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Analog Haptic Robotic Arm
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Abstract— Robotics is an engineering field which has developed since ages and has helped in reduction of human efforts. The invention
of robots has increased the precision and repeatability in many fields of operation which would have been difficult using human hands.
However, human intervention to control the robot through human actions and gestures extends the domain of its utility. The method
adapted to sense human touch and gestures is known as HAPTICS. The robot motion is determined by the haptic feedback received from
the user. Haptic feedback refers to the change in the output of a device corresponding to the sense of a human touch. This paper aims at
designing and implementation of a haptic robotic arm which can recognize hand gestures of a user. The robotic arm follows the changes in
the gestures of the user’s hand. The robotic arm is designed to have three joints consisting of servo motors to provide two degrees of
freedom. The human movements are sensed by an electronic component like a potentiometer. The processing of the sensed output will be
completely analog in nature which will reduce the effective cost of the robotic arm. Closed loop systems with the help of servo motors have
been implemented which drastically reduces the error due to external noise sources.

Keywords— Potentiometers, Robotic Arm, Servo Motors, Voltage Controlled Oscillator

—————————— ——————————

1  INTRODUCTION
“If you cannot do it digital, it must be done analog”. There has
been a constant approach of creating digital counterparts to
the available analog devices since decades. The analog nature
of the physical world has signified the need for conversion of
analog signals to digital signals for processing and control of
electronic devices and digital to analog conversion for com-
municating with the physical world. The price to be paid for
this approach is the increased complexity and cost of the de-
signed system.  A pre-eminent approach to this is to use ana-
log circuitry capable of processing analog signals to control
complex electronic devices. The analog haptic robotic arm
processes the analog signals received from a potentiometer
using the Voltage Controlled Oscillator mode of IC 555.
     The most versatile part of a human body is the human
hand. The 27 degrees of freedom of the human hand facilitates
it to perform various gestures and the required grip to hold
objects. Haptics can be termed as extension of the human hand
versatility to improvise the performance of man-made ma-
chines.  The analog haptic robotic arm uses potentiometers to
detect a specified change in the gesture of the human hand.

2 DESIGN IMPLEMENTATION
2.1 Haptic Sensors
Potentiometers are three terminal variable resistance electronic
components capable of generating an adjustable voltage di-
vider network. The voltage obtained between the variable
terminal and the grounded terminal of the potentiometer can
be determined using the voltage division rule. The application
of a potentiometer as a haptic transducer can be achieved by
changing  the  direction  of  its  shaft  in  accordance  to  the  linear
motion of the human hand. In this design, the potentiometer

has  been  fixed  to  the  human  hand  joint  allowing  the  free
movement of the shaft. A plate or a rod intercepted to the
shaft is further extended and fixed to the human body. The
two point contact of the potentiometer results in movement of
its shaft in comparison to the linear motion of the human
hand. The change in gesture of the human hand results in the
generation of a changing output voltage which can be pro-
cessed to achieve desired actions.

2.2 Voltage Controlled Oscillator

Fig 1. Proteus schematic of voltage controlled oscillator

Monolithic timer Integrated Circuits fulfill the continuous
need of astable and monostable operations required on a daily
basis in electronics. IC 555 proves its versatility by generating
timing signals from microseconds to few seconds range. Fixed
duty cycle timing signal can be obtained using the astable
mode of IC 555. However, to obtain a variable duty cycle IC
555 is operated in a special mode known as the Voltage Con-
trolled Oscillator (VCO) mode. In VCO mode, the control volt-
age of the threshold comparator of IC 555 is varied. In this
design, this variation in the control voltage of the timer IC is
achieved by connecting the potentiometer variable terminal to
the control voltage. In this specific astable mode of operation
of the timer IC, the reference voltage of the threshold compar-
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ator (VTH) depends upon the voltage across potentiometer
keeping the reference voltage of the trigger comparator (VTL)
constant. Thus, the on time (TON) of the output depends upon
the input to the control voltage keeping the off time (TOFF) al-
ways constant which is known as Pulse Position Modulation
(PPM). The selected values of R1, R2 and C1 are responsible to
generate TON varying from 1milliseconds to 2milliseconds
when the corresponding control voltage is varying between
3V to 4V. This generated timing signal is used to provide the
required control signal to the servo motors.

2.3 Servo Motors
In this design, DC servo motors were used to achieve the dif-
ferent movements of the robotic arm. DC servo motors are
DC motors possessing an internal feedback mechanism for
achieving controlled rotations. The DC servo motors used
were capable of rotating from 0 degrees to 180 degrees. Power
and control signals are required to achieve controlled rotation
using  DC  servo  motors.  A  +5V  power  was  supplied  to  the
power signals of all the servo motors using an external power
source. The control signal should be a digital signal of ON
time varying from 1 miliseconds to 2 milliseconds and the cor-
responding duty cycle less than 10% to achieve full rotation.
The  control  signals  to  individual  motors  were  provided
through individual voltage controlled oscillator sections of IC
555. The direction of movement of the motor shaft was ob-
served to be a function of the control voltage of IC 555.

2.4 Robotic Arm

Fig 2. Physical Implementation of the analog haptic robotic
arm

The designed robotic arm has two axes facilitating the arm to
pick up objects in the required plane. Construction of the ro-
botic arm gives it the flexibility to perform movements in pitch
and yaw rotations. Servo motors 1 and 2 provide rotational
motion to the robotic arm in pitch direction to achieve the re-
quired distance and depth. Servo motor 3 provides rotational
motion in the yaw direction to control the opening and closing
of the claw. The body of the robotic arm is constructed from a
20 gauge acrylic sheet to give the arm a rigid structure. The
motor and plate assemblies are connected by standard 3mm
nuts and bolts. Servo motor 1 is fixed to the base by standard
50mm l-clamps. The entire robotic arm assembly is supported
by a 24 gauge mild steel plate of 15cm x 10cm dimension. The
mild steel plate stands on 4 acrylic bases at a height of 80mm.

3  ANALYSIS AND CALCULATIONS
3.1 PPM Calculations
3.1.1 Servo motor at 0 degree angle:

Fig 3. Proteus PPM waveform for 3V control voltage

TON = R1 x C1 x ln((VB1-VTL)/(VB1-VTH))
= 1.5k x 1u x ln((5-1.5)/(5-3))
= 0.84 milliseconds

TOFF = R2 x C1 x ln(VTH/VTL)
= 47k x 1u x ln(3/1.5)
= 32.57 milliseconds

Duty Cycle (%) = (TON / (TON+TOFF)) x 100
= 2.51%

3.1.2 Servo motor at 180 degree angle:

Fig 4. Proteus PPM waveform for 4V control voltage

TON = R1 x C1 x ln((VB1-VTL)/(VB1-VTH))
= 1.5k x 1u x ln((5-2)/(5-4))
= 1.64 milliseconds

TOFF = R2 x C1 x ln(VTH/VTL)
= 47k x 1u x ln(4/2)
= 32.57 milliseconds

Duty Cycle (%) = (TON / (TON+TOFF)) x 100
= 4.79%

3.2 Torque Calculations for the robotic arm
The terms Effective Length and Effective Mass correspond to
the maximum length and the maximum weight the specified
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motor has to encounter while controlling the robotic arm. Both
the parameters are responsible for determining the torque of
the servo motors.

Fig 5. 3D model of the robotic arm

TABLE 1
Parameters for torque calculations of servo motors

Servo Motor Effective Parameter Value
Servo 1 Effective Length (L1) 29 cm

Effective Mass (M1) 150 g
Servo 2 Effective Length (L2) 16 cm

Effective Mass (M2) 65 g
Servo 3 Effective Length (L3) 10.5 cm

Effective Mass (M3) 15 g
Torque required for Servo 1 = L1 x M1

= 29cm x 150g
= 4350g-cm
= 4.35kg-cm

Torque of selected Servo 1 = 5.0kg-cm
Torque required for Servo 2 = L2 x M2

= 16cm x 65g
= 1040g-cm
= 1.04kg-cm

Torque of selected Servo 2 = 3.0kg-cm
Torque required for Servo 3 = L3 x M3

= 10.5cm x 15g
= 157.5g-cm
= 0.157kg-cm

Torque of selected Servo 3 = 1.0kg-cm

3.3 Voltage across Potentiometer v/s Servo Angle

Fig 6. Potentiometer voltage v/s servo angle graph

A linear increase is observed in the angle of the servo motors
with increase in the voltage drop across the potentiometer.
Thus, the user has the flexibility to select the direction of rota-
tion of the robotic arm by selecting the start and stop angle of
the corresponding servo motor.

4  ADVANTAGES OF ANALOG HAPTIC ROBOTIC ARM
OVER CONVENTIONAL HAPTIC ROBOTIC ARMS

The term ‘conventional’ here refers to the various designs of
small scale robotic arms available in the market.  The designed
analog haptic robotic arm proves to be more advantageous
than the conventional haptic robotic arms in many aspects.
The analog electronics involved in the control of the arm re-
duces the effective cost of the design drastically. The use of
analog electronics eliminates the use of expensive microcon-
trollers which are used in conventional arms.  The manufac-
turing of this robotic arm design becomes cheaper due to the
reduced fabrication of the materials used and absence of pro-
cesses like welding and brazing. Another advantage of this
design is the less cost and easy availability of the haptic sen-
sors. The process of calibration of these haptic sensors is easy
compared to the sensors like accelerometer used in conven-
tional robotic arms. Thus, the analog haptic robotic arm finds
its utility in variety of small scale applications like pick and
place, assembly operations, etc.

5  FUTURE SCOPE

5.1 Analog PID implementation
The optimum way of eliminating the effect of external inter-
ferences on electronic circuits is the implementation of the
Proportional, Integral and Derivative (PID) control. The errors
caused due to changes in the environmental factors like tem-
perature on potentiometers can be eliminated by implementa-
tion of an analog PID circuit. An operational amplifier PID
circuit involves addition of outputs of an inverting amplifier, a
differentiator and an integrator by a summing amplifier fol-
lowed by an inverting amplifier. Higher level of precision in
the movement of the robotic arm can be obtained by use of
operational amplifier PID circuit.

5.2 Wireless haptic arm
Wireless communication can be established between the user
and the robotic  arm using a suitable transreceiver and an en-
coder decoder pair. Encoder decoder pair like HT12A and
HT12D can be used along with suitable data processing tech-
niques to make the system wireless.

5.3 Increased degree of freedom
The conventional robotic arms manifest their limited efficiency
by increase in complexity of the design because of the demand
to increase the specified degrees of freedom. The design of the
analog haptic robotic arm involves simple motor and plate
assemblies facilitating the user to increase the degrees of free-
dom of the robotic arm involving least possible complexities.
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5.4 Multi-arm technology
Master slave configuration comprising of multiple slave robot-
ic arms controlled by the same analog circuit can be designed.
A single IC 555 VCO section can control the same joints of
similar constructed multiple arms for repetitive operations.

6  CONCLUSION
An analog haptic robotic arm was successfully designed and
implemented. Lifitng of an object weighing upto 250 grams
was achieved successfully. A high level of precision was ob-
served in the movement of the robotic arm due to generation
of accurate control signals for the servo motors.
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