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Abstract—— Myoelectric controlled interfaces 

have become a major research area in recent years 

due to their applications in advanced prostheses, 

exoskeletons, and robot tele-operation. In this project 

a prosthetic arm is developed by Arduino 

programming. The main aim is to replicate the 

human hand gestures using wireless MEMS and 

Flux sensors. The wireless communication protocol 

used is Zigbee. The above two sensors are used to 

determine the direction of hand gestures under 

perfect non touching conditions. 
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1. INTRODUCTION 

“Myoelectric” is the term for electric properties of 

muscles. A myoelectric-controlled prosthesis is an 

externally powered artificial limb that you control with 

the electrical signals generated naturally by your own 

muscles. Hand, wrist and elbow myoelectric 

components are available. 

          A robotic exoskeleton is a type of orthosis that 

uses actuators to either assist or resist the movement of 

a joint of an intact limb; this is not to be confused with 

a powered prosthesis, which replaces a missing limb. 

There are four purposes that robotic lower limb 

exoskeletons can accomplish Enhancement of human 

performance, which typically deals with increasing 

strength or endurance Long-term assistance, which 

aims to provide impaired individuals with the ability to 

walk by themselves while wearing an exoskeleton 

Study of human locomotion, which utilizes robotic 

exoskeletons to better understand human 

neuromuscular control, energetic, and/or kinematics 

of locomotion 

          Post-injury rehabilitation, which is intended to 

help an individual recover from an injury (such as a 

stroke, spinal cord injury, or other neurological 

disabilities) by wearing an exoskeleton for a short time 

during training in order to perform better later without 

the use of the exoskeleton Robotic lower-limb 

exoskeletons can be controlled by several methods, 

including a footswitch (a pressure sensor attached to 

the bottom of the foot), gait-phase estimation (using 

joint angles to determine the current phase of walking), 

and myoelectric control . 

2. ELECTRO MYO GRAPHY 

EMG Signal Processing: 

Rectification is the translation of the raw EMG signal 

to a single polarity frequency (usually positive).  

 

The purpose of rectifying a signal is to ensure the raw 

signal does not average zero, due to the raw EMG 

signal having positive and negative components. It 

facilitates the signals and process and calculates the 

mean, integration and the fast fourier 

transform (FFT). The two types of rectification of 

signals refer to what happens to the EMG wave when 

it is processed. These types include full length 

frequency and half length. Full length frequency adds 

the EMG signal below the baseline (usually negative 

polarity) to the signal above the baseline making a 

conditioned signal that is all positive. This is the 

preferred method of rectification because it conserves 

all signal energy for analysis, usually in the positive 

polarity. Half length rectification deletes the EMG 

signal below the baseline. In doing so, the average of 

the data is no longer zero therefore it can be used in 

statistical analyses. The only difference between the 

two types of rectification is that full-wave 

rectification takes the absolute value of the signal 

array of data points. 

Adaptive Human Machine Interface: 

Adaptive Human Machine Interfaces (HMI) is used to 

improve the interaction between users and 

interfaces by taking into account the state of the user 

and the system. This paper describes a solution that 

enables the generation of adaptable HMIs applying 

wireless technologies.  

           The solution is based on an 

Adaptive Human Machine Interface Engine, and in 

this paper one of the main components, called MEMS 

is presented. The MEMS uses different technologies 

to retrieve information from the system in order to 

generate adaptive elements in the HMI. In the scope 

of the Diesel Reloaded project, we conducted future 

automotive human-machine interfaces (HMI) with an 

overview of their relationship to human. Furthermore, 

we implemented a HMI concept in our prototype 

hand robot. 

         This method involves the measurement of the 

current generated due to the difference in the 

capacitance between the subject’s hand and the 

measurement electrodes in the MEMS sensor. The 

above MEMS sensors and flux sensor are capable 

of detecting the direction of the subject’s hand 

gestures by measuring the time difference of the 

peak of the electrostatic induction current under 

perfect noncontact conditions. 

 

https://en.wikipedia.org/wiki/Orthosis
https://en.wikipedia.org/wiki/Actuators
https://en.wikipedia.org/wiki/Prosthesis
https://en.wikipedia.org/wiki/Walking
https://en.wikipedia.org/wiki/Polarity_(physics)
https://en.wikipedia.org/wiki/Fast_fourier_transform
https://en.wikipedia.org/wiki/Fast_fourier_transform
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Fig.1 EMG signal conversion 
 
 

   3. PROPOSED HARDWARE SYSTEM 

     The solution is based on an 

Adaptive Human Machine Interface Engine and it uses 

different technologies to retrieve information from the 

system in order to generate adaptive elements in the 

HMI. Two sensors are capable of detecting the 

direction of the subject’s hand gestures by measuring 

the time difference of the peak of the electrostatic 

induction current. Proposed system is implemented in 

real time hardware kit. Low power sensor 

implementation. Easily can adapt Flexible mounting 

option Quick signal transformation is possible. 

Measure the time difference of peak electrostatic 

current. The energy conversion of muscle activity into 

EMG signals can be represented by the figure given 

below 

 

 
           Fig.2. EMG Signals transformation 

The signals obtained from muscles are very low and 

hence they are amplified using the amplifier and then 

processed. The processed signals then sent as the input 

for the functioning of the robot. 

Proposed system contains two blocks 

A. Control section (Transmission unit) 

B.Robot section (Receiving unit). Control 

section(Transmitting unit): 

              In control unit the components used are, 

Arduino controller 

MEMS sensor 

Flux sensor  

Zigbee MEMS sensor and flux sensor outputs are given 

to the Arduino controller. Controller will compare the 

given signal to the reference signal. The data is 

transfer to ZIGBEE wireless module.  This section is 

also known as transmitting unit since the action that is 

to be done is transmitted from the signals obtained 

from the hand. 

Robot section(Receiving section): 

In robot unit the components used are, 

Arduino uno controller 

Zigbee 

Motor driver 

Motor 

        This section is otherwise called as receiving unit 

.the signals transmitted from the control unit is 

processed and obtained in this receiving unit, and the 

action is replicated in this robot. Comment instruction 

from control unit through wireless module ZIGBEE , 

instruction is process in robot unit.  Motor unit is 

control by motor driver. Power supply given 

separately to ZIGBEE, motor, controller.    

           ZIGBEE is a wireless connection network that 

is used to connect different devices data frequency 

of 2.4GHz. For medical applications also this 

ZIGBEE is widely used. The ZIGBEE can 

communicate with the devices of about 1km. This 

can be operated from any distance to any point of 

control.5v power supply is given to the 

microcontroller. The receiving unit contains a step 

down transformer and a bridge rectifier to convert the 

input 230v ac supply into motors required input of 5 

V. 

Block Diagram: 

 

 

 

 

 

 

 

            Fig.3.Control section of Hardware 

ARDUINO: 

Arduino  is an open-source computer hardware and 

software company, project and user community that 

designs and manufactures microcontroller-based kits 

for building digital devices and interactive objects 

MEMS 

SENSOR 
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https://en.wikipedia.org/wiki/Open-source
https://en.wikipedia.org/wiki/Open-source_hardware
https://en.wikipedia.org/wiki/Microcontroller
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that can sense and control objects in the physical world 

The project is based on microcontroller board designs, 

manufactured by several vendors, using various 

microcontrollers. These systems provide sets of digital 

and analog I/O pins that can be interfaced to various 

expansion boards ("shields") and other circuits. The 

boards feature serial communications interfaces, 

including USB on some models, for loading programs 

from personal computers. For programming the 

microcontrollers, the Arduino project provides 

an integrated development environment (IDE) based on 

the Processing project, which includes support for 

the C and C++ programming languages. The first 

Arduino was introduced in 2005, aiming to provide an 

inexpensive and easy way for novices and 

professionals to create devices that interact with their 

environment using sensors and actuators. Common 

examples of such devices intended for beginner 

hobbyists include simple robots, thermostats, and 

motion detectors. Arduino boards are available 

commercially in preassembled form, or as do-it-

yourself kits. The hardware design specifications are 

openly available, allowing the Arduino boards to be 

manufactured by anyone. Ada fruit 

Industries estimated in mid-2011 that over 300,000 

official Arduinos had been commercially 

produced, and in 2013 that 700,000 official boards 

were in users' hands 

 
Fig.5.Arduino description 

ATMEGA328 MICROCONTROLLER: 

Flux sensor: 

Heat travels in the forms of conduction, radiation and 

convection.  Heat flow sensor measures amount of 

convective heat travelling through inside the sensor in 

a direction perpendicular to its surface.  When heat is 

applied to an object from out- side, it increases 

temperature that raises internal thermal energy and 

causes transfer of heat: it is thermal energy and is 

recognized as  heat. Conductive heat flow is identified 

as amount of heat (J) flowing through a unit area (m 2 ) 

in a unit time (s). The unit of heat flow density q 

commonly called Heat Flux is q=J/s・m=W /m2. 

 

                   Fig.6. Pin diagram of ATMEGA328 

                               SENSORS 

When there is a temperature difference (⊿T) between 

two sides of a board of a uniform thickness, thermal 

gradient (⊿T・d-1) and the amplitude of heat flux 

bear in proportionate relationship. Coefficient of 

thermal conductivity  is material specific, the value 

calculated by dividing heat flux by thermal gradient, 

and its inverse is thermal resistivity. In the heat flow 

sensor, heat flux is detected from temperature 

difference between two sides of thermal resistive 

element plate placed across flow of heat.  

Proportional relationship of the both is verified. As an 

individual sensitivity constant  of the sensor 

(mV/W/m2), and representative heat flux(W/m2) is 

shown as the product of output volt-age (mV) and 

sensitivity constant. The value acquired in practical 

use is applicable when Ambient heat flow is regarded 

constant without regard to the size of the sensor. 

Ego’s general purpose heat flow sensor is comprised 

of a thermopile is configured to which a number of 

thermocouples connected in series on the both sides 

of a thin plastic film.  With this configuration, heat 

flow measure. 

 

 

 

 

 

Fig.4.Robot section of Hardware 
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Fig.7.Flux sensor 

 

Mems 

              micro-electro-mechanical systems are 

miniaturized mechanical and electro-mechanical 

elements, having some sort of mechanical functionality  

that  convert a measured mechanical signal into an 

electrical signal 

    
Fig.8.MEMS Sensor 

 

The main purpose of using MEMS sensor is 

Reduce EMI 

Dissipate Heat 

Minimize CTE 

Deliver Required Power 

Survive Environment 

MEMS ACCELEROMETER: 

            An accelerometer is a device for measuring 

acceleration and gravity induced reaction forces. 

Single- and multi-axis models are available to detect 

magnitude and direction of the acceleration as a vector 

quantity. Accelerometers can be used to sense 

inclination, vibration, and shock. They are increasingly 

present in portable electronic devices. 

 

 

Fig.9.Pin diagram of MEMS 
 

     C.ZIGBEE 

            Zigbee is the name of a specification for a 

suite of high level communication protocols using 

small, low-power digital radios based on the IEEE 

802.15.4 standard for wireless personal area networks 

(WPANs). Zigbee is targeted at radio-frequency (RF) 

applications which require a low data rate, long 

battery life, and secure networking. Zigbee is an 

established set of specifications for wireless personal 

area networking (WPAN) i.e., digital radio 

connections between computers and related devices.  

Zigbee is one of the global standards of 

communication protocol formulated by the relevant 

task force under the IEEE 802.15 Wireless 

Networking Standards. Zigbee provides specifications 

for devices that have low data rates, consume very 

low power and are thus characterized by long battery 

life 

              Zigbee operates in the industrial, scientific 

and medical (ISM) radio bands; 868 MHz in Europe, 

915 MHz in the USA and Australia, and 2.4 GHz in 

most jurisdictions worldwide with Zigbee designed to 

enable two-way communications, not only will the 

consumer be able to monitor and keep track of 

domestic utilities usage, but also feed it to a computer 

system for data analysis.  

 

 
 

            Fig.10.Zigbee module 
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4. CIRCUIT DIAGRAM 

RECEIVER CIRCUIT: 

 

 

Fig.14.Hardware Receiver circuit 

Flux sensor is connected to the subjects (human) hand. 

Based on Deflections across the muscle area no voltage 

flows and it is zero and only few micro amps of current 

is generated. The current thus produced is sensed using 

sensor. Further the obtained electrical signals are 

converted into mechanical signals using MEMS. These 

signals are further send to the Arduino controller to 

process. Arduino contains controller to control and 

transmits the signals to the receiving circuit using the 

Zigbee. Similar to the transmission circuit receiving 

circuit also contains Arduino, a motor driver, Zigbee, 

Thus the transmitted signals are received using the 

Zigbee, and the input is given to the robot hand.   

5. CONCLUSION 

The recorded muscular activity from sixteen muscles 

of the forearm and the upper-arm during reach-to-grasp 

movements towards different objects and object 

positions in 3D space. Box plot zones were introduced 

as a novel statistical representation technique capable 

to give a direct visual estimate of the muscular co-

activation patterns. Furthermore an emerging classifier 

based on Random Forests, not previously used in neuro 

robotics was used to classify EMG signals in different 

classes, according to the reach-to-grasp features (i.e. 

object size and position).Discussed here is able to 

benefit a switching mechanism that will trigger task-

specific (reach-to-grasp strategy) motion and force 

estimation models improving EMG-based control of 

robotic arm-hand systems. 
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