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The methods used to quantify finger range of motion significantly influence
how hand disability is reported. To date, the accuracy of sensors being
utilized in data gloves from the literature has been ascertained yet need
further analysis. This paper presents a sensor-based data glove for finger
joint measurement developed for collecting a range of motion data of distal
interphalangeal, proximal interphalangeal and metacarpophalangeal finger
joints of an index finger. In this study, three inertial measurement sensors
and two flexible bend sensors were attached to the finger joint points on the
glove to detect angle displacement. The angle displacements were acquired
using Arduino and MATLAB software interface. Goniometry was used to
allow accurate comparative measurement. Low percentage of error resulted
from inertial measurement unit ( 0.81 % to 5.41 % ), indicates high accuracy.
On the other hand, flexible bend sensor shows low accuracy (11.11 % to
19.35 % error). In conclusion, the inertial measurement unit sensor, MPU-

6050 can be a reliable solution for tracking the progress of finger
rehabilitation exercises. In order to motivate patients to adhere to the therapy
exercises, interactive rehabilitation game will be developed in the future
incorporating MPU-6050 sensors on all five fingers.
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1. INTRODUCTION

In most countries, stroke is the second most common cause of death and one of the main causes of
adult disability. Although 800 000 individuals each year that have been afflicted with stroke struggle with
daily tasks, more than two thirds of stroke patients receive rehabilitation services after hospitalization [1].
In medical and rehabilitation practice, a system that can monitor the patient’s rehabilitation treatment and
progress as one of the assessment frameworks is vital for evaluating body function [2].

Finger joints and limbs are body parts that have range of motion (ROM). A measurement of finger
joint ROM is often a crucial component of a physical evaluation since the hand function becomes drastically
reduced in the absence of joint motion. Finger ROM is measurable and frequently being assessed by
physiotherapist using traditional goniometry measurement method. Finger ROM assessment requires
accurate monitoring to evaluate the effectiveness of the rehabilitation treatments and to precisely regulate the
rehabilitation process of stroke patient [3]. A finger joints measurement can be complicated due to the large
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number of joints in a small space, the complex interrelated movement from tendons of two joint muscles, and
the short axial segments of the bone [4]. Sometimes the presence of edema, massive scars, enlarged and
malformed joints, the difficulty of stabilization and force on the bony segments, immature wounds, and
extreme sensitivity of the severely injured hand can be a compounded that create a problem in measurement.
To overcome these problems of measuring that fulfill the objective of the assessment, the goniometer
provides both reliability and adaptability [5].

The demand for rehabilitation has increased annually, generally in accordance to the increase of
public spending. This has motivated the demand of providing mobile and accurate rehabilitation robotic
system for speeding up the recovering process. In this regard, robotic systems that offers practicality were
developed [6-8]. Most of the rehabilitation will focus on the identification and resolution of movement
problems to track the range of movement abnormalities for each individual patient so the outcome of the
rehabilitation can be improved when the feedback of their movement is obtained. Typical camera motion
sensor analysis system used for rehabilitation consists of multiple wearable sensors, for example,
passive/active optical markers, EMG/EEG/ECG, inertial sensors, or force plates. In previous studies [9-12],
non-contact-based measurement system such as cameras or depth-based camera to capture the ROM were
inconvenient for mobile rehabilitation as a camera should be placed in a room with specific lighting condition
and environment. Camera-based motion capture analysis for finger joint measurement requires large
laboratory and space for data collection, yet costly and not portable, so this is impractical for flexible, mobile
clinical and home-use rehabilitation.

VICON is one of the optical motion analysis systems that is of high interest to researchers; however,
current marker-based and marker less, single or multiple infrared or RGB camera motion analysis systems
have restrictions. For example, this system depends on the color of the fabric, is a time-consuming process,
and the systems lack portability yet costly [12].

A large number of data glove for providing information about finger flexion have been proposed in
recent years [2, 3, 10-22]. A data glove is consisted of a system with sensors, an electronics microcontroller for
data acquisition / processing and power supply. With the sensor attached, the data glove can be worn on the user
to evaluate the ROM of the finger. The data glove allows each finger to have joints ROM measurement.
The glove is equipped with 22 resistive sensors that can measure the displacement of a finger [13, 18-25], and
can communicate with the personal computer (PC) through wireless or USB serial connection.

Flexible bend sensor is one of resistive sensor used to measure and evaluate finger joints movements
[24]. This system is lightweight and is not costly which can be developed with only a few dollars. However,
the system lacks precision due to the inelasticity of plastic component of the sensor which shows difficulties
in reverting back to the initial position after being flexed for many times. Although the flex bend sensor-
based data glove in [17] is lightweight and thin, it could result in inaccurate assessments results. But with an
advancement in semiconductor technology, some studies have applied inertial measurement units (IMUs)
sensor to measure the hand or finger joint ROM [2, 3, 14-16] and spine posture [26]. Some of the data gloves
are using a 6-axis IMU sensors [15], some with a 9-axis IMU sensor [3, 14, 27]. The 9-axis IMU sensor
consists of 3-axis accelerometer, 3-axis gyroscopes, and 3-axis magnetometers that can produce output of
acceleration, angular velocity and magnetic field, while most of the previous data gloves used a 9-axis IMU
sensor that requires a specific MCU to process the data, for example MSP430F5438A. Both flexible bend
sensor and IMU are lightweight, low cost and easily accessible.

PC monitoring mechanism-based LabView software can provide the graphical user interface (GUI)
of sensor monitoring. The GUI's functionality is to monitor the work principal as well as the system's
ongoing data transfer and data acquisition. The GUI system is connected via the Arduino microcontroller to
the exoskeleton system. Consequently, the system input from the EMG sensors and IMU sensors can be
monitored in much simpler GUI data rather than the serial monitoring mechanism data. The monitoring
system is capable of monitoring both hand postures from the reading of the IMU sensor with the angular
motion display. The IMU angular motion data determines the positional structure flow of the hand's graphical
display as the mechanism indicates the hand's elevation level from the initial position. In addition,
the number of rehabilitation repetition will also be recorded when the arm moves [28].

In addition, an online GUI monitoring system was designed through the LabView software and was
able to display the exact value. Online monitoring is designed to enable doctors to monitor the performance
and development of their patients. The online monitoring system can also control the programmable flow;
start the stimulation or even stop the simulation. The online monitoring system was carried out in accordance
with the research's objectives. However, concerning the connectivity between the Arduino and the LabView,
the system experiences several minor lags of receiving data. It took approximately 3 seconds to display or
refresh the data with new data tabulation. Sometimes the delay factor is dependent on the internet
connectivity from the domain user to the host [28].
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In this paper, 6-axis IMUs and 2.2-inch flexible bend sensor are used to acquire finger joint ROM
using Arduino microcontroller. A more easily accessible MATLAB software for developing a GUI and
plotting ROM data measurement is also utilized. A comparison and analysis of two different sensor-based
sensing methods for compromising a better measurement method for finger ROM are also studied.

2. METHODOLOGY
2.1. Prototype development
The purpose of developing the data glove is to measure the ROM of finger joint and compare the
reliability of two types of displacement sensors. Three of the 6-axis IMU sensors were attached on the data
glove to assess each finger joint MCP, DIP, PIP ROM and two of 2.2-inch flexible bend sensor were fixed in
MCp and DIP joints for rehabilitation monitoring purposes. A GUI on MATLAB was developed to monitor
the ROM of every finger joint for data analysis. The results obtain were compared with goniometer data.
Figure 1 shows the block diagram of the Data Glove system. The data glove consists of three 6-axis
IMU sensors and two 2.2-inch flexible bend sensors to record the displacement of the finger joints. The data
from both sensors were sent to the Arduino Nano ATMega328 for translating the displacement into ROM
angle data. Simultaneously, the ROM data with X, Y and Z axis position of the MCP, DIP, PIP joints were
sent to the MATLAB GUI via serial UART connection for monitoring from a laptop.

Microcontroller Unit |

A A

(Arduino Nano 3 of IMU sensors

ATMega328) (GY-83)
A
Micro USB |
[ » 2 of 2.2-inch Flex

Bend Sensor

MATLAB Graphical User Interface

Figure 1. Block diagram

A cloth material glove with one button to secure the glove on hand is used. The electronic sensors
were secured on the glove by sewing to ensure the components are locked at joints point while subjects move
their hand. First, the two-flex bend sensor were secured only on MCP ad PIP joints points. The 2.2-inch flex
bend sensor will not fit the length of distal part of finger, thus, DIP bending angle will not be measured using
this sensor. Flexible bend sensor is a resistive carbon-based sensor which operates based on varying
the resistance value correlated to the bend radius. Then, three IMU sensors were fixed on top of the flex
sensor’s position at MCP, DIP and PIP points of finger joint. The electronics circuit consists of the Arduino
microcontroller, 100K resistor and pinboard for the input of the IMU-sensor were soldered on the donut
board. The donut board was sewed on the dorsal side of the glove. Figures 2 and 3 show the developed
prototype of the IMU sensor-based data glove for finger joint measurement.
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Figure 3. Position of IMU sensor and flex bend sensor

2.2. Data measurement setup

Goniometry is used as a reference for validating the accuracy of the ROM data measured from
the IMUs and flex bend sensors. The ROM of MCP, PIP and DIP finger joints were measured from ten male
healthy subjects from Universiti Tun Hussein Onn Malaysia. The subjects that can fit almost perfectly to
the M size data glove were selected. Initially, the subjects were instructed to simulate paralyze condition, similar to
relaxed state as shown in Figure 4. Figures 5, 6 and 7 shows the definition of MCP, PIP and DIP flexion angle.

Note that the angle when the hand is in relaxed position is not exactly zero degree.
Before the electronics sensors are being tested for flexion motion, the angle of the sensors when in relaxed
state is recorded. The exact flexion angle value of each finger joint is obtained by substracting the relaxed
state angle from fully flexed state angle. The relaxed state angle was programmed into the Arduino
microcontroller before each measurement starts. The data were collected three times for each individual and
the average values are tabulated.

Figure 4. IMU sensor-based data glove when the Figure 5. The angle for MCP when fully flexed
finger is in relax position

IMU sensor-based data glove for finger joint measurement (Muhammad Ajwad Wa’ie Hazman)
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Figure 6. The angle of PIP when fully flexed Figure 7. The angle of DIP when fully flexed

3. RESULTS AND ANALYSIS

This research attempts to obtain the accuracy of electronics sensors that are widely used to measure
the ROM of finger joints. The measurement was taken when the hand is in relaxed and fully flexed
conditions. The result from the IMU sensor and flex bend sensor were compared with that of goniometer.
The graph and table in Figure 8 illustrate the measurement results. For full flexed condition of DIP finger
joint, goniometer measurement is 43° while IMU sensor is 45.33°. Flexible bend sensor was not installed to
measure the DIP finger angle because it cannot be nicely fit on the finger. The sensor is longer than the finger
when the centre point of the bend sensor is being fixed at the point of DIP joint. For full flexed condition of
PIP finger joint, goniometer measured 62°, while flex bend sensor obtained 74° and IMU sensor obtain 62.5°.
Lastly, when MCP finger joint is fully flexed, the goniometer measured 63°, while flex bend sensor obtained
70° and IMU sensor obtained 66°. As can be seen from Figure 8, IMU sensor shows the nearest measurement
to the ideal value from the goniometry. The percentage of error using electronics sensors were calculated
using Formula 1 and 2. The results are tabulated in Table 1.

IMU sensor angle—Goniometer angle
Goniometer angle

Percentage of error = X 100% 1)

Flex bend sensor angle—Goniometer angle
Goniometer angle

Percentage of error = X 100% 2

—+—Gonometer  ——=IMU Flexible bend sensor Table 1. Percentage error of IMU sensor
80 = compare with flex bend sensor
70 625 70 Finger Joints  IMU sensor  Flex bend sensor
DIP 5.41% -
60 PIP 0.81% 19.35%
MCP 4.76% 11.11%

50

Degree []

DIP PIP MCP

Figure 8. Finger ROM measurement from goniometry and
electronic sensing methods

From the results, the flexible bend sensor exhibits higher percentage of error than IMU MPU-6050
sensor during both PIP (19.35 % > 0.81 %) and MCP angle measurement (11.11 % > 4.76 %). This shows that
the MPU-6050 is more reliable that flexible bend sensor. Lower accuracy of flex bend sensor might due to the
difficulties in reverting back to the initial position after being flexed for many times. The graphical user
interface (GUI) of the monitoring system is also developed in MATLAB. Figure 9 and 10 show the PIP finger
joint flexion angle and a 3D visualization of a rectangle object following finger joint movement. The 3D
visualization is to ease physiotherapy process and patients to evaluate the full flexion of finger in real-time.
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Figure 10. The simultaneous respond of rectangle object with the angle displacement of PIP finger joint

4.  CONCLUSION

As a conclusion from the result obtained, IMU Sensor-based Data Glove can be implemented as an
alternative tool for measuring and evaluating the finger joints ROM of stroke patients or people with finger
disability. With the aid of GUI monitoring, rehabilitation process can be conducted efficiently. Moreover, the data
from the monitoring system can be used to control a motor or actuator for a master-slave application. Several
recommendations are proposed to enhance the accuracy of the current glove and the GUI monitoring system.
A user-friendly and stretchable glove can be used, as a stiff glove will restrict the movement of the jumper wire
that connect the sensors worn on the glove to the microcontroller which will affect the accuracy of the sensor
reading. Other than that, the 3-D object displayed on the GUI that respond to the movement of the glove worn on
the finger can be upgraded to a more interactive intervention. A ball shaped 3-D object can be designed to expand
and shrink when the finger ROM is increased and decreased. The data glove can be practical and useful tool for
physician and medical staff to evaluate patient’s finger ROM.
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