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Abstract— Gesture recognition is language technology which 

is used to achieve the goal of interpreting human gestures 

through mathematical algorithms. Gestures can initiate from 

any bodily motion or state but commonly initiate from the 

face or hand as per the requirement. Current focuses in the 

field include emotion recognition from face and hand gesture 

recognition. For this purpose various 3D technologies can be 

used. LEAP Motion Controller is one of them. It will detect 

the type of hand (Right/Left). It has more intuitive 3D 

interface for motion detection. In this paper, the various 

applications which are implemented by using hand gestures 

and LEAP motion controller is studied. The details for 

implementation of each application is been explained in the 

paper.  
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I. INTRODUCTION 

In recent years, with the enormous development in the field 

of machine learning, problems such as understanding human 

voice, language, movement, posture become more and more 

popular, hand gesture recognition as one of the these fields 

has attracted many researchers’s interest[1]. Hand is an 

important part of the human body, as a way to supplement the 

human language, gestures play an important role in daily life, 

in the fields of human-computer interaction, robotics, sign-

language, how to recognize a hand gesture is one of the core 

issues[2][3][4][5].As compared to the other body parts, hand 

is the most natural and convenient way to express our 

feelings. Hand gestures are able to represents ideas and 

actions, using different hand shapes, which can be identified 

by the gesture recognition system. These are then interpreted 

to recognize the sign language constructs and provides an 

interface to the computer system. For many hearing impaired 

individuals, sign language is the primary means of 

interaction. Sign language considers different modes of 

gestures such as lip movements, facial expression, eye brow 

movements and hand gestures [6]. These gestures can be 

classified as manual and non-manual gestures. Manual 

gestures are the ones that consider only hand movements. 

Whereas non-manual are the ones that include other features 

such as facial expressions and lip movements. Gestures can 

also be classified as static and dynamic gestures. Former are 

the ones that can be represented in a single image frame. Later 

are the ones that constitute continuous movement of hands to 

complete the gesture. Hand gesture Hand gesture recognition 

involves sensing techniques for acquiring input from the user. 

These techniques may be vision based techniques [7] [8], 

glove based techniques [9] or depth based techniques [17,18]. 

In glove based techniques, sensors are utilized to measure the 

joint angles, the position of the hand and fingers in real time 

[9]. The data glove is dedicated hardware device for input 

which is applied to collect the data of joints in order to extract 

the gesture. This method has the advantages of less input data, 

high speed. However, gloves are costly and the weights 

associated with the glove and cables of the measuring 

equipment restrict the free movement of the hands. This 

makes the interface complicated for the system. Vision based 

techniques uses one or more cameras to capture the gestures 

performed by the user. In this approach, hand is treated as the 

direct input equipment. Communication between human and 

computer needs no other intermediate media. Users can 

control the machine by making use of the hand gestures. The 

method of vision- based gesture recognition use camera to 

collect gesture image sequence, and identifies the gesture by 

processing and analyze the image [10]. These devices can be 

used as a translator for people that do not understand sign 

language, thereby avoiding the intervention of any 

intermediate person and allows communication using their 

natural way of speaking. However, these methods are 

constrained by lighting sensitivity, skin color variations and 

the distance from the user to the camera. Depth based 

techniques overcome the limitations of glove and vision 

based methods by introducing depth sensors. These sensors 

inspire various hand gesture recognition approaches and 

applications, which were severely limited in the 2-D domain 

with conventional cameras. The depth camera is a distance 

measuring hardware that is used for 3-D geometric 

information acquisition. With the advancement in technology 

of sensor and control devices, there are several devices that 

yield faster and efficient interaction of humans with 

computers. The newest sensors provide data that can be 

successfully used to recognize gestures. The two majorly 

used depth sensors are Kinect sensor and the leap motion 

controller. Kinect produces a live stream with depth 

information, body motion and skeletal movement. Leap 

motion tracks the user hand movements. Leap Motion, 

differently from the Kinect directly computes the position of 

the fingertips of the hand. As compared to other devices, Leap 

Motion produces a more limited amount of information, only 

a few key points instead of the complete depth map. 

Researchers have started exploiting Leap Motion device to 

develop efficient algorithms that can be used for several 

applications such as gaming [11, 12], security [13], upper 

limb rehabilitation [14], human computer interface [15, 16], 

air- writing [18], etc [19]. 

 
Fig. 1: Leap motion controller [19] 
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II. LITERATURE SURVEY 

Guanglong Du, Ping Zhang, and Xin Liu proposed a novel 

markerless human–robot interface in [20], which is derived 

from the idea that the manipulator copies the movements of 

human hands. With this method, one operator could control 

dual robots through both his or her hands in a contactless and 

markerless environment. In order to obtain the position and 

orientation of human hands in real time, a sensor called leap 

motion (LM) is employed. However, because of the tracking 

errors and noises of the sensor, the measurement errors 

increase with time. Therefore, interval Kalman filter (IKF) 

and improved particle filter (IPF) are used to estimate the 

position and the orientation of the human hands, respectively. 

Furthermore, in order to avoid the perceptive limitations and 

the motor limitations, which prevent the operator from 

carrying out the high-precision experiment, a modification of 

adaptive multispace transformation (AMT) method is raised 

to assist the operator to determine the posture of the 

manipulator. The greatest strength of the method is that it is 

totally contactless and could estimate the pose of the human 

hands accurately and stably without any assistance from 

markers. 

 
Fig. 2: Human–robot interface system structure.[20] 

The structure of the system is described in Fig. 2, 

which takes the view from the top of the operator. As is seen 

from the figure, the LM is fixed on the desk and the operator 

moves his or her both hands above it. The position and 

orientation of the hands are collected by the LM and used to 

control the two robots, respectively. The robots would copy 

the motion of the hands so that the operator only needs to 

focus on how to complete the task using his or her hands [20]. 

Bing-Yuh Lu, Chin-Yuan Lin, Shu-Kuang 

Chang,Yi-Yen Lin, Chun-Hsiang Huang, Hai-Wu Lee, Ying-

Pyng L in presented a Leap Motion somatosensory controlled 

switches in [21]. The switches were implemented by the 

relays. The “open” or “short” of the switching circuit were 

controlled by the sensing of the Leap Motion somatosensory 

module. The virtual switches on the screen have designed to 

be 5 circle buttons. When the sensing hand touched the circle 

buttons virtually, the programming language “Processing” 

sent the instruction codes to the Arduino MEGA module 

which gave the “high” and “low” signal to the transistor 

switches. Therefore, a four-channel Leap Motion 

somatosensory controlled switching module has been 

implemented. For testing the module, the bulbs have been 

connected with the switching module. Consequently, the 

“light” or “dark” of LED modules can be controlled by 

touching the virtual buttons on the screen. 

Leap Motion somatosensory sensor (Fig. 3) is 

composed by 2 cameras to detect the distance and posture of 

the human fingers of hands. The detecting range of the Leap 

Motion Leap Motion somatosensory sensor is between 25 and 

600 mm. The coordinate system is the traditional X-Y-Z 

system. The unit of sensing position is millimetre. 

 
Fig. 3: Leap Motion somatosensory sensor [21] 

The signal of Leap Motion somatosensory sensor was 

acquisitioned by the programming of professional computer 

language “PROCESSING” That has promoted software 

literacy within the visual arts and visual literacy within 

technology. Therefore, Fig. 4 presented the flow chart of the 

PROCESSING programming to detect whether the user’s 

hand has touched the colorful circles in the VR or not? There 

are many parts in the computer program. They are included: 

1) Constants and variables settings; 2)Include libraries; 

3)USB port and font settings; 4) Set music; 5) 

Plot;&6)Detection. [21] 

 
Fig. 4: Flow chart of the PROCESSING computer language 

in the PC/NB [21] 

Dynamic hand gesture recognition is a crucial but 

challenging task in the pattern recognition and computer 

vision communities. Wei Lu, Zheng Tong, and Jinghui Chu 

have proposed a novel feature vector in [22] which is suitable 

for representing dynamic hand gestures, and presents a 
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satisfactory solution to recognizing dynamic hand gestures 

with a Leap Motion controller (LMC) only. The feature 

vector with depth information is computed and fed into the 

Hidden Conditional Neural Field (HCNF) classifier to 

recognize dynamic hand gestures. The systematic framework 

of the proposed method includes two main steps: feature 

extraction and classification with the HCNF classifier. 

The proposed method[22] is evaluated on two dynamic hand 

gesture datasets with frames acquired with a LMC. 

A novel dynamic hand gesture recognition approach 

with an LMC is presented. The basic framework is illustrated 

in Fig. 5. A feature vector is extracted from the depth data and 

fed into anHCNF-based classifier in order to recognize 

dynamic hand gestures. The systematic framework:[22]. 

 
Fig. 5: The systematic framework [22] 

Dynamic hand gesture recognition is considered the 

problem of sequential modeling and classification. This paper 

specifically offers a solution to depth data frame sequence 

classification with the corresponding hand gesture model in 

hand gesture recognition. The systematic framework of the 

proposed method (shown in Fig. 5) includes two steps: 1. 

Feature extraction, 2. Classification with the HCNF classifier 

[22]. 

A. Feature Extraction 

Unlike the Kinect sensor, the LMC outputs depth data frames 

that consist of finger position, hand position, scaling data, 

frame timestamp, rotation, and so on. Therefore, the feature 

extraction time of the LMC is less than the Kinect sensor. The 

features used in this paper are based on palm direction, palm 

normal, fingertips positions, and palm center position data in 

depth data frames including 1) Palm direction _D represents 

a unit direction vector that points from the palm position 

toward the fingers. 2) Palm normal _N is a normal vector to 

the palm. 3) Fingertips positions Fi, i = 1, . . . , 5, represent 

the 3-D positions of individual fingertips. 4) Palm center 

positionC represents the palm center position in 3-D space 

[22]. 

Augmented Reality (AR) applications are nowadays 

largely diffused in many fields of use, especially for 

entertainment, and the market of AR applications for mobile 

devices grows faster and faster. Moreover, new and 

innovative hardware for human-computer interaction has 

been deployed, such as the Leap Motion Controller. Federico 

Manuri, Giovanni Piumatti have presented some preliminary 

results in the design and development of a hybrid interface 

for hand-free augmented reality applications[23]. The paper 

[23] introduces a framework to interact with AR applications 

through a speech and gesture recognition-based interface. A 

Leap Motion Controller is mounted on top of AR glasses and 

a speech recognition module completes the system. Results 

have shown that, using the speech or the gesture recognition 

modules singularly, the robustness of the user interface is 

strongly dependent on environmental conditions. On the 

other hand, a combined usage of both modules can provide a 

more robust input [23]. 

 
Fig. 6: Software Layers of the proposed framework [23] 

To integrate hand gesture and speech recognition to 

control the user interface, in order to achieve a better 

recognition performance and to avoid unintentional 

commands is proposed. The reliability of each module is 

evaluated and “weighted” to determine a more robust input, 

depending on the environmental conditions. The word 

performance is hereafter used with regard to the robustness of 

the system and it doesn’t refer to usability or to real-time 

performance [23]. 

The proposed framework [23] consists of two 

different modules, one for gesture recognition and the other 

for speech recognition. Figure 6 shows the building layers for 

the software part of the framework. The AR application used 

for the preliminary tests was deployed on a laptop running the 

Windows 8 operating system. Through the Microsoft SAPI 

APIs [26], the words pronounced by the user are elaborated 

and sent to the application as control inputs. The Leap Motion 

APIs are used similarly for gesture recognition. To test the 

framework, the following hardware configuration was 

adopted: a Leap Motion Controller, mounted on top of Vuzix 

Star 1200XLD optical see-through AR glasses, and a 

Plantronic Discovery 975 Bluetooth headset. A specific 

support was designed and casted with a 3D printer to mount 

the Leap Motion on top of the Vuzix glasses. Figure 7 shows 

the Leap mounted on top of the glasses and the headset. The 

proposed AR glasses and the Leap Motion Controller were 

actually designed for desktop computers. However, there are 

tablets running the Windows 8 operating system and 

equipped with USB input and HDMI output that technically 

allow to deploy the proposed configuration on mobile 

devices. We are aware that more comfortable solutions may 

come up in the near future [23]. 

B. Gesture Recognition 

The gesture recognition module should represent the main 

interface to control the application. The Leap Motion 

provides three different sets of information: the position of 

the hand in front of the Leap; information on the fingers, such 

as occlusion, in order to define and recognize poses; finally, 

when the user moves the hands, the Leap provides further 

information if a gesture is recognized. As a result, the first 

step is to define which set (or combination of sets) of gestures 

would be more reliable and natural when using the Leap in a 

vertical configuration [23]. 
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The Leap APIs provide the automatic recognition of four 

different gestures: 

1) The Swipe gesture, which consists in a swiping motion 

of the hand in front of the camera; 

2) The Circle gesture is recognized when the tip of a finger 

draws a circle in front of the Leap; 

3) The Key Tap gesture, which consists in rotating the tip 

of a finger down toward the palm and then springing it 

back to the original position; 

4) The Screen Tap gesture, which consists in poking 

forward the tip of a finger and then springing it back to 

the original position [23]. 

C. Speech Recognition 

Even if the proposed interface will mostly be controlled 

through hand gestures, speech input is nonetheless important. 

It allows to interact with the application when the hands are 

otherwise occupied and can express better some types of 

commands. The speech recognition module should be user 

independent and capable of recognizing a moderate sized 

dictionary. 

 
Fig. 7: Leap Motion Controller, Vuzix AR Glasses and 

Plantronic Headset[23] 

Although in some cases convenient, continuous 

speech recognition has the drawback of generating a lot of 

false positive detections in noisy environments. As a solution, 

the present paper proposes to tie it to a specific gesture, in 

order to de/activate it at will. The interface features a few, key 

vocal commands, in order not to force the user to remember 

too many words and to improve the recognition rate. 

Moreover, the commands are context-dependent, in order to 

minimize the number of false positives [23]. 

The recent introduction of novel acquisition devices 

like the Leap Motion and the Kinect allows to obtain a very 

informative description of the hand pose that can be exploited 

for accurate gesture recognition. Giulio Marin, Fabio 

Dominio, Pietro Zanuttighhave proposed a novel hand 

gesture recognition scheme [24] explicitly targeted to Leap 

Motion data. An ad-hoc feature set based on the positions and 

orientation of the fingertips is computed and fed into a multi-

class SVM classifier in order to recognize the performed 

gestures. A set of features is also extracted from the depth 

computed from the Kinect and combined with the Leap 

Motion ones in order to improve the recognition performance. 

 
Fig. 8: Pipeline of the approach.[24] 

Fig. 8 shows a general overview of the two main 

pipelines in the proposed approach, the left side refers to the 

Leap Motion and the right one to the Kinect device. In the 

first step, the hand attributes are gathered from the Leap 

Motion and the depth acquired from the Kinect. Then a set of 

relevant features is extracted from the data acquired by the 

two devices. 

 
Fig. 9: Data acquired by the Leap Motion [24] 

The two sensors provide different data, therefore 

different features set have been extracted from each of the two 

sensors. Finally a multi-class Support Vector Machine 

classifier is applied to the extracted features in order to 

recognize the performed gesture [24]. 

Fan Zhang, Shaowei Chu, Ruifang Pan, Naye Ji, 

Lian Xi have presented a double hand-gesture interaction 

(DHGI) method[25] for walk-through in VR environment 

with an Oculus Rift headset and Leap Motion function. The 

user can control the avatar (first-person view) to move 

(walk/run) forward or backward by turning the user’s left 

palm upward or downward, and by turning the avatar to the 

left or right with the right thumb pointing toward either 

direction. Compared with the results of the joystick input 

device and portal method using Oculus Rift Touches, the 

objective and subjective findings of this study indicate that 

DHGI is intuitive, easy to learn, easy to use, and causes low 

fatigue. Moreover, the user feedback shows that DHGI 

significantly improves immersion and reduces the sense of 

motion sickness in VR [25]. 

The main objective of  is to design a simple, 

comfortable, and low-fatigue double hand gesture to control 

an avatar (first-person view) movement that allows the user 

to become fully immersed in the VR environment. The left 
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hand is used for moving and the right hand for turning. The 

walk-through task are divided into four actions:[25]. 

D. Forward/backward movement[25] 

If the users intend to move the avatar forward, they have to 

raise and open their left hand, and then keep the palm normal 

pointing downward. On the contrary, users flip the palm 

normal upward to move the avatar backward (notturning back 

by changing the walk straight direction).Generally, FPS 

games, etc., supports two movement speeds: walking (1 m/s) 

and running (3 m/s). When using this method, users only raise 

five fingers to indicate the walking speed. Otherwise, users 

raise four fingers except the thumb to indicate running speed 

(see Fig. 10). Both movements are controlled by 

implementing a “slow-in, slow-out” (SISO)technique[27] in 

which the user begins slowly, accelerates to a maximum 

speed, and then decelerates as the destination is reached 

[28][25]. 

 
Fig. 10: Hand gesture for walking/running straight action. 

((a) gesture for walking forward, (b) gesture for running 

forward, (c) gesture for walking backward, (d) gesture for 

running backward, and (e) gesture for stopping)[25] 

E. Turning the avatar’s body spatial orientation according 

to the yaw direction[25] 

Our method involves detecting the right thumb direction to 

turn the avatar’s body spatial orientation (to improve the 

robustness, other fingers on the right hand should be 

closed).When the thumb points to the left, the avatar’s body 

rotates to the left gradually. On the other hand, pointing the 

thumb to the right enables controlling the avatar’s body to 

turn right(see Fig.11). All the turning speeds are constant with 

reference to the real world (15 degrees per second), enabling 

the user to feel more comfortable and the movement to 

become seamless. Simultaneously, the orientation is 

superimposed with the user’s head yaw rotation. 

 
Fig. 11: Hand gesture for turning action.((a) gesture for 

turning left, (b)gesture for turning right, (c) gesture for stop 

turning, and (d) gestures combined for turning left when 

walk forward)[25]. 

F. Looking upward and downward in pitch direction[25] 

In this action, users look upward or downward according to 

the facing direction that is tracked by the HMD’s head 

orientation tracker. 

G. Stopping movement and rotation[25] 

To stop moving, users only grasp the left hand or leave it out 

of Leap Motion’s tracking range. At the same time, the user 

stops the rotation action by collapsing the right thumb or 

taking it out of the tracking range. The SISO technique to 

slow down the action to prevent the user from feeling a 

sudden stop is also used. 

For experiment evaluation, two different methods to 

evaluate the overall performance of our movement control by 

using the DHGI methods were compared. The methods used 

is Xbox joystick (called joystick method), and Oculus Touch 

controller for portal method (called portal method).The 

quality factors introduced by Bowm`an [28][29]to evaluate 

results is applied. The factors include speed(appropriate 

velocity or the total time spent to complete the task), accuracy 

(proximity to the desired target), spatial awareness (the user’s 

implicit knowledge of his position and orientation within the 

environment during and after travel),ease of learning (the 

ability of a novice user to use the technique), ease of use (the 

complexity or cognitive load of the technique from the user’s 

point of view), and presence(the user’s sense of immersion or 

“being within” the environment). Travel time to represent the 

speed factor, offset time for accuracy, and stop time for 

awareness is performed. The three attributes are measured in 

seconds. Other factors such as ease of learning, ease of use, 

and presence are obtained from the user questionnaires. 

III. CONCLUSION 

This paper gives the detail study about various applications 

and field where the LEAP Motion Controller can be used to 

recognize the Hand Gestures to achieve a particular task. As 

explained, the LEAP Motion Controller can be used for a 

Markless Human Manipulator Interface with Kalman Filter, 

Bulbs Control in virtual reality, dynamic hand gestures, 

Hybrid User Interface for Augmented Reality Applications, 

Double Hand-gesture Interaction for Walk-through in VR 

Environment, etc. It can be used with kinetic sensors for hand 

gesture recognition. 
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