combined with the 
need of understanding the antagonistic nature of biceps and 
triceps EMG for the generation of the correct movement, made 
the physiologically based feedback less intuitive. When asked 
about which mode they preferred, all participants favoured the 
more direct relation between kinematic feedback and movement 
execution, claiming that it was easier to understand.  

4. DISCUSSION AND CONCLUSIONS  
In this project, we developed a mobile system able to deliver real-
time feedback on knowledge of performance based on kinematic 
or physiological information. Furthermore, we performed a pilot 
evaluation with stroke survivors to compare the two modes of 
feedback. Patients reported that the kinematic type of feedback 
was easier to understand. Unfortunately, we observed that also 
cognitive deficits derived from stroke interfered with the feedback 
comprehension, which resulted in a small sample of patients 
having criteria for participating in this evaluation. Despite these 
limitations, we believe that this tool has potential for supporting 
specific stroke survivors during their rehabilitation process. This 
mobile system does not only assist in action execution by virtue of 
the displayed feedback, contributing to generating knowledge of 
performance, it also serves to quantitatively assess and monitor 

changes in the muscular activation patterns of the biceps and 
triceps, making it possible to quantify long term changes and 
improvements (see figure 3). Future work includes conducting 
further experiments to better understand both the effect of the 
nature of the feedback provided for knowledge of performance as 
well as its long term implications in the recovery of normal arm 
kinematics and muscle activation patterns. 
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Figure 3. Data sample of one patient performing repetitive 
arm flexion and extension training using the mPower 1000 

myo-electric orthosis.


