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Abstract— In a smart environment, people usually hope to use the most natural and convenient ways to express their 
intentions and interact with the environment. Button pressing, often used in the remote control panel, provides the most 
traditional means of giving commands to devices and appliances. Such kind of operation, however, is not natural and 
sometimes even inconvenient. In this regard, gesture-based interaction offers an alternative way in a smart environment. 
Hand gesture recognition is one of the method of the human computer interface.New input methods, closer to human nature 
are searched for replacing traditional ones.  
                 This paper aims in implementing real time gesture recognition. The primary goal is to create a system that can 
identify human generated gestures and use this information for device control.Once the gesture is identified corresponding 
control action assigned to the gesture is actuated. This paper presents a hand gesture recognition system built around an 
accelerometer sensor. The system is made by a sensing and transmitting part and a computer. 
 
Keywords—Gesture recognition,human-computer  interface,  accelerometer sensor. 
 
 
I. INTRODUCTION 
 
Everything around us is getting automated. From 
home to office to signal system to aviation and many 
more, everything is getting automated. Considering 
the increase in demand of automation, we are 
designing a complete automated hand gesture based 
device control. 
    Gesture recognition is a dynamic area of research in 
human-computer interfaces. Keyboards, mice, 
joysticks tend to be replaced, or at least accompanied, 
by speech recognizing systems, touch screens, gesture 
recognition systems and others. These is true for 
computers as well as for other systems, such as 
embedded systems, mobile phones etc. 
Gestures are a very spread mean of communication 
among people. People use gestures for expressing a 
diversity of internal states, for attracting the attention 
of other people and so on. Gestures can be made with 
the hands or with the body. There are unfortunate 
situations (i.e., certain diseases) when gestures are the 
single way of communication of people [2]. 
There are two implementations of gesture recognizing 
systems: sensor-based and vision-based, [1]. The 
sensor based solutions use accelerometers or gyros for 
detecting the gestures. When gestures are done with 
the hands, a special glove or a special device kept in 
hand is used [2] 
A simple cotton glove is fitted with an accelerometer. 
This glove is then worn by the user and the desired 
actions are performed. The accelerometer senses the 
orientation of the hand in space through an inbuilt 
capacitive system and feeds out electrical signals as 
unique voltages for each unique orientation. These 
voltages are converted to digital values by the 
microcontroller and then sent to the wireless XBEE 
transmitter-receiver pair, which passes on this data to  

 
the computer where it is manipulated by our program 
running in the background. 
      When gestures are done with the body, sensors are 
mounted on the part of the body used for 
communication. 
[3]An accelerator-glove has been designed by fixing 
a 2-axis accelerometer on the back of each finger. By 
comparing the output signals of the accelerometers 
and the magnitude of gravity, the bending angles of 
the fingers can be recognized. It is used further to 
recognize 26 letters of American Sign Language 
(ASL). 
        Reference [4] describes a real-time hand gesture 
recognition system in near real time. The system is 
made by two parts: segmentation and recognition. It 
uses input device as a mobile phone which has in-built 
three-dimensional accelerometer accessible from Java 
environment. The application collects the 
accelerometer sensor data stream and sends it to a 
computer nearby via Bluetooth connection. The 
accelerometer sensor provides a three dimensional 
data vectors every second. By segmentation it identify 
the parts in this data stream where gestures occur. 
Two different classification methods have been 
implemented for this is support Vector Machine 
(SVM) Hidden Markov Models (HMMs). [5] In the 
system, the data processing and gesture recognition 
are performed in the micro-controller. During the 
initial stage for better effect and to modify parameters 
for gesture recognition, signals can be displayed 
directly on the PC screen. The micro-controller sends 
the data to the PC by sets, and the signals are displayed 
on the PC screen using the Matlab software. 
       Reference [6] presents an acceleration-based 
gesture recognition approach, called FDSVM 
(Frame-based Descriptor and multi-class SVM), 
which needs only awearable 3-dimensional 
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accelerometer. With FDSVM, firstly, the acceleration 
data of a gesture is collected and represented by a 
frame-based descriptor, to extract the discriminative 
information. Then a SVM-based multi-class gesture 
classifier is built for recognition in the nonlinear 
gesture feature space.  
  The state of the art sensing components utilized for 
body motion measurement. The anatomy and working 
principles of a natural body motion sensor, the human 
vestibular system, are described [8]. Various 
man-made inertial sensors are then elaborated. 
 
II. THE SYSTEM 
 
System Description The system basically consist of 
two units .Hand Unit  and Base Unit .Which contains 
Microcontroller ARM-7 2138, Accelerometer, LCD, 
Zigbee Transceiver, Buzzer, 4 Red LED, 4 Green 
LED, SD Card and Speaker. 
 
Hand Unit 
 

 
 
Base Unit 
 

 
Fig. 1 presents the block diagram of the System 

 
This project is in two parts Base unit and Hand unit.  
16x2 LCD display and the microcontroller is the 
controlling body which is programmed to take the 
decisions on the basis of the result of the comparison 
between the captured gesture and the gesture stored in 
the database. 
We utilize a sensor on Hand unit which integrated a 
tri-axes accelerometer chip as a hand held input 
device in our interaction system. When the human 
performs a gesture, the sensor will collect the data 

flow output by accelerometer chip, and send it to 
controller via wireless protocol. We consider this raw 
data stream fetched from sensor as an “input pattern”.  
According to the daily experience, the patterns 
generated by the movement of hand when human 
performing the same gestures satisfy certain statistical 
rules to some extent, based on it we propose the 
“standard pattern”. The “standard pattern” is a class 
of pre-defined patterns, each one corresponding to a 
special “input semantics”. When  user performed a 
gesture, the sensor will send the “input pattern” to 
interaction system, then system will find out the most 
approximate “standard pattern”, this also can be 
regarded as a procedure of recognition, and finally the 
interaction system get an input semantic according to 
the recognition result. 
 The system is being provided with pre captured 
hand gestures in its database. Once the hand unit 
gesture, give the commands by the use of 
Accelerometers and the system compares that with the 
hand gestures stored in the database by the use of SD 
CARD. Once matched, the system respond in the 
manner it is being programmed. 
 The 16x2 LCD display is used to see the status of 
the system. This display also plays a vital role while 
debugging the system in case of system failure.   
But main thing is that whole procedure is working 
with ZIGBEE Transmitter and Receiver where Hand 
unit give commands to the base unit and base unit 
implement the job. In Base unit actual mechanical 
work is done i.e by the use Red and Green LED’s is 
glow and also by the use of Speaker the announcement 
is going to proceed.  
 
III. SELECTION AND PLACEMENT OF 

DEVICE 
 

A.  Accelerometer 
 
An accelerometer is an electromechanical device that 
will measure acceleration forces. These forces may be 
static, like the constant force of gravity pulling at your 
feet, or they could be dynamic - caused by moving or 
vibrating the accelerometer. 
 By measuring the amount of static acceleration due 
to gravity, we can find out the angle the device is tilted 
at with respect to the earth. By sensing the amount of 
dynamic acceleration, we can analyze the way the 
device is moving. 
  Accelerometers use the piezoelectric effect - they 
contain microscopic crystal structures that get stressed 
by accelerative forces, which cause a voltage to be 
generated. Another way to do it is by sensing changes 
in capacitance. If you have two microstructures next to 
each other, they have a certain capacitance between 
them. If an accelerative force moves one of the 
structures, then the capacitance will change. Add 
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some circuitry to convert from capacitance to voltage, 
and you will get an accelerometer. 
The three axis accelerometer are basically used to 
identify the movements across the three axis i.e. x-axis, 
y-axis, z-axis. Accelerometer is an electronic device 
which is interfaced using I2C protocol and provides 
the reading after every 1msec. According to the 
requirement of the application, the microcontroller 
will take the reading from the accelerometer within a 
fixed interval of time and do the necessary operation 
according to the requirement of the application. 
-     Digital Output (I2C) 
-     3mm x 3mm x 0.9mm DFN Package 
-     Low Power Current Consumption: Off Mode: 0.4 
µA, 
-     Standby Mode: 3 µA, Active Mode: 47 µA . 
-    Configurable Samples per Second from 1 to 120    
      samples a second. 
 -    Low Voltage Operatio 
        Analog Voltage: 2.4 V - 3.6 V 
        Digital Voltage: 1.71 V - 3.6  
-    Auto-Wake/Sleep Feature for Low Power 
Consumption 
-    Tilt Orientation Detection for Portrait/Landscape   
     Capability 
-    Gesture Detection Including Shake Detection and 
Tap  
     Detection 
-    Environmentally Preferred Product 
-    Low Cost  
 
B.  Liquid Crystal Display 
LCD is used to visualize the output of the application. 
We have used 16x2 LCD which indicates 16 columns 
and 2 rows. So, we can write 16 characters in each 
line. So, total 32 characters we can display on 16x2 
LCD. 
LCD can also used to check the output of different 
modules interfaced with the microcontroller. Thus 
LCD plays a vital role in a project to see the output and 
to debug the system module wise in case of system 
failure in order to rectify the problem. 
 
C. Microcontroller 
The ARM7TDMI-S is a general purpose 32-bit 
microprocessor, which offers high performance and 
very low power consumption. The ARM architecture 
is based on Reduced Instruction Set Computer (RISC) 
principles, and the instruction set and related decode 
mechanism are much simpler than those of 
microprogrammed Complex Instruction Set 
Computers. This simplicity results in a high 

instruction throughput and impressive real-time 
interrupt response from a small and cost-effective 
processor core. 
-    The ARM7 is a general purpose 32-bit RISC   

Microprocessor    operating voltage range of 3.0 
V to 3.6 V (3.3 V ± 10 %)      with 5 V tolerant 

-    High performance and very low power 
consumption 

-    RAM =32KB  
-    ROM= 512 KB  (flash memory) 
-    Two 8-channel 10-bit ADCs provide a total of up 

to  
     16analog inputs 
-    Two 32-bit timers/external event counters 
-    Low power Real-time clock with independent         
     power and dedicated 32 kHz clock input. 
-    Two  I2C-bus (400 kbit/s) 
-    Vectored interrupt controller with configurable   
     priorities and vector addresses. 
-    Up to nine edge or level sensitive external 

interrupt 
     pins available. 
-    60MHz maximum CPU clock available from  

       programable on-chip . 
-    Two  ports  

          port 0 = P0.0 - P0.31=32 pin 
          port 1= P1.0 - P1.31.=32 pin 

Total 47 GPIO pins. 
 -    SPI, SSP serial I/O controller 
   D.     Announcement System 
 Announcement system is nothing but a speaker 
system which is connected at the output of the system 
for announcement purpose. As per the system 
application, according to the visual based guide, the 
respective saved audio file is played using a speaker 
system.  
 
E. SD Card 
    SD (Secure Digital) card is basically is used as a 
storage device which will required to store the 
required data. The system database can be used to 
store in SD CARD in the form of .wav file and can be 
accessed from that whenever it is required. SD CARD 
is interfaced with the system using a protocol called 
SPI(Serial Periferal Interface) protocol. 
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Fig. 2 Presents Hand unit Flowchart 

 
IV. GENERAL DATA FLOW 
 
Hand unit mainly consist of accelerometer which takes 
reading from accelerometer for every second and 
compare it with look up table in the program, which 
we have written in controller . We can set the values in 
program with the help of KEIL version 3. The right, 
left, up, down. forward, backward commands are 
orientation of the hand in free space. These are 
mapped into accelerometer X-axis,Y-axis,Z-axis 
reading. Hand unit transmit this reading to the Base 
unit via ZIGBEE. 
In Base unit we are using four green and four red LED. 
The corresponding mapping is doen between 
command and LED.  

 
Here Right, Left, Forward, Backword, Up, Down stop 
command is set. Initially all red signals are ON and all  
green signal OFF. When the hand unit send Right 
command to base unit it will make Red R1 OFF and 
Green G1ON.Same way by using different command 
different LED either ON or OFF. 
In stop condition all red LED is ON and all green LED 
is off.  
We use a specific axis for emergengency condition. 
When down command is received to base unit it will 
announce a certain message and that way Green LED 
is on first. It is doen by using SD card and buzzer. 
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Fig.3 Presents Base unit Flowchart

 
V. SOFTWARE REQUIREMENT 
 
-    KEIL 
-   Embedded C 
-   LPC Flash utility 
 
VI. INTERFACING WITH CONTROLLER 
 

A. ARM Interface to XBEE module 

 
Fig. 4  ARM Interface to  XBEE module 

 
Here the XBEE module works on TTL Txd and Rxd 
pins so we can directly connect the µC txd pin to the 
XBEE rxd pin and the G rxd pin to the XBEE txd pin.  

B. RS 232  
 
RS 232 IC is a driver IC to convert the µC TTL 
logic(0-5) to the RS 232 logic (+-9v).Many device 
today work on RS 232 logic such as PC, GSM 
Omodem , GPS etc. . .so in order to communicate with 
such devices we have to bring the logic levels to the 
232 logic (+/-9v). 
Here as we can see the RS 232 chip has 2 pairs of TTL 
and 232 logic viz, 
        pair 1 : Pin 7,8,9,10         of RS 232 
    Pair 2 : pin 11,12,13,14  of RS 232 
We can use any one pair in our project either 7,8,9,10 
pair or 11,12,13,14 pair. if we require 2 serial ports 
then Depending on the requirement of the project we 
may have to use both the pair in the same project . 
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The µC works on TTL logic (0-5 v).So to convert the 
TTL logic to 232 logic we use the 4 capacitors 
connected to the RS232 IC. These capacitors are called 
charge pumps used to convert the TTL voltage to the 
+/- 9 v swing required by the 232 IC. 

C. I2C (Inter-integrated circuit) protocol 
 
I2C protocol is one of the widely used standards for 
data communications. There are various devices 
working on I2C protocol such as memory, ADC etc. 
these devices are called as serial devices. It is having 
two-wire serial protocol with addressing capability 
.Speeds up to 3.4 Mbps. 
I2C protocol uses two lines. 
SCL (serial clock) and SDA (serial data). 
SCL is used as reference clock whereas actual data 
transfer takes place on SDA line. Our aim is to develop 
a system using accelerometer which will work on this 
I2C protocol. 
Transmitted just like address (8 bits) 
For a write, master transmits, slave acknowledges 
For a read, slave transmits, master acknowledges 
Transmission continues Subsequent bytes sent & 
Continue until master creates stop condition 
Data is always sampled on the rising clock edge 
Address is 7 bits .An 8-th bit indicated read or write 
High for read & Low for write. 
 

Fig.5 Complete I2C Transfer 

 
D. SD CARD CONNECTOR (SPI BUS) 

 
Here we are using a SD card .This card works on the 
SPI bus whose connections are as follows: 
 

 
Fig. 6 ARM-7 µC is connected to the ETHERNET 

As shown in the figure 6 the ARM-7 µC is connected 
to the ETHERNET connector using SPI bus. The SPI 
bus basically works on the following pins: 

MOSI: Data IN 
MISO: Data OUT 
SCK0: SPI clock 
SS     :  Device select 
 
CONCLUSION 
 
 The project “Traffic control using Hand gesture 
recognition” has been successfully designed and 
tested. Integrating features of all the hardware 
components used have developed it. Presence of every 
module has been reasoned out and placed carefully 
thus contributing to the best working of the unit. 
Secondly, using highly advanced IC’s and with the 
help of growing technology the project has been 
successfully implemented.  
The proposed gesture recognition system only deals 
with predefined gestures, so gesture vocabulary should 
be expended as largely as possible to fully make use of 
the potential of gestures in human-computer 
interaction system  in the future. Obtain a stable 
gesture recognition system and the training set is large. 
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