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Abstract— Stroke is a disease that currently attracts more attention in Indonesia according to the statistics provided by the Ministry

of Health of the Republic of Indonesia. This research was motivated by the shortage of physiotherapists which can not catch the
increasing number of stroke patients. The therapy becomes less effective and less efficient since each therapist must handle too many
patients during his/her work hours. This research has developed a device prototype that can help the therapy to measure and monitor
patient exercise, especially at the final stage of rehabilitation when the patient gets therapy to move actively. The angle of the moving
body parts that can represent the ability of patient motion was measured using accelerometers. The developed prototype was in the
form of a glove, equipped with an Arduino Nano and two accelerometer modules, that measures the motion of the thumb and index
finger. The device was calibrated and tested to determine the characteristics of the sensors. This test showed that the gloves prototype
had an accuracy of 95,8% and precision of 99,6%. The application of the prototype was carried out on four types of finger
movements, namely thumb abduction-adduction, thumb flexion-extension, finger flexion-hyperextension, and finger abduction-
adduction. The prototype was also tested for its ability to work in variations of direction and position of the hand.
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where the physiotherapist is actively monitoring the
I. INTRODUCTION development of the patient's ability to move the joints of

Stroke is a disease that comes from disruption of blood his/her body. . . .
flow in the central nervous system and can affect anyone. Unfo_rtunately, the number of physmtheraplsts IS not
Stroke has become a particular concern in Indonesia. Thisprop(_)monal to _the numb_er_of patients. The number of
condition is evident from the Basic Health Research 2007'phy3|othera_p|st in Indone5|a_|n early_ 2015 was about 8000,
which mentioned that 15.4% of all deaths caused by strokeand_ the ratio was one physptherapls_t hgs fo handle 35000
[1]. Ministry of Health in 2014 also stated that the number of 'eSidents. Ideally, one physiotherapist just handles 7500
stroke survivors in Indonesia in 2013 based on the diagnosi eoples, hence by 2(.)25 the physmtheraplsts W'l.l still be
of health personnel and symptoms was estimated more that, cking [3]. An alternatly_e to overcome this is t_)y using tools
2 million people [2]. Statistics show that there are a lot of n pqst—stroke rEh"’.‘b'l'tat'on the_rapy to increase the
people with disabilities resulting from a stroke. It has many effect|venes§ of phy3|othera.py Services. o
effects on the society, such as stroke patients who become The function .Of a phyglotherap|st IS to prov_lde joint
emotionally unstable and declining productivity that resulted movement exercises passively, and IaFer on, actl\./elly, for a
in disruption of the socio-economic of the family. patient who firstly is unable to move his/her own joints, to

One effort to improve the quality of stroke survivors is a be lee o do It normally. - In . the early stages, the
rehabilitation therapy for stroke patients who survived from physiotherapist - guides the patient o per_form some
the death so that the body will function normally again. In movements. In the next stage, ph¥3|otherap|st leads the
other words, it is a post-stroke recovery. The rehabilitation patient to move but not in full control; they use touch as a
process is handled by a physiotherapist. One important

signal. In the final stage, the patient moves the joints
process in post-stroke rehabilitation therapy is the final Stagemdependen_tly, while the thS'Otherf"‘p'St measures the ability
of the patient to do motion until the patient recovers
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completely. For the final stage, various tools are used as ary. The power and data transmission to the PC used a

alternative monitoring system to determine the ability of the  universal serial bus (USB) port.

patient's progress. Boian, et al., used a glove integrated with )

Virtual Reality to increase the range of motion (ROM) of B- Hardware Design

post-stroke patients [4]. The prototype was assembled by installing two MPU6050
Based on the literature that has been studied, onemodules on the thumb and index finger of a glove, which

parameter that represents the ability of post-stroke patients isvas connected to an Arduino Nano microcontroller via

the angle between the fingers. Tools that offer the capabilityjumper cables. The pin used to connect between Arduino and

to monitor the change of an angle is based on accelerometeMPU6050 modules for both sensors are shown in Table 1.

sensors, and one of the modules that provide this sensor is TABLE |

MPUG050 [5]. Milenkovic et al. developed a monitoring ARDUINO PIN INSTALLATION

system for rehabilitation using two-axis micro-electro-

mechanical system (MEMS) accelerometer attached to the Ardumog\l)l??no Pin MPU\?((:)EO Pin
hand and the leg [6].
. . . GND GND
MPUG050 is a 6-axis module containing an accelerometer AS SCL
and a gyroscope sensor that integrated with micro inertial Ad SDA
function as a measurement unit for detecting linear AD INT

acceleration and angular velocity of the movement. The use
of MPU6050 in Indonesia is very little, hence the research  Tne ircuit schematic diagram of the developed prototype
that utilizes the accelerometer sensor MPU6050 module Wwilljs jjjystrated in Fig. 1.

increase the applications of sensor technology in Indonesia.

Gubbi et al., performed a study on the analysis of arm
motion of 15 post-stroke patients using accelerators using
cross-correlation method [7]. Safyzan, et al. also developed a
device for post-stroke patients. The patients lifted their arms
to the maximum and moved the arms clockwise and counter
clockwise. The result of the measurement was used to
determine the appropriate exercise [8]. A more specific
study on the ability of fingers of the patients was done by
Michaelsen et al. They used the accelerometer to train reach-
to-grasp motion for chronical hemiparesis, by putting it
under the forearms [9].

The purpose of the project is to develop a prototype of a
device that can measure changes in the angle between
fingers from the motion of the fingers in the active Fig. 1 Hardware circuit schematic diagram
rehabilitation treatment for post-stroke patients.

Two sensors, hamely "Accel_Thumb" and "Accel_Index”,

Il. MATERIAL AND METHOD detected the movement acceleration of the fingers and
converted the analog signals produced by the sensors to

A. System specification digital form, and then sent them to the Arduino Nano using
In this research, we set several problem limitations: jumpers. The microcontroller then processed the digital
1. The prototype only performed measurements on theSignal by adding certain offset value, obtained by a
fingers. calibration process, and sent it to PC via a USB cable.

2. The sensor used was the accelerometer in MPU6050§V6r2a||1 the block diagram of the prototype can be seen in

module. 9. 2.

3. The movement of the fingers were four types of motion

———————————————————————————————

pairs for fingers active therapy, i.e. thumb abduction- L MPUG0S0 ! ;ArduanNlano !
. . . . | | +
adduction, thumb abduction-adduction, thumb flexion- 1 ! S
i 1 i i 1 | Analogto | ! 'l Rawtoactual |! .
extension, finger flexion-hyperextension, and finger Aot Ao Lo Digial | o VN acecloraton || sl sl
abduction-adduction. romaten Convertion| | P comertion |} T
I | | I
| | | |
|

4, The sensor modules were mounted on the thumb and 3
index finger, with the exception of finger abduction-
adduction movements that use the index finger and the

middle finger. C. Software Design

" finger that attached with sensor stayed st As a resuir . Te SOfWare of the device could be divided into three
data retrieval was done by taking turns betWeen the tW(’)parts, namely offset calcullat|0.n , _an acceleration
<ensors measurement, anq dat.a processing in PC. Another $oftware

: as written for calibration of the sensors, by calculating the

6. The measurement resuits were displayed and processe ffset for each accelerometer on MPU6050 experimentally.
on a portable computer (PC).

Fig. 2 Block diagram of the prototype
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D. Prototype Calibration
The testing began with calibration of the two sensors

TABLE IV
ACCEL INDEX CALIBRATION (G)

independently from each other. The sensor was hung on| a State of Ideal value Accel_Index

string with the z-axis of the sensor facing the same direction_S€nsors | X Y Z X1 Yl Z1

as the string. Hence, this sensor would act as a pendulum._X UP 1] 0 0 | -0979] 0021 0.009
The sensor was firstly placed horizontally with the z-axi X down 1 0 0 1.019 -0.02 -0.043
faced down. Once the sensor was stabilized, the serigl Ytjg\?vn (()) 11 g g'gig _(:)ngg 'g'gg
monitor show; the value 01_‘ the offset. Measure;ments werne— up 0 0 1 0.028 _0' 012 _1' 0ot
repeated ten times to take into account the statistical aspe ,,t' 7 down ) 0 1 0.000 0.000 1.000

The calibration process was then performed for the other

N

axes, i.e. x and y-axis.

The average value of the offset for each axis and eache

The offsets obtained from the calibration process for
ach sensor are given in Table 5.

sensor were then incorporated into the main program. Hence TABLE V

the sensor would deliver correct values. There prototype ACCELEROMETEROFFSETS

generated 6 acceleration measurements for each sampling Axis | Accel Thumb | Accel Index

time. The data should show a value of 0 on the horizontal X 780 -2512

axis and + 1g on the axis that had the same direction of the Y -4799 -655

gravitational force. To make it easier to distinguish the data Z 1236 1442

from the sensors, each sensor axis was named as shown in

Table 2. Sensor accuracy in measuring the gravitational

acceleration was determined from the error which has been
calculated for each axis of both sensors. These values can be
seen in Table 6. The characteristic of the prototype includes

TABLE I
NAMING OF THE AXIS ON THE SENSORS

Sensor Name the two sensors. Thus, the prototype error can be obtained by
Accel Thumb | X0, Y0, ZO calculating the average of all of the errors in both sensors.
Accel_Index X1,VY1,2Z1

The average error was 0.042 g or 4.2%. The overall accuracy

) of the prototype was therefore 95.8%.
In the next step, the data from both sensors which were

transferred to the PC were then combined hence there were 6
values in the unit of gravitational acceleratiog).(The

TABLE VI
ACCELERATION MEASUREMENT ERROR$G)

measured data can be viewed in the form of two vectors. Sp,State of Accel_Thumb Accel_Index

to determine the relative angle between the two seng@prs (| _Sensors | X Y Z X Y VA
the operation used was a scalar multiplication. The angle Xup | 0.056| 0.021] 0.060 0.034  0.00L  0.049
between the two accelerometers was obtained by theXdown | 0.060] 0.014 0.011 0041 0034 0.034
following equation. Yup [ 0.075| 0.028 0.019 0.160  0.062 _ 0.087
Y down | 0.046| 0.018 0.020 0.094 0.070 0.002
Accel_Thumb . Accel_Index Zup 0.111| 0.063 0.01%5 0.082 0.076 0.013
cosf = ‘Accel Thumb| |Accel Index| (1) Zdown | 0.001] 0.002 0.00p 0.000 0.003  0.000

The value of9 represents the angle between two fingers The pre_cisions of the sensors were also _ca_lculated which
or a finger with the thumb. For analysis purpose, two graphsWere indicated Dby the standard deviation of the
were then drawn, which were the acceleration and the angléneéasurements of each direction for each sensor. These
between the two sensors with respect to time. standa_\rd deV|at|0n_s are shown in Table 7. The overall
precision was obtained by calculating the average of these
standard deviations. Hence the overall precision of the
device was 0.004 g or 0.4%. This value can be considered as
a good characteristic.

I1l. RESULTS ANDDISCUSSION

A. System specification
The results of each accelerometer calibration were

TABLE VII
averaged with a precision of three decimal places and shown STANDARD DEVIATION OF MEASUREMENTS(G)
in Table 3 and Table 4. State of Accel_Thumb Accel Index
TABLE Il Sensors X Y Z X Y YA
AcCEL_THUMB CALIBRATION (G) X up 0.003| 0.003 0.004 0.003 0.003 0.005
X down 0.003| 0.003 0.004 0.003 0.003 0.905
State of Ideal value Accel_Thumb Y up 0.003] 0.003 0.005 0.003 0.003 0.005
Sensors X Y Z X0 YO Z0 3
Y down 0.003| 0.003 0.004 0.003 0.003 0.905
X up -1 0 0 -0.944 0.021 -0.06( = -
Z up 0.003| 0.003 0.005 0.003 0.003 0.053
Xdown | 1 | 0 | 0 1060] 0014 0.011 Zd 0.003] 0.003 0.006 0.003 0.0p3 0.405
Y up 0 | 1| 0| -0075] -0972] 0.019 own ' S8 B ' ' '
Ydown [ O 1 0 [ -0046] 1018 0020 B pynamicMeasurements
Z up 0 0 -1 0.111 0.063 -1.015% . . .
Z down 0 0 1 0,001 0.002 1,004 For the dynamic experiments, the hand was positioned

parallel to a flat surface, here we use a table. Finger
movements were measured for the four types of motion pairs
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for fingers active therapy, i.e. thumb abduction-adduction, During the initial state, the angle was about 0 degrees
thumb abduction-adduction, thumb flexion-extension, finger since the thumb was docked to the fingers. Once the thumb
flexion-hyperextension, and finger abduction-adduction. moved away and back to be docked, the value was no longer
The movements were performed 5 times alternating for achieve the original value, but slightly larger. This was due
each motion in the pair. The sensor needed to stay still for &o the tilted positions of the thumb and index finger that
while before the movement of the fingers started. Hence, thecould not exactly go back to its original position.
data was taken from the 10th second up to the 40th second. Overshoots existed at the end of each finger movement
Every action was performed very fast and then halted for forbefore halted for 3 seconds, due to a sudden stop of the

3 seconds.

The angle obtained is

measurement by the two sensors.
The measured acceleration by the prototype of thumbsuddenly stopped after having fast movement. To observe
abduction-adduction motion is shown in Fig. 3.

the

~
N

Acceleration (g)

()

Acceleration (g)

Acceleration (g)

—()

Z0

Fig. 3 Acceleration of thumb abduction-adduction

result of thefinger. The mechanism behind how the accelerometers work

creates a momentum still happens when the sensor is

the gradual change of the angle, the thumb abduction-

adduction motion was also carried out in a slow manner,

which the result can be seen in Fig. 5. It can be seen that the
overshoot no longer existed in slow motions.
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Fig. 5 Slow thumb abduction-adduction movement

Fig. 6, Fig. 7, and Fig. 8 show the angle plot of the three
remaining motion pair of the active therapy motions for
fingers, i.e. thumb flexion-extension, finger flexion-

hyperextension, and finger abduction-adduction. The angle
calculated from the two acceleration vectors always gave
ositive values. Hence for thumb extension, the angle also

ad positive values as in Fig. 6.

The measurement was quite stable in this type of
movement because the motion was very easy to do. Hencj
the measurement results on the graph also show a high lev
of consistency. X0 graph shows that after the thumb was
doing abduction, the values would go down, which means
the thumb was docked back. However, the value of Z0 is
lower than the value of X0 because, at the abduction position
the sensor on the thumb was no longer in a flat position, but
had a slope to near 45°. YO had smaller values compared tq
the others because the movements had an only minoj
component to the Y direction.

The angle between the two sensors, and hence the angl 0
of the thumb to the index finger, which was calculated from
the acceleration data can be seen in Fig. 4.
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Fig. 6 Thumb flexion-extension angle
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Fig. 4 Thumb abduction-adduction angle
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60 prototype was able to measure the movement of fingers even
50 A A A A though the forearm was not positioned parallel to the
] | ) ‘ ) horizontal plane.
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Fig. 8 Finger abduction-adduction angle
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C. Effect of forearm position

While doing active therapy, it is often not easy to position
the forearm parallel to the table, in the horizontal direction.
Therefore, it was necessary to carry out experiments to find
out the performance of the device when used with the
position of the forearm that was not flat but rather formed a Tim
certain angle with the horizontal plane. Fig. 9 shows the Fig. 11 Acceleration Measurement of 36r thumb abduction-adduction
position of the forearm which had an angle of 80 the
horizontal plane, with the help of a metal bar with adjustable The angle calculated from the two sensors for thumb
slope. The measurements were carried out for the fingerabduction-adduction can be seen in Fig. 12. The graph in Fig.
active therapy motions. 12 when is compared to the normal thumb abduction-
adduction graph at flat forearm position (Fig. 4) had similar
angles. This, again, proved that the position of the forearm
did not affect the measurement.

720

0w O o —71

Acceleration
(g)

bl -

\ : = LR E.:
Fig. 9 Forearm position during measurements S=on |Z =2 m LR m *m B 5
Ideally, the value of the acceleration for 30° tilted forearm

position to the horizontal plane for thumb adduction is 0.866 Fig. 12 Angle of 30for thumb abduction-adduction
g for the z-axis and 0.5 g for the y-axis. Meanwhile, the x-
axis does not change. Hence it will remain 0 g. The manual I\V. CONCLUSION

calculation is given in Fig. 10. The conclusions of this research are: A device prototype

to measure and record fingers active therapy movements for
post-stroke patients has been successfully developed,
consisting of two accelerometers and a microcontroller. The
characteristics of the prototype are an accuracy of 95.8%,
and precision of 0.4%. The prototype has the ability to read
the angle between the fingers despites the position of the

Sensor

VA
Y cos 60°
7 cos 30° forearm.
Zcos30o=1g (?) = ? g=0.866¢ ACKNOWLEDGMENT
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