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Abstract

Multiagent Systems is a research area of distributed Artificial Intelligence where agents are
used for modelling any entity like web service, robot, or nodes of a grid for example. These
artificial agents require to communicate and coordinate efficiently; retrieving, processing
and exchanging expertise with other agents in-order to solve real time complex problems
that cannot be solved individually . Research in this domain has a two-fold focus. One
end concentrates on developing architectures of MAS while the other end works with the
communication language between the agents. This usually requires a common language,
also known as an Agent Communication Language (ACL). Although ACLs were popular in
software agent systems, their use was limited in robot systems where low level data like video
transfer was necessary. This continued until the introduction of backchannel for transferring
the low level data. Different MAS developed and discussed in literature considers target
specific data processing and communication mechanisms. The thesis addresses part of a
research problem which deals with a heterogeneous system with two agents used for high
level parsing of the environment. The work in its entirety involves Agent 1 as a robot
equipped with a pan-tilt camera, seven IR sensors , three ultrasonic sensors and a SBC. This
agent is responsible for acquiring environmental information using the sensors, processing
them and sending them to Agent 2, which is a computer where semantic parsing on the
received data is performed. This thesis work has two main objectives. Primarily it aims
to reduce data flow between the agents for efficient usage in terms of network bandwidth
and storage requirements. This is done by exploiting a encoded panoramic mosaic to reduce
visual data dimension communicated between agents in real time. Secondly, it proposes
a model which can be utilized to recover approximate depth information using a pair of

overlapping images from a single camera.
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Chapter 1

Introduction

1.1 Agent

Agent can be a machine, a person, a piece of software or other things. The basic definition of
an agent is one who acts. An agent is any entity which senses its environment using sensors
and performs act upon that environment through various types or through the effectors [1].
There is a relation between agent and Al. The aim of agent based systems is to develop the
coordination among different agents to organize the collective behavior of the agent. Agent
in multi-agent system has several properties likes autonomy, local view and de-centralization.
The Multi-agent system is used to solve the problem which is very difficult and approximately

impossible to solve by a single agent.

1.1.1 Types of Agent

Types of agent is based on the characteristics of agent. Some of the agents are discussed

below.

Mobile Agent Mobile agent or software agents are those that can be transported from one

environment to another environment.

Classical rule-based Agent An agent which deals with symbolic representation of the

world which include knowledge about its environment, its goals and some rules that



apply in the world. Such type of agent is also called as planning agent. This encom-
passes an important class of agents. The general architecture of this class of agents is

shown in figure 1.1.

Reactive Agent Reactive agents deal with the interaction between agents and the agent’s
environment. The behavior of the agents depend on the mapping between different

states indicated by other agents or environment.

Learning Agent Learning agent is used or capable to improve the capability of other agent

types. Learning agent deals with several learning algorithms to solve the problem.

Hybrid Agent Hybrid agent is a combination of several subsystems which are able to react

very fast to the event by mixing the ideas of several approaches.

Perception Communication
Capabilities Capabilities

Reasoning Possible
Capabilities Plan

Choosing of Decision
Best plan Capabilities
Execution

Capabilities

Actions

Figure 1.1: Planning Agent Architecture

1.1.2 Properties of Agent
The agent contains several properties, as discussed below.

e Mobile : Agent must be capable to transfer itself from one environment to another

environment,.



e Autonomous : Agent must be capable to perform some task without external inter-

vention.

e Interactive : Agent must have the property to communicate with the different agent

and with different environment.

e Adaptive : Agent must be capable to respond to other agents or respond to its envi-

ronment.

e Coordinative : Agent must be capable to perform some task in shared environment

with agents.

e Cooperative : Agent must be capable to coordinate with agents for achieving some
purpose. It means that agent fail and succeed together. Collaboration or cooperative

are the same things.

e Competitive : Agent must be capable to coordinate with agents, but success of one
agent does not imply the failure of other agent. Competitive property is opposite of

cooperative or collaboration property.

1.2 Multi-Agent System

Agents are computation entities and multi-agent system (MAS) is a collection of these com-
putational entities and relation between them. MAS is a computerized system which is
composed of multiple agents that are interacting within the same environment. Each agent
does its specific job and is based on some algorithm. Autonomous agent observes their own
environment and performs computation based on these observations. The agent behaviors
are deterministic or non-deterministic and its action and behavior modify the environment
or change the locations in the environment in which agent are located. Task is distributed
into agents and the task for each agent is reacting based on the changes in environment
by using its own skills and knowledge for decisions. Each of these agents have a specific
line of action depending on which they interact with each other. Different agents in a MAS

may be engaged in the same task together or different agents may perform a task in parts



synchronously or asynchronously. These specify the different reasons why MAS are better
than single agents as pointed below. Figure 1.2 show the general architecture of multi agent

systeimn.

Surveillance sensor

Surveillance agent
agent ]
Record agent Fusion agent Context Agent

Planning agent

Interface agent

Figure 1.2: MAS architecture

Computational Efficiency This parameter is utilized when any computation is speeded

up by using multiple agents to receive data parallely [1].

Reliability Reliability is achieved when agents with interconnected and redundant capabil-

ities are found dynamically; hence facilitating backup and reducing component failures.

Robustness The system which fuse data that comes from a number of sources is more
robust then those where the data comes from a single source . This refers to both data

from homogeneous as well as heterogenous agents.

Maintainability MAS being composed of multiple single agent;makes component mainte-

nance easier to due to its modularity.

Responsiveness When a complex task is divided among many single agents, the response
time for each reduces as it requires to propagates the modularity instead of the whole

systeimn.

The main challenge for proper functioning of a Multi-agent system lies in the coordination

between the individual agents. This involves reliable data communication between agents as
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further discussed in the next section.

1.3 Data Transmission

Video, audio, image, text and various types of data are required to be transferred from
agent to agent depending on the type of application the MAS is involved in. Data transfer
is physical transmission of data form one point to another point. Reliable data transmission
involves available network bandwidth. Bulk data transfer results in slow system response,
jitter, data loss and higher storage requirements at the receiver end. As a solution to this
problem, research considers developing faster network devices, error detection and correction
algorithms, data compression techniques, higher capacity storage devices. Various methods
are reported in literature for different data communication. Picture Transfer Protocol (PTP)
is used to transfer the image data between devices [3].Real-time Transfer Protocol (RTP) is
used to transfer audio and video data over the IP network; RTP is mainly used for enter-
tainment systems which involves video teleconference application, live streaming, streaming
media and television services. Data transfer between agents in a MAS usually requires a
common language, also known as an Agent Communication Language (ACL). Some widely
used ACLs are KQML and FIPA-ACL [4].Although ACLs were popular in software agent
systems, their use was limited in robot systems where low level data like video transfer was
necessary. This gave rise to the use of backchannels for image and video data. However,
optimizing data dimension before transferring it is equally important and is one of the main
factors discussed in this work. The research mainly deals with optimizing bulk video data
transfer between agents. This is done by exploiting the concept of a panoramic mosaic.
There are many situations in which background of video is same but there are changes in
foreground of video. For example video lecture in which background are same, while the
position of lecturer changes in the foreground. Similar is the case for stage shows, fixed
surveillance cameras and many more. These scenes can be dealt with by separating the
static and dynamic parts of a scene and appropriately providing both the information with-
out redundancy in a panorama.

The proposed data dimension optimization technique involves scene panorama creation, dy-



namic contents segmentation, data packet encoding at sender side and data reconstruction
at receiver side. These are discussed in details in chapter 4. Chapter 2 gives related work
corresponding to each of the steps involved in data preprocessing prior to sending, and post
processing after receiving. Experimental Results and Observations are presented in chapter
5. This includes the demonstration of the data encoding and reconstruction phases in dif-
ferent indoor and outdoor scenes. The amount of transfering time and storage requirement
reductions are discussed. Chapter 6 briefs the conclusion of the thesis work and presents

some directions for future work.



Chapter 2

Literature Survey

As discussed in the previous chapter,the thesis aims to focus on data dimension reduction
techniques prior to transmission between agents in a multi agent system using a panoramic
mosaic. In view of the above the thesis first discusses some agent communication mechanisms.
Following this panorama generation techniques and data encoding techniques are presented.

These are elaborated in the following sections.

2.1 Agent Communication Mechanisms

In multi-agent system, agents interact and communicate with each other. For communica-
tion or interacting purpose a communication language is required. Agent Communication
Language or ACL is such type of language. ACL is a language with defined semantics,
pragmatics and syntax which is the basis of communication between designed and developed
software agents. The most popular ACLs are KQML and FIPA-ACL used in many applica-
tions. Knowledge Query and Manipulation Language (KQML) is a language and protocol
for communication between different software agents. FIPA-ACL is based on speech act the-
ory. For exchanging the message between two agents a common meeting point is required,
through which messages are received and delivered. Most of the physical robot team do
not use ACL, which is developed by MAS community. While they are used with an ad-hoc
solution, they define their own protocol which specifies to their system. Following these a

two way communication strategy using ACL as well as backchannels was used mainly due



to permit low level bulk data transfer like video. This solution realizes both these goals by
uniting the strengths of ACLs and the methods used by the robot community. Backchan-
nels, has been implemented on the RETSINA MAS [27], which uses KQML. The messages
are sent over backchannel and agreed upon at the ACL level. The meaning of message and
content which is exchanged is specified by referencing a user defined format description li-
brary. Library contains detail of how to parse message and message semantic description,
for example video. In some applications translator agent is used to convert the message into
human readable form or converts message into agent communication language. The main
purpose of ACL is to provide a facility of communication between agents in MAS. ACL must

support the flow control, establishment and termination of backchannels [28].

2.1.1 Establishment of Backchannels

The establishment of backchannels begins when one agent send or receive message from other
agent. If initiator want to become a sender than server send a request of ”client line” to
other agents. If initiator want to become a server than server send a request of "server line”
to other agents. In both the cases request indicate which type of data is transferred. Detail

information related to establishment is shown in table 2.1.

Communication Act Description
Backchannel Request <line type> protocol <message type>
request Server name <name>, reference name <name>
Accept request Accept <line type> reference number <n> Server name <name>
Connection status Connection <status> Reference number <n> , server name<name>

Table 2.1: Establishment of Backchannel

Backchannel are differentiating easily using reference number, which is unique for the
server. All connection regarding backchannel must be specifying the reference number and
server. ”Line Type” is either client type or server type. Communication ”status” may be

accepted, failed, terminated and requested.



2.1.2 Flow of Backchannel

Backchannel provide a facility of message or data transfer between different agents. For
transferring the information flow of backchannel is necessary. It is important to start and
stream the flow of data, repeat message, frequency of transmission, status to conform the

connection of backchannel and respond total number of transmission which is sent.

2.1.3 Termination of Backchannel

Either client or server may be initiator, so the ability to terminate the connection over the
backchannel is equally for both client and server. There are three protocol to terminate the

connection of backchannel.

Handshake Protocol

In handshake method first, agent 1 send a connection close request message through the
ACL to agent 2. Agent 2 received message from agent 1 and close the TCP connection and

send a response message to agent 1 that connection is closed.

Warning Method

In this method Agent 1 sends warning message that the line will be closed in ACL. Warning
message is sent at 5 and 30 second. During that time Agent 2 close the TCP connection
and inform Agent 1 that connection is terminated. If within time duration Agent 2 does
not want to terminate the connection, then Agent 1 terminate the connection and sends a

message to Agent 2.

Cold Shoulder Method

In this method either of the agent close the TCP connection without informing the other
agent hence leading to loss of data. Message in the ACL is sent to inform the other agent

that the connection is already terminated.



The connection flow and backchannel library structure for the data transmitted between the

agents, used in the present work is further described in chapter refmeth.

2.2 Image Panorama

The word panorama is widely used in photography, painting, film, drawing and 3-D model.
The word came in the dictionary in 18th century by Robert Barker an Irish painter. Word
panorama is derived from the motion picture term panning. Panorama is a Greek word; it
is a combination of word ”Pan” means ”All” and ”horama” which means ”view”. Huge
amount of definitions are available for ”Panorama”. Some of them are:

Definition 1: According to British Dictionary ”panorama is a mental picture of a series of
images or events”.

Definition 2: ”Panorama is presentation of images or a complete survey of images”.
Definition 3: ” A large and unbroken view of a scene or of a sequence of events is called as
a panorama.”

Definition 4: 7 A large extended picture or series of pictures of a scene, unrolled before

spectators a part at a time so as to appear continuous [6].”

Panorama is generated by stitching images on the basis of some common information or
common pixels. The panorama is created through feature detection and feature matching
techniques. Both of these techniques are used in many computer vision applications like
object detection, tracking and registration. For creating a panoramic image registration
and feature detection of images are required. Their are several automated softwares which
exists to create a panorama in an offline process. Adam et al. [7] align the camera image
by viewfinder alignment work. Camera images are aligned with the help of calculating the
histogram of gradients. These alignment are further refined using feature points. Currently
this approach is being used in mobile phones. Another technology is used for generating a
high evolution panorama by triggering the automatic capturing of high evolutionary image.
This approach is however not used in real time and it requires offline processing [8]. Creation

of panoramic mosaic in realtime from frames with great registration differences is a problem
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which was addressed by different researchers. In this context the two substeps i.e. feature

detection and registration are discussed in the subsections below.

2.2.1 Feature Detection

Feature detection is the basic component required in most application of image processing
and computer vision. There is no exact definition of feature detection, definition of feature
points mainly depends on the type of application or problem. Interest point in an image
is feature point; these feature points is used as an initial point for many vision algorithms.
Repeatability is the property of feature detection. Features selected should be robust and
should uniquely represent the region of interest subject to illumination and affine transfor-

mation. Some common feature types are given below:

Edge

Edges are nothing but points on the boundaries between the image regions. Edges have 1-D
structure, it can be the arbitrary shape or it may include junctions. Edges in images are set
of points with strong gradient magnitude. There are many methods for edge detection,which
are either search based or zero-crossing based. A simple edge model is given in equation 2.1
in which f is a one-dimensional image which has one edge at s=0 [9].

1, — I
2

o
V20

o is blur scale parameter of the edge, and edge left side intensity is [, = lim@ — —o0)f(s) ,

fls) =

(erf( J+1)+ 1, (2.1)

edge right side intensity is I, = lim@ — —o0)f(s).

Corner or Interest Point

Corner or interest points are used interchangeably. It is a 2-D structure which is used in
many computer vision algorithms. A corner also defines a point at which different edge
direction intersect in a local neighborhood point. The weighted SSD between two patches

are represented by s [11].
s(z,y) = LuXyw(u, v)(I(u+ 2,0 +y) - I(u,v))* (2.2)

11



Blobs or regions of interest

In image processing blob detection is the method which is basically used for detecting regions
in an image which differ in some properties like color, brightness. All points in blob detection
are same in some sense to each other. There are two classes of blob detectors one is the
differential method which is based on the derivatives of a function with respect to position.
Other method is based on local extreme which is based on local maxima and local minima
of the function. Blob detection is mainly based on Laplacian of the Gaussian. Suppose the

input image is f(i, j) then the Gaussian kernel is given in equation 2.3 [10].

B 1 _ZQ +]2
~ ot T2

9(i, j, 1) (2.3)

2.2.2 Image Registration

Registration is the determination of a geometrical transformation that align points in one
view of an object with corresponding points in another view of that object or another ob-
ject [12]. Image registration is the process of aligning images from two or more data sets.
Image registration involves integrating the images for extracting the information which is
impossible to obtain from a single image. Image registration is used in many applications
like medical imaging, remote sensing and cryptography and many more. An effective im-
age registration method is based on the situation dependent and can be complex and time
consuming process. Effective image registration requires selection of a point transformation
model to provide a reference point between images, and a method is required for comparing
information to identify the parameters required to properly align the images. For image reg-
istration one image is taken as a reference image, one image is taken as a source image that
will be converted into the reference image. For automatic image registration two approaches
are their; one is intensity based and other is feature based. In Intensity based registration
image alignment is based on their relative intensity pattern and in features based registra-
tion image alignment is based on feature detection, extraction and feature matching. Image
registration is classified based on the transformation models. First category of transforma-

tion model is a linear transformation which allows the scaling, affine, rotation translation

12



and other transformations. A second category of transformation model includes nonrigid
transformation which is capable of wrapping the target image to align with the reference
image. Nonrigid or elastic transformation includes basic functions like compactly supported
transformation, thin plate and multiquadrics, physical communication models and deforma-
tion models. Figure 2.1 shows the image registration in which image (A) is source or input
image, image (B) is reference image according to reference image source image is aligned,

image (C) show the target image corresponding to the reference image.

(a) Input Image (b) Reference image

(c¢) Target Image

Figure 2.1: Image Registration

For panorama creation, image registration is important, without image registration a per-
fect panorama is not possible. Mosaic construction or panorama creation is used in various
applications like video surveillance, remote sensing, satellite photography, virtual environ-
ment. There are several different approaches for creating a panorama, which is classified into
direct methods and feature based methods. Direct methods are iterative methods which dis-

cover the parameter set by using the information of all pixels for reducing the sum of square

13



difference. For direct method a good initial parameter values are required. While on other
hand feature based methods are commonly focus on image tracking [13] [35].Some direct
and feature-based methods are discussed here. Segmentation based methods are based on
detecting the matching areas of the images. It consists method which are based on color
or gray images. Segmentation based algorithms can be classified into images based, region
based, fuzzy based and histogram thresholding . In histogram thresholding based algorithm
valleys and peaks in the image are identified [14]. It works for simple images but fails if
input images are varied by some complex transformation (affine, rotation). Another method
is a phase correlation method to determine the overlapping areas in pairs of images. This
method is based on cross power spectrum between the pair of images. But some disadvan-
tage of this method is that it deals with the huge computation burden because computation
is performed repeatedly on each pixels of image [15]. Feature based methods work by iden-
tifying the features which are not affected by camera. These features, in the images include
corner, edge and ridges, Harris corner detector method, FAST detector, SUSAN detector
[16], Scale Invariant Feature Transform. SIFT is another feature detection and extraction
technique for color images which is proposed by David G. Lowe. SIFT method and deals
with geometric transform. SIFT gives a better accuracy because it gives thousand of fea-
ture point for a single image, but a lot of feature point’s increase the computational burden
[17], [29]. For feature extraction Lowe used a modified K-D algorithm which is also called
Best-Bin First (BBF) search method. Speeded- Up Robust Features (SURF) is an efficient
algorithm for feature detection and extraction which is used in many applications. It pro-
vides a better balance between common point and feature points [18]. A fully automatic
feature-based approach to combine a sequence of images into a single 2D seamless mosaic
(panorama) was proposed in [33]. Removing seam after stitching or photometric adjustment
is another subtask of panorama creation. There are two kinds of image stitching methods:
transition smoothing and optimal seam finding [19].

Figure 2.2 shows that first images are taken as an input, then features are extracted
from input images and matched with the other image pair. The images are then registered
using the matching pair of points and is stitched along one of the matching point to create

a panorama post color matching or blending to adjust illumination differences between the

14



Input Image Extract Feature Match Feature

Match Image

Output Image Blend Image Match Completely

Figure 2.2: Image Stitching using Harris corner detection

two images.

Once panorama of the scene is created, the next task is to transfer it to the Agent. However
in this case a single panorama consists of a sequence of panoramas. This is achieved by
recording a single panorama and the changes to it over the time frames. Each time frame
has a subimage which contains the region which differs from the base panorama. These
subimages are encoded in the main panorama using image steganography techniques. These
can be reconstructed by imposing the corresponding subimage in the base panorama for
each time frame. The next section discusses common steganographic techniques reported in

literature.

2.3 Data Distribution

A lot of image steganographic techniques have been used by different researchers. Different
steganography techniques vary according to the number of channels used for data hiding (one
or all three), particular pixels selected (all pixels,random pixels or edge pixels for example)
and number of bits used in each pixel (one or two). Some of them are discussed here. In
S.Shanmuga Priya et. al’s [20] article data hiding is performed by using a pair of pixels,
in which one bit of information is stored in the LSB of first pixel and second pixels stored

another bit of information. In [21] the message is inserted in last two bits of pixel. 0 is

15



inserted when last two bits of pixel value are 00/01. Otherwise by adding and subtracting
into pixel value we can insert 0. Similarly 1 is inserted when last two bits of pixel values
are 10/11. Steganographic techniques also use RGB color images. In RGB image there are
three channels red, green and blue. One channel used as a pointer which decides embedding
capacity in the other two channels. Here LSB on any one of the channels decide how the data
is hidden into other two channels. When last 2 bits of pointer channel are 00, no information
is hidden, if last two bit are 01 data is hidden only on second channel, if bits are 10 it denotes
that data is hidden only on first channel and if last bits are 11 , data is hidden on both the
channels [22]. In Shweta Singhal et.al’s [23] paper blue channel is used to store the message.
Here one byte of blue factor is changed with message bit. OPAP, Hamming and Zig-Zag
methods have been used by some researchers [24],[26]

This chapter summarizes agent communication languages, panorama creation and image
steganographic techniques. The techniques used for each of them in the thesis for video data

communication through encoded panoramic mosaic are next illustrated in chapter 4.
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Chapter 3

Problem Statement

This work is done as a part of a project which involves a multi agent system which analyzes
the environment. The system is a heterogeneous system with two agents. Agent 1 is a robot
which is equipped with a pan-tilt camera, seven IR sensors and three ultrasonic sensors and
a SBC. The sensors are connected to the SBC using a configured wireless network. The
SBC gathers the sensor data and processes it before sending them to Agent 2. Agent 2 is a
computer which communicates with Agentl using ACL and backchannel. Agent 1 perceives
the environment and sends the gathered data to Agent 2 which performs a semantic parsing
of the data. The semantic output is send back to Agent 1 on the basis of which it performs
certain actions. For example if the environment consists of a human being then the agent
tries to get a full view of the face and store it for expression analysis. A thorough review of
MAS demonstrates the use of multiagents for different applications. These involve the use of
agent communication language as well as backchannel in case of bulk data. One important
factor observed while carrying out the work was the effect of data dimension on the system
performance [5]. Larger amount of environment data resulted in higher accuracy but at the
cost of response time and storage space. Thus this thesis particularly focuses on setting
an optimal trade off between the two. The idea stems from the fact that environmental
video data captured continuously by the sensor will consist of a lot of image frames in which
background of frames are same, with major or minor differences in the foreground of frames
(moving object). Thus the idea of using a panorama which encompasses the dynamic content

of several frames is exploited here. The main contributions of the work are:
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e Segmenting the dynamic regions through a sequence of frames, and creating a panorama
of the environment and using steganographic techniques to encode the dynamic scene

regions.

e Reconstructing the original frame sequences from the encoded panorama received from

Agent 1.

e Generating a model using full cubic polynomial coefficients which can give the approx-

imate depth for any point on the panoramic mosaic.
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Chapter 4

Methodology

This chapter describes the various phases for data dimension reduction. A brief description

of the multiagent system and its communication flow is also provided.

4.1 Overview of Our Approach

A heterogeneous system with two agents is used in the thesis work. In general the system
attempts to provide a high level environmental sensing. One agent has camera, and obstacle
detection sensors like IR and UltraSonic attached to it. The agent collects the data from
the sensors and transfers them to another agent which does high level parsing on the scene
information and sends semantic information about it to the first agent. Agent 1 then navi-
gates based on the information it gets from Agent 2 using its obstacle detection sensors. In
the current work, Agent 1 perceives the environment and processes the gathered data before
transmitting it to Agent 2. The received data is reconstructed at the Agent 2 before semantic
processing is done over it. The process is further elaborated in the following sections. Figure

4.1 and 4.2 give the general system structure and communication flow respectively.
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AGENT 1

1. COLLECT SENSOR DATA
2. LOW LEVEL PROCESS ON
SENSORDATA

3. LOCOMOTION AUTOMOTION
USING PROCESSED DATA

SEND ENCODED SEND PARSED
IMAGE DATA DATA
AGENT 2

1. RECONSTRUCTION OF SEMANTIC
PARSING

Figure 4.1: Action performed by agent 1 and agent 2

AGENT L:
PASSIVE OPEN

NOT

PN

CONNECTION

SUCCESFULL

7 n

- %
AGENT 1 b

AGENT1:
REQUEST

" ACCEPT
e

~ CONNECTION
CONNECTION TO \\

B i

N
YES

AGENT 1: SEND AGENT 2: SEND
SYN

1 SYN AND ACK

CONNECTION SET

e
\—’ AGENT I: TWO WAY

AGENT 1

NO

DATA COMMUNICATION

Figure 4.2: Flowchart of communication between agent

AGENT 2

1 and agent 2

For establishing the communication path between Agents one Agent should be in passive

form. Here Agent 1 is in passive open and sends a connection request to Agent 2.
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Agent 2 receives a request from Agent 1 then connection is established and agent 2 sends an
acknowledgment (ACK) message to agent 1. Agent 1 receives the ACK message from agent 2
and two way communications is established. Now both agents are sending and receiving the
data. Agent 1 is equipped with a pan-tilt camera which is programmed to exhibit a pan-tilt
motion continuously and grab a picture. These images are to be send in Agent 2 continuously
for semantic parsing. However, the current work creates a panorama of the scene at the ¢
instance. The dynamic areas of the scene are extracted using frame differencing. These
are then encoded in the panorama using steganographic techniques before transferring it.
At the receiver end the encoded dynamic areas are extracted and individual images are

reconstructed. The approach is shown in Figure 4.3.

AGENT1 AGENT2
Grab images Receive data from agent 1
h 4
Create panorama Reconstruction using

1) Panorama image

2) Hidden dvnamic region

Detect dynamic .
3) Position

region of scene
l 4) Image transforms data

Insert dynamic region
in panorama

Send encoded

panorama to agent 2

Figure 4.3: Block diagram of approach
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4.2 Panorama Creation Approach

For successfully constructing a panorama from two or more individual images, two adjust-
ments are required. First is geometric adjustment and second is photometric adjustment
[29]. Geometric adjustment transforms the images into the same coordinate or computing
surface [29]. This requires a reference image using which all other images are transformed
so that at the end all images are on the same surface [30]. The block diagram for panorama

creation is shown in the figure 4.4.

Input Images

|
Detect Feature

Points
:
Registration of
images

4
Apply color

Modeling

4
Image stitching

{

Panorama Image

Figure 4.4: Block diagram for Panorama creation

Figure 4.4 clearly shows that panorama creation involves feature point detection, im-
age registration, color modeling and image stitching in sequence. This process is further

explained in the following subsections.

4.2.1 Feature Point Detection

The first step for panorama creation is detection of the feature points from the images.

This research uses SURF (Speeded Up Robust Feature [31]) for panorama creation which
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computes Hessian matrix as shown in equation 4.1 .
H(p,o) = (4.1)

Where Lyy(p,0) is image convolution of second derivative £ g(c). 20 Feature points
of image using SURF features are shown in figure 4.5 which is represented by a cross (+)

symbol.

Figure 4.5: Feature point of images using SURF Feature

Matched Feature is used for matching the feature points between the two images. For
panorama creation some common part in images are necessary. This common part is deter-
mined using matching points between the images. Similarity is computed as a ratio between
the number of point-to-point correspondences that can be established for detecting points
and the mean number of points detected in two images using equation 4.2 [34].

6, _ /L

=177 4.2
“ Mean(nl,n2) (42)

C(f1, f2) denote the number of corresponding couple and nl, n2 the number of detecting
points respectively. Once feature detection points and matching point of both the images
are obtained the two images are merged and matching point position is stored for further

processing. The figure 4.6 shows two input images and matching point between images.
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(c) Matching point between Imagel and Image2

Figure 4.6: Feature Matching

Image registration follows matching feature point detection.

4.2.2 Image Registration

From the mathematical model of imaging geometry a pixel point p; maps to a 3D world

point P, as shown in equation 4.3

P = APw
pr = AP, (4.3)

Here A is considered as the camera parameter matrix for camera position of the left image,

while A’ is used for denoting parameter matrix for camera position for the right image.
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Camera parameter matrix includes the intrinsic and extrinsic camera parameters. From

equation 4.3 P, can be written as
P, = ATA™ AT, (4.4)
7A=Y here denotes a pseudoinverse operation”. For image point p, ,

p, = AP, (4.5)
or
p, = A'AT AT ATy,
p, = Hp,, where H = A'ATA ' A” (4.6)

H is thus the required transformation matrix between the right and left image points and
needs to be solved. This can be done using 8 pairs of matched feature points between left
and right images.

Image registration using the above method is shown in figure 4.7 in which one image is
target image and all other images are registered with reference to target images. Once the

registration is completed all images are in same surface.
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(a) Input Image 1 (b) Input Image 2

(c¢) Target Image

Figure 4.7: Image Before Registration

(a) Input Image 1 (b) Input Image 2

Figure 4.8: Image After Registration

Once all the images are on the same surface then the other factor is color differences of
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image which affect the quality of the panoramic image. For that color balancing is used.

4.2.3 Color Balancing

For photometric adjustment, color blending and seam removal technique is used. This re-
search uses a color balancing technique for photometric adjustment. The fundament fre-
quency components of the different images are replaced with that of the reference image.
Figure ?? shows the result of color balancing approach. Here, one image is taken as input
image and other as reference image. According to the reference image, changes are applied

to the input image.

(a) Input Image (b) Reference Image

(c) input Image after color balancing

Figure 4.9: Color balancing between images
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4.2.4 Image Stitching

Photo stitching or image stitching are used for producing a high resolution image or panorama
image. Image stitching is the process in which multiple images with overlapping areas are

joined along a matched feature point.

4.3 Moving Object Detection and Representation

Let F}, Fy, F3,. F}! be the individual images with which panorama is created at ¢; using
k different pans of the camera. At instance ¢, the set is represented by F?, Fy, Fi,.., Fr.
The two sets may differ due to the presence of moving regions/objects or lighting changes.
The latter is already handled using color balancing. Dynamic content or moving object
information is retrieved by computing the difference between FY and FY — 1. Position (in
the image frame) and content (entire bounding box) of these dynamic regions are stored for
future use.

The figures below show three images at time ¢; and ¢5. Their difference is calculated and
shown. Figure 4.10 shows the image at time ¢;. Figure 4.11 shows the images at time 2,

,and figure 4.12 shows differences between images.
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(c) Image Fi

Figure 4.10: Image at time t1

(c) Image F2

Figure 4.11: Images at time t2

29



(a) Difference Image 1 (b) Difference Image 2

(c) Difference Image 3

Figure 4.12: Image difference

The detected moving object is stored along with its bounding box information.

4.4 Encoded Panorama

Individual images in panorama are registered with reference to the first image. Hence for
individual image reconstruction the transform value is required. Also the image boundaries
in the panorama, the dynamic content and position are required. For reconstruction later
at the receiver end, the dynamic content is inserted in the panorama using steganography
techniques, whereas rest of the information is send in a structure. Suppose sizes of images
are R x C pixels. Positions of images in panorama are calculated using equation 4.7 .

Pf=JP_y;—MP,P*=JP_;+(C—MP) i>1 W
4.7

Pr=0,Pf = JPi1 +(C — MP) i=1

where P represents the starting position of image i and P¢ represents last position of image
in the panorama. JPi—1,i) is the joining point between image i — 1 and i in the panorama

,MP; gives the point in image 7 which corresponds to JPi — 1,7) in the panorama. In
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this research every channel of the panorama is used to store the subimages containing the
bounding box of the dynamic regions . Subimage pixel bits are distributed to every pixels
last two bits in the corresponding three channels. Suppose first pixel values of bounding box
information of RGB channels are 234,243,213 then 4 pixels of the panorama will be required
to hide the same. This is further shown in the example below:

Suppose panorama pixel values are

pl = 194,192,123, p2 = 213,123,222, p3 = 111,123,213, p4 = 198,231,098

H1 hidden message in binary = 11101010, * 11010101

Panorama pixel values are

- ™ . A - -
- ~ - — — — — — e s -
Hemeln ““0"0'-.-1 01111011 Ligloiol (01111014 1011110 UIIIIIITI.I'llllllIJII 11010101 Liglokon 11100111 1100010
| |
L v v " v L L
Lol | l||]|l.ll]|l| 01111011 IIII]UII(‘UIIIIUIII 1011101 sriman lllllllﬂﬂ‘lll]ll]l[ll ||BIIII|I1||||]0||1 01100001
l ‘ I 1 ‘

Figure 4.13: Example of data hiding

After hiding panorama pixel values are pl = 195,195, 123, p2 = 214,123,221, p3 =
110,120, 213, p4 = 214,231,97. Example shows that maximum variation in pixel values of
panorama is 3, which is not affected so much in original image. Once the panoroma is

encoded, it is ready to be transferred from agent 1 to agent 2 .

4.5 Data Communication

Starting and ending points of each image in the panorama and their transformation matri-
ces are send along with the encoded panorama to the receiver agent. The panorama is send
using backchannel whereas other information is send in the structure as shown in the figure

4.14 . This is benificial when compared to Multi- agent system which uses KQML [37] for
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communication as shown below

Suppose agents are transferring the position of moving object from agentl to agent 2.
( tell
: sender Agent 1
: receiver Agent 2
. language default-language
: ontology default-ontology
: reply-with nob
. in-reply-to nob
: forward-to nob
: content
(:Position of moving object at t1
:Position of moving object at t2
:Position of moving object at t3))
Similarly if agents are communicating and sending the transform value of images from agent
1 to agent 2 then the message has following format [1].
( tell
: sender Agent 1
. receiver Agent 2
. language default-language
: ontology default-ontology
: reply-with nob
. in-reply-to nob
: forward-to nob
: content
(:transform value of F} to Flat t2)
:transform value of F to F at t3))
Transform value of {2 is 3x3 matrix (1.0492, -0.0899, 0, 0.0897, 0.9571, 0, 432.3960 8.4703
1.0000). Transform value of {3 is (-2.6466, -0.3919, 0, 6.2972, 3.7595, 0, -213.8597, -611.1318,
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12-12 bit field for positionofmoving (576 bit field) 288-288 bit field for
object transform values

MOVING | MOVING | MOVING | TRANSFORM TRANSFORM
OBJECT OBJECT |OBIJECT VALUE TFROM1 | VALUE TFROM1

POSITION | POSITION | POSITION | OF IMAGES F? OF IMAGES F3?
ATTIME ATTIME |ATTIME WITHRESPECT | WITHRESPECT
1l 12 13 TOF;! TOF;!

STARTING | ENDING |STARTING | ENDING STARTING | ENDING
POSITION | POSITION [ POSITION | POSITION POSITION | POSITION
OF IMAGE | OF OF IMAGE | OF IMAGE | OF IMAGE | OF

1 IMAGE 1 |2 2 3 IMAGE 3

(72 bit field) 24-24 bit field for image position in panorama which is further
divided into starting and ending position

Figure 4.14: Structure which send with panorama to agent 2

1.0000).

Structure attached with panorama is 684 bit long. Panorama size is 1031x2751 pixels,
maximum number of columns in panorama is 2751, and thus any column is represented by 12
bit. First 36 bit field is used for position of moving object which is further divided according
to different images. Next 576 bit field is used for transform value of images with respect to
image F!. Transform values are in 3x3 matrixes each value is represented in 4bytes. So 288
bit field is used for transformation value. Last field is Image position in panorama, so again
starting and ending position of image is not greater than 2751 and thus represented in 12

bit each.

4.6 Image Reconstruction from Panorama

Image Reconstruction includes decomposing the panorama into the individual images us-
ing starting and ending point and transformation values. The moving regions (decoded
from the panorama) are then superimposed using alpha blending [40]. The image boundary

information helps extract the images which are then transformed using the corresponding
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transformation matrix. The dynamic region is then blended using its position and informa-

tion.

4.7 Depth Mapping in Panoramic Image

One more idea discussed in this thesis is related to measuring the depth of any point in
the panoramic image. The calculating depth of the image is the main problem in computer
vision system, and important in many applications like 3-D reconstruction, robotics and scene
understanding. Depth estimation in a single monocular image is a very difficult task, for
that a global structure of images with prior knowledge about image scene is required. There
are several algorithms for depth estimation reported in literature. Some of them include
a method where supervised learning is used for estimating the 1-D distance of obstacle,
driving a remote control car [41]. Another computes depth form a single image mapping.
This method is mainly based on capturing depth and depth relationship between image
using (Markov Random Fields) MRF [42]. Training data are collected using a 3-D distance
scanner, which consist set of images and ground-truth depthmaps corresponding to the
images. By using the training set data MRF calculated a predicted depth. This model use
L, (Gaussian)factor model for capturing the depth. Depth is also computed using structured
light. This model is based on a pair of images which are used to test the accuracy of
stereo algorithm which deal with ground-truth correspondence. This approach used a pair
of cameras and light projector. By using a structured light sequence of each camera, the
label (unique code) of each pixel is calculated.

The model used in the thesis exploits a full cubic polynomial coefficient mapping between
the x and y disparities and depth of a particular point. A set of training data is first collected
where disparities of various points in a pair of transformed images is recorded. This is shown
in equation 4.8. This is repeated three times using three different transformation angles for
the same set of points. Hence for the same depth value, different transformation of the same
points give different disparity values. Once the three set of coefficients are obtained, given
any point, the depth values y can be computed from the disparity « and y. The same three

transformations used for the training data is used during testing. This gives three different
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x values which are averaged to give the final reading.

X = g + oqx + asy + sy + aux® + asy? + asr’y + arry? + asr® + agy? (4.8)

This model is utilized to know the approximate depth of any point in the panorama at
runtime. Given any point as input to the system, the image to which it belongs can be
easily recovered using the start and ending points of the images in the panorama. The pan
given to the camera while capturing the image is already known. Agent 1 can be panned
to the same angle and moved by the computed depth to reach the point selected from the
panorama. This mechanism works as moving the agent to any point selected by the user

from the scene panorama.
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Chapter 5

Experiments and Result

The experimental result shows panorama creation, moving object detection and reconstruc-
tion of images from the encoded panorama. Three different results are shown using indoor
and outdoor images. Also, The depth estimation model is tested using a few points. The

calculated and actual depth of these points are shown in the table.

5.1 Outdoor Scene 1

Three images are taken as input for creating a panorama. These input images are shown in

below figure 5.1.

(a) Image F! (b) Image Fj (c) Image Fj

Figure 5.1: Three input images for panorama creation of an outdoor scene

Figure 5.2 shows the feature point corresponding to the input images.
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(a) Image Fl (b) Image Fj (c) Image Fj

Figure 5.2: Feature detection for outdoor scene 1

(a) Matching between F} and (b) Matching between Fi and
Fy F3

Figure 5.3: Matching Points for outdoor scene 1

Matching points and image panorama at ¢; is shown in figure 5.3 and 5.4 respectively.

Figure 5.4: Outdoor Panorama 1 at time t;

Scene changes from t; at 5 and t3 are extracted and shown on the panorama created at
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t, (figure 5.5).

Figure 5.5: Bounding Box of moving object at time ¢, and t3 superimposed on

Outdoor 1 panorama of ;.

Bounding box information and other related information with moving object are hidden
into panorama created at time t;. Size of panorama is 1031x2751x3=8508843 pixels, and
size of moving object is 124x244x3=90768 pixels. Each pixel of moving object uses 4 pixel
values of panorama for hiding the value, so 90638 pixel data is hidden into 90638x4=362552
pixels of panorama, thus maximum 8508843/362552= 24 moving object can be hidden in the
panorama of three images. Reconstructed image from panorama at time ¢, needs the position
of bounding box, adjustment value, image position and bounding box information from
panorama. After extracting the image F? from panorama dynamic region is super imposed
at its position. Figure 5.6a shows boundary positions of F image (rectangle in yellow color)
and position of bounding box (circle in purple color). Figure 5.6b shows extracted image at
time t5. Figure 5.6c shows the image after applying inverse transform and superimposing

dynamic content at appropriate position.
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(a) Extracted image boundary and (b) Extracted image at (¢) Original image

bounding box position time t2 transform and dynamic

region superimposed

Figure 5.6: Image Reconstruction for Outdoor scene 1

5.2 Indoor Scene 1

Three images are taken as input for creating a indoor panorama. These input images are

shown in figure 5.7.

(a) Image F} (b) Image Fj (c) Image Fi

Figure 5.7: Three input images for panorama creation in an Indoor Scene

Figure 5.8 shows the feature point corresponding to the input images.

(a) Image F! (b) Image Fj (c) Image Fi

Figure 5.8: Feature Detection for Indoor Scene
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Matching points and image panorama at ¢; is shown in figure 5.9 and 5.10 respectively.

(a) Matching between F} and (b) Matching between Fy and
Fy Fy

Figure 5.9: Matching Points for Indoor Scene

Figure 5.10: Indoor Panorama at time ¢,

Scene changes from t; at 5 and t3 are extracted and shown on the panorama created at

t, (figure 5.11).
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Figure 5.11: Bounding Box of moving object at time ¢3 superimposed on Indoor

panorama of ;.

Bounding box information and other related information with moving object are hidden
into panorama which is created at time t1. In this result Size of panorama is 735x1926x3=4246830
pixels, and size of moving object is 107x251x3=80571 pixels. Each pixel of moving object
uses 4 pixel values of panorama for hiding the value, so 80571 pixel data is hidden into
80571x4=322284 pixels of panorama, means maximum 4246830/322284= 52 moving object
can be hidden in the panorama of three images. Reconstructed image from panorama at
time t3 needs the position of bounding box, adjustment value, image position and bounding
box information from panorama. After extracting the image F; from panorama, dynamic
region is super imposed at its position. Figure 5.12a shows boundary positions of F} image
(rectangle in yellow color) and position of bounding box (circle in purple color). Figure
5.12b shows extracted image at time ¢35 after applying inverse transform and superimposing

dynamic content at appropriate position.
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(a) Extracted image and bounding box position

(b) Original image transformed and dynamic re-

gion super imposed

Figure 5.12: Image Reconstruction for Indoor Scene

5.3 Outdoor Scene 2

Four images are taken as input for creating a panorama as shown in figure 5.13.
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(a) Image F} (c) Image Fi

(d) Image F}

Figure 5.13: Four input images for panorama creation of an outdoor scene

Figure 5.14 shows the feature point corresponding to the input images.

(a) Image F} (c) Image Fi

(d) Image F}

Figure 5.14: Feature detection in Outdoor Scene 2

Matching points and image panorama at t¢; is shown in figure 5.15 and 5.16 respectively.
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(a) Matching between F} and (b) Matching between Fy and (c) Matching between Fj and
F} F} Fil

Figure 5.15: Matching Points in Outdoor Scene 2

Figure 5.16: Panorama at time ¢; for Outdoor Scene 2

Scene changes from t, at t5 , t3 and ¢, are extracted and shown on the panorama created

at t; (figure 5.17).
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Figure 5.17: Bounding Box of moving object at time ¢4 superimposed on Outdoor

2 panorama of ;.

Bounding box information and other related information with moving object are hidden
into panorama which is created at time t1. Size of panorama is 1351x3255x3=13192515
pixels, and size of moving object is 113x270x3=91530 pixels. Each pixel of moving object
uses 4 pixel values of panorama for hiding the value, so 91530 pixel data is hidden into
91530x4=366120 pixels of panorama, means maximum 13192515/366120= 36 moving object
can be hidden in the panorama of four images. Reconstructed image from panorama at
time ¢4 needs the position of bounding box, adjustment value, image position and bounding
box information from panorama. After extracting the image F; from panorama dynamic
region is super imposed at its position. Figure 5.18a shows boundary positions of F} image
(rectangle in yellow color) and position of bounding box (circle in purple color). Figure
5.18b shows extracted image at time ¢, after applying inverse transform and superimposing

dynamic content at appropriate position.
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(a) Extracted image and bounding box position

(b) Original image transformed and dynamic region super imposed

Figure 5.18: Image Reconstruction for Outdoor Scene 2

5.4 Depth Measurement using depth model

Result 4 deal with the depth measurement in images. For this method two images are taken
from the same distance, but different camera position. Input images are shown in figure

5.19, in which yellow dot represents point form which depth is measured.
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(a) First Image

(b) Second Image

Figure 5.19: Input Image for Depth Measurement

Table 5.1 shows the difference between the measured and calculated depth of the points

shown in the figure using the given transformation values and coefficients obtained in equa-

tion 4.8.
Measured Depth (cm) | Calculated Depth | Error
152 149.23 2.77
129 130.05 1.05
116 114.25 1.75
100 104.05 4.05
93 92.22 0.78

Table 5.1: Depth measurement Entry
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Chapter 6

Conclusion and Future work

This thesis argues that besides using faster network devices, advanced error detection and
correction algorithms, data compression techniques, higher capacity storage devices to deal
with bulk data, it is equally important to optimize data dimension before transfer. The work
presented here involves data communication between a MAS system with two heterogenous
agents. Environmental data gathered by Agent 1 is processed to reduce data dimension,
before its transfer to Agent 2 where original data is reconstructed back. This involves the
use of a panorama of the agent environment. Instead of transferring video data in bulk, the
sender agent processes the frames to create a panorama. The sender updates the panorama
only when there are changes in the scene. A single panorama hence encompasses the full 360
degree view at the t; instant as well as the dynamic information of the next ¢; to t,, instances.
The dynamic content is encoded in the panorama using steganographic techniques. The
value for n is set according to the amount of dynamic content of the scene. The panorama is
refreshed when the Agent changes position. This reduces the data dimension transferred to
other agents, which reconstructs the encoded panorama into individual image frames from
t; to t,. The amount of transfer is trimmed from &k x n (k images per panorama and n
panoramas) to a single panorama. Also if k images have a dimension m x n X k, a single

panorama can be mapped as == X

5 5-. The value of k depicts the number of pans used to

acquire the 360 degree view and depends on the scene. The model is highly effective when
there are minimal changes in the surrounding scene at fixed intervals. Experimental Results

demonstrate the use of the technique in different indoor and outdoor scenes. It is observed
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that there is a reasonable improvement in communication speed as well as storage space using
the approach (normally 3 image information requires 1920x1080x3 pixels but using these
approach 1031x2751 pixels of panorama and 252 bit structure is used for same purpose in
result 1). The quality of reconstructed data can be further improved by using other panorama
creating techniques. The work currently uses a SURF feature matching for registration and
image stitching. The color balancing technique, used to map the illumination differences
between images is preferred over conventional seam removal techniques due to two reasons:-
first being the speed efficiency of the former. Secondly, the panorama is further utilized for
scene segmentation and semantic parsing which remains unhampered by presence of minor
seams, if any. The depth model using full cubic polynomial coefficient gives an approximate
depth mapping for any pixel.

Future work in this area may include comparing the current application performances in
terms of communication speed and reconstruction quality while using sparse models instead
of SURF or other key point features. Also, the experimental results shown in the thesis deal
with a single moving object, may further be increased. Future work can consider mapping
the transformations between the same moving object from frame to frame. Thus instead of
using the bounding box of the moving object in each frame, a single Gaussian mixture model
(denoting the moving object) and a list of transformation mappings may be used. The depth
model proposed in the thesis can be improved by considering machine learning algorithms

like neural network,support vector machine and bayesian classifiers.
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