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Abstract
This paper presents head and hand gestures recognition system 
for Human Computer Interaction (HCI). Head and Hand gestures 
are an important modality for human computer interaction. Vision 
based recognition system can give computers the capability of 
understanding and responding to the hand and head gestures. 
The aim of this paper is the proposal of real time vision system 
for its application within a multimedia interaction environment. 
This recognition system consists of four modules, i.e. capturing 
the image, image extraction, pattern matching and command 
determination. If hand and head gestures are shown in front of 
the camera, hardware will perform respective action. Gestures 
are matched with the stored database of gestures using pattern 
matching. Corresponding to matched gesture, the hardware is 
moved in left, right, forward and backward directions. Hardware is 
also control by using voice commands. Cellular automata consist 
of an n dimensional grid/array of cells. Each of these cells can be 
in one of a finite number of possible states, updated in parallel 
according to a state transition function. Compared with many 
existing algorithms for image extraction cellular automata give 
much faster search space and can find a uniform rule in less time 
space. 
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I. Introduction
Cellular automata (CA) consist of a regular grid of cells, each 
of which can be in only one of a finite number of possible states 
[14].  The state of a cell is determined by the previous states of a 
surrounding neighborhood of cells and is updated synchronously 
in discrete time steps. One of the advantages of CAs is that, 
although each cell generally only contains a few simple rules, 
the combination of a matrix of cells with their local interaction 
leads to more sophisticated emergent global behavior. That is, 
although each cell has an extremely limited view of the system (just 
its immediate neighbors), localized information is propagated at 
each time step, enabling more global characteristics of the overall 
CA system. The interaction between human and robot is definitely 
one of the major issues in the 21st century. This is due to the fact 
that although nowadays many tasks are being performed merely 
by robots, however, there are many cases in which robots either 
need the supervision and direction of a human being or they require 
collaboration with people to receive and process corresponding 
data to start a transaction or finish an assignment. Robots are 
gaining an ever increasing foothold in society, with the particular 
uses of teleported robotic arms in fields such as medical surgery, 
remote manipulation of objects in hazardous environments, 
weaponry for warfare and industrial automation attracting a lot 
of research and development attention. It is investigated  that 
service and personal care robots will become more prevalent 
at home in the near future and will be very useful in assistive 
operations for human care, particularly the elderly and disabled. 
Hand gestures are a very usual type of human interaction and 
can be used efficiently in HCI. Feasibility of controlling home 
appliances using hand gestures and would present an opportunity 

for a section of the aging population and disabled people to lead 
a more independent life. Hand & Head gestures recognition is a 
promising research field in computer vision. Its most appealing 
application is the development of more effective and friendly 
interfaces for human-machine interaction, since gestures are a 
natural and powerful way of communication.

II. Literature Review
A body of literature survey suggests that people naturally tend 
to do activity with which they interact. It also investigated how 
people use speech and gestures when interacting with system. 
In the concept of multimodal user interfaces, users are able to 
communicate with computers using the very modality that best 
suits their current request. Apart from mouse or keyboard input, 
these modalities include speech, handwriting or gesture [1]. 
Gesture recognition is the process by which gesture made by the 
user are known to the system. Gestures components are the Head 
and hand poses. Gestures are recognized using rule-based system 
according to predefined model with the combinations of the pose 
classification results of three segments at a particular image frame. 
Pattern recognition is the scientific discipline whose goal is the 
classification of objects into a   number of categories or classes. 
Latest work has been done in genetic algorithm and principle 
component analysis and neural network. A genetic algorithm is 
an iterative process that consists of a constant-size population 
of individuals, each of which is represented by a finite string of 
symbols known as the genome. These strings of symbols encode 
possible solutions in a given problem space referred to as the search 
space. This search space consists of all the possible solutions 
to a problem. Genetic algorithms are usually applied to search 
spaces that are too large to be searched exhaustively. To detect 
gesture movement and interact with computer using hand and 
head movement different technique are available to recognize 
gestures [9].
• Principle component Analysis: It is a classical feature 

extraction technique [3] widely used in the field of pattern 
recognition and computer vision.

• Support Vector Machines: It is a classical statistical technique 
for analyzing the covariance structure of multivariate data.

• Neural Network and Fuzzy ‘c’ Clustering Method.
• Self-Growing and Self-Organized Neural Gas (SGONG) 

network [4]. 
• Spatio-Temporal Feature-Extraction Techniques [5].
• Linear discriminate analysis 
• Independent component analysis.

III. Cellular-Automation Region Extraction Algorithm
The cellular automaton uses the set {0,1} for its two states. The 
size of the rule (as a decimal number) is found by the following 
equation where n is the size of the cell neighborhood:  rulesize= 
22n.
This means that the rule space grows very exponentially as the 
neighborhood size increases, examples of the rule space sizes are 
given below in table:
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Table 1:
N Decimal Rule Size Rule Bit Rate
2 16 4
3 256 8
4 65536 16
5 4294967296 32
6 1.86EE19 64
7 3.40EE38 128
8 1.16EE77 256
9 1.34EE154 512

for each cell i in cellular automata do in parallel
initialize rule table of cell i
fi = 0{fitness value}
end parallel for
c = 0 {initial configurations counter}
while not done do
generate a random initial configuration
run cellular automata on initial configuration for M time steps
for each cell i do in parallel
if cell i is in the correct final state then
fi = fi + 1
end if
end parallel for
c = c +1
if c mod C = 0 then {evolve every C configurations}
for each cell i do in parallel
compute nfi (c) {number of fitter neighbours}
if nfi (c) = 0 then rule i is left unchanged
else if nfi (c) = 1 then replace rule i with the fitter neighbouring 
rule,
followed by mutation
else if nfi (c) = 2 then replace rule i with the crossover of the 
two fitter,
neighboring rules, followed by mutation
else if nfi (c) > 2 then replace rule i with the crossover of two 
randomly
chosen fitter neighboring rule, followed by mutation
end if
fi = 0
end parallel for
end if
end while

The following results by using the traditional cellular automata 
algorithm were calculated. Standard fitness proportional selection 
with a population of 100 individuals, one point crossover and 
mutation were used. A mutation rate of 1 in every 1,000 was 
used. A solution of fitness 96.4% was evolved, the solution 
turned the image into a mostly white image with a little noise. 
This is not useful at all, but it is a high fitness solution – this is 
something that proved to be a problem in many of the other cellular 
automata experiments. Fig. shows a graph of fitness against time 
(generations).

Fig. 1: A graph of fitness against time for fitness proportional 
selection

Fig. 2: The result of uniform cellular automata edge detection
An attempt was made to solve the two-dimensional density 
task. This is the task of changing the global state of the cellular 
automaton (every cell) to the majority of black (state equal to 1) 
or white (state equal to 0) cells. So if there are more black cells 
than white cells to start with, every cell in the cellular automaton 
should change to black after running the rules a set number of times 
– Fig. 1(a) demonstrates this. Also if there are more white cells 
than black cells to start with, every cell in the cellular automaton 
should change to white after running the rules a set number of 
times – Fig. 1(b) demonstrates this. The rules used here had a five-
cell neighborhood, the Centre cell in question and the cells above, 
below, left and right of it. This produces a rule set with rules of the 
order of 32-bits, producing quite a large search space. The fitness 
function for the rules was very simple, if after running the rules 
through for M time steps (M being the variable in the Cellular 
Algorithm ) the state of a cell is in the correct state increase it’s 
the cell’s (and hence the rule’s) fitness by one. The results were 
promising but not one hundred percent perfect, as the actual fitness 
only reached eighty-seven percent. 
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Fig. 3(a): The ideal output from the density Task (1)

Fig. 3(b): The ideal output from the density Task (2)
Next the effect of varying M in the cellular programming algorithm 
was investigated. M is the number of time steps that the rules are 
run for before evaluating the fitness of the each cell’s fitness.  The 
value of M matters, as it is how long it takes to get cell’s state to 
the ideal state using a near ideal rule. In the cellular automata used 
in this project, having a larger cell neighborhood to look at means 
that the connectivity between the cells is dramatically increased. 
Various values of M were implemented on static images, from 
1 to 10,000. The best result was 96% using 100 as a value for 
M. Fig. 2 shows a graph of fitness over time for the values of M 
being 100 implemented. 

Fig. 4: A graph of fitness against time for M = 100

Input Image

Output Image
This fig shows the result of cellular automata algorithm. However 
the fitness is not 100% but getting the result near to it. The reason 
that non-uniform cellular automata were used in this paper was 
twofold, one because very little work has been carried out using 
non-uniform cellular automata, and two because the idea, that a 
non-uniform cellular automaton can find a uniform rule in less time 
steps. This works on the principle of there being 10,000 different 
starting rules in a 100 x 100 non-uniform cellular automaton, 
and it is rare to have a population of Uniform cellular automata 
anywhere near this size. So the search space can be explored 
much faster.

IV. Research methodology to be employed
The organization of a computer vision system is highly application 
dependent. Some systems are stand-alone applications which 
solve a specific measurement or detection problem, while others 
constitute a sub-system of a larger design which, for example, 
also contains sub-systems for control of mechanical actuators, 
planning, information databases, man-machine interfaces, etc. The 
specific implementation of a computer vision system also depends 
on if its functionality is pre-specified or if some part of it can be 
learned or modified during operation. There are, however, typical 
functions which are found in many computer vision systems.
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Fig. 5: Processing Flow

A. Image acquisition
A digital image is produced by one or several image sensors, 
which, besides various types of light-sensitive cameras, include 
range sensors, tomography devices, radar, ultra-sonic cameras, 
etc. Depending on the type of sensor, the resulting image data 
is an ordinary 2D image, a 3D volume, or an image sequence. 
The pixel values typically correspond to light intensity in one 
or several spectral bands (gray images or colour images), but 
can also be related to various physical measures, such as depth, 
absorption or reflectance of sonic or electromagnetic waves, or 
nuclear magnetic resonance.

B. Pre-processing
Before a computer vision method can be applied to image data in 
order to extract some specific piece of information, it is usually 
necessary to process the data in order to assure that it satisfies 
certain assumptions implied by the method. Examples are 
• Re-sampling in order to assure that the image coordinate 

system is correct.
• Noise reduction in order to assure that sensor noise does not 

introduce false information.
• Contrast enhancement to assure that relevant information 

can be detected.
• Scale-space representation to enhance image structures at 

locally appropriate scales.

C. Feature extraction
Image features at various levels of complexity are extracted from 
the image data. Typical examples of such features are 
• Lines, edges and ridges.
• Localized interest points such as corners, blobs or points.

D. Detection/segmentation
At some point in the processing a decision is made about which 
image points or regions of the image are relevant for further 
processing. Examples are 
• Selection of a specific set of interest points
• Segmentation of one or multiple image regions which contain 

a specific object of interest.

E. High-level processing
At this step the input is typically a small set of data, for example 
a set of points or an image region which is assumed to contain 
a specific object. The remaining processing deals with, for 
example: 
• Verification that the data satisfy model-based and application 

specific assumptions.

• Estimation of application specific parameters, such as object 
poses or objects size.

• Classifying a detected object into different categories.

V.   Conclusion
In today’s digitized world, processing speeds have increased 
dramatically, with computers being advanced to the levels where 
they can assist humans in complex tasks. Yet, input technologies 
seem to cause a major bottleneck in performing some of the 
tasks, under-utilizing the available resources and restricting the 
expressiveness of application use. This paper has shown without 
any doubt that cellular automata can be used for image processing, 
as edge detection is one of the more complicated image processing 
tasks – so presumably cellular automata could be used for easier 
image processing techniques with very little effort.
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