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Abstract- The mission statement is to design a cost-effective, scalable and portable MEMS based control system for the 
physically handicapped with high accuracy and programmability.  The project focuses on  finger movement  recognition via 
displacement in different directions. Many approaches have been made using cameras and computer vision to interpret sign 
language. Gesture recognition is a way for machines to begin to understand human body language, thus building a richer 
bridge between human and machines. Approximately 6 million people in the world face the problem of disability due to 
paralysis of various degrees. The proposed work is to provide a wireless system that can be used by disabled people to 
control various devices using    elementary motion of their finger. The system comprises of a Transmitter mounted on 
operator’s hand; employing a MEMS Accelerometer senses displacement signals and transmit through Xbee modules. The 
receiver is mounted conveniently and controls its motion based on control signals. The control signals are transmitted and 
received wirelessly using Wireless Radio Frequency Module (Xbee). The direction along x axis, y axis, z axis are real time 
detected by the software which in turn communicates to the various devices to function accordingly. 
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I. INTRODUCTION 
 
The purpose of developing new technologies always 
has been to make life easier. People suffering from 
paralysis have lesser muscular activity when 
compared to normal people. The cause of reduced 
muscular activity is called stroke.  A stroke, or 
cerebro vascular accident (CVA), is the rapid loss of   
brain function due to disturbance in the blood supply 
to the brain. The most common types of strokes are 
Thrombotic, Embolic stroke, Subarachnoid 
hemorrhage, Intra-Cerebral hemorrhage.  According 
to a study initiated by the Christopher & Dana Reeve 
Foundation, there are nearly 1 in 50 people living 
with paralysis -- approximately 6 million people. 
That's the same number of people as the combined 
populations of Los Angeles, Philadelphia, and 
Washington, D.C. And that  number is nearly 33% 
higher than previous estimates showed.  
  
A stroke causes muscular weakness and paralysis 
leading to partial or total non-usability of the 
muscular system, which leads to disability to control 
the surroundings and reduction in the motivation in 
living. Such people will be in need of moral and 
technological support to withstand the situation. This 
can also be used be senior citizens who suffer from 
various ailments such as arthritis, back pains etc to 
help make their life easier.  Nowadays with the 
increase in work schedule, people are facing hectic 
work hours and do not have enough time to look after 
the old and needy, and not everybody can afford help 
either. This tool can help them be independent and 
reduce a lot of unnecessary pain. With population 
rising exponentially, the number of stroke patients 
increase. But the technology is not accessible to all, 
especially in rural areas as it may be expensive or 
simply out of their reach Keeping all these factors in 

mind, there was a  need  for an inexpensive and easily 
accessible automotive controller which works with 
lesser effort compared to the conventional systems. 
Hence this device was designed as a portable and 
customizable acceleration detector in different axis 
which could control electrical appliances with the 
help of finger movement as well. This project mainly 
deals with providing an affordable, accessible and 
customizable alternative control system where the 
user can control the world in his finger tips. The 
proposed device also trumps the existing solutions 
like joysticks and button system.  
 
II. BLOCK DIAGRAM AND 

METHODOLOGIES 
 

Figure 1. Block Diagram for Device 
 
Working of the device  
 The change in the direction of the 

Accelerometer sensor (tilting) causes the 
movement of a reference capacitor inside the 
accelerometer and hence giving  a  differential 
voltage output across the axis pins, which acts 
as input the complete system.  

 The sensory information is sent to a 
microcontroller in the device which has an 
algorithm programmed to repeat the 
transmission of the present axis. The decisions 
made by the microcontroller are transmitted 
using Xbee module.  
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 The Xbee modules work in pairs where the 
transmitter acts as a router and the receiver acts 
as a Coordinator and hence making a 
transceiver couple. 

 The working of the device is split into two 
major parts: User Input Module (UIM) and 
control model(CM). Both these parts are 
controlled with independent microcontrollers.  

 The UIM accepts a three-channel input one 
from x-axis, y-axis and the z axis of the 
accelerometer. The axial motion corresponds to 
the angle, set with respect to zero and the 
voltage    corresponds to the equidistant motion 
about the zero.  

 The CM on the other hand uses the output of the 
receiver Xbee as an input to the micro-
controller that in turn derives a suitable 
algorithm and controls the elements of interest.  

 
A.   Accelerometer  
An accelerometer is a device that measures proper 
acceleration. The proper acceleration measured by an  
accelerometer is not necessarily the coordinate 
acceleration (rate of change of velocity). Instead, the 
accelerometer sees the acceleration associated with 
the phenomenon of weight experienced by any test 
mass at rest in the frame of reference of the 
accelerometer device. For example, an accelerometer  
at rest on the surface of the earth will measure an 
acceleration g = 9.81 m/s2 straight upwards, due to its 
weight. By contrast, accelerometers in free fall or at 
rest in outer space will measure zero.  
Highly sensitive accelerometers are components of 
inertial navigation systems for aircraft and missiles. 
Accelerometers are used to detect and monitor 
vibration in rotating machinery. Accelerometers are 
used in tablet computers and digital cameras so that 
images on screens are always displayed upright. 
Single- and multi-axis models of accelerometer are 
available to detect magnitude and direction of the 
proper acceleration (or g-force), as a vector quantity, 
and can be used to sense orientation (since direction 
of weight changes), coordinate acceleration (so long 
as it produces g-force or a change in g-force), 
vibration, shock, and falling in a resistive medium (a 
case where the proper acceleration changes, since it 
starts at zero, then increases).  
 
Micro machined accelerometers are increasingly 
present in portable electronic devices and video game 
controllers, to detect the position of the device or 
provide for game input. Pairs of accelerometers 
extended over a region of space can be used to detect 
differences (gradients) in the proper accelerations of 
frames of references associated with those points.   
 
Some important features of the accelerometer used 
are:  

  Triple Axes MEMS Accelerometer  
  Low Noise and Power Consumption- 320uA  

  Full sensing range of +/- 3g  
  Included 0.1uF capacitors set bandwidth of each  

axis to 50Hz  
  Onboard regulator 3.3volts 

 
Figure 2. Triple axes accelerometer ADXL 335 

 
B.  Microcontroller (Arduino UNO)  
The Arduino Uno is a microcontroller board based on 
the ATmega328. It has 20 digital input/output pins 
(of which 6 can be used as PWM outputs and 6 can 
be used as analog inputs), a 16 MHz resonator, a USB 
connection, a power jack, an in-circuit system 
programming (ICSP) header, and a reset button. It 
contains everything needed to support the 
microcontroller; simply connect it to a computer (or  
appropriate wall power adapter) with a USB cable or 
power it with a AC-to-DC adapter or battery to get 
started. The Uno differs from all preceding boards in 
that it does not use the FTDI USB-to-serial driver 
chip.  Instead, it features the Atmega16U2 
programmed as a USB-to-serial converter. This 
auxiliary microcontroller has its own USB boot 
loader, which allows advanced users to reprogram it.  
ATmega328P – PU is the microcontroller used. It 
interfaces the servo motor with the flex sensor and 
accelerometer. It is an 8 bit microcontroller with a 
flash memory of 32 kilobytes. It is a 28 pin chip. It is 
a RISC based microcontroller. It operates between 
1.8 and 5.5 volts. It can execute powerful instructions 
in a single clock cycle. A boot loader from Arduino is 
burnt in the microcontroller for the easy usage of 
Arduino C. The boot loader is a small piece of code 
that lets you run Arduino code without any external 
hardware.  The console displays text output by the 
Arduino environment including complete error 
messages and other information. The bottom right-
hand corner of the window displays the current board 
and serial port. The toolbar buttons allow you to 
verify and upload programs, create, open, and save 
sketches, and open the serial monitor. 

 
Figure 3. Arduino Uno Microcontroller 
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C.  Transmitter/Receiver (Xbee Module)  
XBee and XBee-PRO 802.15.4 OEM RF modules are  
embedded solutions providing wireless end-point 
connectivity to devices. These modules use the IEEE  
802.15.4 Networking protocol for fast point-to-
multipoint or peer-to-peer networking.  
 
They are designed for high-throughput applications 
requiring low latency and predictable communication 
timing. XBee modules are ideal for low-power, low-
cost applications. XBee-PRO modules are power-
amplified versions of XBee modules for extended-
range applications. Part of the XBee family of RF 
products, these modules are easy-to-use, share a 
common footprint, and are fully interoperable with 
other XBee products utilizing the same  technology. 
Module users have the ability to substitute one XBee 
module for another with minimal development time 
and risk. XBee products are part of Digi's 
unsurpassed range of Drop-in Networking solutions, 
offering users seamless wireless communication 
between devices, including adapters and gateways. 
 

 
Figure 4. Xbee (s2 module) 

 
D.  System Control  
System control refers to the various devices that can 
be controlled wirelessly. For testing purposes, simple 
system control components such as Servo Motors, 
Relays, LCDs etc were used Servo Motors - A 
servomotor is a rotary actuator that allows for precise 
control of angular position, velocity and acceleration. 
It consists of a suitable motor coupled to a sensor for 
position feedback. It also requires a relatively 
sophisticated controller, often a dedicated module 
designed specifically for use with servomotors. 
 

 
Figure 5. Servo Motor 

 
Relays  -  A relay is an electrically operated switch. 
Many relays use an electromagnet to mechanically 
operate a switch, but other operating principles are 
also used, such as solid-state relays. Relays are used 
where it is necessary to control a circuit by a low-
power signal (with complete electrical isolation 
between control and controlled circuits), or where 
several circuits must be controlled by one signal. 

 
Figure 6. A relay 

 
LCDs- LCD (Liquid Crystal Display) screen is an 
electronic display module and find a wide range of 
applications. A 16x2 LCD display is very basic 
module and is very commonly used in various 
devices and circuits. These modules are preferred 
over seven segments and other multi segment LEDs. 
The reasons being: LCDs are economical; easily 
programmable; have no limitation of displaying 
special & even custom characters (unlike in seven 
segments), animations and so on. 16x2 LCD means it 
can display 16 characters per line and there are 2 such 
lines. 

 

 
Figure 7. A 2X16 LCD 

 
III. RESULTS  
 
Once the device is worn and connected, rest the 
finger on a surface if it is required, and switch ON the 
device. Move the finger tip for the control of devices.  
The graph(figure 7), table (figure 8)  illustrates the 
required output obtained from the device, i.e.  change 
in axis provides different voltage values which are 
transmitted using Xbee wireless module. By moving 
the index finger on  transmitter end the latch can be 
controlled on the receiver end.  
 

 
Figure 7. Graph showing Theoretical and Practical voltage 

values of the X co-ordinate of sensor Vs the angle of rotation. 
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Figure 8. Observation table 

 
Sensitivity of the device varies slightly in different 
axes. The sensitivity in X axis is 0.84mV/degree and 
in Y axis is 0.98mV/degree. 
 

 
Figure 9. Transmitter End 

 

 
Figure 10. Receiver End 

 
The change in angular momentum of the finger is 
converted to an equivalent voltage whenever the 
output voltage of the accelerometer exceeds 410 the 
transmitter sends a character A to the receiver. The 
receiver on receiving character A glows the LED. On 
the other hand whenever the output voltage value is 
less than 410 the transmitter sends a character value 
B to the receiver. The receiver is so programmed to 
switch off the LED on receiving character B. 
 

 
Figure 11. The COM port 

CONCLUSION AND FUTURE SCOPE  
  
This device helps to reduce the mechanical motion 
and effort of the physically challenged using an 
accelerometer. The extracted values from the 
accelerometer are processed using algorithms that 
take care of propagating the signal to the necessary 
component. The reference voltages of the 
accelerometer remain constant. A change in the axis, 
changes the capacitor position inside the sensor and 
provides a different voltage. The Xbee module acts as 
a transceiver couple where data is transferred at 
2500bps.   The receiver signals are processed by the 
microcontroller and algorithms decide the controlling 
of the various devices.  Since the sensitivity is higher 
in Y axis, it is recommended to use the device along 
the Y axis. For the future enhancements of this 
system, a number of additional subsystems can be 
incorporated. Continuous monitoring systems for 
blood pressure, cholesterol, blood glucose etc. A 
temperature sensor can also be integrated on the 
receiver side, which will automatically regulate the 
air-conditioning based on temperature changes. Apart 
from these subsystems, this concept can be extended 
to other regions of the body like head tilt, wrist 
movement, leg etc  
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