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Abstract— In recent years there has been growing interest in 

virtual reality applications due to its gaining popularity at 

various fields. We used the leap as motion controller which is 

a USB interface for connection to PC, MAC, IOS and 

Android Devices. Its purpose is to capture the high resolution 

tracking of users hand gestures. The aim is to design and 

support an integrated hardware and software solution to 

operate home appliances. It is an efficient and real time model 

which recognizes the user hand gestures as the primary input. 

The data from the leap will be acquired and transmitted to the 

computer application for authentication and gesture detection 

to operate devices. A Leap Motion controller obtains 

descriptive information of hand gestures by tracking the 

finger movements in digital format and gives few key points 

associated with each gesture. These key points are then 

further used for training and gesture recognition. Gesture 

recognition is a field in computer science and language 

technology with the goal of interpreting human gestures via 

mathematical algorithms. In our implementation, we have 

written codes to interpret the hand gestures captured by the 

leap and transmit them in order to control devices. 

Key words: Leap Motion, Gesture Recognition, Hand 

Gestures, Virtual Reality Applications 

I. INTRODUCTION 

Human gestures are merely a form of bodily state emerging 

into expressions with the objective of conveying a message 

virtually for completing any action. Recent developments in 

hand gesture recognition has attracted a growing interest due 

to its applications in many different fields, such as human 

computer interaction, robotics and computer gaming, 

automatic sign language interpretation and so on. 

A Leap Motion controller obtains descriptive 

information of hand gestures by tracking the finger 

movements in digital format and gives few key points 

associated with each gesture. These key points are then 

further used for training and recognition. Leap Motion do not 

require any color band for gesture recognition. Leap motion 

is most popular because it is more compatible and cost 

effective[15]. 

In this system the input hand gestures are acquired 

with the help of a leap motion controller. Leap motion 

controller gives the tips of the fingers along with the center of 

the palm as the key points. This mapping of the gesture is in 

terms of feature points. The distance between these collected 

feature points is termed as feature vector. Serialization 

database is used to store the features which are extracted from 

the Leap motion controller. Then further for recognition, the 

feature vectors are compared using Euclidean distance 

measure, Cosine similarity as they show maximum similarity 

between two features. The feature vector consists of the 

distances between the tip of adjacent fingers and their 

respective distances from the center of the palm. The grabbed 

feature vectors will be processed by computer application in 

order to switch the devices. 

We have been successfully able to switch the 

devices at the hardware end using specific gestures. It is 

additionally capable of accepting dynamic inputs which can 

be dedicated to specific functionality of a device. The project 

also aims to overcome issues of earlier vision based systems 

such as skin color, lighting variations and hand orientation 

relative to the device. 

The remainder of this paper is organized as follows: 

Section II gives a detailed Literature survey of cited 

papers. Section III presents the proposed system workflow 

and its architecture. Section IV gives details regarding the 

implementation of the system. Section V concludes the paper. 

II. LITERATURE SURVEY 

The Leap Motion controller is a small USB peripheral device 

which consists of    3 I.R LED’s, a sensor, a black glass, 2 I.R 

monochromatic cameras. It uses Infrared (IR) rays to define 

the position of predefined objects in a limited space in real 

time. The device range is a rough hemispherical area, to a 

distance of about 1 meter. Leap Motion sensor is a small size 

sensor which is easy to use and of low cost as shown in figure 

1. The physical dimensions of the device are: length 80mm, 

width 30mm and height 13mm[16]. 

 
Fig.  1: Leap Motion Sensor 

The coordinate system used by leap is the traditional 

X-Y-Z system. The unit of position sensing is millimeter. The 

LED’s generate pattern-less IR light and the cameras generate 

almost 300 frames per second and further this data is sent 

through a USB cable to the host machine. Stereoscopy using 

the two stereo cameras, allows the Leap to minimize the 

errors and provide up to point precision while tracking hand 

and finger gestures. The main data container we get from 

Leap Motion API is a Frame. One frame consists of hands, 

fingers and objects directly visible by controller [16]. 

Paper Application Advantages Disadvantages Algorithm Devices No. of Gestures 

Arabic Sign 

Language 

Recognition 

Leap motion’s 

3D digital data 

is used in 

recognition 

1) Leap 

tackles issues 

in vision 

based 

1) Used dept 

cameras, kinect 

and digital 

camera. 

Multi Layered 

Perceptron Neural 

Network used. 

Sign 

Language 

manipulated 

hence no 

50-arabic language 

signs 
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Using Leap 

Motion 

Sensor[4] 

system for 

Arabic sign 

language 

recognition 

based on 

ANN. 

systems such 

as skin 

colors, 

lightning, 

etc. 

2) Captures 

hands and 

fingers in 3D 

format. 

3) MLP is 

used in 

which spatial 

features are 

stored. 

2) Though they 

achieved high 

accuracy but 

they suffered 

from stability in 

realistic 

environment. 

3) Leap motion 

does not track 

non-manual 

features. 

external 

devices 

operated. 

Bulbs Control 

in Virtual 

Reality by 

Using Leap 

Motion 

Somatosensory 

Controlled 

Switches[1] 

A four-channel 

Leap Motion 

somatosensory 

controlled 

switching 

module 

implemented 

for bulb 

switching and 

control. 

1) To aid 

some person 

whose hands 

have 

damaged. 

2) Improve 

quality of 

their living 

modules. 

3) Cost will 

be reduced 

by mass 

production. 

4) Non-touch 

VR avoids 

possibility of 

infections. 

5) Practical 

training of 

software 

design. 

The relay 

module was 

served as 

electrical 

controlled 

switches which 

received the 

signal from 

Arduino Mega 

2560 that 

received the 

instance were 

controlled by 

using leap 

motion 

somatosensory. 

Not 

mentioned/defined. 

Bulb, 

Electric 

Fan, relay 

module 

operated by 

6 virtual 

circle 

button 

5 circle buttons. 

Double Hand-

gesture 

Interaction for 

Walk-through 

in VR 

Environment[3] 

Double hand-

gesture 

interaction 

(DHGI) 

method for 

walk-through 

in VR 

environment 

with an Oculus 

Rift headset 

and Leap 

Motion 

function 

1) DHGI is 

more suitable 

for the 

applications 

that do not 

need high 

response 

speed. 

2) It is 

simple, 

comfortable 

double hand 

gesture to 

control an 

avatar (first-

person view) 

movement 

that allows 

the user to 

become fully 

immersed in 

the VR 

environment. 

1) It may be 

likely to cause 

motion sickness 

and be less 

accurate, and 

sometimes may 

confuse us 

about the 

direction. 

2)  The 

sensitivity of 

the DHGI 

method is 

slightly less 

than that of the 

joystick 

3) compared to 

the joystick 

method, the 

DHGI method 

spent slightly 

more time to 

complete the 

task 

Not defined. 

Joysticks 

and Head 

mounted 

displays 

6- 

foreward/backward 

Up/down 

Stopping 

movement & 

rotation 

Design and 

Implementation 

of Virtual 

Indonesian 

Musical 

Implemented 

VIMi (Virtual 

Indonesian 

Musical 

Instrument)  

1) VIMi can 

be an 

alternative 

way to learn 

Indonesia 

1) The area of 

hand motion is 

limited to 

roughly 60 cm 

Strike Detection 

Process. 

Angklung  

(VIMi) 

4(Top, down, left, 

right) 
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Instrument 

(VIMi)- 

angklung  

Application 

Using Leap 

Motion 

Controller[13] 

using leap 

motion, laptop 

and speaker 

traditional 

musical 

instrument. 

2) The 

feature to 

show 

Indonesia 

traditional 

songs also 

help user to 

learn more 

about 

Indonesia 

traditional 

songs 

3) It also can 

help to 

introduce and 

conserve the 

Indonesia 

traditional 

music 

above the 

device. 

2) Sometimes 

false music is 

given output if 

fingers are not 

identified well. 

3) To use the 

device as VIMi, 

the user should 

have prior 

knowledge of 

instrument. 

Hand  Gesture 

Recognition 

With  Leap 

Motion And 

Kinect Devices 

American 

Manual 

Alphabet using 

Hand gesture 

recognition 

scheme 

implemented 

with leap and 

Kinect. 

1) Kinect and 

leap allow 

obtaining 

informative 

description 

of hand 

poses. 

2) 

Assignment 

of each 

finger to a 

specific 

angular 

region leads 

to a 

considerable 

increase of 

performance. 

3) proposed 

set of 

features and 

classification 

algorithm 

allows to 

obtain a good 

overall 

accuracy 

1) The Leap 

Motion 

provides a 

higher level but 

more limited 

data description 

2) G2 and G3 

are easily 

confused. This 

is due to the 

limited 

accuracy of the 

hand direction 

estimation from 

the Leap 

Motion 

software that 

causes an 

unreliable 

matching 

between the 

fingertip of 

these gestures 

and the 

corresponding 

angular region 

A multi-class SVM 

classifier based on 

the one-against-

one approach 

 

 

 

 

 

 

 

 

Gestures 

from the 

American 

Sign 

Language 

(ASL) used, 

hence no 

devices 

10-American sign 

language gestures. 

Table 1: Literature Survey Table 

III. PROPOSED SYSTEM 

In this system the input hand gestures are acquired with the 

help of a leap motion controller. Leap motion controller gives 

the tips of the fingers along with the center of the palm for 

feature extraction. This mapping of the gesture is done in 

terms of feature points. The distance between them is termed 

as feature vector. 

The feature vector consists of the distances between 

the tip of adjacent fingers and their respective distances from 

the center of the palm. The feature vectors are calculated 

using Euclidean distance measure. Serialization database is 

used to store the features which are extracted from the Leap 

motion controller. Then further for recognition, the feature 

vectors are compared using Cosine similarity as it shows 

maximum similarity feature between any two compared 

features. The grabbed feature vectors will be processed by 

computer application in order to switch the devices. The 

computer application commands the microcontroller which 

further operates the device driver to switch within devices.  

This framework is based on the extraction of salient 

points in gesture trajectories which are used as a compact 

representation of each gesture class. Using this compact 

representation, an augmented data set of realistic samples is 

generated.  
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A. Diagram (Workflow Diagram) 

 
Fig. 2: Work Flow of the Proposed System 

Figure 1 shows the basic work flow of proposed 

system.  

Leap helps to extracts certain points which are 

termed as feature vectors. These points are further processed 

and user defines these gestures .Further these gestures are 

stored in database using serialization. These gestures are 

specifically user-defined thus provides authentication.  

 
Fig. 3: Experimental Setup Model of The Proposed System 

               During runtime, when the user performs specific 

gesture certain features are extracted and compared with 

gestures stored in database. This comparison is done with the 

help of Cosine formula. Thus, the comparison results in 

detection of specific gestures predefined by user. Further, a 

command is given to device driver through which the devices 

start switching. Hence, leap technology is used to switch the 

appliances. 

B. Proposed System Algorithm 

1) Distance: Euclidean 

Euclidean distance is a metric distance between two key 

points in Euclidean space. When measuring the distance in 

the plane, we use the formula of Euclidean distance. 

According to formula, the distance between two points in the 

plane with co-ordinates (x,y,z) and (a,b,c) is given as- 

dist((x, y), (a, b)) = √(x - a)² + (y - b)²+ (z-c)2…….. 

2) Comparison   : Cosine  

It is a measure of similarity between two non-zero vectors of 

an inner product space that measures cosine angle between 

them. The cosine value lies between 0 to 1. 

Flowchart for Gesture Acquisition: 

 
Fig. 4.Flowchart of Proposed System 

IV. IMPLEMENTATION OF SYSTEM 

Following points are included in implementation of proposed 

system. 

A. Data Acquisition  

The frame data represents a set of tracking data for hands and 

fingers detected in a single frame. The acquired data through 

the Leap sensor consists of array of objects to store the 

physical characteristics of a detected finger such as fingertips. 

The gestures captured by the Leap controller yields a few key 

points corresponding to each hand gesture.  

 
Fig. 5: Palm Points Considered For Leap Gesture 
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B. Feature Extraction  

The extracted key points are coordinates of finger positions 

from the input gesture. The points are the center of the palm 

(say P), tips of thumb (say T), index finger(say I), middle 

finger(say M), ring finger(say R), pinky finger(say K) for 

each hand.  The coordinates are, P(x1, y1, z1), T(x2, y2, z2), 

I(x3, y3, z3), M(x4, y4, z4), R(x5, y5, z5), K(x6, y6, z6) for 

each hand. 

 
Fig. 5: Distance Vectors Calculated Using Euclidean 

C. Gesture Classification 

Whenever a gesture is performed the points are extracted and 

they are stored using serialization .At the run time, distances 

are calculated from the extracted feature points using 

Euclidean distance formula as follows:   

𝑑𝑖 =√ (𝑥𝑖 −𝑥 𝑖+1)2  +(𝑦𝑖 −𝑦 𝑖+1)2 + (𝑧𝑖 −𝑧 𝑖+1)2 -----where 

i= 1 to 15 for single handed gestures ) 

The cosine distance measure algorithm gives the fastest and 

the most efficient measure. 

D. Gesture Database 

The extracted points are stored in a serializable database and 

distances between each tip and palm center is calculated with 

respect to each finger. Serialization is the process of 

converting object state into format that can be stored and 

resurrected later in another computer environment.  

Gesture 

Number 
D1 D2 D3 D4 D5 ………. D15 

G1        

G2        

G3        

G4        

G5        

Table 2: Gesture Database Table 

V. CONCLUSION 

To overcome issues of earlier vision based systems such as 

skin color, lighting variations and hand orientation relative to 

traditional gesture detection devices. This paper presents a 

preliminary solution of hybrid interface consisting software 

and hardware components. 

Develop a system which will be able to render the 

technology of leap motion to access various components of 

computer. Building an application for computer through 

which leap motion applications are accessed. The aim is to 

actually control devices without practically switching them. 

The provided computer system will not only recognize hand 

gesture but as well as store them too. 

Based on this it can be concluded that leap 

technology can be an efficient interface for operating home 

appliances. 

The future work will exploit various such 

applications which could be accessed virtually in challenging 

environment. 
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