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SUMMARY

The primary objective of our project is to develop a multi touch screen (wall). The user can
directly interact with it using his/her hands and thus eliminating the use of any intermediary

~ input device like a mouse or keyboard. User’s hand can be detected by the wall to generate
actions which control the processing of the connected computer. The movements made by user
are provided as input to the system using optical multi touch technology; this technology uses a
combination of infrared lasers and an infrared detecting web camera to locate the position of
touch on the screen. The camera’s video feed is passed to the image processing pipeline for
removal of noise. The detected blobs are tracked and their information is sent to the various
multi touch application (developed on PYMT) using TUIO protocol. The project is further
extended by developing a multiplexer so that we have a distributed framework. To conclude,
observing both the market and research in this field, touch technology is the future of Human

Computer Interaction.
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1. INTRODUCTION

1.1 Introduction

Multi-touch displays are interactive devices that combine camera and image processing
technologies for direct on-screen input. Multi-touch technology is not a very new technology.
Since 1970s it has been around in different forms. Due to the improvement of processing power
of modern desktop computers, multi-touch technology’s no longer requires expensive equipment.
Modern computer interaction mostly consists of a monitor, keyboard and a mouse. Limited by
the operating system, the traditional approach allows the user to control a single pointer on the

screen, With multi-touch, multiple input pointers are introduced to the system which can be

controlled independently.

1.2 Existing multi-touch technologies

1.2.1 Capacitive touch

A Capacitive touch screen consists of an insulator such as a glass, coated with a conductor

like Tin oxide. As human body is a conductor, on touching the screen the electrostatic field
1 gets distorted which is registered as a touch and then the position is sent to the controller for
J processing. Unlike a resistive touch screen, one cannot use a capacitive touch screen with
electrically insulating material, such as gloves; one requires a special capacitive stylus, or a

special-application glove with an embroidered patch of conductive thread passing through it

# and contacting the user's fingertip.

Teochsereon

Electrostatic held g
{xensor)

caused by touck

3 Confinuous rescanning
_“ of capacifive signals

Contioller reschves
capacitive changes
85 actual sauch point

Figure 1.1
Example:- Products from Apple® are based on capacitive touch.
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1.2.2 Resistive Touch

The screen is made up several layers, most important of which are two layers that are very
thin and have very little gap between them. The top screen has a resistive layer which has a
coating on the underside. Just beneath it is a similar resistive layer on top of its substrate.
One layer has conductive connections along its sides, the other along top and bottom. A
voltage is passed through one layer, and sensed on the other. When an object, such as a
fingertip or stylus tip, presses down on the outer surface, the two layers touch to become
connected at that point: The panel then behaves as a pair of voltage dividers, one axis at a
time. By rapidly switching between each layer, the position of a pressure on the screen can be
read. Resistive touch is used in restaurants, factories and hospitals due to its high resistance
to liquids and contaminants. A major advantage of resistive touch technology is its low cost.
Disadvantages include the need to press down and a risk of damage by sharp objects.
Resistive touch screens also suffer from poor contrast. This is because they have additional

reflections from the extra layer of material placed over the screen.

Stylus or finger

Toplayer  EEEEII

Bottom layer [ il

Resistance J’\!/\'\,-!\../ J\/\‘,<f’\f"J\'J’\,/\/ :Li'g. A AAN AAA
~

Vohage mnuIHHIIHEHHWHHHWHHHH

Figure 1.2

Eaxmple:- HTC Touch Diamond® and the Samsung SGH-i900 Omnia® use resistive touch
screens.

The above mentioned technologies cannot be used for large multi touch table top surfaces as
they would be very costly and would also have a size limitation. Multi-touch technologies
that offer scalability of such order and are also cheap are called Optical Multi-Touch
technologies. We have 5 prominent Optical techniques. Each of these techniques consists of

an optical sensor (typically a camera), infrared light source, and visual feedback in the form

of projection or LCD. Brief description of the 5 techniques is given below:
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1.2.3 Frustrated Total Internal Reflection (FTIR) i
FTIR is a name used by the multi-touch community to describe an optical multi-touch
methodology developed by Jeff Han. It is based on a well known optical phenomenon called
total internal reflection. Total Internal Reflection describes a condition, present in certain
materials. When light enters one material from another material with a higher refractive
index, at an angle of incidence greater than a specific angle. Han’s method uses this to great
effect, flooding the inside of a piece of acrylic with infrared light by trapping the light rays
within the acrylic using the principle of Total Internal Reflection. When the user comes into
contact with the surface, the light rays are said to be frustrated, since they can now pass
through and into the contact material (usually skin), also the reflection is no longer total at
that point. [Fig. 2] This frustrated light is scattered downwards towards an infrared webcam,

capable of picking these ‘blobs’ up, and relaying them to the tracking software.
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Figure 1.3

1.2.4 Diffused Illumination (DI)

Diffused Illumination (DI) is possible in two forms: Front Diffused Illumination and Rear
Diffused Illumination. Both techniques rely on the same basic principles - the contrast
between the silent image and the finger that touches the surface.

Front Diffused Tllumination: Visible light (often from the ambient surroundings) is shone at

the screen from above the touch surface. A diffuser is placed on top or on bottom of the

3




touch surface. When an object touches the surface, a shadow is created in the position of the
object. The camera senses this shadow.

Rear Diffused Illumination: Infrared light is focused at the screen from below the touch
surface. A diffuser is placed on top or on bottom of the touch surface. When an object
touches the surface it reflects more light than the diffuser or objects in the background; the

extra light is sensed by a camera. Depending on the diffuser, this method can also detect

hover and objects placed on the surface.
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Figure 1.4

1.2.5 Diffused Surface Illumination (DSI)

DSI uses a special acrylic to distribute the IR evenly across the surface. Basically it uses
standard FTIR setup with an LED Frame (no compliant silicone surface needed), and a
special acrylic. This acrylic uses small particles that are inside the material, acting like
thousands of small mirrors. When you shine IR light into the edges of this material, the light

gets redirected and spread to the surface of the acrylic.
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Figure 1.5

1.2.6 Laser Light Plane (LLP)

Infrared light from a laser(s) is passed just above the surface. The laser plane of light is about
1mm thick and is positioned right above the surface, when the finger just touches it, it will hit
the tip of the finger which will register as a IR blob. Infrared lasers are an easy and usually
inexpensive way to create a MT setup using the LLP method. Most setups go with 2-4 lasers,
positioned on the corners of the touch surface. The laser wattage power rating (mW, W) is
related to the brightness of the laser, so the more power the brighter the IR plane will be.

The common light wavelengths used are 780nm and 940nm as those are the wavelengths
available on the Aixiz.com® website where most people buy their laser modules. Laser

modules need to have line lenses on them to create a light plane. The 120 degree line lens is

most commonly used, so as to reduce the number of lasers necessary to cover the entire touch !

surface. |

|
|
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Figure 1.6
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1.2.7 LED Light Plane (LED-LP)

[ED-LP is setup the same way as an FTIR setup except that the thick acrylic that the infrared

Jight travels through is removed and the light travels over the touch surface. This figure

shows the layers that are common in an LED-LP setup. The infrared LEDs are placed around |

the touch surface; with all sides being surrounding preferred to get a more even distribution
Blight. Similar to LLP, LED-LP creates 2 plane of IR light that lays over the touch surface.
gince the light coming from the LEDs is conical instead of a flat laser plane, the light will
light up objects placed above the touch surface instead of touching it.

LED Light Maae QUED-LR

Figure 1.7




yarison between various techniques
1.3 Com]

Byery technique described above offers advantages and disadvantages over the other
techniques. Therefore there is no single best technique. The answer is less about what is best
and more about what is best for the user. For this project we have chosen LLP technique

which has the following advantages and disadvantages:-

Adirahfagés : Diéﬁdvalltagés 4

« No compliaﬁt surface (silicone) ; « Cannot track traditional objects and fiducials

« Can use any transparent material like glass 3 « Not truly pressure sensitive (since light

(not just acrylic) intensity doesn’t change with pressure).

« No LED frame required « Can cause occlusion if only using 1 or 2 lasers i
« An enclosed box is not required | where light hitting one finger blocks another |

« Simplest setup finger from receiving light.

+ Could be slightly cheaper than other

i

techniques ;

Table 1.1




1.4 Overview of this work
publications have shown that multi-touch displays have a potential to revolutionize

Recent !
human-computer interaction in the way that they allow intuitive interaction with applications f|
through direct manipulation of graphical constructs. Several research groups have i
% ~ demonstrated that the performance of simple tasks through multi-touch displays show great ”
improvement over conventional methods. Unfortunately, most interactive graphical !

applications that exist today are not able to exploit this potential because they are designed

for a single pointer device such as the mouse.

1.5 Objective and Scope

1.5.1 Objective
The main objective of the project was to construct a multi-touch wall which would have the |

capability to recognize human touches as specific actions. First the camera captures an image
from the wall through which the touch details are extracted. Then these touch details are
transmitted to the GUI based applications which create actions specific to the touch events.

i 1.5.2 Scope

The touch wall has varied scope with its implementatibns in following fields:

5 1. Markets: Touch walls can be implemented in markets to provide users with
interactive menu and video description of products. User can also order products from
these walls and thus reduce rush over the counters.

2. Teaching Halls: Touch walls can be used for teaching students in an interactive way.
By installing touch walls teachers can use the computer functions on the touch-screen

: directly. For example- performing calculations, using applications etc.

3. Table top surfaces: Touch screens can also be used as table top surfaces at board

rooms for interactive file transferring and sharing purposes. These tables would allow

e

all the members to analyze the scenario more appropriately.

|
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2. LITERATURE SURVEY

2.1 Literature

Seeing through the Fog: An Algorithm for Fast and Accurate Touch Detection in Optical
Tabletop Surfaces Christopher Wolfe, T.C. Nicholas Graham, and Joseph A. Pape School

of Computing, Queen’s University, Kingston, Ontario, Canada fwolfé, graham,

papcg@cs.quecnsu.ca.

This research paper explains working of a touch detection algorithm, the authors propose
a novel algorithm for applying a bandpass filter on an image in O(p) i.e. linear
complexity. They compare their algorithm with other noise reduction approaches based
on the computation costs. Their algorithm basically focuses on noise reduction
particularly in noisy environments without imposing high computational cost.
Interfacing the TCM8230MD CMOS Camera With an ARM7 Microcontroller by Justin
L. Shumaker

This project made us aware about how to capture and process 128 x 96 pixel imagesfrom
the camera and vary the capturing frames per second, the frames per second rate helps in
stabilizing the attitude of the robotic platform during stabilization. It also explains the
interfacing of CMOS camera with microcontroller.

Edge Detection in Digital Imageé Using Fuzzy Logic Technique Abdallah A. Ishennawy,
and Ayman A. Aly

The authors of this paper expléin the fuzzy logic technique and introducing of fuzzy
operators on hand of a computer vision application. They have proposed a method for
edge detection based on fuzzy logic technique which can be used in digital images
without determining the threshold value.

International Journal of Computer Science & CommunicationVol. 1, No. 2, July-
December 2010, pp. 387-390 Fuzzy Edge Filter-Edge Detection and Feature Extraction
Technique for Any JPEG Image Neha Agrawall, Rishabh Agrawal2 & Sushil Kumarl.
This paper highlights the ways to detect edges at five different levels which will help in
pattern recognition and feature extraction with the use of fuzzy logic a method well
known in Artificial intelligence. Their fuzzy edge filters detect different classes of image

pixels corresponding to grey level variations in various directions.

9
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Robust Real-Time Tracking of Non-rigid Objects Richard Y. D. Xu, John G. Allen,
Jesse S. Jin School of Information Technologies University of Sydney, NSW 2006,
Australia { richardx,jallen,jesse } @it.usyd.edu.au

This research document gives a novel real time video -object tracking algorithm. The
authors explain that after the detection of any object how can it be tracked for its
movements on the basis of its color and the color of its surrounding objects. The tracking
is performed on the objects in a sequence of video frames based on user selected initial
frame.

Adaptive background mixture models for real-time tracking Chris Stauffer W.E.L
Grimson The Artificial Intelligence Laboratory Massachusetts Institute of Technology
Cambridge,MA 02139

The authors explain that for real time segmentation of moving regions in image
sequences involves background subtraction, there are numerous approaches to this
problem and the authors discusses about modeling of each pixelas a mixture of Gaussians
and using an online approximation to upgrade the model. Each pixel is classified based
on the Gaussian distribution whether it belongs to foreground or not.

In-place Algorithm for Connected Components Labeling Tetsuo Asano tsano@jaist.ac.jp
School of Information Science, JAIST, 1-1 Asahidai, Nomi, Ishikawa 023-1292, Japan
Hiroshi Tanaka gial 64@jaist.ac.jp School of Information Science, JAIST, 1-1 Asahidai,

Nomi, Ishikawa 923-1292, Japan Journal of Pattern Recognition Research 1 (2010) 10-22
Received January 18, 2010.Accepted July 1, 2010.

The authors present two linear time algorithm on connected component labeling of a
binary image. The first method reports the number of connected components and the
second one is for labeling every element of value 1(or white pixel) by its component
index. The algorithm has been implemented without using any extra array other than the
input array.

Applied Mathematical Sciences, Vol. 5, 2011, no. 35, 1727 — 173 Neighbourhoods,

Classes and Near Sets Christopher J. Henry Department of Applied Computer Science

University of Winnipeg Winnipeg, Manitoba R3B 2E9, Canada ch.henry@uwinnipeg.ca
The article calls attention to the relationship between neighbourhoods and tolerance

classes in the foundations of tolerance near sets. A particular form of tolerance relation is

10




given by way of introduction to descriptively e-near sets. Neighbourhoods and tolerance
classes have practical applications in digital image analysis.
Kaltenbrunner, M., Bovermann, T., Bencina, R., Costanza, E.: "TUIO - A Protocol for
Table-Top Tangible User Interfaces". Proceedings of the 6th International Workshop on
Gesture in Human-Computer Interaction and Simulation (GW 2005), Vannes, France,
2005

In this article the authors present TUIO, a simple protocol designed to meet the
requirements of a table top tangible user interface. The authors explains the tracking of
finger-tips for gesture control within the table interface.

Kaltenbrunner, M., Bencina, R.: "reacTIVision: A Computer-Vision Framework for
Table-Based Tangible Interaction". Proceedings of the first international conference on
"Tangible and Embedded Interaction” (TEI07). Baton Rouge, Louisiana, 2007

The article gives an overview of the reacTIVision framework- an open source cross
platform computer vision framework primarily designed for the construction of table
based tangible user interfaces. The article also provides key points relevant to the
construction of table hardware.

Jorda, S., Geiger, G., Alonso, A., Kaltenbrunner, M.: "The reacTable: Exploring the
Synergy between Live Music Performance and Tabletop Tangible Interfaces".
Proceedings of the first international confefence on "Tangible and Embedded Interaction”
(TEI07). Baton Rouge, Louisiana, 2007

The author first discusses the reasons for which live music performance and Human
computer Interaction, in general, and musical instruments and table top surfaces in
particular. The authors present the reacTable, a musical instrument based on a table top
interface,

Wright, M., Freed, A., Momeni A.: "OpenSound Control; State of the Art 2003".
Proceedings of the 3rd Conference on New Instruments for Musical Expression (NIME
03), Monireal, Canada, 2003.

The authors of this paper present Open sound control (OSC) is a protocol for

communication among computers, sound synthesizers and other devices, the protocol is

optimized for modern network technology.
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3. THE DESIGN AND CONSTRUCTION OF A

,; MULTI-TOUCH DEVICE
i 3.1 Hardware Requirements
These requirements are based on the LLP setup
3.1.1 Infrared Light Source
;‘ [nfrared (IR in short) is a portion of the light spectrum that lies just beyond what can be seen
by the human eye. It is a range of wavelengths longer than visible light, but shorter than
microwaves. ‘Near Tnfrared’ (NIR) is the lower end of the infrared light spectrum and
typically considered wavelengths between 700nm and 1000nm (nanometers). Most digital
camera sensors are also sensitive to at least NIR and are often fitted with a filter to remove
that part of the spectrum so they only capture the visible light spectrum. By removing the
infrared filter and replacing it with one that removes the visible light instead, a camera that
only sees infrared light is created. For the LLP setup lasers will be required which emit light
of wavelength residing in “Near Infrared’ region.
4
Figure 3.1
Different laser modules available are:
o 780nm 25mW Infrared Laser
. = o 780nm 80mW Infrared Laser
! o 850nm SmW Infrared Laser
o  850nm 10mW Infrared Laser
—._ o  850nm 28mW Infrared Laser
“.{ e  880nm 10mW Infrared Laser
_ 12




aser used in our project has the following specifications:

The |

wavelength: 780nm
power/Intensity: 25mW
Voltage: 3.2VDC

o Max Current: 30mA

o Dimensions: 12x30mm Laser Module

3.1.2 Line Generating Lens

A line generating lens is required to spread the laser light so that it covers the complete surface.
The line generator is thread onto the lasers to create a plane of laser light needed to make a LLP
infrared optical-based multi touch setup. This line generator is composed of two parts, a grooved
piece of acrylic which converts the laser dot to a line and a outer piece which keeps it attached

onto the laser. This lens is fixed in front of the laser to widen the spectrum of the laser.

Figure 3.2

Different lenses available are:
e Laser Line Generator — 89 Degree
e Laser Line Generator — 120 Degree
The lens used in this project is 120 degree line generator.

3.1.3 Laser Power Adapter

This adapter can power the lasers. Each laser draws at most 30mA of current, so one can safely

power up to about 16 individual lasers (16 x 30mA = 480mA).
It has a 2 prong (non-ground) USA plug, and alligator clips to attach to the lasers. One can cut

the clips off and solder to your laser circuit if needed.

13
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Figure 3.3

Specifications:
Voltage Input: 110-240VAC

Voltage Output: 3.2VDC
Max Current: 500mA
Frequency: 50/60Hz

3.1.4 Infrared Cameras

Simple webcams work very well for multi-touch setups, but they need to be modified first.
Regular webcams and cameras block out infrared light, letting only visible light in. The opposite
is required. Typically, by opening the camera up, we can simply pop the filter off and you the

camera as per our need. Most cameras will show some infrared light without modification, but

T T e

Figure 3.4 Figure 3.5
much better performance can be achieved if the filter is replaced. The Logitech webcam was

modified as per the needs and used for the setup.

Specifications:

fU.S‘ﬁ;I‘ype ~ High Speed USB 2.0 |

UsBviDPiD  VID.OdeD&PD ORI ]

14




N/A
" Plastic, CMOS

ﬁ}émphone

"Ije;{éand Sensor Type

“Focus Type T EEE—

' Field of View (FOV) 600

Focal Length ' S
640x480 VGA |

N 1T Y TR T
1.3 MP (1280x1024 (JPG - Software Enhanced)

w(F)pthIcal \iques.bl‘u.t'ion (Trué)
[mage Capture (4:3SD)

[mage Capture (16:0W)  N/A

Video Capture (4:3 D)

Video Capture (16:9 W N/A

 Frame Rate (max)

Video Effects (VFX)

30fps @ 640x480 (Hardware Limit)

Fun Filters '

Right Light

Buttons
Indicator Lights (LED)
Privacy Shade
YT
Cable Lei'ltg'th' 4

Table3.1

3.1.5 Clear Flat Surface

Right Light 1
Snapshot

o tomﬁmty,N s I e

6 Feet or 2 Meters

Glass, plexiglass can be used to prepare the surface for the multi-touch wall.

3.1.6 Projector

Software (NOTE: Mutes video but not audio)

Using projector is one of the methods to display visual feedback on the screen (touch wall).

most versatile and popular in terms of image size.

Any-video projection device (LCDs, OLEDs, etc.) should work but projectors tend to be the




Software Requirements

3.2

3.2.1 OpenCV i
OpenCV (Open Source Computer Vision) is a library of programming functions for real time

computer vision. OpenCV is released under a BSD license; it is free for both academic and

commercial use. It has C++, C and Python and soon Java interfaces running on Windows,

Linux, Android and Mac. The library has >2500 optimized algorithms. Applications range

from interactive art, to mine inspection, stitching maps on the web and also advanced ‘

robotics.

3.2.2 MATLAB 's‘i
MATLAB is a programming environment for algorithm development, data analysis, l[
visualization, and numerical computation. Using MATLAB, we can solve technical
computing problems faster than with traditional programming languages, such as C, C++, and

FORTRAN. MATLAB can be used in a wide range of applications, including signal and _

image processing, communications, control design, test and measurement, financial modeling
and analysis, and computational biology.

3.2.3 Linux Operating Systems

Linux is a Unix-like computer operating system assembled under the model of free and open i
source software development and distribution. The defining component of Linux is the Linux ’
kernel, an operating system kernel. |

3.2.4 Code::Blocks (Open frameworks Library)

Code::Blocks is a free C++ IDE built to meet the most demanding needs of its users. It is
designed to be very extensible and fully configurable. Code::Blocks is an IDE with varied
features, having a consistent look, feel and operation across platforms. Built around a plugin
framework, Code::Blocks can be extended with plugins. Any kind of functionality can be
added by installing/coding a plugin. For instance, compiling and debugging functionality is
& already provided by plugins.

3.2.5 Pymt

Pymt is an opensource language for multi-touch application development. Python library is an

opensource library; it has very updated APIs with users’ active contribution. It provides

& : 16




port for TUIO transmission; touch events, gesture recognition and many more touch “
M

sup
related features. |

3.2.6 TUIO Protocol

TUIO (Tangible User Interface Objects) is a simple yet versatile protocol designed
specifically for the Touch tangible user interfaces. This protocol is used for e
between the program that is receiving the blob information and an application based on

e T _

Action Scripts/Pymt which uses these blob’s data to project some information. TUIO delivers

binary OSC (Open Sound Control) data by sending UDP format packets via an open port and

the sending part is done from the host C program.
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4. MULTI-TOUCH DETECTION AND PROCESSING

Video Image Processing

To perform camera based multi-touch detection, the following stéps are performed in the order

depicted.

Figure 4.1

Each of the modules performs various functions ranging from capturing the video to removing

the noise from the input image depending on the type of noise.

4.1 Grayscale Conversion

Combining of color channels reduces the camera noise to a large extent. The input color image
from the camera is converted to grayscale for further reduction of noise. This helps us in
removing excess noise, although this removes a lot of information from the input image. Also
this step does not affect our scenario as our objects of interest in the image are white finger
blobs. RGB to grayscale conversion is done by creating a new matrix from the individual R,G

and B matrices by using the formula
RGB[A] to Gray: Y « 0.299- R+ 05087 G +0.114- 5

Figure 4.2 shows conversion of a input color image to grayscale (No noticeable change is seen

visibly because the input image mostly contains black and white.)
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Figure 4.2

4.2 Noise Reduction

4.2.1 Sources of noise in tabletop surfaces ;
Ambient IR light- IR light is produced by many external sources, most noticeably the sun

and incandescent lights. If not removed, this extraneous light can obscure actual touches and

generate false touches. Example - sunlight, bulbs and tube light.

Camera noise- Commodity cameras modified for IR sensing introduce significant random
variation in pixel values. Many cameras, particularly those communicating over USB,
perform lossy compression of the video, adding artifacts that changes actual touches.
Shadows- As users move their hands and objects over the screen; they can produce shadows
in the ambient IR light. These rapid changes in the background are more difficult to exclude

than stable environmental light.

4.2.2 Steps involved in reducing noise ;
1. Background Subtraction- This method is used to identify blobs (touch) which are ii
continuously moving. It removes the static noise and thus makes it easy to detect the I
blobs. Also it leads to removing of maximum static noise. |
Algorithms available for Background Subtraction are-:
o Simple Background subtraction- A frame is chosen as the balance frame and
absolute difference between the balance frame and every subsequent frame is

= calculated. Tt evidently works only in particular conditions of object’s speed and

frame rate.
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. Mixture of Gaussians-This technique discusses modeling each pixel as a mixture of
Gaussians and using an on-line approximation to update the model. The Gaussian
distributions of the adaptive mixture model are then evaluated to determine the most
likely to be i background process. Each pixel is classified based on whether the
Gaussian distribution which represents it most effectively is considered part of the

background model or the foreground model

Comparison between the two above mentioned algorithms.

& Mixture of Gaussian Simple Background subtraction

Complex.method. ; - [ Relatively less Complex.

L El '_C_'olﬁputationally heavy. a Colﬁﬁafétivzelyiléss heavy.
"._I_-r.'_lacccpta_l_)lc_outppt for tabletop a Be:tt'eif:visi_i'ai.lont'_p_lilt.t.__- L

~ surface in visual terms.

Table 4.1
Inference-By observing the differences between the two algorithms Simple

Background Subtraction method is being used in this project.

2. Image Filtering- This is the second step involved in the noise reduction process.
After background subtraction, most of the remaining noise consists of random camera
noise and changed ambient lighting. The camera noise is either single pixels from its
sensor, or distorted blocks introduced by its lossy compression. Both affect small
areas and have sharp edges, so can be reduced by blurring the image. Changes to
ambient lighting, such as the sun coming out from behind a cloud, are only visible
through the table’s semi-opaque top surface, so affect large areas and have much
softer edges. The camera noise is considered high frequency noise and ambient light
is considered low frequency noise. User touches lie in intermediate frequencies. Thus
the standard approach used to detect the intermediate frequencies is to use a band pass -
filter. A band pass filter can be constructed by subtracting results of two Gaussian

low pass filters. Figure4.3(c) shows a common 1-D mid-pass filter based on the
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difference of two Gaussian filters. The narrower (first) hltm in F 1gure4 3(a) discards

high frequencies, while the wider (second) in Figur e4.3(b) removes remaining low

frequencies.

Figure 4.3(a) Figure 4.3(b) Figure 4.3(¢)

4.3 Comparative Study of filtering techniques

To result out the best filter that should be used for the multi-touch application, PSNR was
calculated of every resultant image with respect to the original image as shown below. All the

computations have been performed by initially converting the image into frequency domain.

o Lowpass Filters: These filters are used to create a blurred or smoothed image; they
attenuate the high frequencies and leave the low frequencies of the Fourier transform
relatively unchanged.

o Highpass Filters: These filters are basically to block high frequency noise. Applying

such a filter outputs the edges in the input image. Therefore these filters are used for

edge detection as well.

Figure 4.4 Original Image




Figure 4.5 ' Figure 4.6

Lowpass_butterworth (PSNR=4.6423) Highpass_butterworth (PSNR=1.4716)

Figure 4.7 Figure 4.8 l
Highpass_ideal (PSNR=1 .4490) |

Lowpass_ideal(PSNR=4.6262)




Figure 4.9 Figure 4.10

Lowpass_gaussian (PSNR=4.6431) Highpass_gaussian (PSNR=1.4655)

4.3.1 Butterworth Filter i

The classical method of analog filters design is Butterworth approximation. The Butterworth
filters are also known as maximally flat filters. It is designed to have as flat a frequency
response as possible in the pass band. Squared magnitude response of a Butterworth low-pass

filter is defined as follows

H G @f =

20
] [
msmje

Where w = 2.7t. f - radian frequency, @Wgcare = 2.7 fscale - COnstant scaling

frequency, N - order of the filter.
Some properties of the Butterworth filters are:
*  |H(j.w)| has a maximum at = 0

o The first 2.N-1 derivatives of the equation are equal to zero at w = 0. This is why

Butterworth filters are known as maximally flat filters.
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MESH IMAGE

LOWPASS
Figure 4.11 Figure 4.12
HIGHPASS
Figure 4.13 Figure 4.14
4.3.2 IDEAL FILTER

An ideal low-pass filter completely eliminates all frequencies above the cutoff

frequency while passing those below unchanged: its frequency response is a rectangular
function, and is a brick-wall filter. The transition region present in practical filters does not
exist in an ideal filter. An ideal low-pass filter can be realized mathematically (theoretically)
by multiplying a signal by the rectangular function in the frequency domain or,

equivalently, convolution with its impulse response, a sinc function, in the time domain.
However. the ideal filter is impossible to realize without also having signals of infinite extent
in time. Hence it generally needs to be approximated for real ongoing signals, because the
sinc function's support region extends to all past and future times. The filter would therefore
need to have infinite delay, or knowledge of the infinite future and past, in order to perform

the convolution. It is effectively realizable for pre-recorded digital signals by assuming
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extensions of zero into the past and future, or more typically by making the signal repetitive !

and using Fourier analysis. The formula for an ideal lowpass filter is-:

1 af D, vy = 0, i

A@YI=0 D@ > D,

Where Dy is a specified nonnegative number and D(u,v) is the distance from point (u,) to the

center of the filter.

MESH IMAGE

LOWPASS

Figure 4.15
Figure 4.16

HIGHPASS

Figure 4.17 Figure 4.18
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4.3.3 Gaussian Filter

The low-pass filters we focus on replace each pixel with a weighted average of its
gurroundings. The size of this surrounding region is the diameter of the filter. The Gaussian

| function provides a common weighting, because it removes high frequencies with minimal
artifacts. Naively computing the weighted average for each pixel would require O (p x d x d)
{ime, where p is the number of pixels in the image, and d is the diameter of the filter.
Fortunately, the Gaussian function is separable, meaning it can be applied as a 1-D function to

“rows and columns in turn. This reduces the complexity to O(p x d).

Working of Gaussian filter

The Gaussian smoothing operator is a 2-D convolution operator that is used to "blur' images

and remove minute detail and noise. The kernel is of the shape of a Gaussian ("bell-shaped')

hump. The Gaussian distribution in 1-D defined as:

72

G ) = ——=p 952
\ 2T
where o is the standard deviation of the distribution. The distribution has a mean of zero

(i.e. it is centered on the line x=0). The distribution is illustrated as in figure 4.19

0.4 T T —‘

031

0.1

Figure 4.19 it
I
|

|

In 2-D, an isotropic (i.e. circularly symmetric) Gaussian has the form: |
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This distribution is 2-D Gaussian distribution with mean (0,0) and ¢ =1. The distribution is

illustrated in figure 4.20

Figure 4.20

The idea of Gaussian smoothing is to use this 2-D distribution as a “point-spread' function,
and this is achieved by convolution. Since the image is stored as a collection of discrete
pixels we need to produce a discrete approximation to the Gaussian function before we can
perform the convolution. In theory, the Gaussian distribution is non-zero everywhere, which
would require an infinitely large convolution kernel, but in practice it is effectively zero
more than about three standard deviations from the mean, and so we can truncate the kernel
at this point.

Integer valued convolution kernel with a ¢ of 1.0.

4 | 16| 26| 16| 4

1

— | 7 |26|41| 28| 7 it

273 I

= 4161261614 '[
) 1| 4]7]4]1 |

Figure 4.21

p i




=

Once a suitable kernel has been calculated, then the Gaussian smoothing can be performed
using standard convolution methods. The convolution can in fact be performed fairly
quickly since the equation for the 2-D isotropic Gaussian shown above is separable into x
and y components. Thus the 2-D convolution can be performed by first convolving with a
1-D Gaussian in the x direction, and then convolving with another 1-D Gaussian in

the y direction. (The Gaussian is in fact the only completely circularly symmetric operator
which can be decomposed in such a way). Figure 4.22 below shows the 1-D x component
kernel that would be used to produce the full kernel shown in kernel above (after scaling by
273, rounding and truncating one row of pixels around the boundary because they mostly
have the value 0. This reduces the 7x7 matrix to the 5x5 shown above). The y component 1s

exactly the same but is vertical.

006|.061|.242|.383|.242|.061/.006

Figure 4.22

The effect of Gaussian smoothing is to blur an image. The degree of smoothing is
determined by the standard deviation of the Gaussian. (Larger standard deviation Gaussians,

of course, require larger convolution kernels in order to be accurately represented.)

The Gaussian outputs a “weighted average' of each pixel's neighborhood, with the average
weighted more towards the value of the central pixels. One of the principle justifications for
using the Gaussian as a smoothing filter is due to its frequency response. Most convolution-
based smoothing filters act as lowpass frequency filters. This means that their effect is to

remove high spatial frequency components from an image.
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MESH IMAGE

LOWPASS

Figure 4.23 Figure 4.24

HIGHPASS

Figure 4.25 Figure 4.26

4.4 Peak Signal to Noise Ratio

Peak signal to noise ratio often abbreviated as PSNR, is a term for the ratio between the
maximum possible power of signal and the power of corrupting noise that affects the fidelity of
its representation. Due to the wide dynamic range of signals, it is expressed in logarithmic
decibel scale. The PSNR is most commonly used as a measure of quality of reconstruction of
lossy compression. The signal in this case is the original data, and the noise is the error

ntroduced by compression.

It is most easily defined via the mean squared error (MSE) which for two m>*n monochrome
images J and K where one of the images is considered a noisy approximation of the other is

defined as:
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m—1 n—1

MSE = -3 S I1(0,5) - K

mn 4 4
The PSNR is defined as:
PSNR = 10 - log o ( ﬁ )

[ MAX,
= 2{] . IUg“} —-——m T

— 20 : k}g'l{] (A’IfiX]) st 10 . Iﬂgl(} (ﬂ’fSE)

Here, MAX; is the maximum possible pixel value of the image. When the pixels are represented
using 8 bits per sample, this is 255. More generally, when samples are represented using

linear PCM with B bits per sample, MAX] is 28_1. For color images with three RGB values per
pixel, the definition of PSNR is the same except the MSE is the sum over all squared value
differences divided by image size and by three. Alternately, for color images the image is
converted to a different color space and PSNR is reported against each channel of that color

space, e.g., YCbCr or HSL..

4.5 Calibration

Calibration is of utmost importance for a setup using wide-angle lens suffering from radial
distortion. It is done using Barycentric coordinate system. The barycentric coordinate system is
a coordinate system in which the location of a point is specified as the center of mass, or
barycenter, of masses placed at the vertices of a simplex (a triangle, tetrahedron, etc.).
Barycentric coordinates are a form of homogencous coordinates. The system was introduced

(1827) by August Ferdinand Mobius.
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Figure 4.27

Figure 4.27 shows the barycentric coordinates of a point P which lies inside a triangle in the
Cartesian coordinate system. The barycentric coordinates u,v,w are calculated using the formula

given below
U=al/a
V=a2/a
W=a3/a

where al,a2,a3 and a are triangle area’s. For calculating the Cartesian coordinates from these

barycentric coordinates we use the following formula.
New x =(newA.x*u) +(newB.x*v)+ (newC.x*w)

New y =(newA.y*u) +(newB.y*v)+ (newC.y*w)

4.6 Blob Detection

After a frame has been captured and processed, the resulting image is used for blob detection.
Blob detection is done by finding the contours of a blob using the findCountours function

available in opencv in the current frame. The function retrieves contours from the binary image.
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The contours are a useful tool for shape analysis and object detection and recognition. All found

contours (and their properties) are stored in a contour list.

void find Contours(InputOutputArray image, OutputArrayOfArrays contours,

/ QutputArray hierarchy, int mode, int method, Pointoffset=Point())

Parameters:

. image — Source, an 8-bit single-channel image. Non-zero pixels are treated as 1’s. Zero
pixels remain 0’s, so the image is treated as binary. These functions —compare(),
inRange(), threshold(),adaptiveThreshold(), Canny(), and others can be used to create a

binary image out of a grayscale or color one. The function modifies the image while

extracting the contours.

+ contours — Each detected contour is stored as a vector of points.

o+ hierarchy — Optional output vector containing information about the image topology. It
has as many elements as the number of contours. For each contour contours[i] , the

> elements hierarchy[i][0] , hiearchy[i][1] hiearchy[i][2] , and hiearchy[i][3] are set to 0-

based indices in contours of the next and previous contours at the same hierarchical level:

the first child contour and the parent contour, respectively. If for a contour i there are no

next, previous, parent, or nested contours, the corresponding elements of hierarchy([i] will

be negative.

o mode — Various contour retrieval mode’s available. It filters contours based on the mode it

and delivers returns them.

o CV_RETR_EXTERNAL retrieves only the extreme outer contours. It
sets hierarchy[i][2]=hierarchy[i][3]=-1 for all the contours.

o CV_RETR_LIST retrieves all of the contours without establishing any

hierarchical relationships.

. "

= o CV_RETR_CCOMP retrieves all of the contours and organizes them into a two- i

level hierarchy. At the top level, there are external boundaries of the components.
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At the second level, there are boundaries of the holes. If there is another contour

inside a hole of a connected component, it is still put at the top level.

o CV_RETR_TREE retrieves all of the contours and reconstructs a full hierarchy

of nested contours. This full hierarchy is built and shown in the

OpenCV contours.c demo.

. method — various contour approximation method. Tells if approximation is to be made

when finding contours.

o CV_CHAIN_APPROX_NONE stores absolutely all the contour points. That is,
any 2 subsequent points (x1,y1)and (x2,y2) of the contour will be either

horizontal, vertical or diagonal neighbors, that is, max(abs(x1-x2),abs(y2-

y1)==L.

o CV_CHAIN_APPROX_SIMPLE compresses horizontal, vertical, and diagonal

segments and leaves only their end points. For example, an up-right rectangular

' contour is encoded with 4 points.

o CV_CHAIN_APPROX_TC89_L1,CV_CHAIN_APPROX_TC89_KCOS appl

ies one of the flavors of the Teh-Chin chain approximation algorithm.

o offset — Optional offset by which every contour point is shifted. This is useful if the {
contours are extracted from the image ROI and then they should be analyzed in the whole

image context. ' |

An ellipse is put over the contour; the properties of the ellipse are used to determine the position,
otientation, and the size of the blob. If the size of the blob fits the minimum and maximum

requirements on height and width, the blob will be added to the blob list.

oS —)
|
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7 Blob Tracking |

To report any action it is desired that the blob is detected in the correct frame

=t [}

- corresponding to the touch.

) . L

:;, o We make the reasonable assumption that a touch by a finger can move only short H
distances between frames. So the algorithm associates the closest pairs within a threshold i

distance.

o The number of blobs in typical images is small enough so that the efficiency of this
algorithm is not crucial.

o The algorithm assigns the same blob id to the blobs in two consecutive frames if the
distance between them is below a certain threshold. If the distance is greater than a
certain threshold the blob id is incremented by 1 and assigned to the new blob.

o Tracking is particularly useful when detecting gestures. This is because one complete %

{

gesture would have the same blob id assigned to the blob while tracking it.
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5. MULTIPLEXER MODULE

Projection Surface

Ethernet/Wifi

Figure 5.1

This module enhances the whole system by making it scalable. For implementing scalability, on
such a table-top surface, there are two options. The first one is multiple camera approach;
combining multiple camera streams and then sending it to the tracking pipeline. The
disadvantage of this approach lies in the fact that only a limited number of cameras can be
multiplexed together before running out of USB bandwidth ( around 8mbps). Also, such a setup
is computationally intensive as we have to stitch all these camera feeds.

Second is multiplexing of data. It involves running application on different computers and then
combining them.

Taking into consideration these disadvantages attached to the multi-cam approach of scalability,
the second method is used i.e. multiplexing data. It involves acquiring finger coordinates from
our tracking applications running on different computers and coordinating with each other over
_ the existing Ethernet protocol.

Advantages of this approach over the multi-cam approach are:-

1) No bandwidth limitations therefore no limit on scalability

2) Not resource hungry, as it is only concerned with combining coordinate data from various

sources.
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The proposed method successfully overcomes the limitations of the earlier method. The
following section explains how the system works.

The projection surface is divided into n parts (n=3 in this example). Each part is allotted to a
computer node which runs a tracking application in itself. All the nodes perform their usual task
of tracking pipeline for their part of the screen and then send the tracked data coordinates to the
multiplexer for further tracking with respect to main screen. The effect of this is explained later.
For differentiating input from different sources we add an offset based on the position of the

node. This can be better understood by considering the following diagram.

(0,0) 800 (800,0) 800 (1600,0) 800
g 5 .
3 Node 1 2 Nede2  ZE .l
Figure 5.2

In accordance to the diagram, when a node is sending data it will add the his x offset to
differentiate between his coordinate and other nodes coordinate. In the above scenario
nodel.x =x

node2.x=x+800

node3.x=x+1600

the y coordinates would be sent as it is.

We are able to divide the screen based on the TUIO protocol which converts the coordinate data

to touch inputs. According to the TUIO specification the value of length and breadth of any multi

~ touch client application varies from 0.0 to 1.0.
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Node 1 Node 2 iR 3 -

3 0.33 | 0.33 067 | 067

v

Figure 5.3

The above diagram shows screen distribution based on TUIO protocol.

The last function that this module performs is assign the same blob id irrespective of the fact that
the blob was tracked by two nodes which provide two different id’s to the same continuing blob.
To solve this problem the tracking function is applied again in the multiplexer on the input

coordinates from all the nodes. This helps us in giving the same id to a particular gesture.

Node1 Node?2 Node1 Node2

id-2 g

id-1 ) id-1
without fracking —With Tracking
(different id at cross- (same id at cross-
section) section)
Figure 5.4

Thus the multiplexer performs all the necessary functions for increasing the scalability of our

multi touch setup.
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6. PYMT — Open source library for Multitouch Development

6.1 [ntroduction

pymt is the programming library for designing multitouch based GUI applications. In other
words, through Pymt we design user centric applications. Pymt is a python based library with
defined functions for various actions. Broadly the Pymt library is divided into following sections,

with their specific functionalities:

o Base-This is the main section for managing the windows, main event looping in which all
the objects and functions are defined.

o Gesture-This is an important section with main aim of gesture recognition. It can be used
to create new gesture and match any user input gesture with the stored gestures. The
gestures can be multi-stroke i.e. they needn’t be in a single flow and could be broken
down into multiple user strokes. This enables user to make a cross sign in two strokes.

o Event-Every object can produce events like a ‘touchdown’, etc. so there is a need for
adding these events to particular event handlers. These tasks are performed from this
particular section of pymt. Event Handlers are generally identified by their names like
‘on_resize’. A single event-handler can be assigned to many events.

o Config — It is the base for pymt configuration file. The various properties include the fps,
mouse enabling, window size, etc. The config base offers a very unique solution to
upgrade the configurations by editing the properties and thus upgrading the config
version. If the version is not set i.e. it’s value is zero then default values are fed to these

config parameters.

o Geometry- It is the base for computing some of the trivial calculations like calculating the -

minimum size of circle that will enclose all the points through its defined functions of
circumcircle and minimum bounding circle.

o Userlnterface (ui) — This base provides effects and various user-interfacing options in
pymt. The various buttons, sliders, menus are provided through this base. Also the font-
styles, border-styles can be controlled through this base. This base creates the various

user-interfacing buttons, sliders through Opengl. The animation effects are also provided
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through this base as the classes which need to be animated and variables of initial state

and final state of the widget is added to the function.

6.2 Pymt Applications

Few applications that are designed in this project for users using Pymt library are described

below:-

6.2.1 Paint

Figure 6.1 Figure 6.2

Figure 6.3 Figure 6.4
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This is a simple paint application which has colour selector in the bottom left hand side
according to the RGB color scheme. Different types of crosshairs could be selected from the

pottom bar.

The colour selector is a slider interface so that the user can touch in the particular row and
scroll up and down to reduce the particular value of that color. This slider was created using

the MTSlider function in the ‘ui’ section of the Pymt library.
The Clear button gives the user an option to clear all drawings at any given instance.

6.2.2 Picture Viewer

Figure 6.6

Figure 6.7 Figure 6.8
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This application provides a unique interface to the users to browse through the picture

galleries and at the same time zoom-in and zoom-out of any particular picture. The user can
also rotate any particular picture. By default the picture stored in the program directory gets

loaded so to add or remove any picture we need to modify this directory form the OS.

6.2.3 Calculator

The following application provides a basic calculator with gesture recognition. A user writes a
equation as he would by hand on a paper and the application provides the output. A demo of

the application is given below using the screenshots.

First number is input.

[1NF0 | [No OpenGL_accelerate module loade r
| {Unable to load registered array forrat handler nus

File *fusr/1ib/pyrodules/python2.7/0penGt/arrays/foreath: dler.py”, line 44, in loadPlugin
plugin_class = entrypoint.load()

File *fusr/lib/pyrodules/python2,7/0penGL/plugins.py*, line 14, in load
return import8ytanel self,import_path ) s

File *fusr/lib/pyrodutes/pyt n2.7/0penGL/plugins.py”, line 2 irportByNane
codule = import_{ *.*.join(roduleNave}, {}, {}, noduleNanel

File *fusr/lib, rodules/python2.7/0pentL/arrays/nuneric.py™, \1§jig |15, in <rodule>
raise IrportError( **“No Hureric module present: ¥

InportError: No Wumeric sodule present: Ho nodule named Hureri

1 (Graphx ] Using accelerate graphx module

| {Camera ] using <gstreamer» as camera provider

] {Text ] using <pygame» as text provider

] Ivideo | using <gstreamer> as video provider

} [Spelling) using <enchant> as spelling provider

} [osc ] using <multiprocessing> for socket

] [Loader 1 using <pygame> as thread loader

] [window ] use Pygame as window provider.
(WARKING] [WinPygame] Video: failed (multisampless2)
[WARNING] {video ] trying without antialiasing
[INF0 ] Iwindow ] OpenGL version <2.1 Mesa 7.10.2>
|DNF0 | GL Extension GL_EXT_framebuffer object available

) [Base ) Start application main loop

] losc ] listening for Tuio on 0.6.0.8:3333

Figure 6.9
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Number is recognized by our application

anples=2)
] trying without antialiasing
] [Window 1 OpentL version <2.1 Mesa 7.16.2>
] 6L Extension 6L EXT frasebuffer object available
] (ase 1 Start application main loop
Fo 1 [05C 1 listening for Tulo on 0.0.6.0:3333 Al
cestur found: Three 3 BEiE
k: JEctixu/9InAIKY+vUKdEUUX 1A ENOWKUIWXEDEF 2TVNT SedqrzZpnpdQP2: 26+ Xz2¢DidX180yy /492
)ll[uexizi‘.PpE-fljl-!ilp:,'?'.tIQBquTQEnkail-lSnz5493{15] y2P2L4/9dvnt5ZgvT 'ﬁl.‘#fﬁr\KﬂHtlQSaz:»ZE?pysZy.‘l:G
3 sefunL U/ 1XKQKTACWDQ1qsp2B+/0CTAF L JED20F7ApZeSc200qTy2nBu+ OqpYka KRs27sVWZIGHIHRNX3Q+uLbitwsVi .
rlhstyEl‘.knEEyFE-,'prszhSTET]UE56LFL\z’.ﬂ36}'{FISn?IWriiwn\‘.;uhHroﬁhpFw.‘HL]lLbeuQ-njﬂ 0SAVPVEEOYItkFV) IS
0z¢cVOSYrqdeUNi0SKELBg47/candbaby JRASPT+i45KChLEZF 7Q6ebiripiDHpGRULHRT1+9anpi)tktaYgkLeTIXg7 |8
ZhCPAr1GO1QI00 TKEdWSh+CDUVCRXATIYSA0RATL VesKaR/SYulnuh29SUhnhBSHNOs xR j6cazkN2tqf3CAickwog B
A:)b‘;p.’\av5Lld[)KvimCth}UL\'F-hKSlNOldeun)Iwn‘n‘.FIFqBWI}-ﬂpku‘-‘u{:.‘itlezS]mi}?vedn&.(se@fbVZKIisZ
1LX4s1cnqx]12CzMSwH1yapAK7 hnnHhEoTVG1LDAELMKWORXHE /2y f1rICI5rOxNpH8 ] 6hi 041 rHBIqdUrpwyphR)V/h
okZVELMONXKanRKYI f L0BqaLDTYPNEXT/WESmpg4 L0W4u/ JHPTHLGEL CTEUANQZRXVFOMLyXFE4 ] 2vh0 163102 3qnINa
ruhwﬂt).',f.fBni]VJijKc‘fimiDn1‘1{rﬂqGx,'aL‘lTlﬁjPinfxTypwase1Kf?lBPhy'JasG?derbrE?quIpUle;‘nIursyd |
KHulPpkDOSHVQHOMBOHZYA0cH2hgGxQwi 0V S 34 f co0QoHigAvSLOATKUATYKSTUYKITYIalVyQYYKOIKHBekX) y2nGE |
/SKxFVHHTaKIHINLrO19TyxQwuwa IRygF 3hUnboukPqJwkvicxpr 017TcROeIHz 6nvSrtkhABSUDBaa9Le7645qCBZqc
5 Jngl5dlkB?btxth}‘.ﬁRC(\\h.E:IS'IueL-ﬂai'.DuluTvgﬂU‘.nQY?i)!NOMmv|'hsLisy(hLEnSk?snngLBhZ[Rqunga' USKL2§
e32yBNpTZ+ByVellY2avidl bTTPk7e9rcxDunZGvThuCoF rORCoVOWYqPelMT 1rhPPOMxUSNOGS jUBud+s rkPG812227a5y
ul FPOYQURESKivBa2SKHS LXwyUol OMpr Yir3uB27wd2 3101 jX+85 L TIBrISLO181gnqFYelnzt rpEal7iSPaKz 5t x2HTCdOZKY
bNn‘;(zqmicqI.IPyl\SpeLﬁaAv\ISFOLlr1sGﬁonBepd‘A¢7UaUi}lﬁtTnSquijE.cq} 10/ Xa1HVrPqPsVWiatKDsVd } BGUD;
[fEDIEzﬂauDﬁahﬁerSSlcmpg&rI'.ﬁnr!mLVpAglnliwwr.aijﬁsbl]sukzya'lw. 1/ jegYbxknmB6YpPw675182d074206
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Fa:90vUpun/kr/evpd, J20Xr rtmCrPD+/ 3] f++nPDulxd fX5+PR2G TUVG5580LX++3B8advY X1 YXTpf3782X54+ 135 FUsDeFzv
iF Lo P T 0020035 = - |
flue of self.symb is 0 : : : : i
\unber is 03 ' G B

Figure 6.10

i : failed (multisamples=2)
[WARNING] [Video | trying without antialiasing
{160 | [Window | OpenGL version <2.1 Mesa 7.10.2>
(I8F0 ] 6L Extension GL_EXT framebuffer object available
] [Base ] Start application main loop
] 10sc ] listening for Tuio on 0.0.8.6:3333 :
qLeHo0JECHku/9TnAJKv4vukdEUUXIASTHOWKUSWXEDEF 2 TVNTSedqr2ZpwpdQP2i 37e+2x309dP26+X2zDidX180yy/ 4921
TueX5z8Ppbvl iMvipyHt19994q792nLky3HSnzs+P305KxTTy2P2L4/9dvmt STQuTSXBINT6AKT INE1Q530ZE5pys2yX6Y
efwnL7U/ LxKqKIACWDqJgsp28+/0cTAFt JED20F TApZeSc2QoqTy2nBu+0qpYkaQFkRsz _WZEGJ—JHRPE(il]»zuLbiWSVXESF :
bSYEYECNESYFE+/Hbp2Hsh87CTIUESBULWL 3d) YPISWNLV T TWriwohHraGhpFQ XbfulmJ04poSAVpVESOYitkFVIE
CrOlIFr20zc1cV05YmgdeUNiQSKELBg47 /cand646Y RASPr+i4sXCh1E2F7QBebirifi nULHRti+9anpiltKtaYgklcTIxg?
84 qZhCP3r7G0INQ90aTKEWsh#wCDUVCRXBTIYSAonATLVerKaR/SYulnuh295UhnhBSHNOsxtRrj6cdzkN2tq f3C4ickwog
L 11A0bSpAGYsL1dDKVINACCpDULYHKKSUVO1dR1um3 I tOnbYIFqB9VbrpykPYUGNT31V25 rBTvednoxsedFOVZKTS tRZWgK
Sacr s icogr120zMowh 1yapAKThanHhEQTVGLLDAEuMKwOMMHc /2y Lr ICISrOXNpHB | 6hiB4f riBIqdUnpryphRjV/ hHER
V] CSTYiokZVELMOWNKATRKYI £ L0Dga | DTYPNEXr /Wt Snipgd 10W4u/ JHPTW1GB1C TUANGZRIVF OMiyXFE4] 2vh016a1D23gnINally
664 feQrahtityLty//8nl]VIbUjKcYin20n1VendgGx /aVi T1G PiRT/xTypibGe1Kf TL6Phy3asGTdrXzbr2TqTh2pUplK/nl+nyd
CBOAVoRUKHUUP pKDOSHIGHORBOHZ Y AocH2hgGx QwiQ0VS 34 f coQQoHiigAvSLOAf aKUATYKS IUYKOTYTalVy QY YKOLKMBekX y2ut
¥SHus/SKxFHHFaKIMINL 019 Tyxthunva 1RygF 3HUmboukPqJikvicxprB17TcROe1HGZ iGnvSr tkhABSUDBaadLe7G454CBIqCH
0JpZ01SdUkBT 2+t KEQhXARCOVWEA54ueL ATaM0n LuTvg+ YLMnQTPDOTONTOVrbsL1syEh BrSkTsngXvLBbZIRuF 2WHg+akbUSK12
:zUlUCBZyBHpTZ&BWeUTZam-mhﬂ?k]e&'!r(xDumZGvau(uFrQRCoVW{quHhWlfﬁ??mv‘xuﬁnxXSS}UEuhsrkPﬁBizzzZafw
EulFFQ‘llﬂRtS)livEu2SkH51wayUﬂ'l{ﬂpr‘l'aluﬁszdzJJOfjXaBs1‘EIBs’!5!.016lgan\feDﬂztrp‘Ea)TNS?I‘KZS‘{?H!-ITE(!DZRIE
bufvaC20tibMeqLtPykSpel 6aAVYBFQL 1 risC6 1UoBapdviTUa 141 16t TnSqndrivpBeqlqeuhdy XalH tPqPs\ViatKDsVd j6GUDZ
S2ic/EDH20avDHOT+6r 2851 cmpg+ rkenrHOLVpAQNOWZVRgj pPGBDISOkzyaZVsxXS)/ jegVexkinnBEVpPwG15182d0742067
1REU1Xy6BS0nDgMwd0y3QLbXIwc 251 3kin/R51CFR6QMAY1/5Ih182d61¢ I eASvOnTFf18/Sghi9QvRw3uB7PK1pr69fadHpaf
FEH90VUpun/kr/evpd/ mxaXe rtnCrPD+/3] /++nPDUNXd fX5+PR2G fU5SBOLX++ X1YX7pf37BeX54+t915UsDeFavL
iFIngruz/pbz5B6zlioas= Al
Value of self.symb is 0
Musher is 93

Figure 6.11
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AS

can be seen the symbol is recognized by the application as minus.

il i :
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XrrtacePD4/3]/++nPDubxd X5+PR2gTUVOS590Lx++3BBaVYX1YXTpf378eX54+ 1915 TUsDeF2VL

PGXYDOACYUtRIgrIETvY+vaT5aBYqaliZbdE+S2REP/PsqzNaXxdmbeHYZpv18FIXndHTZZPY

p3xPcmIZ520aN19NSXqbRM13/ YArKZZ0byzKrt LevbliLwbne £t ] 1TRCqJu8BPQ73Ad30CPd rGRY

G PjHGK+DOEVKSXSBRHUXGIOGRTE 5 hwqhS9BCBHGGNE a9y RSYCrYSDTq 04O oRBXORDZ/Ry Ty  LKHGES Ko
1 26xehoTaz ] LbGXidUBssHelikZex10n 1D TibISA0C/ZUDKPGHEZNOWN/ qlisK\] filxs PRGOFF/ESRGrKgx fkitiTByS

{4 qE5UPLDSTZL505BLUPTRACEFB1h]SBpVPTes TyH RDAEPH26yHTRSBAUOLgPAOUGEGCCACYDIGGS0a4UaCTHVEDNY,

3 ‘}Jlﬂhkﬁquﬁelﬁ 'Eﬁ[?zkhﬂﬂﬂziﬂymiﬂﬁ!e:ﬂihvl.lpﬂfihl3il\'}?a){t%ﬁhﬁH?IQIiPCEgZDUideI‘KOlnHttOBbi
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2 -flyz:.+HOK1q2SH32beRu}t.’waSIZX(HBITgSXqLh'nﬂlyXl!bhxen&S?btUOchYtjﬂFté%Typ{M[MbnEl%
rirst nusber 1s 63 : 03 ]
subtraction

Figure 6.12

The second number is entered below:-

earch.

EF2501ABbSpAGVSLCDKV HACEpOULYMKSUVOLdR1ua3T nbVIFqBIVbapy kPVUGHE31V2S jnBTvednexsedFbVZKTstR2wgK
BvBCSacrlLdsicngx12C2HSsLyapAK ThnnHhEOTVGILDJEUNKWONHC /2y W LrICISrOxNpH 6hi0d f rtiBoqdUnpiyphR] V/hH

IVEIMOWKanAKvIfL0Gqal0TYPNEX r/WtSmpgd L0WAu/ JHPTW1q61 CTHUANG ZRXVFSMiyXFE4 j 2vh016a1023qmINa
rahiblyLty//8nl j¥IbUjKCY iedDn1VemgGy/avITLIG PiRF /xTypibGe 1K 718Riy3as67drXZbr27qTb2pUplK/nTenyd
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TqVRESXivBo2SkHS X wyUo L 0priw3usz Twdz 310 X+851TIBrIS1Q101angFVeQnzt rpEa) INSPaKz5t 7x2HTCdQzk
2C2QNblcqLtPykSpeL6ahvVBFQLrisGELUcBepdWw7Ua1NI 1Gt TASqmA ripBaq ey, X3 1HVrPqPsVViatkDsvdj86ubz
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90vpun/kr/evpd/modXrrtac rPD+/3] /++nPDulixd FX5+PR2g FUVI5S80LX++3B3AYX1YXTpf378eX54+19f5fUsDeFzVL
F1nqruz/ pbz5B6zioas= )
alue of self,synb is 6
ber is 03
ure found: Minus
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98¢ FuYp] s3gts89F t 3p3miPcmI 2520aN19N5XqbRAI 3/Y9rXZ20byzKrt LmvbULwbncftj LTRCqrIuBBPQ7IA30CPArGRE
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1rst nusber is 63 : 03 AN

Subtraction

Figure 6.13
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Figure 6.14
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, gign is entered as two instances of ‘-* sign.
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[tis recognized as a single minus (as can be seen below)
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Next, second minus sign is entered.
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our application outputs the result as it recognizes two simultaneous minus sign as an equal to !

operator (<)-
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7. TUIO — Tangible User Interface Object

7.1 Introduction

TUIO stands for touch user interface objects (TUIO). It is a protocol which helps in transferring
touch related object’s information over a network or between different applications running on

the same computer. The figure below illustrates the working of TUIO protocol.

multi-touch tagged object
gestures q ﬂ/biecfs geometry
. 4

e L —

TUIO

protocol
TUIO cli'ent P TUIO'irGerr
application application
Figure 7.1

As explained in Figure7.1 the camera is controlled by the main program which extracts the blob
information from the captured frame. So, if any touch action has been performed by the user its
information like x-coordinate, y-coordinate, etc. are extracted by this program. But now the
challenge is to send these coordinates to the PYMT application which would perform

corresponding actions to those events, this is where TUIO comes in. TUIO Protocol was

~designed specifically for the purpose of sending the touch information over a network. The

protocol divides its messages into broadly two types:
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» Set messages — This message is used to send the object details that are currently present
on the touch-surface. Generally, the message is sent only when there is a change of state
in the objects.

o Alive messages — This message contains information about all the current objects present
on the touch-surface. Also, it needs to be sent only when there is an addition or removal

of any object from the list of objects.

[n addition to these two, there is also, a fseq message which numbers these two messages
together so that lifetime of an object could be deduced from the addition and removal of an

object from the alive messages.

The various parameters included in the TUIO packets are:

| Class id(int32)

_;;y,z T vauab]es(ﬂoaB 2)(range0 1) e

abc  Angle (float32)(range 0...2PT)

m Motion acceleration
R Rotation acceleration
.k

The TUIO protocol has a higher priority to provide low latency thus it is based on UDP

transport. The UDP transport ensures low latency but at the risk of packet loss. To overcome this
shortfall each sef message are packed into a bundle and each bundle also includes a redundant
alive message so as to provide the receiver with a consistent view of the objects present on the

touch-surface. As a fseq message numbers these messages, loss of any single packet would mean

——L&—resending that information again. So, for this purpose a cache of messages is always maintained

\
4

by TUIO so that it would be able to send that information again if sending of those packets fails.
There is also a concept of profiles used by this protocol which maintains the identification of the
object as 2D or 3D, as TUIO can support sending information about both types of objects. The

TUIO messages also contain an additional information about the profile of the object. As our
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setup has to support touch, we would need the 2Dobj profile while transmitting through TUIO

protocol.

qo, the format of a TUIO set message would be something like this:
{tuio/ [profileName] set sessionID [parameters]

And the format of a single bundle of message would be:

/tuio/ [profileName] set sessionlD [parameters]
fuio/[profileName] alive [list of active sessionIDs]

A real-time TUIO message would look something _like this:
ftuio/2Dobjset s [ x ya X Y A mr

/tuio/2Dobj alive sl s2 s3

The TUIO programming consists of mainly classifying the listeners and senders. The

classification based on the APIs is listed below:

1. TUIOServer: This class consists of following important functions

e initFrame: This is the first command given while initially creating the frame. It
initializes a frame according to the current TUTO time. So, every frame has a
unique start time through which it can be uniquely identified.

o addTuioObject: This function is needed to add a new TUIO Object to a frame.
This function is used after initializing a frame and this object is added to the
frame. TUIO object is initialized with a serial number, x-coordinate, y-coordinate
and z-coordinate.

e updateTuioObject: This function is used to update the existing TUIO object. The
object is updated with the new x coordinate, y coordinate and angle of the
TuioObject.

o removeTuioObject: This function is used to remove a TUIO object from the

initialized frame.
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commitFrame: This function is used to commit the frame i.e. it is used to send
the frames info over the network. The current set of objects present in the frame
along with their information is sent.

TUIOServer: The default and initial constructor for this class. It assigns the port

value on which the data would be sent by the TUIO.

9. TUIOClient: This class consists of following important functions

TUIOClient: This function is the constructor function which initializes the port
on which the client would be listening to for the TUIO objects.

Connect: After this function is executed the TUIO Client starts listening to the
TUIO messages at the UDP port. All the received messages are decoded to be
further processed.

getTuioObjects: This functions fetches all the TUIO Objects present in the
message and creates a corresponding list of TUIO Objects for them. Thus the

transmitted TUIO Objects are received at the receiver end.
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8. APPLICATION WALKTHROUGH

The following section assists the user in understanding the functionalities that are offered by the
appIication. This would help the user in setting up the table. He/She may use few of these

functionalities to achieve optimum finger detection via the table

8.1 Running the application

The user has to navigate to the bin folder in the alladdonsexample folder, where the .exe is
present. Double Clicking the executable opens the application. Also, there is folder named Data
which holds the config.xml file. The user may use this to alter the settings instead of using the

GUI to alter the settings. In both cases the settings would be saved in this config.xml file.

Figure 8.1 shows the greeting window when the application is run

MULTITOUCH WALL

Prototype 1.1

‘8" o clear background

'S" for setiings

'C" to calibrate

‘F11° to toggle fullscreen mode
"F1" to show these instructions
"Esc" to exit

Frame Rate: 7.066872

Figure 8.1
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The First screen explains the version (1.1) of the application and provides keyboard options to

pavigate further. These include:-

«p” — Clear Background — This captures the current frame and then subtracts it from every

qubsequent frame, thus removing excess noise.

«g» — Opens the Setting Panel where further options are available

«¢” — Opens the calibration mode

«p11” — Toggles the application between Fullscreen and normal screen mode

«f1” — Show’s these setting again, as they are available only for the first 5 seconds

«psc” — Pressing Esc at any point of time exits the program

The captured frame rate is continuously shown in the lower right hand corner. I |
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8.2 Calibration Mode

calibration module.

Use arows kpys to wafp pamt;

Press ™' o remove columns or "+' to @dd, £Blumns
Press "[* to remove rows or "] to add roWs

Press "Enter" to deanccﬂ to the next pdint

Press "Backspace" to back up to thé ayvious point
Press *R" to reset all points L

Press "C" to exit

Figure 8.2

bindings are shown the main calibration screen, as shown in Figure 8.2

53

[f the user chooses the calibration mode, Figure 8.2 appears. This is the landing page for the

Frame Rate: 7.082501

This module offers other functionalities which are triggered using the keyboard. All the keyboard




8.2.1 Editing Number of Columns .
[f the user wants better calibration, in terms of accuracy, he can increase the number of columns

used for calibration.

1 «¢ _ Decreases the columns — The least value is 2
<+ — Increases the columns — The Maximum value is 12

Figure 8.3 shows the maximum possible columns that are possible for calibration.

h the highlighted urdr{

sg arrows keyd to warp jpoints i
"~ to rambve l.GIUﬂIﬁ or "+" add colufngs
" o rémbve rows of 1" to gdd rows
'] ! oadvanc {a the ne

; * to backjup to t ioug pe nt i
‘ ' l all Gmt
4 "C' t exi ,?

Flame Ratel/7.107113

Figure 8.3

Columns alone are not responsible for increasing accuracy, thus increasing Rows is equivalently

important.
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g.2.2 Editing number of Rows

If the user wants better calibration in terms of accuracy he/she can increase the number of rows

used for calibration.

“[ — Decreases the columns — The least value is 2

8] — Increases the columns — The Maximum value 1512

Figure 8.4 shows the maximum possible columns that are possible for calibration.

ve rowa or 1" 10 add rom
i advarnce-to-the-next: ~point
Ptess "Bac.kspa\.e‘ to back th [
tall-poifits

Frame Rate: 7.072044

Figure 8.4
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pigure 8.5 shows maximum possible rows and columns that are possible. In this case the

qccuracy of calibration will be maximum but the user will have to spend a considerable time in

calibration of 144 points. But once done, these values are safely saved in calibration.xml.

3 to warp”phints if"_ _ , _ v
bve _gdlumns or " to ladd e j / # v ] f

Figure 8.5

The calibration module works when the user touches the table and the finger is registered as a
blob. This blob is used as the on-screen point for the on application point in consideration then.
For example in the above figure 8.5 the on application point is the 1* one, when the user

4 registers a blob , the on sereen position of that finger is saved with respect to this point. Once
successfully saved, the on application point in consideration becomes the 2™ point automatically.

4 This process continues till the user has successfully calibrated the whole screen.

56




A situation may occur when the user may want to save the position of a particular point. Instead

of repeating the whole procedure again, we offer him functionality to navigate to that particular

point. This is done by the keyboard events:

«Enter” — Advance to the next point
«Backspace” — Go back to the previous point i

Figure 8.6 shows the pressing of the “enter” button

!
Toug,h the highlighted cirg Ie until it dt”
Ugéd arrows keys to warﬁ points r,r’ |
E?z 55 "" to remove colun nf‘ opf'+" 10 &
/Press "[" to remove mw‘% r A" to add rows
* Press "Enter’ to advanc the next point
Prass. Ap.i0.the. previous. pom
Press "] fo re
Press "C" 1o exit

: Frame Rate: 7.090148

Figure 8.6
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When a user wishes to recalibrate his screen at any point of time. He/She can use the reset

putton.

«R” — Resets all calibration data

Once “R” is pressed, all previous calibration data saved in the calibration.xml file is erased. The

point of consideration becomes the 1* one and the system is ready to accept new calibration data.

Tougl the highlighted us-_lu until it qh'
U;e‘ arrows keys to warg
f’res" " lo remove colu'nns 0tf“‘+" to &dd columns
/ Press L or " to add rows
/  Press i to'the next pom!
P{a.-.. ' i&

£

Figure 8.7

This concludes the calibration module. The user has to press “F1” to see the main menu options

r “S” to go to the settings panel.
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8.3 Settings Mode
The settings panel offers number of functionalities which the user can use to successfully detect,

track and send the blobs data.

By pressing “Left” and “Right” arrow keys a user may shuffle between various functionalities. i§
By pressing “Up” and “Down” arrow keys a user may alter the parameters of that particular

functionality.

8.3.1 Amplify

This multiplies the input image by itself to increase the intensity of the tracked image.

Figure 8.8 shows how amplification works :{j,
: FERINT
Multiplies the image to enhance bright areas

Use left and right arrow keys to switch ‘setting
Use up and down arrow keys to change. a sefling's value
Press "S" to exit

Figure 8.8
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8.3.2 Simulated Blob Radius

Our application offers a testing functionality for the user called mouse blob. It can be used when

a multi-touch screen is not available with the user. He may use the mouse as blob making device
and test his multi-touch applications.
This particular functionality offers altering the size of this simulated mouse blob from 0-100

pixels

Figure 8.9 pictorially depicts the above explained functionality

SET SIMULATED BLOB RADIUS:

Attificial area created around a mouse when pressed

Use left and right arrow keys to switch ‘sefi
Use up and down arrow keys 10 change! ing's value
Press "$" to exit

Figure 8.9

The above image shows a mouse blob with radius 100 and a blob id of 138
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8.3.3 Setting Calibration Time
This functionality helps in altering the time required to capture one calibration point. This means

a user has to keep his figure at the calibration point for this much amount of time

Figure 8.10 shows this functionality

S CALIBRATION TIME:

Time in milliseconds to hold a calibration point

Use left and right arrow keys to switch sefting 7~
Use up and down amow keys to change a sefting's va
Press "S" to exit

Figure8.10

The calibration time can range from 0-999 ms.
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8.3.4 Contour Smoothing

The contours detected by the application connect the exact points. The user may need to smooth

these connecting lines. This can be realized with the contour smoothing facility

| Figure 8.11 depicts the same.

SET CONTOUR SMOOTHING:

Simplifies blob outlines i

Use left and right arrow keys to switch setting ;
Use up and down amow kéys to change a setting's value i
Press "S" to exit e

Frame Rate: 7332938

Figure 8.11

In the above image the contour smoothing value is set to 3. The user can increase/decrease this

J A —_|

value according to what he desires.
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8.3.5 Device Id

Our application allows capturing image from more than one camera. Thus, when more than one
camera is connected to an application, the user may want different cameras to be used at

different instances. He can do this by changing the device id and thus choosing the desired

camera.

Figure 8.12 depicts how this can be done

SET DEVICE D: 0

Selects capture device

Use left and right arrow keys to switch -
Use up and down arrow keys to change
Press "S" to exit

Default device id is 0, which is given to the first camera that is detected.

Figure 8.12
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8.3.6 Flip Horizontal

When the camera is fixed to the touch screen, its direction may not be certain. Thus instead of

rotating the camera, the application flips the live video feed and all the further processing is done

using this flipped image.

Figure 8.13 shows how this is achieved.

SET FLIP HORIZONTAL:

Flips the input image horizontally

Use left and right armow keys to switch setting
se up and down arow keys to change efing's value
"S" 10 exit

Figure 8.13
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8.3.7 Flip Vertical

s similar to 8.3.6 but, instead of flipping the video feed horizontally this function flips it

vertically. .‘. 11

Figure 8.14 explains the same

SET FLIP VERTICAL: C |

Flips the input image verticall

Use left and right arrow keys to switch sefing ' ‘
Use up and down arrow keys 1o change a sefting's value i s |
Press "S" to exit " 4 wil

Frame Rate: 7.082574 |

Figure 8.14

The flipped image is used for further image processing.
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8.3.8 Dilate

[t helps in dilation of the images. It thickens whatever is detected in the image.

Figure 8.15 shows this functionality

SET DILATE: ‘OFF

Thickens blobs

Use left and right arrow keys to switch gétling
Use up and down arow keys to changg a sefling's value
Press "S" to exit

Figure 8.15

We use it when the detected blobs appear to be small in size.
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8.3.9 Erode

Helps to implement the erode functionality of image processing. This is used to thin the detected

blobs in the image.

Figure 8.16 shows this functionality

SET ERODE: OFF

Thins blobs

ting's value

Frame Rate: 7101124

Figure 8.16

Used when the detected blobs are large.

ST~ W /O S SRS
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8.3.10 High Pass Blur

Provides a high pass filter over the image. This is mostly used to detect the edges in the image.

Only high frequencies are allowed to pass through.

. Figure 8.17 shows this functionality

M SET HIGH PASS BLUR: 21

Blurs image before noise reduction in high pass filter
Requires high pass noise reduction value of 1 or greater

Use left and right arrow keys to switch "“tting
Use up and down armmow keys to changegia setting's value
Press "S" to exit ‘

Frame Pate: 7138124

Figure 8.17

|
{ The above figure depicts that using these filters the edges of the object are obtained.
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8.3.11 High Pass Noise Reduction | |

This provides blur functionality after the high pass filter has been applied. This is used to reduce
the static noise after passing the video feed through the high pass filter. It is applicable only if the

previous filter has been used. -': [

Figure 8.18 shows this functionality

SET HIGH PASS NOISE REDUCTION: 1 gy

Reduces static and noise in image after blur in high pass filter
Requires high pass blur value of ' or greater

Use left and right arrow keys to switch setling
Use and down arrow keys to change a sefting's value
'S" to exit

Figure 8.18
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8.3.12 Smooth

This function helps in applying Gaussian blur to the video feed. Thus, removing most of the

noise. This is the most important filter of the detection algorithm.

Figure 8.19 shows this functionality
SET SMOOTH: 11 “
Applies blur to image ‘ ! | ;:}.

Use left and right arrow keys to switch settig
Use up and down arrow keys to chang ng's value
Press "S" to ext

Figure 8.19
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8.3.13 Threshold

This helps in applying a threshold value above which the grayscale values are to be treated as

white. It plays an important role in detecting fingers from the video feed.

Figure 8.20 shows this functionality

e
= N Z s

SET THRESHOLD: 70

Shades of grey higher than this/value make up blobs

Use left and right arrow keys to switch setting
Use up and down arrow keys to cha setting's value - -
Press "S" to exit

Figure8.20

Higher the value of threshold, less will be the visibility of weaker blobs and the stronger blobs

will detected and vice-versa.
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8.3.14 Max Blobs

This defines the number of blobs that are to be detected. By choosing a value close to 5 which is

for 5 fingers a user can remove false detecting effectively.

Figure 8.21 depicts the same

SET MAX BLOBS

Limits humber of blobs to trac

Use left and right arrow keys to switch sefling ™™
Use nd down arow keys to change a sefting's value

Press "S" to exit

Figure 8.21

Here the max blobs that can be detected are 5
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8.3.15 Max radius !

This defines the maximum permissible radius (of the detected blobs). A blob with area greater
than this will not be considered as a positive blob and will be safely discarded. The user may use

the option to effectively track only finger sized blobs.

Figure 8.22 shows this functionality

SET MAX BLOB SIZE: - o

Maximum size of blob to track i

e left and right arrow keys to switch q
up and down arrow keys to change a setiing's value
Press "S" to exit

Frame Rate: 7.047410

Figure 8.22
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8.3.16 Minimum radius

This defines the minimum permissible radius (of the detected blobs). A blob with area lesser than
this will not be considered as a positive blob and will be safely discarded. The user may use the , ]

option to effectively track only finger sized blobs.

Figure 8.23 shows this functionality

SET MIN BLOB SIZE: 14 ¥

Minimum size of blob to track

Use left and right arrow keys 1o switch setling
Use up and down arrow keys to change a setting's value
Press "S" to exit

Frame Ralte; 7.059196

Figure 8.23
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8.3.17 Invert

This functionality is for the rare event that the user wants to track dark blobs instead of the usual

white ones. L

&

Figure 8.24 depicts this functionality
SET INVERT: ON

Tracks dark blobs ‘ %

Use left and right arrow keys to switch
Use up and down arrow kéys to change a
Press "S" to exit

Frame Rate: 7050332

Figure 8.24

To send the blob data to the multi-touch application, the user has to press “T” after which the application

starts sending the tracked data using the TUIO protocol.
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9. SOFTWARE DEVELOPMENT LIFE CYCLE
9.1 Process Model

A software process model is an abstract representation of a process. It presents a description of a

process from various perspective.

Generic software process models are:

e Prescriptive Models

There are separate and distinct phases of specification and development.
e Evolutionary Models

Specification, development and validation are interleaved.
e Specialized Process Models

The system is assembled from existing components.

Evolutionary Models: The Spiral

estimation

scheduling

sk analysis

Figure 9.1
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9.2 Spiral Development

e Process is represented as a spiral rather than as a sequence of activities with backtracking.
e Each loop in the spiral represents a phase in the process.

e No fixed phases such as specification or design, loops in the spiral are chosen depending

on what is required.

e Risks are explicitly assessed and resolved throughout the process.

The process model followed during the course of this project is based on the Evolutionary

model; it is the Spiral Model of software development.

Spiral Model couples the iterative nature of prototyping with controlled and systematic aspects

of linear sequential model

Spiral Model of the software development process

malt ﬁ‘mﬂ d ¥ RS e i Evalua te alicma tives,
AL AR, //"””"M identify, resolv ¢ risks
constr aints
uﬂ,«uw-""M e
7

\ De velopment Requir cmeut
plan validation

Unit test

\ Requir ements plan
\ Life-cy cle plan Concept of

Oper ation
\ \‘M\\ ke

Desipn

“““\N it V&V " Integ mtion
Plan ne xt phase o i oy test
i Acceptance
Seivice test Dewlop , verfy
e nextdevel product
Figure 9.2
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9.2.1 Spiral Model Sectors:

Objective setting

Specific objectives for the phase are identified.

Risk assessment and reduction

Risks are assessed and activities put in place to reduce the key risks.

Development and validation

A development model for the system is chosen which can be any of the generic models.
Planning

The project is reviewed and the next phase of the spiral is planned.

9.2.2 Spiral Model: Advantages

The spiral model is a realistic approach to the development of large-scale systems and
software. Before the assembling the hardware, mouse was used as an input device to
provide blobs in place of input touches.

Spiral model demands a direct consideration of technical risks at all stages of the project,
and, if properly applied, should reduce risks before they become problematic. We
implemented various algorithms and analysed them to obtain the best results. We
discarded methods that increased the complexity.

Incorporates iterative framework which reflects real world scenario. This was used in

upgrading the modules of the application according to the need.

9.3 Use Case Model

The Diagram shows behavior of the system from the viewpoint of a user. It is concerned

with what is provided rather than how it is provided.
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10. CONCLUSION

The project has been successfully concluded with the development of a prototype of the touch
wall (screen). It is a multi touch table using glass as touch surface, LLP technology and a
Logitech web camera, to detect the infrared blobs, and process them accordingly. The software
has various features to control the image output. Also, Pymt applications are executed
successfully on the multi touch table. We also implemented Multiplexing of data (finger
coordinates) from the tracking applications running on different computers and coordinating with
each other over the existing Ethernet protocol to provide scalability to the basic module. The
only limitation of this setup is because of the ambient lighting around it due to external sources

of infrared.
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