MICROCONTROLLER BASED PROSTHETIC ARM

Abstract:- This project focuses on the simulation of the gestures of the human hand. It
is an effort to replicate the movements of the human hand using a PLA 3D printed
hand simulation (hand frame), using flex sensors and servo motors.

The flex sensors and servo motors work in co-ordination with ARDUINO UNO as
their mediator to achieve this. The sensor sends the value to the ARDUINO UNO, it
processes the data and sends it to the servo motors. Based on the values provided

the motor moves and hence pulls the hand simulation, hence replicating the motion of

the hand.

1. INTRODUCTION

A robotic arm is a type of mechanical arm usually programmable, with similar
functions to a human arm. The robotic arm has links connected by joints, allowing
either rotational motion or translatory displacement. The result is a frame analogous
to the functioning of a human arm. The robotic arm works on simple components like
a 3D printed PLA frame for simulating fingers, sensors for detection of motion, and is
driven by the ARDUINO UNO board. The arm includes a glove which will be worn
and the sensors based on the motion of the fingers will cause the exact same motion in

the 3D printed PLA arm simulation (the robotic arm).

2. WHY PROSTHETIC ROBOTIC ARM: PURPOSE?

As a differently-able child with non-functional hands, I very well understand the
difficulty of doing day-to-day activities. We thought that there should be a some
solution for this problem, so that differently abled students would be benefited. We
made this robotic prosthetic hand so that it would be incredibly beneficial for any
child who is missing an arm. Here's how:

2.1. Improved Functionality:

A prosthetic arm can provide increased functionality, allowing the child to perform
tasks that may have been challenging without it. This can include activities such as

grasping objects, holding utensils, writing etc.




2.2. Enhanced Independence:
With the help of a prosthetic arm, a child can become more independent in their daily
activities. They may be able to dress themselves, feed themselves, and perform other

tasks without other’s constant assistance.

2.3. Boost Confidence:
Having a prosthetic arm that looks and functions like a real arm can significantly
boost a child's confidence and self-esteem. It can help them feel more included and

less self-conscious in social situations.

2.4. Developmental Support:
For younger children, a prosthetic arm can aid in their physical and cognitive
development by allowing them to explore and interact with their environment in ways

that may not have been possible otherwise.

2.5. Adaptability:
Prosthetic arms can be customized and adjusted as the child grows, ensuring that it
remains comfortable and functional over time. This adaptability allows the child to

continue using the prosthetic arm as they mature and their needs change.

The prosthetic arm can be improved for other applications too.

There are many situations where humans just can't just get their hands onto something.
There are numerous situations when humans can’t directly involve themselves.
Situations like working in canyons, caves, mining, works involving minute details like
manufacture of watches, automobile parts, etc. The robotic arm has its applications
not just in fields where things get smaller. It has huge applications in large industries,
where a lot of manpower is needed. The robotic arm has great use when it comes to

precision and monotonic.

2.6. The purpose of this project is to develop a low cost prosthetic hand using

widely used mechatronics components. The hand must be easy to make, and easy to




maintain with the available component in the market. The prosthetic hand also must

be able to perform activities of daily living (ADLs) such as take, grasp, and hold an

object.

3. SCIENTIFIC PRINCIPLES INVOLVED

The robotic prosthetic hand is aimed to work similar to normal hand. Flex sensors are

attached to gloves, and when they bent, the resistance changes.This is detected by the

ARDUINO Uno Micro controller and in turn activates the servo motor. The Servo

motor is connected to the 3D printed fingers and hence the fingers are moved.
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When the sensor is in a straight position, its resistance is approximately 10 kilohms

(KQ). As it is bent, the resistance increases, reaching a maximum of around 22 KQ

when bent at a 90-degree angle. The construction of a flex sensor involves layers of

conductive ink protected by a resin substance. Bending the sensor causes stretching of

the conductive layer, resulting in an increase in resistance.

As the flex sensor's resistance changes with bending, the voltage across it also

changes. The Arduino's analog-to-digital converter (ADC) can then measure this

voltage, allowing the micro controller to interpret the degree of bending.

4. DESCRIPTION

4.1 MATERIALS USED

S1

no.

Materials/Items

Quantity

Description

1.

Prosthetic Hand

(including arm, fingers, cover)

Designed in 3D software,
TinkerCad and printed using
PLA material

Arduino Uno

ATmega 328P Operating/Input
Voltage: 5V /7-12V

CPU Speed: 16 MHz

Analog In/Out: 6/0

Flash [KB] 1

Digital IO/PWM 14/6
EEPROM [KB]: 1

Main memory: [KB] 32

Servo Motors

Torque:

4.8V:130.54 oz-in
(9.40 kg-cm)

6.0V: 152.76 oz-in
(11.00 kg-cm)

Speed: 4.8V: 0.20 sec/
6.0V: 0.16 sec/60°
Weight: 1.94 0z (55.0 g)

Dimensions:




Length:1.60 in

(40.7 mm)

Width:0.78 in (19.7
mm)

Height:1.69 in

(42.9 mm)

Gear Type: Metal
Rotation/Support: 180°
Pulse Cycle: 1 ms

4. Flex Sensors Life Cycle: >1 million minutes
Height: 0.43mm (0.017")
Temperature Range: 35°C to +80°C
Flat Resistance: 10K Ohms
Resistance Tolerance: +30%

5. | Resistor 147 ohm, 0.5 W

6. | BreadBoard

7. | Connecting Wires and strings

8. | Gloves (for left palm)




4.1. CONSTRUCTION AND WORKING OF EXHIBIT

4.1.1 Circuit diagram

Conection Diagram Done in TinkerCad
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dCircuit Diagram Done in TinkerCad

The Fig below shows the flow of data through various hardware components used in
the project. It starts from the Flex sensors , passes through the ARDUINO, goes to the
servo motors and finally terminates in the 3D printed hand frame.
v' The first step is to make sure all the connections are proper and ensure that there
are no loose connections.

Readings of flex
sensor

Values Sent to
Arduino

Processes the
data received

V

ARDUINO UNO

To Sevo motors

Servo Motors

3D PRINTED PLA ARM

Data Flow
Diagram

Sevo To Frame




AN

ANANRN

We also verify whether all the servo motors are getting enough power from the
battery.

When the user wears the gloves, that have flex sensors attached to it and moves
the hand, there is a change in the voltage due to the change in the resistance
caused to the particles in the flex sensor.

These voltage values are read as analog values from analog pins and given as
input to the Arduino.

These analog values must be converted to angles, which the servo motor will take
as input. A function called ‘map’ is used for this.

Once the values are in angles, they are given as the input to the servo motors. The
value indicates the amount (angle) by which the servo motor must rotate.

The flex values are converted in such a way that the amount of bend of the flex
sensor in the glove is same as the amount by which the servo turns.

This is done by lots of trial and errors and by extensive calibration.

Doing this will ensure that the 3D printed hand bends just like the hand of the
user.

The servo motors and the 3D printed hand is connected using fishing nylon wire.
When the servo motor rotates it pulls the string and hence the 3D printed hand
Since the motor is a 180° non-continuous motor, the rotation can happen in both
clockwise and anti-clockwise direction, and the hold and release simulation of the
fingers of the hand can be achieved.

When folded the motor turns in the clockwise direction and vice versa when
released.

5. APPICATIONS

v

Very helpful for a differently-able child with non-functional hands, to carry on
with day-to-day activities.

Customized Prosthetics: Arduino-controlled prosthetic hands can be customized
to fit the specific needs and preferences of individual users. The Arduino platform
allows for easy programming and adjustment of the prosthetic hand's movements,
such as grip strength, finger movement, and wrist rotation.

Accessible Healthcare: Arduino-based prosthetic hands are relatively
inexpensive compared to traditional prosthetics, making them more accessible to
people in developing countries or those with limited financial resources. This
affordability can democratize access to prosthetic technology for a broader range
of individuals.

Prototype Development: Arduino-based prosthetic hands are excellent for rapid
prototyping and iteration of designs. Researchers, engineers, and designers can
use them to develop and test new features, materials, and control mechanisms,
leading to continuous innovation in prosthetic technology.

Educational Tools: Arduino-controlled prosthetic hands serve as valuable
educational tools for teaching students about robotics, electronics, and
biomechanics. They can be used in schools, universities, and STEM programs to




engage students in hands-on learning and inspire interest in engineering and
healthcare fields.

v Rehabilitation and Training: Prosthetic hands controlled by Arduino can be
used in rehabilitation and training programs to help users learn how to use their
prosthetic effectively. The customisable nature of Arduino programming allows
therapists to tailor exercises and activities to each individual's needs and abilities.

v’ Assistive Devices: Beyond prosthetic hands, Arduino-controlled servo motors
can be used to create a variety of assistive devices for individuals with disabilities.
These devices can include adaptive utensils, tools, and gadgets designed to
improve independence and quality of life.

v" Humanitarian Aid: Arduino-based prosthetic hands can be deployed as part of
humanitarian aid efforts in disaster-stricken areas or regions with limited access
to healthcare services. They can provide temporary or long-term solutions to
individuals who have lost limbs due to accidents, conflicts, or medical conditions.
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