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Abstract - There Human presence and movement are highly controlled at certain workplaces where significant harm to
human life is anticipated, such as nuclear reactors, thermal power plants, and airtight rooms. To manipulate devices and
equipment as well as for handling raw materials in such places, the use of robots that can precisely imitate human actions
is widely considered a safe proposal. In this paper, we present an animatronic arm system that mimics a human hand
movement, which can be deployed to work in areas that are generally unsafe for humans. Animatronic arm is the use of
mechatronics to create arm movement which seems animated. The CREO software has been used to design an
animatronic hand. The servo motors are used to imitate the movement of the human hand as motion actuator. The flex
sensors are used to measure the bending and defection of the human fingers. An Arduino controller sends the commands
to the motion actuator. MATLAB program has generated for imitation control of the robotic arm. We describe the use of
this robotic arm for bomb diffusion in a defense field, wherein the robotic arm mounted on a moving platform equipped
with a camera is operated from a safer distance to diffuse the bomb, without causing any potential risk to human life.

Keywords: Human imitation, Animatronic arm, Animatronic hand, flex sensor, Arduino UNO, Robotic arm.
. INTRODUCTION

A robotic arm with human-like performance has long drawn a considerable attention of the scientific world. While imitation is
a commonly observed behavior among human beings, the development of robots to full imitate human actions is still in progress.
However, in some places, a robot cannot fully replace a human scientist or a researcher. Working in airtight rooms for scientific
research and dealing with radioactive devices or elements calls for significant precautionary measures. Thus, robotic arms with the
ability to mimic human-like actions are a real need due to the increasing concerns of human safety in a research setting. In this
paper, we present a wireless robotic arm that can be deployed and operated from a distance, thus eliminating any possible harm to
human life from an imminent danger arising out of a failed attempt. For example, during bomb diffusion in the defense field, this
animatronic hand, mounted on a moving platform equipped with a camera, can be operated from a safer distance, without causing
any potential risk to human life. The mechanical arm that is used will replicate the motions of an operator’s hands. Our prototype
of the robotic arm well imitated the operator’s finger actions.

Aakash K (2012) proposed the simulation of hand gestures using MATLAB. The implementation was phased into three steps,
beginning with hand segmentation, followed by tracking the position and orientation of the hand to avoid errors in segmentation,
and estimating the hard features to define the deterministic process of gesture [1]. S.Deshpande (2015) developed a robotic arm
based on MEMS accelerometer technology. A MEMS motion sensor was used to sense the operator’s finger movements. Using a
preloaded code, the hand gestures were controlled. We used six motors in our robotic arm—two for shoulder and wrist motions
and one for elbow and gripping motions [2]. Saurab et al.,(2015) proposed a four-finger robotic arm developed using 8-bit
microcontroller sensors and wireless feedback. Fourteen commands were used to control all four fingers to open and close, wrist
up and down, base clockwise & counter clockwise, pick and place, home position. This robotic arm was designed to perform a
simple reflexive grasp that may be utilized to manipulate a variety of objects [3]. Agarwal A.D and Chandak M.A (2012) explains
various Animatronic hand designed and implemented in various organizations such as UTAH/MIT hand, NASA Hand (Robonaut
Hand), GIFU Hand [4]. G Saha et al.,(2018) has presented development of mimicking robotic arm and discussed about faced
difficulties while development of the system [5].

Our system basically consists of two main parts—a transmitter with control glove and a robotic arm [9-15]. With the help of
this device, the operator can safely keep a distance from an experiment while being able to execute the task remotely [16-26].

Copyrights @Kalahari Journals Vol. 7 No. 1 (January, 2022)
International Journal of Mechanical Engineering
2942



A

Il.  DESIGN OF THE ANIMATRONIC ARM

The Animatronic Arm is designed using CREO software. The fingers in the hand are designed by comparing with the force
analysis required by a normal hand finger. Fig. 1 depicts the design of an animatronic hand in CREO software [27-37]. The
contact area analysis of the hand with the objects is also performed using the software.

Fig.1 Design of Animatronic Arm using CREOQ software

I11.  FABRICATION OF THE ANIMATRONIC ARM

Coroplast (corrugated polypropylene sheet) was a preferred medium for the fabrication of the robotic arm. The outline was cut out
from the sheet using a blade as per design. After creasing the front and back sides of the hand, a template of finger folds was
obtained. The model of a human hand thus obtained resembled an actual hand. A single coroplast tube was used to make
compartments for strings and elastic elements. Elastic bands were attached to one side of the robotic arm, which will allow the
operator to initiate a motion with robotic arm and them bring it to rest position. Several strings were attached to the other side of
the robot hand for finger motions under the control of actuators. Fig. 2 (a) shown the robotic arm with elastic elements (back
view) and Fig.2 (b) shown the robotic arm with threads for actuation (front view).

Fig. 2: (a) The robotic arm with elastic elements (back view). (b) The robotic arm with threads for actuation (front view).

SERVO MOTOR CONNECTION

Servo motor is the actuator used to actuate the robot hand that has been made. Fig. 3 (a) shown the servo motors are mounted on a
coroplast board. Fig. 3 (b) shown the servo motor attached to the hand.The servo motors are initially set in the 0-degree position
and a link is coupled to the servo shaft to connect the string [38-48].The strings are connected to the servo motor in such a way
that they are tightly attached to the links on the servo motor shaft. It is attached in a way that the strings are tight but the fingers
are still in the rest position [49-58]. The servo motors can be set to a different offset position in order to achieve the tight string
and initial rest position of the fingers.

Fig. 3: (a) Servo motor connection (b) Servo motor connected with arm

Copyrights @Kalahari Journals Vol. 7 No. 1 (January, 2022)
International Journal of Mechanical Engineering
2943



B. SERVO MOTOR INTERFACE

A servo motor has a motor, a gear system, and a feedback system built-in in it. It is energized by a power line, a ground, and a
control pin. The servo motor has three pins ground, power, and signal. The darkest one is usually the ground it is connected to the
Arduino GND. The red one is the power pin it is connected to the 5V output on the Arduino board. Remaining pin is the signal pin
which is connected to the digital pin on the Arduino board. The adjusting knob of the potentiometer is arranged with output shaft
by means of another gear assembly. During rotation of the shaft, the knob also rotates and creates a varying electrical potential
according to the principle of the potentiometer. Fig.5 shown the interface between servo motor and Arduino board.

Fig.5 The interface between servo motor and Arduino board

C. FLEX SENSOR CONNECTION

Flex sensors are used to measure the bending and defection of the human fingers. There are five flex sensor sensors has been
attached each finger on the glove. They are placed on the gloves in a way that each finger has a sensor on them. An insulation
material is used to place the sensor in the glove and tapped using insulation tape or else the sensors are stitched to the glove. Thus
the flex sensor is mounted on the gloves as shown in the Fig.6.

Fig.6 The flex sensor mounted on the glove

The flex sensor should be connected to the Analog pins in the Arduino UNO board so that the Arduino reads the signal of the
sensor. The sensor signal cannot be obtained directly. A voltage divider circuit set to get the output voltage, which is then given to
the Arduino as the Analog input. Usually, a flex sensor is used in voltage divider configuration.

D. INTERFACING FLEX SENSOR WITH ARDUINO

The Fig. 7 is shown the pin diagram of flex sensor. The active portion of the sensor is quite sturdy but the pin end is fragile
thus it is taped or glued tightly to the active portion so that it bends along with the active portion of the sensor. The flex sensor is
connected to the Arduino board using a voltage divider circuit as shown in the Fig. 8. The output of this circuit is given to the
analog input on the Arduino board.
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Fig.7 Pin diagram of flex sensor
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Fig.8 Flex sensor connected to Arduino

The analogRead() function will provide the sensor values.
flex = analogRead(1);
Serial.print(flex);

This will print values on the serial monitor. The serial monitor or the plotter is used to see the range of the Analog signal provided
by each sensor when they are bent and when they are in the relaxed position. This Analog signal is important because they are
later used to write the program for the imitation control of the robotic hand. Fig.9 shown flex sensor provided analog signal.

: 0

Fig.9 Flex sensor analog signal

E. ALGORITHM
1. Start.
2. Declare servos and variables.

3. Attach servo motors to the corresponding ports.
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4. Set the initial position at 0 degrees.

5. Read Analog data from the sensor.

6. Describe respective angles of the servo motor for the corresponding Analog signal.
7. Stop.

IV. SYSTEM SETUP AND EVALUATION

In our robotic arm model, flex sensors were used to sense the motions of operator’s fingers, and analog signals were obtained
using a voltage divider circuit. The analog signals were fed to the Arduino board through input ports (A0-A4). The Arduino
microcontroller then read the input and provided an output (PWM signals), which was given as input to the servo motor to actuate
the robotic arm. The input signals provided into the servo motor must be parallel with the physical features of the operator’s arm
gestures in order for the robotic arm to precisely imitate the operator’s arm. The Fig.10 and Fig.11 Shown work flow diagram of
the animatronic arm.

Fig.10 Work flow diagram of the Animatronic arm

=

=
S
S
S
S
S
>

H|liiin

=

Fig.11 Work flow diagram of the Animatronic arm - pictorial view
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V. RESULT

The Imitating Robotic hand was first tested with a single finger. It was observed that after bending the single flex sensor by
bending a single finger, the corresponding robotic finger moved in the same direction and the same angle. Servo motor makes the
fingers in the robotic hand move. With reference to this, all five servo motors moved by five flex sensors on a cotton or woolen
glove. In this way, the imitation of hand movements has been achieved successfully. So, now it is possible that a man can control

a robotic hand without exposing himself to hazardous regions. The Fig.12 shows the completed model of the human imitating
robotic arm.
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VI.

Fig.12 Animatronic arm system

CONCLUSION

The proposed Animatronic arm system had designed and affordable as it was implemented using an Arduino microcontroller. It
can serve many useful purposes in environments where human presence is highly restricted. Future efforts will be made to
improve the device with abilities to fly over a distance or even operate underwater. In addition, by installing camera sensors, real-
time image processing can be performed with an aim to improve the trajectory and locomotion of the robot arm.
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