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ABSTRACT 
The system consists of a haptic glove worn by a user which 
controls a robotic hand. The mechatronic haptic hand system 
acts semi-autonomously with the user-controlled operation. 
Such interactions of a user input device in a different location 
than where the user-performed operation occurs is termed 
telepresence. The goal with this project is telepresence of 
motion and touch using a haptic glove interfaced to a 
mechatronic hand, also developed as a component of this 
project. The system ultimately has the ability to incorporate 
both wireless signal communication and tactile sensing 
(feedback to sense how tight the user is grabbing an object) to 
improve the functionality and user experience. This form of 
telepresence is inspired with an open-source development 
platform for a mechatronic hand. Further development in the 
scope of this project allows a person to interact with a haptic 
glove incorporating tactile feedback as interfaced with the 
mechatronic hand. The development aspects, current state, and 
future work of the project are described in this paper. 
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1. INTRODUCTION 
Mechatronic hands have been under development for 
many years [1] and continue to be developed [2]. Haptics 
involves the creation of systems that place a robotic 
system at one location with human interactive and 
telepresence control of the robot in another. Haptic 
devices have been used to control the Staübli TX40 robot 
with the Staübli model CS8C controller [3, 4]. It was 
proposed to extend this effort by creating a mechatronic 
hand controlled with haptics by telepresence using a 
wearable glove [4] with the Arduino platform to create an 
additional low-cost haptic device as depicted in Figure 1. 
An apparatus can be fashioned directly onto a normal 
wearable glove, resulting in a more-natural end-user 
interface. Low-profile bend sensors, flexible resistance-
based sensors, can readily be fashioned into the glove. 
Communication between the glove and a host device can 
be facilitated using the readily-available wireless 
communication framework.  

 

 
Figure 1. Conceptual embedded haptic glove  

A Mechatronics Course in which such projects have been 
performed [5] provides an adequate venue for students to 
initiate development of such a low-cost system. This 
course is approximately half textbook oriented [6] and 
half project oriented with small groups performing 
independent and varied projects. As such, in the recent 
course offering, the mechatronic haptic hand system was 
one of the small group projects performed by a single 
group to develop a prototype of the system.  

This paper further describes a haptic hand interface using 
simple, off-the-shelf, and low-cost fabrication 
techniques. Section 2 of this paper describes the 
requirements of the project. Section 3 describes the 
design considerations while Section 4 describes the 
design implementation. Section 5 contains the test plan.  
Section 6 is a conclusion and discusses future work of 
this effort. 

2. REQUIREMENTS 
The project requirements such as human-like form factor, 
a haptic glove user interface, the use of an Arduino 
microcontroller, and operation in as close to real time as 
possible were identified at the onset. Specifications were 
then formulated as to the dimensions that controlled these 
requirements. These specifications consisted of torque 
requirements, finger sizing specs, and a reaction time 
requirement to determine whether the hand’s reaction 
time was quick enough to be considered real time. 
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With requirements and specifications defined, 
brainstorming as to how to accomplish the requirements 
and specification occurred. As a result of this activity, 
many different possibilities of actuation were deemed 
worth considering such as pneumatics, servo motors, 
shape-memory alloys, magnetics, and hydraulics. These 
different methods were assessed upon specific 
characteristics such as weight, size, aesthetics, ease of 
use, strength, and affordability. The resulting design was 
that of servo motors in conjunction with pulleys to 
control the tension in the tendons of the fingers. This is 
cost-effective, easy to use, and able to generate high 
torque to meet the project requirements. 

In order to save time in manufacturing, an option to 
utilize an existing rapid prototype printer and focus on 
the haptic interface within the semester timeframe of the 
Mechatronics Course existed. Utilizing this resource 
allows the students to focus on the motor control, 
electronics, and interfacing of the glove and sensors. 
Design and fabrication resulted in a functioning 
mechatronic hand with four fingers with an opposable 
thumb controlled by a user-worn glove interface all 
utilizing an Arduino microcontroller. 

Arduino Controller. It was established as a Mechatronics 
Course requirement that an Arduino microcontroller [7,8] 
must be utilized for all projects including the 
mechatronic haptic hand system. This simple and 
inexpensive microcontroller platform is required to take 
inputs from the flex sensors, which are attached to the 
glove, to control the servo motors which actuate each of 
the fingers of the mechatronic haptic hand system. 

Hand. A physical prototype mechanical hand of four 
fingers and thumb must be controlled by an operating 
glove interface. The main components are fingers, 
pulleys for the motors, housing for the motors with holes 
which cable may feed through and be guided to the palm, 
and the palm of the mechatronic hand. The CAD model 
files were open source ready for printing [9]. The hand 
components are plastic for light weight and manufactured 
using rapid-prototype print technology. This allows 
proof-of-principle for the prototype and control 
development of the prototype. A more robust fabrication 
for components  is outlined in the future work section of 
the paper. The joint segments have broken on occasion 
and need to be more durable than the plastic material of 
the rapid prototype machine. 

The mechatronic haptic hand system must be able to 
mimic the movement of the operator glove with very 
little delay and operate in near real time. It should also 
have a forearm or wrist housing for the major hardware 
actuation components. 

Glove. An aesthetically appealing leather glove worn by 
the operator must control the mechatronic hand finger 

joints individually so that it mimics the operator’s 
movements. The control takes place through the Arduino 
controller interface. Velcro is used to attach the flex 
sensors to the hand and glue provides more permanent 
fastening.  

Arduino Software Interface. The software to control the 
system is comprised of open source components, among 
other programs using this open platform. All software is 
written in the programming language native to the 
Arduino microcontroller. Program functions convert 
analog voltage inputs to a digital voltage output 
controlling the motor to rotate to specific positions. A 
servo motor is used instead of a stepper motor which also 
incorporates a feedback encoder which tracks the 
position with better reliability. This ensures the accuracy 
of the motor shaft position with closed loop-control, 
whereas the stepper motor can miss steps under load 
causing position errors. Software must be able to take 
input from each individual joint of the haptic glove user 
interface and provide output signals to create similar 
movements of the mechatronic hand. 

3. DESIGN CONSIDERATIONS 
The design constraints for this project prototype included 
factors such as cost, time to complete (one semester), and 
achievability. The low-cost constraint presents a trade-off 
between cost and durability, aesthetics of parts, and spare 
parts considerations. Spare parts proved paramount to 
prevent the project from falling behind schedule within 
the short timeframe.  

The time to complete the project was decided to be an 
important constraint as the duration of the project was 
limited to the spring semester. With a short window of 
time, the design needed to be simple and achievable with 
a finite set of features. As a facet of achievability, the 
textbook portion of the Mechatronics Course progressed 
with the fundamentals of mechatronics, such that the 
students learn concepts in theory and then implement 
them in practice. 

After the initial session of brainstorming for ideas in how 
to implement the mechatronic hand, actuation, form-
factor; the technical capabilities of the hand were decided 
to be the primary opportunities of the design. Five 
possible methods of actuation were brought forth; 
hydraulic, pneumatic, magnetic (solenoids), electric 
motors, and shape-memory alloys (electro-mechanical). 
To discern between these different methods, criteria were 
decided upon and each method was given a score based 
upon these criteria. These criteria include affordability, 
ease of use, weight, size, and cost. After evaluation, 
electric servo motors concluded to be the best method of 
actuation for the mechatronic haptic hand system. 

The consideration in how the mechatronic hand was to be 
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fabricated was evaluated based upon two main 
possibilities. Either design from scratch new components 
to be fabricated, which would take a considerable amount 
of time and resources, or to use a third party form-factor 
that already exists. This meant that effort could be 
utilized in other areas such as control and interfacing. As 
the time constraint of the course severely limited defining 
the scope of the project, the third party form-factor was 
utilized [9].  

The actual technical capabilities of the hand were 
considered as a significant element of the scope of the 
project. During brainstorming, three different schools of 
thought arose. The project could include a hand that 
simply opened and closed into a fist (touch), clenched an 
object tightly (grasp), or utilize sensors that would relay 
back to the user-operated glove the feeling of touching an 
object (tactile sensing). Options to sense an object being 
touched or grasped were considered, which included: 
optical (LED), capacitive, strain gauge (piezoelectric 
pressure sensor), friction (heat/vibration SAW) and 
inductive (magnetic fields) sensing. Once again, the time 
constraint of the course limited the scope of the project 
so that the ultimate decision was a trade-off between the 
complexity of accurate gripping and ease of 
implementation with the glove of the mechatronic haptic 
hand system. Tactile feedback, although desirable was 
deemed too time consuming within the time and scope 
for this project phase. This is discussed in Section 6. 

4. DESIGN IMPLEMENTATION 
The final design of the mechatronic hand consists of four 
fingers, opposable thumb, and palm controlled by five 
servo motors (one for each finger). The Arduino 
microcontroller  was used to regulate the voltage to the 
motors while variable flex resistors were used to sense 
the movement in the user glove interface. The prototype 
system is shown in Figure 2. 

 
Figure 2. Prototype mechatronic haptic hand 

 

The glove has a flex sensors attached to the top of each 
finger and two braided wires connect to the electrodes of 
the sensor as shown in Figure 3. The length of the wires 
was sufficiently long so that the user can use the glove 
without being right next to the prototype where the flex 
resistor wires connect. This setup enables a future 
development of wireless control so that the glove can be 
up to a considerable distance from the mechatronic hand.  

 

 
 

Figure 3. Glove with flexsensors attached 
 
A power supply supplies approximately seven volts to 
which the circuit the flexsensors and servo motors are 
connected. As a user wearing the glove, the operator 
bends his/her finger(s) and the flex resistor bends the 
resistance value increases. The voltage out of the resistor 
increases because of the voltage divider of the circuit. By 
connecting a resistor in series with the flex resistor and 
having the voltage out taken between the resistors the 
voltage out was increased when the resistance increased. 
Also, with the external resistor conditions the signal so 
the current was small enough to input to the connected 
Arduino microcontroller. 

The Arduino microcontroller uses a built-in A/D (analog-
to-digital) converter to convert the analog signal at the 
input pins to a digital signal for the controller. The PWM 
(pulse with modulated) digital signal output pins are used 
to drive the servo motors. An open source program [8] 
which was downloaded to the Arduino and takes the 
digital value, a byte was used in the code which can have 
a numeric value of 0-255 (corresponds to the 0-5V 
analog voltage range), and correlates that with motor 
rotation between 0-180°. The digital output signal was 
sent to the circuit where the servo motor ribbon cables 
(three wires: ground, power, data signal) are connected. A 
common ground was connected from the opposite sides 
of the breadboard, i.e. the analog signal and the digital 
signal sides. Figure 4 shows the existing prototype. 
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Figure 4. Haptic hand system 
 
The motor positions and subsequent robot finger 
actuations were controlled via tensioned cables that feed 
through the rapid-prototype printed parts which have a 
hollowed out pathway. One motor was used per finger. In 
order to accurately mimic the human hand, the motors 
should be in the forearm providing the strength like a 
person's forearm does, as well as keeping the hand light 
and empty with room to run wiring. The fingers are 
designed such that cables are fed through the top and 
bottom on the inside of the finger and terminate at the 
fingertip tied off separately after tensioning.  

An optimal pulley start position is also an operational 
consideration. The top cable hole should be closest to the 
finger. A pulley was rigidly attached to the output shaft of 
the servo motor and the cable feeds through it, such that 
the rotary motion of the pulley tensions the top string to 
curl the finger upward. The cable was kept from sliding 
by wrapping it around the screw that attaches the pulley 
to the servo shaft for increased tension. 

Power must be applied to both the control circuit and the 
Arduino microcontroller. The Arduino microcontroller 
can be connected to a twelve volt power supply via USB 
cable or an external battery. A rechargeable battery may 
be connected to the ground and voltage input pins of the 
Arduino controller as an option. 

As discovered during fabrication, it was decided to 
change the cabling from a high-strength tennis string to a 
braided fishing line (thread-like, thirty-pound test). The 
high-strength tennis string’s stiffness was too high and 
would not function properly for finger actuation since it 
would not deform uniformly with the amount of tension 
generated. Thus, the braided fishing line tested performed 
much more favorably, as it became taut much easier. The 
low-strength fishing line was later replaced with ninety- 
pound test, metal braided fishing line. The thread type 
was found to fail when the motor was fully torqued while 

also wrapped around on the screw that holds the pulley 
down. The high-strength fishing line made of metal 
works favorably. 

A simulation for the motors actuation verified the motor 
selection. An existing Simulink model [10] as shown in 
Figure 5 enabled verification of the recommended model 
MG946R servomotors [9]. The motors selected were the 
high torque motors with a stall torque sufficiently high to 
provide a strong grasping force. 

 
Figure 5. Simulink model of a torque-limited motor  
 
5. TESTING 
To evaluate the functionality of the mechatronic haptic 
hand system, a test plan was developed. To test that the 
flexsensors worked with the circuit and code it was 
necessary to connect the motors and supply power to the 
motors and the Arduino microcontroller. As each sensor 
was bent 0° to 90° to illicit a 0° to 180° response from 
the motor shaft. If this test is unsuccessful, good contact 
with the wire leads and the circuit is checked along with 
ensuring the circuit was both designed and wired 
correctly. Should the flexsensor fail once more, it is 
swapped for a similar component. If this component 
functioned properly, the fault lies with the original 
sensor. The motors were tested in a reverse fashion with a 
known working flexsensor if one of the motors is 
suspected to be broken. To ensure that the correct servo 
motor data ribbon cable connected to the correct place on 
the breadboard, the pulley’s were labeled with P, R, M, I, 
T (pinky, ring, middle, index, and thumb). The output 
pins were PWM voltages providing the necessary 
modulated digital signal to power the servo motors. 

The results of the test plan are also helpful in assembling 
and tuning the device. Failures arose during assembly 
and testing such as faulty connections, malfunctioning 
components, broken components, and human error. If a 
failure was identified, an attempt was made to solve the 
issue and the test repeated until all sensors, motors, and 
fingers worked as expected. 
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6. CONCLUSION AND FUTURE WORK 
Prior work in development of haptic interface devices to 
the Staübli TX40 robot has led to development of a 
mechatronic haptic hand system. This initial effort of this 
development has occurred as a Mechatronics Course 
project as described in this paper.  The time constraint of 
a semester-long class project to initiate the project, 
required the limitation of the scope of the prototype. 
Numerous avenues for future work based off of the 
prototype are now possible. The components of the hand 
will be made more robust by fabrication from metal such 
as aluminum. A wrist/forearm housing for the packaging 
of the servo motors and electronics is needed. Moving 
the electronics from prototype breadboard to a printed 
circuit board and then into an electrical package 
subsystem can then occur. It is also possible to integrate 
the more robust system with the Staübli TX40 robot as 
already done with other haptic subsystems. The system is 
currently hard wired and should be made to operate 
wirelessly. A quick connection from battery to power 
supply would increase the ease of use for different 
applications. Tactile sensors with feedback indication, 
such as vibration, within the glove would close the loop 
for the mechatronic haptic hand system. The system is 
designed to easily incorporate the haptic tactile 
sense/feedback feature and is a feature of the next 
generation of the prototype. 
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