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Abstract

In this research we have developed a new technique for studying consumer navigation
patterns depending on real time object tracking in 3D virtual cavitonments, we were
able w caprture consumer's navigalion eoordinates and present them in charls, the
charts can be used by consumer bshavior analysls W help them analyze and

understand a consumer behavior indepth .
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Research organization:

Chapter pne: includes the research objectives, scope limitation and challenges,
Chapter two :includes a general buckground

Chapter three: includes the lilerature review.

Chanter lour : includes the requirement specifications

Chapter five: ineludes the research desien (context diagram, data {low
diaprams and the flow charts).

Chapter six: includes the project description. :

Chapter seven: includes the ruscarch implementation methods and Tonctions
and classes.

Chapter cight: includes the resulls, conclusion and Muture work.
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Chapter One
Introduction
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1.1 Overview:

Over the years consumer behavior sludies relied on ohserving ceonsumer's
navigation and inleraction pattesns in physical real world, the process included a larpe
number of acrivities from physically tracking users while shopping to using numerous
camerdas o capture consumer's behavior in shopping locations, and even trying to
capture the consumer's eye movements!. These activitics are very expensive, Lime

consunung, and the information provided 15 neither sufficient nor reliable.

Tuduy's consumer behavior studies are moving to wards 1echnology based on 3D
virtual reality environment, This sysiem simulates the desired study environment and
enables researchors 1o study consumer's behavior at real time and provides a high

level ol contrpl overthe simulated enviromment, information reliability and accuracy,
] A

"liuman history is marked by a progression of media used to convey and

cxpetience ideas™

R Sherman Willis, . 2003, wlcesteading vinual reality tnterfitee applicadon eod desige”, Elevier Seicoes, BFA B § :

(]




=t Tr;;r R| u:; m "J rtu 5 Emrfc:umrr.,t P

1.2 Research objectives:

In this rescarch and by implementing a new virmal reality based technology we aim

1o
. Explore new technelogics and technigues and benefit from the latest works
presented in our field of major.
2. TFocus en the unique features and advantages of using 3D virtual envitonments

n capturing, analyzing and understanding the data required to provide detailed

uiformation about consumers and their behavior natterns,

Lo |

Provide betier undersianding for physical space depending on 3D simulation
in stlempt to reduce the time and effort spent on tracking consumer behaviors

in real sword.

1.3 Rexearch limitations and seope:

1. The research will bu delivered Lo the supervisor within 16 wesks

Ieca

I'he research budget is limited.

!.l-."

the research sludy includes an experiment that fullils the following terms:
o  The study is based on a 3D virtual modal,
= The 3D mode! is interactive.
« A lighting lechnigue is used to provide realism to thie 3D environment,
» A camera is used to help users visnalize the 30D environment,
* Users will move in the 313 environment using the traditional keybourd.

* User's movements are captured and saved for analytical purposes.

1.4 Research methodnlogy:

The rescarch is hased on the scientific research methodolomy.

1.5 research descriplion:
This research is based oo the deployment of 31) virtual environments in studying
and analyzing consumer behavior pattemns, by using a 3D shopping center model

vivich is buill using mixed reality compenents in order o provide a sense of realism,
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And hy implementing some navigation properties, users will be allowed to na vigate
through the model, at the same time the system will track users and save (heir
navigation dala into a special file for each user. The data will be used by analvsts 1o
provide better understanding for consumer behaviors and that is the main purpase of

this rescarch.

1.6 Research challenges:
The project team encountered lechnival problems that needed to be solved, the
most eited ones were:
1. selecting the appropriale programming lansuage:

Because our work connects different technelogies: 3d modeling and abject
tracking, it was ool easy to find a programming language that imtegrates these
technologies (after counseling specialized programmers and sea; ching over the web
we decided to use Microsolt Visual C# Express Editian with Mictosoft Directy 9.0
SDK library . Some of the usclul links we found are:

htip:fwww.cfcormer.con

hitpYwww csharpfricnds.com

2. lack of experience in the selected programming lanpuages:

Basically DirectX is vsed for game programming and it is not widely used in our
Held of major, we conldn’t find any one to cousull .alter lonz search we were able W
fod 4 lew forums that focuses on programming with DirectX.

Most uselul forum was:

. torums microsoll.comMSDN/default. aspx PForum GrouplD=20& Site1D=1]
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3. using the correct sereen card:
We [ound oul thal using DirectX 1o load and present 3d models requires a special

craphics card which is very expensive il cosls aboul 1498,

Picture | 1: eraphics card

Modern dévices now have built in graphics eards; and we managed to find a deviee

that suppaorts our specifications.

4. finding a technique for optimizing and loading materials to the project
worle space:
I'his problem is connected to the provious one except in this case the solution was
in the programming code; we used some additional methods to support material
ivading and viewing, A uselul link:

It pedf wowrwe, XIN Atutorials eomidirectx
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Virtual reality was defined for the (irst fime in 1989 by Webster dictionary as

"being in essence but not in fact™, by time and due to the huge development of
hardware technologies it became 2 magnificent science that is irreplaceable to man
kind. nowadays it is cited @5 2 form of human-computer interaction in which & real or
imaginary environment is simulated and users interact with and manipulate that world
and enables the vse of advanced wehnolosias, mcluding computers and various
mulfimedia peripherals, to produce a simulated environment that users peroeive as

comparable to real world objects and events,

One of VR major clements is the virtual environment which is considered as an
interactive, virtual image displavs eshanced by special processing and by non visual
display modalities, such as auditory, to convince users that they are immersed in g
synthelic space. This type of system has three major elements: interaction, 3-D

eraphics, and immersion.

I'here are many programming tools that assist in creating and customizing virtual
environment such as DirectX it suggests a very new technology for managing and
manipulating eraphics, in fact it is defined as a collection of functions that govern

sound, video, network communications as well zs the graphics.

T : - -1
B Shesman il | 200 " underssanding viduid reiility interfncs apodialicn ant desien', Elscvier Suience, USA; 1 E1]



2.2 Virtual Reality applications:

There dre many apphications lor virteal seality, these application include:
1. Visuslization and representation:

It enables users to interact with the simulation to conceptualize relations that are not
apparent from a less dynamic representation, and to visualize models that are difficult

to understand in other ways.

Far example, 4 virlual enviramument has been devcloped that allows clothes to be
displayed to retailers at their convenience. In an effort to respond mare quickly and
accuralely to markel demund. designers create virtual fashion eollzetions which are
then modeled o buyers by 3-D models, This technique introduced an element of
designer-retailer  collaboration which, in theory, can enhance the quality and

suitability of clothes as well as the speed with which they are available for salc.
2. Hands on training:

The most common work-relaled apphications ol virtual reality are those that utilize
itz immersive and interactive nature to approximate actual hands-on training. VR is
currently used to train operators of various kinds ol equipment, where initial training
i a virtual envirgunent can avoid the expense, danger, and problems of monitoring

and conlrol asseciated with training 1o the real e situation.
3. COrientation and navigation:

Virtual reality 1s well suited to help users learn to navigate in unfamiliar or
complex surroundings. A number of studies have shown that navigation in wvirtual
reality models of complex buildings geperalizes o actual buildings, Other studies

have found that military personnel using self-guided virtual terrain covironments can

leam successfully the actual physical terrair that had been simulated.
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2.3 Advantages of Virtual Reality Systems:

There are many reasons why VR svstems are hei ng used more often these days,

Arnong the most frequently eited are the following:

Flexibility.
Inherently safs.
Wide application.
Intuitive interaction.
Motivating.

They will explisil interactivity.

Finally, "The development of new virtual reality technologics will lead to
anportant changes in daily social and economic life, and will mise a number of
important topies in the field of ethics, in moral philoscphy, in pelitical philozophy.

nd in existential philosopliv,™
2.4 Virtual Fovironment:

Virlual environments is an interactive, virtual image displays cnhanced by
special processing and by non visual display modalities. such as auditory, to
coavince uscrs (hat they are immersed in a synthetic space. This type of svstem

has three major elements: interaction, 3-D graphics, and immersion.

ity Applications o Wk [Published in WORKL 1 277-293, 1998 Porics (Tamar) Weids and Adem 8, Tegeel




2.5 Flements that affect the realism of a virlual environment:

*  Fidelity - high-resoiution graphics
= Dhisplay of organ properties.
]

Display of organ reactions.
* Interactivity -- belween objects

*  Sensory feedback.
2.6 DircetX Usaze;

DirectX provides a key set of tools and commands to echance 3D interactive
products and other multmedia applications allowing the hardware and the software 1o
"talk" to cach other with preater ease. The APls (Application Programming
Interliaces) gives multimedia anplicabions greater aceess to the advanced features of
high-performance hardware such as three-dunensional (3D) praphics aceeleration
chips and sound cards. They also canirol many other lower-level fimctions: this

includes two-dimensional (213) graphies aceeleration.
2.7 Ohjeet Tracking:

(Ohject Motion tracking rtefers o the acguisition of the coordinates of moving
objects relative Lo a stationary reference. 3D Motion Tracking defines the camera
position within the 3D space of the shot; which allows the artist to integrate computer

senerated slements into the shoal

Object tracking is an independent process that manages creating, monitoring, and
removing tracked objeels; each tracked object is identificd by a unigue number (The
tracking process periodically polis the tracked objects and notes auy chanpe of value.
The changes in the tracked object are communicated to interested client processes,

vither immediately or alier 2 speciied delay.

11
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Chapter Three
Literature Review
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31 Owerview:

Using 3D modeling and object tracking has became a very interesting and
challenging epproach for mumy people, in fact this rechnology was tested in many
lields such as geography, manulactory. marketing, social scicnees, ele....

Mary recent projects were based om using 31D VE modeling 1o explare and
understand the phyzical reality better; these projects results were very promising and
cncouraging and made the case of VE modeling even more intercsting. And there arc
many previous, interesting relared works regarding the use of 313 VIs in deferent

fields,

3.2 Related work:

An Information DNatabase for VRML Cities [Heinonen, Pulkkinen - 2002]: 2
svstermn was presented Lo visualize information about eity with a three-dimensional
weh user interface: a novel way was used o cormect a VRMI, werld to an informatian
dutzbase. The data, code and models were kept separate. updates and muintenance of
the system were casy. An experimental immersive infterface was also made,

The location of any service, shop etc. was shown both ina 31 world and ona 212
map, which were interconnceted. This implementation works on standard web
scowsers. Inoaddition, the developers built an optiona! steering wheel navigation,

whuch was considered as an mluttive way of moving around in the city for homs

Imtzrner uscrs. And so the information visaalization of 2 city became easier and more

mtuitive n 30,

L Visual Teol for Tracing Users’ Behavior in Virtual Pnvironments |[(Chittaro,
Leronutli]: a wol, called VU-Flow, was proposed it is able to automatically record
smo= data of VEs and then visualizes it in formats that make it easy for the VE
Sesioner to visually detect users' hehaviors and thus betler understund the effects of

S design choices. In particular this case visualizations conecrns were:
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o e detarled paths Tollowed by single users or groups of users in the VE
& Areas of maxamum (or nunimum) users’ flow.

e The parts uf the environment more seen (or 1ess scen) by users.

= Detaled replay of users visils.

Some examples were prescated to explain how these visualizations allow ong to
visually detect useful information such as the interests of users, navigation problems
and users! visiing siyle, Although this case desenibed how VIU-Vlow can be used in
the context of VEs, it also indicates that the tool conld be alse applied to the study of

uscrs of location-aware mobile devices 1n physical snvironments.

Vil-llow: A Visuglization Tool for Analvang Navigation in Virtual
Environments [Chittaro, Rannon, Leronutti -2006 |: presented & tool for the visual
analysis of mavigation palterns of moving entilies in a 31 Virtual Environments
(VEs). The tool. czlled VIU-Flow, provided a set of intersclive visualizations that
highlight interesting navigation behaviors of single or proups of maving entitiss tha:

where 1n the VE tosether or separately.

OUn Design of 3D and Multimedia Extension of Information System Using VRML
[Zara,Cernocorsky -2000); this search presented an expecumental approach to
information system hased on virlual reality. The poal of the presented experimental
svstem was 1o exlend already existing information system by spatial and mullimedia
information wirh respect 1o nesds and reguirements of students, teachers. and visitors

The important condition was the possibility 1o change a model according to chanpes

of'the real state.

The basic part of the system cousists of 31 model of the Department of Computer
Science & Engincering at the" Czech Technical University”. The model has been
created in VEML and stored in a slandalone database. The information system
provides three main functions: retrnieving mformation from the model, aulomatic

navigation, and interactive editing of 3D medel. The last function
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allows changing the appcarsnce of classrooms and oflices as well =5 mani pulating
lurniture and other objects within those rooms, The system = fislly controlled via

Intemet,

Virtual reality in the mining industry [Schoficld, Denby, McCalarnon-1995]: In
this research a German mining company (DSK) which is also actively enpaved in
introducing the latest 2D technologics into the company’s werking processes, maost
notably in the dynamic viswalizalion of mine configuration. Tt produced an interactive
3D representation of AVSA which would allow the user to try out most of its
functions in a virtual eovironment. An animated VRML model was created. The
functionalities of' the interaclive model could be sturiad by using corresponding
control buttons within a 3D environment. The user could also navigate in all
dircctions and choose various camera positions including viewpoints not available in

Lhe real environment.

3D Representations for Software Visualization [Marcus.and feng ] lhe main
focus of this rescarch was the visualization of large scale soflware to. assist in
understanding and analysis lusks associated with mainlenance and TEENgINsering.
Develapers present a new 3D representation for visualizing large software systeins.
The representation was based on the SzeSoft nmietaphor and extends the visualivation
mechanisms by ulilizing the third dimension. lexture. abstraction mechanism, and hy
supporting new tmuanipulation techniques snd wser interfaces, By ulilizing a 3D
representation they were able to beller represent higher dimensions! data than
previous 2[F views.

This was a very Lmporlant case because software visnalization system is often

extremely difficult

The Challenges of 3D Interaction [Herendom, Vandam, Gleicher- 1994]: the
casc main aim was understunding more about these dilliculfics, and their ANy

diverse sources - users' perceptual, cognitive, and skills and abililize, limitanons and
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nature of 3D tasks, and the variety of implementation strategics and development

emviTonments,

I'he case led to facls emphasis that;

3D graphics applications are signilicantly more difficult to design implement
and use thau Lheir 21D counterparts,

[.earning to implement or use 3D gruphics sofiware is still extremely difficull:
and the most effective ways for humans to interact with unreal 3D covirunments are

siill mot clear,

Real-Time Technigues for 3D Flow Visualization [Fuhrmann .and Grijler]:
This case aims to overcome the Visualization of thres-dimenzional problems
including: lack of directional and depth hints o become effeetive. Several lechniques
that lacilitate 3D [ow visualization within a virtual environment ware proposed. The
developers introduced anew adaptive fexture mopping method shows thal texhire
hardware can be efliciently used. Devalopers found that 3D phase space contains
spatially complex structures, which are dillicult to interpret, and the added cues of a
virmal envircoment (e.g., stereoscopic viewing, interactive and intuitive viewpnoint

change) are quite helpful when inspecling these structures.

Visualization Strategivs and Tools [or Enhaneing Customer Relationship Manacement
[Ganapathy, Ranganathan-2004):1n this case a visuzlization tool was developed to
assist in studying consumer hehavior in: E-commerce market places the study objective
wias [0 elminate Web gites with pooly designed search functions. clumsy online
catalogs and limiled tools 1o assist customers in their purchase process. Comman
taclics were used to sttract consumers including displaying product iméges, and showing
products via 3D wiews, Quick-Time Virtual Reality (QTVR) was introduced us an

altemmative for online merchants to present 3D views of the products, 3D options wer
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mure expensive than traditional image views, and eusivmer satislaction thal results in

mare prrchases eould easily offset the high costs.

3.3 Conelusion:

Pespite the fact that each one of thess cases is focusing on a different filed of
specializalion there are some commen and VEry important results among them, und
the must cited research results are the following:

* The 31 graphics are proven 1o be a betor way o represent reality than with
symbolic 2D maps. With the coming advances in hard ware, 3D environments will
eventually be a very common way to show location-based information

* lhese 3D visualications will provide very detsiled information about UsEr’'s
behavior in virtual enviranment Spute.

* 3D visualization allows for an improved decision making process, lhe simulation
ol equipment functionality in a virtual environment alsa helps to estimare at g
arly stape any potential logistical problems. 31 technology is effech vely used
the mtroduction of new equipment in both busidess presentations and personnel
training.

* It was effectively used in discovering navigation patterns, highlighting eritical
sttuations, and prompiing usabi lity improvements.

" This technological edoe is proven 1o be a boon for retailers in the race for markel
supremacy and consumer behavior studics.

* This work brings logether rescarch from  software analysis: information

visualization, hurman-computer interaction, and cognitive psychology,




3 e

"

Dbjcet Tracking i Viriial Environemest i eRE e S

Chapter Four
Requirements
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4.1 Introduction;
In this chapter we will clarilv the system development requircments. Basically,
ihe requirements include three main types: hardware requirements, soft ware

reguirtements, and human reguirements.

4.2 System Development Reguirements:
4.2.1 llardware requirements:
Hardware requirements represent the specifications of hardware components that

should ke available in to aceomplish the rescarch objectives it includes:

ltem Brantity specification
Personal compurer -PC | Pentium-4 Z800M .

Intel(R) 92963G Graphic coutroller
ZS6MHE IINZAM AGN 7

BOGE HARD DISK 7200 RAM
56K PCI Modem

17" 8VGA COLOR Monittor

P52 Keyboard P82 Scroll Mouse

Express graphics card 1 Supports 3D standards DiroctX 0
256M13 on-board DDRT SDERAM
Ports: DVI-L VGA | 8-Videa TV video

Maximum 19201200 DV digital resolution

Integrated HD'TV encoder: up to 1080i
resolution

Opuonal DVI-lo-VGA adapter

II'I Reguites PO Express <16 siot 1
| PN GC-NV731L2
|

Lemovable slorage i‘duﬁtiplz 236 MB Minimum

Dhgital camera | Panasenic VXT0

Tahle 4.1: Hardware reqgwrements svstem
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4.2.2 Softwure Requirements:

The develaper precequisite software's include the fullowing:

" Visual C# Express 2005 Edition:
Visual C# Express Fdition is a subsat ol Microsolt Visuval C# 2005 comprises the
latest C# compiler. and all (he taols needed to write, compile, and test applications.

utilitics. and games. [ts most cited features are:

Inizgrated developer envirvnmens (IDE)
Powerlul debugger fur Hndiog and fixing errors.
Full support for Windows l'orms and controls, making it easy 1o create rich nser

application interfaces.

DircetX 2.0 SDK;

Microsoft 1irect¥ software devel epment kit (SDK) ean be used in Microsaft
Windows 98, Windows Millennium Hdition (Windows Me), Windows 2000, and
Windows XI* environments, It is made up of multiple componenls such as: graphics

compoaent, Dircetlnput component, DirectSound componcul, DirectDraw.

* Phutoshop CS program:
The de lacto standard in image cdiling it contains 2 large variety of image ediling

featires

Anim8ur OpenGl, program:
AnunBorisa 3D computer ammation program that is desipned w allow straipht
forward crearion af animations, It interactivel ¥ creates and edils ohjects, (igures, and

cenes directly on the computers sersen,
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= Turbo Demn:

It 15 a powerlul and easy-fo-uss program

0

ey
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Jracking i Virtual Environiment

allows you to create fantastic and

ieractive demos, (utorials, simulations. and movies without any programming

knowledge.

*  Converter (conv3ds):

Conv3ds converts 3ds models produced by Autodesk 31 Studio and other

modeling packages into X Files. By default it praduces binary X files with no

template.

*  Windows XP professional.
= 3ds Max mulumedia program

*  Microselt Visio program.

»  Microsofl Office 2003,

=OARMI

= Adobe premiere
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Chapter Five
Design
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5.1 Intradoction:

In this chapler we

G

will focus on our system design and ils relationship with the
surrounding environment, the system dala low diagrams will be specified here.

Shopping | ——s Shopping —*| Ouput o
location location tan e | Consurners
Model Kepresenlalion
S| - [
| |

Figure 5.1: virtua! shopping location general system maodel

-

o e
:, Consumer detection %
| =1 —

| B
. e 4 . g
( Capture coordinates 7y
b A

Igure 5

-
I
e

out system tracking process muodel




e
e R
i S
ét?mg i "-.-’lrtu y Fm.frrunml.-.ni Sr . iz
] SR e A e Alxﬂ'.'ﬂ::"':
Figure 5.2 shows the steps of consumer tracking process, first the syster recognizs
the consumer entrance to the system then it mitiates the tracking process which is
fillowed by capturing cansumer position coordinates and then saving them info liles
[or advanved usage.
5.2 Context Diagram:
| | | s
§ . 3 oof {
: User / : : A .J.Ygt“-u*t !
P ...._,_. \_. e, ko e
\ (i
F‘HI‘I".F‘ — =
age——————»}: ;
: : i
i YR G- i :
| File name— ——M: [‘*}-;M - , Tracking Log
: : |
ek X i
Product List \: Ji
' Figure 5.3 nnte*{i d!.JHT‘.;.‘P'l

Figure 5.3; demonstrates the conlext diagram for our system including its main

functions. The system allows nser inleraction by using the keyhoard, the system also

records user activity lacations [or analytical studies




::'"p-
e | E '\...:'#“ D

._Estr | .q ln "J;i"f' tual Environiment
The system is divided into a group of subroutines cach with a specific action n
perfarm figure 5.2 illustrates two main subroutines, the first represenis the procesy of
gathering consumer data in erder W initiare their personal files (the second one is the
process of tracking sonsumer navigation. in this process the system captures the
consumer navigation coordinates in the form of logation (X, Y. <) , allerwards the
eacl consiier navigation coordinates sre saved into his personal profile file to be

1 later by analvsts _
5.3 Data Flow Diagram:

———Pmdost List

Flle neime—— 31!
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Figure 5.4 DID level one
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Chapter Six
Project Description
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6.1 Introduction:

Over the years consnmer behavior stidics relied on ohserving the consumer
lavigation and interaction pallerns in the real world. and the process included a large
number ol activitics including:

= tacking the users while they were shopping to satisfy there nasds

" uSINg nuNerous cameras in the shopping centers

= Oreven trying Lo capture the consumer's oye movements!

All these activities are very expensive, tine consuming, and the information
provided is neither sufficient nor reliahle. snd since peaple need to have privacy and
spaes in order to purchase theie needs. These activities made consumers annoved and
uncomfortable. (Our main aim is 10 provide the eptimal solutivn to the consumer
behavior studics nightmare; we plan to enhance the productivity of these studics by

tilizing the 3D virtual space and its techmologies.

6.2 project description:
Fhe firze step is:
* Building the 2D model:
We have decided to build the 3D madel using 3ds max 6.0 since it is praven to be
anc of the best 3d builders; the model represents a sliopping location (mall), figure 6.1

shows the primary mall desien.
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To provide high leve] of realism we used 2 combination of real world and virtyal

envitomnen! components, the real world componcnls  include: the physical
characteristics of the modal (epace division. lights, cumera and vision properties), and
21 images of real products. Real world 2D products were customiz

Photashop CS.

ed using adihe-

The model is shaped as a four walls roem, the space inside i= divided into three

seclions using shelves, shelves are also placed on the mall +

inchided in the model are §llad

coms, all the shelves
with 2D products, the products are organized on the
shelves hased on their catigories and common use Figore 6.2 demonstrates how we
used AnimBor for adding materials 3D shelve

Ty Bhcmoe ey

i e

Figure 6.7: adding material with AnimSor
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The shelves after customization and material editing are presented in Geure 6.3

T T LT

N ik

Figure 6.3: 11 virtual shelf

In order 1o enable vision all over the mall we used built in lights, lights were not
location and we had to position them in the right places to make sure that the camera
views included all the model components. After setting lights and cameras we placsd

zome ads on the models walls. The result was a 3D model with a high sense ol realism
and user friendly virtual environment

While Figure 6.4 shows some view of the virtual shopping location which we have
created (gure 6.5 shows some views of a tangible shopping location there is a huge
resemolance between the virtual model views and the tanpible vnes in owr wozld in

lact were able to provide a significant degree of realism to the virtual mode! |

L |
=
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Figure 6.5: view from a langible shopping center
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The second step is:

* Making the model interactive:
The 3D model should be interactive and allow consumers to freely navigate

throughout the model, real tme consumers can nav igate in the model by using the

tuditional keyboard, and they will be able to explore the environment and examnine

the available products and carry vul therr daily work as in real world, we acquired this

Teatire by using DirectX 9.0 SDK in programming 4 method callad OnKeyDown _the

metiiod was applied 1o the o form that contains the 3D model,

The next step is:
" Allowing cimsumer tracking:

We used e# and DireetX 9.0 SDK in programming all the necessary methods,
classes and functions 1o enable consuner tracking, the combination of o4 and DireciX
9.0 SDK is the best combination that supporl Imcking at real time in a 3d environment
. What wdid iz the Iollowig:

While consumers are navigating throush the model (he system tracks their
Inovements in real time, cach movement from the consumers side is captured by the
systemn, the syslem understands the consumer movemen rom one location w another

i the form of  [location (x, v, 2)]. allerwards the locations are saved 1o a fle relaed
to the consumer who made the movement. We can actually draw a line that reveals

thie consumer track. and the system tracking informetion visually as seen in Figure 6.5
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Figure §.6: user track in the shopping location

The last step is:
*  Saving and collecting information:

The location related information for cach user whom the system tracked is saved
intt files. Each user will name 2 [ile and enter his personal profile before actually
entering the shopping location. figure 6.7 shows the form that enables us to create a

smgle file for each wser |

e e Y

‘Ulser e rcﬁﬁ.’

Mg jhamd .
B 15 S ey
SE e T Pemen 0= Mae

Figure 6.7 uscr profile form
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I The reason behind using single file for each user is that analysts need tw study the
behavior patterns for each user and afterwards they wmpare between the differenl
bﬁmvhr;mmumrncmuzﬂutwnhvaMchrﬂuhurcmwhmmu

At the end of the experiment each consure; profile file is filled with his information
and saved for analyrical studies luture usage. Figure 6.8 shows (he tesulls file for each

LSer

Tibe U CEde Ve Esiorites Tools Hein

DeS 4 T P e e
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BHGel 19 yvears
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Oooa
O
I"-
oo

coow

NN ®
Lo W e

oO00
onooo
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@
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Figure 6.8 2 consumer truce results file

At the end of the shupping experiments all the consumer tracking result files can be

collected and saved for analytical firture usage,
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Chapter Seven
Implementation
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7.1 Project implementation:

In this chapter we will focus on the funetions that we used in our programmed

expetiment, we will explain each function, method, and device we used o CoImpete

onr work.

The mam steps in our experiment implementation are:

We needed a source code editer and a runtime environmenl. We were recommendcd

to use Visual Studio.NET 20035, as that is what Microsoft supports figure 7.1 shows

the o start page window.
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Next we installed the DireetX 9.0 SDEK Update developer runtime. We were
recommending installing the Direct 9.0 Sofiwage Development Kit before we started
the development of vur Managed Direct3D application; we necded 1o ool onr

envirolenent r2ady, o aceomplish this we followed these steps:

I The first thing we did was leading Visua] StudioNET and Creating a new
projecl.

2. We sclecied the Visual Qi projects area, and created 5 pew Windows
Application project. We needed g place to do our rendering, and the standard

Windows Form thar comes with this project warks perfectly,

After the project is created, we made sure thal Managed DirectX references arc udded
to the project so we can use the components, so we had to open Lhe eode windaw for
the main windows formn in our application (hy default formi .os ) and acd the following
lings:

using Systemn;

using System.Drawing;

using System.Collections:

using System . ComponentModel ;

using System. Windows_Forms:

using Svstem.Data;

using Micra soft.DirectX;

using Microsofl, DirectX_Direct3D:

using Microsolt. DireetX. PrivateIm plementationDetails:

these lines represent the references necided to present our work using Managed

Dhireci®{ |

The reot of all drawing in Direet3D is the device class, To Create our device we used
the following code:
device = new Deviee(0, Device'l ype.Hardwire

. this.Handle, {Tugs, presentParams);

adl
e |
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Ibe device parameters do the following:

"Adapter” rafers to which physical device we want this cless (o represent, Adapter
15 always the default device, The next argument, DeviceType. tells Direct31) what
typa of device we want to create. The most common value used here is
DeviceType. Hatdware, which means thut we will use a hardware device.

The next parameter is used to control aspects of the device's behavior afier creation.
Most of the members ol the CrealeFlags enumeration can be combined o allow

multiple behaviors to be set at ance

The last parumeter of this constructor controls how the device presents 115 data io the
sereeny, [he windowed member is a8 Boolean value used 1o determine whother the

deviee 1s in full sereen mode (false). or windowsd mode (tue)

The next step is to add a new [unction to our class called "InitializeGraphics” that will
be where we can actually use the constructor (device) we've discussed befure. The
following code describes the function:

Publiz void InitializeGraphics()

I
1

/f Set our presentalion parameters
PresentParameters presentParams = new PresentParameters();

presemParams. Windowed = true;
presenll'arams SwapEffect — SwapEffect. Discard;

Minclude onr Create deviee code
device = new Devive(D. DeviceType. Hardware, this,
Createllags. SolbwareVerexProcessing, presentlarams):;

)
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Then we declared our main method as follow statie void Main()
i
using (Forml frm = new Form1())

i
|

/{ Show vur form and initialize our sraphics cngine
frm. Show();

frm.InitialiecCraphics():

Application.Run(frm);

.

the using statement around the creation of our form. This cnsures that ouw form 15
disposed when the application Icaves the scope of this block. Next, we added the
Show command to the form. We do this to cnsure that the window is actuall v loaded
and displayed before we try to create our device, We then call aur function to handle

our device creation, and use the standard run method for our application,
Then we used the following method:

this.SetSlyle(ControlStyles. AllPaintingIn WmPaing | ControlSlyles.Opague, true
to casily fix changing the "style" of the window we created.
Now we have a sereen window with the needed device and parameters, the next step
15 10 Setup our camera position and paramerers o enable visualization on the
windowed application the following code does the work :
privale void SetupCamera()

device Transform. Projection = Matrix. PerspectiveFov] H{tloat)Math.PT / 4,

this, Width / this.Height, 1.0f, 100.010):

device, Transform. View = Matrix. Look AtLH{new Veelor3(0D.0, 3,00), new
Veetor3(),

new Vector3(0,1,00):
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The three parameters in the device. Transform. View method represent (he camera

location, targer and lave] of Leight above the ground

Now we can actually mun the application cxceprt yet there is nothing to see. we necd
to load the 31 model with its materials and exiures, 10 do 50 we used the fallowing

fanetion:

public siatic Mesh  LoadMesh(Device  device. string  file, ref Matcrial] |
meshMaterials,ref Texture[] nicshTextures)

10 Load our mesh
?‘ui{;.ﬁh,[‘ruijlc(ﬁIe,l"»f[estlags.Hanagcd. device, aut mtrl);
to-load our materials,we first need to store them

meshMaterials = new Material [mtrl. Length]:
meshlexiures = new Texture|mmirl . ength]:

In order o get our made] texture, and load it

TextureLoader FromIiile(d evice.mirlf1], TextureFilename):

In Managed DirectX the 3d models are known as meshes.Now our mesh is actually on
the windowed application but it still nceds some lighting to lishten our mesh we add

the following light property -

deviee Lights| 0] Enabled = trye:

noW We can actually see the mesh on the application window

()
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the last step to coplele onr Experamentprogranuning code is fo apply the inleractive

properties to the application and aapply the save into file fupction
wie uked the OnKevDown method

the following code represent one sample of the code needed fo complete the work

protected override void OnKeyDown{KeyEventArgs ¢)

r
L
if (e KeyCode = Keys.L)
{ caplure the movement actionand save into file )
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Chapter Eight
Results, Conclusion and Future work
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8.1 Results:

Adter [our months ol searching, studying and a nalyzing the magnificent
technology of real finte consumer tracig in & 3D virtmal environment we proved the
[ollowing:

* lhere sre numerous advanlages for using virtual envirenments rather than

tangible environments in the case of consumer hehavior studies.

[n fact VEs allows advanced imderstanding of physical spdce dlso 1t enables the
shopping locations decision malkers to make wiser choices in 1he case of physical

locations armngement and design and in their product arrancement criteria.

* Real time object tracking in a 3d virlual environment provides reliable and
consisient information repardine consumers purchase patterns.

*  Real time object tracking in a 3d virtual environment allows the visualization
of user flow in a cerain shopping location

*  This techuigue is proven to be more convenient and comforting for consumers.
and al the same time il is proven to be more efficicnt and reliable for decision
makers and eonsumer behavior analysts.

* Alter conducting an interview with Hebron mall shopping center manager we
are cerlain that this technology will provide significant improvements o the
way consumer needs are met and provided., that means consumers will be

pleased and the management will have more profits to Q.

The following figures show the mount of information we were able to collect from &

virtual consumers shopping activitics:
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Figure 8.2: consumer’s lecglion information chart

Figure B.2 shows the coordinates of the track which eonsumers walked in while
performing thetr purchase aclivities. as vou can see we can locate the most visited
positions on the shopping location by analyzing the coordinates provided in the feure

;we can als=e highlipht the less visited locations
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