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ABSTRACT

In this paper, a low-cost glove has been manufactured to monitor and analyse the hand motion for the
children who suffer from the cerebral palsy. Cerebral palsy (CP) is a combination of continual disorders
affect the movement’s evolution due to a non-gradual disturbance in developing fetal or infant cerebrum.
An Arduino Nano microcontroller with flex and force sensors are attached to soft cloth glove to form the
analysis glove. The data of this study is collected from children who have cerebral palsy, non-cerebral
palsy, and children who are treating by physiotherapy and then compared with each other. The results show
that the analysis glove helps the physiotherapist to assess the hand functioning problem such as difficulty in
hand grip and inability to fully bend the hand figures in general and thumb figure in particular. These
remarks can help physiotherapists to define the required program to improve these functions and
indications.
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1. Introduction

Cerebral Palsy (CP) is a clinical diagnosis of a non-progressive growth defect of motion impairment [1]. CP is
a common disease that causes physical disability and a lifelong disorder to children that may become worse if
it left without treatment [2]. Studies has shown that 2 — 3 per 1000 of newborns all over the world are
suffering from CP [3]. The effect of CP on the children was stated in [4], in which CP has impact on three
aspects: structures and body functions, activities, and social interaction. In this study, only body movement
and activities were considered since the social participation is not affected by hand disability [5]. 50% of the
children stated in the data have arm-hand dysfunction [6], [7]. Because hand functioning is the capability of
the hand to execute daily activities in a complete manner [5], this will greatly affect the children daily life
activities such as self-care, education, self-entertainment [8]. In addition, children who are suffering from CP
have a functional limitation in the use of their hands [9]. There are many limitations and problems concerning
hand functioning for CP children [10]. Some of these limitations are as follows:

» Excessive thumb adduction and/or flexion
 Limited wrist movement

+ Difficulty in hand grasping

» Tone abnormality of upper limb

Examining hand motion is substantial for numerous medical purposes, like rehabilitation and assessing the
ability of hand to extension/flexion and pressure force. By acquiring the hands kinematics, the
physiotherapists can record and precisely assess the patients’ case after hand treatment or hand surgery [11]. A
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number of technologies can be helpful in examining hand motion such as Internet of Things [12][13], block
chain technology [14], Machine Learning [15] and deep leaning [16].

Based on previous studies, there are two kinds for capturing the hand kinematics: non-contact systems and
contact systems [17][18]. The non-contact systems use camera-based devices to record hand motion and
process the images using image processing techniques [18][19]. Regardless the ease of use in the non-contact
system, where the patient does not need to wear a physical device, the non-contact systems are affected with
ambient conditions, like illumination and occlusion [11]. Also, the non-contact systems are not accurate in
measuring the extension/flexion angle of the fingers [17]. Moreover, camera-based devices are more
expensive and difficult to use in-house when compared with contact-based systems [18]. In brief, contact-
based systems are more feasible in medical setup [20][17].

The data capturing gloves are commonly used type of contact-based systems [21]. Therefore, in this article, a
low-cost assessment glove is designed to help the therapist in assessing the treatment. The assessment glove
consists of a soft cloth glove, an Arduino Nano microcontroller, and flex and force sensors. The main
component of the glove is the Arduino microcontroller. An Arduino is a microcontroller known as an open-
source hardware and commonly used for prototyping the researchers’ projects because of its low price and
ability to run different projects [22]. The microcontroller has been attached with flex and force sensors to
collect data.

Many researchers have carried out studies to present gloves for rehabilitation and hand movement tracking,
but none of them has studied or analysed the hand movement of the children with CP. Therefore, this paper
studies, analysis and evaluates the hand functioning of children with CP.

Therefore, this study sheds the light on a new design for hand movement powered wearable glove. This
system is low cost, lightweight has shown an ease of use to collect the data, and an efficiency in diagnosing
the feasibility of the treatment. The major specialty of this design is that it uses hand movement sensors to
measure the ability of movement and strength of fingers for children with cerebral palsy.

Sections of this study are organized as follows: section 2 includes concise review of earlier related study.
Section 3 shows the system design in addition to the system measurement. Section 4 discuss the results of the
system. While, the final part, section 5, is the conclusion.

2. Related work

A number of researchers have recognized physiotherapy assessment systems in studies related to this subject.
Ito et al. 2011 presented a lay out of fine-motion assistance system used as a way to rehabilitate the hand. The
system can assist in hand kinematics such as extension/flexion [23]. The previous system is expensive, big in
size, and uncomfortable for those who suffer from this illness. To minimize the weight as well as the cost of
evaluation devices, data gloves have been promoted applying lightweight materials like optical fibers or
resistance sensors. Silva et al. (2011) presented a wearable glove based on fiber optic sensors [23] which led
to solving the weight problem. However, the optical fiber equipment is expensive.

Kortier et al (2014), designed a data glove attached with inertial magnetic sensors for assessing hand motion
[24]. This system's drawback was that it takes time to stick the sensors on the hand. Moreover, resultant data
is inaccurate for most of the tries because of the instability of sensors on the hand.

Choi et al. (2016), employed multiple inertial measurement units in a low-cost data glove [25]. The
disadvantage of this system is that the glove is not suitable for small hands and it limits the hand kinematics,
which leads to inaccurate data.

Lin et al. (2017), presented a data glove system which provides therapists supported by an effective user-
friendly recording and a tool of evaluation to analyze the recovery status of a patient’s hand function [26]. The
glove provides data for flexion only, but there is no data for the ability to press.

In 2017, Fang et al. presented a wearable glove provided with sensor fusion algorithm to record hand motion
[27]. But, the glove was not designed perfectly, and it had a difficulty to wear and mobility because of the
glove’s wire.
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3. System design

An in-house designed system for hand movement measurement is introduced in this study to capture and
analyze the hand movement for CP children. In our system, several information can be measured to get insight
about the hand problems, such as touch pressure detection, stereo gnosis, proprioception, grip strength.

The system consists of smart glove and receiver node. The system architecture is illustrated in figure (1). The
smart glove can be easily wore and it consist of five separated flex sensors, five separated force sensors,
microcontroller, and wireless radio frequency transmitter, all powered by a rechargeable Li-ion polymer
battery as shown in figure (2a).

) e
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Figure 1. System architecture
In order to reduce the connection complexity among the system components, a special PCB is designed. The
flex is used to measure the bend angle of each finger as shown in figure (2-a), while the force sensor utilized
is to measure the pressure force for each finger as shown in figure (2-b). The flex sensors placed on the top of
the hand, the force sensors placed in the palm side of the hand, while the controller/transmitting circuit placed
on the wrist of the hand

An 8-bit at mega328 utilized to collect the measurement of each sensors. NRF24L01 breakout communication
unit sends these measurements.

The second part of the system; receiver node, consist of microcontroller and NRF24L01 breakout
communication unit covered with 3D printed enclosure as illustrated in figure (2-c). The data exported in a
.csv file for further analysis.

Figure 3. System components
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3.1. System measurements

Figure (3), presents the proposed smart glove for testing on cerebral-palsied children to measure touch
pressure for each finger, stereo gnosis, proprioception and grip strength.
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Figure 3. Proposed smart glove

Each participant is instructed to move his/her hand in different directions and bend each finger individually to
measure the bending angle for each finger. For accurate hand movement analysis, the measurement calculated
from ten sensors is organized in a single packet. Then, the packet will be received by the receiver node and
saved to be accessed by therapists. This packet is organized as shown in figure (4).

Flang | F2ang | F3ang F4ang  F5.ang F1 fo F2_fo F3_fo F4 _fo F5_fo

F1 correspond to Pinky Finger

F2 readings correspond to Ring Finger
F3 readings correspond to Middle Finger,
the F4 correspond to Index Finger

F5 readings correspond to Thumb Finger.
fo represents the force (pressure)

ang represents the bending angle

Figure 4. Packet organization

4. Results and discussion

The data glove is tested on both a normal child and CP child. Each category was requested to bend their
fingers and grab an object. In the first step, the glove examined in a real-time to find out the device accuracy
as shown in figure (5). From this figure, we can notice that the bend angle for a normal person has
approximately average of 70 degrees. While, a CP child has roughly average of 30 degrees, except the thumb
finger which shows a less average of measurement for about 10 degrees.

The pressure measurements for each finger’s tip also examined in a real-time as shown in figure (6). This
figure demonstrates the grip ability. Examining the figure, we observe that the grip-ability for a normal child
is approximately 500 force-sensitive resistor (FSR), while, a CP child has an approximate average close to 70
FSR with less FSR for the thumb finger. These statistics indicate the inability of CP children to grip their
hands, especially in the thumb finger. These facts will help the therapists to do an extra exercise for the thumb
fingers.
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Next, these measurements saved in a .csv file for clinicians and therapists to define the required physiotherapy
program.

A sample test was done on a normal and CP child. Then, the imported data on .csv file acquired. To explain
this, a line chart has been drawn to illustrate the data. Figures (7a) and (7b) demonstrate the line chart of both
normal and CP child.
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a) Normal child b) CP Child
Figure 5. A comparison of bending angle between normal and CP child
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a. Normal Child b) CP Child

Figure 6. A comparison of pressure force between normal and CP child

Angle of fingers
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Figure 7a. Fingers’ bending angel for normal child
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Angle of fingers

[«5)
[
2
0o
Time Line
=[] ang ==F2_ang F3 ang e==—=F4 ang ==F5_ang
Figure 7b. Fingers’ bending angel for CP child
Conclusion

In this paper, a new lightweight, low cost, and easy to wear smart glove has been introduced to analyze and
assess the hand functioning for CP children such as bending and grip ability. The glove has shown clear
results for both flex and force sensors. The assessment process has proven the ability of the smart glove assess
the hand functioning for CP children. The results show that the children suffer from difficulty in hand grip and
inability to fully bend the hand figure in general and thumb figure in particular. These remarks can help
physiotherapists to define the required program to improve these functions. For future work, this data glove
can be used to improve hand functioning using virtual game. In addition, an inertial measurement unit can be
added to the system for wrist movement measurements.
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