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Abstract. In the functional evaluations (FE), the lack of technological equip-
ment for end-to-end hand grip experiments create difficulties in offering feed-
back to physiotherapists, such as the ideal amount of force to apply in each grip
experiment. As a result, an early prototype to study the amount of force involved
in these experiments was created. The hardware has wireless communication
interacting with a mobile application. In the current state-of-the-art, there is
a low cost architecture of hardware operation and production, making possi-
ble its use and adhesion in therapeutic studies with technological demand. To
identify the grip strength, piezoresistive sensors as fingertip touch sensors were
used. The hardware is equipped with capabilities to receive and store online
data from each experiment, sending the results to the cloud and providing ac-
cess to historical data. Experiments were performed to determine the viability
and performance of each fingertip sensor. The results show that the smart glove
can detect the grip strength and communicate the data without issues.

1. Introduction

In the movement of the human body, the transmission of each information is sent to the
human limbs and the extensive network of neurons, in the form of a pulse signal, is cre-
ated to generate action potentials to the requested muscle groups [Petersen et al. 2018].
Healthy habits contribute to the longevity of neural cells. However, factors such as
age, chronic diseases, and drug use accelerate the process of degradation of the myelin
sheath, protective lipoprotein layer, reducing the velocity of nerve impulses to target limbs
[Mummadi et al. 2017]. As a result of this, the constant maintenance of this system is
necessary to provide excellent motor coordination.

The failure of the neural commands is classified by the origin of the problem as:
incoordination occurs when commands are sent to the target member and the response



occurs in adjacent members, which is associated with chronic diseases. Dislocation oc-
curs in the same way but originates from muscular injuries or lack of physical activity,
common in the first years of life. During Daily Activity (DA), the work shows of palm
muscles require repetition at different instants of time. Among them, energy conversion to
the processes of gesture communication oriented typing and morphological manipulation.
The quantification of force is different in each activity [Preetham et al. 2013].

To evaluate muscle quality, experiments are performed, that is, daily replication
of testing on limbs. In functional biomechanical evaluations (BMFE), dynamometers
are used to obtain palmar measurement data in patients. These types of equipment are
responsible for quantitatively measuring the maximum isometric muscular strength of the
hand, and its use is recommended [Tolvanen et al. 2017]. The BMFE is subdivided into
various types of experiments and classifications of movements for different limbs using
the dynamometers [Tolvanen et al. 2017]. However, the present study was devoted to
three movements present in end-to-end palmar grip experiment (EEPG), being: tweezers,
three-finger tweezers, and three-dimensional tweezers. For this type of experiment, it is
essential to use the maximum contact fingers area with the piezoresistive sensors.

Figure 1. PHOTOGRAPHY OF A SMART GLOVE

The objective of this work is the proposal and deployment of a hardware (Fig.1)
capable of performing palmar grip experiments to identify the different force applied lev-
els in each experiment. The current work presents results of greater intensity of grip and
progression over time. Thus, suggesting a detailed and feasible examination for the iden-
tification of possible pathologies associated with chronic diseases or muscular injuries.

The rest of this work is organized as follows. Section 2 elaborates on the back-
ground and motivation. Section 3 presents the basic principle of the Palmar Sensor and
Section 4 its implementation. Results analysis and discussion are aavailable in Section 5
and Section 6 concludes the paper and suggests future works.

2. Background and Motivation
The current state-of-the-art represents a growing reality in research and investments in
computing present in areas such as health and robotics [Sukenik et al. 2019]. In this
scope, some papers use the Velostat, Semiconductor Polymer Composite, for the replace-
ment of rigid and inflexible sensors. In the table, 1 are being compared works that per-
formed the study or analysis of equipment that make a measurement equivalent to this
work. Unlike the other single-point sensor models which consists of using the Velostat
between two polarized electrodes, the authors [Roll and Hardison 2017] present longitu-
dinal cuts of the Velostat forming a matrix. In this configuration, the piezoresistive sensors
are capable of mapping a large area of the hand to obtain the applied force, thus making it



possible to measure values between 1 and 500k Pa. In the results, the sensor array showed
high sensitivity in different applications of forces. Therefore, this work going to use the
Velostat between two polarized electrodes to measure the palmar grip of the patient using
the glove during the experiment.

Table 1. COMPARATIVE TABLE OF THE STATE-OF-THE-ART.

Work Sensors
Types Circuits Use

mode

This Work Single
point

Tension
divider

Palmar
strength

[Baldoli et al. 2017] Array Tension
divider

Measure
strength

[Lin and Seet 2015] Single
point

Not
identified

Measure
strength

[Giovanelli and Farella 2016] Array Tension
divider

Measure
strength

[Mummadi et al. 2017] Not
identified

Tension
divider

Gesture
recognition

[Tolvanen et al. 2017] Single
point

Tension
divider

Measure
pressure

[Tsai et al. 2017] Single
point

Tension
divider

Measure
strength

3. Basic Principle of the Palmar Sensor
The measurement of palmar sensors allows the determination of skeletal muscle tension,
demonstrated in Fig 3. The method and device use the mechanism of muscle contraction
to identify the amount of force exerted under the skin. During hand movement, skeletal
muscle tension varies at different levels of contractile force. However, this work analyzes
the static muscular tensions; that is, there is no movement of the target limb.

Figure 2. REPRESENTATION MODEL SIMPLIFIED TO MEASURE PALMAR
STRENGTH (1) SKIN CONTACT (2) PRIMARY AND SECONDARY CONNEC-
TOR (3) PALMAR MENSURATION.

The basic structure of the palmar sensor is organized in the sandwich arrangement
with the Velostat between the conductors (Conductor - Velostat - Conductor). The sensor
has been constructed in such a way that the skin is in contact with the primary conductor
by impressing a pressure that makes contact with the secondary conductor. Measurement
of muscle tension produces a force (Fs) in the longitudinal direction of the limb. The
force exerted between the skin, and the primary conductor is transferred to the Velostat



and the secondary conductor, thereby exciting a resistance variation, related in a manner
proportional to the gripping force. Decomposing Fs:

Fs = Fcos(a) (1)

Where a is the angle made with the surface, F and Fs represent the directions of
each force. In practical situations, this Equation 1 disregards variables originating from
external forces during skeletal muscle tension. However, this type of model is applied to
simplify the behavior of the muscular layers and conductors of the transfer of forces. For
force values, this paper was based on the work [Lin and Seet 2015]. Which uses a voltage
divider to check the intensity at each layer hold level. Thus, this work uses the Equation 2
proposed by the [Ferreira et al. 2011], the viscoelastic model for Semiconductor Polymer
Composite relating tension and force.

Fs = 0.569 log(44.98V ) (2)

4. Implementation
In this work was implemented wearable hardware, integrated into a network architecture.
The implementation of the proposed prototype during EEPG experiments is divided into
four layers: Components, Algorithm, Communication, and Testbed.

Figure 3. COMMUNICATION INFRASTRUCTURE PROTOTYPE ARCHITECTURE.

4.1. Hardware

The wearable computing was used to provide grip experiments. The main hardware com-
ponents are shown diagrammatically in Fig. 3.

• Microcontroller: the Atmega168V connected between the palm sensor and the
Bluetooth module was used. The analog signals are produced by the sensors when
they are identified and interpreted by the microcontroller, after that step the voltage
ranges on the sensor are identified, and the applied force values are encoded.



• Bluetooth module: The selected module was the Bluetooth RN-41 class 1 with a
serial transmission rate (RX/TX) of 115200bps. The security planned the choice
of this communication in transmitting and transmitting the data, and access in
a range of electronic devices. Another reason was that when implementing the
HC-05 and HC-06, others types of Bluetooth module,it was observed that there
is a problem in the data transmission rate since its operation is of 8 MHz and the
microcontroller is of 16 MHz for this reason the best model for this one application
type is the RN-41.

4.2. Software
The software running on the microcontroller receives the analog data, arranging them by
separating independently for each sensor. During the capture, the process of filtering of
the analog signal is carried out using moving average filter to avoid noise and distortions
in the force readings denoted by Equation 3. Then the intervals are converted to force
values. After the process, the converted values are organized and sent via Bluetooth in
packages composed of force values. It then passes on to the Application Programming
Interface (API) in the cloud, for storage in the database, and to provide access to mo-
bile applications. The received data contains the coded values corresponding to the five
sensors, and at the beginning of each reading, an identifier is assigned to each finger.

y(i) =
1

M

M−1∑
j=0

x(i+ j) (3)

When initializing, the software identifies the reading of the data by performing
the mapping of the sensors pressed. During the mapping of the corresponding values by
each sensor, the data is stored in the cloud and sent to the smartphone, where it is going
to be displayed graphically. Before printing the data of each sensor, the organization will
be done by location in hand. That is, each finger shows the intensity of the force applied
by a color scale of cold and warm tones. At the end of each experiment, a line graph is
generated to identify the force progression in Newton per second (N/s) for each movement
performed.

4.3. Communication
The communication implementation using Bluetooth Low Energy (BLE), to obtain com-
patible access to smartphones. The security of the data sent between the hardware and the
glove is also considered using authentication key pairing protocols. The BLE communica-
tion, developed by the Special Interest Group (SIG), offers a standard of energy efficiency
that could be used in equipment with cellular batteries, including wearable. BLE has a
suitable topology for health applications. Additionally, this technology operates with a
150m range in the open field at a data rate with 1 megabyte per second (Mbps) band,
low latency, and 2.4GHz band. From the data sent to the mobile application, the smart-
phone connected to the Internet accesses a cloud address and sends the data collected to
a database, to provide access to the patient’s history.

4.4. Testbed
For analyzes different body postures for the prototype to be used to establish a clini-
cally relevant and reproducible methodology. The standardized posture is proposed by



the American Society of Hand Therapists (ASHT). The experiments are performed with
patients sitting in a chair with a straight upright back, without arm support, with elbow
flexed at a 90-degree angle and forearm in neutral position. Another recommendation
of the ASHT is the choice of the non-dominant hand, that is, with less grip strength. In
most of the studies performed, the technique uses the ratio of three measurements, in
one-minute intervals, to avoid muscle fatigue where the highest value measurement is
assumed to result from [Baldoli et al. 2017]. Sex and age are the main determinants of
MPF in healthy subjects [Annetta et al. 2019]. Thus, this paper followed the methodol-
ogy recommended and standardized by ASHT, also present in the EEPG experiment. For
the testbed, the exams are classified into types of patients, hold, and experiments.

For the patients, it was necessary to identify the sex, age, and history of lesions,
since these variables affect the reading of the sensors for each experiment. Grip experi-
ments were performed on men aged between 21 and 45 years, in a small sample space,
with no history of neuropathies and muscular lesions.

4.4.1. Gripping of strength and precision gripping experiments

In this paper, the classic study promoted by [Fuller et al. 2019] was used. It is affirming
that the human body presents two types of palmar grip: gripping of strength and precision
gripping. Being precision gripping a delicate application on specific equipment (sensor),
already the grip of force would be a hold of the total force impressed by the hand on this
sensor. Also, each experiment was classified by the types of grip. Classified in: spherical
grip, cylindrical grip, hook grip, and lateral grip. However, for this work, the experiments
performed are spherical and cylindrical.

In the experiments, three movements were used in the EEPG experiments. Among
them are: Tweezers, Tridigital Tweezers, and Global Pentadigital Tweezers. In the tweez-
ers, the patient performs the spherical type precision grip experiment, however, there is an
overlap of the fingers with the flexor muscle of the gauge and flexor muscle of the thumb
(Fig. 4.a). In the Tridigital Tweezers, the patient performs a spherical type precision
grip experiment with the flexor digitorum deep muscles, and thumb flexor muscle, that is,
the union of the thumb, forefinger and middle finger against one object of small volume
(Fig. 4.b). In the Pentadigital Global Tweezers, the spherical type force grip is performed,
working the deep flexor muscles and flexor longus muscle of the thumb. However, with
the aid of the superficial flexor muscles of the finger and the interosseous muscles, that is,
the patient prints a force against the object and it returns with a resultant force of equal
value for maintaining balance (Fig. 4.c).

5. Results Analysis and Discussion

The preliminary results obtained in this work showed the measurement of the amount of
force applied to the sensors implemented and used in the EEPG experiments. Measure-
ments were performed with the non-dominant hand of each patient, following the proto-
col described in the previous sections. Due to the lack of research using dynamometers
in EEPG experiment, this paper proved the normality of the group of experiment with the
supervised analysis, through the accompaniment of a physiotherapist. In this section, the
behavior of the graphs during the performance of each experiment is presented, dividing



(a) TWEEZERS (b) TRIDIG-
ITAL
TWEEZ-
ERS

(c) PENTADIG-
ITAL
GLOBAL
PRE-
SEASON

Figure 4. GRIPPING OF STRENGTH AND PRECISION GRIPPING EXPERIMENTS.

into two types of graphs — the first, in tension for time and the second of force per time.

In the tweezers experiment shown in the graphs of Fig.5, it was observed that in the
first second, patients print an accommodating force between the index fingers and thumbs.
In the other four seconds, there was a low variation of the force values. With the stability
of these fingers, normality was validated; that is, the motor coordination acceptable for
this movement. In the tridigital tweezers experiment presented in the graphs of Fig. 6,
the index fingers, and thumbs during the first seconds showed sharp variations in tension.
However, for the force-time relationship, the intervals were close. Already for the middle
finger, there were minimal variations of both strength and tension. In this experiment, the
thumb was also observed as a support base and the index finger and thumb as an adder
of forces that cancel with the force of sustentation that is, the maintenance of the static
balance. The global pentadigital hold experiment presented in Fig. 7, shows different
results of the other experiment during the first second, for both tension and force. In this
experiment, the use of all the fingers of the hand offered a better distribution of the force
to hold and control an object of high volume.

In the works discussed in section 2, different models of sensors were presented
using Velostat to measure the amount of force, grip, and mapping of sign language. In
the comparative table, other research related to Velostat was increased. Among the in-
formation presented, the proposed configuration for the circuits formed in a matrix and
the single point was used the voltage divider. The use of this material is necessary for the
significant part of the works present in the current state of the art, being used to create sen-
sors of force or pretension. Also, the sensors manufactured from the SCP are adaptable
to computing, replacing rigid and inflexible sensors.

In the results presented, it can be observed that although this material is widely
marketed as an anti-static package, it is necessary to promote mechanical compression
and tensile experiments to investigate the resistance behavior to high levels of grip and the
breaking threshold when being drawn. In this work, wireless communication to connect



Figure 5. RESULTS OF PALMAR TWEEZERS GRIPPER EXPERIMENTS.

Figure 6. RESULTS OF PALMAR TRIGITAL TWEEZERS GRIPPER EXPERIMENTS.

a mobile application was used. However, the work is limited to the availability of results
to the user. Different from this work, an interface that offers graphics resources and data
access by the user is proposed.

The implementation along with its proposed architecture assisted the physiother-
apists in the EEPG experiment to study the minimum, maximum strength and the pro-
gression imprinted over time. Another contribution was the comfort provided to the users
during the experiments, thus generating results with lower chances of errors. With the
mobile application, the results about the grip strength optimized the response time on
possible in coordination during the experiments performed. In the analyzes collected by
the glove, it was possible to feed one database for each patient, in order to provide printed
results and to define standards for each study sample.



Figure 7. PALMAR PENTADIGITAL GLOBAL PRESEASON GRIPPER RESULTS.

6. Conclusion and Future Work
In this paper, hardware was modeled with wearable wear-sensitive palatal sensor technol-
ogy, present at the ends of each finger. The objective of this work is to analyze and present
the applied force on the sensors, the behavior of the force in healthy people and to return
feedback of the minimum and maximum amounts applied in each experiment, by the
physiotherapists. The overall system design is illustrated for the first time with the com-
munication and software implementation, and the presence of wearable. In the software
implementation, the signal treatment coming from the sensors and the commands made in
the mobile application was carried out. The three types of end-to-end experiments were
performed using the smart glove proposed and implemented in this work. Additionally,
the experiments were performed based on palmar gripper analysis patterns present in the
current state of the art. After the success of the implementations, the hardware was able
to assist in the rehabilitation of patients with neuromuscular problems occasioned by the
hand such as Guilan Barre Syndrome, and Accidents and among other patients.

As future work, the hardware and its communication architecture may have im-
provements to identify the force values with greater precision, so that it can promote
experiments with an extensive sample space and with patients of diverse age groups. Ad-
ditionally, it is intended to use the data generated by the experiments to perform machine
training to provide an identification of patterns of normality about gender and age.
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