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Abstract: The number of people with impairments has been alarmingly increasing over the previous ten years due to a
number of variables, including long-term diseases, aging populations, and increased population growth. Particularly,
limb amputation poses complex issues because it impacts one's work, self-perception, family dynamics, and bodily
feeling and function. It is suggested to use bionic arms to remedy this problem. Signals from an amputee muscle are
gathered by bionic arms to function. Electrodes for an EMG sensor are used to pick up signals from the muscle fibers
and produce the necessary output. The two main processes involved in processing EMG signals are signal amplification
and filtering. This inexpensive bionic arm was created by 3D printing, which has benefits of its own. To reduce noise
and amplify the signal, it is routed through a series of filters and amplifiers. Digital signals are created from the analog
signal. Using a microprocessor, these digital signals are utilized to operate the servo motors. The acquired EMG signals
are processed to extract particular features. The servo motors installed within the 3D-designed arm are linked to the
EMG electrodes. Most 3D printed filament is made of PLA plastic.

Keywords: Limb Amputation, Bionics Arm, EMG Sensors, Noise, 3D Printed Technology, DIY Muscle Sensor,
Bioelectric Signals, EMG Signal Measurement.

INTRODUCTION
Objectives:

The primary objective is to restore the function of a lost limb. The primary goal is to create a hand by
designing an affordable EMG control platform and a mechanical hand that can be made cheaply on a 3D printer.
To attain a high degree of hand functionality, we implemented a user interface that allows the user to call many
more hand functions.

Overview:

One of the most often used management interfaces in modern progressive upper limb medicine is
electromyography (EMG). Prosthetic arms that use an electromyographic interface are called myoelectric arms.
Myoelectric hands are the hands that are used in these types of situations. After that, the expense of these technical
applications on an advertisement-sized screen is high—myoelectric hands can cost anywhere from $15,000 to
$50,000.

The maintenance procedures that these hands typically need involve the use of expensive proprietary parts
and the presence of a highly qualified and experienced specialist throughout the repair process. A myoelectric
prosthesis can be very expensive, which prevents many amputees worldwide from being able to enjoy using one. It
is well recognized that the most affordable and often used myoelectric hands (which cost roughly $15,000) are not
as useful as a typical human hand. The pinch grip is the only grip that these hands can offer their users.

The EMG system allows the user to control and adjust the speed of these hands. However, because the
hand's velocity will shatter objects, users should use caution when producing a shot to grasp anything. Around the
world, there are a number of advanced hands that are significantly more useful than the most affordable ones. For
instance, because the Be branch of knowledge and I-Limb can transition between different grips and finger
movements, they have these options. Sadly, while the World Health Organization might be able to pay for it for a
tiny portion of amputees, these hands are quite costly for the majority of them.
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We've made the decision to create the ultimate hand with the same options and functionalities as the most
delicate current myoelectric hands in an attempt to make this vital technology accessible to the average unfortunate
user, given the stark disparity between cost and usefulness. Our goal of creating a high-tech hand will be
accomplished by creating an interface that lets the user operate many hand functions. Multiple impulse user
interfaces have reduced the chance of a stray muscle impulse, which has reduced unintended motions and
unintentional hand propulsion. This lessens the strain of the user's mental task.

The user's myogram signals are mechanically recorded when their residual limb is activated. With the aid of
an analog-to-digital converter, this signal is enhanced and transformed. A serial peripheral link is then used to
transmit the digitalized signal to the microcontroller. The microprocessor detects the muscle signals, causing the
hand's motors to become active. The way the user creates a series of successive impulses controls how the
mechanical hand operates. The user can be informed about the status of the gadget by exteroception feedback if the
hand's management logic identifies a perform choice.

EXISTING SYSTEM
There are three types in the existing system, named as
o Cosmetic Hand
e Threaded Arm
e Electric Arm
e Mechanical Arm

Cosmetic Arm:

These hands are constructed from flexible, lightweight foam wrapped around a metal skeleton fixed on a
plastic base. The skeleton allows you to place individual digits. On most sizes, the base may be attached to round
or oval hand plates, as well as M12 threaded stems. A broader selection of cosmetic hands is also available, with
longer wires and no internal base. These are used to make cosmetic prosthesis for people with incomplete hands.

Threaded Arm:

This method's idea is to tie a knot in a fishing line or thread at the tips of the fingers, then link that same
thread to the wrist or another location on the forearm. The fingers then fold as the wrist rotates, pushing the
threads back. In order to draw the strings using this method, you must move your wrist. Nevertheless, it's a great
solution because it can be made for a very low cost using the latest 3D printers, and the parts are easy to design and
even available for free online.

Figure 1: Threaded Arm

Electric Arm:

These prostheses use wrist, elbow, or terminal device electronic motors that run on a rechargeable battery.
There are other ways to operate these prostheses, such as using servo control through a button switch harness or
push button. In addition to obvious disadvantages like weight and moisture exposure, it is more costly to purchase
and maintain.
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Figure 2: Electric Arm

Mechanical Arm:

The mechanical hands are devices that are used with the function of opening or voluntary closure by means
of a harness which is fastened around the shoulders, chest and part of user controlled arm. Its operation is based on
the extension of a league through the harness for open or close, and closing or opening is made only with muscle
relaxation respectively by a spring to perform a pressure force or pinch. Due to these prostheses are driven by the
body, it is necessary that you have at least a general movement: chest expansion, depression and shoulder
elevation.
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Figure 3: Mechanical Arm

Problem Statement:

There are certain challenges and discomforts associated with utilizing existing types of arms since the arm is
heavy, the metal arm causes a wound in the missing limb during use, and the electromechanical arm is quite costly.
So, we need a way to minimize exorbitant costs, wounds, and weightlessness, as well as making the arm adaptable.

e Symptoms may include intact limb pain, back pain, inadequate prosthetics, poor balance, instability, fear of
falling, fatigue, reduced mobility, irritation, and skin issues.

e Bionic limbs may induce implant stability difficulties, bone fractures, implant breakage, and infections. All
of these bad situations share various harmful consequences. They create agony. High-tech bespoke
prostheses, such as the Electric Arm for amputees, are now accessible in India for half the price of imported
ones, which may cost upwards of Rs 1.5 lakh.

e Folding mechanical fingers in prosthetic hands can be tricky and uncomfortable. Prosthetic arms are pricey
because they require high-cost materials such as carbon. The mechanical and electromechanical prosthetic
hands are not customizable.

PROPOSED SYSTEM
3d Printing Technologies:

A wide range of printing ingredients, such as thermoplastic polymers, photosensitive polymers, molding
sands for casting, square measure metal powders, and others, are handled differently when using 3D printing
techniques. Compared to conventional production methods, 3D writing is different. Conventional machining
involves removing the cloth. The contrary is true according to the principle of 3D printing: fabric is added. The
ultimate three-dimensional form "grows" in layers. This explains why additive manufacturing (AM) refers to a
broad spectrum of outputs. When compared to the industry norm, those technologies' drawbacks include worse
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mechanical quality, higher business machinery values, and higher input material costs. Fortunately, there is a wide
range of open technology available these days.

FFF (Fused Filament Fabrication) technology is one of the most well-known nonproprietary processes. It is
the same technique as Fused Deposition Modelling (FDM), a registered trademark of the Stratasys company but
already non-proprietary. Filaments made of thermoplastic polymers are used in all of the methods. Liquid material
is ejected onto an electrically controlled moving table by a thermally controlled nozzle. A single layer deposition
table is positioned at a comparable distance due to the layer's thickness.

Until the half is not designed, the 3D method is applied again. A lot of novel applications for 3D printing
have been made possible by patent protection in the field. Reducing manufacturing costs financially, using open
materials to lessen unpredictability, and speeding up production are the main tenets (ideas, goals). Open supply
can manage most 3D printing parameters (temperature, movement speed, hatching, etc.) because it has no such
limitations. Construction tables made with composite material experience less internal material stress as a result of
temperature variations when temperature is tightly controlled. Open supply warms building tables, reducing this
effect. Sadly, huge 3D models with internal tension are not well suited for this resolution, which could damage the
written model. There are a few considerations to make when creating 3D models for 3D printing. The following
text presents the key ideas and firsthand accounts from several groups of 3D printer users.

Take care when printing walls that are either too high or too narrow. If you write thin walls without a
framework, the weight of the wall will cause the wall to bend. It is advised to take the 3D written contour's
thickness and height into account. Four layers is the recommended wall thickness for FFF or FDM technologies.
Usually, there is no wall thickness.25 mm. This criterion is dependent on the method and material employed, hence
it is not applicable to all 3D technologies.

Upper Limb Prosthesis:
Prosthetics employ artificial devices to replace lost bodily parts. This text covers only a small portion of this

sophisticated domain. It primarily addresses higher limb restorative (ULP) and below-elbow restorative issues.
For better comprehension, it is necessary to begin this section with a quick taxonomy of prostheses, as well as
fundamental hand grips and motions.
Classification of ULPS can be done as follows:
Passive

e Cosmetic Prosthesis (Cosmesis)
Active

e Conventional (Body-Powered) Prostheses

¢ Electrically Powered Prostheses

e Myoelectric Control

e Servo Control

e  Push Button Control

e Harness Switch Control

There are more hybrid types of prosthesis that are outdated or insignificant, but they were not included in
the list. Human grip taxonomies, as examined and contrasted, play an important role in establishing a common
language in domains such as human-computer interaction. The authors outline seventeen general grips from thirty-
three types. We like to employ for our functions a list of grips and gestures described on open technology project
websites (similar to the hackberry project):

e Grips
e Pinch grip
e Hook

e Tripod grip
o  Gestures
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o Full open / close
o Thumbs up / down
o Index finger point

ULP covers a wide range of economic topics and offers a variety of hands-on opportunities. High-tech
versions of myoelectric prosthesis are described, including the bionic stepper, Michelangelo of Otto lager beer, and
the I-limb of Bit technology. There are further research institutions and companies that focus on knowledge domain
activities such as robotic hands, sophisticated upper-extremity prosthetic devices, etc.

The following open supply initiatives inspired us the most: alter, Limb it Less, Not Possible, Open
Technology, ROMP, You Bionic, and MHK Community. Volunteers in these programs employ more accessible 3D
technology for prosthesis fabrication and share their skills with people of their communities. The primary goal of
these operations is to bring new technology and their products, prostheses, as close as possible to the people who
have them.

PROPOSING METHOD
The proposed system creates prosthetic arms using 3D printing, which is inexpensive.By configuring the
EMG muscle sensor using ARDUINO NANO, we can more easily control the arm. It will be considerably more
user-friendly, which means they will be easier to adjust to meet the needs of the user. 3D printed prostheses weigh
less than other prosthetics.

Block Diagram of Proposed System

Block diagrams help you understand and construct whole circuits by breaking them down into smaller
portions or blocks. Each of the blocks in the design performs a certain job, and the block diagram demonstrates
how they are joined together. Figure 3.1 shows the overall block diagram of the circuit. As indicated by the picture,
the design is separated into three major components: the electronics circuit on the PCB, the hand, and the external
devices/power input.

o s 5xDC motor On the hand

Mcu ) 1xpwm

(ATmega 2560 16U)[ * motor
256 KB Memory
4K8 EEPROM A 1xv
8K SRAM i motor

Figure 4: Block Diagram of the Proposed System

Figure 3.1 shows the part in blue square is on the PCB circuit. These elements are electrical components
without mechanical capability. The pink-colored square represents mechanical components connected directly to
the 3D printed hand. The EMG sensors are connected to the user's forearm and are not part of the main PCB, as
seen in the diagram. These sensors transmit analog signals to the microcontroller and are connected to the main
board by wires. The prosthetic hand needs EMG sensors because they must be mounted to the forearm and placed
in the correct muscle position to gather signals.

EMG Sensor:

Out of the many various EMG sensors on the market, the MyoWare Muscle Sensor (AT-04-001), made by
Advancer Technologies, was chosen for this specific project. MyoWare sensor is a module-based circuit. This sensor
consists of biomedical sensor pads, an integrated circuit, and a PCB board. It has been built as a wearable device,
which means it may be placed directly on the body since biomedical sensor pads are linked directly to the PCB
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board rather than utilizing biomedical pads separately and connecting them with wires. Figure 3.1 depicts
Myoware Muscle Sensors, and table 3.1 provides electrical specifications for the sensor.

Figure 5: EMG Sensor (AT-04-001)

Table 1: Electrical Specification of EMG Sensor (AT-04-001)

Parameter Min TYP Max
Supply Voltage +2.9V +3.3V or +5V +5.7V
Adjustable Gain Potentiometer 0.01 Ohm 50 kQ 100 kQ
Output Signal Voltage oV _ Vs
EMG Envelop oV _ +Vs
Raw EMG (Centered about +Vs/2)
Input Impedance -- 110 GQ -
Supply Current -- 9 mA 14 mA
Common Mode Rejection Ratio -- 110 --
Input Bias -- 1PA --

Advantages:
e Reducing Weight.
e Avoid from getting wound.
e Avoid from hand pain.
e The 3D printing filaments are Eco-Friendly.

CONCLUSION AND FUTURE SCOPE

The EMG technique can be helpful in symptomatic innovation whenever there is concern for
mononeuropathy (Carpal Burrow Disorder, Wrist Drop, Foot Drop), polyneuropathies, or radiculopathies (when
MRI does not detect nerve root compression). Using EMG technology, the clutters of the Neuro-Muscular junction
(Myasthenia Gravis) can also be recognized. To diagnose various diseases and disorders of the muscles, special
needle electrodes are used. In the market for prototypes, 3D printing has an advantage and always will. Any
product's customisation, rapid prototyping, and research depend heavily on this technology. In the near future,
this industry might offer a variety of work opportunities.
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