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Hand Gesture Recognition using Convexity Defect
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Abstract: Gestures are the simplest way of conveying a
message, rather simpler than verbal means. It is the most
primitive way of conversation. Gestures can also be the easiest
and intuitive way of communicating with a computer, they can be
used to communicate or convey information to computers, robots,
smart appliances and many other pieces of machinery. It can
eliminate the use of mouse and keyboard to some extent. The
gestures cited are basically the variable positions as well as
orientations of the hand. They can be detected by a simple
webcam attached to the computer. The image is first changed
into its corresponding RGB values and then to HSV values for
better handling and feature recognition. The hand is segregated
from the background using feature extraction. Then the values
are matched in proximity of the coded values. Then the region of
interest is calculated using the concept of convexity and
background subtraction. The convex defect helps to define the
contour efficiently. This method is invariant for different
positions or direction of the gesture. It is able to detect the
number of fingersindividually and efficiently.

Keywords:. RGB, HSV, hand gesture, background
subtraction, detection, feature extraction, convexity defect.

[ INTRODUCTION

Gestures have been used since primitive times to
convey messages in the simplest of fashions. Simple
messages, if not sophisticated were communicated by the
variable positions and orientations of the hand and other
parts of the body. They can be originated from any bodily
movement. The use of gestures as a form of communicating
with the digital media such as the PC and other smart
devices drives as the motivating force to analyse and record
the movements. The system needs to be visualy intelligent
to capture and understand the movement. This includes
multi-disciplinary studies [1]. The gesture recognition
system is rapidly developing and is the stepping stone for
the advancement in smart appliances as well as 10T enabled
devices. The Human Computer Interaction (HCI) [1], is
simple and more intuitive as compared to the conventional
keyboard and mouse-based input. Gestures are easy to form
and remember and easier to produce.

This system finds application in simple PCs, smart
appliances, PDAs, medical equipment, public accessibilities,
offices with digital media, entertainment purposes etc.
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The proposed system can be dissociated into the
following modules, sample image capturing, image pre-
processing, feature analysis, parameters extraction,
classification and recognition [3]. The paper is organised as
follows, Literature survey, materials and methods, features
extraction, results and discussion and at last the conclusion.

. LITERATURE SURVEY

In one of the papers [1] the main contribution is to
introduce a forward movement finding strategy that
performs the separation and detection of hand signals al the
time. A stochastic approach is suggested to design a non-
motion process using CRFs model without data planning.
This system could efficiently identify signals and non-
motion models in tandem with forward spotting program.
Often, consider the time delay problems between the
detection and identification undertakings. The biggest
advantage of this method is that it improves efficiency and
aso alows us to deal on complex issues that are abstracted
from the consumer and operate in the background, rendering
it more efficient and easier as well. In another paper [2] the
target of this paper is to plan a hand motion
acknowledgment framework that works continuously and
perceived manipulative hand signals. The motions that are
utilized in this acknowledgment framework have particular
significance. Every single one of these signals speaks to a
specific activity. This paper worries to plan a component
extraction technique that is invariant overturn, scaling,
interpretation, and direction-dependent on minute element
extraction strategy with the goal that the framework can
perceive hand motions caught in various point or direction
or size. A major demerit would be that the proposed method
is susceptible to errors, especially in shapes like square and
circular. Human hand following [3], it requires predefining a
gathering of signal accumulation, from which getting the
main motion descriptor. In view of the mapping from
picture highlight space to signa space, we can evaluate
legitimately motion. By and large, such picture highlights
incorporate dab, line, corner or surface zone and so forth.
The use of this strategy needs setting up the mapping
connection between picture qualities and human hand act.
Nonetheless, close by moving procedure, hand's expressive
sharp changes make the mapping unquestionably profoundly
non-direct. This technique doesn't necessities ascertaining
3D motions, rather, it requires learning and preparing in
ample datasets which portray any conceivable signal.
Advantage of this would be objects dominating the image
will be represented as orientation histograms.[4] We
predominantly present the pre-processing steps of motion
pictures before we feed them into the DCNN. To a limited
extent A, we acquaint a shading offset calculation with
expelling the obstruction brought about by shaky light
sources and different components.
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Part B presents the signal zone extraction technique
dependent on Gaussian blend model. Part C presents
reproduction procedure of the entire signal zone dependent
on morphological activity and a single availability strategy.
Truth be told, part B furthermore, part C is intended to expel
obstruction from complex foundations for hand signa
acknowledgment. Advantage of this method is that system
would be able to successfully recognize the dynamic and
static hand gestures.

Jump Motion controller [5] for hand motion
acknowledgment for static indications of Indian Sign
Language (ISL) is utilized. The framework is tried with
independent and twofold given motions of ISL. The device
Leap Motion is a compact USB tool that combines two
monochromatic IR cameras and three infrared LEDs. The
scope of thisgadget is a rough hemispheric area, around 1
meter away. Jump Motion sensor is alittle size sensor which
is anything but difficult to utilize and of minimal effort.
Disadvantage would be that it uses pre-set data-sets so the
amount of hand gestures are limited to the available data-set.

usually takes place if the object is part of a video feed.
Subtraction of the image is under the computer vision
umbrella. The shifting entity is eiminated through the
tracking of the backdrop.

The area of the image containing the hand will be
the region of interest. Subsequent steps of image pre-
processing include eradicating the noise, adjusting the
colour tones (if necessary) and post-processing. As in the
case of facial scans, the face is the region of interest and is
segregated  from the background using background
subtraction and foreground detection, similarly the hand
gestures are analogous to the cited case of facial scans. Due
to various factors which include uneven skin tone,
reflections, erratic lighting and other moving objects the
background subtraction is a difficult task. To overcome this
Stauffer and Grimsson [1,3] proposed the Mixture of
Gaussians (MOG) model.

subtraction of the background
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Fig. 1. Architecture diagram
1. MATERIALSAND METHODS
A. Camera

A simple camera or rather web camera attached to the
system is need to capture the video feed of the gestures. The
camerawill change the visual datainto digital data.

A good camera aong with good lighting is a must for
better results.

Fig. 2. Web- camera

B. Background subtraction

Separating the moving object from the till image
utilizing basic and static cameras is an agorithm-based
approach. This approach's sole purpose is to identify the
moving object from the stationary context, in our case its
side. This is achieved by comparing the current image with
the frame of reference. The "background image" or "shadow
model" is the reference point. Subtraction of the backdrop
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Fig. 3. Background learning
C. MOG model

It's a Gaussian-based refinement algorithm. The
most distinctive trait of the given algorithm is that it assigns
each pixel the right Gaussian distribution number. It
provides better adaptability due to changes to scenery of
different scenes. Figure shows the results after using the
subtraction method for the MOG2 context.

Background Substraction

Fig. 4. Background subtraction
D. Convexity approach

The proposed system utilizes a profusely convex
methodology to evaluate the location of the hand in the area
of interest.
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This consists of the following steps. sorting the
depth of the object using eroded and dilated methods,
removing the contours of the hand into a rough polygon,
finding concave and convex points in the approximated
polygon, and categorizing them into concave / convex
points. The main focus is on the convex points which
correspond to the fingers in the hand. The convexity
approach determines the convex points of one image at a
time. The convex points are minimised as much as possible
for efficient and reliable results.

E. Contour

Fig. 5.. Contour of the hand

The contour of the hand in the region of interest is
the set of points which correspond to the extremities of the
human hand, which in turn define the hand’s boundaries.
The contour is then analysed for the gesture and aso
approximated into a polygon. Canny edge detection method
is opted to calculate the contour.

F. Convex hull

To caculate the convex hull of the given contour,
the palm is considered with the fingers as the convexity
defects. The complex structure can be simplified by this
technique. The convex hull will be the convex polygon
which is surrounded by the vertices corresponding to the tip
of the fingers. In gesture contour by al the convex vertices.
The convex hull of the contour of the hand gesture is the
convex polygon surrounded in gesture contour by al the
convex vertices, as shown in the figure.

Convexity Defects

-

Convex Hull

Fig. 6. Convex hull
G. Convex defect

It can be depicted as the calculated difference
between the convex hull and the contour. The convexity
defect is defined as the points farthest from the convex
points. So, if the finger tips are considered as the convex
points, the trough between the fingers can aso be
considered as convexity defects.
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Fig. 7. Convexity defects of the hand
1) Eliminate distortion from the produced frame.

The uniform convex defect length cannot be either
of the two extremes. Too short or too high, Figure shows a
finer depth than other convex defects with convex finger
defects, and therefore, convex defect depth may be used to
decide whether or not convex finger defects are convex.

The minimum and maximum depth limits of 1/5
and 12 the contour of the hand gesture height, and the
contour of the manual motion height should be described as
the contours of the quadrilateral contour consisting of the
minimum X-coordinates, the total x-coordinates of the hand
based on the anatomical structure of the human hand and a
great number of studies.

A
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Fig.8. Coordinates of the ROI

2) Check convex defects in the direction of the clock take as
first and last fingertips the initial point of the first convex
defect and the final points of the last convex defect.

3) Use the present convex defect's mean end point location
and the starting point of the next convex defect as the red
fingertip.
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Fig.9. Convexity defects of the hand marked

V. FEATURE EXTRACTION

For the extraction of required features from the binary
image, the convexity of the gesture can be associated to the
variable position of the fingers with respect to the palm.
Through rigorous analysis it is found that the tightness of
the convex hull also changes with various gestures. The
tightness of the convex hull can be depicted using the
symbol 6, whose value is given by the ratio of the area of the
contour to that of the hull.

__contourArea
hullArea

Where, hull Areaisthe area of the hull and contour
Area is the area of the contour. We can get the value of &
and determine the gesture.

Therefore, movements can be distinguished by the
varied finger location. Two parameters are described,
respectively a and B, where o is the summation of angles
with the middle as the base, lines from the centre to the first
fingertip and the other fingertips as the borders, and in this
equation P is the angle with the center as the axis, lines from
the center to the initial and end fingertips as the sides, i.e. a
=0, + 0, + 03+ ....001, B = ON-1, Where the me()l, N is
the number of fingers, and where N is the distance from the
initial fingertip to the centroid movement of the other
fingertip. The centroid of the hand is defined by the
Moments function, where M is the moment. Picture moment
will provide an average pixel brightness. The moment is
given by the continuous function f (x, y).

M, = I j xPy? f(x.y) dxdy

The centroid of the hand is given by ¢, =M, /M,
c, = Mm /1\40(J . This can be done as follows:

10’
. =Inr[—Ml m 107 J

M['mO0O0']

S
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V. RESULTSAND DISCUSSIONS

In this article it was limited to the extraction of convex
error based features for identification of hand gestures. The
features indicated the pressure of the movement contour,
convexity and relative position of the hands, into its convex
foundation. The Euclidean distance metric was adopted for
the similarity estimation and was used for the five moves
used to test the application of these characteristics that
depend on convex defects.

TABLEL

FEATURES PROPOSED

3 0.83440 0.721613 | 0.703403 0.60876 0.392705
a(®) 0 48 119 187 260
B 0 43 71 76 120

Table 1. Features proposed

Table 1 depicts the features adapted from some common
gestures consisting of different numbers of fingers, these
features are found to have the capability to discern the
number of gesture templates.

VI. CONCLUSION

The recommended methodology is sufficient to classify
the photographs of the phenomenon of hand gestures seen.
We have the binary images, then the threshold and
subtraction of the comparison. This paper takes hand-photos
of one-by-one movement and they measure the angle of
summation with centre. They use algorithms for the analysis
of objects to obtain manual contour, convex shaft and
convexity defects. Attributes are known as contour
structures, hull surfaces and recovery angles. In order to
explain the hand gesture more clearly, we will need the
assistance of further implementationsin our future work.
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