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Abstract—This paper presents a data glove equipped with a
force sensor. The construction and the electronic circuit are also
described. The glove is selected to be a rubber-coated cotton glove.
The sensors are firmly attached to the rubber-coated glove using
cyanoacrilic glue. The force sensor is made of a steel plate substrate
where the commercial strain gauges are attached. The plate is at-
tached on the thumb. The strain gauge bridge is powered by a dig-
ital current source. A digital sine is produced by a microcontroller
and a DAC with current output. At the peak, the microcontroller
produces a digital output signal. This signal triggers the data ac-
quisition system. The force sensor presents a linear response and a
resolution of 0.38 N with a sensitivity of 0.05 V/N. The combination
can be used in robotics, telecheric applications, biomechanics and
virtual reality applications.

Index Terms—Current source, data glove, digital sine, direct dig-
ital synthesis, embedded application, flexsensor, force sensor, mi-
crocontroller, strain gauge.

I. INTRODUCTION

DATA gloves are widely used in many applications,
including virtual reality applications, robotics, telecheric

applications, and biomechanics. This paper introduces a new
data glove that will have not only the information of finger
position, but the force the fingers apply on an object, as well.
The force sensor presented here is categorized as tactile. Tac-

tile sensing is defined as the continuous sensing of variable con-
tact forces. There are many applications for sensors that can ac-
curately measure finger and hand forces [1].
Different types of transducers have been proposed to be used

as force sensors. They have been proposed using piezoresis-
tive, piezoelectric, capacitive, optical, ultrasonic, and conduc-
tive polymer principles. Most of the force sensors are attached
straight to the finger, either with glue or adhesive tape.
Reston and Kolesar [2] described a robotic tactile sensor fab-

ricated from piezoelectric polyvinilidene fluoride film (PVDF).
It is, however, a poor choice for a finger-mounted tactile sensor
due to its limited load range and inability to measure static
forces.
Beede et al. [3] developed a silicon-based force sensor pack-

aged in a flexible package and described its performance with
human subjects. The sensor was only demonstrated under labo-
ratory conditions.
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Fig. 1. Data glove with force sensor pressing a rubber ball.

Da Silva et al. [4] developed a tactile force sensor where the
strain gauges are placed in a hard aluminum case. This sensor
has to be attached with adhesive tape on the finger.
There are few commercially available tactile sensors, and the

most appropriate to be used in applications similar to the project
presented in this paper are FlexiForce by Tekscan [5] and the
C2000 by PPS [6]. Although these solutions have quite good
characteristics, it was most difficult to acquire them. Further-
more, this project has the principle of customized solutions.
In this paper, a cotton-made glove coated with rubber (dipped

in latex) is used as the substrate to host the finger position sen-
sors (flexsensors) and the strain gauge force sensor.

II. DATA GLOVE SENSORS

The sensors that are selected to be attached to the glove are the
flexsensors, made with the same principle as the strain gauges
(changing their resistance on the bending occasion), but they
have large resistance differences. They present 13-K resis-
tance on zero degrees bending, and 35-K on 90 . This pro-
duces less noise when the signal is fed into the data acquisition
system. Cyanoacrilic glue is selected as the adhesive material,
and the sensors are firmly attached to the rubber glove. Many
materials are used for the glove, including leather, cotton, and
plastic. The latex dipped cotton gloves proved to be ideal for
this application, since the sensor is attached firmly and the glove
can easily be removed without destroying the sensors. The data
glove is shown in Fig. 1.
The circuit diagram for the flexsensor is presented in Fig. 2.
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Fig. 2. Circuit diagram for flexsensor.

Fig. 3. Flexsensor signal conditioning and data acquisition board.
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As mentioned before, R K , R K , and
at the equilibrium it has the value of R K . The V is
selected to be equal to the voltage presented to the flexsensor
at the equilibrium: V V. The resistance value for R
is chosen to be 24 K and R R K . The voltage
on the A/D has to vary from 0 to 5 V, since the reference is se-
lected equal to the microcontroller’s supply voltage. Following
this, it is concluded that the quotient R R has to be equal to
1.25. This voltage is fed to the A/D of the PIC microcontroller.
The above circuit is materialized on a PCB (Fig. 3). There are 16
channels on board, and this was to cover the 10 channels for two
data gloves with the rest as spare. The board size was chosen
to be a standard eurocard. The design philosophy is to create
reusable modules, so as many channels as possible were placed
on the board. Twomicrocontrollers are placed on the board. The
board is linked to a personal computer (PC) through the serial
RS232 port. Both the microcontrollers are sharing the same se-
rial channel to the PC, taking over the communication channel
in turns.

Fig. 4. ROOT microcontroller program flow chart.

A. Microcontroller Program
The PIC 16C74A microcontroller in this application has

an A/D converter built on the chip and a sampling rate of
20 sec/sample.
In Figs. 4 and 5, the flowcharts of the programs running on

the first (root) microcontroller and the second (slave) are shown.
The root microcontroller is connected through the MAX232
chip to the serial port COM2 of the PC. The PC requests the
collected data by transmitting the character “S.” The root mi-
crocontroller responds with a confirmation of the reception and
issues a start sampling command to the second (slave) micro-
controller (Start A/D). The Start A/D command is the commu-
tation of low to high level of the PortC bit 0. This bit is output for
the root and input for the slave microcontrollers. After 160 sec
channels sec/channel the sampling procedure ends.

The microcontrollers share the same transmitting bus, which
is the serial transmit (TX) to the PC. At the end of the sam-
pling procedure, the root microcontroller opens the communi-
cation channel, sending the data package (8 bytes) and at the
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As mentioned before, R K , R K , and
at the equilibrium it has the value of R K . The V is
selected to be equal to the voltage presented to the flexsensor
at the equilibrium: V V. The resistance value for R
is chosen to be 24 K and R R K . The voltage
on the A/D has to vary from 0 to 5 V, since the reference is se-
lected equal to the microcontroller’s supply voltage. Following
this, it is concluded that the quotient R R has to be equal to
1.25. This voltage is fed to the A/D of the PIC microcontroller.
The above circuit is materialized on a PCB (Fig. 3). There are 16
channels on board, and this was to cover the 10 channels for two
data gloves with the rest as spare. The board size was chosen
to be a standard eurocard. The design philosophy is to create
reusable modules, so as many channels as possible were placed
on the board. Twomicrocontrollers are placed on the board. The
board is linked to a personal computer (PC) through the serial
RS232 port. Both the microcontrollers are sharing the same se-
rial channel to the PC, taking over the communication channel
in turns.

Fig. 4. ROOT microcontroller program flow chart.

A. Microcontroller Program
The PIC 16C74A microcontroller in this application has

an A/D converter built on the chip and a sampling rate of
20 sec/sample.
In Figs. 4 and 5, the flowcharts of the programs running on

the first (root) microcontroller and the second (slave) are shown.
The root microcontroller is connected through the MAX232
chip to the serial port COM2 of the PC. The PC requests the
collected data by transmitting the character “S.” The root mi-
crocontroller responds with a confirmation of the reception and
issues a start sampling command to the second (slave) micro-
controller (Start A/D). The Start A/D command is the commu-
tation of low to high level of the PortC bit 0. This bit is output for
the root and input for the slave microcontrollers. After 160 sec
channels sec/channel the sampling procedure ends.

The microcontrollers share the same transmitting bus, which
is the serial transmit (TX) to the PC. At the end of the sam-
pling procedure, the root microcontroller opens the communi-
cation channel, sending the data package (8 bytes) and at the
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Fig. 5. SLAVE microcontroller program flow chart.

Fig. 6. One face of the steel blade-strain gauge force sensor.

completion issues a command (Port C bit 1) to the next (slave)
microcontroller to take over the transmitting bus and transmit
its own data package. The slave microcontroller’s flowchart has
one more subroutine, sending the end of data package transmis-
sion to the PC.
A program running on the PC decodes the incoming data to

finger position. On the PC, there is also a calibration program,
requesting the user to position the fingers in a fully extended
position and in a fully closed position as a fist.

III. FORCE SENSOR

The sensor is comprised of a steel blade with two strain
gauges placed on each side (Fig. 6). The strain gauge is used
for steel and is 14 mm long. The steel blade is 55 mm long,
and the sensor sandwich is placed around the rubber glove
thumb. When a force is applied on the steel blade, it changes
its form and the Wheatstone bridge shows an output voltage
proportional to the force.
The strain gauge is perhaps the most important of all mechan-

ical transducers [7]. This device finds applications not only in
the measurement of strain itself but also pressure, displacement,
acceleration, flow, and many other physical quantities.
The device operates through a direct conversion of strain to

a change in gauge resistance. The strain gauge consists of fine
metal wire, metal foil, or even a semiconductor layer or paint
under stress.
In general, the resistance of a metal sample is given by

R
l
A

where R is sample resistance in , is sample resistivity in
m, l is length in m, and A is the cross-sectional area in m .
Suppose this sample is now stressed by the application of a

force F, as shown in Fig. 7. Then, it is known that the material

Fig. 7. Tensile stress defined in terms of force applied to a rod.

elongates by some amount l such that the new length is l l
l. It is also true that, in such a stress-strain condition, although

it lengthens, its volume will remain nearly constant. Because
the volume unstressed is V l A it follows that if the volume
remains constant and the length increases, then the area must
decrease by some amount A

V l A l l A A

Now, because both length and area have changed, it is found that
the resistance of the sample will have also changed

R
l l
A A

The new resistance is approximately given by

R
l
A

l
l
l

from which it is concluded that the change in resistance is

R R
l

l
This is the basic equation that underlies the use of strain gauges
because it shows that strain l l converts directly into a resis-
tance change.

A. Measurement Principles
The basic technique of strain gauge measurement involves

attaching (gluing) a metal wire or foil to the element whose
strain is to be measured [8]. As stress is applied and the ele-
ment deforms, the strain gauge material experiences the same
deformation if it is securely attached. Because strain is a frac-
tional change in length, the change in strain gauge resistance
reflects the strain of both the gauge and the element to which it
is secured.

B. Temperature Effects
If not for temperature compensation effects, the method of

strain gauge measurement outlined above would be useless. To
see this, wewould only need to note that themetals used in strain
gauge construction have linear temperature coefficients of
0.004/ C, typical for most metals. Temperature changes of 1 C
are not uncommon in measurement conditions in the industrial
environment. It is known that

R R T

where R is resistance change due to temperature change,
is temperature coefficient, T is temperature change, and R is
nominal resistance, in our case 200 .
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acceleration, flow, and many other physical quantities.
The device operates through a direct conversion of strain to

a change in gauge resistance. The strain gauge consists of fine
metal wire, metal foil, or even a semiconductor layer or paint
under stress.
In general, the resistance of a metal sample is given by

R
l
A

where R is sample resistance in , is sample resistivity in
m, l is length in m, and A is the cross-sectional area in m .
Suppose this sample is now stressed by the application of a

force F, as shown in Fig. 7. Then, it is known that the material

Fig. 7. Tensile stress defined in terms of force applied to a rod.

elongates by some amount l such that the new length is l l
l. It is also true that, in such a stress-strain condition, although

it lengthens, its volume will remain nearly constant. Because
the volume unstressed is V l A it follows that if the volume
remains constant and the length increases, then the area must
decrease by some amount A

V l A l l A A

Now, because both length and area have changed, it is found that
the resistance of the sample will have also changed

R
l l
A A

The new resistance is approximately given by

R
l
A

l
l
l

from which it is concluded that the change in resistance is

R R
l

l
This is the basic equation that underlies the use of strain gauges
because it shows that strain l l converts directly into a resis-
tance change.

A. Measurement Principles
The basic technique of strain gauge measurement involves

attaching (gluing) a metal wire or foil to the element whose
strain is to be measured [8]. As stress is applied and the ele-
ment deforms, the strain gauge material experiences the same
deformation if it is securely attached. Because strain is a frac-
tional change in length, the change in strain gauge resistance
reflects the strain of both the gauge and the element to which it
is secured.

B. Temperature Effects
If not for temperature compensation effects, the method of

strain gauge measurement outlined above would be useless. To
see this, wewould only need to note that themetals used in strain
gauge construction have linear temperature coefficients of
0.004/ C, typical for most metals. Temperature changes of 1 C
are not uncommon in measurement conditions in the industrial
environment. It is known that

R R T

where R is resistance change due to temperature change,
is temperature coefficient, T is temperature change, and R is
nominal resistance, in our case 200 .
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Fig. 8. Force sensor circuit diagram.

Fig. 9. Strain gauge signal conditioning and data acquisition board.

Strain gauges are made of metal or a semiconductor. The
metal-type strain gauges use a thin wire, and can be divided into
two types: wire strain gauges and foil strain gauges. The type of
strain gauge used is the foil strain gauge.
The circuit diagram for the force sensor is presented in Fig. 8.
The power to the bridge is from a current source of a digitally

produced current sine [9]. The bridge voltage output is detected
by an instrumentation amplifier and after this step, the signal
is amplified to a peak of 5 V. Assuming that R is the same on
both strain gauges and the powering current has an amplitude of
5 mA, the Wheatstone bridge output can be proved to be equal
to

where R is the nominal strain gauge resistance (200 ).
Finally, this signal is fed to the A/D converter of another mi-

crocontroller (PIC 16C74A) (Fig. 9). The sampling is performed
only when the current source circuit issues a Start_A/D com-
mand taking high the PortE bit 0.

C. Current Source
The current source circuit is shown in Fig. 10. It consists of

a microcontroller (PIC 16C74) and a DAC (TMS 4008). The
DAC has two current outputs (I and I ), each one the com-
plement of the other. It can provide up to 20 mA current. The
microcontroller has a program for the sine values that are fed
to the DAC. So, the output is a sinusoidal current and is used to
power the bridge. The sine frequency is 3.5 kHz.When the sinu-

Fig. 10. Current source.

soidal output reaches its peak value, a digital output issues the
command to the data acquisition board to start the sampling pro-
cedure. This digital output assures that the data acquisition will
take place on the maximum output voltage of the strain gauge
bridge. The current is selected to be at 5 mA. This was directed
by the strain gauge current limitations.
The sinusoidal output was selected to power the Wheatstone

bridge, because the amplification circuits (the operational am-
plifiers) work better compared to the dc signals. Furthermore,
this technique minimizes the parasitic capacitance effects. This
technique is the well-known direct digital synthesis (DDS)
technique.

D. Data Acquisition Board
The output signal from theWheatstone bridge passes through

an instrumentation amplifier and an amplification circuit. The
signal is fed to the data acquisition board. The microcontroller
program flowchart is shown in Fig. 11. The microcontroller is
connected through the MAX232 chip to the serial port COM1
of the PC. The PC requests the collected data by transmitting
the byte «AAh».
A program running on the PC decodes the incoming data to

force. On the PC, there is also a calibration program to calibrate
the force sensor.
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Fig. 11. Force sensor aquitision flow chart.

Fig. 12. Force sensor response.

IV. RESULTS

The calibration procedure was static and performed by in-
creasing the applied force up to 100 N and then decreasing back
to zero. Fig. 12 shows the sensor response to the calibration. The
sensor did not present any hysteresis. The force sensitivity was
0.05 V/N.
Resolution is defined as the smallest change in measured

value to which the system will respond. For this arrangement,
the resolution was 0.38 N.
In Table I, data from a pick ball task are presented. The pick

ball task is a typical task where the data glove user picks the
ball and squeezes it with variable forces. As shown in Table I,
fingers are learning to grasp the ball and change for a fraction
of an angle while the user squeezes the ball. The force applied
varies following the different task phases. Starting from the
fully extended fingers, the force is zero. The maximum applied
squeezing force is 84.74 N. The force is measured in Newtons
and finger positions in degrees.
A program developed on the PC is dedicated to collect and

present the collected data. Fig. 13 presents the user interface on
the PC screen. The collected data are saved in a user-defined
file.

TABLE I
PICK BALL TASK

Fig.13. User interface.

V. CONCLUSION

In this paper, a data glove equipped with a force sensor is pre-
sented. The flexsensors are used for the finger position sensing
and the strain gauges on the force sensor. The flexsensors are
powered by dc voltage, and after signal conditioning, are sam-
pled by two microcontrollers. The measured values are trans-
mitted to the PC. The force sensor is a sandwich of two strain
gauges placed on a steel blade. The Wheatstone bridge is pow-
ered by a sinusoidal current. The digital sine current is produced
by a microcontroller and a DAC with current output. The force
sensor is calibrated to measure 0 to 100 N, with a resolution of
0.38 N and excellent repeatability.
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