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ABSTRACT

Rehabilitation after stroke through conventional manner is not
quite successful due to a number of patient related issues
including lack of interest in lengthy exercises, cost of therapy
and dependency on healthcare professionals. In addition,
around 50% of stroke survivors worldwide belong to the low
and middle income countries that are unable to afford
expensive rehabilitation systems. Advancements in Brain
Computer Interface (BCI) technology enabling the researchers
to design and develop BCI based stroke rehabilitation systems
by exploiting neural plasticity. This is achieved via
Electroencephalogram (EEG) based computer gaming
rehabilitation exercises through Motor Imagery (MI) to achieve
successful neural plasticity. However, current research is
largely based on expensive bio-signal amplifiers and
processing hardware that are beyond the affordability of a large
population of stroke patients living in low and middle-income
countries. Moreover, the efficiency of BCI based stroke
rehabilitation systems that are generally considered as the
accuracy of EEG signal classifications is not the only
parameter to rate the efficiency. Since the requirements of BCI
based rehabilitation therapy are highly subject specific,
efficiency of such systems also depends on many user specific
features related to cost and performance. This paper describes
a research that proposes a number of parameters for cost and
efficiency along with their weightage set by the domestic users
to determine the overall efficiency of the system. Inputs from
different groups of users were obtained that are classified as
deserving class, middle class and rich class. Results indicated
that the users of different groups are giving different weights to
different performance and cost parameters. The overall
efficiency requirements are therefore having different meanings
for different classes of users.

Key words: Brain Computer Interface (BCI), Stroke
Rehabilitation, Motor Imagery, BCIl performance, BCI
efficiency

1. INTRODUCTION
There are around 116.4 million stroke cases per year reported
worldwide [1] who are living with different levels of
disabilities. In many cases, 50% of survivors found chronically
disabled due to severe brain injury [2] and around 30% of
stroke survivors require different types of rehabilitation therapy

for upper limb and to restore hand movements [3]. Low and
middle-income countries facing 70% of worldwide strokes
cases and in the last four decades; the stroke incidence has
increased by more than 100% in low and middle-income
countries. Whereas the stroke occurrence has reduced by 42%
in high-income countries during this period.

Recent advancements in Brain Computer Interface (BCI)
provide appropriate techniques to enable the immobilized
stroke patients to act and interact with the world through BCI
based stroke rehabilitation systems. Motor imagery (MI) based
BCI rehabilitation techniques are considered as an emerging
technology to achieve rehabilitation of motor functions [4], [5],

6], [71.

A short review [8] described that neuro-feedback (NF) based
training may help to design more individualized task specific
NF features, with a patient-specific system that can provide
successful rehabilitation. In [9] rehabilitation of the stroke
patients is proposed by using a mation tracking device, an EEG
feedback system and a virtual reality game. Some more
promising BCI based stroke rehabilitation strategies were
reported in the literature [10], [11], [12], [13], [14].

Efficiency of BCI based rehabilitation strategies proposed in
the literature is generally considered as the accuracy of
classification of brain signals to operate rehabilitation systems.
A high level of classification accuracy is provided by using
expensive bio signal amplifiers and hardware. Since a large
number of stroke patients in the world belong to the low and
middle-income countries, the meanings of efficiency of the
BCI based rehabilitation systems is largely dependent on their
affordability even with compromise on systems accuracy. In
addition, other features like interest and curiosity, comfort and
usability, number of electrodes, battery capacity and
computation requirements may also be compromised to get a
“cost efficient” system to those who cannot afford expensive
systems. Since the requirements of BCI based rehabilitation
therapy are highly subject specific, efficiency of such systems
also depends on many user specific features related to cost and
performance. However, it is necessary to determine what type
of features and factors have more importance by the users in
low and middle counters to select the level of features to be
provided.
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This paper describes a research that proposes a number of
parameters for efficiency and cost along with their weightage
set by the domestic users to determine the overall efficiency of
the system. To get the insight on subject matter from all
segments of the population, inputs from different groups of
users were obtained that are classified as deserving class,
middle class and rich class. Results indicated that the users of
different groups are giving different weights to different
performance and cost parameters and the overall efficiency
requirements are therefore having different meanings for
different classes of users.

2. RESEARCH METHODOLOGY

This research was conducted to support the design and
development of a BCI based stroke rehabilitation system as
depicted in figure-1 [15], [16]. The proposed system will consist
of a bio-signal amplifier, data processing module, VR and Game
controlling module along with a feedback module. The aim is to
provide all components as per need of the domestic users. The
efficiency of the proposed system will depend upon many user
centric factors including cost, ease of use, wear-ability, comfort,
interesting gaming themes etc. In the subsequent section, overall
efficiency based on these factors is discussed.
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Figure-1. Proposed BCI-Rehab System

Efficiency of the BCI based neuro-rehabilitation system is
dependent on various parameters related to performance and
cost.Users in different regions of the world may have different
levels of choices. As per our best knowledge, no comprehensive
formulation is available to compute efficiency of the BCI based
rehabilitation system as per user’s demand of performance
factors and their affordability (cost). In this section, we have
proposed that efficiency of such systemscan be formulated
through statistical methods.
2.1 PROPOSED EFFICIENCY PARAMETERS

As the efficiency of engineering systems is the ratio of their
performance (P) to their cost (C).

Efficiency (E;) = %jg“"’ x 100%

Assuming that, if for the said application, performance is
governed by;

P=f(AB,DF,G H1]J)
where,

A = User-interest in gaming themes

B = Ease of use of VR tool

D = Comfort in terms of wear-ability

F = Control on game in terms of accuracy
G = Independence / Training less

H = Feedback other than visual

I= Diversified gaming themes

J = different forms of feedbacks

For the said application, cost can be governed by

C=f(c, K ,L,M N,O0)
where,
J: = Number of Channels/electrodes
K = Console-features
L = Battery-backup
M = Data acquisition system
N = Warranty of the system
O = Computing requirements

Then, from (i) the efficiency Eff will be,

P _ f(ABDF,GHIJ)

Ef == e < 100% ....... (ii)

The functionf for both performance and cost is proposed to be
determined statistically from the inputs given by the domestic
users which can be a general representation for the users living
in south Asian countries.

2.2 STUDY DESIGN

To obtain the users’ weightage for each of the performance and
cost parameters, two separate questionnaires were prepared that
described each parameter to the participants and asked them to
enter the values to rate their requirements for each factor
related to performance and cost. In order to get equal feedback
from all segments of the society, 50 participants were selected
from eachof the three classes, the deserving class, the middle
class and the rich class. Each participant was then asked to fill
the values against each performance parameters, viz., user-
interest in gaming themes, ease of use of VR tool, comfort in
terms of wear-ability, control on game in terms of accuracy,
independence / Training less, feedback other than visual and
Diversified gaming themesfrom 10 (most desirable) to 2 (least
desirable). Similarly, each participant entered the values for
cost parameters, number of channels/electrodes, console-
features, battery-backup, data acquisition system, warranty of
the system, computing requirements from 10 (highly
affordable) to 1 (least affordable).

3. RESULTS AND DISCUSSION

The data obtained from the participants were recorded in two
separate tables for performance and cost parameters. The
average and standard deviation for each parameter were
computed for each group of participants (deserving class,
middle class and rich class) as presented in table 1 and table 2.
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Table 1: Average values with Standard Deviation for performance parameters entered by the participants.

Performance Parameters (Least desired (1), Most desired (10))
A B D = G H | 3 Participants'
Group
Average 2.64 4.26 2.86 2.26 4.36 3.38 4.04 4.44 .
Deserving
Standard |y 30 | 993 | 086 | 112 | 124 | 119 | 078 | 1.05 Class
Deviation
Average 5.04 5.1 5.1 5.36 5.54 5.12 5.08 5.28
Middle Class
Standard 1.44 15 127 | 126 | 136 | 1.38 | 126 | 1.36
Deviation
Average 7 7.04 7.3 6.64 7.52 7.18 6.98 6.98
Rich Class
Standard 178 | 205 | 207 | 228 | 179 | 202 | 206 | 1.86
Deviation
Table 2: Average values with Standard Deviation for cost parameters entered by the participants.
Cost Rating (highly affordable = 10 to least affordable = 2
Jc K L M N O
Qve;agg 3.12 2.98 3.28 3.42 2.82 2.98 Deserving
andar
Deviation 1.36 1.3 1.41 151 1.57 1.33 Class
Average 4.28 4.8 4,76 4.3 4.34 4.64
Standard Middle Class
Deviation 1.69 1.67 1.73 1.67 1.69 1.66
Average 7.44 7.16 7.6 7.62 7.4 7.24
Standard Rich Class
Deviation 1.63 1.67 1.84 1.75 1.86 1.84

Class

m Deserving m Middle Class

Average ratings for each
performance parameter

- kil

Rich Class

Average ratings for each cost
parameter

- P

m DeservingClass  m Middle Class Rich Class

Figure 2. Average ratings for each performance parameter
(Least desired =1, Most desired =10)

Figure 3. Average ratings for cost parameters (highly
affordable = 10 to least affordable = 2)

The results clearly indicate that the choices for desired
performance parameters are largely different for each group of
participants. Deserving class is too conservative to rate the
desired performance parameters as they entered in relatively
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low ranges. This can be considered as their acceptability of
rehabilitation systems with relatively low performance. The
middle class showed careful attitude while selecting the desired
performance and entered almost all performance parameters
with mid values which indicated their acceptability of a system
with average performance. Rich class showed a surprising
behavior while entering desired performance values as they
selected up to around 70% performance in all parameters. This
shows that they are comfortable with above average to good
performance of the system while excellent performance of the
system is either not desired or not expected. However, the
selection of cost parameters by each group is not surprising as
deserving class have selected up to around 30%, middle class
up to around 45% and rich class selected up to around 75%.

The results also indicate that from prospective of the users,
performance of BCI based stroke rehabilitation system will not
depend on a few parameters while largely depends on the
affordability of the user.

Once we have the users selected values for performance and
cost, functionf for both could be obtained in the form of a
polynomial tree, for example.

Ef _P_ (at+kA+IB+mD+:)
C (B+q]J+rK+SM—tN+--)

x 100 ....... (iii)

Where o and f are bias values; k, I, m, g, r, s, t are the
corresponding weights to be determined.

To formulate such an expression to express the efficiency of
the BCI rehabilitation system based on user selected factors,
Linear Regression by using ‘R’ software is proposed.
Following expressions for overall efficiency of BCI based
rehabilitation system in terms of performance P and cost Care
obtained based on the data from all 150 participants acquired
from this study.

P= a+ (13.443 A+ 11.132 B + 13.779 D + 12,590 F + 14.076
G +13.138 H + 13.8451 + 13.4153 J)/8 ...... (iv)

C=p+(11.975Jc +12.324 K+ 12.002 L + 11.964 M +
12.3475 N + 12.427 0)/6 ...... (V)

Overall efficacy determined through above expressions for each
group based on average performance and cost parameters is
summarized in table 3 and illustrated in figure 4.

Table 3. Overall efficiency based on average parameters

Performance | Cost (C) Overall
(P) weight weight Efficiency (%)

Deserving | 4551 45.69 88.66

Class
Middle

Class 62.59 63.02 99.31

Rich 87.40 98.15 89.04
Class

Overall efficiency for each class

100.00
80.00
60.00
40.00
20.00

0.00

Performance (P) Cost (C) Overall Efficiency

(%)

—@— Desrving Class Middle Class Rich Class

Figure 4. Overall efficiency based on average parameters

The figures in table 3 suggest that from the point of view of
deserving class the overall efficiency of the system will be
88.66% by accepting average performance at relatively less
cost. For the middle class the system will be highly efficient
(99.3%) with moderate performance in average cost while for
the rich class the system will be 89% efficient with very good
performance at almost maximum cost. However, this
approximation is based on the values of a particular region
which may vary if data collected in another region of the world.

4. CONCLUSION

Research on design and development of Brain Computer
Interface (BCI) based upper limb stroke rehabilitation system is
increasingly reported in recent literature. Proposed systems are
mainly considering the accuracy of EEG signal classification to
rate the efficiency. High accuracy is obtained via expensive bio-
signal amplifiers and large number of EEG electrodes used in
the research. Other features like interest in rehabilitation
gaming, comfort, ease of use are also contributing in the overall
performance. A large number of stroke survivors who require
rehabilitation therapy are belong to low and middle-income
countries for them expensive BCI systems are beyond to afford.
A number of parameters are proposed that need to be considered
for a BCI rehabilitation system to rate the overall efficiency in
terms of both performance and cost. An expression to formulate
the the overall efficiency of a BCI rehabilitation system based
on the weights for performance and cost parameters given by
150 domestic participants was obtained through statistical
method. Results suggesting that from the point of view of
domestic users in different social classes, meaning of systems
overall efficiency is quite different as they have different
choices of performance and cost parameters. The study was
based on the domestic users and the findings may vary if data
will be collected in another region. Further research may target
the improvements in the expression of efficiency formulated in
this study.
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