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ABSTRACT 

This paper presents a real-time and non-destructive method for capturing finger hand movement via a hand glove. 
From previous research, a major limitation appears to be limited portability due to presence of cloth support and less 
accuracy due to poor calibration (a tedious, non-automatic process). The proposed finger hand movement capturing system 
is capable to detect finger hand movement via hand glove that is attached with flex bend sensor at each finger hand 
respectively. The calibration of the hand glove is done automatically when wearing the hand glove by using linear 
regression method. The data from the hand glove can be stored and monitored at real time via GUI system. The finger hand 
movement is captured based on the flex sensor output as the resistance increase proportionally when the sensor is flexed. 
The output voltage of the flex sensor represents the degree of the finger’s bending. A prototype of the hand glove attached 
with the flex sensor has been developed and the result shows that the flex sensor has more than 90% linearity on the 
performance of the hand glove. In addition, the wireless communication used in this system reduced cables attached to the 
hand glove which give more portability in using the system.   
 
Keywords: flex sensor, finger hand movement capturing, wireless system, hand glove. 
 
INTRODUCTION 

Finger hand has been used for interacting and 
manipulating with the environment in a huge number of 
tasks in our everyday life. One of the devoted developing 
technologies for studying the finger hand movement is by 
used the so called hand glove. Hand glove is a popular 
device for hand movement acquisition by employing 
piezo-resistive, fiber optic or hall-effect based sensor 
technology that mount at the finger joints or fingertip 
locations. The development of various kind of hand glove 
has started 30 years ago and continues to engage a 
growing number of researchers at different level of 
applications. L. Dipietro et.al [1] has published a 
comprehensive review on the development of hand glove 
research and its application. The applications has reached 
into seven areas; design and manufacturing, information 
visualization, robotics, art and entertainment, sign 
language understanding, medicine and health care, and 
wearable and portable computers.  

Among sensor technology research available for 
hand glove, the piezo-resistive based hand glove has 
shown its potential of usage and few has been 
commercialized [2, 3]. Most of the designs are similar 
where it measures finger joints flexion and mounted on a 
cloth, the major different is the amount of the sensor used 
at the hand glove. For instance, J.Edmision et.al [4] used 
hand glove as a keyboard by recording and analysing 
typing motion of subject wearing the hand glove. In other 
hand, F.Vecchi et. al [5] used hand glove additional with 
force sensor at the fingertip to control a neuroprosthesis in 
classifying grip tasks.  

The cloth support on hand glove affect the 
measurement performance of the sensor [6]. So to reduce 
this, calibration of the hand glove is needed, but the 
calibration process is a time-consuming, tedious process 
and its results are not ideal. Some researchers had used 

linear regression as one of the calibration method for the 
hand glove [7, 8], since it is simple to do. In contrast, at 
certain recent hand glove applications [9, 10], it may even 
be possible to use uncalibrated hand glove. Most of the 
uncalibrated hand glove focuses on direct application such 
as controlling robot from the detection of certain finger 
hand gesture. However, the uncalibrated usage may lead to 
occasional misclassifications (in term of linearity) of the 
data. This may be crucial when the applications are related 
to capturing the finger hand movement. 

This paper focuses on conventional cloth type of 
hand glove for finger hand movement capturing by using 
current arduino microcontroller for data processing. The 
discussion focus on the linearity and sensitivity of data 
captured from flex bend sensor that attached at each finger 
hand as the data was easily auto-calibrated when wearing 
the hand glove. The calibration is calculated using the 
linear regression method. Furthermore, Graphical User 
Interface (GUI) is adopted to display the finger movement. 
The hand glove developed in this study is made wirelessly 
when transmitting data to GUI to avoid limitations of a 
cable setup thus increase portability of the hand glove.    
 
METHODOLOGY  

A real-time finger hand movement capturing 
system has been designed, where the data hand glove is 
used to detect the movement of the finger hand. The 
designs of the system consist of two parts, (A) hardware 
design and (B) software design. The hardware design was 
constructed to capture the resistance value from the 
bending movement of each corresponding fingers while 
the software designed using Graphical User Interface 
(GUI) is used to display the movement in numerical 
values. The architecture of the system is as shown in 
Figure-1. 
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Figure-1. The architecture of the proposed system. 
 

 Hardware design 
 The main structure of the hardware design is a 
flex sensor by Spectra Symbol, an arduino 
microcontroller, a wireless device, an UART to USB 
converter and a computer as shown in Figure-2. The flex 
sensor was connected to a voltage divider circuit to 
convert the resistance to analog value which later 
converted to digital value by using Analog to Digital 
Converter (ADC) in the microcontroller. The digital value 
was then sent to the computer wirelessly using RF 
transmitter (434MHz RF Transceiver Module) via RS232 
serial communication protocol. 
 

 
 

Figure-2. The structure of the proposed system. 
 

Five flex sensors as shown in Figure-3 are used; 
one on each finger hand. The flex sensor is a variable 
resistor which changes its resistance; the sensor produces a 
resistance output correlated to the bend radius – the 
smaller the radius, the higher the resistance value. The 
sensor was connected to the ADC unit of the 
microcontroller unit, one of the ends is given +5VDC 
supply and another is grounded. Figure-4 shows the 
voltage divider circuit for one flex sensor. This is a passive 
circuit component that provides a simple way to convert a 
DC voltage level to another lower DC voltage level. The 
output voltage Vout1 is the voltage drop across flex 
sensor. 

 

Figure-3. Flex Sensor. 
 

 
Figure-4. Voltage divider circuit. 

 
By applying the Ohm’s law to the series 

combination of Rref and Rsens, the commonly used 
equation for the voltage output of a voltage divider is 
shown as in Equation (1). 
 

Vcc
RrefRsens

Rref
Vout 










1                                     (1) 

 

 A calibration was done from the recorded value 
for minimum and maximum voltage during straight and 
full bend of each finger, named Vmin and Vmax 
respectively. The Vmin and Vmax were calibrated to a 
digital value between 0 and 1000, where 0 corresponds to 
Vmin value and 1000 corresponds to Vmax value. The 
calibrated digital value was stored in the microcontroller 
memory separately for each sensor, so that differences in 
the sensors are accounted automatically.  

Next, the Vout1 data for each sensor were 
obtained in digital value from the return value of the 
calibrated sensor by moving the fingers at few different 
bending positions i.e. straight, quarter, half, three quarter 
and full. The percentage of the bending position was 
assumed to be at 0%, 25%, 50%, 75% and 100% for 
straight, quarter, half, three quarter and full respectively. 
The digital Vout1 value is obtained from the ratio of 
calibrated sensor value as shown in Eqn. (2).  

 

1000
max

1
1 x

V

Vout
VoutValueDigital 






                (2) 

 

The digital Vout1 was depends from the Rsens 
value which changed according to the bending positions. 
The amount of digital Vout1 will increase as the bending 
position of the finger is increased. The sensitivity of the 
flex sensor was determined by the slope of linear portion 
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of the digital Vout1 data. The sensitivity represents the 
relationship between digital Vout1 and the bending 
condition for each of the finger as shown in Equation (3).  

 

ySensitivitx
VoutValueDigital

PositionBending 







1000

1
(3) 

 
Software design 

The Graphical User Interface (GUI) is developed 
using the Microsoft Visual Basic (VB) software. GUI is 

popular as an interactive between electronic devices to the 
computer through visual indicators and graphical 
elements. The GUI system used in this study is responsible 
to read and store the serial data from the RS232 serial 
communication port and display each sensor data in bar 
graph format. The split function is used in the VB to 
retrieve the serial data from serial port. The function will 
split single line of serial data from the serial port with 
approximately 60ms delay for each data. 
 

 
RESULT 
 

Table-1. Digital Vout1 value for various bending conditions. 
 

 
 

Table-1 presents the digital Vout1 value for the 
bending position at 0%, 25%, 50%, 75% and 100% 
respectively. The digital Vout1 value will increase upon 
the increasing of the bending position. The result obtained 
at the straight position is 0, however when at full position, 
the digital Vout1 value does not achieve 1000 due to 
slightly different bending position compared to during the 
calibration. Figure-5 shows the linear portion of the digital 
Vout1 value of thumb finger at various bending position 
for person A and person B, respectively. The linear portion 
was determined based on the linear regression of the 
plotting graph. The linear portion determination was then 
repeated for index, middle, ring and pinky finger as shown 
in Figure-6-9. 
 

 
 

Figure-5. Linearity study of flex sensor at thumb finger. 
 

 
 

Figure-6. Linearity study of flex sensor at index finger. 
 

 
 

Figure-7. Linearity study of flex sensor at middle finger. 
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Figure-8. Linearity study of flex sensor at ring finger. 
 

 
 

Figure-9. Linearity study of flex sensor at pinky finger. 
 

The features of flex sensor at each finger are 
summarized in Table-2. The linearity for person A and 
person B of the digital Vout1 value for flex sensor was 
obtained at more than 90%.The sensitivity of the sensor on 
each finger is approximately similar which indicate that 
the designed hand glove able to produce a stable and 
reliable measurement. 
 

Table-2. Features of Flex Sensor at each fingers. 
 

 
 

The GUI system is shown in Figure-10. The GUI 
system was responsible to read the serial data from serial 
communication port in the computer and display each 
sensor digital data in bar graph format. This allows easy 
monitoring of the bending percentage in real time. 

Furthermore, the digital data is stored in the computer and 
can be viewed anytime by clicking on the View Data 
button on the GUI system. The developed hand glove is 
shown in Figure-11, which use less cable since the system 
communicates wirelessly with the computer. 

 

 
 

Figure-10. The GUI system. 
 

 
 

Figure-11. The developed hand glove by using flex 
sensor. 

 
DISCUSSION 

The developed hand glove by using flex sensor 
proves it can be used to monitor finger hand movement in 
real time. On the other hand, the capturing of a real time 
finger hand movement facilitates studies on automation 
used in many applications. Furthermore, the produced 
result of finger bending position can aid users in obtaining 
a quick approximation of finger movement and also in 
selecting specific areas for quantitative bending angle 
measurement. Users can visualize the bending position by 
using the GUI system. The developed hand glove proves 
to be simple and easy to be implemented due to its 
wireless communication to the computer. The noticeable 
improvement of the proposed system compared to the 
existing one was the ability to auto-calibrate and produce 
reliable measurement for different user.  
 
CONCLUSIONS 

A hand glove by using flex sensor is introduced 
as a non-destructive method for quantitative finger hand 
bending measurement. The bending measurement is based 
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on the flex sensor, as the sensor is flexed, the resistance 
across the sensor increased. The calibration was done 
automatically when wearing the hand glove by using 
linear regression method. The feasibility of this method is 
to detect finger hand bending movement in real time via 
GUI system has been demonstrated. For instance, the 
linearity of the flex sensors at each finger upon the 
bending position has shown very good results with more 
than 90%. This real time finger hand movement capturing 
via a hand glove will greatly assist the automation industry 
in manipulating finger hand movement to control other 
devices.  
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