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Vision Based Human Gesture Analysis for Human
Machine Interactive Applications
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Abstract- In human-Machine Interaction (HMI), hand gestures
provide an interactive natural communication between human
and machines. Specifically, the visual interpretation of hand
gestures will improve the usability, efficiency and quality of HMI.
Recently, researchers are more interested in exploring computer
vision-based analysis and interpretation of hand gestures,
especially after the release of Microsoft Kinect depth sensor.
Major applications of human gesture analysis are surveillance,
medicine, enhanced visual games, man-machine interface and
animation. Using the low cost and high reliable sensor ‘Kinect’
with its SDK tool kit for windows gives a way to solve with ease
some of the difficult problems encountered when working with
conventional cameras. The main objective of this project is to
control the Human Machine Interactive applications such as
graphical user interface, translating of sign language and stroke
rehabilitation using Human Gesture Analysis techniques using
the Microsoft’s Kinect sensor and LabVIEW, a powerful software
tool from National Instruments.
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l. INTRODUCTION

Human Gesture means a movement of a limb or the body as
an expression of thought or feeling and it can be called as
several names like human pattern, posture, pose and
behavior. Human gesture recognition from video streaming
has been predominantly studied because of advanced
applications such as to enhance monitoring of patients for
fall movement detection, motion analysis in sports, and
human’s various behavioral analysis.Human Gesture is a
non-vocal communication which can be used instead of or in
combination with a verbal communication, intended to
express meaning.The language of gesture is rich in ways for
individuals to express a variety of feelings and thoughts,
from contempt and hostility to approval and affection.
Human gestures are expressive, meaningful body motions
involving physical movements of the fingers, hands, arms,
head or body with the intent to convey meaningful
information or to communicate with the environment. With
the rapid development of computer technology, human
computer interaction has become ubiquitous activity in our
daily life. More attention has been focused on translating
these human gestures into computer-understandable
language. In the past few years, many gesture tracking and
recognition technologies have been proposed.
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Gesture recognition development has been successful with
the use of Microsoft’s Kinect Sensor, which provides a user
to use gestures that are typically interactive and relatively
simple to perform various tasks such as controlling games,
starting/stopping a movie etc. The Kinect sensor is aninput
device which senses the human gestures by capturing the
images at faster rate. It was originally developed in
November 2010 for use with the Xbox 360 gaming console
but has recently been used vastly with Windows PCs for
commercial purposes. Kinect camera is selected for human
gesture recognition because of its capability to capture depth
when compared with other conventional cameras. The
Kinect device is composed of multiple sensors. The default
RGB video stream uses VGA resolution (640 x 480 pixels)
of 8 bit with acolour filter, but the hardware has the
capability of resolutions up to 1280x1024 (at lower frame
rate) and other colour formats such as UYVY. The Kinect is
a fast and accurate optical sensor for extracting 3-
Dinformation from 0.4m to 7.0m compare with other optical
depth sensors. Since the Kinect camera is using optical
sensor, non-optical sensor have to be used to assist “seeing”
the crystalline or highly reflective objects. Though the
Kinect sensor is vastly used in facial, voice and gesture
recognition, the sensor is still under various research of
development for security purposes. LabVIEW (LABoratory
Virtual Instrumentation Engineering Workbench) is a
platform and development environment for a graphical
programming language from National Instruments.
LabVIEW is a graphical development environment for
creating advanced custom applications that interact with real
world data, events or signals in fields such as science and
engineering technology.What LabVIEW makes it as a
unique software tool is that the availability of wide variety
of tools in a single environment, ensuring that compatibility
is simple as drawing wires between the functions.LabVIEW
with the key features like Data Acquisition, Data logging,
Data Analysis and Visualization toolkits, makes the
researcher to develop the gesture analysis applications at the
faster rate with more flexibility and features incorporated.

1. LITERATURE SURVEY

Gesture Tracking is a technology that achieves the human-
machine interactions without requiring of physical touch or
contact based inputs to the system. The main objective of
gesture recognition involves creating a system capable of
interpreting specific human gestures using various
mathematical algorithms and using them to give meaningful
information or to control the devices [1].
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For gesture recognition, high recognition rate can be
obtained by independently using inertial sensors or vision
sensors, especially when real-time recognition is not
required. But for real-time gesture tracking, inertial sensors
suffer from the zero-drift problem while vision sensors have
poor performance for resolving fast motions due to motion
blur and occlusions. Hence, neither of them is perfect for
gesture tracking alone. Hybrid gesture tracking based on
vision and inertial sensor fusion offers not only tracking the
fast movements and good stability, but also robust
performance [11]. Gesture trackinghas a huge range of real-
world applications, such as augmented reality [12], surgical
navigation [13], and ego-motion estimation for robot or
machine control in industry [4].For all the DOF, (degree of
freedom)of the human body, we seem to use a normally a
small number of motions that they permit. Even athletes, use
their bodies in ways that many people do not use, aspire to
repeat motions flawlessly, spending on a lot of hours on
practicing the same repeated actions or motions. Most of us
use only a subspace of actions or motions out of the space
allowed by human’s body Degree of Freedom. For an
instant, if the body is modelled by a series of various joints
and angles between them, there may be as many as
combinations of joint angles that we will never see. Gestures
are definitely more interesting subspace of human body
movements or motion.The gestures are defined to be
motions of the body that are intended to communicate to
another person. Hence, the person giving the gesture inputs
and the viewer or the receiver of the gesture must have
knowledge of gesture to communicate effectively. On
simple notes, this means that the gesturer’s motion must be
one of a predefined set of gestures. This doesn’t restrict the
given gesture that it should have a fixed geometry. For an
instant, a “swipe bottom” may be a single gesture in which
the hand can be moved from chest to bottom, towards the
waist at any height and the angle between them. The system
level understanding of human motions and gesture brings
out new possibilities to computer human interaction
applications. Such interests have inspired research into the
stud and the recovery of the complete 3-Dposture of the
body or hand using a 3-dimensional physical model. To
build such applications, the complete kinematic model of the
body is required to have successful interactions.The person
providing gesture inputs is called as gesturer. If a gesturer
provides the movements to the viewer or receiver of the
gesture, the task of gesture understanding is particularly
meant to a view based, multiple model approach in which
only a small subspace of human motions is represented.The
important requirement for gesture recognition is the tracking
technology used for obtaining the input data.

Skeletal Tracking

The skeletal tracking has been performed using Kinect
combined with the NUI library as described in reference
paper [3]. Even though the Microsoft claims that the Kinect
can recognize up to six users in its field of view, many
researchers found that it can track maximum of only two
users that are tracked in detail. The Kinect sensor itself
cannot recognize people; it just captures the images at the
preset resolution and sends the depth image to the host
device, like Xbox 360 gaming consoleor PC/Laptop. The
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Software installed on the host device will be running the
logic to decode the information or the data and recognize
elements in the image with human gestures. The software
will be preloaded with a wide variety of human body
gestures. It uses the alignment of the various body parts,
along with the way that they move, to identify and track the
various gestures. The application built with the feature of
skeleton tracking, can locate twenty, 20human skeletal joints
of a user standing and ten upper-body joints (elbow,
shoulders, arms, head and wrist) of a user sitting exactly in
front of Kinect device. The Kinect sensor is a device build
by Microsoft, with the technology of depth sensing, an
infrared emitter, a built-in colour RGB camera, and a
microphone array. These hardware’s in the device enables
the Kinect sensor tosense the location and human body
movements along with few voice commands. The latest
Kinect sensor V2 is three timesbetter in depth fidelity, than
the Kinect 360sensor.Ilt also provides significant
improvements in visualizing smaller minute
gestures and fast tracking ability.
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Figure 2: Kinect Sensor Description

The Kinect sensor in incorporated with various advanced
sensors for Microsoft's Xbox 360 that provides a controller
free gaming and real time experience.
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It has a color CMOS sensor, five microphones and a
standard CMOS image sensor which reads the IR coded
light back from the scene. The Prime Sensor uses the
technology called prime sense technology, which enables
the three-dimensional capturing capability of the Kinect
sensor.These 3 dimensional images are translated in to the
depth image. The Prime Sensor is made up of a chip Prime
Sense PS1080 SoC, 3D depth sensors and a RGB camera to
sense the color image. The Prime Sense PS1080 SoC
captures the depth image by directing invisible infrared light
on the persons standing in front of the Kinect view. The
CMOS image sensor then reads the coded light back from
the scene. Then, the Prime Sense PS1080 SoC uses a
mathematical algorithm to process the data from the CMOS
sensor to create an accurate depth image per frame of the
scene.

1. DESIGN AND IMPLEMENTATION OF
HUMAN GESTURE ANALYSIS
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Figure 3: Block Diagram of the project

With the help of Microsoft Kinect sensor, the various human
gestures are captured. The captured 3D images are acquired
by the processing unit (Laptop/PC) using LabVIEW APIs.
These LabVIEW APIs are built using the Microsoft Kinect
SDK for Windows. After the image acquisition, the images
are processed by applying various algorithms such as
Language Translator, Skeletal Joint Tracking algorithms and
etc. using NI Vision toolkit. Based on the recognized
gesture, the graphical user interface screen will respond to
the corresponding actions. The skeletal joint movements are
displayed on the screen and the corresponding gesture is
translated to the textual language (English). These processed
data is then sent to the various displays in which the
graphical user interface part is having the interactive
controls on the screen, skeletal display will mimic the
skeletal movements of the person and language translator
display shows the translated data. The language translator
display is displayed on the processing unit monitor (i.e.
Laptop or PC monitor). The graphical user interface and the
skeletal information display will be projected on the HMI
screen using a projector. Also during the test is in progress
the software on the processing unit will keep on logging the
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events or the gestures which is given as inputs and will be
helpful in post analysis of the test. The graphical user
interface screen provides the user to start and stop logging
via different gestures. The various human gestures that will
be captured are ‘return to home page’, ‘scroll the screen
left’, ‘scroll the screen right’, ‘start/stop data logging’, and
etc. The above described gestures are captured as a basic
functionality and many more such gestures and its responses
can be determined. The above figure depicts the block
diagram of the project. The image is acquired using Kinect
sensor into the LabVIEW environment. The Kinesthesia
APIs are used to connect and acquire the images. The
acquisition rate is defined such that 16 frames per second
are captured and this will give lead to video as the
acquisition rate is high. The acquisition rate can be
increased beyond 16 frames per second by reducing the loop
rate of the while loop. But this requires the high PC/Laptop
configuration to support the faster acquisition and also the
Kinect sensor specification to be able to capture the images
at that rate. The below figure describes the top level
software design flow. The Kinesthesia API provides high
level of features to initialize, configure and access the
Kinect Sensor.
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Figure 4: Image Acquisition Process

The above figure shows the flow chart of the image
acquisition and processing. The communication with Kinect
Sensor is opened using the Initialize APl of Kinect sensor.
Once the communication is successful then the settings will
be done using the configuration API. Here in this, we are
configuring it to acquire “Depth and Skeletal image” from
the Kinect. The various displays like, graphical interface,
textual display, skeletal display are initialized before starting
the acquisition process. The Images are acquired at faster
rate that is 16 frames per second. This provides an illusion
of video acquisition and based on the algorithm incorporated
in the Kinect API, the API provides the skeletal information
in the form of picture. This is given to the picture indicator
of the display and hence the plot of skeletal information is
obtained.
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Figure 5: Process Flow Chart

The skeletal information display shows the acquired video
and the skeleton of the person. The figure 6 shows the video
acquisition and skeletal display. With the help of this
display the physiotherapists will be able to predict the
movement of the joints and its behavior for patients affected
with stroke.
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Figure 6: Video and Skeletal Display

The below shown data in the screen are also simulated data
of an aircraft engine. The purpose of this display is to
provide user the navigation into different screens. This
screen also depicts the powerfulness of LabVIEW software
in creating such attractive, flexible GUIs. We can customize
the controls and indicators as per the requirement and use on
the GUI in simple way compared to other GUI based
language.
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Figure 7: Data View Display

The simulated data and the gesture inputs are logged in the
text file. This information’s are useful for offline analysis to
track the data that are acquired and the user inputs to the
applications. This feature finds significant use in the
production units where the tracking of user must be
monitored. The logged data/ events are with respect to the
timestamp. The date of the file created is also based on the
system date and the time so the duplication or over writing
on same file and data is avoided.The start and stopping of
logging is user controllable via a button as well as the
gesture. On swiping top gesture, the logging will start and
giving the push gesture, the logging will stop. When the user
once again does the swipe top gesture, the new file with
current date and time of the system will be generated and the
data and events eventually starts logging in to it.

V. EXPERIMENTAL RESULTS

The skeletal information is successfully tracked and
analyses of its movements are observed. The skeletal
tracking has been carried out for more than 10 persons and
analyzed that the skeletal tracking behavior of the system
response is unchanged. The figure 8 depicts the skeletal
information tracking. The figure 8 to figure 12 shows the
capturing of different gestures and are being converted into
Text Language.
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V.

The recognition of various human gestures has been
analyzed and based on the recognized patterns; it is
translated to corresponding textual language (English). The
various actions are performed on graphical user interface
viz. swiping left, right, top bottom and etc. The skeletal joint
information is tracked and displayed on the HMI screen.
This interface makes the users to be able to control the
interactive environments by body orskeleton gestures. The
custom graphical interface built using NI LabVIEW
software makes the user to navigate to different screens with
the pre-defined gestures which is captured by Microsoft
Kinect Sensor. The table 1 shows the analysis of control
over user interface based on human gestures.

CONCLUSION

Table 1: Interactive GUI and Gesture Analysis

Gesture
Return to Home
Scroll or Swipe
Left
Scroll or Swipe
Right

Graphical User Interface
Returns to home screen
Move the screen to left

Move the screen to Right

Retrieval Number: B2129075215/15©BEIESP
Journal Website: www.ijitee.org

26

Scroll or Swipe Move the screen to Top and start

Top data logging
Scroll or Swipe Move the screen to Bottom
Bottom

Stop or Push Stops data logging
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